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PREFACE 
 
The participation this conference was significantly  reduced by concerns 
with the US budget process. We are convinced that t his is a one time 
event and we will be back on track next year. 
This year we made a major change in the processing of the papers. We 
required the authors to send us a full paper for re view and possible 
revisions. This change occurred as a result of reco mmendations of a 
special quality improvement subcommittee of the Pro gram Advisory 
Committee.  The process worked better than we expec ted and we will retain 
the process for WM'97. Please advise us of your opi nions and whether we 
are gaining improvements in the writing of the pape rs. 
We are moving rapidly to utilize the Internet and w ill shortly have our 
own web server. We are applying for the name WMSYM. org and will make an 
announcement on http://basix.com/~wmsym/ when this occurs. We have the 
Call for Papers on net for free access and will hav e next years' 
proceedings on with authorization to each attendee qualifying for a CD 
ROM version. We will put the preliminary program fo r WM'97 on and you 
will be able to register on the Internet. Note that  payment by VISA, 
Master Card or Discover Card will still require a p hone call, fax or 
letter. 
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Co-chairs:  John D. Hurley, WSRC 
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HIGH NOON FOR NUCLEAR POWER 
James L. Gallagher 
Westinghouse Government and Environmental Services Company 
Executive Vice President 
ABSTRACT 
Spent nuclear fuel management is mired in delay, mi ssed milestones and 
litigation. Unless the commercial nuclear industry and the government can 
break the log jam, Mr. Gallagher, believes, nuclear  power plants will 
become too expensive to operate. He draws parallels  between the spent 
fuel debate and "High Noon," the classic 1952 Weste rn. In the movie, Gary 
Cooper plays a marshall struggling to persuade the citizens of a small 
Texas town to unite and save the community from a g ang of outlaws. To 
save nuclear energy, the commercial and government sides must similarly 
unite to resolve spent nuclear fuel problems. Mr. G allagher believes 
utilities and the DOE must take three steps to ensu re nuclear power's 
continued viability. First, they must reestablish o pen, two-way dialogue. 
Second, they must find common ground on spent fuel issues. Finally, they 



must reach consensus on a standard spent fuel canis ter system to foster a 
cost-effective spent fuel management solution. He d iscusses the Multi-
Purpose Canister (MPC) and how it can resolve spent  fuel issues. One way 
to break the current deadlock is to go forward with  the transportation 
portion of the MPC system. This action, Mr. Gallagh er believes, would 
move the industry toward a standard canister design  without impinging on 
competition. In a time of budgetary restraint, a li mited MPC program 
could be completed with very little funding, Mr. Ga llagher asserts. 
Equally important, it would allow the industry to b egin resolution of 
potentially sensitive spent fuel transportation iss ues. 
REMARKS  
Good morning. 
I'm here to discuss spent nuclear fuel management. 
I know. It's a touchy subject. . . the cause of deb ate, discord and 
division. 
I'm not here to continue that debate. I'm here to e nd it. 
Because whenever I hear endless arguments over spen t nuclear fuel, I hear 
the clock ticking. . . 
. . .ticking toward nuclear energy's high noon. Mak e no mistake. Nuclear 
power's high noon is near. And unless we can find w ays to work together, 
America's nuclear power plants will shut down. 
We can't let that happen. Time is running out. It's  almost High Noon. 
High Noon. . . that classic 1952 western starring G ary Cooper. He plays 
Will Kane, the courageous Marshall of Hadleyville, a small, dusty town 
somewhere in Texas. Kane must save Hadleyville from  a group of 
desperadoes. Their leader, Frank Miller, is arrivin g on the noon train. 
And when he does, they aim to kill Kane and loot th e town. 
Fig. 1 
Kane must convince the people of Hadleyville to ban d together. . .face 
the gang. . .and save the town. He constantly check s the time, ever 
mindful of the impending disaster at high noon. 
The outlaws are armed and ready, impatiently waitin g at the station. The 
High Noon train will bring their leader, and they'l l bring destruction to 
Hadleyville. 
While the outlaws prepare for their assault, the go od people of 
Hadleyville argue. They argue over who's responsibl e for the trouble. And 
they argue over who should end it. 
Sound familiar? Let's drop in on their debate. . . 
Citizen #1: "Yes, we all know who Miller is, but we  put him away once. 
And who saved him from hanging? The politicians up north! . . . " 
Do you see the parallels between the citizens' stru ggle and our own? 
They want to blame the government. They think the g overnment caused the 
problem, and the government ought to solve it. That 's pretty close to the 
argument of some nuclear utilities in the spent fue l debate. 
Here's another point of view. . . 
Citizen #2: "Well, I say this. We been payin' good money right along for 
a Marshall and deputies. Now the first time there's  any trouble, we're 
supposed to take care of it ourselves. Well, what w e been payin' for all 
this time? I say we're not peace officers. This ain 't our job. . . ." 
That sounds mighty similar to payin' good money int o the Nuclear Waste 
Trust Fund. Utilities, or more correctly, utility r atepayers, have been 
paying into the fund since it was established by th e Nuclear Waste Policy 
Act of 1982. The fund pays for the government to ta ke spent fuel off the 
utilities' property beginning in 1998. It also pays  for the government to 



permanently dispose of the fuel in a federal geolog ic repository - 
presumably at Yucca Mountain. 
Yet DOE has fallen victim to declining budgets. The  opening of the 
repository has been delayed, initially from 1998 to  2003. . . and, then 
again. . .to 2010. As the delays appeared, DOE's co mmitment to accept 
spent fuel in 1998 began to slip. Its once firm com mitment has become a 
firm "maybe." 
The utilities feel betrayed. And DOE is sympathetic . But current law 
prevents DOE from moving ahead on a specific interi m storage site. And 
the law does not allow DOE to accept spent fuel at any site other than 
the repository. . . 
Citizen #3: "I can't believe I've heard some of the  things that have been 
said here. Y'all oughta be ashamed of yourselves! S ure, we paid this man, 
and he was the best Marshall this town ever had. It  ain't his trouble, 
it's ours. I tell you, if we don't do what's right,  we're gonna have 
plenty more trouble. . ." 
DOE argues there will be plenty more trouble if it moves too quickly on 
interim storage. That could foster public oppositio n. And that opposition 
could sink Yucca Mountain. 
Citizen #4: "I've been saying right along we need m ore deputies. . ." 
And I think everyone, except the politicians up Nor th in Congress, has 
said that we need to devote more resources to the s pent nuclear fuel 
program. After all, the money is there. Twelve bill ion dollars has been 
paid into the Waste Trust Fund. But because of Cong ressional constraints 
on funding, the DOE doesn't have the authority or t he money to fund 
interim storage or to continue the Multi-Purpose Ca nister. 
And it's concerned that every dollar invested in th ese programs will 
divert scarce resources away from Yucca Mountain si te characterization, 
the ultimate goal of the program. . . . 
I understand these arguments. They make sense. They 're all valid 
viewpoints in the debate. Unfortunately, the citize ns of Hadleyville 
never understood that words are a poor substitute f or action. 
While the citizens argued, the outlaws loaded their  weapons and got ready 
to destroy Hadleyville. Their debate and delay gave  the outlaws the 
opening they needed. 
We have to understand that our infighting and indec ision give ammunition 
to the anti-nuclear gunslingers. Our arguments give  the obstructionists 
weapons that they will surely use against us. Our d ivision emboldens 
them. Our court cases provide a public forum to pro mote their agenda. 
The spent fuel issue can shut down nuclear power. 
As we continue to argue, time is running out for nu clear power as a 
viable energy option. 
We can't let this happen. 
To save the nuclear energy option, we must resolve our differences and 
move forward, together, to solve the spent fuel pro blem. Once and for 
all. And we must do it now. 
Let me suggest three steps we can take. Today. 
First, we must reestablish open communications betw een the utilities and 
the DOE on spent fuel management. 
Until last year, communications were good. But that  was before Yucca 
Mountain was delayed and MPC funding was cut. Someh ow, the lines of 
communication seem to have been cut along with the budgets. 



This is the heart of our spent fuel management diff iculties. It's the 
reason we're fighting among ourselves instead of so lving spent fuel 
problems. 
We need to revitalize communication. Right now. Tod ay. Tom Grumbly was 
absolutely right when he told The Washington Post. . .and I quote. . . 
"The only way we're going to get the public's trust  is to put our cards 
on the table. Face up. All the time. Even if it's p ainful." 
We have to maintain full, open and honest communica tions among ourselves, 
and with all our stakeholders. 
Next, we should recognize the many areas where we a lready agree. This 
will reinforce our common purpose. And it will fost er mutual 
understanding, so we can work productively to resol ve our points of 
disagreement. 
I think we can all agree that we should take care o f our spent fuel 
problems now. . . instead of leaving them for our g randchildren to 
inherit. 
Another area of agreement. We all recognize the nee d for a central, 
permanent spent fuel repository. And until we get o ne, we need a rational 
way of storing spent fuel in the interim. 
And there's a final point we can all agree on. We n eed a spent fuel 
storage system that's safe and cost-effective. Beca use no matter whose 
budget the money goes through, it all comes from th e same place. Our 
pockets. As ratepayers and taxpayers, we pay all th e bills. 
Finally, we must reach consensus on a standard spen t fuel canister 
system. This should be an industry standard. DOE sh ould own the design, 
so that we get the benefits of competition and priv ate sector 
manufacturing. 
This is an urgent issue. 
Seventeen plants already have spent fuel storage sy stems in place or on 
order. Twelve more will need storage by the year 20 00, and 70 plants will 
need it by 2010. 
In the absence of a standard system, a variety of d ifferent canisters are 
being used. There are single-purpose, storage-only systems. There are 
dual purpose systems - for storage and transportati on. There are metallic 
casks and concrete casks. There are large ones, sma ll ones, short ones, 
tall ones. There's everything except your choice of  colors. But wait for 
next year's models. 
Variety is great for the family car, but not for sa fe, cost-effective 
spent fuel storage. 
The DOE is worried about this proliferation of cani sters. They have to 
figure out how to get the fuel out of all those dif ferent canisters and 
into one permanent repository. At a recent NRC hear ing, Dan Dreyfus told 
the commission that a situation could arise "where dry storage (built by 
utilities) could be so site-specific that it could create a management 
problem." 
The NRC is also worried. At that same hearing, NRC Chairman Shirley 
Jackson and Commissioner Rodgers expressed concerns  about whether 
different transportation and storage canisters deve loped by private 
industry would comply with repository requirements.  
And we should be worried. 
Because we, as ratepayers and taxpayers are going t o have to foot the 
bill to close the cycle on many of these half-way s olutions. 
That's why we need a standard solution. We need a s olution that 
accommodates fuel from all of our nuclear plants. W e need a solution that 



integrates all the elements of the spent fuel progr am: Storage. 
Transportation. And permanent repository emplacemen t. 
The solution exists. 
It's the Multi-Purpose Canister. 
I say this, of course, as head of the Westinghouse unit given 
responsibility for developing the MPC by DOE's M&O contractor for the 
high-level waste program. 
But I also say it as a 30-year veteran of the nucle ar field, and as a 
person who cares deeply about keeping the nuclear o ption open. 
A significant benefit of the Multi-Purpose Canister  is its ability to 
accommodate 90 percent of the utility spent fuel in ventory. Today's 
storage and transportation canisters can accommodat e only a fraction of 
that fuel. 
Fig. 2  
In addition, today's canisters won't be accepted at  the repository. 
Once fuel is loaded into the MPC, it stays in the M PC - through storage, 
transport, and into the repository. 
Radiation exposure is minimized, and so is low-leve l waste. Other 
canisters must eventually be scrapped as their fuel  is transferred to the 
repository. That will create huge amounts of low-le vel waste. And huge 
costs. Because we'll have to pay to re-handle the f uel; we'll have to pay 
to dispose of the scrap canisters, and we'll have t o pay for new 
repository canisters. 
Fig. 3  
So without the MPC, we'll pay more for spent fuel m anagement. A lot more. 
That's what the obstructionists want. They'd like u s to price nuclear 
power out of business. 
We can't let that happen. 
And we don't have to. This spring, the MPC design w ill be complete. 
Let's take a look at it. 
Fig. 4  
The Multi-Purpose Canister system includes: 
  The canister with its basket assembly 
  A transfer cask to move the fuel to on-site stora ge 
  A concrete storage unit, and 
  A transportation cask and rail car to transport t he MPC off site. 
Here's how its used. In the fuel pool, each spent n uclear fuel assembly 
fits into a guide tube constructed of 304 stainless  steel. Spacer plates 
secure the guide tubes. The spacer plates are assem bled with support rods 
and sleeves to form the basket, which ensures that the fuel remains 
subcritical. The MPC basket is constructed of XM-19 , the same corrosion 
resistant stainless steel used in sulfuric acid pro cessing plants. 
The MPC shell is 316L stainless steel. A shield plu g uses depleted 
uranium in a stainless steel shell to attenuate gam ma radiation. A 1-1/4 
inch thick 316L stainless steel inner closure plate  forms the primary 
containment boundary, and a 1-3/4 inch 316L stainle ss steel outer closure 
plate provides a redundant seal. 
During loading, the MPC canister is enclosed in a r eusable transfer cask 
that provides neutron and gamma shielding, heat dis sipation, and 
structural protection. The MPC can then be transfer red to a concrete 
storage unit for on-site vertical storage, or it ca n be transferred to a 
reusable transportation cask for shipment off site.  
The transportation cask consists of four layers: Th e inner shell is XM-
19, surrounded by a layer of depleted uranium which  provides radiation 



shielding. This feature also provides a margin of s trength and toughness 
in physical testing, which would not be present in an equivalent lead-
steel or all-steel design. The third layer is an XM -19 structural shell. 
The fourth layer consists of neutron shielding and copper fins. Proven, 
cast-in-place cementious material is used to attenu ate neutron radiation 
through the cask wall. Boron, added to this neutron  shielding material, 
reduces secondary gamma radiation from neutron abso rption. Effective 
shielding is balanced with heat transfer requiremen ts through the use of 
copper ribs, which dramatically improve the flow of  heat to the outside 
of the cask. A thin copper-lined stainless steel ja cket encloses the 
cask. 
For transportation off-site, the trunnions are remo ved and the cask is 
fitted with large polyurethane foam and honeycomb a luminum impact 
limiters and the personnel barrier. In this integra ted system, the 
storage, transfer and transportation casks are reus able. 
We need the MPC. We need to get this standard spent  fuel solution out of 
the computer and into the nuclear power plants wher e it's needed. 
Let me suggest a path forward. 
The most expedient, cost-effective way to do this i s for DOE to allow the 
transportation portion of the MPC program to go for ward. 
Let me explain the benefits. 
First, it will move the industry toward a standard solution without 
infringing on competition. 
Second, it will maintain the momentum of the MPC pr ogram, making a 
standard spent fuel storage system available as soo n as possible for the 
utilities that need it. 
Third, it will only cost about $10 million to licen se the MPC 
transportation components. That's about one percent  of the projected 
Yucca Mountain expenditures through 2010. I think t hat's a small price to 
pay to help move the industry confidently ahead on spent fuel storage. In 
this time of budgetary restraint, it's the right th ing to do. 
Finally, a government-certified standard transporta tion cask will take an 
important weapon away from the obstructionists. Tra nsportation has the 
potential to be one of the most contentious spent f uel management issues. 
People worry about nuclear waste moving through the ir communities, even 
though our transportation safety record is perfect.  
That's why DOE and Westinghouse tackled transportat ion issues early for 
the Waste Isolation Pilot Plant, near Carlsbad, New  Mexico. Well before 
the repository was ready to open, the TRUPACT II tr ansportation casks 
were designed, tested and certified. The transporta tion routes were 
established, and emergency response personnel were trained. So 
transportation is not an issue as the repository cl ears its final 
regulatory hurdles on the way to a 1998 opening. 
By moving forward with the transportation portion o f the MPC, we can 
resolve one of the most contentious issues in spent  fuel management. 
The obstructionists, like the outlaws in High Noon,  would like to use 
transportation and other spent fuel issues to hold nuclear power hostage. 
And we are giving them the opportunity. Because we are allowing debate 
and division to keep us from taking the responsible  actions needed to 
solve these issues. 
I believe we can learn a lot from this Hadleyville citizen... 
Citizen #4: ". . .so if Miller comes back here toda y, it's our problem. 
It's our problem, because it's our town. We made it  with our own hands 
out of nothing. And if we want to keep it decent, k eep in growing, we've 



got to think mighty clear here today. And we've got  to have the courage 
to do what we think is right, no matter how hard it  is. Alright." 
We have to do what's right, no matter how hard it i s. And we have to do 
it now. Time is running out. High Noon is nearly up on us. 
In the movie, the townspeople never did stop arguin g long enough to band 
together and back Marshall Kane. He had to face the  gunmen alone. And yet 
he still saved the town. . . and got the girl. 
But that's Hollywood, my friends. This . . . is the  real world. 
America's great accomplishments don't come through the courts. They come 
through cooperation, communication, and responsible  action. They come by 
working together to solve tough problems. 
Nuclear power can keep our country strong and secur e. Our story can have 
a happy ending, too, but only if we keep the spent fuel issue from taking 
us hostage. 
We must put our differences behind us. We must all become deputies in the 
struggle to save nuclear power. Today. 
Right now, we can end our unproductive arguing, eli minate our excuses and 
move forward on a standardized spent fuel storage s ystem. 
Let's all become spent fuel action deputies. Let's saddle up together to 
put our spent fuel problems behind us. And let's mo ve now. While there's 
still time. 
Let's ride! 
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THE GLOBAL IMPLICATIONS OF OPENING THE WASTE ISOLAT ION PILOT PLANT 
George E. Dials 
U.S. Department of Energy  
Carlsbad Area Office 
Carlsbad, NM USA 
ABSTRACT 
A missing global link in the nuclear fuel cycle and  safe radioactive 
waste management is the opening of the world's firs t permanent facility 
for the safe disposal of long-lived radioactive was te such as transuranic 
radioactive waste (TRUW), and spent nuclear fuel an d other high-level 
radioactive wastes (HLW). Pursuant to current laws in the United States, 
both TRUW and HLW will be disposed of in deep geolo gic repositories, but 
at different locations. This paper provides our est imate of the situation 
and the global impact of opening a TRUW repository at the Waste Isolation 
Pilot Plant (WIPP) site in the state of New Mexico.   
The WIPP project began in 1974 and it has a long-st anding record of 
excellent science and safety. In October 1993, the United States 
Department of Energy established the Carlsbad Area Office (CAO) with a 
mission to review and integrate the safe management  of all TRUW in the 
USA. By April 1994, the CAO had conducted the revie w and implemented a 
new mission which included an accelerated schedule for the opening of the 
WIPP in 1998 rather than in 2001. Subsequently, the  CAO has set 
precedents at the WIPP with early regulator and sta keholder involvements 
in the regulatory process, and with the development  of a detailed, well-
structured, and defensible decision-making basis fo r the most cost-
effective path to the timely opening of the WIPP in  1998. 
At the end of August 1995, the WIPP is well into th e 
certification/permitting process and on schedule to  open in 1998. The 
timely opening of the WIPP repository would reduce risks and increase the 
protection of human health and the environment by r emoving existing TRUW 



from surface-based and near-surface-based temporary  storage facilities to 
a repository located at a depth of approximately 65 0 meters below the 
land surface. Moreover, the opening of the WIPP rep ository would be a 
global first-of-a-kind operational facility, and it s continued safe 
operation in compliance with one of the strictest e nvironmental radiation 
protection standards in the world should enhance pu blic confidence in the 
safety of deep geological disposal of TRUW and HLW both in the USA and 
abroad. 
INTRODUCTION 
A missing global link in the nuclear fuel cycle and  safe radioactive 
waste management is the opening of the world's firs t permanent facility 
for the safe disposal of long-lived radioactive was te such as transuranic 
radioactive waste (TRUW), and spent nuclear fuel an d other high-level 
radioactive wastes (HLW). Pursuant to current laws in theUnited States, 
both TRUW and HLW will be disposed of in deep geolo gic repositories, but 
at different locations. This presentation provides our estimate of the 
situation and the global impact of opening a TRUW r epository at the Waste 
Isolation Pilot Plant (WIPP) site in the state of N ew Mexico.  
THE SITUATION 
The WIPP site was selected in 1974 as a potential s ite for the 
development of a facility for disposal of defense-r elated TRUW generated 
since the 1970 decision by the Atomic Energy Commis sion (a predecessor 
agency to the DOE) to begin above ground interim st orage of transuranic 
waste rather than shallow burial. In 1992, the WIPP  site was withdrawn 
from public use by the US Congress for completion o f the development of 
the nation's TRUW repository. 
The DOE established the Carlsbad Area Office (CAO) in December 1993 to: 
 1. Integrate the characterization and preparation/ packaging of existing 
and future TRUW at ten main TRUW generator/storage sites through the 
National TRU Program (NTP); and to 
 2. Open and operate the nation's first deep geolog ic disposal system 
(repository) (Fig. 1) for TRUW at the WIPP site. 
Fig. 1  
THE PROBLEM 
It is estimated that 144,000 cubic meters of TRUW e xists in the U.S. 
Approximately 63,000 cubic meters is already packag ed. It is contained in 
a variety of metal drums and wooden and metal boxes . Since 1970, the 
waste has been placed in retrievable storage. They are stored in earth-
covered mounds, concrete culverts, and other types of facilities. Over 
70% of the drums are over 10 years old and 20-30% o f the drums stored in 
mounds contain corrosion pinholes or are beginning to deteriorate. This 
waste is dispersed across the country with five maj or sites containing 
96% of the waste. Remediation and decommissioning o f facilities are 
expected to package another 81,000 cubic meters of TRUW. Over 30 million 
people live within a 50 mile radius of TRUW. Taxpay ers are supporting a 
budget that spends approximately $400 million a yea r to maintain this 
waste in temporary storage. 
THE SOLUTION 
As early as 1957, a National Academy of Sciences (N AS) report to the 
Atomic Energy Commission recommended the burial of transuranic waste in 
geological formations. A 1992 report from the NAS n otes that most 
countries have concluded that "the best means of lo ng-term disposal...is 
deep geological emplacement...." 



The WIPP site was identified in 1974 as a potential ly suitable site for a 
TRUW repository, and an extensive site characteriza tion program was 
initiated. The 6.4 by 6.4 Kilometer (Km) WIPP Site is situated 42 Km 
Southeast of Carlsbad, New Mexico in an arid and sp arsely populated 
desert area. Based on the results from the site cha racterization program 
(including laboratory testing, model developments, and analyses), the 
construction of an underground test facility at an approximate depth of 
650 meters below the surface in the center of the c andidate host rock, 
the Salado Formation, commenced in 1982. The Salado  Formation is about 
250-million-years-old, regionally extensive, 600-me ter-thick, stable, 
sedimentary evaporitic sequence of rocks dominated by rock salt (mainly 
halite). The construction and testing of the underg round facility as well 
as all facilities and equipment required to commenc e the receipt, 
handling, transporting, and emplacement of TRUW wer e essentially 
completed in 1988. 
THE APPROACH 
Since the inception of the CAO, a preliminary waste  inventory has been 
compiled, the experimental program has been streaml ined, three 
permit/certification applications have been submitt ed to the regulators, 
the schedule for opening the WIPP repository has be en advanced almost 
three years to April 1998, and the estimated cost t o open the WIPP 
repository has been reduced by more than 300,000,00 0 dollars. 
The NTP has periodically inventoried and updated av ailable information on 
TRUW at some 20 generator/storage sites and project ed future TRUW 
generation. The most current estimated stockpile of  TRUW is about 59,000 
m3 of Contact Handled-TRUW and 4,000 m3 of Remote H andled-TRUW. 
During 1994 and 1995, the CAO evaluated the experim ental programs in 
terms of contributions to regulatory compliance by means of the System 
Prioritization Method (SPM) to establish the most p romising 
combination(s) of activities to meet the final disp osal standards for 
TRUW, i.e., Code of Federal Regulations, Title 40, Part 191 (40 CFR 191). 
Based on the SPM results, the Manager of CAO decide d in April 1995 to 
reduce the experimental programs from 116 activitie s to eight activity 
sets. The SPM initiative also pioneered early and i terative regulator and 
stakeholder involvement in the process of regulator y compliance. 
After a thorough evaluation of the WIPP experimenta l programs, the TRUW 
inventory (both existing and projected), and the en gineered barriers, the 
Carlsbad Area Office announced a new TRUW managemen t strategy on April 5, 
1994. This strategy accelerates the opening of the WIPP repository by 
three years, i.e., from 2001 to 1998, and the key m ilestones are shown on 
Fig. 2, the WIPP Disposal Decision Plan. The main o bjectives of this 
strategy are to:  
  resolve regulatory compliance and technical issue s;  
  characterize the waste;  
  address transportation and safety issues; and  
  involve stakeholders in the regulatory compliance  process.  
Fig. 2  
In 1995, the WIPP entered the permitting phase. The  following three 
applications to receive and dispose of TRUW and mix ed-TRUW at the WIPP 
site were submitted to the cognizant regulator: 
 1. The Draft Compliance Certification Application (DCCA), describing how 
TRUW will be safely received and disposed at the WI PP site, was submitted 
to the Environmental Protection Agency (EPA) on Mar ch 31, 1995; 



 2. The draft No-Migration Variance Petition (NMVP) , demonstrating that 
hazardous constituents will not migrate from the WI PP repository at 
concentrations harmful to human health and the envi ronment for 10,000 
years, was submitted to the EPA on May 31, 1995; an d 
 3. The Resource Conservation and Recovery Act (RCR A) Part B Permit, 
describing the site, its facilities, and how the ha zardous waste received 
at the WIPP site will be safely handled on a daily basis, was submitted 
to the New Mexico Environment Department on May 31, 1995, one month ahead 
of the Disposal Decision Plan schedule. 
Regulator comments on these applications were recei ved by the CAO during 
1995. Additional regulator, oversight groups, and s takeholder comments 
are expected in 1996. These comments will be consid ered and responded to 
prior to the submittal of the Final Compliance Cert ification Application 
to the EPA in October 1996. 
TRANSPORTATION/SAFETY ISSUES 
Since the beginning of this country's nuclear progr am, there have been 
more than 2,500 shipments of spent fuel and many mo re shipments of low-
level waste. The safety record to date is very good . Transportation of 
nuclear waste is of particular concern to states an d Native American 
tribes along the main transportation routes to WIPP . DOE, state and 
tribal governments, and several national and region al transportation 
organizations are actively preparing for potential shipments of 
transuranic waste to the facility. These preparatio ns include the 
development of policy and procedures for preventing  accidents, responding 
to emergencies and bad road and weather conditions,  conducting 
inspections, and providing equipment. 
Packaging provides the primary barrier to the relea se of radioactive 
contents during shipment. The Transuranic Package T ransporter (TRUPACT 
II) containers have been especially designed to shi p waste to the WIPP. 
This system meets or exceeds every Department of Tr ansportation and 
Nuclear Regulatory Commission regulation and is the  safest method ever 
devised for transporting any hazardous material in the US. 
IMPEDIMENTS 
The CAO works with 16 federal agencies, 23 states, and 39 Indian Tribes. 
The CAO is committed to increased interaction with all stakeholders 
regarding major decisions. The CAO is involving sta keholders throughout 
its decision making process in a visible and access ible way, from start 
to finish. That is, stakeholders are advised early of involvement 
opportunities, comments will be encouraged, and sta keholders will be 
provided with responses and program updates. Our ai m is to surface and 
resolve concerns before they become more difficult and costly to resolve. 
Trying to satisfy all these customers is about as e asy as "herding cats" 
or actually "herding turtles" in the often-bureaucr atic arena in which we 
work. Besides trying to align all these disparate p olitical agendas, we 
have to overcome all the misconceptions held by sta keholders. For 
example, some people along the transportation corri dor fear that they 
will suffer harmful radiation effects during the sh ipments, a fear fed by 
the often over-stated, emotional attacks by those s pecial interests 
opposed to nuclear activities and supported by non- factual statements 
about the hazards or risks from low-level radiation  exposure. 
In the regulatory arena, which will be covered in g reater detail tomorrow 
at Session 19, we are required to predict the perfo rmance of the 
repository for 10,000 years into the future. That i s two times the age of 
the pyramids. Given this extraordinarily difficult task, we are applying 



the most sophisticated state-of-the-art performance  assessment analyses 
process currently in use; we will try and predict t he natural resources 
needed thousands of years into the future, predict natural forces and 
changes in the earth, and then defend the soundness  of the WIPP 
repository to the EPA, New Mexico Environmental Dep artment, and other 
stakeholders. Compared with these requirements, per forming on schedule, 
with a shrinking budget, is easy. 
 IMPACT 
The opening of the WIPP repository will drastically  reduce risks to human 
health and the environment by facilitating the remo val of existing TRUW 
from surface-based and near-surface-based storage f acilities and 
contaminated sites, to a TRUW repository located in  a virtually 
uninhabited desert area at a depth of approximately  650 meters below the 
surface in the center of a stable and virtually imp ermeable rock salt 
formation. Several of the TRUW storage sites are lo cated in the vicinity 
of sizable population centers. If there is any risk s to the public and/or 
the environment from the alpha radiation emitted by  TRUW, it is orders of 
magnitude greater where the waste is than where we are trying to put it - 
650 meters deep in a 250 million year old salt form ation. 
Moreover, the WIPP will be a world-class first-of-a -kind facility for 
safe disposal of long-lived TRUW. It will be the fi rst permanent 
repository licensed under a rigorous, ultra-conserv ative regulatory 
program requiring a risk-based performance assessme nt to demonstrate 
compliance with the environmental standards for 10, 000 years. Its 
continued safe operation in compliance with several  hazardous waste 
regulations and one of the strictest environmental radiation protection 
standards in the world will enhance public confiden ce in the safety of 
deep geological repositories both in the USA and ab road. 
As part of our compliance program efforts, the CAO has requested a review 
of the WIPP performance assessment effort by the Or ganization for 
Economic Cooperation and Development/Nuclear Energy  Agency (OECD/NEA) and 
the International Atomic Energy Agency (IAEA). Thes e two international 
agencies have had long and effective involvement in  the nuclear arena 
throughout the world. The eminent engineers and sci entist on the OECD/NEA 
and IAEA team who are renowned; world wide budget m atter experts, will 
prepare an independent review of the WIPP's program  to demonstrate 
compliance that will serve as a model for other ass essment and licensing 
efforts. Our approach to engaging the regulator ear ly-on in technical 
discussions in the licensing process and to includi ng the public in the 
early stages of the effort will serve as a model th at can be replicated 
in other nations licensing efforts. As we have in t he past, we are 
prepared to share our lessons-learned with the inte rnational community 
through our involvement with the IAEA and/or OECD/N EA or any individual 
nation-to-nation basis. Many of our foreign colleag ues, especially those 
who attend this meeting, have already toured the WI PP and endured 
extensive technical and regulatory briefings about our approaches to and 
the status of the scientific, operational and regul atory aspects of the 
CAO program for operating the WIPP. 
CONCLUSION 
Whether or not you live near a nuclear TRUW site, t he success of the WIPP 
will have significant effects on public health and on the economy and 
environment in which you and future generations wil l live. Any taxpayer, 
electricity consumer, environmentalist, public heal th advocate, or 



individual who is interested in solving this nation al dilemma of waste 
management, should become a champion for the WIPP. 
For those who haven't visited the WIPP yet, I want to end this 
presentation by issuing you a personal invitation f or a VIP-tour of and 
detailed briefing about WIPP. It will meet your hig hest, world-class 
expectations for a nuclear waste repository. 
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EXPERIMENTAL BOILING WATER REACTOR D&D  
ES&H LESSONS LEARNED 
W. H. Hannum 
A. E. Knox 
Argonne National Laboratory 
ABSTRACT 
The decontamination and decommissioning of the Expe rimental Boiling Water 
Reactor (EBWR) was well planned and professionally accomplished by an 
experienced contractor. In the process, two particu lar radiological 
incidents occurred that were outside of the plannin g envelope. The first 
involved trace Pu-241 that had decayed to Am-241 an d that was vaporized 
during size reduction. The second involved microsph eres of activated 
steel that were produced in condensation of plasma- arc cutting vapors. 
While neither resulted in significant exposure, the  americium uptake was 
clearly an "unreviewed safety question," and both d eserve attention as 
lessons learned. 
BACKGROUND 
The Experimental Boiling Water Reactor (EBWR) was b uilt in 1957 as an 
experimental facility to demonstrate the practicali ty (stability, 
control, etc.) of a boiling water reactor. As with most experimental 
facilities built in that period, a wide variety of experimental 
configurations and fuels were used. It is reported that there were no 
fuel failures during the operation of EBWR. The fin al configuration 
included plutonium fueling for the central nine ass emblies. 
In 1967, the reactor was shut down, defueled, and p laced in a "stable 
interim condition." Little was done at the facility  until 1993. In the 
1980 time period, the containment structure was use d for interim storage 
of contaminated glove boxes. In 1979, NUS did a sur vey and preliminary 
planning for decontamination and decommissioning of  the facility. 
Significantly, NUS surveys concluded that there wou ld be no alpha (fuel) 
hazard in the D&D of this facility. Further prelimi nary surveys and 
planning were done in 1989-1990, confirming (or mor e literally, 
repeating) the assessment that there was no alpha h azard. The only 
identified radiological hazard was from activation products, dominantly 
cobalt-60. When waste management funding was obtain ed for D&D of the 
facility, there was some question as to DOE's requi rement for safety 
analyses for D&D projects and planning proceeded ba sed on best judgement 
as to the required analyses. A contract was placed with ALARON, who has 
worked as subcontractor on many nuclear D&D project s but never before as 
the lead contractor. ALARON was advised that there was no identified or 
anticipated alpha concern, but the contract terms c alled for ALARON to do 
a characterization survey. That survey also confirm ed that there was no 
alpha contamination. Health Physics (HP) coverage w as assigned to ALARON 



by the contract with oversight by ANL Health Physic s. Entrance and exit 
bioassays for all subcontract radiation workers wer e also required, with 
ANL providing the bioassay support (ANL employees a re covered by a 
periodic assay program based on their exposure pote ntial). Respiratory 
protection was required (and used) by all workers u ntil it was confirmed 
that there was no significant airborne cobalt-60 co ntamination. 
DOE later ruled that all D&D projects were to be co nsidered "nuclear" 
projects and subject to the full DOE Order 5480 set  of requirements. 
Based on this, a contract was placed with NES, an e xperienced group in 
the preparation of SAR's, to prepare an SAR in acco rdance with DOE Order 
5480.23. The EBWR SAR states that there is no alpha  or fission product 
hazard, and analyzed, as potential accidents, a cra ne failure dropping 
heavy contaminated objects and a tornado causing re lease for 
contamination. Since the source term is limited, ne ither of these 
accidents is found to be a significant public hazar d. 
THE AMERICIUM INCIDENT 
The first phase of the project was the removal of s upport systems. When 
the workers who did that work completed their assig nments and left the 
site, they submitted the normal urinalysis samples.  When these were 
analyzed (in August 1994), clearly measurable level s of tritium were 
noted. As there was no expected tritium (or identif ied reason to expect 
tritium), a more thorough analysis was performed (s amples were taken in 
late August and urinalysis samples were analyzed by  September 2). The 
second phase of the D&D was already underway with t he size reduction of 
core internals, vessel and vessel-pit lead removal,  and chipping of 
concrete. The workers involved in these operations were also part of this 
bioassay review. Among this latter group, measurabl e alpha uptake was 
noted in seven urinalyses and confirmed by fecal an alysis to be 
americium-241. Estimates are that the most highly e xposed individual 
could have obtained a lifetime Cumulative Estimated  Dose Equivalent 
(CEDE) of no more than 300 mrem (Table I). Bioassay  results are now 
complete, and seven individuals show alpha levels i n their urinalysis, 
twelve detectable in fecal analysis. Each of these also shows detectable, 
but not radiologically significant, uptake of triti um, cesium-137, and 
cobalt-60. 
Upon confirmation of biological uptake via analysis  of fecal samples 
(September 9), all work on the project was suspende d pending a complete 
analysis of the situation. 
Various ANL "old-timers" suggested a variety of pot ential sources for the 
americium, but no specific recollection of a concen trated Am-241 source 
was identified. The potential sources included fuel ed control rod 
followers and intentional failed-fuel experiments. Both fueled followers 
and failed-fuel experiments were documented in EBWR  test reports and were 
performed well before the plutonium fueled operatio ns. These earlier 
experiments involved the use of U-235 and U/Th fuel , respectively, and 
were documented as having been removed from the rea ctor. Because of the 
nature of the fuel, it was unlikely that these were  sources of the Am-
241, although the failed-fuel experiment would have  resulted in fission 
product release to the reactor system. There was no  evidence that fueled 
followers had been used in control rods during the Plutonium Recycle 
Program. A careful review and analysis of the radio activity patterns 
measured from the control rods demonstrated that no  fueled followers were 
involved in the D&D cutting operation. 
Table I 



Since Am-241 is a daughter of Pu-241, the committee  concentrated on the 
Plutonium Recycle Program activities that were cond ucted as part of the 
last experimental program before the facility was s hutdown and placed in 
dry lay-up. A committee member reviewed monthly Rea ctor Development 
Progress Reports generated during this time period.  These reports 
highlight the various reactor programs in operation  at the time. This 
review identified references to an experiment for t he measurement of 
epithermal capture-to-fission ratios of Pu-239 and Pu-241 during power 
operation in EBWR. This experiment involved the pla cement of Pu-239 and 
Pu-241 foils in the EBWR reactor core. Further revi ews of the Reactor 
Physics Division annual reports found a notation th at one Pu-241 foil was 
"lost in EBWR" (ANL-7310, page 42). This was confir med in the experiment 
final report (ANL-7795). The existence of this "los t" foil was not 
identified in pre-job characterization. 
Although the Pu-241/Am-241 foil has not been found,  the air sample and 
bioassay data appear to be consistent with the esti mated Am-241 foil 
activity level. A "reverse" calculation of the sour ce term from the 
maximum measured internal dose resulted in an Am-24 1 source of the same 
order magnitude of activity as the lost foil. 
The sample measurements indicate that the Am-241 ac tivity is located in 
the fuel pool, and that particular work associated with the fuel pool, 
such as underwater plasma arc cutting and pool wate r filter replacement, 
causes dispersion of airborne Am-241. Since Am-241 was measured in air 
samples over many different days, it appears that t he Am-241 is a diffuse 
source. If an intact foil had been contacted with t he plasma arc, it is 
likely there would have been a very large release o n a particular day, 
which is not indicated in the air sample data. The foils were produced by 
vapor deposition onto a Zr carrier, which was then encased but not 
sealed. It is likely then that the americium, as ge nerated from decay of 
the Pu-241, would be released as a colloid, deposit ing out as crud on the 
reactor internals. 
Fig. 1.  
Plasma-arc cutting of the internals vaporizes the m aterials in the 
cutting path. The underwater plasma arc uses an ine rt carrier gas, which 
transports vapors to the surface of the pool as air borne contamination. 
The original foil contained only about 200 microgra ms of plutonium, and 
only small fractions of this could have been releas ed, but the quantities 
are not inconsistent with the observed uptakes. Exc luding vaporization 
and a reasonable direct inhalation pathway, the qua ntities are not 
significant. 
The one parameter that does not fit this hypothesis  is the plutonium 
isotopic mix. If the Pu-241 foil were the sole sour ce, there would be 
essentially no Pu-239 or Pu-240, whereas the Pu-239  and Pu-241 are about 
equally present. 
A second candidate source is tramp uranium. In the early days of nuclear 
power, some tramp uranium on the exterior of the fu el pins was considered 
normal. The system contamination from fuel failures  was expected to be 
large, and small amounts of tramp uranium would be readily accommodated. 
It is unlikely that the core contained sufficient u ranium to account for 
all of the americium, but it is considered likely t hat this (or failed-
fuel) is responsible for the Cs-137 encountered, an d probably accounts 
for a significant part of the plutonium found in th e system. The 
irradiation products from several tens of grams of uranium, combined with 
the foil described above, provides a credible sourc e for the observed 



radionuclides. This plutonium would be almost total ly Pu-239, suggesting 
broadly comparable contributions from the lost foil  and from tramp 
uranium. The dose, however, is almost totally from Am-241; that is, from 
the foil. 
The possible effect of tramp uranium was not consid ered in pre-job 
evaluations.  
The assumption that there were no transuranic sourc e terms for the EBWR 
D&D project resulted in the implementation of an in appropriate radiation 
monitoring and air sampling program and inappropria te work practices. 
These practices included discontinuation of respira tor use upon 
confirmation of no significant gamma (Co-60) airbor ne activity. Thus, for 
the majority of plasma arc cutting work respiratory  protection was not 
used, nor was there a local capture exhaust around the fuel pool. At the 
levels identified, radiation detection was not set up with a low enough 
minimum detection levels to allow detection of alph a radiation that would 
be of concern. Further, the alpha contamination fre e release criteria of 
20 dpm/100 sq. cm., even though permitted by the DO E Radiological Control 
Manual, was not sensitive enough to flag that a pro blem would be created 
by unprotected plasma arc cutting. 
Smears of the EBWR shell area by ESH-HP following t he project shutdown 
did find alpha contamination but at levels far belo w free release 
criteria. This fact is probably attributable to the  low levels of alpha 
contamination that were generated along with the re gular general 
housekeeping that was required to remove beta/gamma  contamination as well 
as that required to clean up dust that infiltrated the shell from 
outside. 
Tritium Sources 
There are a variety of methods by which tritium cou ld have been generated 
during EBWR operation including activation of natur ally occurring 
deuterium, as a product of fission and as a product  of the use of boron 
for reactivity control. The latter reaction occurs for high energy 
neutrons (> 1 Mev). In commercial reactors, tritium  production is 
approximately two orders of magnitude higher in PWR s than in BWRs because 
of the use of soluble boron for reactivity control in PWRs, based on 
published liquid effluent data. In contrast to curr ent BWRs, boric acid 
was used to reactivity control in EBWR. There were also a variety of 
other components that contained boron, including co ntrol rods and the 
thermal shield. There is no evident conclusion as t o what the specific 
source is or why the tritium (tritiated water) woul d be found primarily 
in the fuel pool. Although the tritium levels are a  minor dose concern, 
the production of tritium during operation would ha ve occurred, and 
residual amounts should have been expected. 
Lessons Learned: Americium Incident 
1. Reactor internals, piping, and components must b e assumed to be 
generally contaminated with very small amounts of u ranium, plutonium 
fission products, and tritium, in addition to cobal t-60 and secondary 
activation products. 
2. The source of these contaminants includes: 
 a) Tramp uranium and incidental fuel failures that  undoubtably occur 
during operation of all but the most modern reactor s 
 b) Tritium from boron control rods and soluble bor on when used. 
3. The levels of contamination may be below the thr eshold for 
identification by many traditional survey technique s and still constitute 
a hazard to D&D workers. 



4. Plasma-arc cutting has become a common tool for D&D. Cutting 
contaminated materials will necessarily produce air borne contamination. 
This project did not adequately assess plasma-arc c utting as generating a 
radiological inhalation hazard. 
5. A generally knowledgeable and cautious overall a pproach to worker 
health and safety, plus some degree of redundancy i n levels of 
protection, is required to provide an adequate marg in of safety. 
Conclusions - Americium Incident 
1. In old light water cooled reactors (LWRs), the r eactor internals, 
piping and components are likely to be generally co ntaminated with small 
amounts of americium, plutonium, fission products a nd tritium, in 
addition to the cobalt-60 and secondary activation products that had been 
analyzed in the SAR as potential radiological hazar ds. 
 a) The levels may be below the threshold for ident ification by many 
traditional survey techniques. 
 b) The contamination may well qualify as "fixed," but high temperature 
techniques such as plasma arc cutting can serve to release "fixed" 
contamination. 
2. The sources of all contaminants are unlikely to be conclusively 
identifiable. 
 a) The source of the fission products can be reaso nably associated with 
tramp uranium and incidental fuel failures that und oubtably occurred 
during EBWR operation. These sources are likely to be present in all old 
reactors. 
 b) No specific source of the tritium has been iden tified. Since this 
does not appear to be a significant radiological ha zard for this project, 
no further effort was made to identify the origin. The presence of 
tritium is likely to be a property of any old (or n ew) reactor. 
3. Prior evaluations and assessments must not be ac cepted without 
adequate questioning. Evidence of inadequate docume ntation to support the 
working conclusions should be taken as a clear basi s for suspicion. 
In the EBWR case, there were repeated assurances th at the only 
radiological hazard was from activation products (d ominated by cobalt-
60). Several surveys had been used to confirm this premise. The contract 
was written, and the contractor was led to believe that protection 
against cobalt-60 was all that was required. 
4. Hazards associated with specific D&D techniques (e.g., plasma arc 
cutting) must be explicitly included in safety anal yses and in work 
planning.  
5. Literal compliance with all applicable DOE order s and an exhaustive 
safety analysis performed in accordance with best c urrent practices are 
no protection against surprises of this sort. The p otential radiological 
hazards associated with "other contaminants" such a s americium, 
plutonium, tritium, and fission products are not li kely to be identified 
during the even very careful project planning. Ther efore, both 
surveillance planning and surveillance execution mu st plan for surprises. 
6. The bioassay program should be designed to confi rm that no significant 
exposure occurred during the project as evidenced b y not only a pre-
project and post-project sampling regime but by app ropriate periodic 
sampling. The role of the bioassay program in ident ifying an otherwise 
unanticipated hazard should be considered solely fo r confirmation, not 
detection. 
7. Given that a major concern in D&D must be the pr otection of workers 
when they encounter unanticipated sources of radion uclides, and given 



that excessive protective gear is highly counterpro ductive, it is clear 
that an extensive retrospective sampling and assay program covering all 
credible contaminants and all potentially exposed i ndividuals is 
essential. Confirmation of negative findings should  be built into 
planning as scheduled hold points commensurate with  a credible risk 
exposure. 
8. A generally knowledgeable and cautious overall a pproach to worker 
health and safety, plus some degree of redundancy i n levels of 
protection, can provide the margin of safety.  
THE MICROSPHERE INCIDENT 
In an unrelated incident, Health Physics surveys di scovered contamination 
in a small pile of floor sweepings. The ANL Health Physics technician on 
duty was conducting "direct surveys" and discovered  contamination with an 
approximate activity level of 107,000 dpm Beta-Gamm a in a small pile of 
floor sweepings that were within the controlled are a of the shell but not 
an area designated as a contaminated area. At that time, additional 
direct surveys in the same general area found an am biguous but high 
reading of fixed contamination on a small spot unde r a plate. Direct 
surveys were continued due to the fact that routine ly conducted smear 
surveys of the area had failed to turn up this cont amination.  
This contamination has been determined to be small pieces of slag 
produced by plasma arc cutting operations. This mat erial is in the form 
of very small hollow spheres ranging in size from a  quarter inch in 
diameter to pin-head size. These spheres are not de tectable by smears in 
that the activity of any one or few spheres is belo w detection limits. 
The primary radioisotope in the spheres is Co-60 wi th some Sb-125, 
indicating activated stainless steel. 
Material transfers during the D&D operation are acc omplished by 
establishing a work area; the floor is covered with  plastic sheeting and 
the area is posted. After packaging is completed, t he area is wet mapped 
and smeared for loose contamination. The plastic is  then removed and 
discarded. It is likely that the small spheres were  rolled off the 
plastic by the mopping. Since they are not detectab le by smears, some can 
remain on the floor undetected. The background radi ation in this area 
complicates finding the spheres by routine direct s urveys. 
In this incident, the pile of floor sweepings had a  large enough 
collection of material in a low background radiatio n area to allow 
detection. 
The entire area that had been used as a work area w as subsequently 
vacuumed with a HEPA filtered vacuum and sources of  background radiation 
moved to allow for direct survey of all floor surfa ces where possible. 
Vacuuming and using duct tape have been very effect ive in picking up 
these slag spheres. 
Conclusions and Lessons Learned 
In a high background area, there can be significant  contamination that is 
not detected by smear techniques, and other techniq ues must be used for 
sampling, detection, and analysis. 
Plasma arc cutting is an accepted size reduction te chnique for many 
applications, including work on contaminated and ac tivated materials. 
Detailed procedures must be put in place and implem ented for control of 
contamination resulting from such cutting. It has n ot been previously 
recognized that the plasma vapors can result in con densation microspheres 
that roll freely (including rolling off plastic mat ting as it is being 
removed). The microspheres are not effectively coll ected on swipes, and 



microspheres from activated steels may be low enoug h in activity to be 
undetectable by normal radiological surveys when di spersed. 
Searches for this type of loose contamination in hi gh background areas 
can be carried out using vacuuming through HEPA fil ters with subsequent 
measurement of the filters in a low background area . 
This is another in a series of lessons learned from  this particular D&D 
project. While the radiological consequences were m inimal and corrective 
actions readily identifiable, the implications for other D&D work is 
significant due to the broad application of plasma arc cutting. 
FINAL COMMENTS 
In both of these instances, plasma arc cutting has produced contamination 
pathways that were not identified and that were bey ond the reasonable 
range of empirical identification. Given that D&D s hould be conducted 
efficiently, modern tools such as plasma arc cuttin g must be used. As a 
consequence, such surprises must be expected. To en sure that the risks 
involved are minimal, defense in depth is essential ; rigid formality and 
procedures are of limited value in that D&D will al ways have surprises. 
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WHO IS LIABLE FOR WORKER HEALTH & SAFETY? LESSONS L EARNED FROM THE 
MILWAUKEE TUNNEL EXPLOSION: THE ENGINEER'S PERSPECTIVE 
David W. Miller 
CH2M Hill 
ABSTRACT 
Determining responsibility for worker health and sa fety on a construction 
site is an increasingly difficult task. A methane e xplosion in Milwaukee 
in November 1988 killed three employees of the cons truction contractor. 
The engineer on the project, CH2M HILL, subsequentl y became embroiled in 
five separate legal proceedings arising out of its role on the project, 
providing services to the owner during construction . Despite express 
contract language which placed sole responsibility for construction site 
safety on the contractor, CH2M HILL spent hundreds of thousands of 
dollars in legal defense costs, including dismissal  of OSHA citations by 
the Administrative Law Judge. 
The paper describes the background of the project, and the accident, the 
resulting legal proceedings, and the lessons CH2M H ILL learned from its 
experiences. Of critical importance, the author emp hasizes how different 
the perspectives are of those involved; the owner, the contractor, the 
engineer, and the enforcement agencies. 
INTRODUCTION 
On the early morning of November 10, 1988, an explo sion ripped through an 
underground tunnel being constructed as part of the  city of Milwaukee's 
Water Pollution Abatement Program (the Program). Th ree employees of the 
tunneling contractor, S.A. Healy, were killed insta ntly, and work on the 
tunnel was postponed for the next several months.  
Immediately following the explosion, there were a n umber of 
investigations to determine the cause of the explos ion and to assess 
blame for the deaths of the three workers. CH2M HIL L, the Program Manager 
on behalf of the Milwaukee Metropolitan Sewerage Di strict (MMSD), became 
embroiled in five separate legal proceedings, spend ing hundreds of 
thousands of dollars to defend its activitiesdespit e express contract 
language which placed sole responsibility for the h ealth and safety of 
construction workers on S.A.Healy and its personnel .  



The purpose of this paper is to explore lessons lea rned from the 
explosion, outlining how health and safety responsi bilities were 
allocated on the Program, and discussing CH2M HILL' s approach to health 
and safety issues, as impacted by the lessons learn ed. 
THE PROGRAM 
In the early 1970's, the City of Chicago sued the C ity of Milwaukee 
alleging that Milwaukee's sewage was polluting Lake  Michigan. As a result 
of that lawsuit, the City of Milwaukee undertook a massive wastewater 
improvement program. The Program took 18 years, use d 20 million hours of 
construction work, cost $2.29 billion, and included  substantial upgrades 
at two wastewater treatment plants, the development  of an in-line storage 
interceptor system, and deep tunnels to handle comb ined overflows from 
sewage and rain water. Utilizing 324 construction c ontracts, the MMSD and 
its Program Manager, CH2M HILL, oversaw total const ruction costs of $1.6 
billion dollars. The Program was completed on time and on budget in the 
fall of 1995. 
A major portion of the Program involved underground  construction, 
including approximately $900 million in constructio n contracts. The 
result was over 20 miles of tunnels 300 feet below the ground surface, 
ranging in diameter from 17 feet to 32 feet; 24 dro p shafts and approach 
channels; and over 62 miles of near surface collect or tunnels, ranging 
from 5 feet to 12 feet in diameter, at a depth of 3 0 feet to 100 feet 
below the ground surface. 
CH2M HILL managed a consortium of five engineering firms, responsible for 
planning and design of the entire sewage system upg rade, services during 
construction, cost and schedule control, and claims  mitigation. At the 
peak of the Program, CH2M HILL managed a work force  of 650 people from 88 
engineering and technical firms. During this same p eriod, the 
construction work force peaked at 1,200 people unde r 75 active 
construction contracts. CH2M HILL's contractual res ponsibilities were 
carefully spelled out in its contract with the MMSD . Figure 1 shows that 
the contract relationship between CH2M HILL and the  MMSD, as well as the 
contractual relationship between the MMSD and its c ontractors, was a 
traditional one. 
Fig. 1.  
Because of the magnitude of construction and the ha zards of underground 
construction in particular, safety responsibilities  were carefully 
spelled out in both CH2M HILL's contract and in eac h of the contracts 
between the MMSD and the contractor. The contracts made clear that CH2M 
HILL's responsibilities included properly training its own staff, review 
of and adherence to the contractors' safety program s, and reporting 
safety concerns to the MMSD and the various contrac tors. By express 
disclaimer, however, CH2M HILL was precluded from t aking direct action 
against a contractor and had no authority to stop t he contractor's work. 
The contractors' contracts, by contrast, expressly placed responsibility 
for safety on the contractor. Each contractor was g iven sole 
responsibility for the means and methods of constru ction, including 
health and safety. In addition, the contractor was advised that periodic 
visits by the engineer were for the MMSD's benefit,  but that such visits 
would not diminish in any way the contractor's resp onsibility for health 
and safety. 
THE HEALY CONTRACT 
In 1988, S. A. Healy was hired to construct a two-d rive, near surface 
tunnel, two miles long, for a lump sum of $12 milli on. Consistent with 



other construction contracts let by the MMSD, Healy  was given sole 
responsibility for the means and methods of constru ction, and for the 
health and safety of its workers and any personnel on the construction 
site. 
Earlier in 1988, another contractor had encountered  methane during 
underground construction approximately one mile fro m the site where Healy 
was to begin its work. As a result of CH2M HILL's s ubsequent 
investigation, a contract modification was issued t o Healy dated April 5, 
1988. In anticipation of potential methane in Healy 's tunnel, the 
modification required Healy to ventilate the tunnel  24 hours a day, 
install particular fans for the main ventilation sy stem, and engage in 
continuous monitoring for methane. Under applicable  government standards 
for underground construction, Healy's monitoring eq uipment needed to 
provide a warning if the methane levels reached 10 percent of the Lower 
Explosive Limit (LEL), and shut down Healy's tunnel  boring machine (TBM) 
if methane reached 20 percent LEL. The TBM had to m eet specified 
requirements, and Healy had to use explosion proof equipment and supplies 
in various places in the tunnel. Finally, Healy was  instructed to develop 
an extensive evacuation and recovery plan to protec t its employees in the 
event of encountering methane. 
Healy and two other underground contractors were pa id for the costs of 
implementing the April 5, 1988 modification. CH2M H ILL's responsibility 
was to ensure that the contractors implemented the modification and that 
the contractors were paid for the required changes.  
THE ACCIDENT 
In early November 1988, Healy encountered methane d uring construction. 
All of the monitoring equipment worked exactly as p lanned, and Healy was 
able to successfully evacuate and reenter the tunne l. 
Shortly after 7:00 a.m. on November 10, the methane  sensors sounded again 
and the tunnel boring machine shut down. According to subsequent 
investigations, the tunnel was successfully evacuat ed. For reasons which 
are still not clear, however, three of Healy's empl oyees reentered the 
tunnel in less than the one hour required by the co ntract. The three 
employees were Healy's top three people with safety  responsibility, 
including Healy's safety director. Shortly after re entry, an explosion 
occurred killing all three employees. CH2M HILL was  not on site at the 
time of the explosion, nor had CH2M HILL been notif ied when the methane 
sensors sounded. 
THE LEGAL PROCEEDINGS 
The explosion triggered five legal proceedings invo lving Healy and CH2M 
HILL. First, the local District Attorney began a cr iminal investigation 
under state law. After reviewing the contractual te rms, interviewing 
Healy and CH2M HILL personnel, and investigating th e facts of the 
explosion, the District Attorney's office decided t o prosecute Healy, but 
not CH2M HILL. Healy was found liable for two count s of criminal 
negligence, each carrying a $10,000 fine. Healy was  cited for failure to 
follow its own evacuation and reentry plan, and its  failure to deenergize 
the tunnel in accordance with the health and safety  plan. 
Second, the U.S. Attorney's office began its invest igation for violations 
of federal criminal law. Again, after investigation  and interviews, the 
U.S. Attorney's office declined to prosecute CH2M H ILL, but successfully 
prosecuted Healy for its misconduct. Healy was foun d liable for three 
counts of violating Federal safety regulations, eac h carrying a $250,000 
fine. Healy was cited for failure to use explosion proof equipment, 



failure to shut off the power after methane was det ected, and failure to 
properly train its workers. 
Third, the estates of the three deceased Healy empl oyees filed wrongful 
death actions against Healy and CH2M HILL. Because Healy's contract 
required it to indemnify and defend CH2M HILL for H ealy's own negligence, 
CH2M HILL successfully tendered the defense of the cases to Healy's 
general liability insurance carrier. The three case s were settled without 
trial for over $750,000. 
Fourth, the Occupational Safety and Health Administ ration (OSHA) issued 
citations to both Healy and CH2M HILL for willful m isconduct. Healy was 
issued 67 citations, each carrying a potential $10, 000 fine. At trial, 
Healy was found liable for 49 violations, resulting  in a penalty of 
$318,500 ($6,500 per violation). 
CH2M HILL was issued 47 citations, each carrying a potential $10,000 
fine. Trial was held before an Administrative Law J udge (ALJ) in May-June 
1992. All citations against CH2M HILL were dismisse d in a decision dated 
August 25, 1993. The ALJ's 23 page decision reviewe d CH2M HILL's contract 
with the MMSD, how CH2M HILL carried out its contra ctual 
responsibilities, and the facts of the methane expl osion. The ALJ 
concluded that CH2M HILL had not engaged in "constr uction work" as 
defined under the Occupational Safety and Health Ac t, and that CH2M HILL 
did not have health and safety responsibilities at the construction site. 
Therefore, the ALJ concluded that the construction standards under which 
CH2M HILL had been cited were inapplicable and that  the citations should 
be vacated. 
Fifth, Healy sued the MMSD and CH2M HILL to recover  the costs of 
reentering and completing the tunnel. Despite the p rior criminal 
liabilities, Healy alleged that the explosion and i ts aftermath caused 
OSHA to reclassify the tunnel and treat it as a gre ater hazard, forcing 
Healy to incur additional costs. The case was settl ed before trial. 
The costs to CH2M HILL of these five legal proceedi ngs cannot be 
accurately estimated. In addition to the attorney's  fees and expert 
witness costs (in the hundreds of thousands of doll ars), CH2M HILL spent 
substantial amounts of internal time defending thes e claims, faced 
extensive adverse publicity both in Milwaukee and a round the country, and 
suffered lost opportunity costs. 
Legal Issues (From the Engineer's perspective)Two l egal issues are 
fundamental to an understanding of the lessons CH2M  HILL has learned from 
the OSHA case. The key to determining liability on a construction site 
revolves around the issue of who "controls" the con struction site. 
Resolving this issue depends on applicable legal pr ecedents, the 
governing contractual language, and the facts of ea ch case. 
The first issue is whether the firm is "engaged in construction work" as 
defined under 29 C.F.R., Part 1926. In general, the  legal precedents have 
established that a firm is not engaged in construct ion unless: (a) there 
is physical labor that is actual construction work (e.g., erection, 
modification, or repair of a structure) or physical  labor that is an 
integral and necessary part of construction work; o r (b) an employer 
substantially supervises the physical work of const ruction. For a 
detailed discussion of applicable legal precedents in this area, see two 
companion cases: Simpson, Gumpertz & Heger, Inc., 1 5 BNA OSHC 1851, 1992 
CCH OSHD  29,828 (No. 89-1300, 1992) and Kulka Cons truction Management 
Co., 15 BNA OSHC 1870, 1992 CCH OSHD 28,829 (No. 88 -1167, 1992). 



The second issue, of particular importance to CH2MH ILL's defense of the 
OSHA citations, is whether a design professional's rendering advice to a 
contractor constitutes construction work. The semin al case in this area 
is Skidmore, Owings & Merrill, 5 BNA OSHC 1762, 197 7-1978 CCH OSHD 22, 
101 (No. 2165, 1977). The key issue is the authorit y to control the 
contractor's work, including the authority to stop work, the authority to 
stop payments, and the authority to reject non-conf orming work. That 
authority may be express authority (authorized spec ifically under the 
contract), or apparent authority (when employees of  the firm take actions 
which demonstrate control over the contractor). 
Those who work in the construction arena must under stand that there is 
potential exposure to OSHA regulation in four disti nct circumstances: 
  Your firm is in control of a construction site, a nd your employees are 
exposed to a hazard. 
  Your firm is in control and another firm's employ ees are exposed to a 
hazard. 
  Another firm is in control of the site, but your employees are exposed 
to hazards as a result of their duties. 
  Other employees or visitors to the site are expos ed to a hazard due to 
your firm's failure to comply with safety standards . 
Although contract language is critical (and was piv otal to CH2M HILL's 
defense of the OSHA citations), contract language i s not necessarily 
determinative. Employees on a site may act contrary  to the express 
language of a contract (e.g., ordering the contract or to stop work), or 
employees may be exposed to a hazard when they do n ot follow a 
contractor's health and safety plan. Even with cont ractual protection 
(e.g., an indemnification clause running from the c ontractor to the 
firm), there may be protection from civil exposure,  but there is no 
protection from criminal conduct or OSHA regulation . 
LESSONS LEARNED 
The following are 10 lessons CH2MHILL learned from the various legal 
proceedings, primarily defense of the OSHA citation s. The lessons come 
from the engineer's perspective on a construction s ite, but the guidance 
on health and safety issues is applicable to any fi rm working in 
construction. 
Lesson 1: The Language In All Contracts Is Critical  
Before undertaking construction work , all applicab le contracts need to 
be carefully reviewed. This includes not only your firm's contracts, but 
other contracts which may directly or indirectly de fine how your work is 
to be performed. As noted above, the key is who has  control over the 
construction site. The roles and responsibilities o f all who visit or 
work on the site must be carefully defined, and oth er project documents 
should be reviewed to avoid inconsistencies. 
For example, in the Milwaukee OSHA case, there was consistency between 
the contract CH2M HILL had with the MMSD and the co ntract between S.A. 
Healy and the MMSD. In both cases, the contract lan guage emphasized that 
CH2M HILL's periodic visits to the construction sit e did not supplant the 
contractor's responsibility for health and safety. On the other hand, 
various internal CH2M HILL documents used terms lik e "construction 
manager" to define CH2M HILL's role during construc tion, and this 
language suggested (at least to OSHA) that CH2M HIL L's responsibilities 
included control of the contractor in some aspects.  
Lesson 2: Conduct On The Site Must Be Consistent Wi th The Contract 
Documents 



No matter how carefully drafted the contract docume nts are (Lesson One), 
each employee must act consistent with the contract ual responsibilities. 
As noted above, an engineer's employee may not have  express authority 
granted in the contract, but if the engineer's empl oyees order the 
contractor to stop work, the contractor may act in accordance with that 
directive, giving the engineer apparent authority o ver the contractor's 
work. 
For example, an engineer's employee may notice that  the contractor is not 
acting in accordance with its own health and safety  plan. The natural 
tendency would be to point out the problem and perh aps even stop the work 
until the situation is remedied. Therein lies a pot ential "Catch-22." On 
the one hand, there is potential OSHA exposure if t he contractor is not 
stopped, and a hazard exposes your employees to pot ential danger. On the 
other hand, interfering with a contractor's work wi thout the authority to 
do so can incur other legal liabilities for acting outside of the 
contract. 
Normally, the engineer's contract addresses this si tuation, directing the 
engineer to bring any deficiencies to the owner's a ttention so that the 
owner can stop the contractor's work if necessary. Although this appears 
to be a somewhat cumbersome procedure, it clearly f ollows the defined 
roles in the contract among the owner, the contract or, and the engineer. 
Lesson 3: Contemporaneous Documentation Is Imperati ve 
Whenever there is a potential safety hazard, the co nduct of all parties 
should be carefully documented at the time of the i ncidents. The key to 
success is making the documents objective (i.e., st ating only the facts 
in a clear manner, including who was there, what ha ppened, what was done, 
etc.) rather than subjective (i.e., attempting to a nalyze what happened 
or who was to blame). The best guideline to follow in drafting any 
document on a construction site is to assume that a  document will be made 
public, either on the front page of the local newsp aper or marked as an 
exhibit during trial. 
In the Milwaukee case, CH2M HILL faced both of thes e circumstances. One 
of the documents marked by CH2M HILL was reproduced  on the front page of 
the local Milwaukee paper. On its face, the documen t appeared to show 
that CH2M HILL had directed the contractor on which  safety equipment 
should be placed in the tunnel. In addition, numero us documents drafted 
by CH2M HILL both before and after the explosion we re introduced as 
exhibits in the trial. Fortunately, these documents  had been carefully 
drafted and, in many cases, reviewed by attorneys t o insure that they did 
not expose CH2M HILL to legal liability. 
A further caution is important here. One should not  assume that a 
document will remain private, even if marked "Confi dential." The only 
documents which are generally safe from exposure ar e those which are 
subject to the attorney-client privilege, i.e., tho se documents which 
seek or provide legal advice. 
Lesson 4: Control Must Be Given To The Party With T he Requisite 
Education, Training , And Experience 
Because the legal precedents establish that the per son in "control" of 
the site has health and safety responsibilities, th e definition of 
control is critical in the contract documents (see Lesson 1) and in the 
conduct of all parties on the construction site (se e Lesson 2). 
In the traditional construction relationship, the e ngineer has 
historically not had the requisite education, train ing, or experience to 
make the necessary health and safety determinations  on a construction 



site. That role has been given exclusively to the c onstruction 
contractor. On the Milwaukee tunneling program, S.A .Healy was selected as 
the tunneling contractor because of its prior exper ience in this arena, 
and the contract language was consistent with that experience. CH2M HILL, 
by contrast, had limited experience in health and s afety issues on 
construction sites, except in an observer capacity on behalf of an owner. 
Lesson 5: Even If Not In Control, All Those On Site  Need Minimum Health 
And Safety Training 
Because of the extended nature of the Milwaukee Wat er Pollution Abatement 
Program, CH2M HILL employees with roles during cons truction were given a 
general health and safety training course. In the t raining, it was 
emphasized that the contractor's contract controlle d conduct on 
construction sites and that CH2M HILL's role was to  provide services on 
behalf of our client, the MMSD. Employees were advi sed to be aware of the 
contractor's health and safety plan on each constru ction site and to 
follow the contractor's guidance on health and safe ty issues. In 
addition, employees were advised that, except in ex treme circumstances 
(e.g., a case of imminent danger with immediate exp osure to serious 
injury or death), CH2M HILL employees were not to i nterfere with the 
contractor's work. If a hazard was noticed, the app ropriate procedure was 
to notify the MMSD in writing, with a copy to the i nvolved contractor. 
In the circumstances surrounding the methane explos ion, OSHA argued that 
CH2M HILL's prior conduct (in particular, the contr act modification in 
April 1988) gave CH2M HILL control over the site. T his argument was 
tenuous, however, because CH2M HILL was not present  on the day of the 
explosion, nor did CH2M HILL have any involvement i n the decision to 
reenter the tunnel after the methane sensors sounde d. 
Lesson 6: Everyone Has A Different Perspective Of R oles And 
Responsibilities On A Site 
As noted above, responsibilities of all parties mus t be clearly spelled 
out in the contract documents (Lesson 1) and adhere d to by all persons on 
a site (Lesson 2). The perspectives of who had what  responsibilities, 
however, will change if something serious goes wron g. First, the owner 
relies heavily on the engineer as an educated, expe rienced 
"professional," as the "eyes and ears" of the owner  on site, someone who 
"ensures" that the contractor will adhere to the pl ans and 
specifications. Following the methane explosion, th e MMSD did its own 
investigation to determine whether CH2M HILL could or should have done 
anything to prevent the explosion. One of their cri tical concerns was 
whether CH2M HILL had properly inspected to ensure that Healy had 
installed explosion proof equipment and then monito red Healy's use of the 
equipment. The ALJ's decision, however, clearly rec ognized that CH2M 
HILL's responsibilities did not go so far. Rather, CH2M HILL simply had 
to ensure that the constructed project generally co nformed to the plans 
and specifications, not to oversee all of Healy's a ctivities. 
Second, the contractor's perspective is that the en gineer should stay 
clear of the means and methods of construction (inc luding safety). When a 
serious claim arises, however, it is not uncommon f or a contractor's 
attorney to name the engineer as a defendant, alleg ing that the engineer 
had responsibility to prevent the accident from hap pening. Fortunately 
for CH2M HILL, Healy's attorneys did not take such a tack. Healy's 
personnel testified that CH2M HILL had carried out its responsibilities 
in an appropriate manner, and that the responsibili ty for health and 
safety was solely Healy's. 



Finally, OSHA perspective is the most troublesome. Despite the clear 
language in both CH2M HILL's and Healy's contract, OSHA consistently 
argued throughout the legal proceedings that CH2M H ILL had an express 
role in health and safety issues long before the ex plosion. OSHA relied 
on various documents CH2M HILL had produced in gene rating the April 1988 
contract modification to argue that CH2MHILL was in  fact "engaged in 
construction work." OSHA alleged that the activitie s in obtaining the 
methane sensing equipment, for example, required CH 2M HILL to 
"substantially supervise" Healy's work. Again, howe ver, the ALJ rejected 
OSHA's arguments. 
Lesson 7: Construction Projects Are Inherently Risk y, And The Legal 
System May Not Mitigate Those Risks 
Owners on public works projects (especially governm ent agencies) are 
often required to select the contractor with the lo west bid who may or 
may not be the most qualified or have the past expe rience. In such 
circumstances, there are inherent risks to all part ies engaged in the 
construction project, including the engineer. In fa ct, the owner may 
expect that the engineer take a more visible role i n overseeing the 
contractor's activities, precisely because of conce rns about liability. 
In addition, contractors, stuck with low bids, have  incentives to cut 
costs whenever possible, and unscrupulous contracto rs may attempt to cut 
costs in the safety arena in order to maximize prof its. Again, the 
owner's perspective may be that the engineer should  oversee these 
activities to ensure that the contractor does not t ake such steps. 
Finally, the worker's compensation laws are current ly designed to give 
injured employees certain remedies without proof of  fault, yet the same 
laws allow employees to seek additional relief from  others (e.g., the 
owner and the engineer). In the Milwaukee case, thi s is precisely what 
allowed the estate of the deceased employees to sue  CH2M HILL. After 
recovering the statutory amount allowed by the work er's compensation laws 
from Healy, the attorneys then sued CH2M HILL in or der to recover 
additional sums. 
Especially in circumstances of severe injury or dea th, the legal system 
is not inclined to leave injured employees without a full and "fair" 
remedy. If a judge or jury determines that the inju red employee did not 
receive "fair" compensation under the worker's comp ensation law, there is 
a greater tendency to assess blame to other parties . 
Lesson 8: There Are No Clear GuidelinesHire Compete nt Experts And, If 
Necessary, Lawyers 
Design professionals and others involved with healt h and safety issues 
are increasingly being asked to walk a fine line. C ontractors are often 
adamant that the design professional should not int erfere with the means 
and methods of construction, including safety; owne rs, on the other hand, 
want to ensure that the construction project goes s moothly, and that the 
design professional take a more active role in over seeing the 
contractor's activities. When the responsibility fo r "control" is blurred 
in this manner, there are no clear guidelines as to  what the courts or 
OSHA will do. Accordingly, seeking competent legal advice is often 
imperative. 
In the months following the methane explosion, ther e were public 
statements by OSHA officials to the effect that des ign professionals 
should have an increasing responsibility for constr uction site safety. 
From CH2M HILL's perspective, this meant that the O SHA citations became 
something of a test case for the OSHA administratio n. OSHA argued 



throughout the legal proceedings that general legal  precedents involving 
design professionals and contractors were simply no t applicable; instead 
they argued that prior OSHA cases demonstrated that  CH2M HILL's 
responsibilities included oversight of Healy. 
Subsequent to the methane explosion, the Occupation al Safety & Health Act 
itself was amended to increase substantially the fi nes and penalties. In 
such circumstances, the need for competent legal an d expert help is even 
more important. 
Lesson 9: The Greater The Injury, The Higher The Pr ofile And The Greater 
The Exposure 
Accidents involving serious injury or death are hig h profile, media 
intensive, legally risky events. Following the meth ane explosion, there 
was extensive coverage in local newspapers, radio, and television, 
including editorials about CH2M HILL's role in the events leading to the 
explosion. 
The best advice is to get competent help early in t he process to mitigate 
such problems. This may require internal management  independent of the 
project, independent technical consultants with spe cialized knowledge 
(e.g., tunneling regulations, standard of care for design professionals 
in construction, OSHA regulations), or lawyers who are professionally 
knowledgeable. 
Lesson 10: There Are Ambiguities In The Osh Act, Th e Osha Regulations, 
And The Applicable Case Law Which May Result In Gre ater Exposure 
Those engaged in work which is subject to the OSH A ct need to recognize 
the ambiguities in the act itself, the applicable O SHA precedents, and 
the OSHA regulations (part 1926). Throughout the le gal proceedings, CH2M 
HILL was consistently faced with these inconsistenc ies and ambiguities, 
despite what we believed were clear contractual res ponsibilities among 
CH2M HILL, S.A. Healy, and the MMSD. 
CONCLUSION 
Firms involved in construction must recognize that the construction 
industry in general is changing. More and more owne rs in the marketplace 
are seeking firms who can provide design-build expe rience, engineer-
procure-construct (EPC) experience, or what is loos ely described as "one 
stop shopping." The traditional consulting work whi ch has long been the 
main stay of firms like CH2M HILL is diminishing, r eplaced by these other 
forms of contracting. 
Along with these changes, there will be significant  changes in the area 
of health and safety as well. The lines of demarcat ion between a 
traditional design professional's responsibilities and a contractor's 
responsibilities with regard to health and safety a re becoming more and 
more blurred. Those who continue to pursue construc tion projects will 
necessarily be required to have a higher degree of expertise in health 
and safety issues to continue to meet their clients ' needs. 
CH2M HILL has learned a great deal about health and  safety issues in the 
painful aftermath of the Milwaukee methane explosio n. We have learned 
from our outside lawyers and expert witnesses; we h ave learned from the 
court proceedings on the OSHA citations; we have le arned from our clients 
what their expectations are with regard to our role  on construction 
sites; and we have learned from our project manager s and project 
personnel how difficult it is to separate roles and  responsibilities with 
regard to site health and safety during the course of construction. 
In order to continue to meet our clients' needs, we  will continually 
engage in improvement of our health and safety prog rams and continue to 



educate our employees about the importance of under standing and adhering 
to our contractual responsibilities. 
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BENEFITS OF A CUSTOMIZED HEAT STRESS PROGRAM  
ON JOHNSTON ATOLL 
Elizabeth Hill 
Raytheon Services Nevada 
Johnston Atoll Operations 
ABSTRACT 
Base reconstruction in the aftermath of Hurricane J ohn presented a unique 
opportunity to monitor employee heat strain on John ston Atoll (JA). 
Employees worked 12-16 hour days performing heavy c onstruction work 
during the September 1994 restoration, including wo rk in protective 
clothing and respirators, and in confined spaces. F rom a maintenance 
contractor's perspective, hurricane restoration act ivities presented a 
worst-case scenario for employee heat exposure. Pub lished data on work-
rest regimens were highly restrictive and not feasi ble. Safety and Health 
(S&H) staff collected environmental temperature ind ices (wet-globe) to 
determine environmental conditions, and biological samples (oral 
temperature, urine specific gravity, heart rate) to  determine employee 
heat strain. A customized work-rest regimen was the n formulated for JA's 
workforce. Education and awareness training was an integral part of the 
heat stress program, with the goal that individuals  developed awareness 
of how they are felt (heart rate, sweat rate, dizzi ness, cramping, 
thirst), and of their need to drink plenty of water  and take regular 
breaks. Training was informal, most information was  exchanged while S&H 
staff visited the worksite to collect samples. The customized heat stress 
program provided the following benefits: sensible w ork-rest regimens were 
made in accordance with the heat tolerance of the w orkforce; heat-related 
illness did not occur; work was accomplished in a r easonable time frame; 
employees perceived they were cared for. 
INTRODUCTION 
Heat stress is a potential health hazard for DOE co ntractor employees in 
many different working conditions and circumstances . Base restoration in 
the aftermath of the August 1994 Hurricane John, pr esented a unique 
opportunity to monitor employee heat strain on John ston Atoll (JA), a 
small Pacific island group located 800 miles southw est of Hawaii, 
operated by DOE/DNA/DOD. From a maintenance contrac tor's perspective, 
hurricane clean-up and restoration work, which occu rred from late-August 
through mid-October 1994, presented a worst-case sc enario for heat 
exposure in general maintenance and construction.  
JA's climate is generally hot and humid, with stead y tradewinds. August 
and September traditionally are months with the hig hest air temperatures 
of the year, and are times when tradewinds die down . During JA's 
restoration, Safety and Health (S&H) personnel moni tored environmental 
conditions using a wet-globe thermometer (botsball) , and collected 
biological measurements on employees (oral temperat ure, heart rate, urine 
specific gravity) to determine heat strain. These d ata were used to 
formulate a customized work/rest regimen that had t he objective of 
preventing heat-related illness, and, accomplishing  site restoration in a 
timely manner. 
WORK ACTIVITIES AND CONDITIONS 
Work activities performed during the restoration in cluded: 



  roof repair and resurfacing (hot tar);  
  utility repair (power, water, sewer, communicatio ns); 
  facility demolition, renovation, and repair; 
  asbestos removal and repair; 
  debris pick-up and disposal.  
Work conditions are described as follows: 
  12-16 hours workdays, six to seven days per week;   
  working outdoors in full sun performing manual la bor;  
  working in full sun on asphalt roofs spreading ho t tar; 
  working in confined spaces; 
  working indoors and outdoors wearing protective c lothing and 
respirators; 
  working indoors, without operative ventilation sy stems. 
ENVIRONMENTAL CONDITIONS 
Environmental temperature indices such as the wet-b ulb globe temperature 
(WBGT) have traditionally been used to determine em ployee work/rest 
regimens, even though these indices have not always  correlated well with 
human responses to heat (1,2). Other environmental indices include the 
wet-globe (botsball). The botsball index combines t he physical parameters 
of air temperature, humidity, wind, and radiant ene rgy from heated 
surfaces. 
To avoid heat stress, the American Industrial Hygie ne Association (AIHA), 
the American Conference of Governmental Industrial Hygienists (ACGIH), 
and the U.S. Army recommend work/rest regimens that  are based on WBGT 
indices. WBGT indices easily convert to wet-globe ( botsball) indices 
using the following conversion formula: 
 (1) WBGT = 0.0118B - 0.560B + 54.9F Where B = bots ball 
temperature index; 
   F = degrees Fahrenheit. 
TABLES I - III represent the AIHA, ACGIH, and the U .S. Army's work/rest 
regimens, converted to wet-globe temperature (botsb all) indices, in 
degrees Fahrenheit (F). 
TABLE I 
TABLE II 
TABLE III 
Wet-globe (botsball) temperature indices on JA duri ng the restoration 
ranged between 78 and 90 degrees Fahrenheit (F). Bo tsball temperature 
indices varied throughout the day. Average index va lues during the 
restoration were: 
  inside buildings 81.7 F; 
  inside confined spaces 82.3 F; 
  outdoors 84.1 F; 
Based on information in Tables I-III, botsball indi ces in the low to mid 
80's (F) call for implementation of work/rest regim ens, rather than 
allowing continuous work with short hourly breaks. Given the average 
botsball readings during the restoration, the recom mended work/rest 
regimens were not feasible for two reasons:  
1. site restoration and critical military operation s would not be 
accomplished in an acceptable timeframe; 
2. the established work/rest regimens were not well  accepted by the JA 
workforce, who maintained they were used to the con ditions.  
HEAT STRESS SURVEY AND SAMPLING STRATEGY 
Based on the AIHA recommendations for continuous wo rk, S&H staff 
initiated the survey under a regimen of a 10 minute  break after every 



hour of work. Breaks were taken in the shade, and c old water and 
electrolyte drinks were available at all times in t he work area. S&H 
staff conducted environmental and biological monito ring to determine 
employee heat tolerance, and to establish a feasibl e work/rest regimen 
for the JA workforce, one that would meet both the mission's timeframe, 
and with employee acceptance.  
Individuals were monitored for internal (oral) temp erature, external body 
temperature (patch), heart rate, and urine specific  gravity (USG). 
Environmental temperature indices (botsball) were a lso recorded. Samples 
were collected on 17 different days, in a variety o f locations, on 
different employees, at different times throughout the day (see attached 
data).  
Employees were counseled on the effects of heat str ess and made aware of 
the body's warning signs (sweating, prickly heat, h eadache, muscle 
cramps, etc). They were allowed to take additional break time when they 
felt the need to rest, cool off, and replenish flui ds.  
DESCRIPTION OF MEASUREMENTS 
BOTSBALL THERMOMETER A direct reading wet globe the rmometer that 
combines air temperature, humidity, wind, and therm al radiation into a 
single index value (degrees F) that reflects enviro nmental conditions.  
ORAL THERMOMETER A direct reading internal body tem perature 
  indicator (degrees F). In general, an oral 
 temperature > 100 F may indicate heat 
 strain. 
TEMPERATURE PATCH A direct reading external body te mperature 
 indicator that is supposed to correlate with 
 core body temperature. Temperature 
 patches are affixed to the forehead and a 
 colorimetric change indicates core 
 temperature (F).  
URINE SPECIFIC GRAVITY A direct reading checkstrip is immersed 
 in a fresh urine sample; a colorimetric 
 change indicates specific gravity. In 
 general, USG > 1.027 grams per cubic 
 centimeter indicates dehydration, a 
 symptom of heat strain. 
HEART RATE A direct reading of the number of 
 heartbeats per minute.  
At rest, most men have a heart rate of 60-70/women have a heart rate of 
68-78. A working heart rate greater than 100 for me n/110 for women, may 
indicate heat strain. 
HEAT STRESS SURVEY FINDINGS 
During the survey period, most employee core body t emperatures remained 
normal (98.6 F +/- 1). When a high oral temperature  or heart rate was 
measured, the individual was removed from the work area and allowed quiet 
time to recover. If/when an employee developed a he at rash, they were 
advised to shower/change clothes several times per day. Employees found 
that wet-wiping of their head/upper body was also a n effective cooling 
measure. 
Temperature patch readings did not provide useful d ata in this survey. 
There was not good correlation between the patch te mperature and the oral 
temperature, so their use was discontinued. 
When high USG's were encountered, individuals were counseled on taking 
water or electrolyte drinks, even if they did not f eel thirsty, and 



encouraged to get proper rest. They were advised th at they could better 
rehydrate if they continued drinking water througho ut the day and 
evening, and avoided substances containing alcohol and caffeine.  
A common premise in heat stress programs is that pe ople know when they 
need to take a break. During the survey, it was fou nd that employees were 
so focused in their work that they did not take eno ugh breaks, or enough 
fluids. Over the course of sampling, employees were  shown when they were 
dehydrating, even though they said they felt fine. This surprised some 
employees and opened the door to discussion, a valu able part of awareness 
training.  
The data showed there was an initial period when em ployees just returning 
to JA show higher oral temperatures, USG's, and hea rt rates, than 
acclimatized workers. This is consistent with findi ngs described in the 
literature (1,2). This means that newcomers/returni ng workers need 
acclimatization time, about 10 days. During the acc limatization period, 
there needs to be a more restrictive work/rest regi men, and employees 
need to be counseled on heat stress awareness.  
The survey indicated that employee awareness and ed ucation played a 
paramount role in a practical and effective heat st ress program. The goal 
of a practical heat stress program is to make emplo yees aware of the 
hazards, aware of the warning properties, aware of what their bodies are 
telling them, and aware that rest and water intake provide balance to the 
stresses they are subject to in the workplace. Info rmation in the heat 
stress awareness program was provided during inform al workplace 
conversations, which was a good way to reinforce th e taking of breaks.  
Based on the data, the regimen used in this survey was appropriate to the 
heat tolerance of JA's acclimatized workforce, and was effective in 
preventing heat-related illness.  
DISCUSSION 
Sampling instruments used in this survey were inexp ensive, portable, and 
provided instantaneous direct readings. Botsball th ermometers cost about 
$100. Oral thermometers and urine check strips can be obtained at most 
drug stores for a nominal fee. Heart rate can be me asured by taking a 
pulse and using a wristwatch with a second hand.  
In the process of collecting heat stress data, S&H personnel spent time 
on the worksite talking with employees about their work, their sample 
results, how they felt, etc. This fostered an atmos phere of caring in the 
workplace. The measurements provided instantaneous feedback to employees 
that was meaningful to them, letting them know how their bodies were 
responding to their environment and what they neede d to do to take care 
of themselves.  
Employees were encouraged to be self-regulating wit h respect to taking 
breaks/fluids. Some employees felt empowered when a llowed to be self-
regulating. Malingering complaints were not a probl em, instead, JA's 
employees had to be reminded to take more breaks. 
When botsball or WBGT indices reach the low 80's, l ine operations can be 
informed of the need to implement a regimen that in cludes hourly breaks, 
and to provide cold water/electrolyte drink at the worksite. Tasks can be 
evaluated qualitatively for energy expenditure dema nds.  
Line operations can then present heat stress awaren ess information during 
their regularly scheduled safety meetings, and S&H staff can visit the 
worksite and talk with employees about the key poin ts of the heat stress 
awareness program and/or collect biological measure ments. Employees 
performing tasks with significant energy expenditur es, or with greater 



potential for heat strain, can be individually coun seled on heat stress 
symptoms and preventive measures.  
Using the biological monitoring approach and measur ing employee heat 
strain, the workforce tolerance to environmental co nditions can be 
determined, and feasible work-rest regimens can be established. WBGT or 
other environmental indicators can be used qualitat ively as a trigger 
mechanism for conducting biological monitoring, imp lementing heat stress 
training and establishing work/rest schedules.  
This data applies to maintenance and construction a ctivities, but use of 
biological monitoring to establish a feasible worki ng schedule has 
potential for other applications. For example, S&H staff also used this 
formula to monitor non-typical operations, such as projects where 
employees have to wear protective clothing that inc reases their heat load 
(tyvek, anti-C's, etc). 
CONCLUSIONS 
1. The most valuable data to assess employee heat s train was found to be 
oral temperature, USG, and heart rate.  
2. It was found that employees need a few weeks to acclimatize to changes 
in their physical environment, even if they have on ly left the 
environment for a few weeks, such as during vacatio n time.  
3. Employee education and awareness is important in  an effective heat 
stress program; informal workplace conversations ar e a valuable forum for 
information exchange. 
4. A regimen for continuous work with hourly breaks  was implemented and 
tested with biological monitoring. Biological monit oring showed employees 
when they needed to rest/replenish fluids, and was successful in 
preventing heat-related illness. Environmental temp erature indices can be 
used to indicate when a biological monitoring progr am may be of benefit.  
5. Temperature patch readings did not provide usefu l data in this survey.  
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ABSTRACT 
At present, an excess of plutonium exists worldwide , due to reprocessing 
of spent commercial LWR fuel and to Pu arising from  dismantling of 
nuclear warheads, while the construction of fast re actors is delayed. If 
the reprocessing capacity available after 2000 is f ully used the amount 
of Pu from civilian spent fuel could reach 20 t Pu/ yr in 2005. The 
increase of the inventory from dismantled warheads presently being 
discussed is 10 t Pu/yr from 1996 to 2005 thus maki ng available 100 tons 
of fissile Pu. The decision of how to store or how to recycle this Pu is 
mainly a matter of politics. In the present paper, the materials science 
aspects of three options are discussed: going MOX, alternative fuels, or 
vitrification. Work in the materials research of th ese three fields has 
been performed at the European Institute for Transu ranium Elements for 
more than two decades. 
Going MOX: present and near-future MOX fabrication capacities existing in 
Europe and Japan are sufficient to accommodate betw een 15 t Pu/yr (lower 
limit) and near to 25 t Pu/yr (upper limit). MOX fu el fabrication and Pu 
recycling are becoming a mature industrial activity . The extensive 
irradiation experience with MOX fuel is positive. T o make (conventional, 
hence UO2-based) MOX fuel more attractive and to ac hieve a high Pu 
disposition rate, the fuel cycle costs should be re duced and high core 
loadings should be achieved. This asks for high bur nup in a once-through 
cycle with automated or dust-free fuel fabrication,  e.g. with the sol-gel 
process. 
Alternative fuels: An inert matrix completely free of U-238 (e.g. spinel 
MgAl2O4, CeO2 or others) containing e.g. 5 % Pu all ows burn-out of Pu to 
a large extent. These inert matrices can also be us ed for transmutation 
of the minor actinides (Np, Am, Cm), provided they fulfill a number of 
criteria: their thermal conductivity and their mech anical properties 
should be similar or better than those of UO2, they  must be compatible 
with clad and coolant, fabrication procedures must exist and, 
importantly, they must show an acceptable behavior against radiation. 
Based on measurements of these properties, suitable  matrices can be 
selected. 
Vitrification: A large series of actinide-containin g borosilicate waste 
glasses was produced in the European Institute for Transuranium Elements 
in the past 20 years. Solubilities of actinides, re levant mechanical, 
thermal and chemical properties were measured and t he effects of 
radiation damage due to a-decay of the actinides wa s followed, mainly in 
curium-doped glasses thus simulating the behavior o f HLW glasses for 105 
yrs storage, or of glasses containing 7 wt% Pu for up to 2000 yrs 
storage. This large data base is discussed, as is t he possibility of 
incorporating Pu in suitable ceramics instead of gl asses. 
INTRODUCTION 
The presently existing excess of plutonium can a pr iori be dealt with by 
adopting one - or a combination of - three options:  going MOX, burn Pu in 
alternative fuels, e.g. in an inert matrix, or vitr ify and bury Pu. The 
decision on any of these options will have to be ma de by politics, but 
should be based on engineering, neutron physics and  materials science 
aspects as well. It is this latter aspect the prese nt paper is concerned 
with. 
Current reprocessing commitments represent arisings  of Pu from civilian 
spent fuel (reactor plutonium, R-Pu in the followin g) of roughly 15 tons 
per year up to 2000 and on average of 12.5 tons per  year from 2000 



onwards. However, if full use is made of the reproc essing capacities 
existing after the year 2000, this amount might inc rease to 20 t Pu/yr in 
2005. This R-Pu contains typically only about 65% P u-239. For instance, 
when reprocessing PWR UO2-fuel with a burnup of 33 GWd/tonne, the 
isotopic composition is ~ 1.3 % Pu-238, 62.8% Pu-23 9, 23.5% Pu-240, 8.3% 
Pu-241 and 4.1% Pu-242 or, at increased burnup in a  pressurized water 
reactor, the composition is 2.6% Pu-238, 54% Pu-239 , 24% Pu-240, 12% Pu-
241 and 7.4% Pu-242. To the above amount of R-Pu, t he dismantling of 
warheads might add ex-weapons Pu (W-Pu in the follo wing) at a rate of 10 
t Pu/yr from 1996 to 2005. W-Pu contains typically 93 % Pu-239, 6 % Pu-
240 and 1 % Pu-241. Its critical mass is therefore smaller than that of 
R-Pu, the spontaneous neutron emission rate and the  heat production are 
significantly smaller and it therefore deserves par ticular attention to 
guarantee proliferation resistance, as well as an e xpeditious decision on 
the strategy of its dispositioning. Given the prese nt unavailability of 
fast reactors and of accelerator-driven reactors, t here are essentially 
two ways to effectively prevent W-Pu from being use d for warheads 
production: I) use it as MOX fuel in civilian power  plants to bring it to 
the level of spent fuel, hence converting it to R-P u grade while, at the 
same time, mixing it with fission products and keep ing open the options 
of direct disposal in a repository as spent fuel or  intermediate storage 
of the spent fuel for later reprocessing. Using ine rt matrices rather 
than UO2-based MOX fuel can increase the dispositio n rate. Or: ii) 
dispose of W-Pu without producing electricity by ap plying a process which 
causes the material to be inaccessible for diversio n, e.g. by blending 
the Pu with fission products, to vitrify the mixtur e, as it is done for 
high level liquid waste from reprocessing, or to so lidify it in a ceramic 
matrix and to dispose of the product in a safe, dee p geological 
repository. To increase the proliferation resistanc e for intermediate 
storage for option I) and to reduce the storage cos ts, W-Pu could be 
mixed with R-Pu. The blend has a higher heat produc tion and a higher rate 
of spontaneous neutron emission than W-Pu due to th e introduction of Pu-
238 and of Pu-242, and the higher content of Pu-240 . In addition, the 
higher content of Pu-241 decaying into Am-241 leads  to an increase in g-
activity and thus to an easier detectability in cas e of illicit traffic. 
The emphasis of the present paper is placed on mate rials science aspects 
of these options rather than on such strategies the mselves. Research on 
fabrication and materials property studies in the a reas of MOX-fuel, 
inert matrices, vitrification and solidification in  ceramic matrices has 
been performed in the European Institute for Transu ranium Elements for 
more than two decades. In the following, we will co ncentrate in 
particular on fabrication and R&D for inert matrice s and vitrification, 
realizing that other aspects such as nuclear safety , licensability and 
economic viability are of large importance as well.  Frequently, e.g. in 
neutronic considerations, the non-fissile, non-fert ile matrix is treated 
as inert to the extent that its materials propertie s are not considered 
at all. This is particularly true for its radiation  stability, which will 
therefore be treated in more detail in this paper. 
UO2-BASED MOX FUEL 
Fabrication and irradiation experience of Pu-recycl ing as UO2-based mixed 
oxide (MOX) fuel, i.e. UO2 with 3 - 5% PuO2 exist n ow for about 30 years. 
For instance, in Germany, Pu-recycling started in B WRs (Kahl) in 1966 and 
in PWRs (Obrigheim) in 1972. In Belgium, it started  even earlier in 1961. 
The fabrication experience covers rather different Pu-compositions, from 



Pu from reprocessing MAGNOX fuel with a high conten t of Pu-239 to the Pu 
mentioned above from reprocessing of LWR fuel. Thro ugh the years, the 
fabrication techniques were optimized to improve th e early mechanical 
blend MOX fuel, in order to reduce hot spot problem s due to PuO2-rich 
inclusions in the fuel and to achieve a better solu bility in HNO3 in case 
reprocessing is to be done. As examples, the ammoni um uranyl plutonyl 
carbonate (AUPUC) process of powder preparation and  the optimized co-
milling (OCOM) process were developed and tested by  Siemens, and the 
micromized masterblend (MIMAS) process was develope d and tested by 
Belgonuclaire. Satisfactory Pu-solubility (>99%) al ready in the 
unirradiated pellets was achieved and a good irradi ation performance 
could be proven (1, 2). The existing and projected MOX fuel fabrication 
facilities are summarized in Table I. They are all situated in Europe and 
in Japan. The plants at Hanau are mentioned without  numbers because of 
the known political problems. Facilities originally  built to produce MOX 
for fast reactors can be included in this considera tion, since 
modifications to change from FBR MOX (typically 20 - 25% PuO2) to LWR MOX 
can be introduced, and dual purpose production line s are also feasible. 
The table shows that the MOX fuel fabrication capac ity may be able to 
catch up with Pu-arisings when considered globally,  though the stockpile 
will temporarily increase if W-Pu becomes available  at the rate of 10 
t/yr for 10 years, the amounts depending also on th e Pu-content used for 
the MOX fuel. The equilibrium between production an d consumption of Pu 
would probably be achieved around 2015 rather than 2005 for R-Pu alone. 
Table I 
To achieve a good homogeneity, i.e. a solid solutio n of PuO2 and UO2 in 
the MOX fuel, coprecipitation could be used, or the  sintering program 
could be modified, e.g. by varying the oxygen poten tial during the 
sintering process. Increasing the oxygen potential increases 
interdiffusion rates (3, 4). A subsequent reduction  step at lower 
temperatures can be used to bring the material back  to the stoichiometric 
composition, since oxygen diffusion in UO2 and in M OX is much faster than 
U and Pu (inter)diffusion, e.g. D0/DM 108 at 1200C,  M = U or U+Pu. To 
make MOX fuel more attractive, fabrication costs ha ve to be kept low, 
and, for R-Pu, the increasing concentration of the g-emitter Am-241, 
formed by decay of Pu-241 with a half-life of 14.9 years, has to be taken 
care of. If Am-241 is not separated from R-Pu store d for some time, a 
dust-free fabrication process is advantageous. Such  a process exists and 
has been demonstrated: the sol-gel process, or the gel-supported 
precipitation process (5). 
The irradiation performance of MOX fuel is also ver y encouraging and 
satisfactory (1, 2, 4). Experience exists from expe rimental irradiations 
and from many MOX fuel assemblies loaded in thermal  reactors in Japan, 
Germany, France, Belgium, Switzerland and USA. Some  of these went to 
extended burnups. These assemblies and transient-te sted MOX fuel showed a 
dimensional behavior comparable to that of UO2 fuel . Very few fuel rod 
defects have occurred, and these were neither speci fic for MOX fuels nor 
did they have their origin in the use of MOX fuel. Some features of the 
performance deserve further study, e.g. the fission  gas behavior in Pu-
rich MOX inclusions, the behavior of such MOX agglo merates at the pellet 
surface if they are not fully surrounded by the UO2  matrix etc. Also, 
though there is no significant difference between M OX and UO2 fuel for 
fission gas release at comparable power densities a nd power histories, up 
to 40 GWd/tM, the MOX fuel has a greater power at h igher burnup because 



the change in reactivity with burnup is less than f or UO2 fuel. The fuel 
rod design should allow for the space needed to app ropriately accommodate 
the larger amounts of released fission gas at exten ded burnups. 
As of today, about 35 LWRs are licensed for MOX fue l, most of them in 
western Europe. For another 25 power stations licen sing is underway, 
usually for reloads with 1/3 MOX fuel. Many more (a bout 100) power 
stations are potential candidates to operate MOX fu el since there are no 
fundamental technical problems for licensing. By ad equate design and by 
suitable distribution of the MOX fuel elements in t he reactor core, no 
adverse effects result on reactor control and opera tion for the 1/3 MOX 
option. The higher inventory of Pu and actinides do es not affect reactor 
safety. 100 % MOX cores are also possible when adju stments and changes of 
core design and equipment for reactor control are m ade (1). 
Going MOX is thus an existing option to significant ly reduce stockpiles 
of either W-Pu or R-Pu, and to reach equilibrium be tween production and 
dispositioning to the spent fuel standard. To make this option 
economically attractive the fuel cycle costs should  be reduced: 
automated, or dust-free fabrication (sol-gel), high  burnup fuel, high 
core loadings are the aims to achieve a high Pu-dis position rate. 
Comparatively like R&D in materials research is nec essary given the 
advanced state of fabricating and irradiating MOX f uel which exists 
already today. 
ALTERNATIVE FUELS, INERT MATRICES 
An inert matrix is a material which replaces conven tional UO2. It should 
not form Pu or other actinides, but otherwise have properties similar or 
superior to those of UO2. Hence, it should have a h igh melting point, 
good thermal conductivity and mechanical properties , and it should be 
compatible with the cladding and the coolant. Also it should have a low 
neutron capture cross section to achieve a good neu tron economy, and, 
importantly - but often not considered to the appro priate extent - it 
should be resistant against radiation (fission, neu trons and a-decay of 
Pu.). To avoid actinide buildup, all the components  of the inert matrix 
should have atomic numbers significantly smaller th an 92. 
Since no new actinides are formed, a large degree o f burnout can be 
achieved if irradiation is carried out for a long e nough time. This 
possibility and the advantage of inert matrices are  exemplified with a 
novel proposal (6) to destroy up to 95% of the W-Pu  in LWRs while at the 
same time increasing the proliferation resistance o f the spent (inert 
matrix) fuel by forming high levels of Pu-238 in th e small quantity of 
remaining Pu. As shown in Fig. 1 (left and middle p arts), a fuel with an 
inert matrix and with 2.5% each of W-Pu and W-U (i. e. U enriched to 94% 
U-235), irradiated for approximately 2000 d togethe r with standard fuel 
of 900 days lifetime in a PWR shows a burnout of 99 .4% of Pu-239. Of the 
originally added 25 kg W-Pu/t (23.5 kg Pu-239), onl y about 6% of total 
Pu-remain. Of this small amount, 28% are Pu-238, 57 % are Pu-242, and only 
6% (or 100 g) are Pu-239. The isotopic composition of Pu - even if 
separated from the inert matrix - is very prolifera tion resistant because 
of the large content of Pu-238, mainly originating from irradiating the 
added W-U, and of Pu-242, yielding very high heatin g rates in excess of 
150 W/kg Pu and a neutron emission rate which is a factor of 32 higher 
than that of W-Pu, respectively (6). The W-U is als o transferred into 
proliferation resistant form since the U-235 conten t of the small 
remaining U-mass is only 17%, hence below the 20% l evel considered 
proliferation-safe. Furthermore, as shown in the ri ght part of Fig. 1, a 



similar irradiation of the inert matrix with 10% R- Pu leads also to a 
large burnout (7). An LWR with 1/5 of the assemblie s being made from such 
fuel - the remaining part being standard UO2 fuel, can be shown to have a 
balance between Pu-production and Pu burning (7). 
Fig. 1 
In such kind of calculations, materials properties of the inert matrix 
itself are usually not considered. Significant R&D is still necessary to 
select suitable matrices for given irradiation sche dules. Also, improved 
or unconventional clad materials have to be selecte d and tested to 
achieve the desired high burnups. Significant work in this area is 
presently ongoing in the related field of transmuta tion of Am and Np in 
nuclear reactors. If these minor actinides are part itioned from the 
reprocessing HLW, they can be transmuted by fast ne utrons from fast 
reactors or accelerator-driven reactors, or - usual ly at a smaller rate - 
in thermal reactors. Inert matrices are considered for this purpose as 
well, e.g. in the large international project EFTTR A (Experimental 
Feasibility of Targets for Transmutation) (8), prov iding experience and a 
data base of use for Pu-dispositioning as well. 
Materials suggested and fabricated as inert matrice s include binary 
oxides (e.g. Al2O3, MgO, CeO2, ZrO2), ternary oxide s (spinel MgAl2O4, 
Zircon ZrSiO4 or monazite CePO4), complex oxides (e .g. PuO2-stabilized 
ZrO2-Al2O3-MgO or a two-phased mixture of a fluorit e phase (PuO2-ThO2, 
PuO2-ZrO2) with Al2O3 (9), and binary carbides and nitrides (e.g. SiC, 
Si3N4, ZrN etc.). 
Basically, two types of matrices exist, a homogeneo us case, i.e. a matrix 
which forms a solid solution with Pu, e.g. CeO2, zi rcon (ZrSiO4) or ZrN. 
If Pu is not soluble, as in Al2O3 or MgO, a heterog eneous fuel is formed 
with PuO2 precipitates as a second phase. This rese mbles to some extent 
the conditions of the early MOX fuel. For a final s election of suitable 
matrices, their properties (thermal diffusivity, sp ecific heat, thermal 
conductivity, mechanical properties, hardness, frac ture toughness, 
absence of chemical reactions with clad and coolant ) have to be measured, 
not only on the matrix alone, but also on the fabri cated fuel including 
Pu. This leads to exclude some of the candidates fo r specific conditions, 
e.g. MgO for LWR and CeO2 for FBRs because of react ions with H2O and Na, 
respectively, or to concerns as for stabilized ZrO2  because of its low 
thermal conductivity. Furthermore, the solubility i n HNO3 is of interest 
if reprocessing is foreseen, whereas very low leach  rates in ground water 
are asked for if a once-through option is selected.  This, however, is not 
sufficient since information on the above propertie s are also necessary 
for the Pu-matrices subjected to radiation damage. Sometimes, data are 
available for neutron damage, e.g. for MgO, for Al2 O3 and for spinel 
MgAl2O4. Stability against neutron damage alone is not sufficient, since 
the inert matrices will also be subjected to a-deca y damage (5.15 MeV a-
particles and 88 keV U-235 daughter recoil atom in the decay of Pu-239) 
and fission damage (fission products of 70 to 90 Me V). a-decay occurs 
following fabrication during storage before and aft er reactor use, 
essentially at room temperature when damage recover y is small. To give an 
example: (Pu-239)O2 shows a decrease in thermal con ductivity of 60% after 
one year of storage. Fission damage occurs at react or operating 
temperatures. Some potential matrices can be shown to be structurally 
unstable or to swell to a large extent. An example is Al2O3 which swells 
by about 30% under fission fragment impact and whic h gets amorphous after 
rather short irradiations 10. As another example, s pinel (MgAl2O4) known 



to be very stable under neutron irradiation, the re asons for this 
stability being understood, swells also under fissi on product impact and 
undergoes polygonization, i.e. a state with very sm all grains is formed, 
if irradiation is performed at ambient temperature.  The behavior is, 
however, more benign at elevated temperatures, e.g.  T>500C. 
Work in this field is ongoing and will lead to a se lection of good 
matrices. 
VITRIFICATION 
Work on incorporation of actinides (Th, U, Np, Pu, Am, Cm) into 
borosilicate waste glasses and property measurement s of such glasses have 
been performed in the European Institute for Transu ranium Elements since 
1975 (11). This work was done in the frame of R&D s tudies to vitrify high 
level waste from reprocessing of spent LWR fuel. In  this HLW, the 
actinide content is small, i.e. the sum of UO2, NpO 2, PuO2, AmO2 and CmO2 
is < 1 wt.% and can safely be assumed to be in solu tion. For this work, a 
number of different waste glasses was used, includi ng the German 
(simulated) product GP 98/12 and its precursor (see  Table II). 
Table II  
To determine the solubility and/or to observe possi ble segregation of 
PuO2 at higher Pu-contents, the precursor product G P was produced with up 
to 10 wt.% PuO2 by mixing the proper quantity of th e glass frit with or 
without denitrated waste solution and with Pu (or a lso Am) (12). Melting 
was performed in Pt-crucibles. The resultant glass was pulverized and 
molten again in graphite crucibles at 1150C. Discs were cut from the 
glass cylinders produced in this way. Alpha-autorad iographs showed no 
visible segregation for the highest AmO2 content us ed, i.e. 4.9 wt.% 
AmO2, whereas very obvious segregation (spots very rich in PuO2) were 
seen when 10 wt.% PuO2 were added. Additionally, a base glass without HLW 
and the glass with very high HLW loadings, i.e. eit her 20 wt.% HLW, or 20 
%HLW with additionally 10 wt.% Gd2O3, were produced  with 5wt.% UO2 or 
5wt.% PuO2, respectively. 80 mm long cylinders were  kept molten (1175C) 
in Pt-crucibles for 25 h. Subsequently, discs were cut from the bottom, 
the middle and the top section of these rods and an alyzed by electron 
probe microanalysis, epma. These analyses showed th e absence of 
sedimentation of actinides. In contrast, the noble metal particles were 
enriched in the bottom section. 
Glasses doped with 5 wt.% AmO2 or 3 at% UO2 were st ill vitreous with no 
crystalline phase being present. In contrast, the g lasses containing 5 
wt.% PuO2 consisted all of two phases, the major vi treous phase and a 
minor crystalline phase. In detail  
  the base glass contained 4.6 wt.% PuO2 in solutio n. The second phase 
was PuO2  
  the glass with 20% HLW contained less PuO2 in sol ution, i.e. 4.4 wt.%, 
the crystalline phase being again PuO2  
  the glass with 20% HLW and 10 % of the neutron po ison Gd2O3 showed a 
very small solubility of only 1.2 wt.% PuO2 and con tained segregated 
crystalline phases of an (average) composition of ( Pu0.68Ce0.2Gd0.12)O2. 
These solubility values are large compared with the  actinide contents in 
HLW solutions, but they may be of concern for the f abrication of Pu-
containing glasses, if fission products (in particu lar rare earths) are 
added to these glasses. 
Thermal and physicochemical properties and leaching  of these and other 
waste glasses have been measured extensively and th e behavior against a-
decay damage including He-accumulation and release have been measured 



(13, 14). Figure 2 shows the relation between the a ccumulation of a-decay 
damage (a-decays/m3) and the storage time for 
  the test glass containing 1.5 wt.% Cm-244 (lower abscissa) 
  the same glass containing 7 wt.% Pu-239 (upper ab scissa) 
  typical HLW from reprocessing vitrified in the sa me glass (upper 
abscissa). 
Fig. 2  
The damage studies were terminated at damage levels  of 15 to 25x1024 a-
decay/m3. A damage level of 15x1024 a-decays/m3 wil l be reached in the 
glass with 7% Pu-239 in about 1000 years. 
Damage due to a-decay is caused by a-particles and by recoil atoms. a-
particles loose 99% of their energy of 5.15 MeV (fo r Pu-239) by 
ionization, have a range of ~20 mm in glass and pro duce only ~200 atomic 
defects, mainly at the end of their range. The reco il atoms (U-235 in the 
decay of Pu-239) have an energy of ~90 keV. About 9 0% of this energy is 
used to produce 1200 to 1500 displaced atoms thus f orming a dense 
collision cascade along their range of ~25 nm. This  type of damage can be 
simulated with ion implantation techniques. This wa s done extensively at 
ITU, in addition to the work with the Cm-glasses. T he properties measured 
were: swelling, leaching, hardness, fracture toughn ess, Youngs modulus, 
Poisson ratio, damage recovery, recrystallization a nd He-release. Damage 
ingrowth could be fitted with equations of the type  Dp = A(1-exp{-BD}) 
where p = property, A = change at damage saturation , B = fraction of 
glass totally damaged by a-decay and D = a-dose. 
The main results can be summarized as follows: 
Swelling: volume changes at saturation damage were very small (~0.5%) 
Leaching: Figure 3 shows that the leach rate does n ot increase with 
damage level, it is even indicated to decrease (lea ching conditions: 
static test, demineralized H2O, 14 d, 150C), thus o vercompensating the 
small difference between the glasses without Cm and  the ones with Cm for 
no or very small damage levels. Figure 4 confirms t his trend showing 
results for 4 elements (Si, B, Ca, Mo) of a total o f 30 elements 
analyzed, all confirming the absence of observable damage effects. 
Fig. 3 
Fig. 4 
Mechanical properties: a rather fast decrease in ha rdness by about 30% 
with saturation at ~3x1024 a-decays/m3 was observed . At the same time, 
crack probabilities were significantly reduced and the fracture toughness 
KIc increased by up to 100%. Youngs modulus decreas ed also by ~30%. The 
net result of damage formation was thus reduced bri ttleness and better 
resistance against crack formation, i.e. technologi cally positive 
effects. 
He-release: glasses with 1.5 wt.% Cm-244 which accu mulated He as product 
of the a-decay for about 9 years showed no swelling  when annealed for 10 
h at 300C. He-release was measured in a Knudsen-cel l: between 300 and 
420C, release was compatible with thermally activat ed diffusion of single 
He-atoms, above 420C and up to 550C, most gas was r eleased with kinetics 
compatible with gas bubble diffusion. Some He remai ned in the glass up to 
~ 1000C. Note that glass with 7 wt.% Pu-239 would a ccumulate such a He-
level only after ~ 2500 years. 
These results cover many of the questions to be ans wered when vitrifying 
actinides. One should, however, keep in mind that v itrification does not 
change the isotopic composition of Pu, and that som e further questions 
have to be answered. The main areas are: while Pu i s relatively insoluble 



in water, boron is known to show high leaching rate s and to become 
depleted relatively deep in the glasses. B, as a ne utron absorber, helps 
to prevent criticality problems, and should not bec ome depleted. Then, if 
g-emitters are added to the glass to increase the p roliferation 
resistance, the still open question of the effect o f ionizing radiation 
creating (oxygen) bubbles and the possible conseque nces on the behavior 
of the glass should be answered. 
Ceramic matrices for direct storage: a large number  of ceramic matrices, 
including SYNROC, which accumulated a-damage due to  decay of incorporated 
Cm-244, have been studied in ITU. Typically, signif icant swelling (by up 
to 9%), with the related risk of cracking was found . Also, 
metamictization (loss of crystallinity and formatio n of amorphous phases) 
was often observed at high damage levels (correspon ding to 4000 to 10000 
years of storage for a 7% Pu-ceramic) with a parall el increase in leach 
rates. Careful study of damage effects is therefore  necessary if 
additional new ceramics are suggested. Some of the inert matrices 
discussed above could also be used for solidificati on and disposal of Pu, 
e.g. CeO2, CePO4 and, in particular, zircon (ZrSiO4 ) because of their 
good resistance against corrosion in water. For zir con, a good knowledge 
exists on a-damage effects due to investigations of  both old, naturally 
occurring zircon minerals with a certain content of  U and of synthetic 
zircon with ~ 10 wt.% Pu substituting for Zr (15). Additional work is 
also needed to define the occupied lattice sites in  complex ceramics, the 
need having been shown for Pu in SYNROC before (16) . 
SUMMARY 
For expeditious dispositioning of Pu, going MOX is a mature and 
technically proven possibility. Comparatively littl e R&D in materials 
science is necessary given the advanced state of fa bricating and 
irradiation MOX fuel in thermal reactors. 
The use of inert matrices promises a higher destruc tion level of Pu. 
Suitable candidate materials exist and are being te sted. More materials 
research, however, is needed before a final selecti on can be made, e.g. 
in the field of radiation damage. 
Some of the inert matrices could be used for solidi fication of Pu, as an 
alternative to vitrification. A large data base for  both glasses and 
ceramics exists at ITU, and in the literature, to s uggest materials and 
loading levels with Pu. For a fully optimized, tail or-made material some 
more research is necessary. 
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ABSTRACT 
The overriding objective of U.S. and Russian disarm ament initiatives is 
to dispose of nuclear weapons in such a way that th ey cannot be reused or 
reconfigured in the country of origin, or sold to o thers, for military 
purposes.  
Significant progress has been made in achieving thi s objective for high 
enriched uranium from nuclear weapons. Unfortunatel y, none of the three 
options now under serious consideration for plutoni um disposition, (deep 
burial, immobilization, or MOX fuel conversion), ac hieves this objective 
if implemented in the country of origin. For the MO X option, both the 
U.S. and Russia, as nuclear weapons states, have th e technical and 
physical resources to extract residual plutonium in  the spent fuel via 
PUREX reprocessing, should future Governments so de cide. For the 
alternative of immobilized plutonium in solid waste s and deeply buried 
plutonium, the two countries also have both physica l and technical 
resources for later extraction and use of the pluto nium. 
One approach towards eliminating this potential fut ure threat of 
reconversion in the country of origin is to impleme nt the MOX Fuel 
conversion option in a non-weapons state, one with a sufficiently stable 
political environment to give the world assurance t hat the plutonium will 
not be reclaimed for use in nuclear weapons. The Ca nadian option for 
utilization of excess weapons plutonium as MOX fuel  in CANDU reactors is 
currently the only option on the table which accomp lishes this objective.  
Atomic Energy of Canada and Ontario Hydro have stud ied the consumption of 
up to 100 tonnes of weapons plutonium resulting fro m projected 
disarmament programs in Russia and the U.S. by util izing it as MOX fuel 
in the Bruce A Reactors, four 825 MWe (gross) CANDU  reactors operating on 
the shores of Lake Huron in the Canadian Province o f Ontario. No changes 
to the reactor designs are required, the fuel is pr edicted to operate 
within the existing licensed performance envelope, and the project can 
begin within four to five years. 
Fabrication of the relatively simple CANDU MOX fuel  bundles can be 
accomplished by modifying existing nuclear material s processing 
facilities in Russia and the United States. Enginee ring studies of 
typical U.S. facilities such as the FMEF at Hanford , Washington, and the 
BNFP in Barnwell, South Carolina, indicate that suc h facility conversion 
can be completed, including licensing by the NRC, w ithin a period of 4 to 
5 years, and at relatively modest costs. Further st udies of other U.S. 
facilities are underway; engineering studies of exi sting Russian 
facilities which could be used for fabricating CAND U MOX fuel have just 
begun.  
Subject to agreement amongst the Governments of Can ada, Russian and the 
United States, the entire program, including storag e of plutonium oxide, 



fabrication of MOX fuel, transportation, irradiatio n, and disposal of the 
spent fuel, would be subjected to independent third  party inspection.  
CANDU MOX IN BRUCE - THE BASIC TECHNOLOGY 
Figure 1 presents the material flow for our referen ce case, which 
utilizes the same standard 37 pin fuel bundle desig n as is currently 
operating in most CANDU reactors. As indicated in t his figure, the burnup 
of 9,700 MWD/T is slightly higher than the 8,300 MW D/T achieved with 
natural uranium, thus leading to a slight reduction  in spent fuel 
produced.  
Fig. 1  
As shown in Fig. 2, the plutonium concentration is about 1.2 % in the 
outer 18 fuel pins, and about 2% in the next row of  12 fuel pins, with 
the central 7 pins containing only depleted uranium  oxide and dysprosium 
oxide burnable poison. Preliminary analysis indicat es that the thermal 
performance of this MOX fuel bundle during normal a nd accident situations 
will be well within the current AECB licensing enve lope at Bruce. 
Fig. 2 
A multiphase program is planned, including a first phase involving 
production of up to 50 CANDU MOX bundles for testin g at the ZED and NRU 
facilities at Chalk River. Results will provide con firmation of nuclear, 
mechanical, and thermal design of the MOX fuel and core design, and would 
be used to support safety analyses and licensing by  the AECB. A second 
"pilot scale" phase, consuming up to 1 tonne of wea pons plutonium, would 
produce larger quantities of CANDU MOX bundles for irradiation in Bruce. 
And finally, a program of full MOX production, util izing up to 2.1 tonnes 
of U.S. plutonium per year, in two Bruce reactors w ould begin by 2002. A 
similar program in the Russian Federation is now be ing evaluated by a 
joint Canadian - Russian technical team, with resul ts anticipated by 
summer, 1996. 
An advanced design CANDU fuel bundle, called CANFLE X, is now under 
development. The design uses 43 fuel pins instead o f the 37 pins in the 
reference design. Commercial validation of the CANF LEX design using 
natural uranium is expected by around 2000, and if successful, could then 
be adapted to MOX application via additional fuel q ualification efforts. 
When applied to MOX fuel, CANFLEX would allow highe r plutonium loadings 
and would achieve a burnup of about 15,500 MWD/T, t hus permitting an 
increase in plutonium consumption rate utilizing th e same MOX fuel 
production rate as in the reference case. Figure 3 presents one 
deployment option which will be considered for this  CANFLEX case. 
Fig. 3 
MOX FUEL SUPPLY IN THE U.S; OPTIONS BEING EVALUATED  
Atomic Energy of Canada and Ontario Hydro have been  participating in 
DOE's Material Disposition program, which includes a Programmatic 
Environmental Impact Statement (PEIS), separate tec hnical and economic 
evaluations, and a Record of Decision currently sch eduled in early Fall, 
1996. Because of the unique flexibility of the CAND U design to adapt 
itself to many different fuel cycles, preliminary c onclusions indicate 
that MOX fuel can be incorporated in the design wit h no changes to the 
reactor hardware, and within the current licensing envelope. Because 
Ontario Hydro's Bruce A Station contains four 825 M We CANDU reactors, it 
is capable of utilizing all of the U.S. and Russian  plutonium at a single 
station, thus simplifying the logistics, including transportation, as 
compared with other options which require multiple sites. For these 
reasons, we anticipate that DOE's draft Environment al Impact Statement, 



to be issued shortly, will select the CANDU option as an option to be 
evaluated in the final stage of DOE's decision maki ng process.  
Atomic Energy of Canada and Ontario Hydro recognize d early on that the 
criteria for final selection will focus on economic s, since only those 
options which meet the safety, technical viability,  safeguards and 
security will have survived the prior screening pro cess. Economics are 
driven primarily by the incremental cost of MOX fue l. 
We concluded that a major cost savings could be rea lized if an existing 
U.S. facility could be converted for MOX fuel fabri cation purposes. In 
addition to the obvious cost savings as compared to  a greenfield 
facility, use of an existing facility allows an ear lier start to the 
program, and in some cases has the advantage of an existing base of local 
support, as compared to potential difficulties of s iting a greenfield 
facility. The facility mission for MOX fuel from we apons plutonium would 
require as little as 15 years followed by a short D econtamination and 
Decommissioning period. Therefore, long lifetime st ructures and 
components, such as used in European MOX facilities , would not be 
required. The entire program could thus be treated separately and 
independently from other, often divisive, issues su ch as the ultimate 
disposition of plutonium in civilian spent fuel.  
Figure 4 shows the Bruce Reactor site, along with f our existing U.S. 
facilities which are being examined for possible co nversion to CANDU MOX 
facilities: the Fuels Materials Examination Facilit y (FMEF) at Hanford, 
Washington, the Barnwell Nuclear Fuel Plant at Barn well, South Carolina, 
the P Reactor Fuel Building at Savannah River, Sout h Carolina, and the 
DAF at the Nevada Test Site.  
Fig. 4 
Another deployment option being considered is to de sign the MOX 
fabrication facilities in the U.S. so they can late r be expanded to 
produce LWR MOX fuel, thus further accelerating the  full disposition of 
U.S. weapons plutonium. The LWR phase would begin a fter NRC licensing 
approval of a U.S. utility application for MOX fuel  in a commercial LWR.  
MOX FUEL SUPPLY IN RUSSIA; OPTIONS BEING EVALUATED  
Under the sponsorship of the Canadian Government, A tomic Energy of 
Canada, Ontario Hydro and Minatom have begun a feas ibility study aimed at 
evaluating the production of CANDU MOX fuel in Russ ia from excess weapons 
plutonium, for consumption in the Bruce Reactors. S everal exchange visits 
have already taken place, and the study is due to b e completed this 
summer. The study is similar to the one sponsored b y the DOE in 1994. The 
Russian - Canadian feasibility study has three main  elements: 1) MOX Fuel 
Supply, 2) Safeguards, Security and Transportation;  and 3) Economic 
Evaluations. The economic evaluations, which will p ermit a comparison of 
the MOX option with other options being considered in Russia, are 
obviously critical to a final decision on dispositi on of Russian 
plutonium. A key element in this evaluation will be  the cost of MOX fuel 
fabrication, including the cost of facility convers ion, and the cost of 
transportation.  
There are three pilot installations in Russia to pr oduce MOX fuel: two at 
the MAYAK association in Osersk, and one at RIAR in  Dmitrovgrad. The 
current capacity of the "Paket" installation at MAY AK allows production 
of 10 to 12 breeder sized assemblies per year for u se in BN-600/350 
reactors. Each assembly contains about 300 KG of MO X fuel containing 20% 
plutonium. A modified "Packet" installation at MAYA K has a capacity of 
about 40 breeder fuel assemblies per year (1 tonne of MOX fuel per year). 



And the "Granat" installation at RIAR in Dmitrovgra d is about 1 tonne of 
MOX fuel per year.  
In addition to these pilot scale facilities, an ind ustrial scale MOX 
facility was erected at the "Complex 300" plant at MAYAK, but 
construction was stopped at about the 50% completio n stage, due to lack 
of near term demand. This facility was to have a ca pacity of 900 breeder 
fuel assemblies per year, or about 60 tonnes of MOX  fuel per year.  
CONCLUSIONS - FIVE REASONS WHY THE U.S. AND RUSSIA SHOULD SELECT THE 
CANDU OPTION. 
In summary, the authors believe it is in the best i nterests of both the 
US and Russian Governments to select the Bruce A CA NDU reactors for 
disposition of their excess weapons plutonium for t he following reasons: 
  It is the only option which affords both countrie s the opportunity to 
demilitarize their excess plutonium weapons in a th ird, neutral, non-
weapons state. 
  It affords the international community assurance that this excess 
weapons plutonium will be under full IAEA safeguard s from the moment the 
plutonium pit is converted to oxide feed material u ntil the fuel is in 
safe geologic storage. 
  It can be initiated in a short period of time, le ss than five years, 
and can be completed within 15 to 25 years thereaft er. 
  Costs for the disposition program are moderate, a s compared to 
alternatives for plutonium disposition, and especia lly as compared to the 
prior costs of military readiness.  
  It requires only one site for MOX utilization, th us enhancing the 
safeguards and security and simplifying the transpo rtation logistics, as 
compared with using multiple sites for plutonium di sposition.  
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ABSTRACT 
We describe a potential strategy for the dispositio n of excess weapons 
plutonium in a way that minimizes 1) technological risks, 2) 
implementation costs and completion schedules, and 3) requirements for 
constructing and operating new or duplicative Pu di sposition facilities. 



This is accomplished by an optimized combination of  1) using existing 
nuclear power reactors to "burn" relatively pure ex cess Pu inventories as 
mixed oxide (MOX) fuel and 2) using the same MOX fu el fabrication 
facilities to fabricate contaminated or impure exce ss Pu inventories into 
an "off-spec" MOX solid ceramic waste form for geol ogic disposition. The 
key to the combination approach is the use of a sin tered ceramic waste 
form (SCWF) consisting of a UO2 encapsulating matri x for the excess PuO2 
inventories. The SCWF will have a high probability of being acceptable 
for geologic disposition because it is similar to a n unirradiated MOX 
fuel matrix without fission products. Because it ca n be fabricated using 
the same basic technologies, processing equipment, and facilities used to 
fabricate the MOX fuel for reactors, there is no ne ed to construct and 
operate specialized and duplicative facilities usin g other immobilization 
technologies such as vitrification. 
Diversion protection for the SCWF to meet the "spen t fuel standard" 
introduced by the National Academy of Sciences (1,2 ) can be achieved in 
at least three ways. 1) One can utilize the radiati on field from defense 
high-level nuclear waste by first packaging the SCW F pellets in 2- to 4-L 
cans that are subsequently encapsulated in radioact ive glass in the 
Defense Waste Processing Facility (DWPF) glass cani sters (a "can-in-
canister" approach). 2) One can add 137Cs (recovere d from defense wastes 
at Hanford and currently stored as CsCl in capsules ) to an encapsulating 
matrix such as cement for the SCWF pellets in a sma ll hot-cell facility 
and thus fabricate large monolithic forms. 3) The S CWF can be fabricated 
into reactor fuel-like pellets and placed in tubes similar to fuel 
assemblies, which can then be mixed in sealed repos itory containers with 
irradiated spent nuclear fuel for geologic disposit ion. 
INTRODUCTION 
With the end of the cold war, major planning effort s were begun for the 
management of the excess fissile materials that wou ld result from the 
reduction of U.S. and Russian nuclear stockpiles.Th is was motivated by 
the fear that such a large inventory of weapon-qual ity fissile material 
posed a worldwide risk of nuclear terrorism or nucl ear proliferation. The 
United States and Russia are seeking cost-effective  methods for the 
management and ultimate disposition of these materi als, with special 
emphasis on plutonium, that achieve each country's nonproliferation goals 
and that can be implemented in a timely manner. The  current Russian 
position strongly favors burning the excess Pu in n uclear reactors. The 
United States is evaluating options that include, b ut are not limited to, 
burning excess Pu in existing reactors or immobiliz ation with 
radionuclides in glass or ceramic matrices; in eith er case the final 
product is buried in a geologic repository. Deep-bo rehole (2-4km) burial 
of Pu in an immobilized form is also being evaluate d. All these options 
have advantages and drawbacks. This paper outlines a potential strategy 
for disposition of excess Pu in two streams: burnin g suitably pure Pu (as 
MOX) in existing reactors, and disposing of contami nated or impure Pu as 
a sintered ceramic waste form (SCWF) containing 2-1 0 wt% PuO2 in a UO2 
matrix, similar in form and concentration to either  unirradiated or spent 
MOX fuel. This alternative approach may minimize ca pital outlays, 
repository acceptability issues, and implementation  duration schedules. 
DISPOSITION CRITERIA 
Disposition of excess Pu must satisfy three key obj ectives to achieve 
overall safety and nonproliferation goals: 
1. Rendering the Pu relatively inaccessible for nuc lear weapons use 



This objective was one of the principal outcomes of  the National Academy 
of Sciences study, (1) which recommended placing th e excess Pu in a form 
that is roughly as inaccessible for weapons use as are the much larger 
worldwide stockpiles of Pu contained in spent comme rcial nuclear fuel 
(SNF). To achieve this degree of inaccessibility re quires measures that 
would make it difficult for a terrorist group, a no n-weapons state, or 
even the United States or Russia themselves to use (or reuse) the Pu in 
any kind of nuclear explosive device. The National Academy study observed 
that greater protection than this for excess Pu wou ld be pointless and 
expensive, and that less protection would be danger ous. This objective is 
generally interpreted as meeting the "spent fuel st andard." 
Access to SNF for weapons use is made difficult by the existence of a 
high radiation-field barrier, by its having Pu isot opic mixtures 
different than that of weapons-grade Pu, by dilutio n of the Pu in a 
ceramic or glass matrix that requires significant c hemical and physical 
processing for recovery, and by containment of the Pu in large, easily 
accounted and controlled unit item sealed forms. Th ese factors are being 
considered by the DOE in developing a spent fuel st andard to be used in 
judging the acceptability of any proposed final dis position form before 
the implementation of any disposition technology ap proach. (3,4) 
2. Conducting disposition operations so that their health and 
environmental impacts are acceptable 
Any processing activity or final disposition materi al forms that could 
adversely affect the environment after geologic dis posal must meet myriad 
environmental, health, and safety regulations. Pu p rocessing operations, 
geologic repository operations, and final dispositi on forms that could 
affect worker or public radiation doses or exposure s to hazardous 
chemicals must meet or exceed the regulative requir ements. 
3. Achieving timely, cost-effective disposition 
If a given strategy is to achieve timely, cost-effe ctive disposition of 
excess Pu, all necessary operations must be technol ogically viable so 
that R&D schedule times can be minimized. That viab ility depends on the 
existence (or ready construction) of appropriate fa cilities, equipment, 
and technologies. Pu disposition options requiring high front-end costs 
(e.g., for construction of new facilities or proces ses and for the 
supporting R&D) will not be regarded as desirable b y the current balanced 
budget-minded Congress. Life-cycle costs (which inc lude operational 
expenses and decommissioning), which are usually di scounted, have less 
immediate, but still non-negligible, impacts and mu st also be minimized. 
OVERVIEW OF DISPOSITION STRATEGIES 
Many disposition strategies were considered in the NAS report, (1) 
including space launch and sea dilution. Three of t hese general Pu 
disposition strategies are under evaluation by the DOE Office of Fissile 
Materials Disposition (3,4): 1) nuclear burning in a reactor, 2) 
immobilization with radionuclides in solid matrices  to achieve the spent 
fuel standard, and 3) burial in deep (2-4km) boreho les in ancient rock. 
The Russians favor nuclear burning as a way of usin g the energy content 
of the fissile Pu. Many in the United States, on th e other hand, consider 
the Pu as "waste" to be disposed of by the most exp edient and cost-
effective method. The draft Preliminary Environment al Impact Statement 
(3) assumed the use of a single strategy for all ex cess U.S. Pu 
inventoriesthat is, for both relatively pure Pu inv entories recovered 
from weapon components and other, less pure Pu in s torage or contained in 



processing residues or scraps at various U.S. DOE s ites. The relative 
advantages and disadvantages of the three strategie s are discussed below. 
1. Nuclear Reactor Burning. This approach achieves disposition by burning 
MOX fuel containing the Pu in a nuclear reactor and  then discarding the 
spent MOX fuel, without reprocessing, in a geologic  repository. The major 
advantages of this approach are its technical matur ity (particularly in 
Europe), its partial favoring by the Russians (who however favor recovery 
and recycle of the Pu in the spent fuel), and the a chievement of the 
spent fuel standard by the irradiated product form.  Both the once-through 
and recycle approaches reduce the overall weapons P u inventory and change 
the plutonium isotopic mixture. The primary disadva ntages include 
possible opposition by opponents of nuclear power, the need to purify 
impure Pu before MOX fabrication, and reliance on a  final geologic 
repository that is not yet operational. The aqueous  technologies used in 
purification of Pu are expensive and generate signi ficant quantities of 
secondary low-level and transuranic (TRU) wastes. 
2. Immobilization with Radionuclides. This approach  achieves the spent 
fuel standard by incorporating the Pu in a stable, solid matrix 
containing radionuclides (high-level radioactive de fense wastes or 137Cs) 
whose radiation field, in conjunction with the chem ical dilution, large 
sizes, and safeguards and security, acts as a deter rent to theft or 
reuse. (5) The immobilized form is eventually disca rded in a geological 
repository in a manner similar to SNF. Immobilizati on may be a faster, 
simpler, and cheaper way to achieve the spent fuel standard than reactor 
burning. The technology is less mature than reactor  burning, however, and 
shares the same concerns over the lack of a geologi c repository. 
3. Deep Borehole Burial. This approach depends on t he depth of the 
geological isolation, rather than on a radiation "s pike" and on physical 
and chemical characteristics, as in the first two a pproaches, to achieve 
the nonproliferation objectives. Its chief advantag es are simplicity and 
perceived permanence, neither of which is offered b y the reactor or 
immobilization approaches until a geologic reposito ry is operated, 
filled, and sealed. Significant licensing and sitin g issues must be 
resolved before implementation, however. (3,4) 
DEVELOPMENT OF SINTERED CERAMIC WASTE FORM STRATEGY 
None of the three technology approaches just descri bed can alone provide 
an optimum disposition strategy. We therefore propo se a hybrid strategy, 
not yet evaluated by DOE, that combines the advanta ges of two of the 
technologies to achieve cost-effective, timely disp osition.  
Because both the United States and Russia possess r eactors capable of 
burning excess Pu, we take reactor burning as a mai n constituent of our 
hybrid strategy. And because U.S. Pu policy discour ages the development 
of breeder reactor technology, we assume the use of  existing thermal 
reactors in the United States (or possibly Canada).  It remains to be 
ascertained that there is sufficient reactor capaci ty which can be made 
available and that this approach is politically and  publicly acceptable. 
Reactor burning alone has the disadvantages already  described which 
includes the need to purify much of the feedstock e xcess Pu to remove 
impurities incompatible with reactor fuel specifica tions. The monetary 
value of Pu as a reactor fuel in the U. S. is negat ive, given the current 
cost of low enriched uranium fuel, so the United St ates has little 
incentive to recover impure Pu. We suggest instead that a better approach 
would be to discard any excess Pu that would requir e significant 
purification by fabricating an acceptable geologic repository solid form. 



This would reduce the Pu inventories requiring reac tor burning and would 
shorten the completion schedule (by reducing time-c onsuming reactor 
operations); it would probably also reduce the numb er of reactors needed. 
For this approach to be attractive, however, there must be a low-cost 
existing technology for discard of the impure Pu no t going to the reactor 
burning option that meets existing environmental la ws, anticipated 
repository requirements, and nonproliferation objec tives. 
DOE is considering two discard approaches (3,4): de ep borehole 
disposition and immobilization with radionuclides f ollowed by geologic 
disposition. Deep-borehole disposition would requir e significant effort 
to modify existing laws, complete the licensing pro cesses, and 
characterize a potential site. This preparatory eff ort would be the same 
for any borehole disposition strategy, essentially independent of the 
quantity of Pu to be discarded. New facilities woul d be required for the 
borehole operations, increasing up-front costs and possibly introducing 
implementation time delays. It is unlikely that thi s approach would be 
cost- or time-effective for the smaller quantities of impure Pu not 
destined for burning as MOX in a reactor as part of  the proposed hybrid 
disposition strategy. Thus, deep-borehole dispositi on does not appear 
particularly advantageous as part of this strategy.  
The immobilization approaches under consideration i nvolve use of a 
variety of matrix forms for Pu entrainment, includi ng glasses, ceramics, 
or possibly a glass-bonded zeolite. (3,4) Any waste  form intended for 
repository emplacement must qualify for long-term g eological disposal; 
qualification is a lengthy process and would add to  the disposition cost 
and time for any new waste forms. 
Glasses are being developed for disposition of high -level waste from the 
Defense Waste Processing Facility (DWPF). Since gla sses proposed for DWPF 
high-level waste immobilization were not developed for Pu containment, 
there are technical problems involving Pu solubilit y and qualification 
problems regarding repository acceptability of exis ting glass waste forms 
containing high concentrations of fissile materials  for Pu disposition. 
Ceramic or other waste forms under consideration ha ve similar and 
probably greater concerns. 
For a multitude of technical reasons, existing glas s immobilization 
facilities (such as DWPF) cannot be used directly f or Pu disposition in 
glass. In the case of DWPF, for example, criticalit y considerations would 
require new melter designs and extensive feed prepa ration facility 
modifications and new supporting technology develop ment. Ignoring any 
issues of delaying the current DWPF mission schedul e for HLW 
vitrification, this would require major front-end i nvestments in research 
and (eventually) in facility construction and modif ications that could 
exceed the cost and time penalties of simply purify ing the impure Pu with 
current Pu processing technologies for reactor burn ing. 
The acceptability of the Pu disposition waste form within the repository 
must also be considered. Two waste forms have recei ved significant 
attention in the United States: DWPF glass and spen t commercial nuclear 
light water reactor (LWR) fuel. DWPF glass, while a cceptable for 
containment of defense high-level waste at the Sava nnah River Site, is 
not likely to be directly suitable for Pu containme nt. This would require 
the development of alternative glass compositions t o serve as the Pu 
containment systems. Spent LWR fuel is of particula r significance in this 
context, because U.S. policy contemplates direct di sposal of such fuel in 
a geological repository, without reprocessing. In t his case, the primary 



barriers to Pu release to the geologic environment are the containers, 
any other engineered barriers used to emplace the s pent fuel in the 
repository, the spent fuel assembly structural mate rials, and the ceramic 
UO2 matrix form encapsulating the PuO2 and fission products in the spent 
fuel. 
To achieve waste form acceptability for the reposit ory, to avoid new 
facility construction or new process development, a nd to control costs 
and schedule, we suggest a hybrid strategy that pro duces only one type of 
material form. The proposed waste form is a UO2/PuO 2 matrix containing 2-
10 wt% PuO2. Such a matrix is prepared and sintered  similar to MOX 
reactor fuel fabrication and has a chemistry and mo rphology similar to 
MOX reactor fuel. Figure 1 shows the proposed strat egy, here specifying a 
light water reactor (LWR) to burn the relatively pu re Pu in MOX fuel and 
using the MOX fabrication technology to fabricate a nd discard the impure 
Pu as a sintered ceramic waste form (SCWF). The pri mary advantages of 
such a waste form include likely repository accepta bility with minimal 
additional qualification testing for the SCWF and c ompatibility of SCWF 
processing and facility requirements with those rou tinely used in Europe 
for MOX fuel fabrication. If a permanent discard so lution other than a 
geologic repository for the spent LWR nuclear fuel must be found, that 
solution would also apply to the discard SCWF waste  form proposed here. 
Disposition of 10 to 20t of impure Pu in any of the  SCWF forms suggested 
would result in a MOX fuel-like component of reposi tory waste that is 
less than 1% of the projected U.S. SNF inventory (a bout 80,000t). 
Fig. 1 
The first step in fabricating such a compatible was te form for the impure 
Pu would be to make a compressed PuO2/UO2 mixture a nd pellet similar to 
the starting form for MOX fuel, as indicated in Fig . 1, but without the 
dimensional tolerances and feed Pu purity requireme nts applicable to MOX 
destined for a LWR. Impurities introduced with the impure Pu feed would 
in most cases probably be contained in the waste fo rm and would likely 
not decrease repository acceptability any more than  the fission products 
normally contained in spent LWR fuel. Such a compre ssed pellet form would 
then be sintered in a reducing atmosphere to increa se grain size and 
intergranular bonding to form a sintered matrix, wh ich would constitute 
the final Pu containment waste form. This sintered ceramic waste form 
(SCWF) pellet would then be encapsulated in one of two types of 
container, as suggested in Fig. 1: 1) relatively sm all (2 to 4L) cans, 
which would then be sealed and installed in the gla ss can-in-canister 
configuration for addition of a radiation barrier s uch as DWPF glass 
containing defense HLW, or 2) relatively large DWPF  type canisters (0.6m 
o.d. - 3m long), to which would be added an encapsu lating grout matrix 
containing 137Cs. A third, hypothetical approach co uld be to fabricate 
canisters of SCWF pellets in geometries like fuel a ssemblies and mix 
these canisters with irradiated SNF in the multipur pose canister (MPC)-
like repository container (6) for final emplacement . Radiation fields 
calculated for mixing five fuel-like SCWF assemblie s with 12 SNF 
assemblies from pressurized water reactors (PWRs) a re on the order of 300 
rem/hr at 1m from the centerline 30yr after MPC con tainer loading; this 
is similar to the radiation fields for the PWR spen t fuel assemblies 
alone.(5) Such fuel-like SCWF assemblies would requ ire a level of 
protection similar to MOX assemblies until they wer e mixed with the spent 
fuel, at which time the essence of the spent fuel s tandard would be 
achieved. 



Clearly, such an approach has the advantage that th e SCWF waste form 
would be produced with the same technology used for  MOX reactor fuel 
production. If integration of the private and gover nment sectors can be 
accomplished, it may be possible to utilize the sam e facilities for both 
processes, as indicated in Fig. 1. If such integrat ion of the MOX fuel 
and SCWF fabrication is not economically or politic ally feasible, 
duplication of the MOX fuel fabrication technology in the Pu recovery 
facility for SCWF fabrication would very likely be faster and cheaper 
than development of a new immobilization technology  and processing 
capability. 
FEASIBILITY OF THE SINTERED CERAMIC WASTE FORM (SCW F) IMPLEMENTATION 
The feasibility of the approach shown in Fig. 1 was  assessed by assuming 
that the 50t of projected excess Pu feed material c onsists of 40t of 
relatively pure Pu suitable for reactor burning and  10t of impure Pu to 
be discarded in the SCWF. The number of reactors re quired to burn 40t of 
relatively clean Pu would depend on the reactor typ es selected and on the 
MOX Pu loadings, but should be within the range of available existing 
reactors. The 10t of impure Pu would be blended and  sintered with 
depleted UO2 to form the SCWF pelletsessentially, " off-spec" unirradiated 
MOX pellets. 
Figure 2 indicates the number of DWPF cans that wou ld be required to hold 
the 2- to 4-L SCWF cans in the DWPF can-in-canister  option, as a function 
of average Pu loading in the SCWF matrix. Since 500 0 to 6000 DWPF 
canisters are projected for completion of the defen se high-level waste 
immobilization mission, discard of the impure Pu wi thin these canisters, 
with only a modest increase in the total of DWPF ca nisters, using the 
can-in-canister approach is possible with average P u loadings of 0.5 wt% 
or higher in the SCWF. This loading is substantiall y lower than that in 
new MOX fuel and is comparable to that in normal sp ent LWR fuel. Higher 
Pu loadings (up to 5wt%) would substantially reduce  the number of 2- to 
4-L cans that would have to be handled in the can-i n-canister option and 
would reduce the disposition cost. Plutonium loadin gs of a few weight per 
cent should not have a significant repository impac t as compared with SNF 
assemblies from the standpoint of criticality conce rns, particularly 
during the post-closure period. In fact, the use of  depleted UO2 as a 
matrix material virtually eliminates long-term crit icality concerns as 
the 239Pu decays to 235U. If the 239Pu were contain ed in a non-uranium 
matrix, the possibility may occur for 235U geologic al reconcentration as 
a result of long-term migration and waste form degr adation; this could 
not occur after the 239Pu decays with the use of a depleted UO2 matrix. 
Fig. 2 
Figure 2 also indicates the number of containers si milar to the proposed 
multipurpose containers (MPCs) (6) that would be re quired to discard 10t 
of impure Pu if the SCWF pellet products are mixed with a 137Cs-loaded 
grout in a DWPF-like container or fabricated as can isters looking like 
MOX fuel assemblies and loaded five at a time into an MPC-like unit. No 
more than a few hundred MPC-like containers would b e required for Pu 
loadings of a few weight per cent. This is consiste nt with the normal Pu 
loadings in both spent MOX fuel and normal SNF. Eve n at loadings as low 
as 0.5wt%, fewer than 1000 MPC-like containers woul d be required. 
CONCLUSIONS 
Using the hybrid strategy of existing thermal react ors to burn clean 
excess Pu and fabricating a sintered ceramic waste form (SCWF), largely 



of depleted UO2, for discard of impure excess Pu ha s the following 
advantages: 
1. The SCWF mimics the chemical and morphological f orms of unirradiated 
MOX LWR fuel and should have similar repository imp acts over geological 
times. The SCWF should be as acceptable for reposit ory disposal as spent 
MOX LWR fuel, or even spent commercial low enriched  uranium LWR fuel. 
2. The proposed SCWF pellet fabrication for impure Pu utilizes facilities 
and technologies virtually identical to those routi nely used in Europe to 
fabricate mixed oxide (MOX) fuel, thus minimizing n ew required facilities 
or new technology development and demonstrations. 
3. The proposed use of SCWF pellets to dispose of i mpure excess Pu 
eliminates the need to purify it, as would be requi red in any MOX 
reactor-based disposition strategy. 
4. The SCWF provides a direct avenue for dispositio n of TRU scraps of 
impure Pu generated during the recovery of Pu from excess pits and for 
residues from MOX fuel fabrication. This avoids the  need for additional 
processing facilities or operations for recovery an d minimizes disposal 
of these Pu-containing residues. 
5. Radiation barriers and the achievement of the sp ent fuel standard can 
be readily implemented by 1) using the can-in-canis ter approach with DWPF 
as the source of a glass containing a high-level wa ste radiation barrier, 
2) encapsulating the SCWF pellets in a grout matrix  containing 137Cs in a 
DWPF type can in a small hot-cell facility, or 3) b y mixing the SCWF 
pellets, packaged as a fuel-like assembly (or simil ar size container), 
with SNF from normal power reactor operations. 
6. Use of a single waste form and fabrication proce ss similar to 
unirradiated MOX for impure excess Pu and for MOX f abrication of the pure 
Pu for burning in existing reactors would reduce up -front costs for 
capital construction, research, development, and de monstration. 
7. Because existing reactor capacity in the United States (or possibly 
Canada) would be utilized, and because no new techn ology development is 
required, this strategy would minimize the time req uired to achieve the 
spent fuel standard for excess Pu. 
8. Adoption of the reactor burning approach may ass ist in developing 
effective linkages with reactor disposition approac hes for pure excess Pu 
currently favored by the Russians. 
9. MOX fuel fabrication and reactor burning can be time phased with the 
production of the SCWF fabrication to best utilize facility capacity and 
to optimize schedules. Multiple-line MOX plants cou ld be considered for 
simultaneous processing and fabrication of pure and  impure excess Pu 
forms. 
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ABSTRACT 
The manufacture and burning of Mixed Oxide (MOX) fu el is a technically 
mature industry in Europe, having developed as a na tural progression of 
the closed fuel cycle infrastructure in the United Kingdom, France and 
elsewhere in Europe. This paper discusses the relev ance of the European 
MOX fuel experience to the US excess weapons pluton ium program, 
identifies unresolved technical issues, and present s a step-wise 
progression towards utilization of MOX fuel in Nort h American reactors, 
utilizing the capabilities and expertise of the Eur opean commercial fuel 
cycle industry.  
BACKGROUND 
The end of the Cold War has dramatically altered th e course of the 
Department of Energy (DOE) from one of nuclear mate rials production to 
that of nuclear materials disposition. The National  Academy of Sciences 
has conducted detailed studies on the preferred app roaches to the 
disposition of excess weapons plutonium and conclud ed that concurrent 
programs on (1) reactor use as Mixed Oxide (MOX) fu el and (2) 
immobilization in vitrified High-Level Waste (HLW) were worthy of pursuit 
as the best, most timely approaches to plutonium di sposition. 
The DOE Office of Fissile Materials Disposition is studying these two 
options, among others, as the subject of a Programm atic Environmental 
Impact Statement (PEIS), which will serve as the ve hicle for narrowing 
the options down to one or more finalists, expected  to be announced in 
the fall of 1996. 
Meanwhile, DOE has enlisted the help of its laborat ories, as well as the 
private sector, in determining the path forward for  deployment of a MOX 
use program, should the decision be made to proceed  in this direction. 
The DOE program for MOX use assumes that consumptio n rate can be 
maximized by using full-core loads. This will neces sitate the 
introduction of burnable poisons in the fuel to con trol reactivity (in 
contrast, the commercial MOX fuel experience is bas ed on partial core 
loadings of MOX fuel without any added burnable poi sons).  
Lawrence Livermore and Los Alamos Labs are developi ng non-aqueous 
chemical processes to convert the plutonium metal " pits" to an oxide form 
suitable as feed material for a MOX plant; Los Alam os is the "lead lab" 
for MOX fuel manufacturing facilities and technolog y; and Oak Ridge is 



the "lead lab" for MOX use in North American reacto rs. These laboratories 
are reaching out to the commercial fuel cycle indus try for advice, 
experience, and expertise to insure that a MOX prog ram, if chosen, will 
succeed. Additionally, Oak Ridge and DOE-Headquarte rs are in continual 
dialogue with utilities, reactor vendors, and fuel vendors to determine 
the nature and extent of domestic interest in a MOX  use program in North 
America. 
EUROPEAN MOX EXPERIENCE 
While it is fair to acknowledge that the US once ha d a MOX fuel cycle 
program underway (including six reactors that burne d MOX fuel in the 
U.S.), it is likewise fair to say that the program experienced a 
premature death in the 1970's when reprocessing, an d therefore MOX use, 
was abandoned in the US as a matter of policy. Mean while, the European 
program continued to evolve to the point that, toda y, that experience 
provides a wealth of knowledge directly applicable to the US program - - 
and, for that matter, the Former Soviet Union progr am - - to dispose of 
their excess weapons plutonium inventories. 
MOX Fuel Production and Irradiation 
Belgonucleaire, Siemens, Cogema, and BNFL have prov ided MOX fuel as far 
back as 1963 for irradiation in research reactors a nd commercial nuclear 
power plants in Switzerland, Germany, France, Italy , Belgium and Japan. 
Belgonucleaire and Siemens pioneered the MOX manufa cturing business, 
having produced over 1000 MOX fuel assemblies over the last three decades 
in their respective facilities sized at 30-35 tons/ yr production 
capacity. Cogema and BNFL will soon eclipse the Bel gonucleaire and 
Siemens production capabilities with their respecti ve, large-scale plants 
(120MT/yr each) that are presently either under con struction or coming 
on-line to provide MOX fuel to their customers worl dwide. 
While specific fuel performance data on MOX fuel is  generally not 
available in the open literature, in general, the p erformance has been 
excellent, with burnups reaching as high as 30-40 G WD/MT, and good 
response to reactor transients. No data is availabl e on severe fuel 
damage behavior, but there is little indication tha t this would much 
different than the behavior of urania fuel. 
MOX Fuel Manufacturing Technology 
The basic technology for manufacture of MOX fuel in volves co-milling of 
the uranium and plutonium oxides to obtain a homoge neous mixture, pellet 
pressing (with or without binders), pellet sinterin g, pellet finishing, 
and loading of the pellets into pins for fuel assem bly.  
Recent advancements in the MOX manufacturing proces s have resulted in 
streamlined production and improved MOX fuel perfor mance. The French and 
Belgians have developed a process called MIMAS (Mic ronized Master Blend) 
in which a "master blend" mixture of 20-30% plutoni um is premilled 
(micronized) and then blended with uranium oxide to  form the final 
mixture (nominally 4-6% Pu). Use of this "master bl end" significantly 
reduces the milling time required in the process. A  similar process 
called "Optimized Co-Milling" (OCOM) has been devel oped by Siemens. 
BNFL's advanced process is referred to as the "Shor t Binderless Route" 
(SBR), which utilizes a high-energy Attritor Mill t o blend the uranium 
oxide and plutonium oxide feed materials 
within a relatively short cycle time, to achieve ex tremely good 
homogeneity. Following the mixing step, the powder is agglomerated in a 
spheroidiser which allows the mixture to flow freel y to the pelleting 
press. 



All the advanced MOX fuel manufacturing processes o ffer significant 
improvements over traditional co-milling in terms o f fuel homogeneity, 
fission gas retention, and high burn-up.  
THE POTENTIAL FOR DISPOSING OF US WEAPONS PLUTONIUM AS MOX 
The Technical "Show-Stoppers" 
Assuming MOX is chosen as a disposal route for US e xcess weapons 
plutonium, there are several technical uncertaintie s that have been 
identified by the various technical experts involve d in the program. None 
of these technical uncertainties are true "show sto ppers"; nevertheless, 
some demonstration work will be required to deal wi th these issues, which 
are summarized as follows: 
1. Acceptability of the feed PuO2 material for use in a commercial MOX 
fabrication process. LLNL and LASL, who are develop ing the pit conversion 
processes, will need to interface with the commerci al MOX fuel 
fabricators to determine the suitability of their f eed material in terms 
of morphology and other specifications. 
2. Presence and behavior of gallium. Gallium is use d as an alloying agent 
in the manufacture of plutonium pits. Studies need to be conducted to 
determine the behavior of the gallium during the pi t conversion process 
and then during the pellet sintering process. If th e gallium escapes 
during either of these processes (as is expected ba sed on preliminary 
findings), then this needs to be taken into conside ration in terms of the 
impact on the processing design and performance. If  the gallium remains 
in the MOX pellets, then a determination needs to b e made as to its 
effect on fuel performance. 
3. Use of burnable poisons. At core loadings above 50% MOX fuel, the 
excess reactivity of the core needs to be controlle d by the introduction 
of burnable poisons (gadolinium, erbium, dysprosium , ZrB2, etc.). Since 
the US MOX program assumes 100% core loadings to ma ximize plutonium 
consumption, burnable poisons will need to be incor porated into the fuel 
design. No data exists on MOX doped with burnable p oisons, though there 
is some experience with the use of burnable poisons  in urania fuel which 
may be directly applicable. Further demonstration w ork on the fabrication 
and irradiation of MOX fuel with burnable poisons i s thus a prerequisite 
for licensing of the fuel. 
4. Applicability of the existing database (from Eur opean MOX fuel 
experience) to the US program. There are of course differences in the 
isotopic mix of weapons-grade plutonium as compared  to commercial-grade 
plutonium. These differences stem from the higher p roportion of the 
heavier isotopes of plutonium present in the commer cial-grade material, 
which results in higher radiation exposure. Dose to  operators from 
commercial-grade plutonium has been controlled in t he design of the 
plants that utilize commercial-grade material (remo te handling and 
additional shielding). Thus, existing experience in  handling "dirtier", 
commercial-grade plutonium represents the "worst ca se" envelope within 
which the "cleaner", weapons-grade material will fa ll. No surprises are 
expected in dealing with the purer, weapons-grade m aterial. The major 
difference will be in the criticality design aspect s of the MOX fuel 
manufacturing plant, which are easily accommodated.  
Jump-Starting the US Program for MOX Utilization 
A driver in the US Excess Weapons Plutonium Disposi tion Program will be 
the rate at which progress is made in disposing of this material. Thus, a 
program that is cluttered with endless R&D and hamp ered by licensing 
uncertainties is Dead-On-Arrival. For this program to actually succeed, 



early demonstration and rapid deployment are the ke ys to economic, 
technical, and programmatic success. 
Thus, the program should be designed to begin with near-term steps that 
can be achieved with technical certainty, while oth er unknowns are 
gradually and systematically addressed for full dep loyment of the 
program. Such a step-wise program could be jump-sta rted by utilizing 
existing facilities, expertise, and experience base  within the European 
MOX community. One example of such a step-wise prog ram is given below, 
though other permutations are certainly possible. 
Step 1: Fabricate MOX fuel pellets utilizing pure a nd 
 Gallium-contaminated plutonium feed material from the US 
 Excess Weapons Plutonium inventory. Pellet fabrica tion could 
 be undertaken at a number of existing MOX fabricat ion 
 "demonstration" labs in Europe, such as the BNFL M OX 
 Demonstration Facility at Sellafield.  
 The importance of using commercial fabrication tec hnologies 
 cannot be overemphasized. Any pellet fabrication t ests that do 
 NOT use commercial technology are worthless in the  eyes of 
 the NRC for licensing purposes and would have to b e repeated.  
 The information gained from these simple pellet fa brication 
 tests would demonstrate (a) the acceptability of t he oxide feed 
 material for the pellet fabrication process, and ( b) the behavior 
 of the gallium during the pellet manufacturing pro cess. 
 These tests could be performed during 1996, i.e., 
 pre-Record-of-Decision (ROD) on the Programmatic 
 Environmental Impact Statement, thereby advancing the 
 program by an entire year compared to waiting unti l post-ROD.  
Step 2: Manufacture MOX Demonstration Assemblies (M DA's), four 
 assemblies per reactor, for irradiation in candida te North 
 American reactors selected for MOX use. These MDA' s can be 
 manufactured at existing demonstration-scale facil ities in 
 Europe, thereby utilizing known, commercial manufa cturing 
 processes. For BNFL, capacity could be made availa ble for 
 such use at BNF's Sellafield site before the turn of the century. 
 For simplicity, these MDA's would not contain burn able 
 poisons, so as not to complicate the NRC licensing  and 
 certification processes. Once approved, core loads  of 20-50% 
 MOX could proceed immediately, and meanwhile, test  pin 
 irradiations and MDA's for full-core loads of MOX containing 
 burnable poisons could proceed on a separate and s lower 
 track. If, for whatever reason, the burnable poiso ns present 
 unsurmountable certification and licensing problem s, then at 
 least the program can proceed using the partial co re loads of 
 MOX without poisons. Burn rate can be achieved by utilizing 
 more reactors in the disposition program. 
 It is assumed here that existing data from Europea n test reactor 
 irradiation trials of commercial MOX will suffice for these early 
 US MDA's and that no separate irradiation trials o f MOX 
 derived 
 from this weapons plutonium material will be requi red. 
Step 3: Begin full-scale production of MOX assembli es utilizing any 
 available excess production capacity in Europe whi le a new 
 plant is designed and constructed on US soil. Util izing available 
 excess capacity in Europe will bridge the gap betw een initiation 



 of a new, US-based MOX plant project and the compl etion and 
 licensing of that project, which could take as lon g as 8 years. 
 Utilizing available European production capacity d ictates that 
 any US fuel manufactured would be poison-free, so as not to 
 contaminate the otherwise "clean" European facilit ies. 
 Likewise, utilizing this available excess capacity  might mean 
 that the gallium would have to be removed as well,  depending 
 on the effect that gallium would have on the opera tion of these 
 facilities. 
 Transportation aspects of the European option woul d have to 
 be taken into consideration. Based on US and Europ ean 
 experience in moving both plutonium and MOX fuel, this should 
 not be an unsurmountable obstacle to the use of Eu ropean 
 facilities in the early stages of the US MOX progr am. 
Step 4: A full-scale US program on MOX utilization would be carried 
out 
 as dictated by the results of the earlier steps.  
ASSISTING THE RUSSIAN PLUTONIUM DISPOSITION PROGRAM 
European fuel fabricators are actively involved in providing technical 
assistance to the Former Soviet Union for the timel y disposition of their 
inventory of excess weapons plutonium. In addition,  the European fuel 
fabricators have been in dialogue their governments  to develop multi-
lateral mechanisms to assist the Former Soviet Unio n in implementation of 
an appropriate plutonium disposition strategy. 
Political Will and Political Winds 
The single most threatening show stopper to this pr ogram, in BNFL's 
opinion, is the US political will and stamina to ge t on with the program! 
DOE's track record for completing any large underta king over the last 20 
years is miserable at best. Yet it is heartening to  observe in this 
instance a keen desire on the part of the DOE labs and the DOE 
headquarters program managers to go beyond the "Plu tonium Disposition" 
study phase into an action-oriented phase involving  the capabilities of 
the private sector. 
Political winds tend to shift every election cycle,  providing little 
assurance of continuity of any long-term commitment s to a long-term 
plutonium disposition program. Thus, the best means  of eliminating the 
political uncertainty is to place the MOX program f irmly in the hands of 
the private sector as much and as soon as possible.  
A report prepared by Oak Ridge National Laboratory that surveyed world-
wide MOX experience emphasizes the significance of the European knowledge 
base that will enable the US to leapfrog over an ex pensive and time-
consuming R&D phase and go directly to a demonstrat ion and implementation 
phase. Hopefully, the ability to leapfrog ahead int o a commercially 
driven program will be just the driving force that is needed to overcome 
the potentially detrimental effects that politics w ould otherwise play in 
this important program. 
CONCLUSIONS 
A proven, mature MOX industry exists to assist the US in the disposition 
of excess weapons plutonium. That industry is alive  and well in Europe, 
and willing to provide expertise and capabilities t o facilitate early 
deployment of a US MOX program. 
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ABSTRACT 
The primary responsibility of the Environmental Man agement program is to 
address the most immediate, urgent risks to human h ealth and the 
environment from the nuclear weapons complex, while  managing long-term 
contamination and safety threats. Environmental Man agement cannot meet 
this responsibility unless it integrates the best r isk management 
practices into its decision making processes. In re sponse to direction 
and guidance from Congress, the National Academy of  Sciences, and other 
organizations, the Environmental Management program  has implemented a 
risk-based approach to decision making, successfull y using a qualitative 
evaluation process to inform decisions in the fisca l year 1996 and 1997 
budget cycles. Risk information will be used even m ore rigorously and 
more in-depth for the fiscal year 1998 budget devel opment cycle and 
beyond. The process of using risk information to es tablish priorities 
will improve as the Department improves data qualit y, incorporates peer 
review, defines the future of its sites, and keeps its stakeholders fully 
informed and involved.  
INTRODUCTION 
In the United States, the nuclear arms race resulte d in the development 
of a vast research, production, and testing network  that became known as 
the "nuclear weapons complex." The complex consiste d of 2.3 million acres 
of land and 120 million square feet of buildings an d ranged in diversity 
from a vast tract of land in the deserts of Nevada to warehouses in 
downtown New York City that once stored uranium.  
The Department of Energy created the Office of Envi ronmental Management 
in 1989 to manage the legacy of fifty years of nucl ear weapon production 
and research at 137 sites in more than thirty state s and territories. The 
Environmental Management program's responsibility i s to address the most 
immediate, urgent risks to human health and the env ironment, while 
managing long-term contamination and safety threats . The program also 
manages wastes currently being produced during nucl ear energy research 
and development, basic science research, and ongoin g missions. 



The Environmental Management program is currently f acing a decreasing 
budget while still having to deal with competing re quirements and risks 
to workers, public, and environment. The Department  recognizes that 
credible risk assessment and the best risk manageme nt tools are needed to 
meet its primary mission of protecting human health  and the environment. 
The decisions involved in managing these problems i nclude long-term 
environmental and public safety concerns, national security issues such 
as nuclear proliferation, and federal budget limita tions. The future 
course of the Environmental Management program will  depend on several 
fundamental technical and policy choices, many of w hich we have not yet 
made.  
THE CHALLENGES OF USING A RISK-BASED DECISION MAKIN G PROCESS 
Many concerns have been raised regarding risk asses sment: our ability to 
define what the risks are on a site-by-site basis a nd in a systematic 
way; the fact that it matters "who" performs the ri sk assessments; and 
the many methodology issues about identifying and a ssessing risks as well 
as uncertainty, data gaps, and concerns over the qu ality of information. 
Knowing these controversies surrounding risk and th e use a risk-based 
approach for environmental management, two years ag o the Department asked 
the National Academy of Sciences to decide whether and how risk and risk-
based decisions could be incorporated into the Envi ronmental Management 
program. The study resulted in the January 1994 rep ort Building Consensus 
through Risk Assessment and Management of the Depar tment of Energy's 
Environmental Remediation Program. In the report, t he Academy identified 
the major obstacles, issues and barriers to impleme nting a risk-based 
management approach. The report concluded that the use of risk-based 
approach could help compare outcomes, build consens us, and gain early 
public involvement to include cultural, socioeconom ic, historical, and 
religious values, if its purposes and limitations a re well-defined.  
The Academy also noted that to be effective and use ful, the procedures 
and institutions adopted for risk assessment satisf y several objectives: 
  They must be credible to stakeholders and the gen eral public. 
  They must operate expeditiously without threateni ng scientific 
validity. 
  They should consider the full range of risks of c oncern to the 
stakeholders in the light of social, religious, his torical and political 
values, future land uses, and cultural values and n eeds. 
  They should be efficient and cost effective and p roduce results that 
contribute to identification of remedies and priori ties that are 
themselves efficient and cost effective.  
Based on the findings of the report from the Nation al Academy of 
Sciences, that risk-based decision-making was both feasible and desirable 
for the Environmental Management program, the Depar tment of Energy 
adopted a set of principles for using risk analysis . The principles 
(developed by an interagency working group) are des igned to be a first 
cut at defining risk analysis, its purposes, and th e principles to be 
followed by the Department of Energy if it is to be  done well and 
credibly. These principles include four major categ ories: 
  Risk Assessment. Use the best available informati on from all sources; 
all judgements and assumptions should be explicitly  stated. 
  Risk Management. Analyze the distribution of risk  and costs/benefit of 
potential risk management strategies, using the bes t available tools and 
techniques. 



  Risk Communication. State risk management goals, assumptions, 
uncertainties and comparisons clearly, accurately, and meaningfully; 
provide public access in a timely manner. 
  Priority-Setting. Compare risks by grouping them into broad categories 
of concern (e.g., high, medium, low) and identifyin g the population at 
risk; include as broad a range of views as possible , ideally with 
consensus. 
"THE FIRST STEP" TO LINKING RISK WITH THE BUDGET 
Since its formation six years ago, the Environmenta l Management Program 
has been beset by public and Congressional concerns  over priorities and 
the pace of cleanup versus total program costs. The  Department of 
Energy's Office of Environmental Management's overa ll budget grew from 
approximately $2.3 billion in 1990 to approximately  $6.5 billion in 1994. 
Concerned about this rapid budget increase, yet sen sitive to the public 
concerns about the risks posed by the department's sites, the Congress 
urged the Department to begin to develop a risk-bas ed approach for 
sequencing or prioritizing its activities. Specific ally, the Conference 
Report of the Energy and Water Development Appropri ations Subcommittee 
for Fiscal Year 1994, said that the Department "... needs to develop a 
mechanism for establishing priorities among competi ng cleanup 
requirements." Furthermore, the Department was dire cted to "submit by 
June 30, 1995 a report...evaluating the risk to pub lic health and safety 
posed by the conditions at weapons complex faciliti es that are addressed 
by compliance agreement requirements." The committe e emphasized that it 
did "not intend [for] the Department to perform an exhaustive formal risk 
assessment, as that term is frequently used, of the  thousands of cleanup 
activities required by compliance agreements. Inste ad, the Department 
[was] directed to estimate the risk addressed by cl eanup requirements on 
the basis of the best scientific evidence available ." 
In response to the Congressional request, the Depar tment initiated a 
major effort to define its risks on a site-by-site basis systematically. 
In reevaluating the Environmental Management progra m in 1994, the 
Department announced its intent to establish more c redible and consistent 
methods of conducting risk assessments at its sites  and facilities.  
In the current climate of decreasing budgets, the p ublic is especially 
concerned about ensuring that funds are being spent  wisely and cost 
effectively. There are demands to achieve the highe st level of risk 
reduction possible for every taxpayer dollar spent.  This can only be 
achieved by fully understanding all the risks that the program must 
address, understanding the costs associated with ad dressing those risks, 
and making decisions based upon that comprehensive understanding. 
Information about risks is generally collected and analyzed at a specific 
facility or site, or for a particular contaminant o r hazard. Such 
information has not been available for decision mak ing, or for 
establishing priorities. Many risk-related reports are completed based on 
requirements specific to a regulation or a complian ce agreement and do 
not allow for comparisons of risks, or for an integ rated complex-wide 
analysis of risk. A primary objective of the draft report entitled Risks 
and the Risk Debate: Searching for Common Ground "T he First Step" (from 
now on called the "Draft Risk Report"), submitted t o Congress in June 
1995, was to develop a process that provides an int egrated approach to 
evaluating the risks to human health, worker safety , and the environment 
posed by conditions at the Department's sites and f acilities, and links 
those risks to compliance requirements and the budg et. 



The Environmental Management program's Office of In tegrated Risk 
Management adopted a qualitative evaluation matrix for the Draft Risk 
Report. The process was not designed to replace exi sting site-specific 
approaches, but to increase the understanding of al l Environmental 
Management activities, particularly as related to r isks to public health, 
worker health, the environment, compliance requirem ents, and budget 
allocations across the EM programs. Department of E nergy Field program 
managers with expertise about these activities at t heir site categorized 
the activities in six areas. The intent of the qual itative approach was 
to describe all Environmental Management activities  to develop a 
consistent, Environmental Management-wide framework  for capturing and 
communicating the information from all Environmenta l Management sites and 
facilities.  
CURRENT STATUS  
The Draft Risk Report to Congress provides the firs t link between budget, 
compliance requirements, and risk reduction/polluti on prevention 
activities. The process used for the report provide s an initial framework 
to capture the spectrum of risks (public, health, w orker, and 
environment) associated with planned Environmental Management activities 
and to link these risks to compliance requirements and the budget 
qualitatively. 
The information provided a baseline from which both  DOE and its 
stakeholders can use to engage in dialogue about th e risks and costs 
associated with the various Environmental Managemen t activities at each 
site. This baseline information was successfully us ed in the fiscal year 
1996 and 1997 budget processes, as one tool in the decision making 
process that determined how Environmental Managemen t would allocate its 
funding, establish priorities, and sequence its wor k.  
The Environmental Management Advisory Board, an adv isory group charted 
under the Federal Advisory Committee Act, was asked  to review the Draft 
Risk Report and the qualitative evaluation process used to develop 
information linking risk, compliance, and budget fo r all Environmental 
Management activities. The Board recognized the pro cess used to develop 
the Draft Risk Report as an important first step in  linking both 
compliance and budget information. They endorsed th e use of the process 
and endorsed the recommendations made to improve th e data quality and 
assure consistent application and interpretation of  those data. Their 
recommendations to the Department were to: 
  Improve Data Credibility and Quality by clearly i dentifying and 
communicating the assumptions, implementing public and peer review, and 
using corporate training and workshops. In addition , the categorization 
of activities needs to be consistent across sites, clear, recognizable 
and meaningful. 
  Implement a "three-tiered approach" to improve th e risk 
assessment/management process further, in developin g guidance, in 
conducting qualitative evaluations, and in evaluati ng the results and 
process.  
  Improve stakeholder involvement through a variety  of creative 
approaches to engage stakeholders in the qualitativ e evaluation process 
meaningfully. Better information and communication tools are needed for 
this complex subject if the program is to be effect ive. Future land use 
and land use assumptions are critical components of  this process, and 
each site needs specific future land use criteria. 



  Pay close attention to "timing" issues. For examp le, a low risk 
activity can result in much higher risk later if wa stes are unstable or 
leaking. In addition, effects can occur due to the performance of an 
activity, and should be considered in the decision making process. 
  Fully integrate the entire process with the budge t, long-term cost 
projections, future land use planning, and stakehol der involvement. 
As Environmental Management goes forward to use thi s process and 
framework in the fiscal year 1998 budget and planni ng process, it is 
carrying out these recommendations. The information  provided within the 
process will change as policy decisions such as lan d use options are 
determined for each site, as new regulations and co mpliance agreements 
are made, as risk information improves, and as more  data become 
available. The Department believes that having this  framework 
consistently implemented and understood will take m ore than one year, but 
that the lessons learned each year will be incorpor ated into the 
framework. The Department will continue to work on enhancing risk 
evaluation methods throughout the year. To enhance a consistent approach 
that captures the spectrum of risks associated with  Environmental 
Management's programs across the weapons complex, H eadquarters has been 
working with the Field Offices to develop detailed guidance for use in 
developing the fiscal year 1998 Environmental Manag ement budget. 
Personnel representing all EM sites and programs an d external peer review 
experts from outside the Department of Energy will conduct evaluations of 
risk data and process quality at the EM-wide level to improve the risk 
assessment/management process. Peer review will be accomplished through 
the following "three tiered approach": 
  The first tier consists of a central group of exp erts, stakeholders and 
regulators to develop the guidance for the comparat ive risk assessment 
process. (Complete for the Fiscal Year 1998 budget process.) 
  The second tier consists of risk assessment profe ssionals, 
environmental experts, former Department of Energy employees, and 
Department of Energy field office representatives t o conduct the 
comparative risk assessment. This method will ensur e cross-site input, 
thereby reducing bias, promoting consistency and bu ilding credibility for 
the process. This review will take place on a local  and national level. 
The local review processes will be defined and mana ged by Field Offices 
and will take place in the November to April time f rame. The national 
review process will be coordinated by Headquarters budget and risk 
organizations and is taking place in the January to  May 1996 time frame.  
  The third tier will consist of a group to evaluat e the process. This 
group will consist of some of those in the first an d second tiers, and 
other independent experts. The review group will be  responsible for 
reviewing the process and providing guidance on car rying it out. This 
group will perform its review in the April through July 1996 period. 
In addition to peer review, the Department recogniz es that stakeholder 
involvement is important to both the quality of inf ormation and the 
credibility and validity of the decision making pro cess. The 
Environmental Management program is using a variety  of creative 
approaches to engage stakeholders in the risk and b udget issues 
meaningfully so that stakeholders have access to ac curate, 
understandable, and timely information. The goal of  these activities is 
to allow stakeholders sufficient time to be able to  assimilate the 
information and an opportunity to be heard during t he decision making 
process.  



In collecting information to inform its decision ma king processes, the 
Department has begun to account for the various att itudes, interests, and 
community activities that could be affected or disr upted by performing or 
not performing an activity. The Department will col lect information 
regarding the potentially negative social, cultural , and economic impacts 
of activities and the environmental situations they  address (e.g., 
temporary or permanent cessation of important commu nity activities, 
disruption of traditions or ceremonies practiced by  specific populations 
or groups). Such information will be considered wit h the other 
information used to inform priority setting. 
Improved stakeholder involvement is dependent on th e ability of the 
Environmental Management program to communicate ris k information 
effectively and to identify meaningful and timely o pportunities for 
public participation. It is vital that EM be clear about the nature of 
opportunities for public input on environmental dec ision-making, and be 
clear about how the public input will be used. For example, the 
Department is helping stakeholders to participate i n the 1998 budget 
process by preparing a guide entitled Public Partic ipation in the Fiscal 
Year 1998 Office of Environmental Management Budget . This document 
identifies the decisions to be made, the key docume nts being provided to 
decision-makers, and the opportunities for stakehol der involvement. 
Assumptions regarding the future use of land at the  Department's sites 
directly affect estimates of risks to the public, t o workers, and to the 
environment. To conduct meaningful risk assessments  and select 
appropriate remedial methods, sites must first defi ne future land uses 
with significant public input. To date, several sit es have already 
formulated stakeholder-preferred land uses as a res ult of the Secretary's 
initiative to develop site land use plans; these la nd use assumptions 
will serve as a basic input into site risk assessme nts. 
Additionally, Environmental Management is supportin g several cooperative 
agreements with independent institutions to work to gether helping the 
Department further define and implement approaches to credible risk 
assessment and risk management practices. These inc lude: development of 
comprehensive, innovative methods to assess and com municate ecological 
and human health risks; research programs to foster  a greater 
understanding of the ecological and human health ef fects associated with 
remediation activities at specific sites; and devel opment of information 
for ecological risk analysis. Specific activities w ill include: working 
with Field elements and their local stakeholders to  improve risk 
communication between these groups; providing peer review and analysis of 
Field generated risk information; involving public participation in risk 
evaluation; and developing tools for communicating risks to nontechnical 
audiences. 
CONCLUSIONS 
As the Office of Environmental Management attempts to accomplish its 
primary mission, protecting human health and the en vironment, while 
facing a decreasing budget and competing regulatory  and stakeholder 
requirements, it is developing and using a framewor k that builds on all 
of the risk information collected on a site and fac ility basis and allows 
for a consistent approach to evaluating risks throu ghout the nuclear 
weapons complex. 
Clearly identifying and communicating the assumptio ns used in developing 
evaluation data will improve the credibility and qu ality of the data, as 
will implementing public and peer review and using training and workshops 



across the Environmental Management program. Across  sites, categorization 
of activities will be made consistent, clear, recog nizable, and 
meaningful. 
The "three-tiered approach" to peer review being im plemented will improve 
risk assessment and risk management processes in: d eveloping guidance, 
conducting qualitative evaluations, and evaluating the results and 
process.  
Values of stakeholders, including Native Americans and other groups must 
be considered and solicited actively, meaningfully,  and effectively. 
Sites should clearly explain the basis for their la nd use assumptions, 
particularly to identify the degree to which area c itizens, tribal 
governments, regulatory agencies, and other interes ted parties accept 
these assumptions. Cleanup decisions must be tailor ed to accomplish the 
future land use plans. 
Environmental Management successfully used a qualit ative evaluation 
process to inform decisions in the fiscal year 1996  and 1997 budget 
cycles. Risk information will be used even more rig orously and more in-
depth for the fiscal year 1998 budget development c ycle and beyond. The 
process of informing priorities with risk informati on will improve as the 
Department improves data quality, incorporates peer  review, defines the 
future of its sites, and keeps its stakeholders ful ly informed and 
involved.  
BIBLIOGRAPHY 
DOE (U.S. Department of Energy). January 1995. Clos ing the Circle on the 
Splitting of the Atom. Office of Environmental Mana gement. Washington, 
D.C.: Environmental Management Information Center. 
DOE (U.S. Department of Energy). January 1995. Prin ciples for Using Risk 
Analysis. Memorandum from Charles B. Curtis, Under Secretary dated 
January 25, 1995. 
DOE (U.S. Department of Energy). February 1995. Env ironmental Management 
1995. DOE/EM-0228. Washington, D.C.: Center for env ironmental Management 
Information. 
DOE (U.S. Department of Energy). June 1995. Draft R isks and the Risk 
Debate: Searching for Common Ground "The First Step ." Volumes I, II, and 
III. Office of Environmental Management. Washington , D.C. 
DOE (U.S. Department of Energy). November 1995. Off ice of Environmental 
Management Guidance For FY 1998 Budget Formulation.  Office of 
Environmental Management. Washington, D.C. 
DOE (U.S. Department of Energy). 1996. Public Parti cipation in the Fiscal 
Year 1998 Office of Environmental Management Budget . 
NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL. 1994. Building 
Consensus Through Risk Assessment and Management of  the Department of 
Energy's Environmental Remediation Program. Committ ee to Review Risk 
Management in the DOE's Environmental Remediation P rogram. Washington, 
D.C.: National Academy Press.U.S. HOUSE OF REPRESEN TATIVES. October 22, 
1993. Report 103-305, Making Appropriations for Ene rgy and Water 
Development for the Fiscal Year Ending September 30 , 1994, and for Other 
Purposes. 
 
5-2   
IMPROVING REGULATION OF USDOE NUCLEAR SAFETY 
Thomas Isaacs*  
Steven Frank 
Steven Crockett 



Federal Advisory Committee on External Regulation o f DOE Nuclear Safety 
ABSTRACT 
The Federal Advisory Committee on External Regulati on of U.S. Department 
of Energy Nuclear Safety recently issued its Final Report, in which it 
unanimously recommended full external regulation of  facility safety, 
worker protection, and environmental protection of essentially all DOE 
nuclear facilities. A great majority of the Committ ee recommended that 
the regulators be existing agencies, but the Commit tee did not choose 
between the U.S. Nuclear Regulatory Commission and the Defense Facilities 
Nuclear Safety Board, concluding that either one wo uld have to change 
significantly before it could carry out the respons ibilities of a 
regulator of facility safety at the DOE nuclear com plex. The Committee 
believes that external regulation will increase the  assurance of safety 
at DOE, help restore the credibility of the Departm ent's safety efforts, 
and increase the efficiency of its operations. The Committee made a 
number of other recommendations designed to bring a bout streamlined, 
effective, and efficient external regulation of saf ety at DOE nuclear 
facilities. The recommendations cover such issues a s State roles in 
regulating DOE, public participation, the jurisdict ions of the external 
regulators, and the use of a variety of ways to reg ulate. The Committee 
also recommended that DOE maintain a strong "corpor ate" safety function, 
to provide assurance that the Department will confo rm to regulatory 
requirements, and that any transition to external r egulation be managed 
carefully, so that commendable efforts the Departme nt has made on behalf 
of nuclear safety are not disrupted. The Department  has formed an 
internal group to evaluate the Committee's recommen dations. 
INTRODUCTION 
The aim of this paper is to give readers a brief ov erview of the work of 
the Advisory Committee on External Regulation of De partment of Energy 
Nuclear Safety. The Committee was established in Ja nuary 1995 by 
Secretary of Energy Hazel O'Leary. Its Charter assi gned it the task of 
advising the Department, the Office of Management a nd Budget (OMB), and 
the White House Council on Environmental Quality (C EQ) on whether, and if 
so, how, the Department's nuclear facilities should  be externally 
regulated. On January 19 of this year, the Committe e's recommendations 
were made public. The fundamental recommendations w ere that essentially 
all DOE nuclear activities be externally regulated by existing agencies, 
and that DOE retain a strong internal safety manage ment system. 
HOW THE COMMITTEE CAME TO BE 
The Committee grows out of a long history of concer n with the substantial 
lack of external regulation of nuclear safety at DO E and its 
predecessors. From the "Manhattan Project" on, nucl ear safety at the 
Department and, before that, the Energy Research an d Development 
Administration and the Atomic Energy Commission has  been largely a matter 
of self-regulation. In the beginning, it could have  been no other way, 
because almost all the expertise was in the Atomic Energy Commission and 
its contractors. Various federal statutes have long  exempted the 
Department and its predecessors from much of the ex ternal regulation to 
which other federal nuclear facilities and private nuclear facilities are 
subject. Only since the late 1970's has the DOE nuc lear complex been 
subject to environmental regulation by the Environm ental Protection 
Agency (EPA) and the States, and even now some envi ronmental statutes 
exempt certain nuclear materials at DOE from extern al regulation. Only 
since 1989, when the Defense Nuclear Facilities Saf ety Board (DNFSB) was 



established by Federal statute, has there been any defense complex-wide 
degree of external oversight of what the Committee calls "facility 
safety" at nuclear facilities, namely design, const ruction, operation, 
modification, and decommissioning. However, the Def ense Board 
investigates and recommends; it does not write or e nforce safety rules. 
(The Nuclear Regulatory Commission (NRC) has had a regulatory role in 
facility safety at a limited number of DOE sites.) The Occupational 
Safety and Health Administration (OSHA) has no regu latory role over 
protection of workers at DOE nuclear facilities, th ough DOE and OSHA are 
now studying the possibility of having OSHA regulat e DOE. 
DOE has a great many nuclear facilities to self-reg ulate. It manages some 
3500 nuclear facilities at 34 individual sites in 1 3 states. Some of 
these sites cover hundreds of thousands of acres. T he 3500 facilities 
include uranium separation facilities, chemical pro cessing and reactor 
fuel fabrication facilities, nuclear production and  research reactors, 
fuel reprocessing facilities, nuclear weapons assem bly and disassembly 
facilities, tritium recovery facilities, nuclear ma terials storage 
vaults, some of the world's largest high energy par ticle accelerators, a 
fusion laboratory, and a variety of large and small  defense and non-
defense research laboratories. DOE also manages ver y large quantities of 
radioactive materials, including more than 430 metr ic tons of fissile and 
non-fissile radioactive materials and isotopes and more than 2,700 metric 
tons of spent reactor fuel. There are also contamin ated inventories of, 
among other things, roughly 800 million cubic meter s of ground water and 
60 million cubic meters of contaminated soil. 
Self-regulation of such a large and variegated nucl ear complex has long 
been the subject of criticism by outside persons an d organizations. An 
excellent summary of these criticisms was compiled by the Congressional 
Research Service of the Library of Congress. Two of  the criticisms are 
fundamental: 1) No organization should be permitted  to practice "self-
regulation" because this inevitably places safety i n conflict with 
primary mission objectives, and 2) self-regulation is particularly 
ineffective when conducted under a cloak of secrecy . Since the 1980s, a 
number of Secretaries of Energy, including John Her rington, James 
Watkins, and now Hazel O'Leary, have worked hard to  improve DOE's 
internal management of safety at nuclear facilities , but the basic issues 
associated with self-regulation -- particularly the  conflict of interest 
inherent in self-regulation -- have remained. 
In early 1994, the House Subcommittee on Energy and  Mineral Resources 
held hearings on proposed legislation to establish external regulation of 
new DOE nuclear facilities and explore the options for external 
regulation of existing facilities. At those hearing s, Charles Curtis, 
then Under Secretary of DOE, proposed that DOE init iate a Federal 
examination of whether and how the Department's nuc lear facilities should 
be externally regulated. In January 1995, DOE estab lished the Committee 
on External Regulation to conduct that examination.  At Secretary 
O'Leary's urging, the Committee took a broad view o f safety, deciding 
that it should look at all aspects of safety at DOE  nuclear facilities: 
facility safety, worker protection, and environment al protection. The 
Committee believed that safety requires a coordinat ed approach 
encompassing not only radiological protection, but also protection 
against all hazards at DOE facilities, especially a s the Department's 
emphasis shifts from weapons production to cleanup and waste management, 



and chemical and physical hazards to workers come i nto greater 
prominence. 
THE COMMITTEE'S COMPOSITION AND WORKING METHODS 
The membership of the Committee was extraordinarily  diverse and very 
capable. Represented among the 24 members were Fede ral and State 
regulatory agencies, national and local citizens' a nd environmental 
groups, the nuclear power industry, Native American s, and labor unions. 
Among the members were the head of OSHA, the Lt. Go vernor of Colorado, 
the acting Provost of the University of California System, and the 
Chairman of the Chemehuevi Tribe in California. The  two Co-Chairs of the 
Committee were John Ahearne, a former Chairman of t he NRC, and Gerard 
Scannell, a former head of OSHA.  
The Committee's work was supported by a small staff  of persons drawn from 
DOE, EPA, and NRC, and by a DOE Internal Working Gr oup formed of persons 
from most DOE offices. These support efforts were m anaged by Thomas 
Isaacs, the Committee's Executive Director. 
The Committee conducted its deliberations completel y in the open. It held 
eight two-day meetings at sites across the country,  from Washington, D.C. 
to the Hanford site in the State of Washington. The se meetings generated 
about 4500 pages of transcript, 400 of which were c omments from members 
of the general public. Before each meeting, a team of Committee staff 
members met with citizens and organizations near th e site to encourage 
their participation. The meetings were advertised i n local newspapers and 
over the DOE system. The Committee set up an 800 nu mber and a World Wide 
Web site to distribute information about the Commit tee's activities. The 
Committee also asked each DOE program office, opera tions office, and 
laboratory to tell the Committee what that office o r lab thought the 
major regulatory problems were, and what the soluti ons might be. 
Even before the Committee's first meeting, the Depa rtment's Internal 
Working Group completed several major reports for t he Committee, 
including a compendium of all DOE nuclear facilitie s, a history of 
nuclear safety at the Department, an account of the  safety laws 
applicable to DOE nuclear facilities, a description  of DOE's many 
laudable initiatives to improve health and safety a t its nuclear 
facilities, and an account of how nuclear safety at  comparable facilities 
in other countries is regulated. 
The Committee itself formed active subcommittees on  five subjects: 
problems with the current system of regulating DOE,  what external 
regulation can and cannot accomplish, worker safety , national security, 
and options for regulatory models and the distribut ion of regulatory 
responsibility. At the Committee's request, the sta ff wrote papers on 
several subjects, including enforcement against fed eral agencies, 
regulatory models and options, criteria for judging  options, contract 
reform, the role of the public in regulation, and t ransition issues. 
The reports by the Committee, the subcommittees, th e staff, and the 
Internal Working Group are all available from sever al sources, including 
the World Wide Web (as of February 2, there had bee n about 28,000 
accesses to the Committee's Web material). The tran scripts of the 
meetings are also available on the Web. 
PROBLEMS AND THEIR CAUSES 
The Committee found these symptoms of problems in t he way safety at DOE 
nuclear facilities is now being regulated: frequent ly poor safety 
practices, which have resulted in costly cleanups a nd unnecessary 
exposures; distrust of DOE, in the public, in Congr ess, and among other 



governmental agencies; frustration throughout DOE's  work force with a 
regulatory morass that often impedes efforts to do work both safely and 
well; numerous cases of non-compliance with establi shed safety 
requirements; and failure to address hazards by the ir relative 
importance. 
In the Committee's view, these symptoms have fundam ental causes rooted in 
DOE's approach over the years to safety, and in its  regulatory structure. 
Although the Department has made substantial progre ss in recent years, 
the Committee concluded that most of the root cause s of the problems 
remain. In the Committee's view, these causes are: the built-in conflict 
of interest in self-regulation; the legacy of secre cy that has 
historically shielded DOE's activities from outside  view, thus leading in 
many cases to safety practices less sound than thos e used in the private 
sector; lack of stability in safety management and policy, stemming from 
the fact that DOE's leaders are of necessity politi cal appointees whose 
tenures are short; lack of management accountabilit y and inadequately 
coordinated regulatory and oversight functions; red undant, confusing 
safety requirements (the Department is working hard  to straighten this 
out); and a lack of balance in addressing hazards, with chemical and 
physical hazards to workers sometimes receiving ins ufficient attention, 
and hazards covered by enforceable sanctions receiv ing more attention 
than risk and cost/benefit considerations can justi fy. 
WHY EXTERNAL REGULATION, AND HOW? 
The Committee concluded that "it is sound public po licy to ensure through 
external regulation that DOE is regulated to standa rds and other 
requirements comparable to those to which the priva te sector is 
regulated." More particularly, external regulation can eliminate the 
conflict of interest inherent in self-regulation an d thus assure that 
safety will receive consistent and adequate conside ration; external 
regulation can thereby help restore the Department' s credibility; it can 
bring increased insulation from political change, a nd thus increase the 
stability of safety policy in the Department; it ca n increase the 
efficiency of the Department by eliminating the red undancies in internal 
self-regulation and allowing the Department to focu s on its missions; and 
it can make clearer just who the regulator is, and thus help induce 
clearer lines of accountability in the Department. 
The Committee considered several possible distribut ions of regulatory 
responsibility among external agencies. It spent so me time articulating 
an option in which DOE would be regulated by a new agency with plenary 
jurisdiction over all aspects of safety at all DOE facilities, and with 
the power to choose the best from existing safety s tandards and 
processes, focusing particularly on risk-informed p rioritization of 
hazards, and, where possible, performance-based sta ndards. Some members 
of the Committee hoped that such an agency might be come a model for 
regulatory reform in the private sector. In the end , however, a large 
majority of the members decided that it would be le ss disruptive of 
existing external regulation of the Department, and  less likely to 
aggravate the wide-spread perception that DOE is ge tting special 
treatment, if DOE were regulated by existing agenci es. The Committee 
recommended the following distribution of regulator y responsibilities: 
An existing agency -- either the NRC or a restructu red DNFSB -- would 
regulate facility safety at DOE nuclear facilities.  (In the Committee's 
view, neither the NRC nor the DNFSB was at present the kind of facility 
safety regulator the Committee thought would be bes t.) 



OSHA would regulate all protection of workers at DO E nuclear facilities, 
unless regulation of worker risks at a given facili ty could significantly 
interfere with maintenance of facility safety (for example, if 
criticality is possible), in which case the regulat or of facility safety 
would regulate all protection of workers at the fac ility. 
EPA would continue to regulate environmental protec tion for all DOE 
nuclear facilities. 
States with programs authorized by the Federal regu lators would exercise 
roles in environmental protection, worker protectio n, and facility safety 
comparable to the roles the States now exercise in the regulation of 
private nuclear facilities. States would have the a uthority to set more 
stringent standards as long as those standards did not unduly hinder 
DOE's performance of its missions (the Committee to ok a cue here from the 
analogous standard in the Occupational Safety and H ealth Act). 
This framework would apply to defense facilities al so, with certain 
limited exceptions. Following the lead of a subcomm ittee whose membership 
was almost as diverse as the full Committee's, the full Committee 
concluded that it was possible and highly desirable  to protect safety and 
national security at the same time. The essential e lement needed to 
preserve national security interests is a legislati ve provision for an 
effective and prompt method of invoking Presidentia l authority in the 
rare case of a conflict that the Department and an external regulator 
cannot resolve. The Committee made two exceptions t o the rule of external 
regulation of defense facilities. First, to protect  the most sensitive 
design information, the Committee recommended that DOE continue to 
regulate "nuclear explosive safety", namely the for malized program 
designed to prevent the accidental or unauthorized detonation of high 
explosives in proximity to special nuclear material . Second, at least in 
the early stages of a fully external regime, safegu ards and security 
should be left to DOE, to avoid diluting the new ex ternal regulators' 
focus. 
In the Committee's recommended framework, the agenc ies do not have quite 
the same jurisdictions over hazards that they have in the private sector. 
In private sector regulation, the NRC sets some sta ndards for 
environmental protection and worker protection. In the framework set out 
by the Committee, the facility safety regulator wou ld be limited to 
facility safety, except in a limited number of case s involving worker 
protection. The Committee took this approach for fu ndamentally two 
reasons: to avoid disrupting existing external regu lation of 
environmental protection at DOE, and to help assure  that radiation 
hazards to the environment and workers are consider ed in the context of 
all hazards to the environment and workers. 
Of course, the framework just described would requi re legislation, and 
the Committee's final Report contains a list of the  legislative 
implications of these and other recommendations of the Committee's. 
OTHER RECOMMENDATIONS 
The Committee made several other recommendations, s ome which would apply 
whether increased external regulation of the Depart ment comes about or 
not. The chief of these other recommendations are d iscussed briefly 
below. 
"Corporate" Safety Function  
The ultimate responsibility for safety lies with th e regulated party. 
Therefore, even under external regulation, DOE must  retain sufficient 
resources to assure that it implements policies and  practices which are 



consistent with external requirements. This is part icularly important in 
the area of worker protection, because OSHA's resou rces are quite 
limited. However, if the practice of large, multi-s ite corporations is 
any guide, those resources can be modest. Departmen t resources now being 
devoted to regulatory functions -- standard-setting , inspection, 
enforcement -- could be moved to the new external r egulators. 
DOE the Regulated Party  
To help assure that the highest level of management  of a nuclear facility 
is in step with regulatory requirements, the Commit tee recommended that 
DOE be a regulated party -- for example, the "licen see", or the 
"permittee" -- at every site, and that contractors at some sites also be 
regulated parties. 
Lead Agency 
The Committee urged the complex-wide adoption of a "lead agency" 
approach, in which DOE would have to deal with only  one regulator for any 
given matter at a given site. The Committee recomme nded that this 
approach be "facilitated" by legislation. 
Citizens' Roles 
The Committee strongly supported giving citizens ef fective roles at all 
stages of the regulatory process, from setting stan dards, to applying 
them in approval actions like licensing, to enforce ment. Concerned that 
the trial-type hearings conducted by the NRC in nuc lear power plant 
licensing proceedings consume a disproportionate am ount of resources, the 
Committee recommended that legislation provide for a simpler, less 
formal, hearing process for use at DOE nuclear faci lities. The Committee 
was particularly concerned that federal enforcement  against DOE be as 
effective as federal enforcement against private en tities. To this end 
the Committee recommended that citizens be able to sue the Department for 
not complying with external safety rules, and that citizens be able to 
sue the external regulators for not performing thei r duties. 
One Size Does Not Fit All 
The Committee strongly recommended the use of a var iety of regulatory 
models, ranging all the way from "audited self-regu lation" of the sort 
now employed by OSHA in its Voluntary Protection Pr ogram, to the full 
licensing proceeding of the sort employed by the NR C in licensing nuclear 
power plants. DOE's nuclear facilities and missions  are too varied to be 
subjected to the same regulatory model. The Committ ee also urged the use 
of performance-based criteria wherever possible, to  provide the regulated 
party with the flexibility to achieve cost- 
effective solutions to safety problems. 
WHAT WILL THIS COST? 
Given its limited resources, and the unpredictable nature of some of the 
possible costs, the Committee was not able to estim ate the costs of 
putting in place the regulatory framework it recomm ended. After a careful 
cataloging of DOE's nuclear facilities, and a compa rison of what it costs 
the NRC to regulate whatever comparable facilities there are in the 
private sector, the NRC estimated that it would nee d 1100-1600 more FTE 
and $160 million to $200 million annually to regula te what the Committee 
recommends be assigned to the facility safety regul ator (given the number 
of facilities to be externally regulated, and the s izes of DOE's budget 
and workforce, these estimates do not seem unreason able). The DNFSB did 
not give the Committee any estimate. DOE was unable  to say how much it 
spends on self-regulation. 



However, the Committee did make some general observ ations on what the 
likely costs of implementing its recommendations wo uld be. The amount the 
Department spends on internal oversight should decr ease; there will be 
transition costs; the cost of complying with extern al requirements may go 
up in the short term. Each regulator should be ensu red the resources it 
needs to carry out additional responsibilities; reg ulators without 
adequate resources are only paper tigers, and a tra nsition to a badly 
funded regulatory framework will only weaken the as surance of safety and 
reduce credibility. Nonetheless, the cost of regula tory oversight is a 
small part of the total cost of meeting any set of safety requirements, 
and there is a real potential for savings through g reater efficiency and 
productivity in DOE's performance of its missions, once the more 
straight-forward, credible, accountable, external r egime recommended by 
the Committee is put in place. 
TRANSITION 
The Department has underway a number of laudable sa fety initiatives. The 
Committee urged that these be continued. The Commit tee also recommended 
that, pending transfer of regulatory authority from  DOE to external 
regulators, all internal regulatory functions in th e Department be 
consolidated in the Office of Environment, Safety, and Health (OESH). For 
example, at the present time, program offices must concur in new safety 
standards; the Committee believes that OESH should have sufficient 
authority to establish standards independently of t he program offices. 
The Committee also recommended that the transition to OSHA regulation of 
the Department's nuclear facilities, which the Depa rtment has long 
sought, be expedited. To the DNFSB, the Committee r ecommended that the 
Board make its processes more open, for instance by  issuing its 
Recommendations in draft form for public comment. 
The Final Report contains several cautions about th e transition to 
external regulation. It will be difficult; it will take time; safety must 
not become the victim of inattention while everyone  waits for the new 
regulator to take charge. However, there have been similar transitions in 
the past, and much can be learned from these. 
DOE RESPONSE 
Secretary O'Leary has formed a DOE working group to  recommend to her by 
March 20 what response the Department should make t o the Committee's 
recommendations. The group is head by Acting Under Secretary Thomas 
Grumbly. Members of the group will include represen tatives from the 
Department of Justice and the other two agencies to  which the Committee's 
Final Report was directed, namely, OMB and CEQ. The  Secretary has also 
directed the Department's working group, in coordin ation with the 
external regulators, to come up with an implementat ion plan by May 15.  
CONCLUSION 
When the Committee's Co-Chairs transmitted the Comm ittee's Final Report 
to DOE, OMB, and CEQ, the Co-Chairs said that they were "pleased that 
this distinguished and diverse Committee, which rep resented the broad 
range of interests involved in regulation of DOE, h as been able to reach 
conclusions on the difficult issues it has had to c onsider." The 
Committee believes that the external regulatory fra mework it recommends 
will clear the path to greater productivity and eff iciency within the 
Department by removing regulatory redundances and o verlaps and by 
ensuring a regulatory framework that remains stable  as Administrations 
and officials change. The flexibility the Committee  urged in the 
regulatory approach through, for example, relying w here possible on 



performance standards rather than rigid prescriptio ns will allow a more 
cost-effective approach to ensuring safety. Externa l regulation can help 
improve public confidence in DOE and provide increa sed assurance that its 
future record of nuclear safety will be free of the  mistakes of the past.  
The full title of the Committee's Report is Improvi ng the Regulation of 
Safety at DOE Nuclear Facilities, and it is availab le from the DOE 
Environment, Safety and Health Information Center b y calling 1-800-473-
4375. The Report and related material can be found on the World Wide Web 
at http://www.em.doe.gov/acd/index.html. 
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ABSTRACT 
The Environmental Protection Agency (EPA) has been given the 
responsibility of setting site-specific health and safety standards for 
the potential repository at Yucca Mountain, Nevada.  The same legislation 
that gave the Agency that responsibility, mandated a study by the 
National Academy of Sciences (NAS) to provide input  into the bases for 
the EPA standards. The NAS has completed and presen ted a report to the 
Agency; this paper summarizes the report's recommen dations and 
conclusions. Following receipt of the report, the A gency opened a comment 
period and held public meetings to gather comments;  the major issues from 
the comments are summarized. Based upon the report from NAS and the 
public comments, EPA has started formulating propos ed standards which 
will be known as 40CFR Part 197. It is planned for the proposal of 40 CFR 
Part 197 to occur in the Spring of 1996. 
HISTORY 
In 1985, the Environmental Protection Agency (EPA),  under the authority 
of the Atomic Energy Act, issued 40 CFR Part 191, E nvironmental Radiation 
Protection Standards for the Management and Disposa l of Spent Nuclear 
Fuel, High-Level and Transuranic Radioactive Waste (1). These are generic 
standards and, as such, apply to all pertinent faci lities, including 
Yucca Mountain (which has since been exempted by le gislation, see below), 
the Waste Isolation Pilot Plant (WIPP), and the Gre ater Confinement 
Disposal Facility. With regard to Yucca Mountain, t his situation changed 
seven year later. 
In October 1992, two Federal laws were enacted, the  Waste Isolation Pilot 
Plant Land Withdrawal Act (WIPP LWA) (2) and the En ergy Policy Act (EnPA) 
(3). While the WIPP LWA dealt mainly with WIPP, a p otential repository, 
in New Mexico, for transuranic radioactive waste, i t also exempted Yucca 
Mountain from coverage under 40CFR Part 191. At the  same time, the EnPA 
directed EPA "to set generally applicable standards  for the Yucca 
Mountain site...for protection of the public from r eleases from 
radioactive materials stored or disposed of in the repository at the 
Yucca Mountain site." It also directed EPA to contr act with the National 
Academy of Sciences (NAS) to "conduct a study to pr ovide...findings and 
recommendations on reasonable standards for protect ion of the public 
health and safety." In Section 801 of the EnPA, Con gress also mandated 
responses to three inquiries: 



 "(A) whether a health-based standard based upon do ses to individual 
members of the public from releases to the accessib le environment (as 
that term is defined in the regulations contained i n subpart B of part 
191 of title 40, Code of Federal Regulations, as in  effect on November 
18, 1985) will provide a reasonable standard for pr otection of the health 
and safety of the general public; 
 (B) whether it is reasonable to assume that a syst em for post-closure 
oversight of the repository can be developed, based  upon active 
institutional controls, that will prevent an unreas onable risk of 
breaching the repository's engineered or geologic b arriers or increasing 
the exposure of individual members of the public to  radiation beyond 
allowable limits; and 
 (C) whether it is possible to make scientifically supportable 
predictions of the probability that the repository' s engineered or 
geologic barriers will be breached as a result of h uman intrusion over a 
period of 10,000 years." 
THE NATIONAL ACADEMY OF SCIENCES REPORT 
In early 1993, the Agency established a contract wi th the NAS to produce 
the study required by the EnPA. The Agency received  that report, entitled 
Technical Bases for Yucca Mountain Standards (herea fter called the NAS 
Report), on August 1, 1995 (4). The NAS divided the  results of the study 
into two categories, recommendations and conclusion s. The remainder of 
this section summarizes the recommendations and con clusions; the 
interested reader is urged to obtain the entire NAS  Report to read the 
entire rationale. 
Recommendations 
In the Executive Summary of their report, the NAS r ecommended: 
 (a) the use of a standard that sets a limit on the  risk to individuals 
of adverse health effects from releases from the re pository; 
 (b) that compliance with the standard be measured at the time of peak 
risk, whenever it occurs within the limits imposed by the long-term 
stability of the geologic environment (which NAS ju dged to be about one 
million years); 
 (c) against a risk-based calculation of the advers e effect of human 
intrusion into the repository since it is not possi ble to assess the 
frequency of human intrusion far into the future; ( d) that the 
consequences of an intrusion be calculated to asses s the resilience of 
the repository to human intrusion; 
 (e) that in those instances where science cannot p rovide the guidance 
necessary to resolve an issue, policy questions sho uld be resolved 
through a rule making process that allows opportuni ty for wide-ranging 
input from all interested parties; 
 (f) that the critical-group approach for assessing  individual risk be 
used; and, 
 (g) that EPA require that the estimated risk calcu lated from a 
specified, assumed intrusion scenario be no greater  than the risk limit 
adopted for the undisturbed-repository case because  a repository that is 
suitable for safe disposal should be able to contin ue to provide 
acceptable waste isolation after the specified intr usion. 
CONCLUSIONS 
Also in the Executive Summary, the NAS concluded th at: 
 (a) an individual-risk standard would protect publ ic health, given the 
particular characteristics of the site, provided th at policy makers and 



the public are prepared to accept that very low rad iation doses pose a 
negligibly small risk; 
 (b) the physical and geologic processes are suffic iently quantifiable 
and the related uncertainties sufficiently boundabl e that performance can 
be assessed over time frames during which the geolo gic system is 
relatively stable or varies in a boundable manner; 
 (c) it is not possible to predict, on the basis of  scientific analyses, 
the societal factors for an exposure scenario. Spec ifying exposure 
scenarios, therefore, requires a policy decision th at is appropriately 
made in an EPA rule making process; 
 (d) with respect to the second question of Section  801, it is not 
reasonable to assume that a system for post-closure  oversight of the 
repository can be developed, based upon active inst itutional controls, 
that will prevent an unreasonable risk of breaching  the repository's 
engineered barriers or increasing the exposure of i ndividual members of 
the public to radiation beyond allowable limits; 
 (e) with respect to the third question in Section 801, it is not 
possible to make scientifically supportable predict ions of the 
probability that a repository's engineered or geolo gic barriers will be 
breached as a result of human intrusion over a peri od of 10,000 years; 
and, 
 (f) there is no scientific basis for incorporating  the ALARA (as low as 
reasonable achievable) principle into the EPA stand ards or Nuclear 
Regulatory Commission (NRC) licensing regulations f or the repository. 
PUBLIC COMMENTS 
Shortly after receiving the NAS Report, the Agency opened a comment 
period and held public meetings to receive comments  and to explain the 
rule making process. The public meetings were held in Amargosa Valley (in 
Nye County) and Las Vegas, Nevada and Washington, D .C. About 60 comment 
letters, including about 30 copies of a form letter , were received. There 
was no transcript of the public meetings; the only formal record of the 
oral comments that was made is in an EPA summary do cument (5). The reason 
for no transcript was that these were not hearings and the feeling that 
the free interchange of ideas and questions would b e encouraged in a less 
formal atmosphere. The majority of comments and que stions were from 
private citizens. However, there were also comments  and questions from 
Federal agencies, the State of Nevada, Native Ameri can groups, several 
counties, industry groups, environmental organizati ons, and public 
interest groups, The major themes of those comments  were: 
  agreed with the NAS that no system of active inst itutional controls can 
preclude human intrusion; 
  agreed with the NAS that scientific predictions o f human intrusion 
cannot be made; 
  there was a split in opinion on whether a critica l-population-dose 
limit would adequately protect the general populati on. Those who agreed 
also pointed out that the final decision must be ma de through a public-
policy making process such as the EPA rule making a nd that the limit 
should be set at approximately one chance in a mill ion of contracting a 
fatal cancer. Those who disagreed had three reasons : 1) use release 
limits, as was done in 40 CFR Part 191, would avoid  dilution; 2) use a 
limit on maximum-individual and population doses si nce risk is not an 
enforceable quantity; and 3) standards should not b e lower than in 40 CFR 
Part 191; 



  regarding the definition of the critical populati on group, several 
considerations were suggested, e.g., base the size and location on the 
ground-water pathway and assume the high end of pot ential intake rates; 
the group could be located in either Nevada or Cali fornia but at any rate 
wherever the ground water exits the ground or is cl osest to the surface; 
the probability-based critical population group is no understandable; use 
the subsistence-farmer group; 
  disagreed with NAS on use of the negligible incre mental risk concept, 
i.e., do not use it in the standards; 
  there was a split on the NAS suggestion to elimin ate subsystem 
requirements. Some thought they were useful and ess ential; others thought 
that there were potentially counterproductive and s tifling; 
  respect the ideology of native people; 
  how to deal with uncertainty was not sufficiently  addressed by NAS; 
  calculate risk until the peak is reached; one com menter was concerned 
with being able to show reasonable expectation of c ompliance over 
hundreds of thousands of years and suggested that t he time frame be much 
shorter, e.g., 10,000 years; 
  base the standards on health protection not on th e projected 
containment capability of Yucca Mountain; 
  the NAS did not give a sufficient justification f or not using the ALARA 
concept; 
  include doses from the Nevada Test Site and the l ow-level waste 
disposal systems in the area; 
  work closely with the NRC to make standards amena ble to licensing; and, 
  establish an information center closer to Amargos a Valley. 
AGENCY ACTIONS AND DIRECTION 
The Agency has taken a number of actions to keep th e public informed 
about the Yucca Mountain rule making. It has establ ished a toll-free, 24-
hour recording for the rule making which can be rea ched by calling 1-800-
331-9477. There is also EPA's Technology Transfer N etwork electronic 
bulletin board which can be reached by calling 919- 541-5742 or via TELNET 
ttnbbs.rtpnc.epa.gov. The Agency is also working to  develop a home page 
on the World Wide Web. 
Also, the Agency has taken definitive action on two  of the public 
comments -- the final two listed above. In line wit h the comment, the 
Agency and the NRC have each named a technical liai son to facilitate the 
interchange of technical data and issue resolution.  The Agency recognizes 
that the time limits placed upon it by the EnPA all ow only limited, 
independent, technical analyses and that the NRC ha s been studying Yucca 
Mountain for many years. Therefore, the Agency anti cipates that NRC will 
be a significant source of technical data. To date,  the liaison approach 
has proven to be very useful and successful. 
As for the final comment, in September, the Agency worked with the staff 
of the public library in Amargosa Valley to establi sh an information 
center. While the intent is to place the same infor mation into it as will 
be placed into the formal dockets in Washington, DC  and Las Vegas, 
Nevada, the designation of information center relie ves the limited 
library staff from the necessity of keeping a forma l, legal file.  
The other comments are the heart of the decisions t hat will need to be 
made as a result of the rule making. The Agency has  taken into account 
many of the comments as it formulates the proposed standards. However, it 
is premature to report at this time on the outcome of any particular 
issue since the Agency has not reached any definiti ve positions on them. 



However, the Agency has two goals. One goal is to s et standards that 
assure both that Yucca Mountain will not open unles s it is safe and that 
it will be able to open if it is safe. The Nation c an neither afford to 
emplace the wastes into a site that is not safe, no r to needlessly 
abandon a safe site. Another goal is to set standar ds that are protective 
of public health and the environment and that are i mplementable by NRC. 
Only standards that meet both of these goals will b e acceptable to the 
public. Public acceptance is crucial, without it, n uclear waste disposal 
programs will fail. The public's perception of the credibility of the 
Yucca Mountain evaluation could impact all nuclear programs in the U.S. 
CURRENT STATUS AND THE NEXT STEPS 
The Agency has received the NAS Report, held public  meetings, received 
comments, and is formulating proposed standards, to  be known as 40 CFR 
Part 197. It is anticipated that the proposal will be published in the 
Federal Register in the Spring of 1996. The next st ep will be to produce 
a proposed set of standards and a set of draft back ground documents. 
There will then be a public-comment period and publ ic hearings on the 
proposed standards. This will be followed by final standards, background 
documents, and a response-to-comments document. The se will be completed 
as expeditiously as prudently possible. 
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ABSTRACT 
The U.S. Nuclear Regulatory Commission (NRC), Divis ion of Waste 
Management (DWM) has been examining its regulatory strategies for ways to 



optimize protection of the public health and safety  and the environment 
while minimizing the burden on licensees from the r egulatory framework, 
all in the face of a declining budget. Based on thi s examination, NRC 
staff has revised its regulatory strategies in the areas of uranium 
recovery (UR), high-level waste (HLW), and decommis sioning of Site 
Decommissioning Management Plan (SDMP) sites. 
In May 1993, the staff identified four areas in the  UR licensing process 
which could be revised to reduce the regulatory bur den on UR licensees 
while ensuring the same level of protection to the public and the 
environment. DWM is now implementing a program whic h has streamlined the 
licensing process by: 1) using more flexible licens e conditions that 
incorporate license criteria rather than prescripti ve, detailed 
conditions; 2) implementing a performance based lic ense condition 
approach that allows licensees to make changes to t heir facilities, under 
certain conditions, without NRC approval; 3) elimin ating dual regulation 
of in-situ leach well fields by relying on State re views; and 4) relying 
on reviews by States concerning cultural artifacts.  
 In 1995, DWM revised its HLW prelicensing program strategy in response 
to budget reductions and the U.S. Department of Ene rgy's (DOE's) new 
program approach for streamlining site characteriza tion, site suitability 
determination, and licensing. DWM's revised HLW pro gram strategy is still 
based on the Overall Review Strategy (ORS) develope d in 1994, but its 
implementation has been modified by using a "vertic al slice" approach to 
provide more focused and timely feedback to DOE. Th e vertical slice 
approach builds on the strategies in the ORS for co nducting prelicensing 
reviews and for developing review capability that a re focused on, and 
limited to, key technical issues most important to licensing. Each 
technical issue is addressed with one or more sharp  cuts (thus the term 
vertical slice) encompassing an appropriate range o f review and review 
capability development activities. 
 DWM recently streamlined decommissioning procedure s in a management plan 
as part of the annual update of the SDMP. This mana gement plan is 
directed at accelerating remediation of SDMP sites and minimizing the 
regulatory burden imposed on licensees and other re sponsible parties. The 
plan calls for revising current procedures to reduc e the amount of NRC 
effort invested in site characterization and confir matory radiological 
surveys. Revised procedures will require, under mos t circumstances, the 
staff to review site characterization information a nd decommissioning 
plans concurrently. NRC is also revising the proced ures by placing a 
greater emphasis on the termination radiological su rvey conducted by the 
licensee or responsible party, with a corresponding  reduction in the 
extent of NRC confirmatory surveys. 
This paper will describe in detail the revised regu latory strategies 
being implemented by DWM in the areas of UR, HLW an d decommissioning of 
SDMP sites. Further, the rationale for the program changes and the 
advantages and disadvantages of these changes will be discussed. 
INTRODUCTION 
In an effort to optimize protection of the public h ealth and safety and 
the environment and minimize the burden on licensee s in a period of 
declining budgets, NRC has initiated efforts to str eamline the licensing 
process in high-level waste, uranium recovery, and decommissioning 
program areas. In each of these areas the staff has  evaluated the 
regulatory approach and identified improvements dir ected at enhancing 
public protection, improving public participation i n the regulatory 



process, facilitating communication with licensees and improving the 
timeliness of regulatory actions. 
URANIUM RECOVERY PROGRAM 
In May 1993, NRC committed to explore ways to reduc e the regulatory 
burden of uranium recovery licensees withoutcomprom ising protection of 
health and safety and the environment (NRC, 1994). The staff determined 
that there were four areas in which the regulatory impact might be 
reduced. First, licensees could decrease the number  of amendment requests 
by using more flexible "criteria based" license con ditions rather than 
extremely specific conditions, such as conditions t hat specify particular 
individuals or organizational structures. Second, l icensees could 
implement a performance based license condition tha t would allow changes 
to their facilities, under certain conditions, with out NRC approval. 
Third, NRC staff can rely on State reviews, thereby  eliminating dual 
regulation of in-situ leach facility well fields pr ovided State oversight 
is comparable to current NRC requirements. Fourth, NRC can rely on State 
review of Cultural Artifacts to avoid dual regulati on. Each of these 
areas is described in more detail below. 
More Flexible License Conditions 
The staff believes it is possible to reduce the reg ulatory burden on 
licensees by implementing more flexible license con ditions. In its review 
of several license amendments, the staff found that  many amendments 
resulted from extremely specific license conditions . For example, some 
license conditions specified licensee facilities, o rganizations and in 
some cases individuals, with the effect that licens ees could not change 
these condition specifications without submitting a  license amendment. 
The staff has determined that a number of license c onditions could be 
changed to more flexible "criteria based conditions ." Such conditions 
could identify criteria for specific staff position s (such as radiation 
safety officer) rather than identify specific indiv iduals. Similarly, 
organizational criteria could be included in the li cense condition rather 
than specific organizational structures. However, s uch criteria based 
conditions must be specific to individual licenses,  and do not constitute 
generic changes that NRC can make industry-wide, by  rulemaking. 
Even if criteria based conditions are implemented, there are some license 
condition changes that could not be made without pr ior NRC approval. 
Examples include a change in facility ownership, an d a change in control 
of the license. However, in general the staff belie ves that criteria 
based license conditions that would allow licensees  to make minor changes 
without prior NRC approval, are acceptable. 
Performance-Based License Conditions 
A second area where the staff found regulatory redu ction could be 
achieved was in the preparation of a performance-ba sed license condition. 
The staff developed a performance-based license con dition which is 
consistent with the Commission's regulations and li censes for other 
facilities. The performance-based license condition  was modeled on the 
provisions of 10 CFR 50.59, which allow 10 CFR Part  50 licensees to make 
changes to, or conduct tests and experiments at, th eir facilities without 
prior NRC approval unless the change, test, or expe riment involves a 
change in the technical specifications incorporated  in the license or an 
unreviewed safety question. The performance-based l icense condition is 
structured such that uranium recovery licensees are  required to submit 
applications for all license amendments, unless it can be demonstrated 
that the provisions specified in the performance-ba sed license condition 



have been satisfied. In addition, the performance-b ased license condition 
requires that a summary of all changes made under t hat condition be 
provided to NRC in an annual report. Therefore, the  performance-based 
license condition provides the same degree of flexi bility contained in 
the regulations and licenses for other nuclear faci lities, and is 
consistent with established NRC policy. 
 If licensees decide to incorporate the performance -based license 
condition into their licenses, they would have the burden of ensuring 
proper implementation of the condition. Summaries r equired by the 
condition coupled with information gained from insp ections would allow 
the staff to determine if a licensee had properly i mplemented the 
condition. Improper implementation would result in a violation of the 
license and the licensee would be subject to possib le NRC enforcement 
action. 
NRC's Regulatory Role Over In-Situ Leach Facility W ell Fields 
The staff also believes a reduction in the regulato ry burden of uranium 
recovery licensees can be realized by eliminating d ual regulation of 
groundwater in in-situ leach well fields. Well fiel ds at in-situ leach 
operations are also regulated by the U.S Environmen tal Protection Agency 
(EPA) and State agencies in non-Agreement States. B ased on NRC's 
evaluations, it is acceptable for NRC to rely on th e State's groundwater 
regulatory program provided the program is comparab le to NRC's. This 
approach would allow the staff to ensure that neces sary oversight is 
being achieved while eliminating dual regulation. 
The staff is currently meeting with the States that  have NRC licensed in-
situ leach facilities to determine whether the Stat es would be willing to 
provide such oversight and whether the States' prog rams are comparable to 
the NRC's. 
Archeological Surveys 
The fourth and final way the staff proposes to stre amline the licensing 
process is by relying on State reviews of licensee archeological surveys 
thereby eliminating dual regulation. NRCis required  by the National 
Historic Preservation Act of 1966 and the National Environmental Policy 
Act of 1969 to evaluate the effects of a licensee's  proposed action on 
cultural resources. However, NRC need not conduct t hese reviews 
independently, provided the staff can use reviews c onducted previously by 
the State Historic Preservation Officers. 
HIGH-LEVEL WASTE PROGRAM 
NRC's revised HLW program strategy for the prelicen sing program is based 
on the ORS (NRC, 1994). The ORS was prepared in 199 4 to provide the 
principal policy guidance to the staff for conducti ng its prelicensing 
program and license application review. Using the g raded approach 
established in the ORS, the staff will conduct more  detailed reviews, 
using independent assessment methods and results of  applied technical 
investigations for those technical areas most impor tant to repository 
performance. Therefore, these key technical issues (KTIs) help focus and 
link together the staff's work, in all parts of the  program, on what is 
most important to licensing. 
The new program strategy, termed "vertical slice" a pproach, builds on the 
strategies in ORS for conducting prelicensing revie ws and for developing 
review capability for the 10 KTIs most important to  repository 
performance and licensing (NRC, 1995). To implement  the vertical slice 
approach, the staff will develop a review capabilit y and apply it to 
reviewing DOE's program in selected areas, on an au dit basis. This audit 



approach is efficient in times of reduced budgets, yet effective because 
of its emphasis on resolution of KTIs important to repository 
performance. Further, additional efficiency is gain ed by establishing NRC 
staff work schedules based on providing DOE feedbac k consistent with 
DOE's major milestone schedules. 
To date, the staff has identified the following 10 KTIs; 
1. Unsaturated and Saturated Flow Under Isothermal Conditions 
2. Igneous Activity 
3. Radionuclide Transport 
4. Structural Deformation and Seismicity 
5. Thermal Effects on Flow 
6. Repository Design and Thermal-Mechanical Effects  
7. Evolution of the Near-Field Environment 
8. Container Life and Source Term 
9. Total System Performance Assessment and Technica l Integration 
10. Support Revision of EPA Standard and NRC Rule. 
In addition, technical needs have been identified f or each KTI. Technical 
needs are the work activities the staff feel must b ecompleted to address 
the KTIs. Based on the results of these work activi ties, the staff will 
comment on the sufficiency of DOE's site characteri zation program and 
evaluate the effectiveness of DOE's overall program  for preparing an 
acceptable license application. Consistent with NRC  and DOE meeting 
agreements, issue resolution will be achieved durin g prelicensing when 
NRC agrees with the DOE, at the staff level, on the  acceptability and 
sufficiency of the information for eventual licensi ng. 
 Numerous advantages are associated with the vertic al slice approach. 
First, the HLW program is focused by giving priorit y to those staff 
activities related to the most important licensing issues, and providing 
timely feedback to DOE. Second, integration of the NRC program is 
improved by coordinating the necessary activities a nd technical 
disciplines needed to prepare for and conduct revie ws of each issue. This 
audit approach will also efficiently evaluate a wid e range of DOE 
activities and how well they are integrated for use  in licensing. 
Finally, in a time of declining resources, this app roach is an efficient 
use of limited resources. 
 As with any program approach, the vertical slice a pproach has some 
inherent weaknesses. By focusing all the staff's pr elicensing reviews on 
KTIs, many parts of DOE's program and associated se ctions of DOE 
documents will not be reviewed by the staff before submittal of the 
license application. Therefore, the license applica tion may be 
incomplete, resulting in delays for the staff's acc eptance review, for 
docketing the license application and for the compl iance review. Another 
weakness is that by focusing on KTI's, the staff ma y overlook other 
potential licensing vulnerabilities in its reviews.   
Despite its weaknesses, the staff believes the vert ical slice approach is 
an effective and efficient way to streamline NRC's HLW repository program 
in response to declining budgets and changes to DOE 's program. 
DECOMMISSIONING PROGRAM 
NRC staff is currently streamlining the decommissio ning regulatory 
program, while ensuring effective oversight of deco mmissioning projects 
listed in the SDMP and other significant decommissi oning actions at 
nuclear materials facilities (NRC, 1995). Regulator y streamlining is 
focused on revising existing procedures to reduce N RC effort devoted to 
site characterization reviews and confirmatory radi ological surveys. 



Site characterization 
Under existing policies and procedures, NRC staff t ypically reviews site 
characterization plans and site characterization re ports to ensure that 
licensees have established the extent and type of r adiological 
contamination present before developing decommissio ning plans. The staff 
plans to change the existing procedures for most si tes by delaying the 
review of site characterization information until a fter the 
decommissioning plan is developed and submitted for  review. This approach 
promotes a more coordinated and focused review of s ite characterization 
information because reviewers will be compelled to emphasize issues that 
affect the selection and implementation of a decomm issioning approach. In 
most cases, reviewing the characterization data and  the decommissioning 
plan concurrently will allow NRC staff to initiate the decommissioning 
plan review earlier and allow for parallel resoluti on of characterization 
and decommissioning issues which, in many cases, ar e interdependent. 
Confirmatory Surveys 
Currently, at the conclusion of remedial actions, a  licensee or site 
owner conducts a termination radiological survey to  demonstrate that 
residual radioactivity levels have been sufficientl y reduced in 
accordance with NRC criteria. NRC then conducts a c onfirmatory survey to 
verify, on an audit basis, the results of the licen see's termination 
survey. These confirmatory surveys are discretionar y for NRC; since 
regulations do not require confirmatory surveys. Ho wever, in recent years 
confirmatory surveys have become routine for SDMP s ites. 
In the future, the staff intends to reduce the numb er of NRC confirmatory 
surveys by placing greater emphasis on the quality of licensee's 
termination radiological surveys. Some level of con firmatory surveys will 
continue to be performed at each site. The extent o f NRC's confirmatory 
surveys will be based on past licensee performance,  on the result of NRC 
inspections of the licensee's survey while in progr ess, and on the 
results of the licensee's quality assurance/quality  control efforts as 
reported in the termination survey report and as ob served during 
inspections. 
The staff is working with the EPA, DOE and Departme nt of Defense to 
develop comprehensive guidance on performing termin ation surveys. This 
guidance should provide users with a method of perf orming and documenting 
termination surveys that will result in higher qual ity, more defensible 
termination survey data. The staff believes that hi gher quality licensee 
termination surveys will reduce the need for NRC co nfirmatory surveys. 
CONCLUSIONS 
In a period of constrained resources in both the pu blic and private 
sectors, NRC staff is making every effort to optimi ze protection of the 
public and the environment while streamlining regul atory programs and 
minimizing unnecessary burdens on licensees. The st aff is acting to make 
significant flexibility available to uranium recove ry licensees if the 
licensees choose to file amendments that make their  licenses more 
criteria-based. These changes are specific to indiv idual licenses, and do 
not constitute generic changes that NRC could make industry-wide. In 
addition, the staff has developed a generic perform ance-based license 
condition that can be added to existing licenses, s hould licensees file 
an application for amendment to include this condit ion. The staff is 
pursuing the potential of eliminating dual regulati on of in-situ leach 
well fields and cultural resources. Eliminating dua l regulation can be 



achieved in States where the staff finds that State  oversight of the 
facilities is at least equivalent to that of NRC. 
 In HLW, a vertical slice approach has been develop ed to streamline NRC's 
repository program in response to declining budgets  and changes to DOE's 
program. The vertical slice approach focuses on res olving KTIs with DOE, 
prioritizing staff activities based on issue resolu tion, improving the 
integration of all activities, and simplifying and orienting both NRC and 
DOE products toward what is needed for an acceptabl e license application. 
Prelicensing activities will focus on resolving KTI s with DOE at the 
staff level. The staff will then evaluate the overa ll effectiveness of 
DOE's program for preparation of an acceptable lice nse application. 
NRC staff efforts to streamline the regulatory proc ess associated with 
the decommissioning of SDMP sites is focused on rev ising existing 
procedures for reviewing site characterization and confirmatory 
radiological surveys. These revisions will reduce N RC's level of effort 
applied to SDMP site regulation, while ensuring pub lic and environmental 
protection.  
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ABSTRACT 
At The C.E.A., ceramic type materials are subject o f active R&D programs 
to improve the conditioning of radioactive wastes. The conditioning of 
low or medium-level activity wastes is based on the  tailored ceramics 
concept. NaNO3 rich evaporator concentrates would b e conditioned in 
nepheline NaAlSiO4; BaSO4 rich precipitation sludge s, in the perovskite 
structure BaTiO3. The conditioning of selectively e xtracted long-life 
radionuclides is envisaged in phosphate matrices; m inor actinides and 
iodine in apatite structures, plutonium in monazite  one. 
INTRODUCTION 
Conditioning of radioactive wastes in ceramic type materials formed 
subject of extensive R&D programs between '75-'85 ( 1). Nevertheless, 



these efforts were brought to a halt afterwards. In  France, the act of 30 
December 1991 has since instigated new interest in this type of 
conditioning (2). Indeed, its guideline 3 encourage s long-life and high 
activity radioactive wastes to be scrutinised by lo ng-life surface 
storage and conditioning procedures. The C.E.A. (Co mmissariat  l'Energie 
Atomique, French Atomic Energy Commission), D.E.S.D . (Dpartement 
d'Entreposage et de Stockage des Dchets), is develo ping a R&D program 
within this framework. These efforts are carried ou t in compliance with 
recent C.N.E. guidelines (Commission Nationale d'Ev aluation) (3). This 
program aims to propose mineral matrices with perfo rmances higher than 
those of traditional ones (bitumen, cement, polymer s), for the 
conditioning or medium-level activity wastes (B was tes as per the French 
classification), on the one hand. On the other hand , it aims at 
evaluating the feasibility and performances of crys talline matrices 
designed to condition selectively extracted long-li fe radionuclides. We 
shall discuss of "ceramisation" in the first case, and of "insertion" in 
the second one. Low-level activity wastes (A wastes ) are equally 
concerned by ceramisation. 
RESULTS 
Ceramisation 
Ceramisation primarily concerns B wastes (low therm al power, a activity 
>3.7 GBq.t-1) destined for geological disposal. The se B wastes contain 
few radioelements; their mass being essentially mad e up of non 
radioactive additives. High activity wastes (C wast es) are presently 
satisfactorily conditioned in glass, however cerami sation could be a 
promising procedure for the conditioning of forthco ming sodium rich 
wastes. 
Ceramisation is based on the "tailored ceramics" co ncept, developed in 
the 1980's by Harker et al. (4). The idea is to add  chemical reagents to 
the waste in order to form a "customized" crystalli ne phase which, after 
consolidation, resembles a natural mineral of prove n stability over 
geological periods ("natural analogue" concept). Th e final product is 
thus a matrix of high chemical stability, with impr oved long-term 
behavior. Furthermore, a judicious choice of the mi neralogical structure 
to be formed allows optimal use of the waste's chem ical constituents, 
minimization of the quantity of additives, and thus  leads to a ceramic 
having a high waste incorporation rate, and a signi ficant reduction in 
the conditioned waste's volume. As B wastes should make up the essential 
of deeply disposed wastes in the future, this secon d objective meets both 
economic and safety concerns as well as the concern  to rationalize and 
optimize the management of geological disposal. Fin ally, as all 
ceramisation procedures included a high temperature  waste calcination 
step, the products considered downstream from this operation will be 
chemically inert products; hence the increased safe ty and security of the 
conditioning procedure. 
The advantages of the ceramisation procedure previo usly mentioned are in 
fact conclusive advantages, when choosing a B waste  conditioning 
procedure. Nevertheless, they also merit to be take n into account when 
choosing a conditioning procedure for A wastes; was tes which will be 
disposed for 300 years in a surface facility. We sh all present two 
examples where ceramisation can be applied, one con cerning A wastes: the 
evaporation concentrates from a STEL (Station de Tr aitement d'Effluents 
Liquides, liquid waste processing facility); and th e other, B wastes: 
precipitation sludges derived from decontamination processing of liquid 



effluents from a reprocessing plant. Emphasis is pl aced on the original 
technical results obtained. 
Ceramisation of evaporator concentrates originating  from STEL 
The purpose of the work undertaken is to substitute  the conditioning of 
STEL evaporator concentrates by bitumen encapsulati on with mineral 
packaging. In reality, this entails the design of a  new industrial 
facility ensuring a highly stable conditioning proc ess which allows, in 
addition to manufacturing safety, a reduction in th e volume of packages 
intended for surface disposal. This concentrate tak es the form of the 
very concentrated solution containing approximately  300 g.l-1 of mineral 
salts; its activity level is in the order of 0.15 G Bq.l-1, the principal 
radionuclides being 137Cs and 60Co. 
The average composition of the dry extract of this concentrate is: 
 NaNO3  81% 
 Na3PO4, 12H2O  6% 
 K3PO4, 2H2O  6% 
 NaCl  2% 
 Na2SO4  2% 
In reality, the observed anion concentrations fluct uate considerably and 
batches rich in sulphate and phosphate are sometime s encountered. On the 
contrary, the cationic load of the concentrate, ess entially made up of 
alkalines, is relatively constant; alkaline-earths being present only as 
minor compounds. Therefore, we have chosen the neph eline structure 
NaAlSiO4. This is a natural mineral which was exten sively studied in the 
framework of the conditioning of sodium rich radioa ctive wastes, in 
particular for certain Synroc formulations (1). Thi s compound has a 
resistance to water leaching that is perfectly comp atible with the 300 
year surface disposal period, as well as a capacity  to incorporate a 
significant amount of sodium (21% Na2O). Furthermor e, its structure 
allows sodium to be substituted with caesium. 
In order to ceramise the nepheline waste, the essen tial problem that 
needs to be solved is the quantitative elimination of initially present 
anions (5). Obviously, this operation must be carri ed out without loosing 
radioelements. The direct calcination of the waste is not adapted to this 
as it leads to pronounced volatilization of the sod ium, in oxide form, 
and especially of the radioactive caesium. One solu tion consists in 
treating the waste with oxalic acid H2C2O4, in the presence of Al2O3 and 
SiO2 additives. Drying of the transformed waste res ults in the 
elimination of nitrates, in HNO3 form, leading to a  dry residue that is 
essentially made up of alkaline oxalates. Heat trea tment of this residue 
leads to the formation of carbonates, near 400C, th en to the reaction of 
these carbonates with silica and alumina, up to app roximately 850C, 
producing alkaline aluminosilicate. The tests perfo rmed on simulated 
samples, according to the preceding composition, an d doped with non 
radioactive cobalt and caesium, show that all the s odium initially 
present in the waste is found in the final compound . The quantity of the 
residual nitrates is in the order of 1% of the init ial quantity. Lastly, 
all of the caesium and cobalt is confined in the fi nal material. 
The consolidation step is carried out after the pow der is crushed and 
pressed to 100 MPa. Sintering takes place towards 1 ,100-1,200C (6). The 
study by X-ray diffraction of the ceramic obtained,  using a typical-mean 
composition concentrate, only allows the nepheline phase to be detected. 
However, tests conducted on simulated wastes, highl y loaded in sulphate 
and phosphate, show that the pre-treatment does not  allow the 



quantitative elimination of these anions. The prese nce of sulphate in 
particular, leads to secondary phases during sinter ing, especially nosean 
Na8Al6Si6O24SO4. Studies are underway to evaluate t he confinement 
characteristics of this particular phase. 
Various batches of real radioactive concentrates, s ampled from STEL 
storage tanks, were ceramized according to the refe rence protocol (5). 
These tests showed that the quasi-whole of radioele ments present in the 
waste were confined in the final ceramic: 100% yiel d for 60Co, 137Cs and 
90Sr (6). Furthermore, the resistance to water leac hing of the samples 
was tested according to the protocol in use for the  surface-disposed 
wastes (static test, 23C, variable duration). These  results were compared 
to those for a waste conditioned in bitumen. The le aching rate of 137Cs 
at 90 days is between 0.6 and 2.2 10-3 g.m-2.d-1; i t is approximately 100 
times lower than that observed for conditioning in bitumen. For the other 
elements or radioelements, the improvement is even more spectacular: a 
factor 150 for 90Sr, 3,000 for 60Co and 80,000 for non-radioactive sodium 
(6). 
Finally, the mean factor of observed volume reducti on, for ceramisation 
with regards to bituminization, is in the order of 4.5. Optimization or 
ceramic densification should allow reduction factor s to be obtained in 
the order of 5.3 (6). 
Ceramisation of reprocessing precipitation sludges 
During the reprocessing of irradiated fuel, high ac tivity solutions 
(which contain fission products) are generated, tog ether with low and 
medium activity effluents. In France, at La Hague, these effluents are 
decontaminated by a coprecipitation procedure and r adioactive sludge is 
obtained (B waste). 137Cs, 90Sr, 106Ru and 125Sb ar e the main 
radionuclides present in the waste which also conta ins significant 
quantities of a emitters. This sludge was still ver y recently conditioned 
in bitumen. Ceramisation of this waste was examined  as an alternative 
route for its conditioning, and work has been condu cted using inactive 
simulated sludge (7). 
The main constituents of this sludge are: 
 BaSO4  68% 
 NaNO3  12% 
 Fe(CN)6Ni2  8% 
 CoS  9% 
Simple heat treatment of this sludge, in air at 900 C, leads to 
decomposition of all products into oxides, except B aSO4 which decomposes 
to BaO at approximately 1,500C. Moreover, BaSO4 doe s not have water 
leaching resisting characteristics. 
Therefore, the main problem that needs to be solved  to ceramise the waste 
concerns elimination of sulphates which must be obt ained at a low 
temperature, compatible with the confinement of rad ionuclides in the 
final material. This problem, and that concerning t he choice of the final 
conditioning, were solved according to the "tailore d ceramic" concept by 
adding TiO2 to the waste. Indeed, adding this compo und to the waste 
during its calcination in air led, from BaSO4, to t he formation of BaTiO3 
of perovskite type structure. This structure is tha t of one of the 
Synroc's essential constituents: CaTiO3; it is capa ble of incorporating 
the main radionuclides present in the waste and cor responds to the 
"natural analogue" approach discussed previously (1 ). This calcination 
reaction can lead to the total conversion of BaSO4 into BaTiO3 (yield 
near 100%). Its precise mechanism, which implies th e formation of an 



intermediate reaction product BaTi4O9, was clarifie d (8). The temperature 
of this reaction (near 1,200C), nevertheless remain s too high; it is 
capable of leading to: 
  volatilization of radioactive species or sodium o xide, 
  pronounced pre-sintering of the precursor powder.  
So, the reaction of BaSO4 with TiO2 was studied in a reducing agent 
environment (Ar/H2 5%). In these conditions, the fo rmation of BaTiO3 is 
obtained near 850C; however, this reaction is hinde red by the reduction 
of BaSO4 to BaS. The formation yield of BaTiO3 is n ear 80%. As BaSis 
extremely sensitive to leaching by water, its prese nce must be avoided. A 
solution consists in working in a humid atmosphere.  In these conditions, 
BaS can be quantitatively transformed into BaO, whi ch reacts strongly 
with TiO2 giving BaTiO3. The corresponding yield is  near 100%. Identical 
results are obtained from the simulated sludge for which the main 
secondary phase obtained is Na2Ti3O7. The powder ob tained can be pressed 
and sintered directly without crushing.  
The sintering of this powder can by conducted advan tageously in a neutral 
atmosphere (Ar), at low temperature (1,100C), resul ting in a relatively 
dense ceramic (open porosity 4%). Sintering in air must be avoided as it 
leads to a less dense material (open porosity 10%),  at a higher sintering 
temperature, and with the appearance of new crystal line phases. 
The ceramic's resistance to water leaching, resulti ng from the 
transformation of pure BaSO4, was tested according to the standard MCC1 
protocol (static test, deionized water, 28 days, 90 C). The leaching rate 
of barium is 0.2 g.m-2.d-1 for a pellet of 10% open  porosity, although 
only 0.05 g.m-2.d-1 for a pellet of 1% open porosit y obtained from a 
higher quality powder. These performances can be co mpared with those of 
nuclear glass (9) and are, in fact, much better tha n those obtained with 
a conditioning matrix of bitumen type. 
The preliminary results presented above allow us to  define and propose a 
process for making a ceramic of high confinement ca pacity from 
reprocessing plant waste, at a low temperature comp atible with the 
confinement of radioelements in final conditioning.  Tests with real 
radioactive wastes would now be planned. 
Insertion 
The separation of long-life radioelements, from hig h activity solutions, 
is studied within the framework of guideline 1 of t he act dated 30 
december 1991, that indicates that work must be con ducted on the "search 
for solutions allowing the separation and transmuta tion of long-life 
elements present in high activity and long-life was tes" (2). These 
studies are performed at the C.E.A. within the larg er framework of the 
SPIN program (Sparation-Incinration, separation-inc ineration) (10); they 
aim at diminishing the radiological hazards that th ese radioelements 
represent, in the long-term. However, this kind of objective can equally 
be obtained by improving the confinement of these w astes. The insertion 
studies conducted at the D.E.S.D. reside in this se cond opinion, which is 
encouraged by the C.N.E. (3). They aim at developin g specific 
conditioning matrices, having a very high confineme nt capacity for long-
life radionuclides, after separation. The radioelem ents a priori 
concerned by these studies, are the minor actinides  Am, Np, Cm; and very 
long-life fission products, mainly 135Cs, 99Tc, 129 I, 93Zr, 107Pd (3, 
10). Some of these products, such as iodine and nep tunium, are already, 
or could be separated by the PUREX process. 



The materials studied at the D.E.S.D. are phosphate  (or vanadate) 
matrices of apatite or monazite type (11). The apat ites form a family of 
compounds having the general formula Me10(XO4)6Y2, where Me represents a 
divalent cation, XO4 a trivalent anion, and Y a mon ovalent anion. The 
most well-known representative of this family of co mpounds is 
phosphocalcic fluorapatite Ca10(PO4)6F2. The monazi te is a lanthanide 
(Ln) phosphate: LnPO4, where Ln is mainly La and Ce . 
In general, these compounds are characterized as ha ving very low 
solubility in water, retrograde in temperature, hig h chemical and thermal 
stability, and a strong capacity for self-healing o f irradiation defects. 
In this respect, certain natural or synthetic apati tes show a quite 
remarkable, even unique, capacity to have their irr adiation defects 
annealed at a temperature as low as 100C (i.e., the  "closing" temperature 
of fission tracks) (for comparison, the "closing" t emperature is 250C for 
sphene, and 300C for zircon) (12, 13). 
These minerals, monazites in particular, formed the  subject of advanced 
studies on the conditioning of high activity wastes  and proved to be 
matrices that are particularly well adapted to the conditioning of Rare 
Earths and actinides (1, 14). Furthermore, extensiv e substitution 
possibilities exist within the apatite structure wh ich allow us to 
envisage wider usage of these materials for the con ditioning of long-life 
radioelements. 
Monazites and britholites (silicated apatites resul ting from coupled 
substitution (Ca2+,PO43-=Ln3+,SiO44-)) exist in the  form of natural 
minerals which can contain significant amounts of R are Earths and 
uranium/thorium (1, 13). The age of some of these m inerals can be 
evaluated at several millions of years. The studies  conducted at the 
natural reactor site of Oklo, Gabon showed the exis tence of silicated 
apatites that crystallized during nuclear reaction 2 billion years ago 
(15, 16). Furthermore, it can be proven that these minerals behaved, with 
respect to certain elements such as plutonium, Rare  Earths or certain 
fission halogens, as stable trapping and confinemen t structures, over 
geological time periods and in conditions of partic ularly intense 
irradiation. Thus, at present, these apatites make up the most "natural 
analogue" example of a waste conditioning material.  For a synthetic 
product formulated in an identical manner, such an established fact 
provides a serious guarantee concerning its long te rm behavior and forms 
a substantial argument in the choice of such compou nds. 
Here, we present the state of study progress on the  conditioning of 
iodine 129 and minor actinides Am and Cm. Furthermo re, the problem of 
conditioning plutonium will be briefly discussed. P lutonium is a 
recyclable material, and the best use that can be m ade of it is to 
recycle it to produce energy. However, its conditio ning could be an 
alternative allowing for more flexible management o f stocks, which could 
be created following disarmament agreements. 
Conditioning of minor actinides 
The conditioning of minor trivalent actinides, Am a nd Cm, is presently 
envisaged in silicated apatites of the same type as  those which can be 
found at Oklo (17). As with lanthanides, trivalent actinides can be 
incorporated into the apatite network, thanks to th e substitution of 
phosphates with silicates. Experiments are presentl y being conducted 
using Nd3+ or La3+, classic inactive simulating of trivalent actinides 
(11, 18). 



The introduction of silicates into phosphocalcic fl uorapatite structure 
was accomplished through a solid-solid reaction at high temperature 
(between 1,100 and 1,400C, temperature being all th e higher as the 
quantity of silicates to be incorporated is high). Synthesis is carried 
out from a mixture La2O3/CaF2/SiO2/Ca2P2O7/CaCO3, a ccording to the global 
reaction: 
x/2 La2O3 + CaF2 + 3 CaCO3 + x SiO2 + (6-x)/2 Ca2P2 O7 
     Ca10-xLax(SiO4)x(PO4)6-xF2 + 4 CO2 
with x = 1,2,3,4,5,6. 
Characterizations by X-ray diffraction and infrared  spectrometry show 
that the total substitution of phosphates with sili cates was possible and 
that a solid solution exists (pure apatite phase) b etween the poles 
Ca10(PO4)6F2 and Ca4La6(SiO4)6F2. Similar results w ere obtained from 
neodymium. Moreover, the synthesis of oxyapatite Ca 10-xLax(SiO4)x(PO4)6-
xO was equally accomplished. The tests currently be ing conducted aim at 
evaluating and quantifying the resistance to water leaching, and the 
irradiation self-healing capacity of these syntheti c materials. 
Conditioning of Plutonium 
The conditioning of plutonium presents a specific p roblem as the matrix 
envisioned must provide guarantees, not only concer ning its long term 
stability, but also concerning non proliferation. P reliminary 
incorporation tests were conducted with uranium (+I V) which 
satisfactorily simulates plutonium (+ IV). Monazite  was considered as it 
has interesting characteristics (1): 
  difficulty of recovering plutonium by chemical so lubilizing treatments, 
  possibility to incorporate actinides in large pro portions, 
  possibility to easily incorporate gadolinium to d eal with criticality 
problems. 
Uranium doped monazites were made through a humid r oute process, followed 
by calcination in a reducing atmosphere Ar/H2 5%. C harge balance was 
obtained by substitution (Ce3+,Ce3+=Ca2+,U4+), and it was established 
that a solid solution exists from CePO4 to U0.5Ca0. 5PO4 (12). The 
resistance to water leaching of these materials was  evaluated by a 
Soxhlet test (dynamic test, deionized water, 58 day s, 95C). The uranium 
release rate was in order of 0.01 g.m-2.d-1, regard less of the sample's 
uranium content. This dissolution is incongruent. 
Systematic investigations of the synthesis via humi d route were performed 
to correlate the precipitation conditions to the qu ality (morphology and 
chemical composition) of the powders obtained, as w ell as to the 
densification of the final ceramic (19, 20). These tests proved to be 
very delicate and led us to develop an original dry  route process (21). 
This is based on the use of an intermediate compoun d, lanthanum 
metaphosphate La(PO3)3, as a reaction product to sy nthesize the monazite. 
The global solid-solid reaction can be expressed: 
  for a tetravalent actinide (Ac): 
 La(PO3)3 + 3x AcO2 + 3x CaO + (1-3x) La2O3 
       3 La(1-2x)AcxCaxPO4 
  for a trivalent actinide (Ac): 
 La(PO3)3 + x Ac2O3 + (1-x) La2O3 
       3 La(1-2x/3)Ac2x/3PO4 
This synthesis is performed without a by-product, i n particular gaseous 
by-products. According to our first experimental re sults, it can 
implemented, after pressing, by reactive sintering and leads to good 
quality ceramics (95% of the theoretical density). This procedure thus 



minimizes the active steps; only 3 steps: mixing/cr ushing of reagents, 
pressing and sintering. 
Conditioning of Iodine 
The fission iodine (essentially 129I) is separated by the PUREX procedure 
in the reprocessing plant. Only a small fraction of  this species is 
trapped on a solid support, the rest being discharg ed to sea. Discharge 
to sea being presently permitted, studies concernin g iodine conditioning 
find their justification in the zero discharge obje ctive aimed by 
reprocessing plants. This conditioning procedure sh ould be able to be 
implemented downstream from a iodine trapping proce dure, studied by the 
C.E.A., which leads to a lead iodide precipitate. T his work was conducted 
from natural iodine, considering an apatite matrix (22, 23). 
The choice of the apatitic compound is dictated by steric considerations; 
in particular, the significant size of the I- ion, and by the fact that 
the iodated waste to be conditioned will very likel y be PbI2. The matrix 
chosen is vanadium-lead iodoapatite: Pb10(VO4)6I2, which can be obtained 
through solid-solid reaction (700C for 3h) in a clo sed environment: 
 3 Pb3(VO4)2 + PbI2    Pb10(VO4)6I2 
Unfortunately, this product decomposes in air start ing at 450C, according 
to the opposite of the preceding reaction, and cann ot be correctly 
densified by natural sintering. 
The technological solution which was tested and ret ained is a reactive 
sintering under pressure (24). The PbI2 pellet is p laced in the center of 
a mould containing Pb3(VO4)2 in excess. Then, the a ssembly is sintered at 
700C under 25 MPa. The product obtained is a dense matrix having good 
mechanical strength, composed of a core-formed iodo apatite, encased in 
sintered Pb3(VO4)2. These compound ceramics were ma de without iodine 
loss. The tests currently being conducted aim at op timizing the hot-
pressing procedure with respect to the mechanical s trength of the so-
obtained composites, and quantifying the resistance  to water leaching of 
the conditioning (measurement of the iodoapatite so lubility in water in 
particular). 
CONCLUSION 
The conditioning of radioactive wastes in crystalli ne matrices is a 
present-day topic at the C.E.A.. These tests are be ing conducted in the 
framework of the act dated 30 December 1991. For B (and A) wastes, the 
objectives relate to an improvement of conditioning  confinement 
properties, on the one hand, and to a reduction of the conditioned 
waste's volume, on the other hand. For separated lo ng-life radioelements, 
the objective is essentially to significantly impro ve the confinement 
properties of the final conditioning. In the first case, the approach 
developed is of the "tailored ceramics" type; in th e second case, the 
choice of the matrices is dictated by the "natural analogue" approach, 
the accent being placed on the recently obtained re sults in the study of 
minerals formed at the Oklo site. Extensive progres s has been made in 
these two fields. Along these same lines, experimen tal resources, such as 
the "Btiment Moyenne Activit" (medium activity buil ding) partly devoted 
to actinide conditioning experiments, are installed  at Cadarache, and 
modelling studies on new conditioning matrices are underway. 
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ABSTRACT 
The vitrification process is being universally cons idered the accepted 
solution for the treatment of highly radioactive ma terial in order to 
meet regulatory requirements. Also, vitrification o f low and intermediate 
level radioactive material has recently been consid ered. 



A major and most critical unit in the vitrification  process so far is the 
glass melter. The melter operates at high temperatu res of around 1150C; 
it has a large hold-up of material thus requiring l ong start-up and shut-
down times in the range of 3-4 weeks; it releases v olatile radioactive 
gases and the homogeneity of the glass it produces is sometimes 
questionable. The melter has to be replaced every t wo-three years on the 
average which is a disturbance to the process as we ll as being costly. 
In this paper an alternative unit to the glass melt er, i.e. the extruder-
melter is proposed. This unit is a modified plastic ating extruder that 
would produce a complete mixing, melting and homoge nization process, and 
would eliminate most of the inconveniences mentione d above with the glass 
melter as well as would reduce the cost of investme nt and operation. 
Based on the inherent properties of the extruder-me lter such operating 
conditions as the temperature of the melt, the hold -up of material in the 
unit, the start-up and shut-down times and the vola tiles released by the 
melt could be significantly reduced. Also, the prod uct would be 
homogeneous due to good mixing of the melt in the e xtruder-melter. This 
application would require the development of an ext ruder-melter that 
would operate at high temperatures needed for the v itrification process, 
but would be lower than those used in a glass melte r. Three extruder-
melters could be operated in tandem so that particu late mixing and 
evaporation could occur in the first extruder, nitr ogen oxide could be 
released in the second extruder and the glass could  be formed in the 
third extruder. Twin-screw extruders, tapered extru ders and other 
commercially available extruders should be evaluate d for the proposed 
process. 
The extruder-melter process could be tested first b y using a model 
compound in the range of temperatures that existing  extruders can handle. 
At a later stage, when an extruder-melter at high t emperature operation 
is developed, experiments could be made with non-ra dioactive compounds in 
order to test the applicability of the unit to the real vitrification 
process. 
 Model compounds could also be used to determine th e applicability of the 
extruder-melter for the elimination of water and ni trogen oxide from the 
aqueous slurries and the nitrates before real syste ms are tested. A 
reduction of the volatile Cesium oxide is expected due to both lower 
operating temperatures for the melt and the higher pressure that can be 
developed by the extruder-melter. 
INTRODUCTION 
During this last decade, the problem of high level nuclear waste has 
received much attention and a number of plants are being constructed or 
considered for construction for processing the high  level nuclear waste 
materials. The immobilization method pursued by the  DOE for nuclear waste 
from Defense Sites is the vitrification process. Th e radioactive elements 
present in the nuclear waste are dissolved or dispe rsed in a practically 
unleachable borosilicate glass, which in turn is en capsulated in 
stainless steel canisters and stored in repositorie s. This basic process 
is being considered for all US Defense nuclear wast e treatment plants, 
even though the waste compositions are not the same  in each plant. Also, 
other countries are using or considering using this  means of treatment of 
their high-level nuclear wastes. Vitrification plan ts in the United 
States include two which have been built, and other s which are in the 
design or construction stage. The first plant is th e West Valley 
Demonstration Plant (WVDP) at the Western New York Nuclear Service Center 



at West Valley, New York which has operated for fiv e years at the high 
temperature needed to produce the glass. The Defens e Waste Processing 
Facility (DWPF) has been constructed at the DOE Sav annah River Plant at 
Aiken, South Carolina. Cold startup was scheduled t o begin at the end of 
1991 (Weisman et al., 1988). Conceptual designs hav e been made for the 
Hanford Waste Vitrification Plant (HWVP) at Hanford , Washington. 
Operation is not expected until the end of this cen tury (23). 
France has been leading the world in full industria l scale utilization of 
vitrification technology. They completed their seco nd plant which began 
operation in 1990. The melters are designed to oper ate 2000 hrs with a 
replacement time of 48 hours. (Maillet and Sombret 1988 and Jouan et al. 
1995). The British built a plant of the French desi gn with two lines and 
started operation in 1990. (Eldsen and Woodal 1988) . Germany, Japan, and 
Italy followed the same approach for the vitrificat ion process (Tsuboya 
and Tsumoba 1988 and 13). The concept of incorporat ing a mechanical 
stirrer in the glass melter is being developed (3).  Thus, the 
vitrification process is considered today as the so lution to the nuclear 
waste material problem and shall probably be the ac cepted process for the 
foreseeable future. In fact the vitrification proce ss may also become the 
preferred option for treating lower levels of nucle ar waste and even 
other types of hazardous waste (3).  
For the vitrification processes considered by the v arious plants, an 
extruder-melter could be utilized instead of the gl ass melter, which has 
the potential of making significant improvements ov er the glass melter in 
the areas of operating temperatures, material hold- up, mixing, start-
up/shut-down times and economics. 
TECHNOLOGICAL BACKGROUND 
Vitrification in the U.S.A. 
Several plants for vitrification of high level nucl ear waste are being 
tested, constructed, or in the development stage in  the USA as mentioned 
before. Also, a pilot scale radioactive liquid-fed ceramic melter (RLFCM) 
was operated by Pacific Northwest Laboratory (PNL).  The Defense Waste 
Processing Facility (DWPF) at the Savannah River Pl ant was considered as 
a prototype plant for testing the process and equip ment. This plant was 
used for testing under the Integrated Cold Run Prog ram, before using 
radioactive material, including the testing of mixi ng conditions in the 
melter (Gentilucci 1989). The West Valley Demonstra tion Project (WVDP) is 
using a process similar to the DWPF for the vitrifi cation of the 
commercial nuclear waste stored at the Western New York Nuclear Service 
Center (WNYNSC) (7,8). Although the waste compositi on is different the 
principle for vitrification is the same. However, s pecial tests had to be 
made for the determination of the proper waste comp osition in each case 
and the characterization of the glass produced (Fen g et al. 1988). 
Details on the facility and the demonstration proje ct are described (6). 
The Hanford Waste Vitrification Plant (HWVP) took a dvantage of the 
knowledge and experience gained from the DWPF and t he WVDP. Experience 
from German and Japanese projects were also incorpo rated (23). The Idaho 
Chemical Processing Plant (ICPP) for high-level rad ioactive waste, 
located at the Idaho National Engineering Laborator y (INEL) in Idaho 
Falls, is developing an alternative process to the current glass melter. 
A waste immobilization plant is being considered fo r the waste disposal 
sometime in the year 2011. The new technology that INEL is developing is 
the Hot Isostatic Press (HIP) where calcinated wast e used for feeding an 
isostatic compactor along with the glass frit (12).  



For the vitrification project, the Department of En ergy has sponsored the 
construction and operation of a pilot-scale radioac tive liquid-fed 
ceramic melter operated by Pacific Northwest Labora tory (PNL) at the 
Radiochemical engineering facility at Hanford (4). This plant served as a 
pilot plant for the various vitrification plants un der construction in 
the U.S.A. and Germany and has the major components  considered by DWPF, 
WVDP and HWVP, such as a liquid-fed ceramic melter and a canister 
turntable. Various radioactive compositions of feed  were used for the 
production of the borosilicate waste glass. The ope ration was terminated 
in 1987 (10). 
Vitrification In Other Countries 
The vitrification process for treatment of high lev el waste has been 
applied or is being considered in many other countr ies in the world as 
well, among them France, England, Germany, Japan an d Italy (13,16). These 
developments are documented elsewhere and are not r eviewed here. 
Nuclear Wastes, Frit and Waste Glass Compositions 
Nuclear wastes vary in their compositions and there fore different glass 
frit compositions are necessary in order to obtain the desired waste 
glass compositions. The variations in the frit and nuclear waste 
compositions affect the waste glass properties such  as viscosities, 
densities, leachability, etc. In the glass making p rocess the temperature 
is determined by the viscosity necessary for produc ing the proper mixing 
to achieve satisfactory homogeneity. In the joule-h eated melter the 
temperatures are high at around 1150C. We believe t hat the extruder 
melter can handle materials of much higher viscosit ies and that lower 
operational temperatures, in the range of 900C, can  be anticipated. Times 
required for the chemical reactions forming good gl ass are much smaller 
than the residence times that are obtained in prese nt melter designs (2). 
In fact, most of the local homogenization occurs at  the temperature of 
850C which confirms that the  
temperature in the melter of 1150C is needed more f or the mixing by 
convective flow than for the glassification process . 
The Glass Melter 
The melter operates at a high temperature of about 1,150C and has a large 
material hold-up. Because of the harsh conditions i n the glass melter, 
this unit must be remotely replaced about every two  to three years. Due 
to the high inventory (hold-up) in the melter and t he very high 
temperatures, the start-up time is very long, norma lly in the range of 3-
4 weeks. The mixing in the melter is obtained by th ermal convection (no 
internal mixers), thus the homogeneity of the produ ct is questionable. 
The main reason for the high temperatures prevailin g in the glass melter 
is the need for lower viscosities to promote good c onvection flow. These 
high temperatures are the cause for a higher rate o f evaporation of Cs2O, 
which strongly contaminates the off-gas system of t he glass melter. 
Recently the idea of introducing a mechanical mixer  that would produce a 
better quality glass, a higher production rate and lower temperatures in 
the melter of only 1050C was reported by Bickford e t al. (3). Some of the 
problems encountered with large melters were given by Parsons (17). 
FUNDAMENTALS OF EXTRUDER-GLASS MELTER 
Extruder Characteristics 
Extruders are remarkable machines. They are rugged in construction and 
reliable in performance. Single screw extruders are  not positive-
displacement pumps but instead have open, tapered c hannels. Their ability 
to generate high outlet pressures is due to drag fl ow, and is mainly 



dependent upon screw geometry and the viscosity of the slurry being 
pumped. 
The single screw extruder can be designed for multi ple functions, such as 
melting, mixing, grinding, and high-pressure pumpin g. It can still 
maintain near-plug flow and low residence time (low  volume in process) 
while accomplishing the above functions. 
A short description of the extruder characteristics  and its applicability 
to the proposed project is in order. The extruder h as the capability to 
pump very viscous materials and at the same time he at the material to the 
desired temperatures. The higher the viscosity, the  more viscous 
dissipation is obtained through internal heating ca used by the mechanical 
friction. Additional heat is added through the wall  of the extruder 
barrel. An extruder schematic is shown in Fig. 1.  
The classical use for the extruder is in polymer ex trusion. The 
University of Arizona has used extruders extensivel y over the past 30 
years not only for plastics but also in a biomass l iquefaction plant, 
where highly concentrated cellulosic slurries were pumped into a reactor 
operating at 3,000 psi and around 400C (White et al ., 1989). The near-
plug flow condition in the extruder and its good mi xing capabilities have 
already been determined analytically and experiment ally (18,21). The 
recirculation flow and the high shear between the f lights and the barrel 
which are tightly fitted are the main factors in th e good mixing 
occurring in the extruder and for the homogeneous p roduct obtained. Also, 
the channel depths in the mixing section are small,  usually less than one 
inch, which also assists in developing high shear r ates for good mixing. 
The start-ups and shut downs are very simple and ea sy and it is also easy 
to exchange the small amount of hold-up with inert material wherever 
necessary. 
Fig. 1 
Basic Plasticating Extruder Concept 
An extruder consists of a helical screw that convey s material through a 
barrel and towards a die. The depth of the screw ch annel decreases from 
the feed section to the mixing section to compress the material. Details 
on extrusion theory and extruder performance can be  found elsewhere. 
(14,18). Solid materials in the form of powders, pe llets, flakes, beads, 
granular regrind, and highly-concentrated liquids o r slurries may be fed 
to the extruder. The material is subjected to the n ecessary heating or 
cooling and develops sufficient pressure to force t he viscous material 
through the die at the desired flow rate. 
The helical geometry of the screw results in a "plu g of solids" moving 
down the channel, and the flow pattern is composed of axial and 
tangential components which can be expressed as a f orce balance and as a 
torque balance, respectively. It is the fact that t he torque balance must 
be satisfied that the screw of the extruder is an e fficient conveyor of 
solids. It has also been proven by Wolf and White ( 21) that near-plug 
flow exists in solid screw conveying units. 
Plasticating Extruder Operating Correlations 
The basic equation found in the literature for calc ulating the net flow 
rate is as follows: 
Eq. 1 
Where: Q = net flow rate, Qd = drag flow rate, Qp =  pressure flow rate, 
Q1 = leakage flow rate, N = rotational speed of scr ew,  
DP = P2 - P1 = pressure drop, m = viscosity of melt , A = constant,  
B = constant, C = constant. 



The transverse flow is not included in Eq. (1) sinc e it does not 
contribute to the net flow output. For the very sma ll flight clearances 
between the barrel and screw that normally exist in  extruders or even for 
higher clearances developed due to wear and for the  very high viscosities 
that we deal with in extrusion, leakage flow over t he flights can be 
neglected in Eq. (1), (22). 
The more fundamental equation for the melting secti on that neglects 
leakage flow and flight width but takes into accoun t various screw 
parameters and operational conditions is: 
Eq. 2 
Where: Vbz = pDNcosq, W = Dcosq, DZ = L/sinq, L = / n,  = length of screw, 
M = number of flights, D = barrel diameter, H = dep th of channel, q = 
helix angle, Fd = drag coefficient, Fp = pressure c oefficient. 
To obtain the pressure flow term in Eq. (2) it is n ecessary to know the 
pressure drop across the metering section and the v iscosity of the melt. 
The viscosity is a function of both shear rate and temperature and it 
must, therefore, be determined for each experimenta l condition 
separately. For the extruder, the shear rate  is ob tained from: 
Eq. 3 
From the shear stress versus shear rate plots for s everal temperatures, 
the apparent viscosities are calculated and plotted  versus shear rate for 
constant temperature or versus temperature for a se ries of thermoplastic 
materials that has been compiled. 
The Proposed Vitrification Process 
The proposed process and operation for high level n uclear waste 
vitrification would use an extruder-melter instead of the glass melter. 
An extruder 4-5 ft. long and with a screw diameter of about 2.5 inches is 
already considered a commercial unit. The hold-up o f such an extruder 
would be around one liter. One could consider sever al extruders in tandem 
or a single long extruder with several sections. 
The input to the first stage could be a sludge or a  very concentrated 
solution of the high level radioactive waste and th e other components for 
the glass. This unit would operate at a temperature  of above 100C, thus 
causing the water and other volatile compounds to e vaporate. Another 
stage would operate at temperatures of above 500C a nd could be used for 
the decomposition of nitrates, carbonates and other  decomposable 
materials. The separation of the water vapor from t he other gases would 
reduce corrosion problems. Yet another stage would operate at about 900C 
for the final stage of glassification. The correct temperature range will 
be determined so as to achieve pumpability and good  mixing of the glass 
in the extruder-melter. The important point is that  an extruder can pump 
slurries and achieve good mixing at much higher vis cosities (and hence 
lower temperatures) than other mixing devices. An e xtruder canalso 
develop high pressures as needed for the pumping of  the glass into the 
canisters reducing Cs2O evaporation and reducing th e release of other 
gases that may be formed from the system. 
The potential advantages of this extruder-melter vi trification method of 
particular interest are: 
1. The low holdup or high throughput:  
 a. Reduces the size of the glass-melter. 
 b. The start-up and shut-down times are short due to the low hold-up of 
the extruder-melter. 
 c. The low material hold-up of the extruder-melter  would simplify 
disposal problems in the event of a failure. 



2. The operating temperature for the glass formatio n would be lower since 
there is mechanical mixing in the extruder-melter a nd higher viscosities 
could be permissible, unlike in the Joule-heated gl ass melter, where high 
temperatures are needed to enhance mixing by melt c onvection. These lower 
temperatures are beneficial from the corrosion and the energy points of 
view and for reducing the vapor pressure of volatil es. 
3. The high pressure in the extruder-melter would r educe the evaporation 
of the Cs2O and keep it in the melt. Also, a recycl e line is envisaged 
between the outlet of the extruder-melter and the l ower pressure inlet of 
the feed material, thus eliminating the possibility  of escape of Cs2O. 
4. Less corrosive gases will be produced since H2O,  and NO2, will be 
drawn off separately. 
5. Due to the plug flow characteristics of the extr uder-melter and the 
good mixing due to high shear, recirculation flow a nd leakage flow 
between flights of the screw, the product will be w ell mixed and 
homogeneous. 
6. No problems related to idling would exist in thi s type of unit 
operation. In fact a starved extruder-melter would be essentially empty 
of material. Thus, no problem of refractory metal p articles or noble 
metal precipitates which accumulate in the conventi onal melter would 
exist in an extruder-melter (1). 
7. The costs of investment and maintenance should b e significantly lower. 
8. The decontamination process will be simpler due to the small hold-up 
of the unit operation and its plug flow characteris tics that would enable 
simple flash out of the system by non-radioactive m aterial. In fact, with 
a starved extruder the hold-up is practically zero.  
Details on the Model Glass 
In order to test the ideas presented in this paper for the vitrification 
of high-level nuclear waste by the extruder-melter type process, one 
could use boric acid (H3BO3) as a model glass. This  compound has 
viscosities similar to that of glass compositions b ut at lower 
temperatures and therefore can simulate all three s tages needed in the 
real vitrification process namely dehydration (evap oration, drying), 
decomposition (calcination), melting, and off-gas t reatment. This 
compound decomposes in two steps: 
1. H3BO3 ---> HBO2 + H2O (at 190C) (12) 
2. 2HBO2 ---> B203 + H2O (240C) (13) 
The viscosity of the B203 depends on the temperatur e as given in the 
following table (15,19): 
Table I 
A sludge of H3BO3 as feed in the first step at temp eratures above 100C, 
could be used to simulate the evaporation of water.  Then, obtain the 
second step at temperatures of above 190C that woul d involve the 
decomposition of the boric acid to boron oxide and then produce glass 
with the following viscosities: 108.6 Poise at 350C ; 107 Poise at 400C; 
106 Poise at 420C. These viscosities are in the ran ge of the viscosities 
of the borosilicate glass in the range of 550C-700C . In this simulation 
process we would expel gases in the form of H2O vap or in the first two 
steps of evaporation and decomposition, similar to expelling H2O and NO2 
in the real vitrification process. 
Materials of Construction for Extruder-Melters 
Extruders to be considered for use in vitrification  must be operating at 
high temperatures. Such extruders would need specia l metals to 
accommodate the strength and corrosion resistance n eeded at these high 



temperatures. However, with the advancement in the development of special 
alloys for gas turbines, it is practical to select metal alloys which 
could provide the strength, corrosion resistance an d thermal expansion 
limits required. Metals of the molybdenum alloy cla ss could be one 
appropriate choice for this purpose. Also Inconel 6 90 is used at very 
high temperatures and could possibly be a candidate  for the construction 
of the extruder-melter. 
CONCLUSIONS 
The scope of this paper was to present the concept of applying an 
extruder-melter for the high level nuclear waste vi trification process 
which could replace the presently used glass melter . Experimental work 
suggested in order to prove this concept would firs t include the 
vitrification of a model compound suitable to be op erated at low 
temperatures in the 500C range. The low temperature  operation would 
enable the use of presently available plasticating extruders. The test 
would prove the operability of the extruder melter in the three major 
steps involved, i.e. a) evaporation, b) decompositi on, and  melting. The 
next stage would be the development of an extruder- melter that is able to 
operate at around 900C. After such an extruder-melt er is developed, non-
radioactive elements that would simulate the real n uclear waste should be 
tested in the 900C range. Operability and homogenei ty should be 
established. When this experimental work is success fully completed the 
proof of concept is achieved. For optimal design of  the extruder-melter, 
theoretical analysis should be made in parallel to the experimental work. 
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Because of the issues related to disposal cost, lon g-term safety, 
environmental regulations, and public perceptions o f risk from disposal, 
new treatment technologies are needed for processin g of radioactive, 
hazardous, and mixed wastes. In this paper, three s uch technologies are 
briefly reviewed. These technologies are being appl ied at the waste 
processing facility of Scientific Ecology Group Inc ., located in Oak 
Ridge, TN. The Quantum-CEP, a proprietary technolog y of Molten Metal 
Technologies Inc., is an innovative technology that  will permit the 
effective processing of higher activity wastes such  as the resins from 
nuclear power plants. 
DRIVERS FOR NEW TECHNOLOGIES 
New technologies are needed for processing of radio active and hazardous 
wastes because of a number of factors. The primary drivers include: 
 1. Escalating disposal cost; 
 2. More stringent regulations and the need for env ironmentally stable 
waste forms; 
 3. Difficulties in dealing with mixed waste; and 
 4. Public perception of risk. 
 The uncertainty of access to a disposal site is a major concern of the 
generators of radioactive, hazardous, and mixed was tes. The Barnwell 
disposal facility that accepted most of the country 's commercial low 
level radioactive waste closed to generators outsid e their compact in 
January 1995. Even though, the facility started acc epting waste again in 
mid-1995, the uncertainty of access to a disposal s ite became very clear 
to many nuclear utilities. The state compacts that are responsible for 
developing low level radioactive waste disposal fac ilities are not making 
sufficient progress. After 15 years, most programs are stalled by 
cumbersome siting issues and public opposition to t he development of new 
disposal facilities. No new disposal sites are expe cted to open any time 
soon, and it is now evident that disposal facility development is more 
complex, time-consuming, and controversial than ori ginally anticipated. 
The disposal of high level radioactive waste and sp ent nuclear fuel 
awaits the opening of a federal facility at Yucca M ountain in Nevada, 
which may be two or more decades away. In the meant ime, the spent fuel 
sits in wet or dry storage and high level waste is stored at Department 
of Energy's (DOE) tank storage facilities at Hanfor d and Savannah River 
sites. 
The U.S. nuclear power industry, with 112 operating  reactors, generates 
about half of the low level radioactive waste (LLW)  shipped to commercial 
disposal sites and faces uncertain access to waste disposal sites and 
escalating waste management costs. The other small producers of LLW - 
industries, government (except the defense related research and 
production waste), academic and medical institution s that account for the 
remaining half of the commercial LLW - face the sam e storage, disposal 
and cost uncertainties. The disposal cost for LLW h as escalated from 
approximately $5/ft3 in 1980 to over $300/ft3 today . Even the federal 
government (primarily DOE and DoD), which is by far  the largest generator 
of radioactive and mixed wastes, faces new challeng es in the areas of 
waste minimization, volume reduction, and waste sta bilization. In a cost 
analysis report (1), Argonne National Laboratory ha s estimated that 
disposal costs for low level waste could range as h igh as $2,000/ft3 (all 
figures in 1994 dollars) depending on the disposal method. For hazardous 
waste the costs are specific to the contaminant. Fo r example, for PCB's 
the costs can range from $950 to over $1,700/ton of  incinerated PCB's in 



a landfill operation. The mixed waste disposal cost  can range to above 
$600/ ft3 .  
For nuclear utilities, the disposal cost has become  the primary driver 
for waste minimization and application of volume re duction technologies. 
During the last ten years, the volume of commercial  LLW disposed of has 
decreased by two-thirds. In 1984, the total volume of waste disposed of 
was approximately 2,600,000 ft3 ; by 1993 it had de clined to 790,000 ft3. 
However, the total activity of the waste disposed h as tended to increase 
during that same period. The higher activity may be  attributable to the 
increased age of several nuclear power plants and t he need to replace 
equipment and components that have high activity le vels.  
The human health and safety criteria and the enviro nmental protection 
standards have become more stringent. For radiation  protection, the DOE 
uses a whole body dose of 100 mrem/y for the protec tion of an individual 
member of the public. Nuclear Regulatory Commission 's 10 CFR 61 standard 
for the land disposal of low level radioactive wast e uses a whole body 
dose criterion of 25 mrem/y. The Environmental Prot ection Agency's 10 CFR 
191 specifies a criterion of 25 mrem/y whole body d ose but it also 
specifies a groundwater protection criterion (from disposal activities) 
of 4 mrem/y. The MCL's specified for various hazard ous contaminants are 
also stringent.  
For mixed wastes, the regulatory issues have not be en fully resolved and 
no facility in the country accepts mixed waste exce pt the Envirocare site 
in Utah which currently accepts only certain types of mixed wastes where 
radioactivity is in the form of NORM or NARM materi als. 
The public apprehension about the risks of radioact ive and hazardous 
wastes has meant longer and contentious siting proc esses for disposal 
facilities. 
Above factors have led to a realization of the fact  that treatment of 
wastes is a necessity for producers of radioactive and hazardous wastes. 
Above factors have also meant that innovative techn ologies for treatment 
of wastes are needed to save disposal costs and to produce 
environmentally stable waste forms that reduce the risks to human health 
and safety.  
MAJOR ISSUES FOR THE UTILITIES 
In a limited recent study, we looked at the waste t reatment and 
management experiences at some representative utili ties. These facilities 
included Duke Power Company's McGuire Plant, Boston  Edison's Pilgrim 
Station, and Northern States Power's Monticello and  Prairie Island 
Plants. The practices at these sites are generally representative of the 
nuclear utility industry. Most utilities do not fin d it cost-effective to 
invest in or operate major waste treatment systems for volume reduction 
or conditioning. Generally, utilities put more emph asis on waste source 
reduction through worker training, clean housekeepi ng, regular 
maintenance of active systems, and effective waste segregation. They may 
use limited waste processing on-site but for most p art they use the 
services of contractors such as the Scientific Ecol ogy Group Inc., (SEG) 
to volume reduce or condition their waste. The SEG has become the largest 
commercial waste treatment company in the country. 
It has become clear that new methods are needed to process radiologically 
contaminated materials like resins, sludges, cartri dge filters and EDTA 
solutions from nuclear power plants, and biological  waste from hospitals 
and research establishments. Processing technologie s such as dewatering 
and solidification do not volume reduce the resins and filters and do not 



produce a waste form that can be safely stored for long period of time. 
Similarly, while incineration can reduce waste volu mes significantly, the 
facilities employing incinerators were designed to handle activity <200 
mR/h. The medium activity resins (1-10 R/h) can not  be handled in such 
facilities. Resins are the second largest waste str eam generated at 
nuclear power plants after the Dry Active Waste (DA W). 
TECHNOLOGY DESCRIPTIONS 
At the SEG facilities located in Oak Ridge,TN, a nu mber of volume 
reduction technologies are being employed. For inst ance, the SEG 
ultracompactor has a force of ten million pounds an d delivers the highest 
volume reduction factors possible for compactable w aste even though the 
spring back characteristics of the waste will affec t the ultimate volume 
reduction. In the past three years, SEG has identif ied three new 
technologies that will augment the existing technol ogies at its Central 
Volume Reduction Facility (CVRF) in Oak Ridge, TN. These new technologies 
are: Vitrification, Steam Reforming, and Quantum Ca talytic Extraction 
Processing (Quantum- CEP). Most of the low level or ganic waste will 
continue to be processed via incineration. One of t he three new 
technologies will be selectively applied to medium activity organic 
wastes or to the wastes that can not be incinerated . The targeted uses 
for these technologies are described below. 
     Vitrification: low level incinerator ash, glas s, soil. 
Steam Reforming:  moderate activity waste, cartridg e filters, 
 sewage/sump sludges, EDTA/Decon solutions, 
 hazardous waste, biological waste, paint/solvents,  
 charcoal filters. 
  Quantum C.E.P.  high activity waste, bead resins,  powdered resins 
A description of the new technologies and their app lication at the SEG 
facilities (2), along with a description of the inc ineration technology 
(because it is still one of the widely applicable t echnologies), follows. 
Incineration 
Incineration is the most economical and efficient t echnology for 
processing most of the low level organic materials like paper, plastic, 
wood, and rubber. It is also the most developed tec hnology for a variety 
of uses and the designs on the market include: agit ated hearth, 
controlled air, excess air cyclone, fluidized bed, rotary kiln and 
slagging pyrolysis, among others. Incineration prov ides a very high 
volume reduction, generally of the order of 100 : 1 .  
The first commercial incinerator for low level radi oactive waste in the 
United States began operation in November 1989 at S EG facilities in Oak 
Ridge, TN. The system operates at temperatures up t o 2,200oF which 
assures complete combustion of volatile materials. The incineration 
capacity of the system is 1,600 lbs/h. The emission  control equipment 
consists of carefully chosen technologies consistin g of a heat recovery 
boiler for off gas temperature control, a baghouse filter and a dual HEPA 
bank for particulate control, a wet scrubber for ac id gas removal, and an 
exhaust reheat system for stack plume suppression. A second incinerator 
has been added at the CVRF in 1995. The combined in cineration capacity at 
the CVRF is now approximately 14 million lbs per ye ar. 
Vitrification 
As a subsidiary of Westinghouse, the SEG resources include the extensive 
experience of Westinghouse Nuclear Technology Group  over the past 10 
years. Vitrification experience includes design, fa brication, and 
operation of several different vitrification system s owned by SEG and for 



other clients in U.S.A. and Japan. Vitrification sy stems are expensive to 
operate but they are well suited for processing of some organic wastes 
that are difficult to process. Contaminated soils a nd incinerator ash are 
prime candidate waste forms for vitrification. Sinc e some generators are 
uncertain as to their ability to dispose of the inc inerator ash, 
vitrification provides them the means to stabilize their waste into a 
final form that will be acceptable to all future di sposal site operators.  
A 150 lb/h electric resistance heated vitrification  system was installed 
at the CVRF in late 1994. This system is operationa l and is capable of 
vitrifying all the incinerator ash that results fro m the two large 
incinerators at the CVRF. Thus, the capacity for vi trification of 14 
million lbs of DAW per year is in place at the faci lity. Sequential 
application of technologies - incineration followed  by vitrification, 
makes it cost-effective for the processing of low l evel radioactive 
waste. 
Steam Reforming 
Steam Reforming is often called "Steam Detoxificati on" as it detoxifies 
or renders pathological or hazardous materials nonh azardous. Steam 
Reforming is a new thermal process where organic ma terials are 
decomposed. The process was originally intended for  pathological wastes 
and hazardous wastes. A Steam Reforming system is g enerally a small 
closed loop system which produces a final waste for m similar to 
incinerator ash. However, the processing methodolog y used is very 
different and the system is not classified by EPA a s an incinerator. 
Unlike incinerators, Steam Reforming systems do not  employ combustion in 
an oxygen atmosphere. Instead, the system employs s team reforming 
chemistry (at 600-2500oF), which volatilizes and re forms organics into 
CO, H2, CO2, H2O, and CH4. 
Waste is charged into the system in a variety of wa ys, depending on the 
waste form. The aromatic organic wastes can be load ed into the system by 
loading the waste drum into the system autoclave, t he Drum Feed 
Evaporator (DFE) unit. Higher throughput efficiency  can be obtained when 
solvent or liquid organics deposited on solid mater ials are shredded and 
fed into the Waste Feed Evaporator (WFE). Liquid wa stes can be flash 
atomized into the reaction vessel, which is general ly a steel drum, 
inside the autoclave. Small containers, such as pai nt cans can simply be 
opened and placed on special rack inserts in the au toclave. 
On startup, syngas and excess steam are injected in to the evaporator to 
vaporize organic constituents which exhaust to a de toxification reactor 
in the main processing unit. At this location, the waste is mixed with 
excess steam and electrically heated to high temper ature to complete the 
organic molecule destruction. The high temperature reforms the molecules 
into CO, H2, CO2, and H2O. This syngas then flows t hrough a regenerative 
closed loop where various parameters of destruction  efficiency are also 
monitored. The loop also contains a regenerative he at exchange train to 
allow cooling of the gas before it enters an absorb er for halogen 
removal. After it exits the absorber, the gas is re heated and it is 
either recycled to the WFE or slipstream discharged  to the off gas 
system. The discharge removes excess gas (water vap or and CO) and the 
radioactive gaseous and particulate activity throug h the HEPA filters. It 
is also possible to employ an optional catalytic co nverter upstream of 
the HEPA filters to oxidize CO to CO2. 
The high temperature exothermic reaction destroys t he hazardous and 
pathological wastes. Organic material is reduced to  a small volume of ash 



which is retained in the drum used to charge the wa ste into the system. 
This drum can later be supercompacted. Typical volu me reduction as high 
as 100 : 1 can be obtained for some organic materia ls. 
The closed loop system releases only water vapor an d CO2; hence off gas 
treatment is generally not required for most type o f organic wastes. 
Radioactive particles are collected in the HEPA fil ters. The Steam 
Detoxifier, the main processing unit, incorporates a high temperature 
reactor, heat exchanger, steam boiler, adsorber bed , HEPA filters, 
computerized process controller and extensive self monitoring equipment. 
System size is small, generally requiring less than  1000 ft3 of operating 
space. The remote operation and shielding of the sy stem can be easily 
accommodated, thus permitting operation with higher  activity waste. Since 
waste can be charged into the system in a closed dr um and removed from 
the system after processing, still inside the close d drum, airborne 
contamination risks are minimized.  
The SEG has a process which is licensed from the pa tent holder of the 
technology, Synthetica Technologies, Inc., of Richm ond, CA. An extensive 
proof-of-concept testing on a variety of organic ma terials was conducted 
over the past year. The Synthetica Steam Detoxifier  was found to be very 
effective in volume reducing many types of organic wastes including 
cartridge filters, sludges, EDTA solutions, paints and solvents, and 
other aqueous waste. It was also very effective in regenerating charcoal 
for reuse. Two steam reforming units are currently in place at the CVRF. 
Quantum Catalytic Extraction Processing  
Catalytic Extraction Processing (CEP) technology em ploys a bath of molten 
metal to render waste to its smallest elemental for m. The process was 
developed (and patented) by Molten Metal Technologi es Inc., (MMT) of 
Waltham, MA. Over 250 million dollars have been spe nt in the testing and 
refinement of this technology over the past five ye ars to bring it to 
commercial markets. Even though it was originally i ntended for 
processing/destruction of hazardous and toxic waste s, it has emerged as 
an innovative technology of high potential for the processing of all 
types of wastes including radioactive and mixed was tes.  
In 1993, a bench-scale test system was jointly cons tructed at CVRF by SEG 
and MMT. The purpose was to investigate the effecti veness of this new 
technology in processing radioactive waste, mixed w aste, and 
specifically, the high activity organic resins. The  test results led to a 
conclusion that a variation of the CEP, which incor porated radionuclide 
partitioning was the best choice for processing hig h activity organic 
resins. This new technique for processing radioacti ve materials is called 
Quantum-CEP.  
Quantum-CEP molten metal bath operates at temperatu res greater than 
3,000oF. This allows significantly higher energy tr ansfer to the waste 
material than the other thermal processing techniqu es such as 
incineration or vitrification. The process is coupl ed to a Catalytic 
Processing Unit (CPU) to destroy organic components  of resins and control 
the partitioning of metallic ions (radionuclides) a nd chemical elements 
into three separate phases - gas, ceramic matrix, m etal. This process 
effectively controls the deposition of many radionu clides, such as Cs-
137, and chemical elements such as sulphur into pre ferred locations. 
The resins are dried and injected into the CPU's mo lten metal bath which 
is contained in a disposable ceramic lined crucible . The metal bath, 1-2 
ft3 in size, and operating at 3,500oF, instantly va porizes organic resin 
and amalgams all metallic ions captured on resin in to the molten metal.  



The destruction process permits very high volume re ductions of the 
complex organic materials placed in the molten meta l bath as most of the 
material is converted into CO, H2, CO2, and H2O. Fo r resins, volume 
reduction of 30:1 may be feasible, which is much hi gher than that 
obtained by the vitrification process. Quantum-CEP also produces a solid 
metal waste form which has superior strength and sh ielding 
characteristics as compared to the glass waste form  produced by 
vitrification. 
A 15 million dollar joint-venture (SEG and MMT) Qua ntum-CEP facility, 
designed to process 80,000 ft3 of resins each year is nearing operational 
stage in Oak Ridge, TN. This shielded facility will  be able to process 
resins up to 10 R/h. These high activity resins are  transported in High 
Integrity containers (HICs). Because of the high do se rate, all resin 
transfers and waste processing must be performed vi a remote handling 
equipment. 
CONCLUSIONS 
Three innovative technologies discussed in this pap er can provide cost 
effective waste processing techniques for radioacti ve, hazardous, and 
mixed wastes. All three are commercially viable and  available for 
application. For medium activity wastes, such as th e resins from nuclear 
power plants, Quantum-CEP technology can provide a cost-effective 
processing technique, while also producing an envir onmentally stable 
final waste form. It is expected that it will permi t processing and 
disposal of the resins at a cost significantly less  than the current 
Barnwell disposal charges of $500/ft3 for medium ac tivity wastes.  
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How many of you have been a part of the nuclear com munity for ten years?, 
20? 30? 40? 50? Longer? I started in the West Stand s at the University of 
Chicago 52 years ago this past January. Let's jump back to the birthing 
of the nuclear age begining with the first controll ed nuclear chain 
reaction in December 1942. This was just 13 months prior to my 
introduction to the project. 
December 1942 - the first controlled chain reaction , power in milliwatts 
- graphite moderated, no cooling. It became known a s CP 1, Critical Pile 
1. Security concerns were extreme:  
An example: Fermi and the other nuclear scientists knew that only 
graphite and heavy water were sufficiently efficien t as neutron 
moderators to permit a chain reaction with natural uranium. The best 
graphite we could buy absorbed too many neutrons. W e couldn't tell the 
vendor what the contaminants were, just that greate r purity was required. 
Even though the scientists did know the offending e lements, they couldn't 



tell the vendor because it could reveal that there were concerns about 
neutron absorbers, which in turn could mean we were  working with 
something nuclear.  
From the auspicious beginning of that first pile, t hese milestones, the 
foundation of the nuclear age was formed in only 30  months. 
  Development of nuclear reactor theory - including  the four factor 
formula. 
  The scientists measured critical nuclear paramete rs - rumor had it that 
the Germans had made a serious error in measuring t he diffusion length of 
neutrons in graphite. If this were true, it could h ave led them down the 
wrong path. 
  Critical Pile 1 (CP 1) was designed and built. Da ta were collected in 
order to  
  Design and build the Oak Ridge gas cooled graphit e moderated reactor. 
This reactor was operated to make plutonium in gram  quantities.  
The plutonium was used to develop the chemical proc ess to separate, 
purify and reduce plutonium.  
Metallic plutonium was made so we could measure its  chemical and physical 
properties. When our measurements couldn't be confi rmed we would submit 
that plutonium was such a new element it hadn't set tled its properties. 
  With the data from the operating reactors, Dupont  engineers designed 
and built the Hanford reactor systems. These were c hemical and mechanical 
engineers with no nuclear background or experience.  Obviously, no one had 
any nuclear experience we had to learn as we went. We enjoyed great 
communication between the engineers and the scienti sts. My first 
discussion of my work was to an audience of about t hirty which included 
three Nobel Laurets,  
  you guys today are a pushover. 
 The Hanford reactors generated a million kilowatts  each with fuel 
carrying heat loads that would melt them in seconds  without water 
cooling. 
  Not only the four reactors, but fuel manufacturin g plants and fuel 
processing plantswere built, tested and operated lo ng enough to make, 
separate, purify and reduce kilograms of plutonium.  
Ten to twelve major steps were begun and completed between the end of 
1942 and the middle of 1945, only two and a half ye ars from the first 
chain reaction. 
Of course, we were highly focussed on the military job at hand. But we 
would, in lighter moments, let our imaginations dwe ll on the future, 
after the war when we would have the opportunities to develop this 
wonderful and powerful new nuclear energy. Soon, ve ry soon, the war was 
over due in large part to the product of our effort s. Now, we thought, we 
could consider other problems and opportunities. 
1946, what a year that was. Those of us working on the project were 
becoming more and more excited about the opportunit ies and the work to be 
done. We had a vision and a mission but we had no m eans to support our 
efforts. We needed a unique political action which would provide for the 
safe commercial development of peaceful benefits fr om nuclear energy. We 
could easily see ways to generate electrical energy . We knew how to use 
isotopes to measure processes. We knew that radiati on could be used to 
enhance the properties of plastics, glasses and gem s. We believed that we 
could pinpoint radiation sources in the body for di agnosis and treatment 
of a host of human and animal ailments..  



1946, we were ready to move on, some of us returned  to the Universities 
to teach or to pursue graduate studies. Many would rejoin the crusade 
later. Most of us we wanted to continue and explore  the opportunities. It 
was a time of great expectations, unbridled enthusi asm and idealistic 
hopes. It was a year of great events for me too, Be cky and I tied the 
knot and Ruth Jean was born into our little family.   
I would like to share some of the euphoria and atti tudes at that time, as 
I remember them. My viewpoint is that of a twenty t hree year old chemical 
engineer with only two years of research experience . After four years of 
war when almost all of our thoughts were concentrat ed on "winning the 
war", the prevailing mood, after the great victory,  was to remove the war 
time controls so we could get on with our lives in peace.  
There were three dominant concerns in the newly for med nuclear community 
to which I belonged. 
First the benefits from the nuclear technology we w ere developing 
included a source of huge amounts of energy that wo uld have immense 
potential benefit to the war-ravaged world. We also  recognized that there 
were many uses for radioisotopes to be developed. 
Second, with our years of indoctrination, we were c onvinced that the 
dangers of excessive exposure to radiation and spre ad of radioisotopes 
were real. Nonetheless, we also knew that the metho ds of detection were 
so sensitive and the biological effects so well und erstood that the 
public health could be well protected. We were conc erned that the 
implementation of the necessary regulations were no t in place. Proper 
radiation protection procedures would be required f or all nuclear 
applications. 
Third, we were concerned that proper legislation wo uld be written to move 
control from the military to the civilian and to de velop the great 
potential. 
Let us reflect on our hopes for the legislation by considering the 
benefits, health physics concerns in detail and our  standing with the 
political and social world in 1945 and 1946. 
BENEFITS 
As nuclear engineers, we were excited about partici pating in the 
development of a technology so powerful that it wou ld change our world in 
ways we could not even imagine. In order to underst and and explore the 
development of nuclear energy for civilian uses, in stead of limiting it 
to weapons, we held meetings and had extended discu ssions of the 
possibilities. During this time almost all of the r eactor types were 
conceived. These included the gas cooled, graphite moderated reactor, the 
pressurized water reactor, the boiling water reacto r, the sodium cooled 
fast reactor and others that didn't make it, such a s the molten salt 
reactor. Almost every combination of moderator, fue l and coolant was 
examined. The potential uses of isotopes in medicin e, well logging, 
agriculture, plastics and other industrial processe s were proposed and 
analyzed.  
We felt secure and the future was bright. The US no t only had the "bomb" 
but the only industrial complex untouched by the wa r. It seemed that the 
endless opportunities dwarfed the problems overall,  and even more so for 
the budding nuclear community.  
RADIATION CONCERNS 
Before 1942, a few curies of radium were available.  Now, the Hanford 
reactors were producing megacuries of radioisotopes . We were concerned 
that our proven methods of working safely with thes e dangers should be 



followed. Data on the biological effects of radiati on were available from 
those using x-rays, accelerators and radium. The re search programs to 
develop designs for the Hanford reactors, the proce sses to separate 
plutonium and produce the metal had been paralleled  with research 
programs studying the biochemistry of radioisotopes  and their effects on 
living systems.  
In the West Stands at the University of Chicago, go ats were injected with 
various radioisotopes. Sometimes they would escape from their cages and 
come up the stairs to visit us while we were runnin g solvent extraction 
columns on the graveyard shift. Seeing a goat, know n to be radioactive, 
climbing the stairs to our operating position was a n awakening 
experience. Nonetheless, it was proof of the active  research program in 
the biological effects of radiation. Confinement of  the goats was soon 
perfected.  
At Oak Ridge and at Hanford, the research with labo ratory animals, 
aquatic and terrestrial plants, and the soil was we ll financed and was 
carried out by the best scientists in the world. 
The effects of radiation were correlated with the b est estimates of the 
doses and dose rates from the time of the discovery  of x-rays and radium 
to the beginning of the project. Based on these dat a, limits were set to 
assure that all those working with radiation receiv ed less than one tenth 
of the dose producing clinically observable effects .  
You may not know that when the medical use of x-ray s became widespread, 
but before the dangers of high exposures were recog nized, you could 
identify a pediatrician by the radiation damage to his hands and arms 
such as scarring and loss of fingers from holding i nfants in x-ray beams. 
The lessons were learned so that now, fifty years l ater, no clinically 
observable health effects have been found at or bel ow the levels 
established in the early forties. 
From the very beginning, research programs, safety procedures and 
extensive biological testing of those of us working  with high levels of 
radioisotopes was a standard daily routine. 
Back in the early 40's, there was the almost parano ic concern at Stagg 
Field and throughout the project that the nuclear w ork might be 
discovered. In spite of that, the concern for the p ublic safety 
outweighed the security concerns and when the rods were pulled for that 
first chain reaction, a technician was stationed ou tside of Stagg Field's 
West Stands to measure radiation levels and protect  anyone that might be 
passing on the sidewalk. 
One of the first actions the new nuclear community took which showed 
their public concern was to eliminate the use of x- rays to fit shoes. I 
was not aware of any widespread health effects from  the foot x-rays but 
we knew that they were many times higher than we wo uld permit in our 
work. We also promoted the monitoring and regular c alibration of medical 
and industrial x-ray machines.  
We recognized and understood the hazards of nuclear  radiation. We had 
developed the knowledge to control it and had assum ed the responsibility 
to do so.  
LEGISLATION 
Nonetheless, we were determined to do all we could to avoid irresponsible 
exploitation of nuclear energy that could result in  wide spread 
radioactive contamination. We also believed that ev ery effort should be 
extended to prevent the proliferation of nuclear we apons. The scientists 
and engineers engaged in this work agreed that legi slation was needed to 



assure the public health, to promote the developmen t of this technology 
and to keep it from those that would miss use it. L ooking back, I don't 
know how much we influenced the Congress at that ti me, I expect more than 
any of us here do now, but the results were what we  thought they should 
be. Looking back from today's perspective, we might  want things to be 
somewhat different. 
The first attempt at enabling legislation was the M ay-Johnson bill which 
failed because of concern that the military would r etain too much 
control. Senator Brien McMahon ofConnecticut introd uced a compromise bill 
which established the United States Atomic Energy C ommission with five 
civilian members, a general advisory committee and a military liaison 
committee. This, the most important single piece le gislation in the 
development and use of nuclear energy, was enacted into law August 1, 
1946. This act recognized and confirmed the respons ibility of the United 
States not only to develop nuclear energy for the g eneral benefit but to 
regulate its use to protect the health of all the p eople. Thus began many 
decades of cooperation among the Congress, through the Joint Committee on 
Atomic Energy, the Atomic Energy Commission and the  people of the United 
States. 
There were some interesting aspects in the law many  which have now been 
changed. For example, mining of uranium was exclude d from the AEC 
control, hence there was no federal responsibility for the control of 
mill tailings. There have been modifications of thi s law and its basic 
structure was discarded in 1974.  
The McMahon Act emphasized the concerns of the nucl ear community for the 
public health. Standards to limit exposure were ext remely conservative 
for those working in the field and they were reduce d by a factor of ten 
for the general public. This may have been a disser vice, in that even 
these levels were much lower than those required fo r safety, and now, 
they have been reduced even further. Often the redu ction is made only 
because the lower levels were readily measured and procedures could be 
easily developed and used without high costs. No on e anticipated the 
costs of lost electrical production and costs from extending construction 
schedules to implement lower limits and the hearing s held in response to 
public reactions to a perceived need to meet such l ow levels.  
From the end of WW II until Rachel Carson's "The Si lent Spring", which 
did not address nuclear radiation, nuclear operatio ns were considered to 
be well within politically and socially acceptable standards or values. 
Almost all of the public recognized the benefits of  nuclear energy and 
had confidence in the competence and responsibility  of the nuclear 
community. It's a bitter irony is that this was los t, not through failure 
to live up to promised performance, but to a revolu tionary change in 
political views, social values and expectations. 
 After these fifty years since the McMahon Act beca me law, I have seen 
nothing that would change my belief that nuclear te chnologies still offer 
the best promise for the energy needed to bring all  nations to acceptable 
levels of living. Since nuclear reactors generate n o carbon dioxide, 
sulfur dioxide or nitrogen oxides, displacing fossi l fuel electrical 
generating plants will actually decrease carbon dio xide, sulfur and other 
pollutant emissions and improve the atmosphere we b reath. More available 
electrical energy, produced by nuclear reactors can  promote the economies 
of many of the less privileged peoples and begin to  stabilize the 
relations among nations. People that are well fed a nd secure don't start 
wars and breed terrorism. 
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ABSTRACT 
The Small Scale Seal Performance Tests (SSSPT) were  a series of in situ 
tests designed to evaluate the feasibility of vario us materials for 
sealing purposes. Testing was initiated in 1985 and  concluded in 1995. 
Materials selected for the SSSPT included salt-satu rated concrete, a 
50%/50% mixture of crushed salt and bentonite, bent onite, and crushed 
salt. This paper presents a summary of the SSSPT fi eld program, results 
of the in situ testing, and a discussion of post-te sting laboratory 
studies of salt-saturated concrete. Results of the SSSPT support the use 
of salt-saturated concrete, compacted bentonite cla y, and compacted 
crushed salt as sealing materials for the WIPP. 
BACKGROUND 
The Waste Isolation Pilot Plant (WIPP), located in southeastern New 
Mexico, is being developed by the U. S. Department of Energy (DOE) as a 
potential disposal site for transuranic wastes. The  disposal site is 
located approximately 650 meters below ground surfa ce and consists of a 
repository mined in a bedded salt deposit. Disposal  of wastes in salt is 
considered advantageous because over time the salt will creep, closing 
around the waste and thereby encapsulating and isol ating hazardous 
constituents from the accessible environment. Prior  to certification as a 
disposal site and initiation of disposal activities , the DOE must 
demonstrate that the WIPP will meet all regulatory requirements. As part 
of this demonstration, Sandia National Laboratories  (SNL) is working with 
the DOE to develop a sealing system design for the four shafts that 
provide access to the repository. 
This paper discusses the Small Scale Seal Performan ce Tests (SSSPTs), a 
series of in situ tests designed by SNL and conduct ed by SNL and 
Westinghouse Electric Corporation, Waste Isolation Division to evaluate 
the feasibility of various materials for sealing pu rposes. The discussion 
is focused on the results of the field program, wit h a brief summary of 
the post-test laboratory analysis of concrete seal materials. The 
positive results of the SSSPTs support the inclusio n of salt-saturated 
concrete, compacted crushed salt, and compacted ben tonite clay in the 
current WIPP shaft sealing system design. 
The system design (1) is based on the use of effect ive seal materials and 
the reduction of uncertainty through functional red undancy. Seal 
components must maintain structural integrity and a ct as barriers to 
fluid flow throughout their design life. Redundancy  is obtained through 
the use of multiple components and materials. Salt- saturated concrete, 



asphalt, and compacted bentonite clay components wi ll serve as barriers 
to fluid flow for several hundred years following s haft seal 
construction, allowing time for the primary long-te rm crushed salt seal 
to become fully effective. Crushed salt and compact ed bentonite clay 
materials comprise the long-term components for the  shaft seal system. 
These components are expected to remain functional for thousands of 
years. A conceptualization of the proposed WIPP sha ft sealing system 
design is depicted in Fig. 1. 
Fig. 1 
SMALL SCALE SEAL PERFORMANCE TESTS: PROGRAM GOALS AND DESCRIPTION 
To assess the performance of candidate seal materia ls in situ, the SSSPTs 
were initiated several years before the current WIP P sealing system 
design. Five series of tests were conducted on seal s up to 1m in 
diameter. Essential SSSPT goals were to 1) use seal  emplacement 
technologies that are compatible with standard indu strial practices, 2) 
demonstrate reduction in fluid flows, and 3) verify  that seal components 
remain structurally sound. Test results were used t o evaluate materials 
in terms of the sealing program goals. The small sc ale of the field tests 
(hence the name) allowed performance of numerous te sts under a range of 
conditions and configurations. 
A series of five SSSPT tests (A-D and F) was initia ted in 1985 under the 
guidance of the original Test Plan. Series F consis ted of a grating 
demonstration and is not discussed in this paper. ( The fourth test was 
later expanded into two phases.) Details on the dev elopment, 
construction, and proposed testing sequence for eac h series were 
documented as addenda to the original Test Plan. Ea ch test series 
evaluated a different seal material and/or seal con figuration. Seal 
materials were emplaced in either horizontal or ver tical boreholes at the 
repository horizon. Figure 2 presents a schematic o f a typical SSSPT for 
the emplacement borehole, seal structure, and fluid  flow test apparatus 
configuration. Many of the emplaced seals were equi pped with internal 
stress and strain gages. 
Fig. 2 
Table I lists the seal material, configurations, an d construction dates 
of SSSPT Series A-D. A brief description of the sea l materials is 
presented in Table II. 
Table I 
Table II 
The SSSPT field program verified that the candidate  materials could be 
emplaced using standard industrial equipment and pr actices. The in situ 
fluid flow and structural behavior of the seal mate rials were also 
assessed. In addition to the field test program, sa mples from a salt-
saturated concrete seal (emplaced in 1985) and the surrounding host rock 
were extracted from the field configuration for lab oratory analysis in 
1994. The analysis included visual observation of t he seal/rock 
interface, quantitative evaluation of the gas perme ability of the seal 
material, and petrographic analysis of the seal mat erial and the 
surrounding host rock. 
EMPLACEMENT TECHNIQUES 
A primary goal of the SSSPT program was to use or a dapt existing 
technology to the construction of repository seals.  Methods used to 
construct seals for SSSPT Series A-D were all direc t applications of 
widely used construction practices. Emplacement con figurations for each 
series are summarized. 



Test Series A consisted of concrete seals emplaced in vertical-down 
boreholes. Salt-saturated concrete was emplaced in selected seal 
intervals using gravity flow. No forms were used. I n some cases, 
vibration was used to promote even concrete distrib ution around 
structural performance gages (2). 
Series B seals were also comprised of concrete, but  were emplaced to plug 
horizontal boreholes. Construction of these seals e mployed a small pump 
to fill pre-formed intervals with concrete. Vibrati on was not applied 
(3). 
Series C seals consisted of precompacted salt and s alt/bentonite block 
structures that were constructed to plug horizontal  boreholes. One-meter 
intervals of the round boreholes were enlarged to c reate square chambers 
into which the blocks were emplaced. The blocks wer e manufactured using a 
modified pressed-earth adobe block machine and empl aced to form a seal 
structure with minimal void spaces. No mortar was u sed between blocks 
(4). 
Series D seals were also constructed of precompacte d salt, 
salt/bentonite, and pure bentonite blocks, but the seal structures were 
built to plug vertical-down boreholes. Phase 1 seal s consisted of salt 
blocks. Phase 2 seals consisted of a 100% bentonite  core with layers of 
50%/50% crushed salt/bentonite and/or 100% crushed salt above and below 
the core. Emplacement techniques were essentially t he same as for Series 
C except that blocks were trimmed to conform to the  cylindrical geometry. 
Portions of blocks were excavated as necessary to a ccommodate gages 
placed for monitoring structural performance (5). I n some cases, crushed 
salt was compacted directly into the seal interval using a hand-operated 
tamper to achieve densities approximating those ach ieved using 
precompacted blocks. 
FLUID FLOW PERFORMANCE 
Seal system permeabilities for the SSSPTs, derived from a series of in 
situ fluid flow measurements, are presented in Tabl e III. The concrete 
seals have been subjected to the most extensive flu id testing program. 
All seals were either gas- or brine-flow tested imm ediately following 
seal construction in 1985 to 1987, and a selected s ubset was retested 
from 1993 to mid-1995. Fluid injection pressures of  up to 2.3 MPa were 
used in the field testing program. Tracer-gas testi ng, constant-pressure 
gas- and brine-flow testing, and constant-volume br ine-flow testing were 
conducted on the concrete seal systems. The seal sy stem consists of the 
seal material, the seal/host rock interface, the zo ne of rock immediately 
surrounding the seal, and the far-field host rock. These tests do not 
provide information regarding the flow paths of the  test fluid. 
Therefore, the calculated system permeability repre sents a composite 
fluid barrier presented by the seal system. From an  engineering 
perspective, these tests provide an excellent means  for evaluating the 
entire seal system. 
Table III 
Seal system permeabilities for the concrete SSSPT w ere derived through 
numerical computer simulations of brine- and gas-fl ow behavior. Fluid 
injection was simulated for a conceptualized model of the seal system. 
Estimated ranges for the formation and seal permeab ilities, formation 
storativity, and seal porosity were used to generat e pressure-decay and 
mass-flow-rate curves. The generated curves were th en compared to the 
field data. Hundreds of computer simulations were u sed in the analysis, 
and a best fit to the field data was obtained using  an optimization 



routine. This technique produced a best estimate of  the permeability for 
each seal system. Details of the analysis tool and conceptual model may 
be found in Pickens et al. (6) and Beauheim et al. (7). 
To improve confidence in the data interpretation, a dditional testing was 
conducted to characterize the actual flow paths. Se veral boreholes were 
drilled in the formation surrounding a Series A sea l. Gas flow testing 
was conducted in these boreholes to assess the exte nt and permeability of 
the disturbed rock zone in the test area. The perme ability of the 
disturbed zone was found to be approximately 10-20 m2, which was 
consistent with the permeability of the complete se al system. 
Brine flow testing was conducted on 50%/50% crushed  salt/bentonite seals. 
A high rate of brine injection led to failure of th e first seal, so the 
brine injection rate was reduced for the second and  third test sequences. 
An average pressure differential of less than 0.013  MPa was maintained 
throughout the testing period. The steady-state flo w rate of brine into 
the test interval was monitored for approximately 8 00 days. Brine that 
seeped through the front of the seal was recirculat ed during this period 
(8). Assuming that all flow occurred through the se al and that one-
dimensional Darcy flow approximations are valid, th e permeability of the 
50%/50% salt/bentonite seal material was derived fr om Darcy's Law. 
Attempts to conduct gas flow testing were unsuccess ful because of a small 
separation at the seal/host rock interface. The bri ne permeability of the 
50%/50% salt/bentonite seal material was two orders  of magnitude higher 
than laboratory values of similar materials. 
The crushed salt seals constructed for Series D, Ph ase 1 were not 
expected to present a barrier to flow until the sal t had reconsolidated 
to at least 90% of the density of intact halite. At  the time of test 
termination in mid-1995, the seal material was dete rmined to have a 
porosity of at least 12% (i.e., a fractional densit y of 88% of the 
density of intact halite compared to 82% at the sta rt of the test). 
Attempts to develop gas pressure in the seal test i nterval confirmed that 
the permeability of the crushed salt was too high t o constitute an 
effective fluid barrier. This finding was consisten t with the expected 
behavior of reconsolidating crushed salt. 
Brine injection testing was conducted on the two ve rtically emplaced 
bentonite core seals. Testing was initiated in 1990  for one seal and in 
1994 for the second seal. Throughout the testing pe riod, the pressure 
differentials across the seals were maintained at a pproximately 0.72 and 
0.32 MPa, respectively. During the test period, no brine was observed at 
the top of either seal. A conservative estimate for  the seal system 
permeability was made by assuming that 1) the seal material was 
saturated; 2) test conditions were at steady state;  3) all flow was into 
the seal material; and 4) formation brine contribut ions were negligible. 
The permeability was then derived from Darcy's Law in a manner similar to 
that used for the 50%/50% crushed salt/bentonite se als, and is listed in 
Table III. 
Gas flow testing was conducted on one of the benton ite core seals to 
evaluate the gas threshold pressure of the seal mat erial. The test 
interval was pressurized in 0.67-MPa intervals. Aft er each increase in 
pressure, the interval was shut in to allow the sys tem to come to 
equilibrium. As shown in Fig. 3, the seal exhibited  negligible gas flow 
until the test interval pressure exceeded 4 MPa. Th is test was conducted 
to provide qualitative information on the behavior of bentonite seals 
subjected to high gas pressure. 



Fig. 3.  
STRUCTURAL PERFORMANCE 
Many of the SSSPTs were equipped with internal stre ss and strain gages. 
Measurements taken from these gages were used to mo nitor the seal 
structural performance. Structural failure of a sea l material would be 
detected through seal stress- and strain-state moni toring, fluid flow 
measurements, and visual observation. The creep beh avior of the host rock 
would also influence the structural response of a s eal material. 
Quantification of the salt creep was derived from b orehole closure 
measurements, which were made in both open and clos ed boreholes. Gage 
type, orientation, and location are specified in th e applicable test plan 
addendum. A representative sampling of the SSSPT ga ge data is presented 
here. 
The structural response of the concrete seals can b e evaluated from 
inspection of radial and circumferential strain (Fi g. 4 and 5), radial 
stress (Fig. 6), and borehole closure measurements (Fig. 7). The general 
strain gage trend depicts a compressive strain rate  that was relatively 
rapid after seal emplacement but that monotonically  decayed with time and 
continued to increase, but at ever slower rates. Th is behavior reflects 
the concrete strains under the compressive loading applied by the 
surrounding salt. The stress gage data showed that seal compressive 
stresses rose rapidly immediately following seal co nstruction, attaining 
steady-state after 100 to 200 days. Creep closure o f the borehole was 
inhibited by the presence of the concrete seal, as illustrated in Fig. 7. 
Fig. 4  
Fig. 5  
Fig. 6  
Fig. 7  
Visual observations of the concrete seals revealed no spalling or other 
external evidence of structural degradation. The re latively smooth trend 
of stress and strain gage data, coupled with the re sults of fluid flow 
testing, visual observations, and laboratory analys is (presented in the 
next section) corroborate the conclusion that the s alt-saturated concrete 
maintained structural integrity throughout the test ing period. The 
unconfined compressive strength of the salt-saturat ed concrete exceeds 
predicted formation in situ stresses by more than a  factor of three (9). 
The constitutive model for reconsolidation of crush ed salt (10) predicts 
very little resistance to porosity reduction for po rosities greater than 
10%. Borehole closure measurements from the 100% cr ushed salt seals (Fig. 
8) support this prediction. These seals were emplac ed with an initial 
porosity of approximately 18%. Seven years later, c losure measurements 
indicate that the porosity may have been reduced to  approximately 12%. 
These internal closure measurements differ only sli ghtly from closure in 
an empty borehole. Measures of stresses internal to  these seals are 
nominally between 0.1 and 0.2 MPa, as shown in Fig.  9. This finding is 
also consistent with model predictions that the cru shed salt will offer 
little resistance to closure when the material poro sity is greater than 
10%. 
Fig. 8 
Fig. 9 
Nominal internal stresses for the 100% bentonite co re seals are shown in 
Figs. 10 and 11. The increasing trend shown in Fig.  10 could be the 
result of compression resulting from borehole closu re, bentonite swell 
pressure, or a combination of the two processes. Th e reduction in stress 



at approximately 1400 days, shown in Fig. 11, may b e related to ion-
exchange with permeant brines in the bentonite fabr ic. These issues are 
currently being addressed by a separate laboratory program. 
Fig. 10 
Fig. 11 
Structural performance data (as derived from stress , strain, and borehole 
closure data) were consistent with current understa nding and expectations 
of the respective seal materials. To the extent nec essary for 
demonstrating sealing design adequacy, these data w ill be incorporated 
into the material models used to evaluate the shaft  sealing design. 
LABORATORY TESTING OF SSSPT CONCRETE 
In late 1994, approximately nine years following co nstruction of the 
vertically-emplaced concrete seals, a "post-mortem"  analysis of the 
sealing system was conducted. Cores of intact host rock and samples of 
the concrete seal material and seal/host rock inter face were extracted 
from the test region. Petrographic studies of the p hase assemblages of 
the concrete seal material and the microstructure o f the intact rock were 
conducted. Gas permeability testing was conducted o n concrete core 
samples. 
Preliminary results of the laboratory tests indicat e that, although the 
concrete seal was exposed to native brines during t he testing period, the 
material experienced no deterioration in performanc e capabilities. Phase 
assemblage analysis of the concrete showed minimal degradation of the 
seal material. This result is consistent with a mor e extensive analysis 
of concrete specimens extracted from the WIPP under ground in 1991 (11). 
The gas permeability of the concrete core samples w as found to be 
approximately 10-20 m2, which is consistent with th e field measurements. 
The seal/host rock interface was visually inspected  for signs of brine 
migration and deterioration along the interface zon e. No signs of 
degradation or separation were found. In addition t o visual inspection of 
the interface, field observations of the retrieval were recorded. During 
extraction of the seal/host rock interface material , breakage occurred 
preferentially through the seal material rather tha n along the interface. 
This observation was consistent with direct shear t esting of concrete 
specimens extracted from the WIPP underground in 19 91 (12). 
Microstructural analysis of the intact rock showed dilation along the 
salt grain boundaries for specimens taken from the immediate vicinity of 
an open borehole. Specimens taken in the immediate vicinity of the 
concrete seal, as well as those from a far-field lo cation, showed no 
dilation. The calculated gas permeability for these  regions also showed 
that, in the immediate vicinity of the concrete sea l, a disturbed zone 
did not exist. The absence of a disturbed zone in t his vicinity indicates 
that either the seal prevented the formation of a d isturbed zone or that, 
through the process of creep closure, any disturbed  rock zone that had 
formed around the seal was subsequently eliminated.  The post-mortem 
testing sequence provided additional confidence in the ability of salt-
saturated concrete to retain fluid flow and structu ral performance 
capabilities in WIPP salt. 
SUMMARY AND CONCLUSIONS 
The goals of the SSSPT series to use standard indus trial practices for 
seal emplacement and to evaluate seal materials for  their ability to 
retard fluid migration and remain structurally soun d were met. No new 
technologies were developed for the emplacement of the SSSPTs. Fluid flow 
testing of the sealing systems provided strong evid ence that both salt-



saturated concrete and bentonite would function eff ectively as barriers 
to fluid flow. The testing also supported model pre dictions of the 
behavior of a crushed salt seal and resulted in eli mination of 50%/50% 
crushed salt/bentonite as a viable seal material. S tress, strain, and 
borehole closure data, when coupled to visual obser vations and fluid flow 
test results, demonstrated that all seal materials maintained structural 
integrity throughout the testing period. A post-mor tem analysis of the 
concrete sealing system provided additional confide nce in the ability of 
this material to function effectively at the WIPP h orizon. 
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ABSTRACT 
The direct final disposal of spent material test re actor fuel elements 
(MTR-FE) is being discussed in the Federal Republic  of Germany as an 
alternative to reprocessing (1). A possible reposit ory under 
consideration is a salt mine and the accident scena rio for long-term 
safety analysis is a hypothetical water ingress. 
A water ingress involves the formation of highly co ncentrated brines 
which first come into contact with the storage cask s. The cask design 
ensures a lifetime of 500 years in Q brine. 
After this period, the brine may penetrate into the  cask and act on the 
MTR-FE so that a radionuclide release would be conc eivable. 
It is therefore of interest to know whether the MTR  fuel element cladding 
materials (high-purity aluminum, AlMg1 and AlMg2) h ave a barrier function 
with respect to radionuclide release when exposed t o highly concentrated 
brines. Relevant corrosion experiments have been ca rried out at the 
Institute for Safety Research and Reactor Technolog y of KFA Jlich (2). In 
a first test series, the above materials were expos ed to differently 
concentrated repository-relevant brines. Interestin g correlations were 
found, in particular, by varying the test temperatu re and adding 
different metallic alloys. The results were incorpo rated into mass loss 
calculations in order to obtain a first picture of the corrosion behavior 
involved. 
Furthermore, electrochemical studies were carried o ut providing an 
insight into the mechanical processes of corrosion.  
On the basis of these studies, it may be concluded even at this stage 
that the cladding materials of high-purity aluminum , AlMg1 and AlMg2 do 
not exercise a barrier function for radionuclide re lease. Further 
investigations on the release of radionuclides from  spent fuel element 
sections in brines will serve to determine the sour ce term for release 
calculations. 
INTRODUCTION 
After a decision has been made against the construc tion of a German 
reprocessing plant, the direct final disposal of sp ent fuel elements is 
being discussed in the Federal Republic of Germany as an alternative to 
reprocessing abroad. In order to protect man and na ture from the harmful 
effects of radioactive waste, final disposal is to be effected in 
underground stable geological formations ensuring s afe containment of the 
radionuclides involved. Possible repository formati ons are salt mines in 
northern Germany (Wendland), which have remained al most unchanged since 
their formation approx. 200 million years ago becau se they are isolated 
from water-bearing strata. Safety analyses for such  repository formations 
have already been carried out for the emplacement o f heat-generating 
waste from reprocessing, and they demonstrated the basic suitability of a 
salt mine for final disposal.In these long-term ana lyses, a water ingress 
into the repository was assumed as a hypothetical a ccident. Since spent 
fuel elements greatly differ in their chemical and physical properties 
from vitrified reprocessing waste, the effect of su ch an accident on the 
fuel elements must be examined. These investigation s are being carried 
out at the Research Centre Karlsruhe for fuel eleme nts from UO2 pellets 



and at the Institute for Safety Research and Reacto r Technology of KFA 
Jlich for fuel elements from research and high-temp erature reactors. The 
experiments on the long-term safety of HTR-FE are n early completed. 
The problems of a direct final storage of spent fue l elements from 
material test reactors (MTR) have been dealt with s ince 1993. These fuel 
elements consist of a metallic uranium-aluminum all oy as the fuel kernel 
enveloped in aluminum. An ingress of water leads to  the formation of 
highly concentrated extremely corrosive brines. The  storage casks of the 
"Pollux" type are designed for a lifetime of 500 ye ars in such brines. 
After this time, the brine may penetrate into the c ask and act on the MTR 
fuel elements so that radionuclide release would be  conceivable in the 
salt mine. Since the fuel kernel is enclosed in an aluminum cladding, the 
question arises whether this cladding has a barrier  function with respect 
to release. In a first investigation series, the co rrosion of aluminum 
was therefore studied under repository-relevant con ditions. 
EXPERIMENTAL 
The chemicals used in the present study were of ana lytical-grade quality. 
The following equipment was used for the determinat ion of mass loss: 
  drying cupboard from Heraeus 
  ultrasonic cleaning device from Bandelin GmbH & C o, Berlin 
The following equipment was used for electrochemica l work: 
  recorder "DIGICASS 600" from Laumann, Selb 
  potentiostat, Wenking model LB 81 M, from Intelli gent Controls GmbH, 
Clausthal-Zellerfeld 
  voltage scanner, Wenking MVS 87, from Intelligent  Controls GmbH 
  DC measuring amplifier, type 72 WC, from Knick. 
The relevant MTR-FE cladding materials used were hi gh-purity aluminum (Al 
99.5; material no.3.0255 from Honsel AG) as well as  the alloys AlMg1 
(material no. 3.3315.10 from Honsel AG) and AlMg2 ( material no. 3.3325.10 
from Honsel AG). After pickling with nitric acid an d subsequent 
neutralization, these materials had the same surfac e as the cladding 
material of the MTR fuel elements. Test strips of t he dimensions 20 
mm*40mm*2.4mm were used to determine the mass loss due to corrosion. All 
material samples were cleaned with acetone prior to  testing and then 
exposed to the respective brines in laboratory flas ks using different 
test parameters. At fixed intervals, the samples we re withdrawn, freed 
from adhering corrosion products, dried, weighed an d exposed again to the 
brine. Corrosion products were removed with 5% nitr ic acid in an 
ultrasonic bath. 
High-purity aluminum (Al 99.5) was used for the ele ctrochemical 
investigations. The metal test strip was screwed in to a specifically 
manufactured electrochemical measuring cell. The re ference electrode was 
a calomel electrode (Hg/Hg2Cl2/Cl) with saturated p otassium chloride 
solution (4.2 mol/l) as the electrolyte solution. T he potential of the 
calomel reference electrode relative to the standar d hydrogen electrode 
was +242 mV at 25C. The electrolyte solution of the  reference electrode 
was continuously added through a needle to compensa te local concentration 
changes of the electrolyte at the interface. For me asurements at 90C the 
calomel electrode was brought to a temperature of 2 5C to maintain 
functionability. In order to determine the potentia ls of local surface 
areas, the reference electrode was provided with a Haber-Luggin capillary 
which had to be brought close to the sample surface . This capillary 
reduces the ohmic drop in voltage in the electrolyt es (3). For measuring 
the rest potential, the electrode potential was mea sured in comparison to 



the reference electrode using a voltmeter of very h igh internal 
resistance (>1012 ohm) to ensure that no current fl ows in this part of 
the circuit. 
The corrosion behavior of the materials was examine d in the following 
repository-relevant salt solutions: 
Table I 
Table II 
The reference solution for all experiments was bidi stilled water. 
RESULTS AND DISCUSSION 
In order to determine the mass loss, the aluminum m aterials were exposed 
to the three different repository-relevant brines i n a first test series 
at a temperature of 90C.  
Fig. 1 
Figure 1 shows the percentage mass decrease of the materials for solution 
2 plotted against the time of exposure. It can be c learly seen that Al 
99.5 significantly differs from AlMg1 and AlMg2. Wh ereas the alloys lose 
between 1.5 and 2.5% of their mass after 120 days, the mass loss of 
aluminum 99.5 exceeds 25%. The same trend can be se en for solution 1, 
although less pronounced. For solution 3 the percen tage mass losses of 
the materials amount to less than 1% after 120 days  and are thus about 
the same as for distilled water. The high mass loss  in solution 2 may be 
attributed to the extremely high magnesium chloride  fraction. The 
hydrolysis of magnesium chloride increasingly leads  to a release of 
hydrogen protons lowering the pH value. The increas ed proton 
concentration now has an essential influence on the  metal/hydrogen redox 
pair. In comparison to the normal hydrogen electrod e, the potential for 
aluminum is at more negative values. This means tha t aluminum is oxidized 
and hydrogen protons are reduced. The increased pro ton concentration now 
shifts the equilibrium of the redox pair towards ox idation of the metal. 
This leads to an increased release of aluminum cati ons and enhanced metal 
corrosion. Moreover, the chloride ions can penetrat e into the oxide scale 
of the metal causing structural changes of this pro tective layer which 
contribute towards accelerating corrosion. 
The second test series served to examine the influe nce of temperature on 
the corrosion rate. The corrosion behavior of Al 99 .5, AlMg1 and AlMg2 
was studied in solution 1 at room temperature and a t 90 degrees Celsius. 
It can be seen from Fig. 2 that the temperature inc rease has a greatly 
accelerating effect on the corrosion rate of Al 99. 5. The corrosion rate 
for Al 99.5 increases by about 109-fold. A similar increase was found for 
AlMg1, whereas even a 390-fold increase was observe d for AlMg2. An 
increase of the reaction temperature changes the pr oton concentration. 
Thus, for example, a pH value of 4.52 is found for solution 1, whereas a 
pH value of 3.61 was measured at 90 degrees. The in creased corrosion rate 
may also be explained here by the increase in proto n concentration. The 
equilibrium is shifted in favor of metal oxidation and thus towards metal 
ion reselease. Moreover, kinetically induced proces ses cannot be ruled 
out, which are accelerated by the temperature incre ase and, in their 
turn, increasingly contribute towards corrosion. 
Fig. 2 
Furthermore, the influence of metallic additives wa s studied using those 
metal alloys (Hasteloy C4; stainless steel 1,4541 a nd GGG 40) which serve 
as cask materials. 
The time-dependent variation of percentage mass dec rease can be seen from 
Fig. 3. On the whole, the corrosion resistance of t he cladding materials 



significantly decreases in the presence of metallic  additives. The mass 
of Al 99.5 decreased by 98% within less than 30 day s when GGG 40 was 
added both to solution 1 and solution 2 at 90 degre es Celsius. The 
corrosion behavior of the cladding materials was on ly insignificantly 
influenced by the addition of GGG 40 in distilled w ater and in solution 
3. In the presence of stainless steel 1,4541 and Ha steloy C4, the 
percentage mass decrease of Al 99.5 was 72% and 84% , respectively, in 
solution 1 after 50 days. The increase of the corro sion rate is to be 
attributed here to local element formation. Thus, f or example, the 
aggressive solutions 1 and 2 lead to the release of  iron cations from the 
cask materials in the first phase, which then react  with aluminum in the 
second phase. The iron cations on the aluminum surf ace are thus reduced, 
involving simultaneous oxidation of the aluminum me tal and dissolution of 
aluminum cations. The formation of such local eleme nts is the reason for 
very rapid material corrosion. 
Fig. 3 
Additional experiments were carried out to study th e influence of oxygen 
concentration and irradiation on the corrosion rate . 
Experiments in an argon atmosphere did not show any  change in comparison 
to the reference sample in air. No unambiguous resu lt was achieved with 
materials exposed to gamma irradiation (8.7*103 rad  per hour) during the 
experiment. 
For the electrochemical studies the potential/time behavior of the Al 
99.5 cladding material was examined in various brin es at different 
temperatures. The time-dependent variation is shown  in Fig. 4 for 
solution 1. 
Fig. 4 
The potentials initially decreased towards more neg ative values at 
elevated temperatures. The rapid decrease may be ex plained by the fact 
that the thin surface scale of the metal was not st able enough at 
elevated temperatures leading to deterioration. The  subsequent increase 
of the potential values means that the surface scal e is built up again in 
the medium establishing a more stable equilibrium, which is reflected in 
constant potential values. It is interesting to not e that these stable 
potential values are lower for solutions 1 and 2 th an for solution 3, 
which implies the presence of a thinner protective oxide scale on the 
metal surface in these media. In the absence of suf ficient protection by 
a stable oxide scale, corrosion can then proceed mu ch more rapidly in 
solutions 1 and 2. 
CONCLUSION 
In summary, it may be derived from the mass loss ex periments that an 
increase in reaction temperature and the addition o f GGG 40 to the 
aggressive repository-relevant brines 1 and 2 cause s a drastic increase 
of the corrosion rate especially for the material A l 99.5. AlMg1 and 
AlMg2 did not show any corrosion resistance either.  
The electrochemical experiments made it possible to  quantitatively 
describe the different behavior of the oxide scales  under the respective 
experimental conditions by recording potential-time  curves. The 
correlation between the corrosion reaction, i.e. me tal dissolution, and 
the oxide scale as the decisive electrochemical par ameter of influence 
was established. The more stable the oxide scale on  the metal surface, 
the slower is the corrosion rate. This result is in  conformity with the 
results from mass loss experiments, and it confirms  that the cladding 



materials tested do not have a sufficient barrier f unction to avoid 
radionuclide release. 
In the further course of experiments, spent fuel el ement sections will be 
exposed to the brines. The aim is to determine the source term so that 
release calculations can be established for the res pective radionuclides. 
These studies were supported by the Federal Ministr y of Education, 
Science, Research and Technology under reference nu mber 02E86547. 
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ABSTRACT 
Power Reactor and Nuclear Fuel Development Corporat ion (PNC) has been 
developing radionuclides removal technique to get h igher volume reduction 
for the low level liquid waste from the Tokai Repro cessing Plant (TRP). 
Experiments were done using actual concentrated liq uid waste from the 
TRP. Radionuclides removal process mainly consists of coprecipitation 
with ultrafiltration and ion exchange. Results of d econtamination factors 
obtained from this experiment are as follows; 
 1) Decontamination factor >1E+6 for alpha nuclides . 
 2) Decontamination factor for ruthenium and total beta nuclide is about 
1E+2 
INTRODUCTION 
Power Reactor and Nuclear Fuel Development Corporat ion has been 
developing radionuclides removal technique to get h igher volume reduction 
for the low level liquid waste from the reprocessin g plant since 1986.(1) 
Experiments were done using liquid waste from the T RP. The radioactivity 
of the liquid waste is about 1E+4Bq/ml. Dominant ra dionuclides are 
plutonium, uranium, ruthenium and cesium. This liqu id waste contains much 
amount of salt as sodium nitrate and sodium carbona te. Radionuclides 
removal process mainly consists of coprecipitation with ultrafiltration 
and ion exchange. This report focuses on the result  of the examination 
about the characteristics of coprecipitation. 
WASTE COMPOSITION AND SELECTION OF THE PROCESS 
Waste Composition 



Two types of low level liquid waste were used in th e experiments; (2) the 
low level liquid waste (LAW), which is generated fr om the separation-
refinement process, the analysis for quality contro l, etc., and the 
concentrated liquid waste (MAW). Typical MAW contai ns many kinds of alpha 
nuclides (plutonium, uranium, americium, etc.) and beta gamma nuclides 
(iodine, cerium, ruthenium, cesium, etc) in order o f 1E+4Bq/ml. These 
test solutions also contain many kinds of salt at h igh concentration and 
a lot of impurities such as calcium, magnesium. 
Selection of the Process 
It is important that the process is composed of few  unit to minimize the 
plant and reduce the secondary waste. However, the liquid waste contains 
many kinds of alpha nuclides (plutonium, uranium, a mericium, etc.) and 
beta gamma nuclides (iodine, cerium, ruthenium, ces ium,strontium, etc.) 
so that it is necessary to combine some unit proces ses according to the 
chemical characteristics of each radionuclide. Afte r many radionuclides 
removal techniques were investigated, the following  techniques were 
selected.3) This process are shown in Fig. 1. 
1) Iodine is precipitated as AgI by adding AgNO3 an d  filtrated by 
ultrafilter. 
2) Alpha nuclides and most of the beta gamma nuclid es are coprecipitated 
with Fe(OH)3 and filtrated by ultrafilter. 
3) Strontium and cesium are adsorbed by sodium tita nate resin and 
potassium cobalt ferrocyanide resin, respectively. 
Fig. 1 
OUTLINE OF THE PROCESS 
Iodine Removal 
After adding sodium sulfite to prevent volatilizati on of iodine, the pH 
is adjusted to 7 by nitric acid. At pH7, sodium sul fite is added again to 
convert iodate into iodide ion. After then, silver nitrate is added to 
precipitate iodine as silver iodade, which is filtr ated by ultrafilter. 
Decarbonation 
Liquid temperature is kept at 80C with aeration aft er adding nitric acid 
to adjust pH to 1, so that carbonate ion and nitrit e ion are removed to 
off-gas as CO2 and NOX gas. This process prevents p lutonium and uranium 
from formation of carbonate complex at the next cop recipitation process. 
Coprecipitation I 
Ferric nitrate is added to the liquid waste and pH is adjusted to 10. The 
flocks of Fe(OH)3 generated are filtrated by ultraf ilter. Alpha nuclides 
and most of the beta gamma nuclides are removed wit h iron flocks.(4,5) 
Coprecipitation II 
Ferric nitrate is added to the liquid waste and pH is adjusted to 7. The 
flocks of Fe(OH)3 generated are filtrated by ultraf ilter. Amophoteric 
nuclides, such as antimony, are removed with iron f locks. 
Ion Exchange 
After the coprecipitation, strontium is adsorbed by  sodium titanate resin 
and cesium is adsorbed by potassium cobalt ferrocya nide resin. Because 
calcium and magnesium are also adsorbed, sodium tit anate resin is needed 
not only for strontium but also for calcium and mag nesium. 
EXPERIMENTAL RESULTS 
Optimization of the Amount of Coprecipitant 
The experiments were carried out to optimize the am ount of the 
coprecipitant. The results are shown in Fig. 2. The  more the 
coprecipitant is added, the bigger the decontaminat ion factor for alpha 
nuclides becomes. The coprecipitation effect for tw o times is more 



effective than for one time, but the second copreci pitation effect is 
much smaller than the first one. For the case of ru thenium, the increase 
of the coprecipitant makes decontamination factor s lightly large, but the 
effect of repeating the coprecipitation are hardly observed. To obtain a 
large volume reduction ratio, the amount of copreci pitant should be as 
small as possible to get enough decontamination fac tor. Moreover, the 
concentration limit by ultrafilter is 15,000mg/l fo r iron. To get enough 
decontamination factor and 1/100 volume reduction b y ultrafilter, the 
amount of coprecipitant is determined as 150mg/l fo r iron. The frequency 
of coprecipitation process is determined as one tim e for the following 
reasons; 1) small effect of the second coprecipitat ion, 2) not disturb 
the volume reduction ratio, and 3) avoid the increa se of equipment. 
Axis of abscissas shows the amount of the coprecipi tatant converted into 
the iron concentration. Axis of ordinates shows dec ontamination factor 
get by the coprecipitation and the ultrafiltration.  The white points show 
the data of the coprecipitation for two times, whil e the black points 
show the data for one time.  
Fig. 2 
Effect on Alpha Nuclide Removal 
Decarbonation process  
Carbonate ion in the liquid waste is considered to form stable carbonate 
complexes with plutonium and uranium, which are har d to coprecipitate 
with Fe(OH)3, so it must be removed before the copr ecipitation. The 
experiments using MAW were carried out to confirm t he effect of the 
removal of carbonate ion on the coprecipitation of alpha nuclides. The 
results are shown in Table I. Decontamination facto r of the 
coprecipitation after the decarbonation is more tha n the order of 1E+2, 
while decontamination factor is nearly equal to 1 w ithout decarbonation. 
The decarbonation process is necessary for effectiv e coprecipitation of 
alpha nuclides. 
Table I 
Phosphate ion 
The experiments using the liquid waste which had hi ghly phosphate content 
(max.8g/l) were carried out. The results are shown in Table II. Compared 
with the results of the experiments using MAW, whic h has low phosphate 
concentration (<90mg/l), phosphate ion affects on t he removal of alpha 
nuclides by coprecipitation. 
Table II 
Effect on Ruthenium Removal (6,7,8,9) 
Addition of non-radioactive ruthenium 
The experiments were carried out to confirm the eff ects of addition of 
non-radioactive ruthenium. Before the experiment of  coprecipitation for 
the radioactive nuclide, 135mg/l of non-radioactive  ruthenium is added as 
Ru(NO3)3. The results are shown in Table III. As it  shows, the addition 
of non-radioactive ruthenium is not so effective to  remove ruthenium in 
the liquid waste. 
Table III 
Coprecipitation with CoS  
Ruthenium removal by coprecipitation with CoS was a ttempted by using LAW, 
which already treated in the process shown in Fig. 1.(10) After addition 
of cobalt nitrate, pH is adjusted to 9.5 and 4% thi oacetamide is added at 
60C with stirring to generate CoS flock. After cool ing, CoS flock is 
filtrated by the ultrafilter. The results are shown  in Table IV. 



Ruthenium is still detected after the coprecipitati on, so that this 
treatment is not so effective, too. 
Table IV 
Adsorption by the zinc electrode posited charcoal 
Ruthenium removal by adsorption by the zinc electro de posited charcoal 
(Zn-C) was attempted using treated LAW same as the method described in 
the section 4.3.2. The liquid waste passed through the Zn-C column. The 
results are shown in Table V. The concentration of Ru becomes below the 
detection limit and more than 1E+3 of decontaminati on factor values of 
the whole process are obtained in all the experimen ts. The zinc electrode 
posited charcoal is effective for removal of ruthen ium, but it is 
necessary to confirm the continuation of effective removal condition. 
According to the literature,11) 12) such good condi tion does not last so 
long. It is also necessary to obtain the optimized the operation 
condition to minimize the yield of secondary wastes . 
Table V 
TOTAL RADIONUCLIDE REMOVAL EFFICIENCY 
Finally, the MAW was treated through the nuclide re moval process in the 
following conditions; the 150mg/l of coprecipitant as iron, without the 
mixture of highly phosphate ion content liquid wast e, and the amount of 
the coprecipitant are the same as the condition des cribed in the section 
4.1.-4.3. The results are shown in Table VI. Good d econtamination factor 
were obtained about almost all the radionuclides, e specially about alpha 
radionuclides, however decontamination factor of ru thenium was about 
1E+2. 
Table VI 
CONCLUSION 
By using coprecipitants with ultrafilter and ion ex change resin, 
decontamination factor over 1E+6 for total alpha nu clides were obtained 
for the low level liquid waste from the TRP. And fr om now, research and 
development for higher volume reduction, less secon dary waste and 
improvement of the beta gamma radionuclides removal  efficiency especially 
for ruthenium will be executed. 
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ABSTRACT 
In February 1995, the U.S. Department of Energy (DO E) committed to 
relocate more than 100,000 individual spent nuclear  fuel (SNF) assemblies 
from wet storage facilities on the Hanford Site in Eastern Washington 
State, to a dry storage facility. The scheduled sta rt date for fuel 
retrieval operations is December 1997, and completi on is scheduled for 
December 1999. Parsons Infrastructure & Technology Group, Inc. (Parsons) 
was tasked by Westinghouse Hanford Company (WHC) to  develop a trade study 
that compared alternatives for SNF retrieval from w et storage and SNF 
conditioning prior to dry storage. The results of t he trade study were 
used by WHC to support selection of the alternative  that would accomplish 
SNF relocation operations in the safest and most co st-efficient manner. 
Each alternative focused on two major functions: Th e SNF Retrieval 
Operations and SNF Conditioning. The SNF Retrieval Operations consisted 
of evaluating four distinct alternatives for fuel h andling, fuel 
cleaning, and fuel packaging. The three SNF Conditi oning alternatives 
included vacuum drying the fuel at ambient temperat ure, vacuum drying the 
fuel using the decay heat of the fuel, and vacuum d rying the fuel by 
applying supplemental heat to the fuel at a tempera ture of 350oC.  
Conceptual designs of the equipment required to per form various functions 
were developed. The quantity and types of equipment  selected was expected 
to support a schedule for placement of the SNF in d ry storage within a 
two-year period. Time-motion studies were performed  to evaluate schedule 
impacts and expected radiation dose to workers. A l ife-cycle cost 
estimate was developed, and included construction a nd operating costs for 
each of the alternatives evaluated. 
After all data was fully developed, a summary evalu ation was performed to 
compare the fuel retrieval and conditioning alterna tives in terms of 
cost, dose, schedule, and complexity. The evaluatio n showed that 
tradeoffs were such that three of the four retrieva l concepts, coupled 
with SNF drying using the supplemental heating alte rnative, were nearly 
equivalent. These three retrieval alternatives are leaving the fuel 
intact in their present storage canisters, modifyin g their present 



storage canisters to allow limited fuel flushing, a nd removing the fuel 
from their canisters for cleaning. The trade study results and 
recommendations were used by WHC to support the sel ection of the 
recommended "Path Forward," which is the strategy f or placement of the 
SNF in dry storage. 
The Path Forward recommendations made by WHC, subse quent to issuing the 
trade study, were to remove the SNF from their cani sters, thoroughly 
clean the SNF, remove the water from the fuel using  a vacuum drying 
process, and then remove the residual and bound wat er using the 
supplemental heat vacuum drying process. 
INTRODUCTION  
In February 1995, the DOE approved the Spent Nuclea r Fuel Project Path 
Forward recommendation for resolution of the safety  and environmental 
concerns associated with the deteriorating SNF stor ed in the Hanford 
Site's K Basins. The K Basins consist of fuel pools  within two Production 
Reactor buildings near the Columbia River. The Path  Forward 
recommendation described the facilities and process es required to safely 
retrieve, package, transport, condition, and dry st ore the K Basin Fuel. 
In addition to approval of the Path Forward, the DO E committed to an 
accelerated schedule to begin fuel removal from the  K Basins by December 
1997, and complete it by December 1999. 
In response to DOE's goals, WHC initiated a project  to further develop 
the technical baseline for the Spent Nuclear Fuel R emoval and 
Conditioning Project. Parsons was tasked to develop  concepts for removing 
the spent nuclear fuel from the K Basins, condition ing the fuel for dry 
storage, and evaluating and documenting the results  in a Trade Study 
Report. The study goal was to delineate the systems  and processes 
required to perform those functions, and to evaluat e the life-cycle 
costs, personnel exposure levels, schedule for fuel  removal, risks and 
uncertainties, and impacts of these interfacing sys tems. 
Approximately 2,100 metric tons of uranium in the f orm of more than 
100,000 individual SNF assemblies are presently sto red in canisters in 
the K Basins. Most of the SNF originated in the N R eactor facility and is 
low-enriched, metallic uranium, clad in Zircaloy. A  typical SNF assembly 
is approximately 26 in. Long and 2.4 in. In dia. A SNF assembly is made 
up of on inner SNF element with cladding, and an ou ter SNF element with 
cladding. The inner SNF element has a small-diamete r hole in the center 
and is held in place with springs; however, many of  the springs have 
corroded and may not be in place. There are four ty pes of canisters in 
the K Basins. Each canister has two barrels made of  either stainless 
steel or aluminum, and holds up to 14 fuel assembli es; however, not all 
of the canisters are full and some of the SNF eleme nts are broken. A 
significant fraction of this fuel has become degrad ed caused by cladding 
breaches during reactor discharge and subsequent co rrosion during 
underwater storage. 
Both of the K Basins are constructed of reinforced concrete and were 
placed in service in the early 1950s. They are loca ted within 0.25 mile 
of the Columbia River. K West Basin was cleaned, re furbished, and epoxy-
coated in 1981. The SNF in K West Basin is stored i n closed, stainless-
steel or aluminum canisters. Visually, these canist ers appear to be in 
good condition. 
K East Basin was not refurbished or epoxy-coated; i t has been used to 
store N Reactor fuel since 1975. Fuel is stored the re in open, stainless-
steel or aluminum canisters. Degradation of the alu minum canisters and 



breached fuel appears to be substantial. The water in the K East Basin is 
radioactively contaminated, and area dose rates nea r the pool surface are 
relatively high. Significant quantities of sludge t o a depth of nearly 1 
ft. are visible in some pool locations. 
ALTERNATIVE CONCEPTS DEVELOPED 
The Trade Study addressed many aspects of the fuel retrieval and 
conditioning operations outlined in the original Sp ent Nuclear Fuel 
Project Path Forward. The concept scope included de veloping equipment 
that would safely retrieve and handle the fuel bear ing canister from 
racks at the bottom of the fuel pools. Equipment wa s conceptualized that 
would clean the sludge and corrosion products from the SNF elements. 
Variations in the equipment configurations allowed cleaning the fuel 
while it remained in the canisters, or after remova l from the canisters. 
Systems were designed to minimize the amount of slu dge released into the 
fuel pools during the fuel retrieval and cleaning o perations. Fuel 
handling equipment and methods were developed for l oading the fuel into 
the primary containment vessel called the Multi-Can ister Overpack (MCO). 
The MCO is a 24-in.-dia., 160-in.-tall, stainless-s teel vessel. After the 
fuel is loaded into the MCO, the MCO is welded clos ed and the water is 
removed. Residual water left in the MCO will be rem oved by one or more 
vacuum conditioning processes. The basic functions addressed in the trade 
study are shown in Fig. 1.  
SNF Retrieval Concepts 
The alternative methods for SNF and canister retrie val, cleaning, and MCO 
loading required developing methods for performing,  handling, and 
machining operations in an underwater environment. The four separate 
concepts evaluated were as follows: 
  Concept 1A, As-Is, Direct loading of the SNF cani sters into the MCOs; 
  Concept 1, Limited Cleaning, Limited flushing of the SNF in the 
canisters prior to MCO loading; 
  Concept 2, Slotting and Flushing, Canister machin ing and rigorous SNF 
flushing in the canister prior to MCO loading; and 
  Concept 3, Separate Fuel from Canister, Removal o f the SNF from the 
canisters, and rigorous SNF and canister cleaning p rior to MCO loading 
and fuel reracking in baskets. 
Fig. 1 
Spent Nuclear Fuel Conditioning Concepts 
  S-1, Dewatering and Drying, The S-1 conditioning effort was in the 
initial conditioning step required for all scenario s. Step S-1 is 
accomplished by draining/pumping the free water fro m the MCO, followed by 
low-temperature "cold" vacuum drying.  
  S-2, Cold Vacuum Conditioning, This step was one of the two "complete 
drying" steps to further dry the contents of the MC O. Step S-2 is 
accomplished by using only the fuel decay heat over  time to heat and dry 
the fuel.  
  S-3, Hot Vacuum Conditioning, This step was the s econd "complete 
drying" steps to further dry the contents of the MC O. Step S-3 drying 
would be accomplished by using supplemental heating  of the MCO (to 
approximately 300oC), and holding the fuel at this temperature and under 
vacuum to remove nearly all retained moisture from the fuel and corrosion 
products within the MCO.  
Figure 2 shows the three alternatives for dewaterin g and vacuum drying 
the fuel in the MCO, and includes the calculated nu mber of stations 
required to condition all fuel within a two-year pe riod.  



Trade Study Development 
Equipment concepts were developed that could perfor m the various 
functions of the process, from fuel retrieval throu gh final storage. 
Equipment layouts were made showing equipment in th e K Basin Facilities 
and in new facilities. Figure 3 shows a typical pro cess equipment layout 
in a K Basin pool. With the time restriction of two  years for complete 
fuel retrieval, some of the systems required redund ant equipment items. 
All fuel retrieval alternatives will be performed i n the two K Basin 
Facilities. The current process logic for fuel cond itioning allows 
conditioning steps to be performed at one or more o f four distinctly 
different facilities in different locations. These four facilities are 
the K Basin(s), the K Basin Annex(es), the Canister  Storage Building 
(CSB), and the conditioning facility. The CSB Annex  was added as a fifth 
facility, and although considered a separate altern ative, it would 
actually be a part of the CSB. Depending on a numbe r of different factors 
(including facility space available to perform cond itioning operations, 
shipment conditions of the MCOs, location of the fa cilities themselves in 
relation to Hanford Site boundaries, MCO transporta tion constraints, 
etc.), a given conditioning step may not be amenabl e to perform at a 
given facility, or may be done much more efficientl y and logically at one 
facility, versus another. 
Figure 4 shows option paths evaluated. These were b ased on 24 (18 paths 
plus 6, S-1 at the CSB Annex) feasible processing p aths. Each path has 
one of two choices for MCO loadout. These consist o f either remote 
loading or water-shield loading, which brings the t otal number of options 
to 48. 
After the equipment concepts and layouts were produ ced, time-motion 
studies were performed for all operations, from fue l retrieval in the K 
basins through final placement of the MCOs containi ng the fuel into the 
CSB. Activities were defined and the crew sizes req uired to carry out 
each activity were established. These studies revea led that the Crane 
Availability in each of the K Basins was the limiti ng factor for meeting 
the two year fuel removal schedule. The results of the time-motion 
studies were then used as input to define the appro ximate total person-
dose received by workers during the fuel removal op erations. Doses were 
calculated using the computer dose modeling code Mi croshield.  
A cost estimate for each of the alternatives was de veloped. As the basis 
for the cost estimates included in the trade study,  it was assumed that 
construction and modifications to facilities would be performed by the 
onsite construction contractor, ICF Kaiser Hanford,  and the operation of 
facilities and equipment would be performed by WHC personnel. Sketches, 
drawings and descriptions were used to establish qu antities of equipment 
required, building areas, configurations, and const ruction types, as well 
as installation complexity. Because the level of de tail of the design 
documents lacked the final design detail, a conting ency factor was 
applied to the estimates. 
Fig. 2 
Fig. 3 
Fig. 4 
EVALUATION CRITERIA 
The fuel removal and conditioning concepts develope d were evaluated and 
compared to ascertain their potentials for meeting cost, schedule, 
technical, and other requirements. The evaluation u sed a systems 
engineering approach for assessing the fuel removal  and conditioning 



alternatives. It facilitated a side-by-side compari son of functions and 
requirements of the fuel handling and processing al ternatives. Key 
criteria were established and used to perform the e valuation. They 
consisted of: 1) Cost--Total of both acquisition an d operating costs in 
dollars; 2) Exposure risk--(dose) in person-rem; 3)  Complexity - this 
criterion included the potential for leaving residu al moisture in the MCO 
after drying; and operability and maintainability c onsiderations, 
including operations steps, special handling, and o perations simplicity. 
The rankings were based on the professional judgeme nt of the evaluators 
and ranged from 1 (least potential) to 4 (most pote ntial). Each 
alternative was included in an option description w orksheet. The data was 
then plotted and compared by concept to show the op tions that minimized 
cost, dose complexity, and schedule. (Table I). 
Table I 
TRADE STUDY EVALUATION RESULTS 
Comparisons between the various alternatives (Table  I) were made in terms 
of cost, schedule, dose to workers, and operational  complexity. The 
results of the evaluation showed that Concept 2 wit h S-1, S-2, or S-3 
conditioning was not a favorable option because of a higher cost, 
schedule, and dose to workers than any other option s. The evaluation 
results also show that the tradeoffs of cost, sched ule, dose, and 
complexity in Concepts 1, 1A, and 3 with S-1/S-3 co nditioning are such 
that these concepts are nearly equivalent. 
Concept 1A, As-Is 
Concept 1A operations consist of essentially three steps: 1) Retrieving 
the canisters; 2) Removing the canister lids; and 3 ) Loading the MCOs. S-
1/S-3 conditioning at the new conditioning facility  offers the most 
efficient method of conditioning, with the least am ount of time and 
equipment required per MCO. Based on the evaluation  data, this concept 
scored favorably in both cost and dose received by workers when 
conditioning Step S-3 was used. Concept 1A required  the minimum amount of 
equipment and the minimum number of operations to p erform fuel removal 
operations in the K Basin. The capital and operatin g costs of the 
alternative with S-3 conditioning are relatively lo w because of the 
absence of complex equipment for fuel retrieval. Fu el handling activities 
by remote or underwater methods limit direct exposu re to personnel. The 
minimization of fuel handling activities in the K B asin process area 
translates into less worker dose.  
The estimated time it takes to perform fuel removal  operations was 
moderate in relation to the other concepts. The pri mary driver behind the 
fuel removal schedule is the availability of the cr ane to perform various 
functions during MCO loadout, shield plug welding, and cask transfer 
operations. A disadvantage to Concept 1A is the unk nown state of the fuel 
and sludge after the MCO is sealed. Concept 1A fuel  removal with S-2 
conditioning shows a substantial increase in acquis ition costs because of 
the increased operations and equipment costs of the  conditioning process. 
Concept 1, Limited Cleaning 
Concept 1 operations consisted of essentially four steps: 1) Retrieving 
the canisters; 2) Removing the canister lids; 3) Fl ushing the 
canister/fuel; and 4) Loading the MCO. Compared to Concept 1A with either 
S-2 or S-3 conditioning, the major difference in th e data shown on the 
evaluation table is that this concept has generally  higher total costs 
and dose to workers. The higher costs and higher pe rsonnel doses are 
attributed to additional equipment costs and additi onal operating times 



respectively, to perform the flushing activities. S chedule and complexity 
score relatively the same as Concept 1A. 
Concept 2, Slotting and Flushing 
Concept 2 operations consist of five steps: 1) Retr ieving the canisters; 
2) Removing the canister lids; 3) Machining the can ister; 4) Flushing the 
canister/fuel; and 5) Loading the MCO. This concept  is shown to be 
generally not a favorable option. Total costs are r elatively high because 
of the increased complexity of canister and fuel ha ndling equipment 
required for machining the canisters, and the incre ased time it takes to 
perform all fuel removal operations. Dose rates are  unfavorable and 
reflect the doses operators would received while pe rforming basin 
operations for greater than 100 weeks. This concept  with either S-2 or S-
3 conditioning has generally the worst scores in al l categories the 
criteria evaluated. An advantage to this concept is  that a quantity of 
sludge and corrosion presently in the canisters and  on the fuel will be 
removed, and will provide improved conditioning pro ducts. 
Concept 3, Separate Fuel from Canister 
Concept 3 with either S-1/S-2 or S-1/S-3 conditioni ng at various 
locations was evaluated. Concept 3 operations consi st of six steps: 1) 
Retrieving the canisters; 2) Removing the canister lids; 3) Removing the 
fuel from the canisters; 4) Cleaning the fuel; 5) R eracking the fuel in 
baskets; and 6) Loading the MCO (this doubles the f uel packing density of 
Concept 1A, 1 and 2). Dose rates encountered in thi s process are 
approximately 30% higher than the doses calculated for Concepts 1A and 1. 
The reason for the increased doses for the concept is because of the 
increased number of manhours actually spent in the basin area for fuel 
repacking. The schedule for fuel removal is improve d (approximately 55 
weeks or approximately one-half of Concept 1A and 1 ) because of 
concurrent processing of "good" and "bad" fuel, and  the 50% reduction in 
the number of MCOs needed for complete fuel removal  from the Basins.  
Costs for the option using Concept 3 are generally less than the other 
options because of lower acquisition costs for MCOs , and lower labor 
costs for MCO and cask handling activities. The sch edule advantage of 
this concept seems to present an attractive alterna tive. Improved 
knowledge of sludge and corrosion product inventori es in the MCOs after 
fuel rod cleaning will prove advantageous during th e fuel conditioning 
operations. This knowledge will also improve confid ence in the 
determination of the fuel condition future years, w hen the fuel is 
processed for final disposal. 
CONCLUSION 
Subsequent to the trade study completion, WHC refin ed the Path Forward to 
reflect Parsons recommended approach for fuel retri eval and conditioning. 
That approach shows repacking the bare fuel in stor age baskets (Concept 
3) and applying a two-step fuel drying and conditio ning process (S-1/S-
3).  
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ABSTRACT 
Transuranic (TRU) radioactive wastes have been retr ievably stored in 
waste drums at Department of Energy (DOE) sites sin ce the 1970's. 
Ultimately, these waste drums are destined for fina l disposition in the 
Waste Isolation Pilot Plant (WIPP). Current require ments for acceptance 
of waste into the WIPP dictate that a representativ e drum headspace 
sample be acquired and analyzed prior to the transp ort and disposal of 
waste in the WIPP. Analysis results of the headspac e sample are to be 
used for waste characterization, verification of pr ocess knowledge, 
assigning Environmental Protection Agency (EPA) haz ardous waste codes, 
determining the potential for flammability, and as input to gas 
generation and transport models. Because of the ver y large number of 
waste drums and the rate at which they will need to  be processed, a 
rapid, simple and reliable analysis method for wast e drum headspace that 
can be performed "at-line" is necessary. Fourier tr ansform infrared 
(FTIR) spectroscopy was selected because the analys is times are short, 
operation of the instrumentation is simple and reli able and because FTIR 
systems are rugged and can be easily configured to function for "at-line" 
analysis. Drum headspace samples are pulled directl y into a cell mounted 
on an FTIR spectrometer and a spectrum recorded. Fr om each infrared 
spectrum, 29 volatile organic compounds, the C1-C3 hydrocarbons, and some 
interferences are identified and quantitated. To ev aluate the analytical 
performance of the FTIR system and methodology on r eal samples, over 200 
gaseous samples of actual TRU waste drum headspace and the headspace of 
other inner layers of confinement within the waste drums have been 
analyzed by an "at-line" FTIR system. Analytical re sults are available 
within 5-6 minutes of sample collection. The FTIR a nalysis results were 
compared to the results from duplicate samples that  were collected in 
SUMMA canisters and analyzed by the standard labora tory gas 
chromatographic (GC) methods. The FTIR analysis res ults agree well with 
the chromatographic analyses and will meet the prog ram required limits 
for accuracy and precision for the analytes of inte rest. To date, the 
results indicate that FTIR spectroscopy is a viable , cost effective 
alternative to the laboratory based GC methods curr ently specified for 
the analysis of TRU waste drum headspace. 
INTRODUCTION 
Transuranic (TRU) wastes have been retrievably stor ed at Department of 
Energy (DOE) facilities since the 1970s. In 1980, t he Waste Isolation 
Pilot Plant (WIPP) was authorized and funded to pro vide a research and 
development facility focused upon demonstrating the  safe disposal of 
radioactive wastes. Because of the wide variety of activities that 
generated DOE's TRU waste, some of the waste also c ontains components 
that are regulated by the Resource Conservation and  Recovery Act (RCRA). 
To ensure that the waste to be admitted to the WIPP  meets a variety of 
compliance programs, including RCRA, the TRU Waste Characterization 
Program (TWCP) was initiated. Waste characterizatio n data from the TWCP 
will be, and currently are being used, to support t he assessment of WIPP 
repository performance, the application for permits  and variances issued 



by regulatory agencies, and necessary revisions to transportation 
restrictions. 
The EPA in its conditional no-migration determinati on for the WIPP,(1) 
indicated that before DOE submits a petition for th e actual disposal 
phase at the WIPP, real sampling and analytical dat a would be required to 
characterize the waste. Among the chemical analyses  requested is the 
determination of volatile organic compounds (VOCs) in the headspace of 
the waste drums and all additional layers of confin ement within each 
waste drum. The VOC data are necessary to evaluate the potential for 
migration of these compounds beyond the WIPP bounda ry above EPA 
determined health based risk limits (2) and to conf irm that the waste 
drum headspace is representative of the drum conten ts. The EPA is also 
requiring quantitative data for the flammable VOCs,  hydrogen and methane 
prior to disposal at the WIPP. Due to the potential  for explosive 
mixtures in waste drum headspace, EPA has currently  imposed a 500 ppmv 
concentration limit for total flammable VOCs in the  headspace of 
containers to be sent to the WIPP during the test p hase. 
A list of 29 VOCs was compiled from examination of available records 
associated with the descriptions of the activities that may have 
generated waste within the DOE complex and from act ual records describing 
the stored wastes. Exposure and lower explosion lim its of these compounds 
are indicators of what concentrations might be of r easonable concern for 
waste handling and storage. Some characterization o f stored TRU waste 
which included some headspace analysis has been per formed and 
reported.(3) Generally, fewer then 5 of the identif ied VOCs are found in 
any particular sample. 
At the Idaho National Engineering Laboratory (INEL)  alone, there are as 
many as 140,000 containers of TRU waste. Most of th ese containers are 55-
gallon drums with sealed lids. Due to the potential  buildup of flammable 
gases in these drums from radiolysis, these drums a re to be vented and 
appropriate filters installed in the lid to allow t he drum to aspirate. 
At the time of filter insertion, it is desirable to  collect and analyze a 
sample of the headspace for characterization and cl assification purposes. 
Because of the number of drums that need to be vent ed, the INEL has 
designed and built an automated Drum Venting Facili ty (DVF) that will 
vent drums at the rate of one every 5-10 minutes. A s part of this 
facility it is desirable to have a rapid VOC analys is technique to 
provide near-real time feedback of analysis results  to dictate the 
immediate storage and handling requirements for eac h drum. In the Waste 
Characterization Area (WCA) located at Argonne Nati onal Laboratory-West 
(ANL-W), waste drums are opened for detailed charac terization and 
examination. A rapid VOC analysis technique is also  desirable at the WCA 
since all layers of confinement within each drum ne ed to be sampled for 
VOCs, CH4 and H2 analysis. 
The currently accepted methods for the analysis of waste drum headspace 
components are gas chromatography with thermal cond uctivity detection 
(GC/TCD), gas chromatography with flame ionization detection (GC/FID) and 
gas chromatography with mass spectrometric detectio n (GC/MS).(4) A 
typical sampling and analysis of waste drum headspa ce consists of 
collecting the gaseous sample in a SUMMA canister, surveying for 
radioactive contamination, transporting it to the l aboratory, an initial 
dilution, screening via GC/FID analysis, the final dilution, GC/MS 
analysis for VOCs, GC/TCD analysis for H2 and CH4, and finally reporting 
in data packages. The total cost for each analysis is ~$1000 and the 



turnaround time is as much 1 month, primarily becau se of the data 
reduction and reporting requirements. Minimum actua l analysis times would 
be 15-45 minutes per chromatogram once the sample i s received in the 
laboratory. 
Because of the time necessary to develop a typical chromatogram, 
chromatography is not a preferred technique for the  at-line analyses 
outlined above. This is particularly true if diluti on is required to get 
the sample into the working analytical range. Some "high-speed" 
chromatography applications exist; however, they su ffer from 
reproducibility problems without special sample inl et systems, must 
sacrifice chromatographic resolution for analysis t ime, and often more 
than one column/chromatographic system must be used  to quantitate 
multiple analytes.(5,6) Separate columns are also n ecessary for the 
analysis of permanent gases such as H2, CH4, and CO 2.  
A reasonable alternative to at-line GC instrumentat ion for the analysis 
of waste drum headspace is Fourier transform infrar ed spectroscopy 
(FTIRS). Rugged FTIRS instrumentation is commercial ly available and has 
been used for several on-line applications.(7,8)  D epending upon the 
instrument/detector used, analysis times using FTIR S can be as short as 1 
second, however, analysis times of 1-5 minutes are more common. Most VOCs 
and permanent gases can be analyzed with infrared s pectroscopy. 
Exceptions include diatomic molecules without dipol es such as H2 and O2. 
Because of the nature of absorption spectroscopy, 
calibrations/standardizations can be universal with in certain 
limitations, i.e once a calibration/standardization  is established it is 
possible to transfer this calibration from instrume nt to instrument, 
provided that the data are collected under similar conditions.(9) 
The goal of the work outlined in this paper was to evaluate and determine 
if FTIRS is a suitable alternative to GC methods fo r the "at-line" 
analysis of waste drum headspace in order to suppor t various decisions 
about whether the waste drums meet TWCP requirement s and certain WIPP 
Waste Acceptance Criteria. The basic questions lie in whether analysis by 
FTIRS produces statistically equivalent results as the GC procedures 
and/or whether it meets other TWCP criteria for pre cision (25%) and 
accuracy (30%).(4) 
EXPERIMENTAL 
Bomem furnished the FTIR based VOC system as specif ied by the INEL. 
Because the "turn-key" FTIR system is located in a "suspect radiation 
contamination zone" near where the waste drums are handled and mounted 
into the waste characterization hot cell at the WCA , the hardware is 
housed in a NEMA 12 enclosure (48 in. tall x 36 in.  wide x 16 in. deep) 
for protection from damage and from contamination b y radiation. Figure 1 
is a schematic of the components comprising the FTI R based VOC analysis 
system. In the NEMA 12 enclosure, a Bomem MB 100 se ries FTIR is 
vertically mounted and equipped with a specially de signed top plate. The 
optical bench is purged with hydrocarbon and CO2 fr ee dry air which is 
vented into the NEMA 12 enclosure to help maintain a slight positive 
pressure within the enclosure. A 20 cm gas cell wit h zinc selenide 
windows with an antireflection coating to reduce th e refractive index and 
a DTGS detector are mounted on the top plate. All s ample transfer lines 
and the sample cell are maintained at 110C. Transdu cers are mounted in 
the cell to record the temperature and pressure of each sample. Because 
of the heat load supplied by the instrumentation an d the other heated 
components, the NEMA 12 enclosure is cooled and mai ntained at ~28C with a 



closed cycle air conditioner. Operation of the valv es and the FTIR are 
controlled via RS422 from a 486 based PC located >6 0 feet away at the WCA 
control center. 
Fig. 1 
Sampling and analysis is initiated when the start s ignal is received from 
the GSS computer. At this point, the three way valv e (V1) rotates toward 
the sample line, and the cell and lines are evacuat ed to <2.5 Torr by 
opening V4. The cell and lines are backfilled to ~6 25 Torr with 
hydrocarbon and CO2 free dry air by closing V4 and opening V3. The cell 
and lines are reevacuated by closing V3 and opening  V4. Once evacuated to 
<2. 5 Torr, V4 is closed and the "ready evacuated" signal is sent to the 
GSS computer, which then opens V0, and the lines an d cell begin to fill 
with the sample. When the pressure has stabilized, spectral acquisition 
is initiated. Each spectrum is the result of 10 coa dded scans. A second 
spectrum of a "diluted" sample can be acquired by r otating V1 toward the 
air line and then opening V2 until the desired lowe r pressure is 
obtained, then the cell is backfilled to 640 Torr w ith hydrocarbon and 
CO2 free dry air. 
Because quantitative IR spectra of several of the V OC's of interest were 
not available at all or not available at the condit ions at which the 
sample spectra were to be recorded, it was decided to record the 
quantitative spectra at the sampling conditions, i. e., at 110C with a 
nominal pressure of 640 Torr (near ambient pressure  in eastern Idaho). 
Bomem assembled a second system at their facilities  with a gas sampling 
manifold that included a cold finger to trap VOCs a nd a MB 100 series 
Fourier transform infrared spectrophotometer with a n identical top plate 
to that provided the INEL. To collect a pure compon ent spectrum of a 
particular VOC, a sample of the neat analyte was pu t into the cold finger 
and then the finger was attached to the manifold an d the sample was 
frozen with liquid nitrogen. The space over the fro zen sample in the cold 
finger, manifold, and heated gas cell were evacuate d using a mechanical 
and a turbo pump in series. Once a stable vacuum wa s reached, the cold 
finger containing the sample was isolated by closin g the valve, the 
liquid nitrogen was removed, and the sample heated to room temperature. 
The valve to the sample was then opened and the sam ple allowed to 
"evaporate" into the evacuated manifold and cell un til the desired 
partial pressure of the analyte was reached (usuall y ~0.64 Torr). The 
total pressure was then brought to 640 Torr with ni trogen (i.e. 1000 
ppmv) and the spectrum was acquired with 50 coadded  scans at 1 cm-1 
resolution. Many of the more polar and less volatil e VOC's presented 
problems that were likely due to adsorption of the analyte onto the walls 
of the cell and manifold. The addition of nitrogen to the sample to bring 
it to 640 Torr seemed to enhance the instability of  the analyte partial 
pressure. For these cases, additional nitrogen was not added to bring the 
total pressure to 640 Torr. There were no apparent differences in the 
spectral features of the analyte spectra recorded a t low and high 
pressure. Linearity of the samples created in this manifold system was 
verified by using carbon tetrachloride to construct  a calibration curve 
from 0 to 1000 ppmv. Carbon tetrachloride was selec ted because of its 
very high absorbtivity coefficient. 
Examination of IR spectra of actual waste drum head space indicated that 
interferences that were not included in the origina l calibration set were 
often encountered. These interferences included NH3 , N2O, trimethylamine, 
>C6 hydrocarbons and very wide concentration ranges  of CO2. To compensate 



as much as possible for very wide ranging CO2 conce ntrations, a series of 
six CO2 standards were prepared that when combined with the existing 2500 
and 25000 ppmv CO2 spectra covered the range from 2 500-50,000 ppmv. 
Certified 1000 ppmv standards of N2O and NH3 were p urchased from Scott 
Specialty Gases (Plumsteadville, PA). A certified 1 000 ppmv standard of 
trimethylamine was purchased from SO-CAL Airgas (Lo s Angeles, CA). A 
hydrocarbon standard was prepared at 955 ppmv from decane (333 ppmv), 
undecane (322 ppmv) and dodecane (300 ppmv). Spectr a of each of these 
standards were collected on the "turn-key" system i nstalled at the WCA or 
an identical system intended for installation at th e DVF.  
Quantitative analysis of the VOC's from the infrare d spectra collected on 
the "turn-key" FTIRS system was performed using PLS .(10) The PLS analysis 
methods on the "turn-key" FTIRS system were generat ed using Galactic 
Industries PLSplus add-on package to Grams/386. Bec ause of software 
limitations and the cumbersome calibration sets req uired for a single 
method that would quantitate all 29 target VOC's an d the C1-C3 
hydrocarbons, individual PLS methods were used for each analyte in an 
optimally selected region of the spectrum for that analyte. Calibration 
sets consisted of the original calibration set supp lied by Bomem and the 
supplemental interference spectra collected at the WCA (n=110). All 
spectra in the set were background corrected to avo id extraneous factors 
that might affect quantitation of an analyte. Artif icial spectra 
containing offsets and sloping lines were added to the set for simple 
background factor definition. Frequency regions for  each analyte were 
selected after evaluating the correlation spectra f or that component 
calculated by a development aid in the PLSplus pack age and the actual 
spectrum of the analyte. An optimum number of facto rs for each analyte 
method were selected from the evaluation of the pre dicted residual error 
sum of squares (PRESS) values determined using the cross-validation 
procedure included in the PLSplus package. A summar y of the frequency 
regions and factors used in these methods is given in Table I. Evaluation 
of an unknown spectrum for the 29 VOC analytes and methane, ethane, and 
propane using 32 separate PLS methods takes ~10 sec onds. A complete 
analysis and report are provided to the operator wi thin 3-6 minutes of 
sample introduction to the system. 
Table I 
RESULTS AND DISCUSSION 
The suitability of using FTIRS for the at-line dete rmination of VOCs in 
waste drum headspace was evaluated by several means . Routine daily FTIR 
analysis of a check standard was used to assess lon g term precision, 
accuracy and determine subsequent working detection  limits. Direct 
comparisons were made between the FTIRS results and  results from 
"identical" samples collected in SUMMATM canisters.  Further assessments 
of accuracy, precision and error rates were accompl ished by participation 
in the TWCP Performance Demonstration Program.(11) 
During operations at the WCA, prior to any sample c ollection or analysis 
on a given day, a check standard was analyzed by th e FTIRS and 
occasionally sampled into a SUMMATM canister for la ter analysis by GC 
methods. A summary of the results from the analysis  of these check 
standards is presented in Table II. Two separate st andards were used over 
a period of ~6 months, each for ~3 months. The curr ent sampling manifold 
design at the WCA requires that the check standards  be transported 
through ~25 feet of unheated tubing prior to reachi ng a heated portion of 
the manifold. Polar VOCs tend to interact with the walls of the tubing 



and are not efficiently transported without heat or  the presence of a 
more polar compound to displace it from the active sites on the surface. 
This problem is clearly reflected in the recovery a nd precision for the 
analysis of methanol by both the FTIRS and GC analy ses of the first 
standard which was dry. Addition of water to a low pressure gas standard 
containing polar VOCs which was then sampled throug h the same tubing 
demonstrated that methanol could be quantitatively transferred through 
this tubing if a more polar compound was present to  compete for binding 
sites. A second standard was ordered that contained  water, however 
methanol was still no efficiently reaching the mani fold. At 500 psig, 
some of the water apparently condensed in the cylin der and some of the 
methanol was lost in the condensation.  
Table II 
Examination of Table II indicates that aside from t he problem with the 
methanol transport, the FTIRS method performed well  and was within the 
TWCP requirements for 30% accuracy and 25% precisio n. Long term precision 
for the FTIRS method is most typically <10%. Accura cy for all analytes in 
Table II, except methanol, is within the TWCP requi rement, however they 
appear to be 5-15% negatively biased. The GC analys es for some analytes 
also appear to be biased, but in a positive directi on, e.g. 11-
dichloroethane and 11-dichloroethene. 
Because FTIRS spectra of headspace VOC samples are highly overlapped, 
direct analysis of the spectrum is difficult at bes t and special data 
processing like PLS is required to simplify the ana lysis. Each compound 
has a unique IR spectrum, which is the fact that al lows the PLS algorithm 
to easily extract the necessary qualitative and qua ntitative information 
from a highly overlapped spectrum. The results can be slightly affected 
by the number and identity of the analytes present in the sample 
spectrum. Because of this, the determination of app ropriate detection 
limits is not necessarily obvious. The components i n the check standards 
were selected primarily because of how frequently t hey occur in the 
actual waste drum headspace samples. The were secon darily selected to 
represent classes of compounds. Rarely are more tha n 5 VOCs found in a 
given headspace sample. The analysis of the check s tandards for all VOCs 
of interest should therefore be representative of t he samples and the 
long term precision should be representative of the  actual sample 
analysis. Because of the representativeness of this  standard and 
analysis, the precision times 3 is also an appropri ate working detection 
limit for the FTIRS analysis. The detection limits shown in Table I were 
calculated from the repeated analysis of these chec k standards. These 
detection limits compare well with and are only sli ghtly higher than 
published detection limits(12), as expected sine th e published detection 
limits were obtained under optimum conditions. 
During operations at the WCA, headspace samples fro m waste drums and all 
layers of confinement within the waste drums were s ampled in to 250 mL 
SUMMA canisters for later analysis by standard GC m ethods. If the 
headspace volume was deemed sufficient, a second sa mple was collected 
directly into the at-line FTIRS system for immediat e analysis. In all, 
231 samples were collected and analyzed by both the  GC methods and FTIRS. 
Of these 231 samples, 15 represent direct compariso n of the FTIRS and 
GC/GC-MS for the two reference standards. In the ac tual headspace 
samples, 111-trichloroethane was found in nearly al l samples. 
Trichloroethene, 11-dichloroethene, acetone, toluen e, methanol and carbon 
tetrachloride were also found in some samples. Only  111-trichloroethane 



and trichloroethene were found at significant conce ntrations in the 
samples.  
Overall, for the samples that were above the detect ion limits for both 
GC/GC-MS and FTIRS the correlation line for 111-tri chloroethane was 
FTIRS=(0.9960.014)*GC-(217) with an R2 of 0.958. Th e y-intercept implies 
a negative offset of ~20 ppmv. For trichloroethene,  the regression line 
when both techniques were above the detection limit  is given as 
FTIRS=(0.880.03)*GC-(910) with an R2 of 0.934. The ~12% negative bias 
noted in the slope is consistent with the accuracy associated with the 
analysis of the reference standard (see Table II). With few exceptions 
the two analysis techniques track each other quite well for 111-
trichloroethane and trichloroethene. Correlation fo r 11-dichloroethene 
does not appear be good; however, if one considers the 15% positive bias 
for the GC-MS method (see Table 5-2) and the ~10% b ias for the FTIRS, 
this result is not surprising. 
The regression line for acetone when results for bo th the GC and FTIRS 
techniques are above their detection limits is FTIR S=(0.830.04)*GC-(03) 
with an R2 of 0.900. Examination of the overall dat a for acetone 
indicates a large number of false negatives for FTI RS analysis relative 
to the GC. Most alarming were the false negatives w hen the GC result was 
at 70-100 ppmv. Examination of the data one of thes e samples is 
interesting. For this sample, the GC indicated a co ncentration of 100 
ppmv acetone and 1900 ppmv 111-trichloroethane. The  FTIRS analysis 
indicated that acetone was <18 ppmv, however 1-buta nol, 2-butanone, ethyl 
ether and 111-trichloroethane were at 101, 413, 95,  and 1800 ppmv 
respectively. Because of the complexity of the samp le spectrum, direct 
examination after 111-trichloroethane had been subt racted, could not rule 
out the presence of acetone or, confirm the presenc e of 1-butanol, 2-
butanone, or ethyl ether because the presence of an  unidentified compound 
present that has spectral characteristics similar t o alcohols and/or 
ketones. As many as four other compounds were known  to coelute with 
acetone in the GC-FID method. The compounds that ar e known to coelute 
with acetone are freon 113, ethanol, carbon disulfi de and 
dimethoxymethane. Because of the high concentration  of 111-
trichloroethane, a very large dilution was required  for the second 
analysis by GC-MS which raised the detection limits . However, reanalysis 
of the stored GC-MS data confirmed acetone. To dete rmine the final 
dilution factor for the GC-MS analysis, a screening  GC-FID is run at 
~3.5x dilution of the sample. This analysis indicat ed a variety of peaks 
that were not identified. The FTIRS analysis was pe rformed with no 
dilution of the sample.  
Correlation between the FTIRS and GC analyses for t oluene indicates a 
significant number of false or severely positively biased results for the 
FTIRS method. The main absorption band for toluene is interfered with 
severely by 111-trichloroethane and CO2. The magnit ude of spectral 
residuals for the toluene method could be directly correlated to the 
positively biased toluene results and the presence of very high CO2 
concentrations. Because the CO2 concentration was s o high, nonlinear 
absorption of light affected this region of the spe ctrum. Because toluene 
is also found in nearly all of the actual headspace  samples at low 
concentrations, toluene was likely positively ident ified but the 
quantitation was likely biased because the calibrat ion for toluene is 
linear, however the absorbance is now nonlinear due  to the excessive CO2 
and spectral residual resulted. The CO2 was likely correctly compensated 



for since the series of CO2 spectra in the calibrat ion set were designed 
to identify the nonlinear behavior associated with high concentrations.  
The overall analysis results of the FTIRS compared to the GC methods is 
shown qualitatively in Table III as the number of t rue and false 
identifications are given along with the calculated  total error rates 
((false positives + false negatives)/total analyses ), sensitivities and 
selectivities. The overall total error rate is gene rally in the 8-9% 
range with only 1% of these errors being false nega tives. The specificity 
indicates that the FTIRS will discriminate against the analytes that are 
not present ~92% of the time. Likewise, the FTIRS m ethod will identify 
the presence of the components ~90% of the time. Th e results are somewhat 
better when the methane, trimethylamine and hydroca rbon results are 
dropped. Trimethylamine and hydrocarbons are tentat ively identified 
compounds in the GC/GC-MS methods and may not have been reported if their 
concentrations were low. Methane was only seen in t he reference standards 
and the GC method failed to identify it even though  the concentration was 
above the detection limit. The sensitivities listed  should be viewed with 
caution, since the results may be biased by the low  number of true 
positive for most analytes. 
Table III 
Examination of Table III indicates a large number o f the cis-12-
dichloroethene analysis results were false positive s. The detection 
limits for cis-12-dichloroethene in the samples was  usually in the ~12 
ppmv. Of the false positives, 91% were <20 ppmv and  all were less than 
27. Most compounds, false positives could be simila rly categorized. The 
major exceptions have been noted in the previous di scussions. For 
example, many of the false positives for ethyl ethe r and 1-butanol could 
be due to the interferences which caused the aceton e to be a false 
negative as described above. At two times the detec tion limits, i.e. a 
practical quantitation limit, the total error rates  drops to <1%, 
sensitivities are ~95% and selectivities are ~98%.  
Among of the quality assurance objectives for the a nalysis of gas samples 
for the TWCP is the analysis of blind audit samples  as part of the PDP. 
(11) These blind samples are distributed, analyzed,  and evaluated every 
263 weeks. Performance is evaluated with blanks whe re no target compounds 
exceeding 50% of the PRQL, precision within 25%, ac curacy within 30% and 
qualitative identification of non target analytes. In the most recent 
series of PDP samples, the FTIRS scored a 93% for t he critical target 
compounds and 81% overall for the target compounds.  The overall score was 
considered a pass and the critical target compound score was considered a 
conditional pass as a score of 95% is considered op timal. The major 
problem that may have caused this somewhat low scor e was that for some of 
the samples, the target concentrations were at or n ear the FTIRS 
detection limit and therefore may have slightly mis sed the accuracy or 
precision requirement. The only exception to this w as for 1,2-
dichloroethane which was ~35% negatively biased. Th is was the primary 
error that caused the score for the critical target  compounds to be <95%. 
CONCLUSIONS 
Based upon the work presented in this paper, the an alysis of waste drum 
headspace for VOCs with FTIRS appears to be quite f easible. Qualitative 
and quantitative determinations of VOCs with FTIRS are generally well 
within the requirements of the TWCP program, i.e. 3 0% accuracy and 25% 
precision. Long term precision of the technique and  instrumentation is 
very good as it is generally <10%. The technique do es appear to be 



slightly negatively biased however. The reason for this bias has not been 
positively identified; but, maybe, in part, be due to the number of 
factors necessary for the calibration to adequately  model the component 
of interest. In any case, the present systems with the 20 cm pathlength 
cell and DTGS detector appear to be quite capable o f quantitative 
analysis of the 29 target VOCs, the C1-C3 hydrocarb ons, and 6 known 
interferences in 3-6 minutes. The concentration ran ge covered, depending 
upon the analyte, is from low ppmv to several perce nt. The use of longer 
pathlengths and more sensitive MCT detectors will r educe the detection 
limits and speed the analysis; however, there may b e a sacrifice due to 
increased interference from low concentration unkno wn compounds in the 
samples and in the concentration range that can be covered. The 
calibration sets have been used on at least three d ifferent instruments 
appear and they do appear to be "universal", provid ed that the frequency 
accuracy of the instrument is within tolerance. 
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ABSTRACT 
The Safety Analysis Report for the TRUPACT-II Shipp ing Package 
(Transuranic Package Transporter-II (TRUPACT-II) SA RP) set limits for gas 
generation rates, wattage limits, and flammable vol atile organic compound 
(VOC) concentrations in transuranic (TRU) waste con tainers that would be 
shipped to the Waste Isolation Pilot Plant (WIPP). Based on existing 
headspace gas data for drums stored at the Idaho Na tional Engineering 
Laboratory (INEL) and the Rocky Flats Environmental  Technology Site 
(RFETS), over 30 percent of the contact-handled TRU  waste drums contain 
flammable VOC concentrations greater than the limit . Additional 
requirement(s) may be imposed for emplacement of wa ste in the WIPP 
facility. The conditional no-migration determinatio n (NMD) for the test 
phase of the facility required that flame tests be performed if 
significant levels of flammable VOCs were present i n TRU waste 
containers. This paper describes an approach for in vestigating the 
potential flammability of TRU waste drums, which ma y increase the 
allowable concentrations of flammable VOCs. A flamm ability assessment 
methodology is presented that could allow more drum s to be shipped to 
WIPP without treatment or repackaging and reduce th e need for flame 
testing on drums. The approach includes experimenta l work to determine 
mixture lower explosive limits (MLEL) for the types  of gas mixtures 
observed in TRU waste, a model for predicting the M LEL for mixtures of 
VOCs, hydrogen, and methane, and revised screening limits for total 
flammable VOC concentrations and concentrations of hydrogen and methane 
using existing drum headspace gas data and the mode l predictions. 
INTRODUCTION 
The U. S. Department of Energy (DOE) intends to beg in operation of the 
Waste Isolation Pilot Plant (WIPP) beginning in 199 8. Waste 
characterization requirements for shipping transura nic (TRU) waste from 
DOE sites to the WIPP facility are set forth in the  Safety Analysis 
Report for the TRUPACT-II Shipping Package (Transur anic Package 
Transporter-II (TRUPACT-II) SARP) (NRC 1994). The T RUPACT-II SARP, in 
evaluating gas generation rates and potential flamm ability of the wastes, 
requires that gas phase concentrations of flammable  volatile organic 
compounds (VOCs) not exceed 500 ppmv and the hydrog en and methane 
concentration not exceed 5 percent. Additional requ irement(s) may be 
imposed for emplacement of waste in the WIPP facili ty. In the conditional 
no-migration determination (NMD) for the test phase  of the WIPP facility, 
the U.S. Environmental Protection Agency (EPA) requ ired that each waste 
container emplaced underground at the WIPP facility  have no layer of 
confinement containing either flammable mixtures of  gases or mixtures of 
gases that could become flammable when mixed with a ir. The conditional 



NMD required that flame tests be performed if signi ficant levels of 
flammable VOCs (500 ppmv) were present in TRU waste  containers. 
Based on existing drum headspace gas data for over 800 drums stored at 
the Idaho National Engineering Laboratory (INEL) an d the Rocky Flats 
Environmental Technology Site (RFETS), over 30 perc ent of the contact-
handled TRU waste drums contain greater than 500 pp mv of potentially 
flammable VOCs. Under current requirements, these d rums cannot be 
shipped. Moreover, the volume of drums that are in accessible storage 
that can be shipped will be significantly reduced u nder these 
requirements and near-term shipment schedules will be impacted. However, 
based on the existing drum data and preliminary cal culations, it is 
anticipated that only 10 percent of the drums are p otentially flammable 
and 90 percent are safely shippable without treatme nt or repackaging. 
Costs associated with treatment or repackaging the waste for shipment 
will be substantial and flame testing, if required,  will also have cost 
impacts. Preparing the waste for shipment and flame  testing will both 
impact the scheduling of shipments to the WIPP faci lity. The flammability 
assessment methodology given in this paper is inten ded to increase the 
allowable concentrations of potentially flammable V OCs and thereby allow 
more drums to be shipped without treatment or repac kaging, reduce the 
number of drums requiring flame testing, reduce cos ts, and minimize 
delays in waste shipments. 
This paper describes an approach that includes inve stigating the 
potential flammability of TRU waste drums, increasi ng the allowable 
concentrations of flammable VOCs, and performing fl ammability assessments 
on drums. Estimates based on existing drum data ind icate that when the 
proposed methodology is implemented, the number of drums that can be 
shipped without treatment or repackaging would be s ubstantially 
increased. Because the methodology incorporates exp erimental data, 
validated predictive modeling of mixture lower expl osive limits (MLEL) 
for the drums, and conservative screening of flamma ble gas 
concentrations, it is technically defensible and ap propriate. The 
methodology takes into account the presence of all flammable gases in the 
wastes in determining acceptable screening limits f or flammable gas 
concentrations in drums. Specifically, hydrogen and  methane are 
considered in addition to VOCs. 
Both empirical and theoretical models for predictin g MLELs are 
considered. A model will be selected for use in fla mmability assessments 
that performs well relative to experimental data, a dequately accounts for 
gas mixture compositions in drums, and demonstrates  an acceptable level 
of conservatism. Screening limits are based on popu lation statistics for 
flammable gas concentrations in the innermost layer s of confinement in 
the drums, including the model-based maximum permis sible hydrogen and 
methane concentration (MPHMC). The methodology for evaluating drums 
involves comparisons with screening limits, compari sons with less 
conservative drum-specific limits as necessary, and  flame testing for 
drums that exceed these limits. 
The MPHMC will be used to establish maximum allowab le generation rates 
for hydrogen and methane gas. These rates, which wi ll be calculated using 
the TRUPACT-II SARP methodology, must be determined  because total 
concentrations of flammable VOCs may exceed the lim it of 500 ppmv 
previously used in determining gas generation rates . The results could 
support preparation of an application to the Nuclea r Regulatory 
Commission (NRC) to modify the current restrictive limits. This may 



ultimately allow more waste to be shipped to the WI PP facility without 
repackaging or treatment. 
This paper provides the technical basis for and des cription of the 
flammability assessment methodology as developed to  date. First, a 
description of the testing to determine MLELs of TR U waste container gas 
mixtures is provided. Models that have been identif ied for assessing 
mixture flammability are described next. Following this, a description of 
the approach for determining the screening levels b ased on statistical 
analyses is presented. Finally, the steps of the fl ammability assessment 
methodology are given. 
FLAMMABILITY TESTING PROGRAM 
Considerable experimental data exist on the flammab ility of gas mixtures 
found in industrial and mining applications, such a s mixtures comprised 
of hydrogen, methane, carbon monoxide, carbon dioxi de, nitrogen, and 
oxygen. However, no experimental data are available  for the types of gas 
mixtures observed in TRU waste containers. The obje ctive of the 
flammability testing is to experimentally determine  the lower explosive 
limit (LEL) for various TRU waste container gas mix tures. 
The gas mixtures to be evaluated are composed of fl ammable and 
nonflammable VOCs listed in the Transuranic Waste C haracterization 
Quality Assurance Program Plan (DOE 1995a) and hydr ogen. To facilitate 
the experimental design, the flammable VOCs have be en organized into 
functional and LEL groups. Functional groups for fl ammable VOCs are 
groups of VOCs with similar chemical structural cha racteristics. LEL 
groups for flammable VOCs are groups of VOCs with L ELs that fall within a 
prescribed range of LEL values. The functional grou ps and associated 
functional group numbers (FGN) to be considered are  aromatics (FGN = 1), 
ketones (FGN = 2), alcohols (FGN = 3), and alkanes/ alkenes (FGN = 4). The 
LEL ranges and associated LEL group numbers (LGN) t o be considered are 
0.9%-1.3% (LGN = 1), 1.4%-2.6% (LGN = 2), and 5.6%- 6.7% (LGN = 3). There 
is a general correlation between functional groups and groups based on 
LEL. That is, VOCs of a functional group tend to ha ve LELs in a 
particular range. Table I summarizes flammable VOCs  by functional and LEL 
groups. 
Table I 
The flammability testing will be done in two phases  and will be based on 
a factorial experimental design that utilizes the L EL groupings. The 
factors are the presence or absence of each of thre e flammable VOC LEL 
groups in the mixture, the presence or absence of h ydrogen in the 
mixture, and the presence or absence of nonflammabl e VOCs in the mixture. 
The objective of the first phase is to provide the necessary data to 
develop an empirical equation that expresses the fl ammable gas MLEL as a 
function of the concentration of each of the factor s (i.e., 
concentrations of each of the three flammable VOC L EL groups, the 
concentration of hydrogen, and the concentration of  nonflammable VOCs). 
The first phase will involve the testing of approxi mately 40 mixtures at 
ambient room temperatures (i.e., approximately 70F) . These mixtures will 
be composed of varying ratios of 1,1-dichloroethane , methyl ethyl ketone, 
toluene, hydrogen, and carbon tetrachloride. 
The objective of the second phase is to investigate  the effects of VOC 
substitution within a group and to evaluate the eff ects of concentration 
on the predicted LEL. The second phase will involve  the testing of an 
additional 30 mixtures, half of which would be test ed at an elevated 
temperature of 146F. The second phase will also inv olve additional 



chemicals, possibly acetone, benzene, cyclohexane, 1,1-dichloroethene, 
cis-1,2-dichloroethene, methanol, or methane, depen ding on the results of 
the first phase. 
The results of the flammability testing will provid e the empirical data 
needed to develop an empirical model for predicting  flammable limits for 
mixtures of flammable gases in TRU waste containers . The results will 
also be used to evaluate the performance and adequa cy of other predictive 
models. 
MODELS FOR ASSESSING MIXTURE FLAMMABILITY 
Four models for assessing mixture flammability have  been identified 
through literature searches and discussions with fl ammability experts. 
The literature search identified documents that per tain to flammability 
limits and predictive methods. The search identifie d three theoretical 
models that are applicable to the problem. An empir ical approach to 
modeling MLELs that would directly utilize experime ntal results was also 
identified. The four models being considered are an  empirical model, the 
Le Chatelier rule, the group contribution method, a nd the adiabatic flame 
temperature method. 
Empirical Model 
The data obtained from the flammability testing wil l be used to develop 
an empirical model for predicting lower flammable l imits for mixtures of 
VOCs and flammable inorganic gases in TRU waste con tainers. The empirical 
model is an equation that expresses the flammable g as MLEL as a function 
of the concentrations of each compound tested. The coefficients in the 
equation are obtained through standard least-square s statistical 
techniques and can be tested for their significant contribution towards 
predicting the MLEL. Experimental errors can be use d to determine 
confidence limits for the predictions. 
Le Chatelier's Rule 
The Le Chatelier rule is an empirical equation deve loped by Le Chatelier 
in the late 19th century that enables the flammabil ity limits of a 
mixture to be calculated if the flammability limits  of individual 
components of a mixture are known. The effects of a  few inert or 
nonflammable compounds (i.e., carbon dioxide and ni trogen) on the MLEL 
can be evaluated using a graphical method. The Le C hatelier rule has been 
tested for many mixtures that are important in tran sportation, industrial 
applications, and mining. 
Group Contribution Method 
The group contribution method provides an estimate of the flammability 
limits of a mixture based on knowledge of the chemi cal structure of each 
flammable compound in the mixture. The method does not account for the 
presence of inert (i.e., nonflammable) compounds th at may be present in 
the mixture. Several group contribution methods hav e been proposed by 
various researchers (Shebeko et al. 1983; Season 19 91; ASTM 1994; AIChE 
1994) for estimating the LEL of individual compound s. However, no group 
contribution method has been proposed for mixtures of flammable gases. 
Based on an extension of the method for estimating the LEL of pure 
compounds (Procedure B) of the American Institute o f Chemical Engineers 
(AIChE) Data Prediction Manual (AIChE 1994), the LE L was estimated for 
each of the gas mixtures and compared with the corr esponding LEL 
estimated using the Le Chatelier rule. The absolute  average error between 
the two methods was approximately 2 percent, with t he group contribution 
method predicting a higher LEL in almost all cases.  
Adiabatic Flame Temperature Method 



The adiabatic flame temperature method is based on calculating and 
comparing the adiabatic flame temperature of a pote ntially flammable gas 
mixture with the critical or limiting adiabatic fla me temperature. In the 
event of an explosion, energy is released by the co mbustion of the 
flammable compounds. Initially, the energy is absor bed by (1) unreacted 
reactants, (2) the combustion products, and (3) ine rt or nonflammable 
gases. Eventually, however, the energy will be diss ipated from the system 
by various heat transfer processes. If a flammable gas mixture explodes 
in an adiabatic system (one in which there is no tr ansfer of heat to or 
from the system), then it is possible to calculate an adiabatic flame 
temperature that corresponds to the temperature of the system after the 
explosion. The minimum temperature at which a flame  can be sustained is 
referred to as the critical or limiting adiabatic f lame temperature. 
A number of computer codes are available to perform  the complex 
thermodynamic chemical equilibrium calculations, in cluding the American 
Society of Testing and Materials (ASTM) CHEETAH cod e (ASTM 1994), the 
National Aeronautic and Space Administration (NASA)  Lewis Research Center 
CET93/CETPC code (McBride et al. 1994), the Lawrenc e Livermore National 
Laboratory (LLNL) CHEETAH code (Fried 1995), the Un iversity of Arizona 
CHEMEQ code (Wendt 1993), and the NASA CET93/CETPC code (NFPA 1988). If 
the adiabatic flame temperature of a potentially fl ammable gas mixture 
calculated by the code is above the critical or lim iting flame 
temperature, then the mixture is flammable. 
DETERMINING SCREENING LIMITS FOR FLAMMABLE GASES 
A predictive model that performs well relative to e xperimental data, 
adequately accounts for gas mixture compositions in  drums, and 
demonstrates an acceptable level of conservatism wi ll be selected for use 
in determining drum-specific MLELs. The model will be selected from the 
models previously discussed. The MLELs predicted us ing the model will 
account for the presence of flammable VOCs, hydroge n, and methane in the 
drums. Because all flammable gases are included in the MLELs, the maximum 
concentration of hydrogen and methane that can be t olerated without the 
gas phase mixture becoming potentially flammable is  the difference 
between the MLEL and the total concentration of fla mmable VOCs. This 
difference is the MPHMC. 
To date, over 500 drums stored at the INEL and the RFETS have been 
sampled and analyzed for a specific suite of VOCs, hydrogen, and methane 
under the existing Transuranic Waste Characterizati on Program (TWCP). The 
samples were obtained from headspace gases under th e drum lid with the 
rigid drum liner punctured. Additional drum sample analyses that are 
currently being gathered under the TWCP will be use d in finalizing the 
flammability assessment methodology. The analyses w ill be used in 
determining screening limits for flammable gases. 
The process for determining the screening limits fo r flammable gases is 
summarized in Fig. 1. First, the experimental and m odeling work must be 
completed. The results will be used to choose a met hod for predicting 
MLELs. The chosen method will be used to obtain dru m-specific MLELs using 
predicted innermost confinement layer headspace con centrations for 
existing drum data. The MLELs and the sums of flamm able VOC innermost 
confinement layer concentrations will be used to co mpute drum-specific 
MPHMCs for existing drum data. Finally, screening v alues will be 
statistically determined for the sum of flammable V OCs and for MPHMCs. 
Fig. 1 
METHODOLOGY FOR ASSESSING FLAMMABILITY OF GAS MIXTURES IN TRU WASTE 



Flammability assessments for individual drums are c omprised of sequential 
evaluations, as necessary. The methodology consists  of the following 
steps in evaluating individual waste drums for flam mability (see Fig. 2): 
 1. Analyze drum headspace gas. 
 2. Predict innermost-layer headspace concentration s of flammable VOCs, 
hydrogen, and methane. 
 3. Sum innermost-layer concentrations of flammable  VOCs and sum 
innermost-layer concentrations of hydrogen and meth ane. 
 4. Compare the flammable VOC sum with the flammabl e VOC screening limit 
and the hydrogen and methane sum to the MPHMC scree ning limit. If the 
both sums are below their associated limits, the dr um may be shipped; if 
not, then go to step 5. 
 5. Compute the drum-specific MLEL, drum-specific M PHMC, and the sum of 
innermost concentrations of flammable VOCs, hydroge n, and methane. 
 6. Compare the flammable VOC, hydrogen, and methan e sum with the drum-
specific MLEL and compare the hydrogen and methane sum with the drum-
specific MPHMC. If both sums are below the drum-spe cific limits, the drum 
may be shipped. 
 7. If at least one of the sums exceeds the respect ive limit, perform a 
flame test that simulates the gas mixture. If the f lame test indicates 
that the mixture is not flammable, the drum may be shipped; otherwise, 
the waste must be either repackaged and reevaluated  or another option 
must be taken, such as waste treatment. 
Fig. 2 
SUMMARY 
The methodology may substantially increase permissi ble concentrations of 
flammable VOCs and consequently, the number of drum s that can be shipped 
to the WIPP facility without treatment or repackagi ng. This increase 
would alleviate schedule impacts associated with ne ar-term shipment of 
drums in accessible storage. The increase would als o reduce schedule and 
cost impacts associated with waste repackaging or t reatment. Furthermore, 
because the methodology incorporates experimental d ata, validated 
predictive modeling of actual drum lower explosive limits, and 
conservative screening of flammable gas concentrati ons, it is technically 
defensible and appropriate. 
This work will be integrated with several other ong oing programs. 
Specifically, the results of the drum headspace gas  sampling analysis 
being performed by the INEL and the RFETS under the  TWCP will be used to 
develop the flammability screening limits. The resu lts of the TRUPACT-II 
Gas Generation Testing Program and the TRUPACT-II M atrix Depletion 
Program will be used to establish new wattage limit s by waste type. The 
TRUPACT-II compliance documentation will have to be  revised to reflect 
the revised container wattage limits. Based on the revised wattage limits 
and the new methodology for determining flammabilit y, an application for 
an amendment to the TRUPACT-II Certificate of Compl iance will be 
submitted to the NRC for approval. 
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ABSTRACT 
One of the aspects of the problem connected with th e treatment of 
heterogeneous wastes accumulated over the period of  the operation of a 
radiochemical plutonium-producing enterprise is con sidered. The final 
goal of the work is the evacuation of radioactive w astes from the storage 
tanks and the decontamination of the wastes by remo ving long-lived 
radionuclides from the solid phase. The assessment of the phase 
composition of the precipitates is made using an X- ray powder diffraction 
analysis. The results obtained indicate that during  the storage time of 
several decades, the wastes have undergone signific ant transformations.  
INTRODUCTION  
At present, the amount of various radioactive waste s, for which no 
decontamination or treatment technologies have been  developed previously, 
is very large. As a rule, radioactive pulps were di rected into tanks for 
a temporary storage. These tanks have a limited ser vice life. In 
addition, the problems of treatment of the radioact ive sludge (bottom 
residue) formed in surface storage reservoirs for l iquid radwastes and 
pools for the storage and handling of fuel elements , remain unsolved.  



The development of the strategy of treatment of the se wastes involves 
both technological and ecological aspects, because the pulps and the 
sludges contain a large amount of long-lived radion uclides, primarily 
\7a\1-emitters. In addition, any method of treatmen t of radwastes should 
allow for the technological capabilities of any spe cific plant, the 
economic characteristics of the process, and accept ed safety standards.  
The determination of the most efficient method of t reatment will be 
possible, if true information about the state of th e object to be studied 
is available. For the pulps, the data on the phase composition of the 
macrocomponents and the chemical forms of the exist ence of radionuclides 
by the time of the beginning of waste treatment are  required. The 
information obtained thus far indicates that the pr ecipitates found in 
the pulps and sludges undergo structural transforma tions involving both 
macro- and microcomponents.  
This work is one of the stages of the development o f a chemical 
technology of treatment of heterogeneous wastes and  is devoted to a study 
of the compositions of the phases formed during a l ong-term storage of 
precipitates in tanks.  
TECHNICAL DISCUSSION  
Table I shows the results of the chemical analysis of two sludge samples 
taken from different tanks with a volume of 3000 m3 , made of 
ferroconcrete and having the form of cylinders with  diameter 12 m and 
height 30 m. These tanks are clad with 4-mm thick s tainless steel and are 
installed in a rocky soil. Over 30 years, the first  tank (sample 1) was 
used for the storage of mainly ferrocyanide precipi tates, and second tank 
(sample 2) was used for the storage of hydroxide pr ecipitates (iron 
hydroxides, aluminum, silica gel, etc.). Prior to a nalysis the samples 
were compacted by a 3-day setting.  
Table I 
The sludge samples (200 cm3) were taken through the  hatch in the upper 
part of the tank, using a special sample-taking dev ice.  
As follows from the results of Table I, the solid p hase of the sludges is 
characterized by a comparatively large concentratio n of a-emitting 
elements (uranium and plutonium) and a significant level of b-and g-
activity.  
The samples of the precipitates designed for X-ray powder diffraction 
studies were washed 8 - 10 times with hot distilled  water, the samples 
were centrifuged, and the liquid phase containing w ater-soluble 
impurities was decanted. The solid phase was dried in air. Note that, as 
result of this washing, virtually all uranium was r emoved from the solid 
phase, which was confirmed by the spectral analysis  data. The 
concentration of water-soluble impurities in the sa mples was monitored 
using an X-ray diffraction analysis. For this purpo se, the X-ray 
diffraction patterns of the precipitates formed aft er the evaporation of 
the decantates were recorded. These X-ray diffracti on patterns were 
compared with the X-ray diffraction patterns of the  washed sludge 
samples. The latter did not show reflections charac teristic of water-
soluble compounds.  
Table II shows the sets of interplane distances for  the sludge samples 
investigated. The X-ray diffraction patterns of the  sludges have a 
complicated character and indicate the presence of several crystalline 
phases in the precipitate. All X-ray diffraction pa tterns show an intense 
halo in the low-angle range, which is characteristi c of amorphous phases.  
Table II 



The X-ray diffraction pattern of sample 1 indicates  the absence of 
crystalline ferrocyanide phases in the precipitates .  
On the basis of the chemical composition of the sol id phases and the 
conditions of their storage (long-term action of hi gh temperatures and 
fields of ionizing radiation), a phase possessing t he set of interplane 
distances characteristic of the hematite mineral (a -Fe2O3) was identified 
(1). Note that this phase is present in the sludge samples taken from 
different tanks. The color of natural hematite chan ges from red-brown to 
black. The color of real sludges also changes in th e same manner. 
Theoretically, the composition of the hematite mine ral is described by 
the formula Fe2O3 powever, natural hematite always contains impurities. 
The presence of impurities in the hematite structur e leads to a change in 
the crystal lattice parameters, which is observed i n our case.  
In addition, the X-ray diffraction pattern also sho ws the set of 
interplane distances consistent with the crystal st ructure of the 
takovite mineral (2). This mineral belongs to the g roup of hydrotalcite 
and has composition Ni5Al4O2(OH)10'6H2O. The takovi te phase disappeared 
after the treatment of sample 1 with a solution of hydrochloric acid.  
The set of interplane distances characteristic of h ematite was identified 
for sample 2 after the subtraction of the reflectio ns characteristic of 
the kyanite or disthene mineral (3). This mineral ( Al2SiO5) belongs to 
the class of silicates. The reflection intensities indicate the 
prevalence of the hematite phase in the precipitate .  
Table III 
The X-ray powder diffraction, IR spectroscopic, che mical, and radiometric 
analyses that the sludges do not contain the phases  that were initially 
disposed into the storage tanks. As a result of a l ong-term action of 
fields of ionizing radiation and, as a consequence,  increased 
temperatures, the chemical forms found in this hete rogeneous system 
underwent transformations. This was accompanied by the formation of M-OH-
M and M-O-M bonds, the decomposition of the initial  crystalline phases, 
and the formation of new crystalline phases.  
The processes of the transformation of the solid ph ases are , to a 
certain extent, similar to those that take place du ring the formation of 
hydrogeneous-mineral deposits in a geological mediu m.  
The transformation of the macrophase was accompanie d by the 
transformation of the chemical forms of long-lived radionuclides, which 
is particularly important for plutonium present in both ionic and 
colloidal forms. Thus, the formation of mixed phase s with the 
macrocomponents of the precipitate and an increase in the crystallinity 
of the plutonium hydroxide species were observed. T he indirect evidence 
that similar processes do take place are the result s of the experiments 
on the solvent extraction of plutonium with nitric acid containing 
hydroquinone (4). In the presence of hydroquinone, a simultaneous 
increase in the silicon and plutonium concentration s in the liquid phase 
was observed. Experiments on model systems were car ried out, in order to 
refine the character of the process and to determin e the effect of iron 
(II) ions.  
The results of the study of the system composed of a mixture of silica 
gel and plutonium hydroxide after heating for 200 h ours at 100o confirmed 
the assumption about a possible interaction between  hydroxide, leading to 
the formation of a common phase, in the course of a ging. Upon the 
subsequent treatment of the resulting precipitate w ith a nitric acid 



solution of hydroquinone, Pu(IV) was reduced to Pu( III), plutonium 
compounds with silicon decomposed, and these elemen ts passed to solution.  
The redox processes, which took place in the pulps,  led to the formation 
of new phases with crystal structures of minerals s uch as hematite, 
kyanite etc. The properties of these phases in thes e heterogeneous 
systems somewhat differ from those of pure phases o f the minerals 
identified. The chemical stabilities of these phase s were determined, and 
methods for the selective dissolution of individual  phases were 
developed.  
CONCLUSIONS 
The experiments on modeling the processes occurring  during a long-term 
storage of sludges in tanks allowed us to determine  the behavior of 
plutonium fission products and various valent forms  of plutonium, 
including colloidal species, during the transformat ion of individual 
phases of the macrocomponents in these heterogeneou s systems. 
Based on these data, we developed a technology of t he chemical 
decontamination of the sludges. With a minimal diss olution of the 
macrophase, this technology allows a high-efficienc y removal of long-
lived radionuclides from the sludges. As a result, the amount of 
secondary radwastes, both liquid and solid, decreas es. The information 
about the structures of the precipitates at differe nt stages of their 
treatment helps to optimize the process of the subs equent solidification 
of these phases.  
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ABSTRACT 
Ammonium Molybdphosphate(AMP) is one of significant  inorganic exchangers 
for separation of cesium from high level acid liqui d waste (HLLW) (1,2), 
but the formerly prepared AMP were microcrystals, w hich was very 
difficult to apply in a column test. For the first time, we obtained 
granular crystal of AMP by taking advantage of equi librium between PO43- 
and P2O74- in acid solution. The static ion exchang e capacity for cesium 
was 0.63mmol/g and the distribution coefficient Kd was 350ml/g in 1 mol/l 
HNO3. The dynamic ion exchange capacity for cesium was 0.55mmol/g in 
simulated HLLW. After absorbing 2106 Gy dose from 6 0Co, the ion exchange 
properties did not change.The results of experiment s indicated granular 



AMP was one of the best chemical pretreatment mater ial before vitrifying 
HLLW. 
INTRODUCTION 
In reprocessing a large amount of HLLW was produced . The Chinese HLLW 
which came from Purex process is a concentrated aci d solution which 
contains fission products and has a very high salt content, especially 
nonradioactive nuclides such as Na, Al, Fe, Ni, and  Cr. After a period of 
time in storage, the short lived nuclides decayed. The radioactivity 
comes from the long half-life nuclides in which the  activity of 137Cs and 
90Sr is 1.31012 and 9.31011 Bq/L. Table I gives the  main composition of 
Chinese HLLW in a typical storage tank. 
There are two ways for disposing of this type of HL LW, chemical treatment 
and vitrification. Chemical treatment could be divi ded into two steps. 
The first step is separating cesium and strontium. The second step is 
extracting transuranics from HLLW (3). After chemic al treatment, the 
activity of the HLLW will be reduced 103 or more. T he waste becomes a 
lower level radioactive waste stream that could be solidified in cement 
and disposed of in near surface with an engineered barrier. The TRU 
elements and 99Tc, which is only about 1% of salt c ontent of original 
Chinese HLLW, can be transmuted to either stable or  short half-life 
nuclides. They can also be incorporated into a glas s matrix and disposed 
into a deep geologic repository. The separated 137C s and 90Sr could be 
beneficially used or encapsulated for near surface storage. 
Table I 
The characteristic of chemical treatment are: 
  the radioactive nuclides can be recovered and reu sed 
  disposal processes such as ion exchange and extra ction is easier 
  the disposal cost is lower 
The research work of inorganic ion exchanger for se parating cesium-137 
and strontium-90 was very extensive and mature. Som e inorganic ion 
exchangers have good selectivity. When the waste so lution is passed 
through the column, only cesium or strontium are ab sorbed. Although 
inorganic ion exchanger is an ideal material for re covering cesium and 
strontium, applying them is very difficult in a col umn test because they 
have some drawbacks and most of them are microcryst als. We synthesized 
granular crystals of AMP for recovering cesium, whi ch solved the problem 
successfully. The preparation and behavior of granu lar AMP is described 
in this paper. 
EXPERIMENT 
Synthesis of AMP 
Potassium pyrophosphate solution (0.025 mol/l in 1 mol/LHNO3) and 
ammonium molybdate solution(0.2 mol/l in 1 mol/LHNO 3) are mixed at room 
temperature, in a volume ratio of 1:1. Aging about two weeks, yellow 
crystal precipitated and were separated with filter  and dried at room 
temperature. After crushing up and sifting this cry stal, the sample of 
AMP was obtained. 
Analysis Composition and Structure of AMP 
The content of NH4+ in sample was determined by dec omposing NH4+ from AMP 
with 10% Sodium hydroxide solution and changing NH4 + to NH3, which was 
absorbed by standard sulfuric acid, then titrating this acid solution 
with standard alkali. The content of phosphor and m olybdenum was 
determined by spectrophotometric method. 



The structure analysis of AMP was determined by FT- IR Spectrometry 
(Nicolet 170SX U.S.A.), X-ray diffraction (Rigacu D MAX-2000 Japan), and 
Electron-microscope (T-605 Japan). 
Determination of Ion Exchange Behavior of AMP Cryst al 
Took 0.1 g AMP and 20 ml 0.005 mol/l cesium or vari ous ion nitrate (in 1 
mol/l HNO3) in small bottle, and shaked in thermost at at 20C. Determining 
the concentration of cesium in the solution at diff erent time obtained 
the equilibrium curve and distribution coefficient Kd and static ion 
exchange capacity Q. The Kd and Q value are calcula ted by the following 
formula: 
Eq. 1 
Eq. 2 
C0, C: concentration of original and equilibrium so lution. 
V: volume of equilibrium solution(ml). 
M: weight of exchanger(g). 
1.0g AMP was put in a column (diameter 0.36 cm, h:d  is 4), operating 
temperature was 20C, flow rate was 1BV/hr. The feed  solution was 
simulated Chinese HLLW.  
RESULTS AND DISCUSSION 
Composition of AMP Sample 
The analytical results of sample were compared with  theoretical value of 
(NH4)3PMo12O404H2O as Table II shows. 
Table II  
The composition of AMP sample was in accordance wit h the theoretical 
composition of (NH4)3PMo12O404H2O within an accepta ble error. 
Structure Analysis of AMP Sample  
The IR and X-ray diffraction analysis of samples we re in accordance with 
standard literature illustrations of (NH4)3PMo12O40 4H2O. The figures are 
omitted in this paper. 
Composition analysis and structure analysis confirm ed the sample was 
(NH4)3PMo12O404H2O. From the electron microscope ph oto (Fig. 1), the 
sample was cubic crystal. 
Fig. 1 
The Ion Exchange Behavior of AMP Crystal 
The equilibrium curve of cesium was measured by sta tic method with 
sampling at different times as shown in Fig. 2.  
Fig. 2 
From the curve the ion exchange equilibrium time of  cesium was about 24 
hours. The static ion exchange capacity Q was 0.63 mol/g, distribution 
coefficient Kd was 350 ml/g. The Q and Kd of variou s ions was determined 
by static method. The concentration of these ion wa s measured with ICAP 
instrument. The results as following Table III. 
Table III  
In dynamic tests of AMP sample with simulated Chine se HLLW, the 
concentration in the effluent vs effluent volume V( ml) gave the 
breakthrough curve as in Fig. 3. From the curve, th e 1% breakthrough 
capacity was 0.51 mmol/g, 50% breakthrough capacity  was 0.55 mmol/g. 
Fig. 3 
The radiolytic stability of the sample was tested w ith 60Co, no 
significant change in exchange properties occurred until a total dose of 
2106 Gy was absorbed. 
CONCLUSION AND APPLICATION 
  Both the crystal AMP and microcrystal AMP have sa me behavior of ion 
exchange. 



  Crystal AMP is a good material for column testing . 
  AMP column removal of cesium-137 from HLLW could be a predisposal step 
for vitrification. 
  The crystal AMP will be a good material as an add ition to 
vitrification, if the loaded AMP column does not el ute cesium-137 in the 
process. 
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ABSTRACT 
One of the mostly striking problems of modern repro cessing based on the 
PUREX-Process is the uncontrolled spread of neptuni um over the different 
product streams of a reprocessing plant, which is d ue to the rather 
complicated redox chemistry of this actinide in nit ric acid solutions. 
According to the ideas of P&T, a strategy has been developed of 
quantitatively directing the neptunium into the fis sion product waste 
stream from which it can be isolated together with other actinides in 
order to provide them for future transmutation. Rea lizing this strategy 
the neptunium must be prevented from being coextrac ted together with 
uranium and plutonium in the first extraction cycle  of the PUREX-Process. 
For that purpose the feasibility of a complete redo x conversion of the 
element to unextractable Np(V) has been theoretical ly and experimentally 
investigated. As a first approach the behavior of n eptunium in nitric 
acid systems of different acidities has been studie d in order to gain 
more information about the initial valence-state di stribution of the 
element after the dissolution of spent nuclear fuel . According to the 
results of these studies the major part of neptuniu m (80-90%) is already 
present as Np(V) at the end of the dissolution proc ess. Because of the 
obvious influence of nitrous acid on the neptunium valence state 
equilibrium, a complete redox conversion of the act inide seems to be 
possible by controlling the concentration of nitrou s acid in nitric acid 
solutions. First attempts started with a valence st ate composition as 
estimated for the feed solution of the PUREX-Proces s. They arrived at 
Np(V)-conversion rates of more than 94%. Thereby a new method of 



controlling the concentration of nitrous acid has b een applied having the 
advantage of excluding the production of any second ary waste. In order to 
avoid a later rearrangement of the neptunium-valenc e-state-equilibrium 
several reducing reagents have been tested for thei r ability of 
stabilizing Np(V). Some rather promising results ha ve been obtained on 
employing urea and hydrazine. In the presence of th ese reagents the 
Np(V)-percentage could be enhanced to nearly 100%. 
All chemicals used to treat the aqueous waste solut ion correspond to the 
CHNO-principle. According to that an increase in se condary waste is 
avoided by the use of reagents that are completely incinerable, producing 
only non-toxic gases and solutions such as CO2, N2 and H2O. 
INTRODUCTION 
Several years ago the idea of Partitioning and Tran smutation (P&T) was 
born, with the purpose of minimizing the long term risk of nuclear waste 
by a selective separation of long lived isotopes,ac tinides and fission 
products, and their later destruction by irradiatio n (1). As an objective 
the supporters of this vision wanted to achieve a d rastic reduction of 
the radiotoxicity of HLW having in mind the reduced  public acceptance of 
its long term storage. Due to the restricted possib ilities of separation 
techniques as well as irradiation technologies in t he past, the idea of 
P&T seemed to fail. Thanks to the rapid development  of modern science, 
e.g. new accelerator driven neutron sources attaini ng rather high neutron 
flux densities, P&T has gained new importance in re cent years (2). Thus 
new P&T-programs have been launched in several coun tries of the nuclear 
community in order to investigate either the necess ary chemical 
separation techniques or suitable irradiation assem blies. Referring to 
the problem of Partitioning, many flow sheets have been developed and 
sometimes tested in cold or hot runs proposing diff erent separation 
methods for actinides and fission products (3). Mos t of them are based on 
conventional reprocessing suggesting a combined iso lation of transuranic 
elements after a complete removal of uranium and pl utonium from the spent 
fuel. As far as these proposals for the waste handl ing employ liquid-
liquid-extraction as a separation means, they norma lly refer to the 
PUREX-Process. Until today this process has been su ccessfully implemented 
in many countries in order to recover uranium and p lutonium from spent 
nuclear fuel and to make them available for further  fuel fabrication (4). 
The extracting reagent used is Tri-n-butyl-phosphat e (TBP), an 
organophosphorous reagent that exhibits good extrac tion properties 
towards tetra- and hexavalent actinides in nitric a cid solutions. Thus, a 
nearly quantitative recovery of uranium and plutoni um can be achieved. 
Unfortunately there is one other actinide - neptuni um - which exhibits a 
similar redox chemistry and therefore is also accum ulated in the first 
decontamination cycle (4).  
Neptunium is mainly generated from U-238 by neutron  capture during 
irradiation of fuel elements in nuclear reactors. O n dissolving the spent 
fuel in nitric acid at the head end of the reproces sing plant the 
neptunium, initially present as NpO2, is partly oxi dized and an 
equilibrium of three valence states is established including Np(IV), 
Np(V) and Np(VI) (5). The extraction behavior of th ese three oxidation 
states is quite different. With respect to the extr action properties of 
TBP as described above, Np(IV) and Np(VI) are remov ed together with 
uranium and plutonium from the feed solution of the  PUREX-process. In 
contrast to that hardly any reagent exists which ca n separate Np(V) from 
aqueous solutions. As a result the neptunium spread s over the whole 



PUREX-process being finally contained in the uraniu m- and the plutonium-
fraction as well as in the fission product waste st ream. 
Fig. 1 
Regarding the radiotoxicological long term risk cau sed by neptunium, this 
uncontrolled spread is unacceptable. According to t he requirements of a 
safe nuclear waste management and meeting the idea of P&T it has to be 
the objective of any basic research work aiming at a controlled recovery 
of actinides and fission products from spent nuclea r fuel to develop a 
strategy of advanced reprocessing which will includ e a defined routing 
for neptunium during the process. This defined rout ing can either mean a 
coextraction of the element together with uranium a nd plutonium in the 
first extraction cycle of the PUREX-process or its prior transfer to the 
waste from which it could then be isolated together  with the other 
transuranium elements providing them for further tr ansmutation. Referring 
to the process-handling as well as the production o f secondary waste, the 
latter proposal seems to be more favorable and thus  has been chosen as 
the objective of our research work since about two years now.  
Due to the fact that the extraction behavior of nep tunium towards TBP 
fundamentally depends on the valence-state in which  the actinide is 
present in the feed solution of the PUREX-process, a method of treatment 
had to be found that allows to control the redox-ch emistry of the element 
in nitric acid solutions. Thus a strategy was inves tigated facilitating a 
total transfer of neptunium to Np(V) and thus hinde ring it from being 
extracted by TBP in the first extraction cycle of t he reprocessing plant. 
In order to realize this idea, the composition of t he neptunium valence-
state distribution as well as its dependence on sev eral influencing 
factors in nitric acid solutions were determined.  
ADJUSTMENT OF THE NEPTUNIUM VALENCE STATE EQUILIBRIUIM AT THE HEAD END 
In the Absence of Plutonium 
In order to gain more information about the valence -state equilibrium of 
neptunium in the feed solution of the PUREX-Process  the behavior of the 
actinide in the end of the dissolution of spent nuc lear fuel in nitric 
acid was studied. For simplifying the first theoret ical approach the 
presence of plutonium and iron in the spent fuel wa s omitted.  
At the head-end of a reprocessing plant the irradia ted fuel elements are 
dissambled, shorn and subsequently dissolved in nit ric acid of varying 
molarities (6-2M) under slightly boiling conditions . In the course of 
this procedure the uranium, initially present as ur anium dioxide (U(IV)), 
is oxidized to uranyl (U(VI)), which forms a water soluble nitrate-
complex: 
 2 UO2 + 6 HNO3                  2 UO2(NO3)2 + NO2 + NO + 3 H2O (1) 
As it can be seen from Eq. 1, nitric oxide and nitr ogen dioxide are 
formed in the course of this reaction. In spite of the major part of NOx 
being released from the solution, the gas will be p artly dissolved in the 
nitric acid leading to the formation of nitrous aci d. Like the uranium, 
the neptunium will also be oxidized during the diss olution process 
following a reaction (see Eq. 2) quite similar to E q. 1. 
2 NpO2 + 6 HNO3            2 NpO2(NO3)2 + NO2 + NO + 3 H2O (2) 
In contrast to the quite stable uranyl the analogou s neptunyl is 
subjected to a steady reduction mainly depending on  the acidity as well 
as the amount of nitrous acid in the aqueous soluti on. Thus a valence-
state equilibrium of Np(IV), Np(V) and Np(VI) is es tablished. 
2 NpO2+ + NO3- + 3 H+     2 NpO22+ + HNO2 + H2O (3)  
2 NpO2+ + 4 H+                 Np4+ + NpO22+ + 2 H2 O (4) 



According to literature (5) equation (3) summarizes  a rather complicated 
oxidation-reduction-mechanism, in which the nitrous  acid reveals the role 
of a catalyst. The overall redox reaction is known to be much faster than 
the disproportionation of Np(V) (see Eq. 4), which will be significant 
only at higher acidities and elevated temperatures (5,7). 
Thus, the scale of the Np(V)/Np(VI)-ratio at the en d of the dissolution 
of the spent fuel can be estimated by focussing on Eq. 3. For that 
purpose the quantitative development of nitrous aci d during the 
dissolution of uranium dioxide was recorded in some  preceding simulation 
experiments. It was found to shift from about 5E-4 mol/l at the beginning 
to about 3E-3 mol/l at the end of the process. Afte r cooling the 
concentration of nitrous acid was reduced again yie lding finally about 
5E-5 mol/l. This last figure is estimated to corres pond to the molarity 
in the feed solution of the liquid-liquid extractio n where the acidity is 
adjusted to about 2 mol/l. Derived from the equilib rium constant of Eq. 3 
the Np(V)/Np(VI)-ratio was calculated. According to  this calculation, the 
oxidation state distribution of neptunium at the en d of the dissolution 
process should reveal a clear excess of Np(V).  
In order to compare the theoretical approach with e xperimental results, 
experiments were carried out under the same conditi ons as present at the 
end of the dissolution process. Thus the concentrat ion of nitric acid was 
adjusted to 2 mol/l. At the same time the amount of  nitrous acid in the 
aqueous solution was controlled by the introduction  of nitric oxide. The 
neptunium added to the reaction vessel initially co nsisted of pure Np(IV) 
as expected to be contained in the nuclear fuel (Np O2). Samples were 
taken after certain periods of time and were analyz ed for their neptunium 
valence state composition. 
Table I 
The results of these determinations are depicted in  Table I. According to 
them a relatively quick development of a valence st ate equilibrium was 
observed which could not be surveyed within the tim e range necessary for 
the off-line determination of the neptunium oxidati on states. As expected 
this equilibrium revealed a maximum in Np(V) wherea s the Np(IV)-portion 
was drastically reduced. With respect to the obtain ed results the valence 
state distribution seemed to depend on the nitrous acid concentration as 
well as on the temperature. This became evident on comparing the 
distribution of oxidation states determined in the reaction vessel with 
and without heating. At elevated temperatures the o xidation and 
disproportionation of Np(V) was obviously accelerat ed yielding an 
increased percentage of Np(IV) and Np(VI) (see Eq. 4). 
In the Presence of Plutonium 
With plutonium and iron present in the real nuclear  fuel, the redox 
chemistry of neptunium in the dissolver as well as in the feed solution 
of the PUREX-Process might be basically influenced.  In order to 
investigate this influence the experiments as descr ibed under a) were 
repeated in the presence of iron which was used to simulate also the 
presence of plutonium due to their similar redox po tentials. As can be 
seen from Table I the Np(V)-percentage increased ob viously reaching about 
92% after cooling. Simultaneously the amount of Np( IV) and Np(VI) was 
reduced to 1,05% and 7,2% respectively. This unexpe cted 
comproportionation may be explained as follows: 
In high molar nitric acid solutions plutonium and i ron are likely to be 
oxidized to higher oxidation states (Pu(IV) and Fe( III)). As reported in 
(7, 8) these ions will oxidize Np(IV) yielding Np(V ).  



Np4+ + Pu4+ + 2H2O            NpO2+ + Pu3+ + 4H+ (5 ) 
Np4+ + Fe3+ + 2 H2O           NpO2+ + Fe2+ + 4H+  ( 6) 
On the other hand the reduced species Pu(III) and F e(II) might cause a 
reduction of Np(VI) (see Eq. 8). 
NpO22+ + Fe2+ + 2 H2O        NpO2+ + Fe3+  (7) 
Thus, finally the presence of plutonium and iron le ads to a 
comproportionation and further increase in Np(V) in  the aqueous solution.  
NEPTUNIUM VALENCE STATE COMPROPORTIONATION 
As it has been shown, the valence state equilibrium  of neptunium in 
nitric acid solutions strongly depends on the amoun t of nitrous acid 
present. In solutions with an acidity of not more t han 2-3M an excess of 
Np(V) is to be expected. This excess is even enhanc ed in the presence of 
iron and plutonium. Thus, the idea of a complete co mproportionation of 
the neptunium valence states to Np(V) seems to be r ealizable by a 
temporal limited control of the concentration of ni trous acid.  
Once a complete comproportionation has been achieve d, a rearrangement of 
the neptunium valence state equilibrium has to be e xcluded. This can only 
be realized by the application of a reducing reagen t which will prevent 
any Np(V) from being reoxidized to Np(VI). Therefor e our further efforts 
followed two different objectives.  
Np Valence State Comproportionation by Controlling the HNO2-concentration 
The comproportionation experiments were carried out  under similar 
conditions as the studies of the neptunium redox-be havior during the 
dissolution of spent fuel. Therefore a certain amou nt of neptunium was 
dissolved in 2M nitric acid. The valence state comp osition in the 
solution was adjusted to the distribution estimated  for the feed solution 
of the solvent extraction according to our precedin g investigations. 
Nitric oxide was bubbled through the reaction vesse l in order to generate 
nitrous acid. The concentration of nitrous acid was  controlled by 
temperature as determined in some preceding cold ru ns. Samples were taken 
from the solution in certain time-intervals and wer e analyzed for their 
composition of the neptunium valence state distribu tion.  
Table II 
Generally speaking the valence state conversion of neptunium has been 
successful even though the obtained Np(V)-percentag es were not totally 
satisfying as yet. As depicted in Table II the meas ured conversion-rates 
were in a range of 80-94% in Np(V) depending on bot h the temperature 
(amount of nitrous acid) and the reaction time. A d ecrease of the Np(V)-
percentage with increasing temperature was obvious.  This was due on the 
one hand to the lower molarity of nitrous acid in t he reaction vessel and 
on the other hand to the kinetics of the disproport ionation reaction Eq. 
5. Referring to the valence state distribution as o btained after 
different periods of time a maximum of Np(V)-compro portionation seemed to 
be attained after 1h. With proceeding reaction time  the Np(V)-percentage 
was reduced. This reduction was mainly caused by a steady rise in nitric 
acid in the reaction vessel with a continued introd uction of nitric 
oxide. 
2 NO + O2      2 NO2 (8) 
2 NO2             N2O4                      DH > O  (9) 
N2O4 + H2O    HNO2 + HNO3  (10) 
As can be seen from the Eq. 8-10 the immediate oxid ation of nitric oxide 
in the oxygen-containing aqueous solution forms nit rogen dioxide (see Eq. 
8) which will partly dimerize to dinitrogen tetraox ide (see Eq. 9). In 
the presence of water, the dimer itself disproporti onates to nitrous acid 



as well as nitric acid (see Eq. 10) and thus leads to a higher acidity. 
Caused by this rise in acidity the oxidation (see E q. 3) and the 
disproportionation of Np(V) also increase (see Eq. 4), predominantly 
resulting in the formation of more Np(VI). If highe r conversion-rates of 
neptunium shall be obtained the increase in acidity  has to be avoided. 
This could be achieved either on working at lower c oncentrations of 
nitric acid or on reducing the hydrolysis of dinitr ogen tetraoxide by 
controlling the reaction temperature. 
Np Valence State Stabilization After the Valence-St ate Adjustment 
With respect to the preceding results the neptunium  valence state 
equilibrium is probably to be rearranged even if a comproportionation of 
the actinide has been achieved. To exclude any furt her oxidation of Np(V) 
several organic and inorganic reagents have been te sted for their ability 
to stabilize Np(V) in nitric acid solutions due to their reducing 
character. All reagents used were in good correspon dence to the CHNO-
principle which proposes to employ only those mater ials for the treatment 
of nuclear waste that are completely incinerable in  order to avoid any 
increase in secondary waste. Substances meeting thi s requirement should 
therefore contain only carbon, hydrogen, nitrogen a nd oxygen in their 
chemical structure.  
The experiments started with an initial Np(V)-perce ntage of about 96%. 
The molarity of the nitric acid was varied from 1 t o 3M. After the 
addition of the reducing reagent the composition of  the neptunium valence 
state equilibrium in the solution was determined af ter certain periods of 
time. The promising results for two reagents that h ave been successfully 
tested (urea and hydrazine) are shown in Table III.   
Table III 
As expected they reveal an obvious increase in the Np(V)-percentage 
(99,7% in the maximum) due to the reduction of Np(V I). A further 
formation of Np(IV) could not be observed. Possible  mechanisms for the 
reactions of urea and hydrazine with Np(VI) are pre sented by Eq. 11 and 
Eq. 12. 
CO(NH2)2 + 6 NpO22+ + H2O     CO2 + N2 + 6 NpO2+ + 6 H+  (11) 
N2H4 + 4 NpO22+                         4 NpO2+ + N 2 + 4 H+  (12) 
Evidence for these mechanisms has been given by the  following 
observation: According to Eq. 11 and Eq. 12 the red uction of Np(VI) 
yields a plain decrease in pH. Thus, on the other h and, the reduction 
rate should decrease with rising acidity. By compar ing the reduction 
rates obtained at different concentrations of nitri c acid as revealed in 
Table III, this correlation seems to be proved.  
CONCLUSION 
With respect to our studies on the behavior of nept unium during the 
dissolution of spent nuclear fuel, the major part o f the actinide will be 
present as Np(V) in the feed solution of the PUREX- Process. Thus, a 
complete conversion of the element to its unextract able pentavalence 
state seems to be possible by taking advantage of t he close correlation 
between the neptunium valence state equilibrium and  the nitrous acid 
formed in the aqueous solution. The conversion rate s obtained in some 
preliminary tests attained a maximum Np(V)-percenta ge of 94,2%. Thus, the 
general feasibility of a neptunium comproportionati on could be shown. A 
clear dependence of the valence state conversion on  thermodynamic and 
kinetic influences makes us believe that an optimiz ation of these results 
can be achieved in the future. Even if a quantitati ve formation of Np(V) 
has not been achievable yet due to the ambivalent c haracter of nitrous 



acid, this might be realized by the application of some reducing reagents 
which exhibit stabilizing as well as enhancing feat ures towards Np(V) in 
nitric acid. The most promising results have been o btained by employing 
urea or hydrazine as a reductant yielding a Np(V)-p ercentage of nearly 
100%.  
Although a complete comproportionation of neptunium  in the feed solution 
of the PUREX-Process seems to be possible, some fur ther research work is 
still required as several questions have not yet be en answered. One of 
the most important aspects in this context will be the influence of iron 
and plutonium in the real feed. According to our th eoretical as well as 
experimental studies on the dissolution process, th eir presence will 
initially cause a larger amount of Np(V). But it ha s to be kept in mind 
that any manipulation of the neptunium valence stat e equilibrium will 
also effect the redox chemistry of these two elemen ts. Especially the use 
of strongly reducing reagents could lead to a disad vantageous reduction 
of Pu(IV) to the unextractable Pu(III) as it is kno wn for hydrazine (7). 
Thus the coextraction of uranium and plutonium in t he first 
decontamination cycle of the liquid-liquid extracti on would be disturbed.  
Furthermore the possibility of a later separation o f neptunium from the 
HLW has to be investigated with respect to the fina l goal of P&T. 
Therefore an oxidation of the actinide is proposed,  aiming at a complete 
conversion to the extractable species Np(VI). 
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ABSTRACT 
As a result of former reprocessing operations, two types of high-level 
radioactive waste (HLW) were generated at the Weste rn New York Nuclear 
Service Center (WNYNSC) located in West Valley, NY.  These were plutonium 
uranium extraction (PUREX) waste and thorium extrac tion (THOREX) waste. 
In 1980, the West Valley Demonstration Project (WVD P) Act was passed 
authorizing the Department of Energy (DOE) to condu ct a HLW management 
project at the WNYNSC. As part of the Act, the appr oximate two million 
liters of HLW generated are to be processed and sol idified by 
vitrification. 
As a result of vitrification operations, residual a mounts of the HLW 
described above and cesium (Cs)-loaded zeolite, a h igh-activity ion 
exchange waste stream generated from vitrification pretreatment 
operations, will be present in underground carbon s teel tanks located in 
an on-site Tank Farm. Research is currently being c onducted at the 
Pacific Northwest National Laboratory (PNNL) on the  use of oxalic acid, 
which has been proposed to facilitate the removal o f residual amounts of 
these high-level and high-activity wastes.* 
Laboratory-scale tests performed by PNNL have been used to determine the 
optimum conditions in terms of acid-to-waste ratio,  contact time, and the 
temperature of acid. In addition, the effects of mu ltiple contacts, long-
term contacts, the presence of corrosion products, the lack of agitation, 
and the temperature of tank contents were evaluated . The objectives of 
this research are to maximize the removal of the re sidual wastes from the 
carbon steel tanks, minimize the dissolution of iro n, minimize corrosion, 
and provide a feed that is compatible with the curr ent vitrification 
waste form specification. 
INTRODUCTION 
Approximately two million liters of HLW were genera ted during 1966 - 1972 
at a commercial nuclear fuel reprocessing plant loc ated at the WNYNSC in 
West Valley, NY. The waste, which consisted of alka line sludge, alkaline 
supernate, and acidic liquid, was placed into two t anks located on the 
site for storage. 
The largest volume fraction of waste was generated during reprocessing of 
spent uranium fuel using the PUREX process. Waste f rom the PUREX process 
was neutralized with sodiumhydroxide (NaOH) for sto rage in a carbon steel 
tank designated 8D-2. Neutralization resulted in a precipitated hydroxide 
sludge that settled to the bottom of the tank and a  supernatant salt 
solution. The acidic liquid originated from the pro cessing of thorium 
(Th) fuel from the Indian Point I reactor using the  THOREX process. This 
waste was stored in a stainless steel tank designat ed 8D-4. Additionally, 
Cs-loaded zeolite, a high-activity waste, was gener ated from the WVDP 
pretreatment operations, which used zeolite in an i on-exchange process 



designed to remove radioactive cesium from liquid H LW. The ion exchange 
columns and the spent zeolite are stored in a carbo n steel tank 
designated 8D-1. 
In preparation for vitrification operations, the sp ent zeolite is being 
removed from Tank 8D-1 and transferred to Tank 8D-2 . Residual Cs-loaded 
zeolite, however, will be left behind. As a result of vitrification 
operations, a residual mixture of PUREX waste, THOR EX waste, and spent 
Cs-loaded zeolite will remain in Tank 8D-2. The dec ision to facilitate 
removal of residual wastes by eluting the radioacti ve Cs from zeolite and 
dissolving the sludge, which will result in a trans fer of the 
radionuclides to the Vitrification Plant and a decr ease in the 
radioactivity remaining in the tank, is being evalu ated as part of the 
stabilization objectives for these tanks. 
Oxalic acid has been studied as a decontamination r eagent for nuclear 
reactors and equipment. It may also be used to elut e Cs from zeolite and 
to dissolve sludge. Previous laboratory studies sho w that oxalic acid can 
be used to elute Cs from zeolite at a level of 88-9 0% over a period of 11 
days when 0.8 molar (M) oxalic acid is added to zeo lite at ~20 liters (L) 
acid/kilogram (kg) zeolite.** These studies have al so found that a 
maximum of 66 weight % (wt%) of washed sludge can b e dissolved using ~0.7 
moles of oxalic acid per unit of washed sludge (equ al to one liter of 
PUREX sludge and supernate plus THOREX precipitated  waste). In addition, 
it has been reported that over 95% of the sludge fr om the Savannah River 
Plant's Tank 16H was dissolved using 8 wt% oxalic a cid at 85C with 
agitation in a two-step dissolution process (50 hou rs per step) with an 
initial reagent-to-sludge volume of 20:1. 
The purpose of this paper is to discuss the researc h that is being 
conducted at PNNL. The results from a series of exp eriments that vary the 
strength of oxalic acid, the number of contacts, an d the duration of 
contacts will be discussed in terms of the followin g primary objectives: 
maximize the removal of HLW from the carbon steel t anks, minimize the 
dissolution of iron, minimize tank corrosion, and p rovide a feed that is 
compatible with the current vitrification waste for m specification. 
CESIUM ELUTION EXPERIMENTS 
These Cs elution experiments were performed in 500 milliliter (ml) Pyrex 
reaction vessels, with ports for thermocouples, sti r shafts, and 
sampling, as shown in Fig. 1. Nonradioactive Cs-loa ded zeolite was placed 
in the bottom of the reaction vessel and covered wi th 10 M NaOH to 
simulate the basic environment in Tank 8D-1. The 8 wt% oxalic acid was 
then added. The vessel was sealed using vacuum grea se and placed in a 
heating mantle with a temperature controller progra mmed to hold the 
temperature at 50C (unless otherwise noted), which is the expected 
temperature of the material in Tank 8D-1 . A stirri ng shaft was placed in 
each vessel and the contents of the vessel were agi tated throughout the 
test period (unless otherwise noted) to simulate th e effects of the 
mobilization pumps. Tests were run for 50 hours (un less otherwise noted) 
and sampling was performed at 2, 4, 20, 28, and 50 hours of contact time 
(unless otherwise noted). When sampling was being p erformed, agitation of 
the material in the vessel was stopped and the mate rial was first allowed 
to settle for five minutes. After five minutes, a 5  ml sample was drawn 
from the supernate and analyzed by Inductively Coup led Plasma-Mass 
Spectroscopy (ICP-MS) for Cs content. 
Fig. 1 



Some of the Cs elution experiments performed includ ed: 1) determination 
of optimum process conditions, 2) multiple contact tests, and 3) tests to 
determine the effects of additional conditions such  as the presence of 
corrosion products and carbon steel coupons, no agi tation, and the 
temperature of tank contents. 
The determination of the optimum process conditions  for Cs elution from 
zeolite involved six tests. The variables in this e xperiment were the 
ratio of oxalic acid to zeolite, the temperature of  the acid, and the 
contact time. 
The multiple contact experiment involved four tests . Using the optimum 
process conditions previously determined, Cs-loaded  zeolite was contacted 
with fresh oxalic acid three times for two hours. T wo-hour contact times 
were chosen because previous experiments indicated that the majority of 
the Cs was eluted after two hours. After each conta ct, a sample of 
approximately 5 ml of supernate was drawn from each  reaction vessel for 
analysis and the rest of the supernate was removed from the vessel. Two 
types of tests were performed for this experiment, one involving a water 
rinse of the zeolite after each contact and one wit h no water rinse. 
The effects of several additional conditions on Cs elution from zeolite 
at the optimum process conditions were also evaluat ed. The presence of 
corrosion products in Tank 8D-1 and their effect on  Cs elution was 
examined by adding iron oxide (Fe2O3) as a simulant . An amount of Fe2O3 
equivalent to 2400 kg of rust at the bottom of the tank was added to the 
vessel. 
The effect of carbon steel coupons on Cs elution wa s examined. Two carbon 
steel coupons were pre-weighed and suspended inside  the reaction vessel 
so that they were completely submerged in the oxali c acid. The pair of 
coupons used for this test were prepared from large r U-bend coupons from 
earlier West Valley Nuclear Services (WVNS) corrosi on tests. One of the 
coupons, after being measured and weighed, was left  "as received" with a 
rusted layer on the surface. The other coupon was c leaned in an inhibited 
acid cleaning solution to remove the rust layer. On ce cleaned the "clean" 
coupon was measured and weighed. When the test was complete, the coupons 
were removed from the vessel, rinsed in deionized w ater, dried at room 
temperature, and then re-weighed to determine weigh t loss and estimate 
corrosion rates. 
The effect of no agitation was examined using a ves sel set up in the 
usual manner, but without a stir shaft. The effect of a 25C bath 
temperature over 50 hours, rather than the 50C bath  temperature, was 
examined. The 25C bath temperature reflects conditi ons under which the 
tank contents are at ambient temperature; while the  50C bath temperature 
reflects the effects of both radiolytic decay heat and heat from the 
pumps used to agitate the tank contents. The final test for this set of 
experiments was a control run at optimum process co nditions. In addition 
to ICP-MS analysis for Cs concentration, the sample s in this set of tests 
were also analyzed for iron (Fe) and aluminum (Al),  which are the major 
oxide components of the zeolite. 
SLUDGE DISSOLUTION EXPERIMENTS 
As with Cs elution, the sludge dissolution experime nts were run in 500 ml 
Pyrex reaction vessels, with ports for thermocouple s, stir shafts, and 
sampling, as shown in Fig. 1. An appropriate amount  of sludge simulant 
was added to the reaction vessel, followed by an ap propriate amount of 8 
wt% oxalic acid. The vessel was then sealed using v acuum grease and 
placed in a heating mantle with a temperature contr oller programmed to 



hold the temperature at 50C (unless otherwise noted ), which is the 
expected temperature of the material in Tank 8D-2. A stirring shaft was 
placed in each vessel and the contents of the vesse l were agitated 
throughout the test period (unless otherwise noted)  to simulate the 
effects of pumps in Tank 8D-2. Tests were run for 5 0 hours (unless 
otherwise noted) and sampling was performed at 2, 4 , 20, 28, and 50 hours 
of contact time (unless otherwise noted). When samp ling was being 
performed, agitation of the material in the vessel was stopped and the 
material was first allowed to settle for five minut es. After five 
minutes, approximately 5 ml were drawn from the sup ernate and analyzed by 
ICP-MS. In some of the experiments, the supernate w as also analyzed by 
Ion Chromatography (IC) for oxalate concentration. At the completion of 
most of the experiments, the solids were separated from the supernate by 
vacuum filtration then dried and weighed to determi ne the total solids 
dissolved during the experiment. 
The determination of the optimum process conditions  for sludge 
dissolution involved six tests. The variables in th is experiment were the 
ratio of oxalic acid to sludge, the temperature of the acid, and the 
contact time. 
The multiple contact experiment involved two tests.  Using the optimum 
process conditions previously determined, sludge si mulant was contacted 
with fresh oxalic acid three times for two hours. A fter each contact, a 5 
ml sample of supernate was drawn from each reaction  vessel and sent for 
analysis. Two types of tests were performed: in the  first test the oxalic 
acid in the vessel from each contact was removed af ter the contact and 
fresh oxalic acid was added; in the second test the  oxalic acid was not 
removed after each contact. 
The effects of several additional conditions on slu dge dissolution at the 
optimum process conditions were also evaluated. The  effect of the 
presence of corrosion products in Tank 8D-2 was exa mined by adding Fe2O3 
as a simulant. An amount of Fe2O3 equivalent to 240 0 kg of rust at the 
bottom of the tank was added to the vessel. 
The effect of the presence of carbon steel coupons was examined. Two 
steel coupons were pre-weighed and suspended inside  the reaction vessel 
so that they were completely submerged in the oxali c acid. The pair of 
coupons used for this test were prepared from large r U-bend coupons from 
earlier WVNS corrosion tests. One of the coupons, a fter being measured 
and weighed, was left "as received" with a rusted l ayer on the surface. 
The other coupon was cleaned in an inhibited acid c leaning solution to 
remove the rust layer. Once cleaned the "clean" cou pon was measured and 
weighed. When the test was complete, the coupons we re removed from the 
vessel, rinsed in deionized water, dried at room te mperature, and then 
re-weighed to determine weight loss and estimate co rrosion rates. 
The effect of no agitation was examined using a ves sel set up in the 
usual manner, but without a stir shaft. The effect of a 25C bath 
temperature over 50 hours, rather than the 50C bath  temperature was 
examined. The final test for this set of experiment s was a control that 
was run using the optimum process conditions. 
In addition to the experiments described above, at the completion of the 
third, fourth, and fifth experiments, a determinati on of the solids 
remaining was made. At the completion of each of th ese experiments, most 
of the supernate was drained off and collected. The  remaining material 
was poured through a vacuum filtration apparatus an d the solids were 
collected on a piece of filter paper of known weigh t. The solids were 



dried at room temperature for 24 hours and then wei ghed. Percent solids 
dissolved during the experiment could then be calcu lated using the total 
weight of simulant used in the experiment and an in itial weight percent 
of 21.24% solids, which includes solids that were d issolved in the 
supernate as well as undissolved solids. 
CESIUM ELUTION RESULTS 
The experiments performed show that for Cs elution no one set of 
parameters tested resulted in a distinguishably hig her efficiency, 
however, a multiple contact process appears to prov ide higher percentages 
of elution compared to a single contact. Addition o f corrosion products, 
the presence of carbon steel coupons, and the lack of agitation all 
produced approximately the same level of Cs elution , which was no 
different from the control, after 50 hours of conta ct with oxalic acid. 
Cs elution was decreased slightly, however, when a 25C bath was used 
instead of the 50C bath used in most of the tests. Although the addition 
of Fe2O3 did not appear to have a significant effec t on the elution of 
Cs, almost all of the Fe2O3 added to the system was  dissolved. These 
results suggest that rust present in the tank may b e extremely soluble in 
oxalic acid. Other tests in which carbon steel coup ons were present 
suggest that oxalic acid may be corrosive to carbon  steel since higher 
amounts of Fe appeared in solution than would be ex pected from the 
zeolite. 
Determination of the optimum process conditions for  elution of Cs from 
zeolite involved six tests. The variables examined were: 1) the amount of 
acid (20, 40, or 80 L of 8 wt% oxalic acid per kg o f Cs-loaded zeolite) 
2) the initial temperature of the added oxalic acid  (25C or 80C) and 3) 
the total contact time (2, 4, 20, 28, or 50 hours).  
The results of this set of tests are summarized in Fig. 2. As Fig. 2 
shows, no one set of conditions consistently produc ed the highest elution 
level at each contact time. Cs elution ranged from a minimum of 52.2% (at 
40 L acid/kg zeolite, 25C acid addition, 2 hour con tact time) to 90.4% 
(at 20 L acid/kg zeolite, 80C acid addition, 50 hou r contact time). In 
the interest of keeping plant operations simple (i. e., heating the oxalic 
acid to 80C would add difficulty to the process and  may not significantly 
improve the Cs elution) and minimizing waste, 40 L acid/kg zeolite added 
at 25C were chosen as the optimum process condition s. The majority of the 
Cs elution appears to occur during the first two ho urs of contact, with 
~60% of the Cs eluted in this time, therefore a two  hour contact time was 
chosen as optimum for the laboratory-scale tests. A  contact time this 
short, however, may not be feasible in full scale o perations. 
Fig. 2 
In the multiple contact experiment Cs-loaded zeolit e was contacted with 
fresh oxalic acid three times using the conditions of 40 L 8 wt% oxalic 
acid/kg zeolite, 25C acid addition, and three two-h our contact times. Two 
hour contacts were used because it was previously i dentified that >50% of 
the Cs was eluted after two hours contact time. Two  types of tests were 
performed; one involving a water rinse after each c ontact, and one with 
no water rinse. 
The results of the multiple contact tests show that  close to 100% Cs 
elution was observed using two or three consecutive  two hour contacts 
with oxalic acid. A water rinse did not appear to s ignificantly improve 
or hamper Cs elution. 
The effects of several additional conditions on Cs elution at the optimum 
process conditions of 40 L 8 wt% oxalic acid/kg zeo lite added at 25C were 



also evaluated. The additional conditions were: 1) addition of Fe2O3 to 
simulate corrosion products (rust) in the tank 2) a ddition of carbon 
steel coupons (one pre-corroded, one clean) to simu late the sides of the 
tank and to obtain preliminary carbon steel corrosi on data 3) no 
agitation and 4) a 25C bath temperature instead of 50C. The supernate 
samples obtained from these tests were analyzed for  Cs concentrations as 
well as concentration of Fe and Al. 
After 50 hours contact time, all conditions except the 25C bath resulted 
in approximately the same amount of Cs eluted, an a verage of 90.6%, with 
a standard deviation of 2.5%. As would be expected,  the 25C bath 
condition resulted in lower levels of Cs elution at  longer contact times; 
however, the difference is within experimental erro r. The no-stir 
condition showed relatively low levels of Cs eluted  at short contact 
times, but by 20 hours contact time, the Cs elution  level had risen from 
29.1% to 78.2%, and by 50 hours it was at 88.4%. Ne ither the addition of 
Fe2O3 nor the presence of carbon steel coupons appe ared to have any 
effect on Cs elution at contact times greater than 2 hours. 
The addition of Fe2O3 to simulate corrosion product s in the tank did not 
appear to have a significant effect on the elution of Cs from zeolite or 
on the dissolution of Al in zeolite. It does, howev er, have an effect on 
the amount of Fe present in solution. In Fig. 3, wh ich shows the amounts 
of Fe dissolved, 100% Fe dissolved means 100% of th e Fe in the system. 
For the test in which Fe2O3 was added, this include s the Fe coming from 
the Fe2O3. Hence, although this test and the contro l both appear to have 
dissolved the same percentage of Fe, the total amou nt of Fe in solution 
is much higher for this test. This additional Fe ma y increase the number 
of glass logs produced by vitrification. The data i ndicate that 92% of 
the Fe in the system--including loose rust at the b ottom of the tank--is 
in solution after 50 hours contact time. 
It is interesting to note that it appears to take s ome time for the Fe 
concentration in solution to rise. At 20 hours cont act time, only about 
5% of the Fe in the system is in solution (correspo nding to about the 
amount one would expect to come from the dissolutio n of Fe from the 
zeolite). By 28 hours, this amount had risen to 63% . 
The presence of carbon steel coupons in the oxalic acid solution had no 
significant effect on either the elution of Cs from  zeolite or on the 
dissolution of aluminum oxide (Al2O3) in zeolite. F igure 3 shows amounts 
of Fe greater than 100% in solution at longer conta ct times. In this 
test, 100% Fe is based on the amount of Fe in the z eolite; therefore, 
amounts greater than 100% would have to be attribut ed to Fe dissolved 
from the carbon steel coupons. The control test ind icates that at 50 
hours contact time, about 91% of the Fe from the ze olite is in solution; 
this suggests that amounts of Fe above the 91% in t he coupon test are 
probably coming from the dissolution of the coupons  themselves. 
Fig. 3  
A lack of agitation in the reaction vessel contents  only appeared to 
affect Cs elution at short contact times. At 2 and 4 hours, 15.1% and 
29.1% of the Cs was eluted, respectively, but after  20 hours, the amount 
of Cs eluted increased to 78.2% and by 50 hours had  reached the same 
level as the control. Similar effects were observed  in the dissolution of 
Fe and Al from the zeolite. These results suggest t hat when contact times 
are long (i.e., greater than 28 hours), a lack of a gitation should not be 
detrimental to Cs elution. Cs elution, however, may  be limited by 



diffusion if the zeolite is in a pile and thus has less surface area 
exposed to the oxalic acid. 
The 25C bath temperature resulted in lower levels o f Cs elution at most 
contact times. This suggests that the temperature o f the system could 
have an impact on the efficiency of Cs elution oper ations. If tank 
temperatures fall below the 50C used in these tests , it may be necessary 
to extend the duration of contact times and/or impl ement multiple contact 
treatments. 
SLUDGE DISSOLUTION RESULTS 
The experiments performed show that for sludge diss olution no one set of 
parameters tested resulted in a distinguishably hig her efficiency, 
however, multiple contacts were not found to be adv antageous. In 
addition, contact time did not appear to be a facto r in sludge 
dissolution. Significant changes in the percentage of each ion dissolved 
were not observed after 4 hours. As with Cs elution , the addition of 
corrosion products, presence of carbon steel coupon s, and the lack of 
agitation did not have a significant effect on slud ge dissolution. 
Although the addition of Fe2O3 did not appear to ha ve a significant 
effect on the dissolution of sludge, almost all of the Fe2O3 added to the 
system ended up in solution. These results suggest that rust present in 
the tank may be extremely soluble in oxalic acid. O ther tests in which 
carbon steel coupons were present suggest that oxal ic acid may be 
corrosive to carbon steel, since higher amounts of Fe appeared in 
solution than would be expected from the sludge. 
Determination of the optimum process conditions for  sludge simulant 
dissolution in 8 wt%oxalic acid consisted of six te sts. The variables 
studied were: 1) the ratio of oxalic acid to sludge  simulant (20, 40, and 
80 L acid/kg sludge simulant) 2) the temperature of  the acid as it was 
added (25C or 80C) and 3) the contact time (2, 4, 2 0, 28, or 50 hours). 
The concentration of soluble oxalate was measured b y ion chromatography 
(IC) after each contact time in each of the six tes ts. Throughout the 
experiment, changes in the oxalate concentration we re found to be less 
than the analytical error of 10%. These results sug gest that within 
experimental error, no precipitation of oxalate was  detected. 
The concentration of each ion in solution was measu red by ICP-MS after 
each contact time in each of the six tests. Figure 4a shows the ranges of 
dissolution for each ion. In Fig. 4a each dark circ le represents one data 
point and each data point for a given ion represent s a different set of 
conditions (i.e., L acid/kg, temperature of acid ad dition, contact time). 
The analytical error associated with each data poin t is 10%. For most 
ions, a number of data points lie within the experi mental error of the 
maximum dissolution, making it difficult to state w ith any certainty that 
one particular set of conditions was the most effec tive for a given ion. 
However, it was possible to observe trends in the d ata. Upon examination 
of the results obtained, it becomes apparent that 2 0 L acid/kg sludge and 
25C acid addition seem to lead to lower dissolution s, while 40 or 80 L 
acid/kg sludge and 80C acid addition seem, in gener al, to lead to higher 
dissolutions. Contact time did not appear to play a  major role in the 
dissolution of most of the ions; significant change s were not observed 
after 4 hours contact time and, in most cases, at l east 70% of the ion 
had dissolved after 2 hours contact time. 
For most of the ions analyzed (zirconium (Zr) and c erium (Ce) being the 
only exceptions), maximum dissolutions were found t o be over 70%. The two 
high data points for Ce dissolution occur at 40 L a cid/kg sludge and 25C 



acid addition, at 28 and 50 hours contact time. Sin ce Ce was chosen as a 
surrogate for the radionuclides uranium (U) and tho rium (Th), the low 
dissolution of Ce from the simulant is a cause for some concern. The ICP-
MS measurements of the initial simulant failed to d etect more than 4% of 
the amount added to the simulant. Therefore, it is entirely possible that 
these low percentages are due to the inability of t he ICP-MS to detect Ce 
under these conditions. It is also possible that Ce  simply does not 
dissolve, or if it does dissolve, it may form a cer ium oxalate type of 
compound and thus not be found in solution. It is d ifficult to say, based 
on these results, whether or not Ce was a good choi ce for a U and Th 
surrogate. These results may suggest that U and Th will not dissolve well 
under the conditions tested or they may simply be a n indication that Ce 
does not dissolve well under the conditions tested.  
Optimum process conditions for sludge dissolution w ere chosen based on 
the results of these six tests and on the ease of u se during plant 
operation. The optimum process conditions chosen we re 40 L 8 wt% oxalic 
acid/kg sludge added at 25C. Forty L 8 wt% acid/kg sludge was chosen over 
80 L 8 wt% acid/kg sludge in the interest of waste minimization and 
because 80 L acid/kg sludge was not significantly b etter than 40. Twenty-
five degrees Celsius acid addition was chosen becau se 80C acid addition 
did not uniformly increase dissolution and in cases  where it did increase 
dissolution, the increase was on the order of a few  percent. In addition, 
heating the acid would present additional operation al requirements in 
full scale operations. 
In the multiple contact experiment, sludge simulant  was contacted with 
oxalic acid three times using the conditions of 40 L 8 wt% oxalic acid/kg 
sludge, 25C acid addition, and a two hour contact t ime. Two hour contacts 
were chosen because the first experiment indicated that >70% of most of 
the ions had dissolved after two hours. Two tests w ere run: one in which 
the oxalic acid from each contact was removed from the reaction vessel 
before the next contact, and the other in which the  fresh oxalic acid was 
added to the acid from previous contacts. 
In the test where the oxalic acid was removed after  each contact, most of 
the dissolution occurred during the first two hour contact. Additional 
contacts increased the total dissolution of ions by  only a few percent. 
In the test where the "used" oxalic acid was left i n the vessel, for many 
ions, after the initial contact, total dissolution appeared to decrease 
with subsequent contacts. The data indicate that mu ltiple contacts with 
oxalic acid are not advantageous to the sludge diss olution process. The 
amounts of ions in solution remain constant within experimental error 
over the three contacts for both the case where the  acid is removed after 
each contact and the case where fresh acid is added  to that which is 
already present. 
The effects of several additional conditions on slu dge dissolution at the 
optimum process conditions of 40 L 8 wt% oxalic aci d/kg sludge added at 
25C were also evaluated. These additional condition s were: 1) addition of 
Fe2O3 to simulate the presence of corrosion product s (rust) in the tank 
2) addition of carbon steel coupons (one pre-corrod ed, one clean) to 
simulate the sides of the tank and to yield prelimi nary corrosion data 3) 
no agitation and 4) a 25C bath temperature instead of 50C, as stated in 
the initial description of the sludge dissolution e xperiments. 
The conditions in this experiment seemed to affect the dissolution of 
strontium (Sr), nickel (Ni), and Fe the most. In th e case of Sr, the data 
shows that the 25C bath decreases the Sr dissolutio n to well below the 



control level after 50 hours contact time. Nickel d issolution is 
dramatically decreased by the presence of steel cou pons and, to a 
somewhat lesser extent, the dissolution of Ni is lo wer than the control 
at 50 hours under both the no-stir and the 25C bath  temperature 
conditions. 
Fig. 4a 
Fig. 4b 
The addition of Fe2O3 to simulate corrosion product s in the tank did not 
appear to have a significant effect on the dissolut ion of the ions 
analyzed. However, it did have an effect on the amo unt of Fe in solution. 
In Fig. 4b, 100% Fe dissolved means 100% of the Fe added to the system. 
For the test in which Fe2O3 was added, this include s Fe from Fe2O3. 
Although this test and the control both appear to h ave dissolved the same 
percentage of Fe, the total amount of Fe in the sys tem is much higher for 
the test in which Fe2O3 was added. The data indicat e that 97% of the Fe 
in the system, including loose rust at the bottom o f the tank, is in 
solution at 50 hours contact time. 
The data show that the presence of carbon steel cou pons in the oxalic 
acid solution had an effect on the dissolution of b oth Ni and Fe in the 
sludge dissolution experiments, but did not have a significant effect on 
the dissolution of any of the other ions present in  the sludge simulant. 
The results from the tests in which carbon steel co upons are present show 
that the dissolution of Ni decreases dramatically w ith time (from 70% 
after 4 hours contact to 30% after 50 hours contact ) when the coupons are 
present. A possible explanation for this is that Ni  was plated out on the 
surface of the coupons. Analysis of the coupon surf aces and the stripping 
solution might confirm whether this is the cause of  the dramatic decrease 
in Ni in solution when carbon steel coupons are pre sent. If this is the 
case, it is possible that once the oxalic acid clea ns the oxide off the 
tank wall other metals will also be reduced and pla te out on the tank 
surfaces. These other metals might include radionuc lides, which would not 
be a desirable situation. 
Figure 4b shows that amounts of Fe greater than 100 % are in solution at 
all contact times except 4 hours. In this test, 100 % Fe is based on the 
amount of Fe in the sludge simulant alone; therefor e, amounts greater 
than 100% would have to be attributed to Fe dissolv ed from the carbon 
steel coupons. The control test indicates that at 5 0 hours, approximately 
96 wt% of the Fe from the simulant is in solution. This suggests that 
amounts of Fe above 96% 10% in the coupon tests are  probably due to the 
dissolution of the coupons themselves. 
A lack of agitation of the reaction vessel contents  did not appear to 
have a significant effect on the dissolution of any  of the ions analyzed 
in these tests except for Ni, which exhibited sligh tly lower dissolution 
than the control at longer contact times. A 25C bat h temperature appeared 
to affect the dissolution of both Sr and Ni. Both o f these ions exhibit 
somewhat lower dissolution than the control in a 25 C bath. 
The solids remaining at the end of most of the expe riments were collected 
and weighed to determine the amount of solids that had been dissolved by 
treatment. An average of 74% (with a standard devia tion of 2.6%) of the 
solids were dissolved in the tests where the determ ination was made. The 
remaining solid material from one of the tests was analyzed by X-ray 
diffraction. The material was found to be a complex  mixture of phases. 
The main phases identified are listed in Table I al ong with a semi-
quantitative wt %. Additional phases are likely to be present, but were 



not identifiable, and the semi-quantitative analysi s ignores the presence 
of additional unidentified phases. The presence of SiO2 (quartz) and ZrO2 
(Baddeleyite) is not surprising since these are bot h difficult compounds 
to dissolve. Also, the large percentage of C6H20Ce2 O22 (cerium oxalate 
hydroxide) present agrees with the ICP-MS analysis for Ce in the 
supernatant, which indicated that very little of th e Ce initially present 
in the sludge had been dissolved. 
Table I  
CONCLUSIONS 
The original objectives of Cs elution and sludge di ssolution for which 
the experiments discussed above were conducted incl uded maximizing Cs 
elution and sludge dissolution, and investigating t he effect of tank 
corrosion products. In addition to these objectives , the test condition 
of oxalic acid wt % was set at 8 wt%. After reviewi ng the results 
obtained, however, a modified set of objectives was  identified that added 
minimizing the dissolution of iron, minimizing tank  corrosion, and 
providing a feed compatible with the current vitrif ication waste form 
specification to the objectives already defined. Wi th this new set of 
objectives, additional Cs elution tests that used 4  and 1 wt% oxalic acid 
solutions and corrosion tests were performed. 
The following conclusions are based on results of w ork presented in this 
report as well as some of the follow-up testing ind icated above: 
  The data show that lower percentages of Cs may be  eluted when the wt% 
of oxalic acid is lowered (i.e., from 8 wt% to 4 or  1 wt%). Using 8 wt% 
oxalic acid, as described above, a maximum of 99.9%  Cs was eluted with an 
oxalic acid-to-zeolite ratio of 40 L/kg, a temperat ure of 25C, and three 
2-hour contacts. Approximately 60-70 % Cs was elute d, however, using 4 
and 1 wt% oxalic acid. (Note: A higher oxalic acid- to-zeolite ratio was 
used for the 4 and 1 wt% tests.) 
  The data show that by using 8 wt% oxalic acid, an  oxalic acid-to-sludge 
ratio of 40 L/kg, an acid temperature of 25C, and a  single contact, 70-75 
wt% of the solids present in the sludge can be diss olved. The dissolution 
of the radionuclides may be considerably lower, <10 %, based on the 
dissolution of Ce that was used as a surrogate for U and Th. 
  The data show that larger amounts of Fe2O3, which  represents corrosion 
products present in the tank, are solubilized when 8 wt% oxalic acid 
solutions are used. By using 8 wt% oxalic acid with  the conditions 
specified in the first bullet, ~ 90% of the Fe2O3 w as solubilized 
compared to ~ 15-20 % solubilized for 4 and 1 wt%. (Note: A higher oxalic 
acid-to-zeolite ratio was used for the 4 and 1 wt% tests.) 
  Oxalic acid corrosive tests were performed using A516 Grade 55 mild 
steel test specimens, which has essentially the sam e chemical composition 
and microstructure as the type of steel used in fab ricating the tanks.*** 
These tests showed that even at relatively modest t emperatures (50C) and 
short exposures to 4 and 8 wt% oxalic acid solution s (1 to 3 weeks), the 
corrosion rate is quite high. The corrosion appeare d as localized pitting 
and crevice corrosion for submerged test specimens;  however, vapor space 
corrosion was negligible at the conditions tested. 
The experiments performed and the results obtained have provided a basis 
for declaring that oxalic acid can elute Cs from ze olite and dissolve 
sludge. Questions and issues still exist, however, that need to be 
resolved before oxalic acid can be identified as be ing feasible to clean 
carbon steel HLW tanks. Some of the questions and i ssues, which were 
briefly mentioned in the conclusions stated above, are: 



  Iron present at too high a level is detrimental t o vitrification. How 
can the amount of iron dissolved be minimized? 
  The goal in maximizing sludge dissolution relates  to mobilizing the 
radionuclides present enabling them to be transferr ed to vitrification. 
If Ce is an accurate surrogate for U and Th, what i mpact will 
precipitated U and Th oxalate compounds have on thi s goal i.e., can they 
still be mobilized and transferred? 
  As stated above, the data show that oxalic acid i s corrosive to the 
mild steel test specimens. For purposes of safety, how can corrosion to 
the tanks be minimized? 
In support of the WVDP's effort to evaluate options  to meet stabilization 
objectives for the HLW tanks on site, the investiga tion of the 
feasibility of using oxalic acid will continue. The  basis of information 
obtained to date will be reviewed and used to deter mine the path forward 
that will enable the determination of feasibility t o be made. 
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ABSTRACT 
What does the United States space shuttle and the H anford PUREX 
facility's contaminated nitric acid have in common.  Both are reusable. 
The PUREX Transition Project has achieved success a nd minimized project 
expenses and waste generation by looking at excess chemicals not as waste 
but as reusable substitutes for commercially availa ble raw materials. 
This philosophy has helped PUREX personnel to reuse  or recycle more than 
2.5 million pounds of excess chemicals, a portion o f which is the 
slightly contaminated nitric acid. After extensive public review, the 
first shipment of contaminated acid was made in May  1995. Removal of the 
acid was completed on November 6, 1995 when the fif tieth shipment left 
the Hanford site. This activity, which avoided disp ositioning the 
contaminated acid as a waste, generated significant ly more public input 
and concern than was expected. One of the lessons l earned from this 
process is to not underestimate public perceptions regarding the reuse of 
contaminated materials.  
The quantity of radioactivity in the contaminated a cid (each individual 
shipment) met the criteria for a low specific activ ity shipment under the 
Department of Transportation regulations. In the to tal volume of acid 
there was less than 0.3 grams (0.01 ounces) of plut onium and 7,400 
kilograms (16,300 pounds) of uranium, of which appr oximately 72 kilograms 
(158 pounds) was U-235 (i.e. fissile material). Low  specific activity 
shipments are routinely shipped across the country.  The handling 
(including transportation) of hazardous liquid chem icals occurs daily in 
the continental United States. In 1993 alone, appro ximately 5.3 X 109 
liters (1.4 billion gallons) of nitric acid was pro duced and transported 
internationally; without substantial incident. Howe ver, the transport and 
disposition of the PUREX contaminated acid generate d more interest and 
comments than was expected for an activity of this type. In comparison, 
spent fuel shipments from PUREX generated little in terest from reviewers.  
PUREX DEACTIVATION 



In December 1992, DOE directed that the PUREX Plant  be shut down and 
deactivated because it was no longer needed to supp ort the nation's 
weapons-grade plutonium production. The scope of th e deactivation project 
involves many activities necessary to place the PUR EX Plant in an 
environmentally safe and stable state for long-term  surveillance and 
maintenance. Removing major hazards from the PUREX Plant, such as excess 
chemicals, spent fuel, and residual plutonium are m ajor goals of the 
deactivation project. This will reduce the risk of exposure to both 
onsite workers and members of the general public. S takeholder involvement 
has played a major role in the formation of deactiv ation plans, 
implementation of selected strategies and accomplis hment of specific 
goals. 
BACKGROUND INFORMATION 
Historically, nitric acid was used at the Hanford S ite's PUREX Plant to 
dissolve irradiated fuel elements, and for the sepa ration and 
purification of uranium, plutonium, and neptunium i n solvent extraction 
operations. The nitric acid was recovered and reuse d during processing. A 
specific result of cessation of PUREX Plant operati ons is that excess 
chemicals are available, including approximately 69 2,000 liters (183,000 
gallons) of slightly radioactively contaminatednitr ic acid. 
DEACTIVATION PLANNING 
The original project baseline for disposition of th e excess 10 molar 
nitric acid was to sugar denitrate the material to approximately 1 molar 
acid in the PUREX canyon. This process would genera te between 300 to 400 
metric tons of nitrogen oxides or NOx as gaseous ef fluent. Denitration 
would reduce the liquid volume to be transferred fo r disposal to tank 
farms by about 33 percent. This action eliminates t he acid but provides 
no beneficial use for the material, while having po tential present and 
future environmental impacts. 
Westinghouse sought ways to beneficially use the ma terial to avoid 
processing the acid as waste. Brainstorming session s were held to seek 
innovative ways to use the material. With no use fo r the surplus acid 
identified within the DOE complex, private sector i nterest was solicited. 
An expression of interest was received from British  Nuclear Fuels private 
limited company (BNF plc), the sole respondent to t he Commerce Business 
Daily advertisement. 
Abandoning the treatment option to sugar denitrate the acid and pursuing 
the beneficial reuse of the material, along with ot her changes to the 
project, resulted in saving $37 million and shorten ed the duration of the 
Deactivation project by 10 months. Beneficial reuse  of the acid is the 
most economical and cost effective solution for dis position of the acid. 
DOCUMENTATION 
The concept of shipping the acid to England for use  in a process similar 
to PUREX was previously addressed under the Nationa l Environmental Policy 
Act (NEPA) as a Categorical Exclusion or (CX). Nucl ear proliferation 
became a potential concern with interest groups. La ter DOE determined 
that the action would meet conditions of the regula tions that require 
additional NEPA review. Therefore an Environmental Assessment was 
prepared to provide a quantitative analysis of pote ntial risks and 
environmental impacts associated with the proposed action and 
alternatives, in the continental U.S. and on intern ational waters, and to 
allow a determination of whether or not an Environm ental Impact Statement 
is required.  



Preparation, review, and approval of the Environmen tal Assessment took 
many months. An Ad Hoc stakeholder committee, consi sting of 
representatives from three local interest groups, D OE, and Westinghouse, 
was formed to facilitate document preparation and r eview. The Ad Hoc 
stakeholder committee was used to improve the nitri c acid Environmental 
Assessment and address many different opinions prio r to issuing the 
document for comment. Subsequently, the draft docum ent was sent to more 
than 200 individuals, states, Indian Nations, inter est groups and 
affected public for public comment. Public meetings  were held on the east 
coast at the three proposed shipping ports; Portsmo uth, Virginia, 
Baltimore, Maryland and Newark, New Jersey. Figures  1 and 2 show the 
posters used at the public meetings. During the pub lic comment period 
more than 50 inquiries for information, clarificati on, or comment were 
made. All comments were addressed in the final Envi ronment Assessment.  
Comments included a wide range of topics and issues . Some comments were 
specific to the activity and some comments were unr elated to the project. 
Comments ranged from concerns about potential sprea d of contamination to 
proliferation issues. Comments on proliferation wer e addressed in the 
"Environmental Assessment, Disposition and Transpor tation of Surplus 
Radioactive Low Specific Activity Acid, Hanford Sit e, Richland, 
Washington," DOE/EA-1005, as follows: 
 In evaluating the nonproliferation policy aspects of the proposed 
shipment, DOE considered the facts that BNF plc has  a readily available 
supply of nitric acid, which could be procured from  any number of U.S. or 
other commercial sources, and that interested parti es such as Ecology, 
U.S.Environmental Protection Agency (Region 10), Ya kima Indian Nation, 
and the Confederated Tribes of the Umatilla Indian Reservation do not 
object to the shipments. In addition, the proposed shipment appeared to 
be a case-specific solution to a material dispositi on problem, promoting 
waste minimization and reducing potential emissions  to the environment. 
The export would not make a material contribution t o the proliferation of 
weapons of mass destruction and would be consistent  with Executive Order 
12114, Environmental Effects Abroad of Major Federa l Actions. These facts 
appeared to support the position that the transfer of nitric acid from 
the PUREX Plant was a policy-neutral decision, and did not set a 
precedent from either a technical or policy standpo int. 
Many comments were associated with the transport of  the acid across the 
United States. Some states requested advance notice  of shipments. The 
Department of Energy instituted weekly conference c alls to keep states 
and other interested individuals informed on the st atus of the shipments. 
A Finding of No Significant Impact or (FONSI) was a pproved by the Hanford 
Site Manager in May 1995. Shortly there after the f irst nitric acid 
shipments to England were made. Figure 3 shows PURE X employees loading 
acid into the shipping container. The last shipment  left the Hanford site 
on November 6, 1996. A total of 707,000 liters (187 ,000 gallons) of acid 
were shipped.  
LESSONS LEARNED 
The PUREX Transition Project team developed a good working relationship 
with state/federal regulators/stakeholders. Early a nd frequent contact 
with interest groups is key to project success. Fle xibility is also key 
to success. Working directly with outside groups su ch as the Ad Hoc 
committee helped to produce an initial draft of the  environmental 
assessment that was more palatable to the public. H owever, it is ironic 
that due to specific concerns, public comment on th e disposition of the 



slightly contaminated acid generated significantly more interest than the 
transfer of spent fuel. The lesson here is one of p erceptions. In this 
case the greater risk was not the biggest concern. When addressing unique 
situations such as the disposition of PUREX contami nated acid, it is 
essential that "normal procedures" not be totally r elied upon. Due to 
frequent interaction with the regulators and stakeh olders deactivation 
project goals were accomplished without delay to fi eld work. 
Fig. 1a 
Fig. 1b 
Fig. 1c 
Fig. 2a 
Fig. 2b 
Fig. 2c 
Fig. 3 
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ABSTRACT 
In the conditional no-migration determination (NMD)  for the test phase of 
the Waste Isolation Pilot Plant (WIPP), the U.S. En vironmental Protection 
Agency (EPA) imposed certain conditions on the U.S. Department of Energy 
(DOE) regarding gas phase volatile organic compound  (VOC) concentrations 
in the void space of transuranic (TRU) waste contai ners. Specifically, 
the EPA required the DOE to ensure that each waste container has no layer 
of confinement that contains flammable mixtures of gases or mixtures of 
gases that could become flammable when mixed with a ir. The EPA also 
required that sampling of the headspace of waste co ntainers outside inner 
layers of confinement be representative of the enti re void space of the 
container. The EPA stated that all layers of confin ement in a container 
would have to be sampled until DOE can demonstrate to the EPA that 
sampling of all layers is either unnecessary or can  be safely reduced. 
A test program was conducted at the Idaho National Engineering Laboratory 
(INEL) to demonstrate that the gas phase VOC concen tration in the void 
space of each layer of confinement in vented drums can be estimated from 
measured drum headspace using a theoretical transpo rt model and that 
sampling of each layer of confinement is unnecessar y. This report 
summarizes the studies performed in the INEL test p rogram and extends 
them for the purpose of developing a methodology fo r determining gas 
phase VOC concentrations in both vented and unvente d TRU waste 
containers. The methodology specifies conditions un der which waste drum 
headspace gases can be said to be representative of  drum gases as a whole 
and describes a method for predicting drum concentr ations in situations 



where the headspace concentration is not representa tive. The methodology 
addresses the approach for determining the drum VOC  gas content for two 
purposes: operational period drum handling and oper ational period no-
migration calculations. 
INTRODUCTION 
Characterization of transuranic (TRU) wastes destin ed for the Waste 
Isolation Pilot Plant (WIPP) will include sampling of gases in the 
headspaces of waste drums for volatile organic comp ounds (VOC). The 
headspace gas VOC concentrations will be used to de termine potential 
flammability of gases and VOC concentrations in dru ms for transportation 
and Resource Conservation and Recovery Act (RCRA) c ompliance purposes 
(DOE 1995). in the conditional no-migration determi nation (NMD) for the 
test phase of the WIPP facility (55 FR 47700), the Environmental 
Protection Agency (EPA) required that the U.S. Depa rtment of Energy (DOE) 
must ensure that each waste container emplaced unde rground at the WIPP 
has no layer of confinement that contains flammable  mixtures of gases or 
mixtures of gases that could become flammable when mixed with air. For 
purposes of a no-migration demonstration, DOE must also characterize the 
nonflammable volatile hazardous constituents in TRU  waste containers. The 
EPA stated that all layers of confinement in a cont ainer would have to be 
sampled until DOE can demonstrate to the EPA, based  on the data 
collected, that sampling of all layers is either un necessary or can be 
safely reduced. This position paper summarizes a me thodology that has 
been proposed in Connolly et al. (1995) that addres ses these conditions 
and alleviates the requirement of sampling all laye rs of confinement. 
A test program was conducted at the Idaho National Engineering Laboratory 
(INEL) to demonstrate that the VOC concentration in  the void space of 
each layer of confinement in vented drums can be es timated using measured 
drum headspace and a model incorporating theoretica l diffusion and 
permeation transport principles and that sampling o f each layer of 
confinement is unnecessary. The model and model val idation results 
provide information that are used to address the he adspace VOC 
concentration representativeness issue raised by th e EPA for vented 
containers. 
This report presents the methodology for determinin g VOC concentrations 
in both vented and unvented drums for existing wast e packaging 
configurations. The methodology specifies condition s under which drum 
headspace gases can be said to be representative of  drum gases as a whole 
and describes a method for predicting drum concentr ations in situations 
where the headspace concentration is not representa tive. For the purpose 
of predictions of gas phase VOC concentrations, inn ermost layers of 
confinement are the polymer bag layers closest to t he waste; rigid inner 
layers of confinement, such as polymer bottles, are  not included. The 
methodology presented in this paper addresses the a pproach for 
determining the drum VOC gas content for two purpos es: operational period 
drum handling and operational period no-migration c alculations. 
VOC TRANSPORT STUDIES 
The INEL test program was developed to predict inne rmost bag gas phase 
VOC concentrations from the headspace gas VOC conce ntrations using VOC 
transport models and data obtained from waste drum sampling. This program 
consisted of three stages. 
In the first stage of the test program, a transient  VOC transport model 
was developed to estimate the VOC concentration wit hin laboratory-scale 
waste drums as a function of time (Liekhus et al. 1 994a). The testing 



demonstrated that transient gas phase VOC concentra tions can be predicted 
based on theoretical transport mechanisms. Model eq uations accounted for 
three primary mechanisms for VOC transport from a v oid volume. These 
mechanisms were VOC permeation across a polymer con finement layer, VOC 
diffusion across an opening in a layer of confineme nt, and VOC solubility 
in a polymer confinement layer. 
In the second stage of the INEL program, a steady-s tate transport model 
was developed to predict concentrations in laborato ry-scale vented waste 
drums containing simulated waste sludge based on kn owledge of drum 
headspace VOC concentration and waste drum configur ation (Liekhus et al. 
1994b). Experiments were performed to measure the V OC concentration in 
laboratory-scale vented waste drums containing two types of simulated 
waste sludge with differing compositions (Liekhus e t al. 1994b). 
Experimental results were expressed as a ratio betw een drum headspace VOC 
concentration and the VOC concentration inside the innermost polyethylene 
bag. Model equations were used to determine the eff ect of model 
parameters on the estimated concentration differenc e across a transport 
boundary, such as the rigid drum liner or polymer b ag, using permeation 
as the transport mechanism. 
In the third stage of the INEL experimental program , the model developed 
in the second stage was used to estimate VOC concen trations in 64 actual 
waste drums from INEL and the Rocky Flats Environme ntal Technology Site 
(Rocky Flats). The effectiveness of the model in es timating VOC 
concentration was examined for vented waste drums c ontaining different 
waste types and packaging configurations. The model  results demonstrated 
that maximum VOC concentrations within actual waste  drums can be 
estimated from drum headspace gas sampling data. De tails of the gas 
sampling and analysis, equipment used, procedures e mployed and quality 
control procedures are provided in Liekhus (1995). 
The VOC transport model was said to be unbiased if the 95-percent 
confidence limits on the mean logarithm of the rati o of the VOC 
concentration in the innermost layer of confinement  to the maximum VOC 
concentration in the headspace is zero. Otherwise, the model is said to 
have a positive or negative bias. Transport model p redictions were 
unbiased or positively biased (i.e., over estimated ) for the maximum 
measured concentrations of 11VOCs within vented was te drums. These VOCs 
are carbon tetrachloride, chloroform, 1,1-dichloroe thane, 1,1-
dichloroethylene, methanol, methylene chloride, tet rachloroethylene, 
1,1,1-trichloroethane, trichloroethylene, 1,1,2-tri chloro-1,2,2-
trifluoroethane, and toluene. The model exhibited a  negative bias for 2 
VOCs (p-xylene and acetone). The model was unbiased  in estimating the 
total VOC concentration within the innermost layer of confinement for 
waste drums containing a maximum of four layers of polymer bags that were 
all sampled within one day and exhibiting detectabl e concentrations in 
inner bags. The model exhibited a positive bias in estimating the total 
VOC concentration within the innermost layer of con finement of waste 
drums containing a maximum of two or five layers of  polymer bags. 
Model precision was characterized for 13 VOCs and t hree drum 
configurations by the lower 90/90 tolerance limit ( LTL) for the logarithm 
of the ratio described earlier. Based on the tolera nce limits, the VOC 
transport model predicts an innermost bag VOC conce ntration that, with 
90-percent confidence, will not be less than 50 per cent of the maximum 
measured VOC concentration in at least 90 percent o f the waste drums for 
8 VOCs and two of the waste drum configurations. Th ese VOCs are acetone, 



1,1-dichloroethane, 1,1-dichloroethylene, methylene  chloride, toluene, 
1,1,1-trichloroethane, trichloroethylene, and 1,1,2 -trichloro-1,2,2-
trifluoroethane. The VOC transport model predicts t hat the VOC 
concentration will not be less than 33 percent of t he maximum measured 
VOC concentration in at least 90 percent of the was te drums for 3 VOCs 
and waste drums with a maximum of four layers of po lymer bags. The three 
VOCs are chloroform, tetrachloroethylene, and p-xyl ene. For carbon 
tetrachloride and methanol, model estimates will no t be less than 20 
percent of the maximum measured VOC concentration i n at least 90 percent 
of the waste drums. 
DRUM AGE CRITERION FOR HEADSPACE GAS SAMPLING 
There is a certain age criterion that must be met b y a drum of TRU waste 
in order for headspace gas samples to be either rep resentative of gases 
in the drum or appropriate to use in predicting inn ermost bag VOC gas 
phase concentration. The drum age criterion (DAC) d efines the age of a 
drum necessary to reach 90-percent of steady-state concentration within 
all of the bags and the rigid drum liner. The DAC e stablishes the time 
after waste packaging necessary to wait prior to dr um headspace sampling 
to help ensure that the headspace sample analyses a re suitable for their 
intended use. 
DACs for two packaging configurations have been det ermined using 
transient VOC transport models and indicator VOCs s elected on the basis 
of health risks and magnitude of concentration. The  DACs are given in 
Table I. For drums of Waste Types I and IV, the DAC  is 225 days. For 
drums of Waste Types II and III, the DAC is 142 day s. 
Table I 
Indicator VOCs were selected by using two separate screening techniques 
and having the screened VOCs comprise the set of in dicator VOCs. The 
screening techniques are consistent with the purpos es for determining gas 
phase VOC concentrations in drums; one of the scree ning techniques 
focused on flammability issues related to operation al period drum 
handling and the second focused on human health ris k from inhalation for 
the operational period. To screen for operational p eriod drum handling, 
the magnitude of VOC concentration in headspace gas  samples from 465 INEL 
and Rocky Flats drums was examined. 
The screening resulted in 11 distinct indicator VOC s. For drum handling, 
n-butanol, methyl ethyl ketone, methyl isobutyl ket one, and methanol were 
screened for inclusion in the indicator set. For op erational period human 
health risk, 1,1-dichloroethylene, carbon tetrachlo ride, chlorobenzene, 
chloroform, methylene chloride, methyl ethyl ketone , 1,1,2,2-
tetrachloroethane, trichloroethylene, and toluene w ere screened and 
included as indicator VOCs.A computer program was u sed to calculate the 
required drum age or vent time for each indicator V OC for three drum 
categories and two drum packaging configurations. T he three drum 
categories are: 
   Drum Category 1, Existing Vented Drums: The exis ting vented drums are 
those that were stored as unvented drums and subseq uently vented, the 
rigid drum liners punctured, and stored again for a  period of time. Drums 
in this category must have been unvented for a suff icient time such that 
equilibrium concentrations existed within all confi nement layers at the 
time of venting. 
  Drum Category 2, Newly Packaged Vented Drums: The  newly packaged vented 
drums consist of drums and associated rigid drum li ners that were vented 



at the time of packaging. In this category, steady- state concentrations 
do not exist within all confinement layers at the t ime of packaging. 
  Drum Category 3, Existing Unvented Drums: The exi sting unvented drums 
are those drums that have been stored as unvented d rums for a period of 
time. The drums are to be vented (i.e., the drum li ners punctured and 
carbon composite filters installed in the drum lids ) and headspace gas 
samples taken from inside the rigid drum liners at the time of venting. 
Two packaging drum configurations were considered i n determining the DACs 
from the calculated drum ages and vent times. For d rums containing 
sludges (Waste Types I and IV), there are two large  bags within the rigid 
drum liner providing two inner layers of confinemen t. For solid waste 
(Waste Types II and III), it is conservatively assu med that five layers 
are within the rigid drum liner. The drum filter ty pe is assumed to be 
NFT-020 for both packaging configurations; this ass umption is considered 
conservative since NFT-020 filters are the most res trictive regarding the 
release of compounds of filter types being used in the DOE complex 
(Liekhus 1995). The longer of the following, for ea ch configuration and 
over all indicator VOCs, are taken as the DACs: 
  Calculated vent time for newly packaged vented dr ums and 
  The sum of calculated vent time for existing vent ed drums and 
calculated drum age for existing unvented drums 
The DACs that result are given in Table I. Potentia l future packaging 
configurations (e.g., those using filtered bags) we re not considered and 
will require additional analyses to determine the a ppropriate DAC. 
DISCUSSION OF TRANSPORT MODELING 
The INEL test program and its associated transport modeling demonstrates 
that VOC transport can be modeled based on mathemat ical simulation of 
diffusion and permeation processes. This demonstrat ion took place in 
three stages: transient VOC transport from vented l aboratory-scale drums, 
steady-state VOC transport in laboratory-scale vent ed waste drums 
containing simulated waste sludge and the applicati on of the steady-state 
model to actual waste drums. Based on comparing mod el results to actual 
waste drum concentrations, the steady-state VOC tra nsport model 
demonstrated that innermost bag gas phase VOC conce ntrations can be 
predicted from headspace gas concentration data. Be cause these 
predictions can be made, sampling and analysis of i nner layers of 
confinement will not be necessary. 
The predictions can be made using prediction factor s that conservatively 
approximate the steady-state model predictions. The  prediction factors 
are derived by solving the steady-state model in te rms of the ratio 
between the innermost layer gas phase VOC concentra tion and the headspace 
gas VOC concentration. The prediction factors have been computed for 29 
VOCs for the two packaging configurations used for the DACs. Use of the 
prediction factors will be conservative for cases w here the actual 
package has fewer layers than that assumed for the prediction factor. The 
prediction factors are also based on conservative a ssumptions of filter 
diffusivities. The prediction factors are given in Table II and range 
from 1.1 to 9.5 for Waste Types I and IV and from 1 .7 to 39 for Waste 
Types II and III. To predict the innermost bag gas phase VOC 
concentration, the headspace gas VOC concentration and associated 
prediction factor should be multiplied. 
Table II 
The steady-state VOC transport model and the predic tion factors are valid 
when the DAC has been met. The DAC establishes the time after waste 



packaging necessary to wait prior to drum headspace  gas sampling to be 
able to accurately predict the innermost layer gas phase VOC 
concentration within a drum. The innermost layer ga s phase VOC 
concentration prediction will be the maximum predic ted value. The DAC 
also establishes the waiting time that will ensure that the transport 
rates between layers of confinement are equal and h eadspace 
concentrations can be used in calculations for emis sions through the drum 
filter. 
If the drum is unvented (Drum Category 3) and the D AC has been met, 
modeling shows that the headspace gas within the ri gid liner is 
representative of the drum gases within all layers of polymer 
confinement, because equilibrium has been reached. If the drum is vented 
(Drum Categories 1 and 2) and the DAC has been met,  the innermost gas 
concentration can be predicted from the headspace g as concentration using 
the prediction factors in Table II. The predicted i nnermost bag 
concentration is concluded to conservatively repres ent the maximum 
concentration within a drum. In addition, if the DA C has been met, the 
headspace concentration for Drum Categories 1 and 2  can be said to 
represent headspace concentrations that control the  rate of emissions 
through the drum filter over time. 
PROPOSED APPROACH 
The proposed approach provides prescriptions for de termining drum gas 
phase VOC concentrations for operational period dru m handling and 
operational period no-migration calculations for ea ch of the three drum 
categories. The prescriptions are based on the DAC being met prior to 
headspace sampling and involve methodologies outlin ed below. Either 
headspace gas measurements or predictions of innerm ost bag 
concentrations, as appropriate, will be used. 
Operational Period Drum Handling 
Gas phase VOC concentrations in drums will be deter mined for the purpose 
of assessing flammability. The maximum gas phase VO C concentration is the 
concentration of interest for this assessment. The approach is to use 
predicted concentrations for the maximum in cases w here the headspace 
concentration is not representative of the maximum.  The basic steps to 
the approach are as follows: 
 1. Determine the drum packaging configuration. 
 2. Establish and meet the DAC. 
 3. Sample and analyze headspace gas. 
 4. Determine Drum Category. Determine drum concent rations as follows: 
 a. For existing vented drums (Drum Category 1), de termine the predicted 
value using the factors in Table II. The predicted value will be used for 
the drum concentration. 
 b. For newly packaged vented drums (Drum Category 2), the predicted 
value will be used as for existing vented drums (se e a.). 
 c. For existing unvented drums (Drum Category 3), headspace 
concentrations within the rigid drum liner will be used, because the DAC 
ensures representativeness. 
The selected flammable VOCs concentration values wi ll be summed for each 
drum. 
Operational Period No-Migration Calculations 
Gas phase VOC concentrations in drums will be deter mined for the purpose 
of calculating VOC emissions through drum filters. Because steady-state 
conditions are required, the VOC emission rate from  a vented drum is a 
function of the drum headspace VOC concentration an d the VOC diffusion 



characteristic across the drum filter. VOC concentr ations in inner layers 
of confinement are not used, and thus are not selec ted for the drum 
concentration; rather, the approach is to use heads pace concentrations. 
The basic steps to the approach are as follows: 
 1. Determine the drum packaging configuration. 
 2. Establish and meet the DAC. 
 3. Sample and analyze headspace gas. 
 4. Determine Drum Category. Determine drum concent rations as follows: 
 a. For existing vented drums (Drum Category 1), th e headspace 
concentration will be used. 
 b. For newly packaged vented drums (Drum Category 2), the headspace 
concentration will be used as for existing vented d rums. 
 c. For existing unvented drums (Drum Category 3), headspace 
concentrations within the rigid drum liner will be used. 
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ABSTRACT 
This paper addresses: 1) the selection of borosilic ate glass as the 
reference waste matrix for solidifying high-level r adioactive wastes at 
the Savannah River and West Valley Sites using the vitrification process; 
2) controlling the composition of the feed at the m elter to ensure 



achieving a quality glass product and meeting proce ssing constraints, and 
3) the historical development of glass-former compo sitions at DWPF. 
Most countries throughout the world, including the United States, that 
have produced HLW from the reprocessing of nuclear fuel have selected or 
are evaluating borosilicate glass as a final waste form. The principal 
reasons for the international focus on the producti on of waste glass, 
particularly on borosilicate waste glasses, are the  ease of processing 
and the relative insensitivity of glass properties to fluctuations in 
waste composition. The chemical durability of boros ilicate glass has also 
been an important consideration in its choice as a HLW form. 
Borosilicate waste glass incorporates the constitue nts of the high-level 
waste, which includes Cs-137, Pu-238, and Sr-90, di rectly into its 
molecular structure. It can accommodate many differ ent elements and wide 
variations in waste composition. However, the compo sition of the melter 
feed has to be controlled to achieve a satisfactory  product and to meet 
processing constraints. The selection of the glass forming (frit) 
composition for a given waste composition is made b ased on desired waste 
loading, the composition of the high-level radioact ive waste, and 
processing considerations. The goal of tailoring th is glass composition 
is to obtain the optimum balance of all the importa nt glass properties 
including viscosity of the glass melt, glass liquid us temperature, and 
glass durability. 
Following a "system approach", the Savannah River S ite (SRS) developed 
glass-former compositions that balances glass durab ility against process 
reliability. The primary processing properties are the viscosity and 
waste solubility. In the approach taken by SRS , an  optimum frit is 
defined as one which maximizes waste solubility (by  minimizing liquidus 
temperature) and which yields waste glasses which l each as little 
material as possible in the standard leach test and  which are in the 
proper range of viscosities.  
BOROSILICATE GLASS SELECTION AS FINAL WASTE FORM 
Glass has been recognized by a number of countries as a promising medium 
for the immobilization of high-level radioactive wa ste (HLW) because of 
the commonly perceived durability of silicate glass es and the capacity of 
the glass to incorporate many different elements --  a necessity for 
radioactive waste immobilization. The projected hig h glass durability 
over long periods of time is indicated by the survi val of naturally 
occurring glasses for millions of years and synthet ic glasses for 
thousands of years. The technology of glass fabrica tion also has a long 
history. Glass has been made and used since ancient  times, and 
borosilicate glasses have been made and used since the early 1900s (1). 
In 1978, an independent panel organized by the Amer ican Physical Society 
(2) concluded that an emplacement of vitrified wast e into a geologic 
repository was likely to provide an adequate soluti on to the problem of 
HLW management. Subsequently, DOE's National High L evel Technology 
Program conducted a review of all options for immob ilization of HLW along 
with assessments of the technology required at the various sites (3). 
Research was conducted on 17 candidate waste forms by national 
laboratories, universities, industrial laboratories , and DOE facilities. 
An independent review of this research, conducted b y the Alternative 
Waste Form Peer Review Panel (4), reduced the list of waste form 
candidates form 15 to 8. Finally, the Panel ranked these 8 candidate 
waste forms on the basis of a weighted evaluation u sing leach resistance, 
waste loading, mechanical strength, radiation stabi lity, and thermal 



stability as criteria, with leach resistance from s tatic leach tests 
receiving the highest weighting factor. In the fina l ratings, 
borosilicate glass was ranked first. 
INTERNATIONAL FOCUS ON BOROSILICATE WASTE GLASSES 
The first production facility to convert HLW into b orosilicate glass 
using the vitrification process was the AVM facilit y in Marcoule, France 
in 1978. This facility continues to run today. Curr ently, the world's 
most mature vitrification technologies are the Fren ch process, which uses 
a rotary calciner and metallic melter, and several adaptations of the 
liquid- or slurry-fed ceramic lined melter (LFCM). The French process has 
been adopted in the Windscale Vitrification Plant f acility at Sellafield 
in Great Britain. Three countries have committed to  development of the 
LFCM technology: Germany, the U.S. and Japan. In 19 79, the PAMELA Plant 
began initial vitrification operation at Mol, Belgi um, and went 
radioactive in 1986. In the U.S., the Savannah Rive r Site Defense Waste 
Processing Facility (DWPF) and the West Valley Demo nstration Project 
(WVDP) will begin radioactive operation in 1996. Ja pan's Tokai 
Vitrification Facility (TVF) will begin operations in 1998. A pilot "hot" 
facility is operating now. All these processes prod uce borosilicate glass 
as a final waste form.  
Best Demonstrated Available Technology 
In 1990, vitrification of HLW was designated by the  U.S. Environmental 
Protection Agency (EPA) as the Best Demonstrated Av ailable Technology 
(BDAT) (5) for high-level waste. The Agency provide d notice in the 
proposed rule (54 FR 48492) that DOE was providing,  to the Agency, 
vitrification treatment data and that these data we re available during 
the comment period for notice and public comment. T he Agency concluded, 
after analyzing the data, reviewing comments, and p erforming a site 
visit, that vitrification will provide effective im mobilization of the 
inorganic constituents in high-level waste.  
GLASS PROCESS AND PRODUCT PROPERTIES 
Vitrification of Waste 
Vitrification of high-level radioactive waste at th e SRS* will be 
accomplished in slurry-fed joule-heated, ceramic-li ned melters. These 
melters will be fed and poured continuously. A full  DWPF melter will hold 
enough glass to fill 4-5 canisters or about 7500 kg  of glass. The average 
residence time of the molten glass in the DWPF melt er will be 65 hours. 
The glass batch will be melted by Joule heating usi ng two pairs of flat, 
parallel, Inconel electrodes immersed in the melt. The glass will be 
poured by a vacuum process. An advantage of a ceram ic-lined melter is 
that ceramic refractories are more temperature and corrosion resistant 
than typical metal liners thus yielding higher melt er life cycle. 
Development of the slurry feeding concept was an im portant development 
for the vitrification of nuclear waste. Slurry feed ing significantly 
reduces capital costs and greatly simplifies the op eration by eliminating 
the need to either dry or calcine the slurry prior to vitrification. 
Slurry feeding eliminates the capital cost of calci ning and yields a more 
homogeneous feed. 
Waste Acceptance Product Specifications 
From a production perspective, the main determinant  of a satisfactory 
borosilicate waste glass form is satisfying the req uirements of the DOE 
Office of Environmental Management's (EM) Waste Acc eptance Product 
Specifications for Vitrified High-Level Waste Forms  (WAPS) (6). These 
specifications define the criteria that the waste g lass products must 



satisfy before they will be accepted by the U.S. DO E Office of Civilian 
Radioactive Waste Management (OCRWM) for disposal. The WAPS are divided 
into five sections, dealing with the waste form (bo rosilicate glass), the 
canister, the canistered waste form, quality assura nce, and 
documentation. The underlying rationale for most of  the specifications of 
the EM WAPS can be traced to the DOE Office of Civi lian Radioactive Waste 
Management's Waste Acceptance System Requirements D ocument (WA-SRD) (7). 
The waste form is specified to be borosilicate wast e glass. The chemical 
composition, crystalline phase projections, radionu clide inventory, a 
Product Consistency Test result or projection, and other characteristics 
must be reported for the glass. The canister must b e fabricated from 
austenitic stainless steel to specific dimensions a nd be identifiable. 
The canistered waste form must be sealed closed, be  free of foreign 
materials, meet heat generation and dose limits, be  capable of surviving 
a specific drop test, and meet other requirements. 
Melter Feed Composition Effects 
Just as the expression "high-level waste" does not refer to one waste 
composition, the expression "borosilicate glass" do es not refer to one 
glass composition, but instead to the family of com positions whose 
primary glass-forming ingredients are boron and sil icon. Borosilicate 
waste glass is a vitreous material which incorporat es the constituents of 
the high-level waste directly into its molecular st ructure. It can 
accommodate many different elements and wide variat ions in waste 
composition. However, the composition of the melter  feed has to be 
controlled to achieve an acceptable product and to meet processing 
constraints.  
The chemical composition of the melter feed is the primary determinant of 
the chemical durability of the waste glass product and many of the 
important melt processing properties (e.g., viscosi ty). Thus, chemical 
composition of the melter feed is the most importan t variable to be 
controlled. Since an incorrectly formulated glass c annot easily be 
remediated once it has been poured into a canister,  the feed composition 
must be correct. The selection of the frit composit ion for a given waste 
composition is based on the desired waste loading, the compositions of 
the high-level radioactive waste, and processing co nsiderations.  
The compositions of nuclear waste glasses vary base d on the particular 
balance of physical, chemical, and thermal properti es which is desired, 
the types of equipment being used for processing, a nd the types of waste 
being processed. The viscosity of the glass melt mu st fall within a 
carefully defined range to assure that the glass wi ll melt properly, will 
be properly homogenized via viscous flow within the  melter, and will pour 
from the melter. If the viscosity is too low, exces sive attack on the 
refractories in the melter will result. The tempera ture at which crystals 
begin to form in the glass if the temperature is ma intained below a 
minimum temperature, termed the glass liquidus temp erature, is also 
determined by the glass composition. Components tha t tend to make the 
glass more durable also tend to raise its viscosity  and its liquidus 
temperature. Higher viscosities make processing mor e difficult while 
higher melting temperatures required to overcome hi gh liquidus 
temperatures and lower viscosities can result in in creased 
volatilization. The goal of tailoring the glass com position is to obtain 
the optimum balance of all the important glass prop erties. 
High-level radioactive waste is added at selected w aste loadings to 
borosilicate glass frit or to components which when  melted together will 



form the desired borosilicate glass matrix. The pri mary ingredients of 
the borosilicate glass frit are silicon dioxide (Si O2), boron oxide 
(B203), and alkali metal oxides (Na2O, K2O, and Li2 O). Other ingredients 
are added to obtain a balance of glass properties. Since the primary 
chemical constituents of high-level radioactive was te are alumina 
(Al2O3), iron oxide (Fe2O3), and manganese dioxide (MnO2), addition of 
high-level radioactive waste to borosilicate glass frit enhances the 
(short-term) durability of the product. When waste loadings of 40% or 
more are reached, the glass structure is so perturb ed that rearrangement 
of atoms into more stable crystalline structures wi th accompanying 
changes to the chemical composition of the remainin g glassy phase is 
favored. For this reason, lower limits on waste loa ding levels are 
employed. Effects of waste constituents on importan t glass processing and 
product properties are shown in Table I.  
EVOLUTION OF WASTE GLASS FORMULATION AT DWPF 
The primary objective of the DWPF is to convert the  liquid HLW slurries 
to a stable borosilicate waste glass. By itself, th e waste would not form 
a glass when heated to 1150C. Thus, frit* will be a dded to the waste in 
the DWPF in order to achieve a mixture which will f orm a glass. On an 
oxide weight basis, DWPF glass will consist of appr oximately 64% glass 
frit and 36% waste feed of which 28% is sludge and 8% is a precipitate 
stream containing much of the Cs-137 radioactive sp ecies. This stream is 
also called precipitate hydrolysis aqueous (PHA). T he glass frit and the 
PHA together make up what is called the glass-forme r composition. 
The glass-former composition* for the DWPF has been  developed so that the 
DWPF waste glasses will have similar properties to simulated waste 
glasses based on "Frit 165", which is a frit develo ped for sludge - only 
processing (early DWPF flowsheets were based on imm obilizing only the 
sludge fraction in the waste tanks). This sludge-on ly frit was designed 
to immobilize the full range of sludges contained i n the SRS Tank Farm, 
and be tolerant of variations in waste composition.  
In general, the SRS has followed a "system approach " in developing waste 
glass compositions. This approach balances glass du rability against 
process reliability. Thus, an optimal composition i s defined as one which 
combines desirable product properties with process properties which lead 
to uninterrupted processing. The primary product pr operty considered is 
the durability (stability of the glass toward react ion with water). The 
primary processing properties are the viscosity, li quidus temperature, 
and waste solubility. Both the viscosity and waste solubility have 
product implications: glass viscosity affects the a bility to fill the 
canister and waste solubility affects the thermal s tability of the glass. 
In the approach taken at the SRS (8), an optimum fr it is defined as one 
which maximizes waste solubility (by minimizing liq uidus temperature), 
yields minimal leaching based on a standard leach t est, and which yields 
a glass viscosity within the desired range for the DWPF melter (20 to 100 
poise at 1150C). 
For the frit selected for sludge-only processing, a  self-directed 
optimization procedure was used to reach a "best" c omposition. An initial 
series of twelve frits was selected. Since the glas s frit must 
accommodate the entire range of waste compositions,  each frit was tested 
by preparing melts containing the test frit and the  extreme waste 
composition which is most likely to cause the frit to violate one of the 
criteria above (PUREX waste for durability and wast e solubility, Heavy 
Metal (HM) waste for viscosity). The melting temper ature, 1150C, and 



waste concentrations were held fixed at values used  for development of 
the Environmental Assessment (EA) glass. 
Data was collected on waste glasses made from the f irst 12 frits and the 
frits were then ranked by using a desirability coef ficient which 
objectively weighted each of the criteria. The four  worst compositions 
were replaced with four new compositions. The four new compositions were 
treated in the same way as the previous twelve, and  a new ranking was 
then developed . While the methodology works by exa mining the worst 
frits, the end result is reached by examining the b est. This process was 
concluded once it became clear that the region of b est composition was 
not changing significantly. This occurred after the  third round. By this 
time twenty frits had been studied. 
The data representing these frits served as the bas is for the final step, 
the proposal of an "optimum" frit. The compositions  and properties were 
examined to determine the effects of each component . In general, higher 
amounts of silica and zirconia improved durability,  but also increased 
viscosity. The higher viscosity is best compensated  by increasing lithia 
relative to soda since lithia is a more effective f lux and has a less 
deleterious effect on the leach rate. Lanthanum oxi de had no clear-cut 
benefits to recommend its inclusion, and significan tly increased the 
liquidus temperature. Boric oxide, magnesia and tit ania had relatively 
smaller effects on the measured properties. 
These trends were used to produce five candidates f or the "optimum". 
These frits were tested in the same manner as was d one during the 
statistically-designed portion of the experiments. Three of the five were 
better than the best of the frits from the statisti cally-designed tests. 
These three were so similar in desirability coeffic ient and in their 
individual properties that an additional test to ch oose between them was 
needed. The test used was a simple side-by-side com parison of their 
resistance to devitrification. 
Each of the final candidate frits were used to prep are waste glasses 
using a simulated waste composition similar to that  in the DWPF 
Environmental Assessment (9). The EA glass composit ion was also tested. 
After melting at 1150C, all of the glasses were coo led in a manner which 
simulated the behavior in the center of a DWPF cani ster after filling 
with glass. Glass in this location sees the slowest  cooling rate and 
spends the longest time between the liquidus temper ature and the glass 
transition temperature. It represents the worst cas e for crystal 
formation. The results of this experiment showed th at the EA glass 
contained the most crystalline material. For Frit 1 65, the best of these 
compositions, only a few small well-separated cryst als could be found. As 
a result of this test, Frit 165 was selected as the  frit composition for 
sludge-only processing. 
This composition (Frit 165) has successfully been u sed both in tests with 
actual waste simulating natural environments, and i n in-situ experiments 
in granite, salt, and clay. In all cases, this glas s performed better 
than any of the other high-level waste glasses test ed (including some 
that were melted at higher temperatures). For this reason, when the 
precipitation process for decontamination of high-l evel waste salt was 
adopted at SRS, the glass-former composition was mo dified to achieve a 
family of glasses as similar to 165-based glasses a s possible. This was 
called Frit 200. This was achieved by removing some  of the boron and 
alkali from the glass frit composition to take into  account additions of 
these chemicals from the precipitation process. Sim ilarly, when it became 



apparent that additional sodium hydroxide and nitri te would be added to 
the waste as inhibitors to reduce waste tank corros ion, further 
reductions in the amount of alkali in the frit were  made (Frit 202). The 
evolution in glass frit composition from that used for the EA glass, and 
that which will be used initially in the DWPF (Frit  202), is shown in 
Table II. 
Table I 
Table II 
CONCLUSION 
Borosilicate glass is not just one glass compositio n but is instead a 
family of compositions whose primary glass-forming ingredients are boron 
and silicon. The design and selection of the optimu m glass composition is 
determined by the desired waste loading, then compo sition of the high-
level radioactive waste, and processing considerati ons. 
Whenever major changes are made to the vitrificatio n process, the 
composition of the waste stream undergoes a signifi cant change, or some 
other valid reason; the borosilicate glass composit ion can be tailored to 
maintain the optimum balance of all important glass  properties including 
viscosity of the glass melt, glass liquidus tempera ture, and glass 
durability.  
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CONSTRUCTION OF A VITRIFICATION FACILITY 
Stephen R. Barnard 
West Valley Nuclear Services Co., Inc. 
West Valley, NY 
ABSTRACT 
The Vitrification Facility at the West Valley Demon stration Project 
(WVDP) is comprised of the buildings, equipment, co mponents, and 



utilities that will be used to solidify (vitrify) h igh-level radioactive 
waste into stable glass logs contained within stain less steel canisters. 
Due to the unique nature of the WVDP and the vitrif ication process, 
construction of the necessary facilities presented distinct challenges in 
the areas of new facility construction and existing  facility renovation. 
This paper will focus on construction of the vitrif ication facilities, 
which includes a shielded trench and piping to tran sfer High-level Waste 
(HLW) to a shielded cell where it will be vitrified  and a system to 
remove nitrous oxide from the waste gas (Ex-cell Of f-gas System). These 
facilities were constructed using unique techniques  in order to allow 
pretreatment of the low-level waste and the vitrifi cation development 
programs to continue uninterrupted. 
Construction of the vitrification facilities was co mpleted in four major 
phases over six years. The first phase was civil/st ructural construction, 
completed in 1990. This construction included the C rane Maintenance Room 
(CMR) for maintaining the process cranes, a tunnel to transfer glass 
canisters from the cell to the interim storage area  (Transfer Tunnel), a 
Secondary Filter Room (SFR) housing the secondary f iltration system and 
main exhaust fans, a Diesel Generator Room (DGR), t he Cold Chemical (CC) 
Building to mix radiologically cold chemicals, and portions of the 
Shielded Vitrification Cell. The second phase was a lso civil/structural 
construction and that was completed in 1991. This e ffort consisted of the 
HLW Transfer Trench and completion of the 1.2 meter -thick concrete 
shielding walls for the cell called Wall Modules. I n addition, the 
existing steel building was modified to include mor e square footage and 
additional floors. The third phase, completed in 19 94, included 
mechanical construction, instrumentation and contro ls (I & C), and 
electrical installation. This work consisted of ins tallation of all 
equipment, instrumentation, and electrical wiring a nd cabling for the 
facility, as well as installation of the final two wall modules. The 
fourth phase included construction of the Ex-cell O ff-gas Facility that 
was completed June 1995. This construction phase in volved converting a 
portion of an existing building to treat process me lter off-gases. 
INTRODUCTION 
The WVDP is the site of a former commercial nuclear  fuel reprocessing 
facility that operated from 1966 through 1972. In 1 980, the West Valley 
Demonstration Project Act was signed by the preside nt of the United 
States to become Public Law 96-368. The Act directs  the Department of 
Energy (DOE) to, among other things, solidify the h igh-level waste stored 
at the site into a durable, solid form suitable for  shipment to a federal 
repository; to clean and close the facilities used;  and to dispose of the 
low-level and transuranic wastes collected during P roject operations. The 
DOE began managing the WVDP in 1982 with West Valle y Nuclear Services 
(WVNS) Co. Inc. selected as the management and oper ating contractor. 
Approximately 2,270 cubic meters of high-level nucl ear waste remained in 
the underground steel tank within a concrete vault at the start of the 
Project. The waste, the result of nuclear fuel repr ocessing operations, 
was composed of two layers; a bottom sludge and upp er liquid layer. The 
liquid has been processed into cement-filled drums and is stored on site, 
leaving the sludge to be processed and poured into stainless steel 
canisters. 
The Vitrification Facility was constructed between the Tank Farm, where 
the waste is stored, and the existing nuclear fuel reprocessing building. 
Thus incorporating the area being used for developm ent testing called the 



Component Test Stand (CTS) in the process. Figure 1  is an artist's 
rendering of the Vitrification Facility. It was in this area that most of 
the major construction took place. 
Fig. 1 
PHASE 1 - CIVIL/STRUCTURAL INSTALLATION CONTRACT 
The civil/structural construction contract focused on two areas. The 
first area was located between the CTS and the exis ting reprocessing 
building. This area contained portions of the Vitri fication Cell, 
Transfer Tunnel, Secondary Filter Room, HVAC Contro l Room, and the Crane 
Maintenance Room. All of these areas are shielded a nd built to withstand 
a seismic event; thus the bulk of the construction work was in the form 
of heavily reinforced concrete floors, walls, and c eilings. Problems to 
contend with included: 1) working around contaminat ed buildings and soil 
near the existing process building 2) avoiding guy wires from the main 
exhaust stack 3) working around scheduled transfers  of radioactive liquid 
to the Cement Solidification System (CSS) through t he trench located in 
the area 4) inclement weather and 5) providing cont inuous access to the 
test facility. 
The conversion of the CTS to what is now known as t he Vitrification Cell 
was accomplished in phases in order to: minimize co nstruction and testing 
interferences, permit some concurrent development/o perations and 
construction work, and fit the delivery dates of go vernment furnished 
equipment. Near the end of Phase 1, testing was com pleted and the CTS was 
dismantled. The test melter, associated piping, ele ctrical systems, and 
equipment were removed. This effort required close coordination among two 
subcontractors and WVNS personnel. Some of the equi pment was salvaged to 
be installed in the new facility. 
One of the unique construction features of the Vitr ification Cell was the 
wall modules. These special walls were fabricated o ff site to facilitate 
continued testing and were installed between the co ncrete roof and 
columns that had been installed before testing star ted. Soon after the 
CTS was dismantled, five of the seven wall modules were installed. These 
large stainless steel modules (averaging 4.7 meters  wide by 7.1 meters 
high by 1.2 meters thick) were prefabricated in a v endor's shop complete 
with all shielded piping and electrical penetration s, window liners, and 
manipulator and shield plug ports. The installation  included adding 
reinforcing bar (or rebar), which was tied to the e xisting columns using 
threaded rebar screwed into embedded couplings in t he columns. The 
installation of these prefabricated modules was suc cessfully completed as 
planned and saved a considerable amount of time. 
Eight radiation shielding doors were installed as t he construction 
proceeded. The largest of these shield doors, a 105 -ton CMR door, 
required using a 350-ton mobile crane. This was pro blematic due to the 
small working area: the crane had to be positioned between the west side 
of the Vitrification Building, the stack's guy wire s, and the Cold 
Chemical Building excavation. 
The second major focus of Phase I construction incl uded areas west of the 
CTS, where the Cold Chemical Building was built. Th is building houses 
tanks, pumps, and grinders used to mix the chemical s and glass formers 
before they are pumped to the Vitrification Cell to  be mixed with the 
radioactive sludge. It is a structural steel buildi ng with a metal skin. 
The bottom floor is concrete with curbs and sumps t o contain potential 
chemical spills. The second floor is steel with gra ting around the tops 
of vessels. Completion of the structural steel port ion of this building 



was delayed until the dismantling of the temporary cold chemical system, 
because the existing tanks were to be used for the final system. The 
tanks were installed as the building was erected. 
PHASE 2 - CIVIL/STRUCTURAL MODIFICATION CONTRACT 
This civil/structural construction contract modifie d the CTS Building to 
bring it to its final configuration and allow for i nstallation of the 
process equipment. Specifically, it modified the st ructural steel 
building, added more floor space, and installed und erground fire 
sprinkler mains and floor drains. This portion of t he work was relatively 
straightforward in that the WVNS Construction Depar tment controlled the 
area and no operational facilities were adjacent to  the CTS Building.  
The wall modules, installed by the first contract, had a stainless steel 
face on the radioactive or "hot" side of the cell w all to be used as the 
interior form work for placing concrete. The unique  portion of this work 
was placing concrete in these wall modules. See the  photograph in Fig. 2. 
Fig. 2 
WVNS and the DOE consulted with the US Nuclear Regu latory Commission 
(NRC) on the issues involved in forming the wall mo dules. All parties 
were interested in developing a method of concrete placement that would 
ensure no voids within the concrete interior of the  wall modules. It was 
decided to construct a prototype wall to demonstrat e the placement of the 
specially developed concrete mix. The concrete was placed in the 
prototype wall, with the procedures and techniques used for placement 
being carefully watched and critiqued. The wall was  then evaluated by 
destructive examination and this indicated that the  concrete did flow 
around the numerous wall penetrations. The actual p lacement of concrete 
in the modules progressed well as a result of the l essons learned from 
the prototype.  
The other major portion of this contract installed the HLW trench that 
extends from the Waste Tank Farm to the Vitrificati on Cell. This trench 
consisted of a 0.31 meter-thick concrete floor, 0.5  meter-thick concrete 
walls, and 0.61 meter-thick removable concrete cove rs. The floor and 
walls were cast-in-place using conventional form wo rk. In addition, there 
were four concrete valve and jumper pits constructe d adjacent to the 
trench. 
The concrete covers were fabricated off site at a p recast concrete 
contractor's shop. There were several different siz es and shapes that 
were cast in custom steel forms. The quality of the se covers was 
acceptable, with tight dimensional accuracy. The co vers fit the cast-in-
place concrete trench with only minor grinding. 
PHASE 3 - MECHANICAL, I & C, ELECTRICAL INSTALLATIO N CONTRACT 
This mechanical, I & C, and electrical construction  contract installed 
all of the In-cell process equipment including vess els, jumpers, pipes, 
the Off-gas system, the ventilation system, and the  electrical systems. 
The contract also installed all the controls, elect rical, piping for 
utilities, and equipment located outside the cell t o support and operate 
the In-cell processes. See Fig. 3. 
Fig. 3 
The layout of In-cell process equipment provided so me opportunities for 
innovative installation methods. One method require d the installation of 
60 stainless steel pipes and conduits from the hot face of the cell wall 
to the stub wall. The hot face of the cell wall and  the stub wall are 
perpendicular to each other and the space allocated  for this installation 
was 1.0 meter from the hot face by 3.3 meters from the stub wall by 2.0 



meters high. Approximately 120 field welds were mad e in this area. The 
sequence of installation was critical: one pipe ins talled in the wrong 
sequence could make it difficult to install additio nal pipes at a later 
date. 
Many areas of the Facility had been modeled three-d imensionally on a 
computer to check for interferences. It was decided  to use this modeling 
to create the isometric drawings and provide them t o the subcontractor. 
Using this approach saved several weeks in the plan ning and approval 
cycles, and allowed the cell equipment to be instal led earlier than 
scheduled.  
The HLW transfer pipe was also installed in the HLW  trench as a part of 
this contract. The trench is 152 meters long and fr om 0.6 to 1.8 meters 
wide. There are 762 meters of Schedule 40 stainless  steel transfer pipe 
encased by a Schedule 40 stainless steel guard pipe . The pipe was placed 
in the trench on multiple layers of pipe supports w ith tight tolerances 
and critical slopes for drainage. This work require d careful planning to 
ensure that 100 percent of the transfer pipe joints  could be 
radiographed. The installation and field radiograph y took place in a 
physically tight area that required confined space entry qualified 
personnel. 
The final seismic evaluation caused some redesign o f the transfer piping 
in the HLW transfer trench. This was done before th e subcontractor began 
shop fabrication of the transfer pipe, thus minimiz ing the impact to the 
overall schedule.  
After all of the piping was installed and inspected , the trench covers 
were placed on the trench, the joints caulked, and the covers and upper 
side of the trench insulated. 
PHASE 4 - EX-CELL OFF-GAS FACILITY CONTRACT 
The Ex-cell Off-gas Facility construction contract modified and added to 
the existing 01-14 Building to create a NOx Abateme nt Facility. The 
existing building was made of reinforced concrete a nd included hot cells, 
ventilation room equipment, controls, and on-going processing of liquid 
waste. The contract additionally included modificat ion of the Off-gas 
trench to accommodate the Off-gas pipe. This trench  was also used for 
shielding the liquid transfer line. See Fig. 4. 
Fig. 4 
Building construction was one of the most challengi ng parts of the 
Project. The challenge arose because one half of th e building was being 
used by Operations to process liquid, waste and the  Off-gas trench was 
being used for transferring liquid waste. The utili ties and controls were 
located on both sides of the building and careful s cheduling and 
coordination were necessary to allow production to continue. This 
construction included the challenge of sequencing t he demolition of 
various systems during operations and relocating op erating systems with 
only short duration shut downs. Also, the building expansion took place 
in the winter and construction areas had to be wint erized with temporary 
heat and additional shelters erected. Maintaining a ccess was difficult, 
and it became necessary to install more stairs, wal kways, heating 
systems, and lighting. 
Most of the construction in this phase was performe d in a radiological 
buffer area. Other hazards associated with this pha se of construction 
included asbestos abatement of insulation around ve ssels and roof 
penetrations, excavations in radiologically contami nated areas, 
installing fasteners in contaminated concrete, perf orming 25 radiological 



hot taps, and performing the majority of work in co nfined spaces, as 
required by DOE Orders, consistent with the Occupat ional Safety and 
Health Administration (OSHA) requirements. Furtherm ore, all crane work 
had to be sequenced carefully to accommodate limite d operating areas and 
areas which that populated by workers. 
Safety 
Personnel safety has always been of prime importanc e at the WVDP. During 
Construction of the Facility, the Construction Safe ty Department 
continually strove to improve the safety of all per sonnel. In 1994 and 
1995, during the peak building period, construction  safety at the WVDP 
had one of the lowest Total Recordable Case Rates ( TRC) of any active DOE 
site; finishing 1994 with a TRC of 3.34 and 1995 wi th a TRC of 3.44. This 
is significantly less than the construction industr y average of 12.2 and 
the DOE construction average of 7.5. The overall TR C for all construction 
on this Project, including subcontractors, is 4.9. This figure represents 
11 years and 2.5 million person-hours. 
Many factors have led to the outstanding safety rec ord in construction at 
the WVDP. Listed below are some of the specific fac tors and actions taken 
to enhance the safety performance at the WVDP: 
   All parties on site, from DOE to the smallest su bcontractor, are 
involved in site programs to achieve a total safety  culture.  
  Construction safety has developed a subcontractor  safety training 
checklist that identifies the prerequisite safety t raining a 
subcontractor must complete before working on site.  Subcontractor safety 
records are reviewed monthly using this checklist. 
  Construction and subcontractor safety personnel p erform daily walkdowns 
of construction areas to identify safety hazards. S afety inspections of 
each subcontractor are performed weekly to a pre-ex isting checklist to 
monitor each subcontractor's program. 
  WVNS Construction Department, WVNS Industrial Hyg iene and Safety 
Department, and subcontractor safety professionals meet monthly to 
discuss relevant safety issues. These meeting have been very instrumental 
in identifying and correcting safety issues and con cerns expeditiously. 
  All WVNS construction personnel have been trained  in OSHA hazard 
recognition and instructed to look for hazards duri ng the course of their 
daily duties. They have been instructed to correct hazards when possible 
or to report hazards to the appropriate safety prof essional or WVNS 
management. 
  WVNS encourages construction subcontractors to gi ve proper attention to 
safety. To reinforce this, WVNS requires direct dai ly communication with 
the subcontractors' safety persons on safety issues ; this includes 
written records of corrective actions on surveillan ce items and formal 
critiques for any event that is defined to be repor table. 
CONCLUSION 
Construction of all vitrification-related buildings  and areas was a 
unique and sometimes difficult project due to the P roject guidelines 
requiring the conversion of existing facilities, an d because of the 
concurrent vitrification process development, testi ng, and operations 
that were occurring during construction. The Constr uction Department 
developed unique methods to complete projects and m aintain schedules. The 
significant focus on safety as a culture yielded ex cellent results, with 
all parties having a safe work ethic and clearly co mmitted to having a 
safe work environment. 



The actual cost of the vitrification facilities con struction closely 
paralleled the Total Estimated Cost (TEC) for the P roject established in 
1988. The TEC was $122M and the final cost was $127 M; representing only a 
four percent escalation in cost. 
Work continues to tie-in radioactive lines from the  Waste Tank Farm to 
nonradioactive piping in the Vitrification Facility  and adjacent 
structures. Radioactive operations are scheduled to  commence in June 
1996. 
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CHARACTERIZATION CAPABILITY ASSESSMENT 
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ABSTRACT 
The Department of Energy (DOE) currently stores rem ote-handled (RH) 
transuranic (TRU) wastes at seven sites across the complex. It plans to 
ship this waste to the Waste Isolation Pilot Plant (WIPP) in Carlsbad, 
New Mexico for disposal. This requires the waste to  be packaged and 
characterized to meet the WIPP Waste Acceptance Cri teria (WIPP-WAC) and 
applicable transportation requirements. This study was conducted to 
assess both existing and future capabilities for ch aracterization of RH 
TRU waste at the seven DOE sites that store these w astes. The 
characterization methodologies assessed included pr ocess knowledge, 
radioassay, radiography, visual examination, and ch emical analysis. The 
study concluded that the current infrastructure for  RH TRU waste 
characterization will not support certification to the WIPP-WAC. Although 
the WIPP-WAC for RH TRU waste is not finalized and the associated 
requirements are not completely known, it is reason able to assume that 
the final requirements will be at least as rigorous  as those for contact-
handled TRU waste. Therefore, considerable progress  must be made to 
improve current capabilities for RH TRU waste chara cterization, 
particularly for nondestructive assay and nondestru ctive examination 
where there is limited capability. 
INTRODUCTION 
The Department of Energy (DOE) currently stores rem ote-handled (RH) 
transuranic (TRU) wastes at seven sites across the complex. These sites 
include the Argonne National Laboratory-East (ANL-E ), Argonne National 
Laboratory-West (ANL-W), the Hanford Site (HANF), t he Idaho National 
Engineering Laboratory (INEL), Los Alamos National Laboratory (LANL), and 
Oak Ridge National Laboratory (ORNL). The current i nventory of stored RH 
TRU waste is approximately 1,600m3, with over 60% o f the volume residing 
at ORNL (1). An additional 3,480m3 of RH TRU waste is also projected to 
be generated at the above sites over the next sever al years, primarily 
from remedial activities. Recently, HANF alone has projected 
approximately 3,000m3 of RH TRU waste, about 85% of  the total forecasted. 
TRU waste is defined by DOE Order 5820.2A as all ra dioactive waste that 
contains greater than 100 nanocuries of alpha-emitt ing isotopes with 
atomic numbers greater than 92 and half lives great er than 20 years per 
gram of waste (100 nCi/g). RH TRU waste is any TRU waste with a radiation 
dose rate measured at the surface of the waste cont ainer greater than 200 



mrem/hr. DOE currently plans to ship all RH TRU was te to the Waste 
Isolation Pilot Plant (WIPP) in Carlsbad, New Mexic o for disposal. DOE is 
required to repackage, characterize, and perhaps tr eat much of the waste 
in order to meet WIPP Waste Acceptance Criteria (WI PP-WAC) and applicable 
transportation requirements. 
RH TRU waste exists in solid, liquid, and sludge fo rm. Most of the waste 
will require repackaging and further characterizati on before it can be 
shipped to WIPP for disposal. The RH TRU wastes tha t require repackaging 
are either stored in containers not suitable for ei ther transportation or 
for handling at WIPP (i.e., concrete casks and larg e storage tanks). They 
also may require visual inspection and sampling for  verification of 
process knowledge. Some wastes such as sludges are stored in large tanks 
that may require treatment to meet the WIPP-WAC or other applicable 
requirements to achieve more stable waste forms. 
Due to the high radioactivity and its impacts on op erational safety, 
characterization of RH TRU waste is particularly ch allenging. 
Characterization methods used to sample and analyze  the waste must be 
developed to ensure the quality standards are accep table to the 
Environmental Protection Agency (EPA). Following ev aluation and 
acceptance of these methods, WIPP documentation inc luding the Quality 
Assurance Program Plan (QAPP), Sampling and Analysi s Guidance Manual, and 
the Performance Demonstration Program must be revis ed to incorporate the 
requirements at each DOE generator/storage facility . 
Characterization of RH TRU waste likely will requir e a substantial 
portion of the resource commitment by DOE to prepar e these wastes for 
disposal at WIPP. This study was conducted to asses s both existing and 
future capabilities for characterization of RH TRU waste at the seven DOE 
sites that store these wastes. By comparing this st udy with the RH TRU 
waste characterization requirements currently under  development, DOE will 
be able to assess needs and generate plans for syst em-wide development to 
support adequate characterization of all stored and  projected RH TRU 
wastes. 
CHARACTERIZATION REQUIREMENTS 
Adequate waste characterization data for RH TRU was tes must be collected 
from the DOE sites so WIPP can demonstrate complian ce with applicable 
regulations for the total disposed inventory. Any s ite that does not 
provide sufficient waste characterization informati on will not be 
eligible to send its waste to WIPP for final dispos al. For consistent RH 
TRU categorization, TRU waste should be correlated to the Waste Matrix 
Codes established by DOE as acceptable to the WIPP facility. This task, 
along with other tasks, should be accomplished thro ugh implementation of 
the DOE TRU Waste QAPP. The characterization progra m should address the 
data needs associated with regulatory compliance pr ograms listed below. 
  Performance Assessment - Evaluation of long-term radionuclide 
containment (40 CFR191). 
  Land Disposal Restrictions (40 CFR 268.6) - Conta inment of hazardous 
constituents. 
  General Waste Analysis - Verification of waste ch aracterization data 
[40 CFR 270.14(b)(2) and 270.23(c)]. 
  Transportation of Radioactive Waste - Approval of  the Safety Analysis 
Report for Packaging of the RH TRU shipping cask (1 0 CFR 71). 
  Compliance Criteria (40 CFR 194). 
CHARACTERIZATION METHODS 



RH TRU waste characterization refers to the examina tion and sampling and 
analysis of the waste and to the inspection of wast e generation records 
as a means to demonstrate compliance with the requi rements of applicable 
regulations. 
Process Knowledge: Process knowledge is the ability  of waste generators 
to use their understanding of an operation to chara cterize the various 
components that make up a given waste stream. Proce ss knowledge is the 
least costly method of waste characterization and d oes not subject 
facility personnel to radiological or other operati onal risks. Because of 
the particularly high contact radiation levels and inherent handling 
risks associated with RH TRU waste, process knowled ge will play an 
important role in the overall characterization proc ess. 
Radioassay: The Nuclear Regulatory Commission has i dentified radioassay 
as an acceptable technique for the identification o f radionuclide 
contents of a RH TRU waste container. Numerous radi oassay techniques are 
available to determine the TRU content of bulk wast e. Radioassay methods 
may include both nondestructive and destructive tec hniques. 
Nondestructive radioassay capability needs to be de veloped for RH TRU 
waste. 
Radiography: Radiography is a nondestructive qualit ative and "semi-
quantitative" (i.e., used to estimate the volume of  free liquids that 
might be present in within the waste matrix) techni que that involves X-
ray scanning of waste containers to identify and ve rify waste container 
contents. Real-time radiography (RTR) has been deve loped by DOE 
specifically to aid in the examination and identifi cation of 
containerized waste. There is no equivalent or asso ciated method found in 
EPA sampling and analysis guidance documents.  
Visual Characterization: The visual examination of the contents of a 
waste container is designed to provide data on the type and amount of 
material in each of the waste containers. Visual ex amination is an 
analytical process that does not involve sampling p rocedures. The 
technique provides a compliance assessment of the w aste contents with 
respect to the WIPP-WAC. It also verifies process k nowledge and physical 
waste form and determines whether detectable free l iquids are present in 
the waste contents. Also, the results of radiograph y can be verified 
through visual examination of a statistically selec ted number of waste 
containers from each waste stream.  
Chemical Analysis: About 45% of the RH TRU waste vo lume is "mixed" waste 
containing both radioactive and hazardous constitue nts that are regulated 
under the Resource Conservation and Recovery Act (R CRA). Examples of 
mixed waste are radionuclide-contaminated spent sol vents, discarded 
materials contaminated with both solvents and radio active material, 
scintillation fluids, and discarded contaminated le ad shielding. A 
determination of the analysis requirements for RH T RU waste must identify 
the appropriate methodologies that are required for  sufficient 
characterization (process knowledge, sample and ana lysis, etc.). 
RH TRU WASTE INVENTORY 
RH TRU inventory data in this report were taken fro m the WIPP Transuranic 
Waste Baseline Inventory Report (WTWBIR), which est ablishes a methodology 
for grouping wastes of similar physical and chemica l properties (1). The 
wastes are grouped into a series of "waste profiles " that can easily be 
disseminated to regulatory agencies and other stake holders. The WTWBIR is 
also used as the basis for radiological source term  data for the WIPP 
Performance Assessment and for hazardous waste sour ce term data used in 



the WIPP RCRA Part B Permit and No Migration Petiti on. Table I summarizes 
the stored and projected inventory of RH TRU waste at each of the seven 
sites assessed. 
Table I 
SITE ASSESSMENTS 
Facilities required for the characterization of RH TRU waste should be 
capable of activities such as removing, sorting, tr eating, repackaging, 
visually characterizing, certifying, nondestructive  assaying, and 
examining containers of either solid or liquid/slud ge waste streams. This 
study compiled data provided by the DOE sites that have RH TRU waste in 
storage and are projecting future generation. 
Argonne National Laboratory - East: ANL-E occupies a 1,700 acre tract in 
DuPage County, Illinois, located southwest of Chica go. ANL-E is a DOE 
energy research and development laboratory that con ducts a broad program 
of energy related sciences and serves as an importa nt center for the 
study of nuclear and non-nuclear energy sources (2) . RH TRU waste is 
generated at ANL-E from fuel examination activities  at the Alpha-Gamma 
Hot Cell Facility (AGHCF) and is placed in metal ca ns, bagged-out and 
heat-sealed, and packaged in Department of Transpor tation Specification 
7A 30-gallon drums. ANL-E has an RH TRU waste certi fication plan for 
shipment to WIPP but a revision to the current WIPP -WAC, Revision 4 is 
needed (3) . ANL-E has no planned or current facili ty to load RH TRU 
waste in canisters (for approved WIPP casks). They,  therefore, will 
continue to ship RH TRU waste to the INEL for inter im storage. ANL-E has 
no plans for facility modifications, new facilities , or new capabilities 
for characterization of RH TRU waste. 
ANL-E does have two facilities that may be used for  the characterization 
of RH TRU waste: the AGHCF and the Building 200 Hot  Cell Facility. The 
10,000-ft3 AGHCF complex is designed for metallurgi cal research and 
consists of a multicurie hot cell, the Electron Bea m Laboratory, a small 
machine shop, and a decontamination/repair area (4) . The hot cells 
contain a total of ten work stations fitted with vi ewing windows and 
equipped with master-slave manipulators. Primary au xiliary equipment at 
the AGHCF could be used in the examination of RH-TR U waste. It was used 
previously to examine and repackage 30-gal drums of  RH-TRU waste. The 
Building 200 Hot Cell Facility consists of 2 floors  of shielded cells, 12 
isolated hot laboratories, and a shielded corridor for movement of highly 
radioactive materials between cells. A cell on the lower level was 
previously used for the packaging of RH TRU waste a nd shields against 
50,000 Ci of 1-MeV gamma radiation. Two mobile and two bridge-mounted 
remotely-controlled polar manipulators are also ava ilable for use in 
areas not accessible to the master-slave manipulato rs. 
Argonne National Laboratory - West: ANL-W is situat ed in the extreme 
southeastern portion of the INEL and has had a prim ary mission to develop 
the Integral Fast Reactor concept (2). ANL-W is an RH TRU waste generator 
at the INEL and has developed a RH TRU waste certif ication plan to 
document the activities necessary to characterize a nd certify RH TRU 
waste for disposal at WIPP (5). ANL-W has also comp leted a preliminary 
Data and Process Knowledge Assessment to determine the extent of the 
INEL's RH TRU waste that can be certified for WIPP disposal without 
additional characterization activities. 
Two facilities at ANL-W could be used for the chara cterization of RH TRU 
waste: the Hot Fuel Examination Facility (HFEF) and  the Fuel Cycle 
Facility (FCF). HFEF is comprised of two adjacent, shielded hot cells 



that include a decontamination cell and a main cell . The main cell uses a 
high purity argon gas designed for containment of p lutonium contamination 
and is arranged for vertical handling, examination,  and cutup of long 
experiments up to 30 feet in length. The cell is de signed for long-term, 
permanent, remote operations that do not require pe rsonnel entry. The 
decontamination cell is air-filled and used for the  handling of 
irradiated experiments, the decontamination of hot cell equipment, and 
the loading and shipping of radioactive waste gener ated at the facility. 
Much of the in-cell examination equipment for fuel elements is automated 
or semi-automated. The FCF also has two adjacent ce lls that include an 
argon cell and an air cell. The 16-sided FCF argon cell was modified to 
support the new remote reprocessing and refabricati on fuel cycle process 
for the former DOE Integral Fast Reactor Program. T his program has since 
been discontinued by DOE, effectively ending the cu rrent mission of FCF. 
ANL-W is currently developing nondestructive assay (NDA) techniques for 
fast and low-cost assay of nuclear materials. These  passive and active 
techniques are based on specific signatures of elem ental/isotopic 
materials contained in certain waste streams and sp ent fuel. The 
techniques will be suitable for waste streams exhib iting high radiation, 
that contain nuclear poisons, (a,n)-sources, and lu mped fissionable 
material in a heterogeneous matrix. The currently d esigned system is 
equipped with a 14 MeV, source providing 1011 neutr ons per second during 
the active phase. 
Hanford Reservation: HANF is located in the southea st corner of 
Washington State, approximately 50 miles north of t he Oregon border. HANF 
is located in a structural and topographic depressi on of the Columbia 
Plateau called the Columbia Basin. HANF covers an a rea of about 560 
square miles of semiarid land. The mission is to cl eanup HANF, to provide 
scientific and technological excellence to meet glo bal needs, and to be a 
partner in the economic diversification of the regi on (6). The retrieval 
and characterization of the existing RH TRU wastes at HANF will not occur 
before the year 2000, the earliest expected startup  date of the Waste 
Receiving and Packaging Plant (WRAP) Module 2B. Unt il that time, the data 
supplied will be based on available engineering jud gement and process 
knowledge. 
HANF does not have existing facilities capable of c haracterizing the RH 
TRU waste currently stored at the site. Capabilitie s for nondestructive 
examination (NDE) and nondestructive assay (NDA) fo r contact-handled (CH) 
TRU waste characterization are available, but they are not readily 
adaptable for RH TRU. The planned WRAP Module 2B is  a major line item 
construction project at HANF that will enable chara cterizing and 
processing RH TRU waste for shipment to WIPP (7). W RAP Module 2B will be 
a largely remotely-operated hot cell facility with moderate shielding 
requirements for RH wastes having contact radiation  levels of up to 100 
R/h. The facility will process the retrievably-stor ed RH TRU wastes and 
the projected RH TRU wastes that will be generated by future HANF 
programs. 
The current concept for the WRAP Module 2B consists  of a large process 
hot cell used for the disassembly and size reductio n of large items. 
Adjacent to this cell are several small cells to pr ovide for sorting, 
treatment, and packaging of the waste into containe rs. HANF plans an 
engineering study to determine the size of the main  hot cell, the number 
of processing cells, and other conceptual functiona l elements associated 



with the facility. WRAP Module 2B will have capabil ities for visual 
examination, direct sampling, and NDE and NDA of RH  TRU waste. 
Idaho National Engineering Laboratory: The INEL cov ers approximately 890 
square miles and is located near Idaho Falls, Idaho . It was established 
in 1949 to conduct, test, and operate nuclear facil ities. Interim storage 
of RH TRU waste was initiated at the INEL in 1976 w ith the establishment 
of the Intermediate-Level Transuranic Storage Facil ity (ILTSF), located 
at the Radioactive Waste Management Complex (RWMC).  The ILTSF was 
established for retrievable storage of RH TRU waste  with radiation levels 
greater than 200 mR/hr and less than 4,500 R/hr. Th e INEL has also 
developed a test plan for headspace gas sampling of  drums in a 
cooperative venture with ANL-E. Although no gas sam pling activities have 
been initiated, the methodologies have been establi shed and much of the 
associated operating and design documentation devel oped. 
The INEL does not have facilities that are currentl y capable of 
characterizing RH TRU waste. The Stored Waste Exami nation Pilot Plant 
which is located at the RWMC, could be adapted for RH waste with the 
addition of shielding, and remote-handling equipmen t and with 
modification to the NDA measurement system and comp uter algorithm. Hot 
cell facilities at the INEL are located at the Test  Area North and Test 
Reactor Area. These facilities may have potential a pplication for visual 
characterization and direct sampling of RH TRU wast es. No descriptive 
information of these facilities and their current c apabilities, however, 
could be obtained from the INEL. 
The INEL is currently developing systems that will enable "at-line" 
headspace gas sampling of TRU waste drums. Included  are a permanently 
installed monitoring system at the INEL Drum Ventin g Facility at the RWMC 
and the development of a portable system that can b e transported on-
offsite for at-line sampling. The INEL is also prep aring a proposal to 
request funding to support completion of a mobile g as sampling and vent 
installation station for RH TRU waste drums. 
Los Alamos National Laboratory: LANL is located in north-central New 
Mexico, north-northeast of Albuquerque. Since its i nception in 1943, the 
primary mission of LANL has been the research and d evelopment of nuclear 
weapons. Programs include weapons development, nucl ear fission and fusion 
research, nuclear safeguards and security, and veri fication and control 
(8). All of LANL RH TRU waste is generated by the d estructive examination 
of experimental fuel elements from the Experimental  Breeder Reactor-2, 
including segments of fuel discarded after metallur gical examination (9). 
Over the past year and a half, LANL has been charac terizing and packaging 
RH TRU waste for ultimate disposal at WIPP. To date , 16 WIPP-approved 
canisters have been characterized, packaged, and pl aced into retrievable 
storage. LANL has pioneered much of the radioassay capabilities that are 
currently in use at many DOE sites, and it continue s to research and 
develop additional technologies. LANL currently has  the only system used 
in the DOE complex that is capable of assaying RH T RU waste. It was 
designed to specifically measure waste cans having a diameter of 21-cm 
and a height of 30-cm, with an overall waste volume  of approximately 1-
gal. The RH assay system chamber size could be incr eased to accept drum 
sizes up to 55-gal. 
The LANL Chemical and Metallurgy Hot Cell Facility is a complex of 16 
cells comprised of 2 banks of 8 hot cells (10). Eac h bank of eight hot 
cells has a central corridor and hydraulic-actuated  doors to isolate each 



cell from the corridor. The corridor has enough spa ce to accommodate 55-
gal drums, shielded waste casks, or larger overpack s.  
A major LANL research and development project for T RU waste 
characterization is the Combined Thermal/Epithermal  Neutron (CTEN) 
Interrogation radioassay device. According to LANL researchers, this 
device is highly suitable for determining the fissi le content of cans of 
RH TRU waste derived from irradiated breeder reacto r fuel pins that emit 
gamma radiation levels of up to 1,000 R/h (11). LAN L has made significant 
progress towards development of a CTEN interrogatio n unit capable of 
full-scale operational applications. A fully-operat ional CTEN instrument 
that is capable of assaying both 55- and 83-gal dru ms has been 
constructed. 
Oak Ridge National Laboratory: The 8,771 acre ORNL is located on the Oak 
Ridge Reservation and is situated almost entirely w ithin the 6.5-square 
mile White Oak Creek drainage basin. ORNL's mission  is to conduct 
research and development activities for DOE and oth er government 
agencies, as well as for private institutions (12).  Over 60% of the total 
DOE RH TRU waste inventory is stored at ORNL. 
In the late 1980s, ORNL developed a strategy to pro cess and repackage its 
stored RH TRU waste that included the proposed TRU Processing Facility 
(TPF), a major line-item project at ORNL that was o riginally conceived as 
the Waste Handling and Packaging Plant (13). To ass ist in the development 
of the TPF, ORNL has completed a study of existing documentation to 
characterize much of the stored RH TRU waste throug h process knowledge 
(14). An alternative to TPF is the feasibility of u sing existing 
facilities to process TRU wastes. A report describe s the existing 
facilities and technologies considered, the busines s management methods 
evaluated for cost effectiveness, processing schedu les, life-cycle cost 
estimates, and final recommendations. 
A real-time NDA and NDE system for compliance verif ication with WIPP-WAC 
requirements (e.g., fissile material limits and fre e liquids or 
particulates) is essential to the TPF. After review  of the NDA and NDE 
techniques applicable to CH TRU wastes, ORNL has co ncluded that a linear 
accelerator- (LINAC) based system is likely to succ eed in meeting the 
WIPP-WAC requirements. Development of NDE by LINAC- based RTR is nearly 
complete, whereas a LINAC system to perform radioas say is in the early 
stages of development. 
Building 3517 (the Fission Product Development Labo ratory) is a two-story 
structure constructed of masonry block, structural steel, and reinforced 
concrete, with a metal-sided high bay area over the  cell bank. The 
building structure serves as a secondary confinemen t enclosure. Material 
receiving and shipping for the cells is performed i n a truck bay and 
airlock at the west end of the building. A 10-ton d olly moves material to 
where it can be lifted by a 20-ton bridge crane loc ated over the cell 
bank. The cell roof has removable plugs for access to each cell. The cell 
bank consists of two rows of cells with the north r ow of cells divided 
into nine separate rooms, but all are interconnecte d by a pipe chase 
along the full height of the cell. The south row ce lls are each serviced 
by one or two windows and one or two sets of master /slave manipulator 
arms. The interiors of the hot cells are highly con taminated from past 
operations. Although the north bank of cells is cur rently undergoing 
decontamination, the south cell bank is still used for the preparation of 
radioisotope sources. The soil surrounding this str ucture is also highly 



contaminated with fission products as a result of p revious waste-line 
leaks and spills and requires remediation. 
Building 3525 (the High-Radiation-Level Examination  Laboratory) is a two-
story brick building with a partial basement that h ouses ventilation 
equipment. Building 3525 is divided into two functi onal sections: the 
front section is a single-story office and laborato ry area, and the two-
story structure in the rear houses the cell complex , the operating areas, 
and other support functions. The primary cell struc ture consists of three 
straight-line banks that are arranged in the form o f a "U" for functional 
purposes. The cells on this level are served by 15 viewing windows and a 
pair of master-slave manipulators at each window. T he inside surfaces of 
the cell banks are lined with stainless steel sheet  to provide 
containment of particulate matter. Special penetrat ions provide for the 
sealed entry of services, such as instrument lines,  water, and gas. 
Within each cell bank, heavy objects are moved by e lectro-mechanical 
manipulators and a companion 3-ton bridge crane. Sp ecial penetrations in 
the cell wall accommodate some basic experimental e quipment and shielded 
and sealed transfer mechanisms. These penetrations include the sleeve 
ports for the periscopes, the stereo-microscope, an d the collimator for 
the gamma spectrometer. They also include openings for the transfer of 
samples to shielded transfer stations provided at t he rear face of the 
charging cell (No.7). Items up to 446 ft in size an d weighing up to 10 
tons may also be transferred through a shielded air lock door system. 
Building 7860 (the Hydrofracture Facility) is a sin gle-story structure 
constructed of reinforced concrete, masonry block, and structural steel. 
The building is L-shaped with overall dimensions of  5679.5 ft. There is a 
two-story masonry block portion for an equipment ro om and a three-story 
steel-sided portion for the well pipe storage tower . The first floor 
consists of equipment rooms, an office, a control r oom, and change rooms. 
There are three cells in the facility: one cell con taining the well head, 
a second cell containing two well injection pumps, and a third cell 
containing the mixing equipment. Access into the ce lls is provided 
through the cell roofs and a bridge crane in the we ll pipe storage tower. 
There is no secondary containment arou`nd the cells . Building 7860 was 
used to mix and inject liquid waste and grout into highly impermeable 
shale formations located 700- to 1,000-ft below the  surface. The 
Tennessee Department of Health and Environment will  not permit any 
further use of this disposal technique; therefore, Building 7860 is no 
longer in use.  
Building 7930 (the Thorium-Uranium Recycle Facility ) is a three-story 
structure with a partial basement. It is constructe d of structural steel, 
reinforced concrete, and masonry. The building has an irregular shape, 
and the structure serves as a secondary confinement  enclosure. The first 
floor provides space for technical personnel office s, operating space for 
cells and maintenance, a glove-box maintenance room , a receiving area, a 
fuel storage basin, change rooms, a compressor, CO2  storage, and elevator 
machinery rooms. The second floor provides space fo r chemical makeup, 
sampling of radioactive materials, a development la boratory, a shop for 
handling slightly contaminated material, a maintena nce area, and 
mechanical and electrical-equipment rooms. Located on the third floor is 
a high bay that includes the cell roof area and pro vides facilities for 
entry of cell services and cell access. The third f loor is serviced by a 
50-ton bridge crane that has a 5-ton auxiliary hois t. Heavy equipment and 



casks can be brought into the facility and transpor ted by the 50-ton 
crane to various locations over the cell complex. 
The principal cell structure is in the shape of a " T" and consists of one 
straight section that contains 4 cells and another section that runs at a 
right angle to the first section. In addition, a li ghtly-shielded 
equipment storage cell is located adjacent to and b elow the bulk of the 
cell structure. A glove maintenance room is connect ed to the shielded-
cell system. The glove-maintenance room is accessed  through an equipment 
airlock. The bulk of the shielding is normal concre te, 5.5-ft thick up to 
the second floor level around the cells and 4.5-ft thick above the second 
floor. Decontamination cell shielding is 4-ft thick  high-density concrete 
or equivalent up to the second floor level around t he cells and 3-ft 
thick above the second floor; shielding around the equipment storage cell 
is 2-ft thick normal concrete. Window and master-sl ave manipulator 
openings and cell services are installed at 8-ft mo dular intervals in the 
cell face. 
CONCLUSIONS 
This study provides an assessment of the existing a nd planned 
capabilities to characterize RH TRU waste at major DOE sites. Based on 
the preliminary assessment, there are limited chara cterization 
capabilities at the sites that have RH TRU waste. T hese findings of 
existing and planned DOE capabilities to characteri zed RH TRU wastes are 
summarized below and presented in Table II. 
Nondestructive examination capabilities of RH TRU w aste using RTR are 
essentially nonexistent. RTR systems located at HAN F, INEL, and ORNL are 
capable of examining CH TRU wastes only. Applicatio n to RH wastes would 
require the installation of shielding and remote-ha ndling equipment. Some 
sites posses other systems such as neutron radiogra phy that would require 
modifications to examine RH TRU waste containers. 
Visual characterization capabilities may exist at h ot cells located at 
ANL-E, ANL-W, INEL, LANL, and ORNL. The ANL-E, ANL- W, and LANL hot cells 
are relatively modern facilities that would be capa ble of examining RH 
TRU wastes, but the INEL facilities are outdated an d would require 
upgrades prior to use. 
Gas sampling and analysis capabilities exist at ANL -W and INEL for CH TRU 
wastes. Application of these systems to RH TRU wast es require 
installation of additional shielding. The INEL may complete a mobile gas 
sampling and vent station for RH TRU waste drums th at has been designed 
and fabricated. Some preliminary testing been perfo rmed on a prototype 
system. 
Table II 
Currently available NDA capabilities for characteri zing RH TRU waste are 
limited.The only system capable of neutron assay of  RH TRU waste is a 
small passive-active neutron device located at the LANL. This system is 
presently capable of successfully assaying only cer tain waste streams 
generated at LANL. Application to other offsite RH TRU waste streams 
would require extensive system modifications. Altho ugh there are new 
neutron interrogation assay system technologies for  RH TRU waste under 
development at LANL and the ORNL, these systems are  unproven and are 
probably years from potential use in an operating e nvironment. 
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ABSTRACT 
In March 1994, the Department of Energy Carlsbad Ar ea Office (DOE/CAO) 
implemented a performance-based planning method to assist in 
prioritization within the Waste Isolation Pilot Pla nt (WIPP). 
Probabilistic performance calculations were require d for the Systems 
Prioritization Method (SPM) and roughly 46,700 comb inations of activities 
were analyzed, generating a large volume of informa tion to be documented, 



analyzed, and communicated. A self-contained inform ation management 
system consisting of a relational database on a 600 -megabyte CD-ROM was 
built to meet this need. The CD-ROM was used to sto re performance 
assessment results, data analysis and visualization  tools, information 
about the activities, electronic copies of 40 CFR 1 91 and 40 CFR 268, 
technical reference papers, and the final SPM repor t. Copies of the CD-
ROM were distributed to interested members of the p ublic, WIPP 
participants, and the Environmental Protection Agen cy (EPA).  
INTRODUCTION 
In March 1994, DOE/CAO implemented a performance-ba sed planning method to 
assist in prioritization within the WIPP project wi th respect to 
applicable EPA long-term performance requirements i n 40 CFR 191.13(a) and 
40 CFR 268.6 (1-5). SPM was designed to define the most cost-effective 
combinations of scientific investigations, engineer ed alternatives, and 
waste acceptance criteria to support the WIPP compl iance certification 
application. Probabilistic performance calculations  were required and 
roughly 46,700 combinations of activities were anal yzed in the second 
phase of SPM (SPM-2). A self-contained information management system 
consisting of a relational database on a 600-megaby te CD-ROM was built to 
meet this need. 
THE SPM CD-ROM INFORMATION SYSTEM 
In order to make this very large volume of data ava ilable and meaningful 
to a wide audience, SPM-2 results were published on  a CD-ROM in the form 
of a self-contained information system. The CD-ROM operates on WINDOWSTM 
platforms. To minimize incremental costs of its use , all software (except 
WINDOWSTM) is contained on the CD-ROM in a form tha t can be reproduced 
without violating copyright protection. A relationa l database on a 600-
megabyte CD-ROM is used to store performance assess ment results, data 
analysis and visualization tools, information about  the activities, 
electronic copies of 40 CFR 191 and 40 CFR 268, tec hnical reference 
papers, and the final SPM report (Fig. 1). Informat ion contained on the 
CD-ROM would, if printed out, create a stack of pap er over three hundred 
feet tall. 
Fig. 1 
Copies of the CD-ROM were distributed to interested  members of the 
public, WIPP participants, and the EPA. To make the  system as user-
friendly as possible, the database uses a point-and -click-structure and 
all software needed to run the database is containe d on the CD-ROM. In 
addition, all files are hyperlinked so that a user can explore regulatory 
requirementssuch as human intrusionfrom a point of origin in the Federal 
Regulations through their treatment in technical re ferences. Over fifty 
online help panels provide introductory material on  such topics as the 
WIPP mission, transuranic waste, performance assess ment, and a step-by-
step explanation of the SPM calculations. The CD-RO M also contains an 
online software manual and hard copy reports can be  generated for each 
activity. 
One of the objectives of the CD-ROM information sys tem is to promote 
efficiency (and quality) by providing as much relev ant data as possible 
to support users' understanding of the SPM-2 data, results, and 
calculations. To that end, a graphical interface is  provided to orient 
the user and help navigate through the relational d atabase system. In 
addition to providing a contextual background for u nderstanding the 
meaning of data displayed on any panel, four levels  of explanatory 
information are provided. 



The Data Visualizer 
The heart of the SPM-2 information system is a data  visualizer containing 
performance measures (cost, duration, and probabili ty of demonstrating 
compliance (PDC)) for roughly 46,700 programmatic o ptions (activity 
sets). The data visualizer is implemented using a c ommercially available 
off-the-shelf database management system for data s torage and retrieval, 
computations, data display, and graphical user inte rface. 
The database management system provides interactive  functions for 
selecting groups of activity sets for analysis and visualization based on 
performance measure ranges, presence or absence of particular subsets of 
activities in the activity sets of interest, or bot h. The visualization 
system provides six views of selected activity set groups: two-
dimensional scatter charts with three-axis pairs (c ost-PDC, duration-PDC, 
cost-duration); a three dimensional view plotting m aximal PDC for 
activity sets whose cost and duration values fall w ithin user defined 
ranges; and a sorted list display showing activity composition, PDC, 
cost, and duration for each selected activity set. The system 
interactively displays details of activities compos ing each activity set 
and the complementary cumulative distribution funct ions (CCDFs) 
corresponding to the selected activity set outcome.  The database 
component of the system is built of more than 200 d isplay panels, forms, 
tables, queries, reports, and macros. 
In a database, numbers standing alone without annot ation or explanation 
are without meaning to many, if not most, users. Ye t most conventional 
uses of databases provide nothing more than numbers . This often means 
that the user may have to expend significant effort  on finding 
documentation for the numbers provided in a databas e in order to 
adequately understand their meaning. To the extent that effort expended 
on finding explanations for the meaning of numbers in a database is 
effort that could be directed to using the numbers productively, the lack 
of explanation conveniently at hand while using the  database represents 
an element of inefficiency. 
Metadata 
Within the visualizer display panel, titles, table column headings, table 
row labels, and graph legends are supported with me tadata: information 
that defines, explains, and relates each of these d ata entities to WIPP, 
to the SPM-2 process, and to the scientific and eng ineering activities 
whose consideration produced the SPM-2 results. As a minimum, text 
provides brief definitions and explanations. These brief annotations are 
linked to a detailed online overview, which is inte rnally hyper-linked to 
pop-up definitions, to related topics, and to a glo ssary often found in 
the system. Annotations are linked to the online el ectronic document 
library where detailed technical references for the  WIPP project are 
provided. 
In addition to the passive metadata, items of parti cular importance are 
supported by active-interactive panels. For example , one of the three 
principal display panels in the visualizer, the "Ac tivity Set Composition 
Panel," is an interactive table. Its rows correspon d to individual 
activity sets. It has two sets of columns. The firs t set of columns 
correspond to technical program areas and the secon d set correspond to 
the performance measures: PDC, cost, and duration. Clicking on a column 
heading activates a pop-up panel that displays a "p assive" text 
definition of the technical program area associated  with that column; 
this definition is hyper-linked to an appropriate d estination in the 



electronic document library. But if the activity se t number that labels a 
row is clicked, an interactive panel is activated. This panel expands the 
corresponding row of the "Activity Set Composition Panel," displaying 
detailed information about every activity in the se t. This panel computes 
and displays the PDC for any combination of outcome s for the set's 
component activities the user selects and upon the user's request will 
access the necessary data and generate the CCDF cha rt for the selected 
outcome combination. This interactive functionality  allows the user to 
exercise one of the most conceptually elusive compu tations in the SPM-2 
analytical process to gain a concrete grasp of the mechanics of the 
operation, providing an invaluable complement to th e detailed explanation 
of the computation contained in the overview. 
Both passive annotations and interactive panels are  an integral part of 
the database structure along with the SPM-2 results . Every row, every 
column, every cell has an integrated information co mponent which can be 
used for the appropriate level and detail of defini tion, explanation, or 
demonstration. 
The Navigator 
The navigator (Fig. 2), which acts as the user's po rtal to the system, 
provides point-and-click access to all of the other  components of the 
system. The navigator is implemented using an off-t he-shelf hyper-
text/full text search system. Navigation to pre-def ined points in the 
textual portions of the system is accomplished by H YPERLINKTM. Ad-hoc 
navigation is supported by a sophisticated full tex t search system that 
provides virtually instantaneous shift of focus to locations of topical 
interest in the text defined by the user. Topical i nterest can be 
formulated as words, phrases, and character strings  (any of which may 
include fixed or variable length "wild cards" used to ignore irrelevant 
variations in textual expression of an idea of inte rest). These elemental 
topical recognition cues can be combined with both Boolean (and, or, not) 
and proximity (e.g., these two words within so many  characters or so many 
words of each other) operators to express complex a nd precise search 
specification. The query formulation dialog is desi gned to be intuitive 
and easy to use. 
Fig. 2 
Search time is invariant with respect to query comp lexity and sub-linear 
by several orders with respect to the magnitude of text searched. This 
aspect of system performance is of importance quite  beyond the dimension 
of mechanical efficiency. When pursuing an inquiry regarding the meaning 
of a particular data set, the more rapidly the syst em can respond, the 
more questions can be resolved within a unit of tim e. 
The system provides a complete history of the user' s trail through the 
text (whether by hyperjump or by topical search), d isplaying a list of 
all locations visited. The user can click on any it em in the history and 
automatically return to that point in the text. A b ack-track function 
allows the user to retrace the trail one step at a time. These functions 
are an invaluable aide to understanding by allowing  the user to leave a 
particular context to follow explanations and relat ed information and 
then return with little effort to the original cont ext armed with 
additional relevant information to augment understa nding of the original 
context. 
Online Context-Sensitive HELP 
With over eighty hyper-linked topics, online contex t-sensitive HELP 
contains explanations of how to use the system, des criptions of each 



display control (buttons, check boxes, etc.), and d efinitions of 
displayed data items. Brief definitions of SPM-2 te rminology are also 
provided in the software HELP subsystem. 
Many of the help panels are graphical and interacti ve. For example, a 
multi-level hyperlinked user structure diagram show s the relationships 
among the user interface panels. Clicking on a bloc k in the structure 
diagram that represents a particular user interface  panel hyperlinks to 
an image of the panel itself. The panel image, in t urn is hyperlinked to 
explanations of the meaning of data displayed on th e panel and 
instructions on how to use it. 
Overview 
Definitions of SPM-2 terminology as well as detaile d descriptions of WIPP 
and the SPM-2 project and its objectives, methods, and computational 
procedures are contained in the SPM-2 Overview. Thi s electronic document 
is internally hyper-linked, and hyper-linked to the  database/visualizer 
system and to the electronic document library descr ibed below. The 
Overview is also full text content searchable. 
Electronic Document Library 
The fourth level of explanatory data, the electroni c document library 
(EDL), is also internally hyper-linked and can be c ontent accessed via 
full text search. The EDL contains the SPM-2 Final Report, the SPM-1 
Final Report, the technical position papers which l ed to the computation 
of the data contained in the database/visualizer, a  set of general 
references, and the full text for 40 CFR 191 and 40  CFR 268.6. The 
general references, which consist of SPM-2 charter documents and other 
key instructions establishing the scope and directi on of SPM-2, are 
included as electronic page images (containing sign atures, etc.) and as 
electronic text documents that can be full text sea rched. 
EVOLUTION AND USES OF THE SPM-2 CD-ROM 
The magnitude of the data and results suggested usi ng a database to 
organize the results in a manageable form. A visual izer was included to 
enhance the value and utility of the data. The esti mated size of the 
database suggested that a high capacity, high densi ty storage medium 
would be needed. At about the same time as the stor age medium became a 
consideration, DOE direction to make the SPM-2 data  and results available 
to the public and the consequent need for distribut ion of many copies 
introduced the requirement for a low cost storage m edium. The CD-ROM was 
the obvious choice. Release to the public also led to development of the 
navigator, metadata, and all of the other supportin g information and 
tools that resulted in self-contained form of the f inal system. 
Copies of the CD-ROM have been distributed to inter ested members of the 
public, WIPP participants, and the EPA. The system allows project members 
to understand parts of the project on which they ha d not participated. 
The supporting explanatory material in the system m ay be of interest to a 
wider audience than the results and data and may co ntinue to be of value 
well after the original purpose of the system has b een served. 
CONCLUSIONS 
The SPM performance-based decision methodology prov ed to be useful in 
structuring a large, complex decision and focusing attention on important 
portions of the problem. 
A self-contained information system to support a sp ecific task is made 
possible in part by the availability of information  in electromagnetic 
form and by contemporary information system tools; like the personal 
computer, large capacity data storage media, fast p rocessors, large ram 



memory, low cost database management systems, HYPER TEXT and search 
engines, etc. The CD-ROM is a key element for distr ibution of self-
contained information systems. The SPM-2 self-conta ined information 
system could not have been economically feasible as  recently as three 
years ago. Just since the SPM-2 CD-ROM was released , there have been 
substantial improvements in all of the software and  hardware elements 
used in its creation. Later this year CD-ROMs with a capacity of 6 
gigabytes will be commercially available. A technol ogy for manufacture of 
100 gigabyte CD-ROMs is nearing maturity and is exp ected to be brought 
into manufacture within the next year or two. Multi spectral approaches to 
recording and reading optical data are expected to yield CD-ROM systems 
with even higher capacities within the next five to  ten years. The CD-
ROM's cost performance is superior to any paper for m or even any 
microform. When large numbers of copies are require d, the per disk cost 
of the CD-ROM is small. The economies of distributi on via CD-ROM are so 
compelling that there should be a conversion of man y publication and 
record keeping requirements to this medium. 
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ABSTRACT 
The cost and benefit of continuous improvement: usi ng Engineered 
Alternatives at the Waste Isolation Pilot Plant. 
The Waste Isolation Pilot Plant (WIPP) faces many c hallenges in its bid 
to open as the nation's first Transuranic (TRU) nuc lear waste repository. 
One of these challenges is to satisfy stakeholder's  and regulator's 
concerns that the repository will perform as predic ted, given the 
uncertainty associated with the long-term predictio ns of repository 
performance using a complex system of computer mode ls. The Department of 
Energy (DOE) is committed to providing a safe and e ffective means of 
disposal for these TRU wastes. To provide assurance  in the performance of 
the WIPP facility, the DOE has developed an Enginee red Alternatives 
program.  
An Engineered Alternative may take the form of a fa cility modification, a 
process modification, or waste form modification so  as to address 
uncertainty which may be associated with important WIPP performance 
parameters (i.e. transport of radionuclides, increa ses in the mechanical 
strength of disposed wastes, the quantity of waste that would be released 
to the accessible environment in the event of a dri lling intrusion). To 
aid in the evaluation of Engineered Alternatives, t he DOE initiated the 
Engineered Alternatives Cost/Benefit Study in late 1994. The study 
examined potential alternatives and systematically screened them into a 
practical and technically feasible set. The study t hen examined this set 
of engineered alternatives for their benefits in ad dressing important 
WIPP performance-related uncertainty. Examples of t he engineered 
alternatives that were examined include engineered backfills, plasma arc 
processing of wastes, supercompaction of wastes, re pository configuration 
modifications, and combinations of these technologi es. The study 
addressed the application of engineered alternative s to existing wastes, 
currently generated wastes, and wastes to be genera ted in the future. 
This report details the methodology employed to ass ess the impacts of 
each of these alternatives upon the entire DOE comp lex as well as the 
impacts on WIPP operations, and long-term repositor y performance. 
In general, the DOE found that risks to workers and  the general public 
are greater for complex treatment options than for simpler technologies 
such as engineered backfills. Every EA provides per formance benefits and 
associated risks. The DOE must weigh these benefits  and risks when making 
a final decision relative to EAs at the WIPP facili ty. This study will be 
used as a means to make this decision. 
INTRODUCTION 
The Waste Isolation Pilot Plant (WIPP) is a United States Department of 
Energy (DOE) pilot operation designed to demonstrat e the safe disposal of 
Transuranic (TRU) waste in deep, bedded salt. The W IPP site is located in 
southeastern New Mexico. By law (U.S. Congress, 199 2) the WIPP site has 
been withdrawn from public use to demonstrate the s afe disposal of TRU 
waste. Also by law, disposal of TRU waste must comp ly with rules and 
regulations promulgated by the U.S. Environmental P rotection Agency 
(EPA). The disposal system design consists of multi ple barriers, both 
natural and man-made, located in a geologic salt de posit, 655 meters 
below ground. These barriers were selected because of their ability to 
permanently isolate the waste from the accessible e nvironment and, at the 
same time, comply with performance and assurance re quirements in subparts 
B of Title 40 Code of Federal Regulations Part 191 (40 CFR 191). This 



regulation contains; 1) repository radionuclide con tainment requirements 
that must be demonstrated using a performance asses sment and 2) specific 
assurance requirements used to provide additional c onfidence in the 
containment predictions. Engineered Alternatives (E As) can be used to 
provide additional assurance measures beyond those used to meet the 
existing containment and assurance requirements. Th is paper uses the term 
EA to represent engineered barriers that are techni cally feasible 
processes, technologies, methods, repository design s, or waste form 
modifications which make a significant positive imp act on the disposal 
system in terms of reducing uncertainty in performa nce calculations or 
improving long-term performance. 
The DOE conducted a cost/benefit study to evaluate EAs for potential use 
as assurance measures. The purpose of this study is  to provide the DOE 
with cost, benefit, and risk information for use in  the selection or 
rejection of EAs. This study includes an assessment  of estimated cost, 
potential risks, benefits, and relative repository performance impacts 
from the implementation of EAs, and where appropria te, the impact on the 
entire waste management complex (as a system) was c onsidered. This study 
is entitled the Engineered Alternatives Cost/Benefi t Study (EACBS). 
The EACBS evaluated EAs using the following assumpt ions and guidance. 
  The present baseline design of the WIPP repositor y and its predicted 
performance meet the containment requirements of 40  CFR 191 without 
additional EAs. The baseline does not include waste  processing above that 
required by the WIPP Waste Acceptance Criteria (WAC ). 
  The results of the EACBS analysis are qualitative . However, both 
qualitative and quantitative methods were used to g enerate the output 
information. 
  The EA analysis used a multi-factor approach to e valuate the cost; the 
risk, both incidental and accidental; the benefit a nd schedule impacts 
that could be expected from the implementation of e ach individual EA. The 
factors were not ranked or weighted. The output of the EACBS compares the 
results of the EA analysis with the baseline and no t to each other.  
The approach used in the EACBS was to screen potent ial EAs compiled from 
previous studies, proposed regulations, and input e licited from 
stakeholders. The screening process used a working group composed of 
technical professionals from various fields to comp are the proposed EAs 
to an EA definition and then to determine if those EAs that meet the 
definition also meet regulatory and technological f easibility criteria. 
The output of the screening process was a list of E As that did not meet 
the definition and/or screening criteria along with  the justification for 
their rejection from further study, and a list of E As retained. This list 
of retained EAs was then optimized to determine whi ch EAs would be 
analyzed further. 
The screening processes evaluated 111 proposed EAs and screened them to a 
field of 54. The 54 EAs retained were optimized by the DOE using 
feasibility and effectiveness criteria to provide t he final set of 18 EAs 
used in the EACBS. The 18 EAs remaining for evaluat ion consisted of nine 
basic alternatives and nine variations. The 18 fina l EAs and the baseline 
are briefly described below. (Numbers refer to thei r listing in the 
EACBS; they do not represent rankings or ratings.) 
Baseline For EA comparison, the baseline is conside red to be the current 
WIPP disposal system design. Waste meeting the WIPP  WAC is emplaced in 
rooms that are approximately 4 meters high, 10 mete rs wide, and 91 meters 
long and access drifts in waste stacks of seven-pac k drums (three high) 



and Standard Waste Boxes (three high). No backfilli ng of the waste 
disposal area is included in the baseline case. 
#1Supercompact Organics and Inorganics Solid organi c and inorganic wastes 
are sorted to remove items that cannot be compacted . Sorted waste is pre-
compacted in 132.6 liters (35-gallon) drums and the n supercompacted. 
Usually, the contents of four supercompacted drums are placed in a 208-
liter (55-gallon) drum. Sludges are not processed. 
#6Shred and Compact Organics and Inorganics Solid o rganics and inorganics 
are shredded and compacted in 208-liter (55-gallon)  drums using a 
mechanical shredder and a low pressure compactor. S ludges are not 
processed. 
#10Plasma Processing of All Wastes All wastes are p rocessed through a 
mechanical shredder and the input waste stream is c ontrolled to ensure a 
suitable metal to non-metal ratio. The waste is pro cessed through a 
Plasma Arc Centrifugal Treatment System and placed into 208-liter (55-
gallon) drums.  
#33Sand Plus Clay Backfill A mixture of medium grai ned sand and 
granulated clay is used as backfill. The mixture is  placed around the 
waste stack and between the drums filling the void space between drums 
and unmined host salt in waste emplacement panels. A 50 percent void 
space is assumed.  
#35aSalt Aggregate (Grout) Backfill A salt aggregat e grout mixture is 
used as backfill to fill the void spaces between dr ums and unmined host 
salt in waste emplacement panels. This backfill con sists of a 
cementitious-based salt aggregate grout with crushe d salt aggregate and 
is pumped around the waste stack and between the dr ums filling the void 
spaces. A 20 percent void space is assumed. 
#35bCementitious Grout Backfill A cementitious grou t backfill consisting 
of ordinary Portland cement, sand and fresh water i s pumped around the 
waste stack and between the drums filling the void space. A 20 percent 
void space is assumed. 
#77aSupercompact Organics and Inorganics, Salt Aggr egate/Grout Backfill, 
Monolayer of 2000 drums in a room that is 1.83 mete rs (6 feet) high, 
10.06 meters (33 feet) wide, and 91.44 meters (300 feet) long 
Alternatives #1 and #35a are combined. The room hei ght is lowered from 
3.96 meters to 1.83 meters (13 feet to 6 feet) and only one layer of 
drums is emplaced in the room. 
#77bSupercompact Organics and Inorganics, Clay-Base d Backfill, Monolayer 
of 2000 drums in a room that is 1.83 meters (6 feet ) high, 10.06 meters 
(33 feet) wide, and 91.44 meters (300 feet) long Al ternatives #1 and #111 
are combined. The room height is lowered from 3.96 meters to 1.83 meters 
(13 feet to 6 feet) and only one layer of drums is emplaced in the room. 
#77cSupercompact Organics and Inorganics, Sand/Clay  Backfill, Monolayer 
of 2000 drums in a room that is 1.83 meters (6 feet ) high, 10.06 meters 
(33 feet) wide, and 91.44 meters (300 feet) long Al ternatives #1 and #33 
are combined. The room height is lowered from 3.96 meters to 1.83 meters 
(13 feet to 6 feet) and only one layer of drums is emplaced in the room. 
#77dSupercompact Organics and Inorganics, CaO Backf ill, Monolayer of 2000 
drums in a room that is 1.83 meters (6 feet) high, 10.06 meters (33 feet) 
wide, and 91.44 meters (300 feet) long Alternatives  #1 and #83 are 
combined. The room height is lowered from 3.96 mete rs to 1.83 meters (13 
feet to 6 feet) and only one layer of drums is empl aced in the room. 
#83Salt Backfill with CaO A backfill of commerciall y available granulated 
lime (also called quick lime which consists of CaO)  and crushed salt are 



placed around the waste stacks and between the drum s filling the void 
space. A 50 percent void space is assumed. 
#94aEnhanced Cement Sludges, Shred and Add Clay-Bas ed Materials to 
Organics and Inorganics, No Backfill EA 94a include s two processes to 
treat the TRU waste. The first is an enhanced cemen tation process of 
previously solidified and "as generated" sludge. Ex isting sludges are fed 
into a mechanical crusher/shredder. The crushed was te is mixed with an 
enhanced cement and the product is poured into 208- liter (55-gallon) 
drums. Newly generated sludges are solidified with the enhanced cement. 
The second process shreds solid organic and inorgan ic wastes and adds 
clay to the shredded waste. This waste product is p ackaged in 208-liter 
(55-gallon) drums. 
#94bEnhanced Cement Sludges, Shred, and Add Clay-Ba sed Materials to 
Organics and Inorganics, Sand/Clay Backfill Alterna tive #94a and #33 are 
combined. 
#94cEnhanced Cement Sludges, Shred and Add Clay-Bas ed Materials to 
Organics and Inorganics, Cementitious Grout Backfil l Alternative #94a and 
#35b are combined. 
#94dEnhanced Cement Sludges, Shred and Add Clay-Bas ed Materials to 
Organics and Inorganics, Salt Aggregate Grout Backf ill Alternative #94a 
and #35a are combined. 
#94eEnhanced Cement Sludges, Shred and Add Clay-Bas ed Materials to 
Organics and Inorganics, Clay-Based Backfill Altern ative #94a and #111 
are combined. 
#94fEnhanced Cement Sludges, Shred, and Add Clay-Ba sed Materials to 
Organics and Inorganics, CaO/Salt Backfill Alternat ive #94a and #83 are 
combined. 
#111Clay-Based Backfill Backfill consisting of comm ercially available 
pelletized clay is placed around the waste stack an d between the drums, 
filling the void space. A 50 percent void space is assumed.  
EACBS ANALYSIS FACTORS 
The 18 EAs were analyzed with respect to the factor s listed and described 
below: 
1. The effects of EAs on long-term performance of t he disposal system. 
This factor analyzes the EA's ability to limit wate r and radionuclide 
movement to the accessible environment and the pote ntial consequences of 
human-initiated processes or events. 
2. The increased or reduced uncertainty in complian ce assessment. 
3. The impact on public and worker exposure to radi ation (at WIPP and 
off-site) both during and after the incorporation o f an EA. 
4. The increased ease or difficulty in future remov al of the waste from 
the WIPP disposal system. 
5. The increased or reduced risk (physical accident al, incidental and 
accidental chemical and radiation exposures) of tra nsporting the waste to 
the WIPP. 
6. The increased or reduced public confidence in th e performance of the 
disposal system. 
7. The increased or reduced total DOE waste managem ent system cost and 
schedule impacts. 
8. The impact on other waste disposal programs. 
The following discussions outlines the analysis and  results for each EA 
with respect to the eight factors. 
Factor 1Effects of EAs on Long-Term Performance of the Disposal System 
Factor 1 dealt with the impacts that an EA is predi cted to have on the 



long-term performance (not specific to the regulato ry requirements) of 
the disposal system. Impacts were predicted using t he Design Analysis 
Model (DAM), a computer model which considered the coupled processes of 
brine inflow, creep closure, gas generation, and ra dionuclide migration 
under undisturbed conditions. The consequences of t hree human intrusion 
scenarios were also considered. The three human int rusion scenarios 
postulated the existence of future boreholes that i nadvertently 
penetrated the waste rooms and panels (waste horizo n). These three 
scenarios were referred to in the EACBS as E1, E2, and E1E2. The E1 
scenario involved a borehole that intersects the re pository and a 
hypothetical pressurized brine pocket below the rep ository. The E2 
scenario involved a borehole that only intersects t he repository, and the 
E1E2 scenario involved one E1 and one E2 borehole t hat intersect the 
repository at different locations and times. This f actor was evaluated by 
considering the impacts of each EA on the following : 
  Relative changes in the cumulative 10,000-year re lease of radionuclides 
based purely on the quantity of cuttings released t o the surface from 
each of the three human intrusion scenarios  
   Relative changes in the cumulative 10,000-year r elease of 
radionuclides into the overlying Rustler Formation from each of the three 
human intrusion scenarios. 
The impacts of each EA are expressed as changes in the parameters 
described above relative to the baseline, which is defined as unprocessed 
waste emplaced in disposal panels. 
Although both disturbed and undisturbed conditions were simulated, the 
greatest consequences of releases are expected to o ccur as a result of 
human intrusion. Therefore, the study placed emphas is on the effects of 
EAs on mitigating releases from the human intrusion  scenarios. 
Factor 2The Increased or Reduced Uncertainty in Com pliance Assessment 
Factor 2 estimated the EAs ability to treat uncerta inty relative to the 
quantity of radioactive materials that are expected  to be transported to 
the accessible environment as a direct result of hu man intrusion 
scenarios. This factor estimated the uncertainties by systematically 
manipulating the DAM input parameters from the Fact or 1 analyses using a 
Monte Carlo simulation for each EA analyzed. The re sults of Factor 2 were 
then used in conjunction with those of Factor 1 to characterize the 
potential for an EA to provide additional assurance  in the performance of 
the disposal system. 
The treatment of uncertainty in compliance assessme nt can be realized by 
reducing both the magnitude of radioactive material s released to the 
accessible environment and characterizing the poten tial variability in 
that quantity. Factor 1 addressed the magnitude of this reduction through 
a Measure of Relative Effectiveness (MRE) for cutti ngs removal to the 
surface and groundwater transport to the Culebra Do lomite via the 
borehole, given scenarios E1, E2, or E1E2 occur. A MRE is a unitless 
factor that expresses the change in the magnitude o f releases with 
respect to the baseline disposal system design. Fac tor 2 addressed the 
ability of the EAs to treat the uncertainty about t hese estimates of 
release quantity by treating the uncertainty about predictions of 
quantities of radioactive material that might be re leased as a result of 
the intrusion scenarios. 
Factor 3The Impact on Public and Worker Exposure to  Radiation Both During 
and After the Incorporation of an EA This factor ch aracterized the human-
health risks (incidental and accidental exposure) a ssociated with the 



implementation of an EA, including those impacts re alized at the WIPP 
site and generator or disposal facilities that hand le TRU or TRU-mixed 
waste. Potential impacts include radiation effects (both occupational 
exposures and the release of material resulting fro m an off-normal 
accident scenario), effects from the release of haz ardous material, and, 
in the case of individuals within the facilities, o rdinary industrial 
hazards. Impacts were considered for the following five groups of 
individuals at the WIPP and at the generator/dispos al sites: 
  Workers directly involved with handling, processi ng, or storing TRU 
waste (generally referred to as "workers") 
  Other workers in the facility who are not directl y involved with the 
TRU waste (referred to as "co-located workers") 
  The co-located worker who receives the highest ex posure to radiation or 
hazardous material from TRU waste activities 
  Members of the public who live within 80.5 kilome ters (50 miles) of the 
facility where the TRU waste is being handled, proc essed, or stored 
(generally referred to as "public") 
  The member of the public located off-site who rec eives the highest 
exposure from activities associated with TRU handli ng, processing, or 
disposal (often called the Maximum Off-Site Individ ual or MOI).  
Factor 4The Increased Ease or Difficulty in Future Removal of the Waste 
from the WIPP Disposal System For the purpose of th is report, waste 
removal is defined as the activity involving recove ry of the waste after 
repository closure. In assessing the waste removal activities, the waste 
inventory and physical properties for each EA deter mine the underground 
panel geometry that would in turn determine the tim e required for 
underground removal (mining of the waste). Undergro und waste removal 
considered the compressive strength and density of the waste form as well 
as the consolidation of the backfill expected to oc cur after a specified 
period of time (if applicable). The occupational ha zards for industrial 
accidents include the conventional hazards due to u nderground mining 
accidents, hazardous waste exposure, and radioactiv e waste exposure.  
Factor 5The Increased or Reduced Risk of Transporti ng the Waste to the 
WIPP The transportation risk factor consisted of th e human-health impacts 
due to radiation- and hazardous-material exposures that could potentially 
result from transporting CH- or RH-TRU waste. The r isk factor was defined 
in terms of the radiological, chemical, and non-rad iological/non-chemical 
impacts of either normal, incident-free transportat ion or transportation 
accidents. Because transportation does not impact a ll EAs; backfill only 
alternatives were not analyzed using this factor. T he results broke down 
the total number of shipments from each storage/gen erator site and 
present the exposures to the public and workers. Wh ere applicable, 
reported transportation risks and exposures are in the same units used in 
Factor 3. 
Factor 6The Increased or Reduced Public Confidence in the Performance of 
the Disposal System This study was conducted in two  phases to identify 
both historic and current public concerns about WIP P's post-closure 
performance. During Phase 1, existing public commen tary was examined to 
identify concerns about post-closure WIPP. These co mments and concerns 
were further analyzed to determine the relative fre quency of the concerns 
and the persistence of concerns over time. Data sou rces included: 
  The WIPP FSEIS (DOE, 1990b) 



  Response to Comments for Amendments to 40 CFR Par t 191, Environmental 
Standards for the Management and Disposal of Spent Nuclear Fuel, High-
Level and TRU Radioactive Wastes (EPA, 1993) 
  Public Hearings on EPA's Proposed Rule 40 CFR Par t 194, Criteria for 
the Certification and Determination of the WIPP's C ompliance with 
Environmental Standards for the Management and Disp osal of Spent Nuclear 
Fuel, High-Level, and TRU Radioactive Wastes, March  21-24, 1995 (EPA, 
1995) 
During Phase 2, comments were collected during a se ries of focus group 
discussions and interviews in which participants we re invited to share 
their concerns. 
The combined findings from Phase 1 and Phase 2 anal yses serve as 
considerations for selecting engineered alternative s that would address 
expressed public concerns. A qualitative assessment  is made using the 
comment categories (comments were segregated based on the general nature 
of the concern) and determining which EAs address t he concerns within 
these categories.  
Factor 7The Increased or Reduced Total DOE Waste Ma nagement System Cost 
and Schedule Impacts Factor 7 analyzed increased or  reduced cost and 
schedule impacts from implementation of EAs on the total DOE waste 
management system. The cost consists of summarized waste processing, 
transportation, backfill, and emplacement handling for the selected 
alternatives. The analyzed costs include a comparat ive analysis of the 
incremental change in cost of the alternatives rela tive to the repository 
baseline. This analysis estimated the level of fund ing necessary to 
implement an EA, the estimated manpower for the act ivities, and a 
conceptual schedule that provides start and stop da tes for each EA 
analyzed. Cost was analyzed by developing process f low diagrams that 
segment the alternative into conceptual elements. T he costs for the 
alternatives were developed on the basis of waste q uantities and required 
throughput rates to meet the schedule constraints. The schedule analysis 
provides a measure of the time required to implemen t an EA relative to 
the baseline. The schedule included the incremental  change of 
implementing an alternative on the baseline. 
Factor 8The Impact on Other Waste Disposal Programs  This factor included 
an assessment of the impacts that the EAs will have  on other DOE waste 
processing and disposal programs, including program s for LLW and low-
level mixed waste (LLMW). Major impacts were assess ed based on the 
additional volumes of waste that were projected to be generated by TRU 
waste processing with respect to each EA. 
Each EA can be classified in three categories, proc essing, backfill and 
combination alternatives. Processing alternatives m odify the waste into a 
different chemical or physical matrix, backfill alt ernatives involve 
placing engineered materials around the unprocessed  waste in the 
repository, and combination EAs which include combi nations of processing, 
backfill, and repository design modifications.  
The analysis considered three processing scenarios which differ based on 
where the processing was accomplished. Each process ing EA was analyzed 
for regionalized, centralized, and decentralized pr ocessing scenarios. 
Regionalized processing, involved processed all of the waste at five of 
the major generator sites, centralized processing i nvolved processing all 
of the waste at WIPP, and the decentralized process ing scenario processed 
waste at the 10 major generator sites with all mino r sites shipping their 
waste to the nearest major site. 



OVERALL CONCLUSION OF THE EACBS 
After a decision is made concerning the use of EAs at WIPP for additional 
assurance purposes, any subsequent selection of EAs  will be made using 
total disposal system knowledge of the impacts rela ted to the 
implementation of an EA. The EACBS report provides comparative 
information concerning cost, schedule, worker and p ublic 
radiological/chemical and accidental/incidental ris ks, disposal system 
performance impacts, public perception, waste remov al impacts, and the 
impact on other waste disposal systems. The process  for the selection or 
rejection of EAs will use this and other related in formation to weigh the 
relative importance and to determine which EAs will  be implemented. The 
information in this report will not be used as the sole bases for the 
selection/rejection of any individual EA. 
The 18 alternatives were evaluated in the eight fac tor analysis yielding 
both qualitative and quantitative results. The anal ysis of each EA 
resulted in a large amount of data that necessitate d the development of a 
more logical presentation of the results. The analy sis results were 
compiled in a tabular summary and converted into qu antifiable performance 
measures. Some factors were reported with one measu re, while other 
factors could not be adequately expressed with a si ngle measure. Table I 
summarizes the performance measures and units prese nted for each factor. 
A simplistic qualitative representation of the resu lts was made from the 
performance measures comparing each alternatives pe rformance with respect 
to the baseline repository design performance. Figu re 1 summarizes this 
output information. As is the case for any analysis , these results are 
only as good as the models, data, and assumptions u sed in the analysis. 
These models, data, and assumptions are based on th e best available 
current information. Technological understanding of  many topics 
considered in this analysis is advancing rapidly, h owever, and it should 
be noted that changes in the modeling system or the  model input, such as 
possible changes in our understanding of the future  performance of 
specific EAs, could lead to somewhat different resu lts. General 
observations are listed below. 
The EAs can be separated into three general categor ies, Waste Processing, 
Backfill, and Combinations of these alternatives. T he following 
observations were noted from the results of this an alysis. 
  Waste Processing alternatives (EA # 1,6 & 10) wer e analyzed for the 
three processing scenarios (centralized, regionaliz ed, and 
decentralized). Each scenario has inherent benefits  and detriments. In 
general, processing alternatives impact the entire waste disposal system, 
involving the generator/storage sites, waste transp ortation, other waste 
disposal systems, and the WIPP waste handling syste m. Processing 
alternatives have higher cost, increased risks, and  present increased 
schedule delays in comparison to baseline or backfi ll only EAs. In 
general, processing EAs have a marginal performance  impact on the 
repository except for plasma processing (EA# 10) wh ich shows a 
significant increase in repository impact, however,  at the expense of the 
highest potential risk for all of the EAs analyzed.  
Centralized ProcessingSince the centralized scenari o processes all waste 
at one facility, the construction and operational c osts are the lowest of 
the three waste processing scenarios. Operational a nd construction 
incidents and fatalities and public and worker chem ical and radiological 
exposure risks are higher than the baseline. Transp ortation impacts are 
similar to the baseline. The centralized scenario h as the highest 



potential to impact system wide disposal operations . Since one facility 
processes all waste, this facility becomes a potent ial choke point for 
the entire system. 
Regionalized ProcessingThe regionalized scenario pr ocesses waste at five 
generator/storage sites. The cost to implement regi onalized EA scenarios 
are significantly higher than the centralized and s lightly lower than the 
decentralized scenarios. In general, the worker and  public 
radiological/chemical exposure risks are slightly h igher than the 
centralized and lower than the decentralized scenar ios. Transportation 
chemical exposure risks are slightly lower than the  baseline since the 
waste is processed into a more inert matrix prior t o shipment to WIPP. 
Accident and radiation risks are similar to the bas eline. 
Decentralized ProcessingFor this scenario, processi ng is performed at the 
ten major generator/storage sites. The scenario has  the highest cost of 
the three processing scenarios (as much as $1 billi on difference between 
the centralized and decentralized for EA# 77a-d). T he 
operation/construction incidents and fatality rates  are generally higher 
than both the centralized and regionalized (baselin e included). 
  Backfill alternatives (EA# 33, 35a, 35b, 83 and 1 11) have the least 
impact on the entire waste disposal system. The WIP P waste handling 
system is impacted; waste transportation, generator /storage sites, and 
other waste disposal systems are not affected. Cost , schedule radiation 
and chemical exposure are similar to the baseline e stimates. Backfill 
alternatives improve long-term disposal system perf ormance. 
  Combination alternatives contain both multiple pr ocessing alternatives 
and/or backfill alternatives. These alternatives (E A# 77a through 77d and 
94a through 94f) have benefits and detriments assoc iated with each 
individual alternative type. The overall cost and s chedule impacts are 
the highest of the EAs. Transportation, worker and public risks 
(radiological, chemical accidental and incidental) are also the highest 
of all EAs. The overall impact of combination EAs o n long-term disposal 
system performance are comparable to that associate d with the backfill 
and processing only alternatives. 
Table I 
Fig. 1 
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PROJECTED TRANSURANIC WASTE LOADS REQUIRING TREATMENT, STORAGE, AND 
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ABSTRACT 
Argonne National Laboratory's WASTE_MGMT computatio nal model was used to 
calculate the volume of transuranic (TRU) waste loa ds requiring 
treatment, storage, and disposal at facilities loca ted at various U.S. 
Department of Energy (DOE) sites. Inventory and gen eration data were 
taken from DOE's Waste Isolation Pilot Plant Transu ranic Waste Baseline 
Inventory Report published in February 1995. Result s indicate that WIPP's 
design capacity is sufficient for disposal of the c ontact-handled (CH) 
TRU waste located throughout the DOE Complex. Argon ne compared the newly 
estimated waste loads with estimates from a previou s study that used 
inventory and generation data published in 1992 and  1993. The differences 



between the old and new estimates, expressed as a p ercentage of the newly 
estimated waste loads, range from a few percent to about 60% for 
treatment of CH TRU waste and from about 10% to 30%  for its storage and 
disposal. 
INTRODUCTION  
Data on TRU waste loads are important input for val idating existing 
capacities and determining the size and cost of new  facilities for TRU 
waste treatment, storage, and disposal (TSD) for va rious siting 
configurations. Such data are used to assess transp ortation requirements 
and health risks to workers and the general public.  Two of the key 
parameters for calculating TRU waste loads are the current inventory and 
estimated generation of TRU waste. A study by Hong et al. (1) projects 
waste loads estimated on the basis of inventory and  generation data 
published in 1992 and 1993. Recently, updated inven tory and generation 
data have been made available (2,3). This paper com pares the waste load 
information calculated from the updated data with t he information 
presented in the earlier study.  
Before TRU can be disposed of at WIPP, it needs to be packaged or treated 
to meet various requirements. This study considers three levels of TRU 
waste treatment. The minimum level simply processes  and packages TRU 
waste; it fulfills current WIPP waste acceptance cr iteria (WAC) 
requirements. The intermediate level reduces the ga s generation rate of 
TRU waste after it has been disposed of in WIPP; it  fulfills the 
requirements of the performance assessment study in  addition to those of 
WIPP WAC. The most extensive level of treatment fur ther destroys or 
stabilizes all hazardous constituents in TRU waste;  it meets land 
disposal restrictions (LDRs).  
This study considers three siting configurations fo r TRU waste treatment. 
In the regional configuration, TRU waste from indiv idual sites would be 
sent to regional centers for treatment; in the dece ntralized 
configuration, it would be treated on the site wher e it was generated; in 
the centralized configuration, it would be sent fro m each of the sites to 
a centralized center for treatment. All treated TRU  waste is temporarily 
stored in an interim storage facility before being shipped to WIPP for 
disposal. 
UPDATED INVENTORY AND GENERATION DATA 
The updated inventory and generation data are from revision 1 of the 
Waste Isolation Pilot Plant Transuranic Waste Basel ine Inventory Report 
(WIPP-BIR) published in 1995 (2). These WIPP-BIR da ta are essentially the 
same as those provided in the Integrated Data Base (IDB) for 1994 (3). In 
general, these newly published data are more comple te, consistent, and 
accurate than the data found in a previous study, w hich used data from 
the IDB for 1992 and from the interim mixed-waste i nventory report 
published in 1993. The updated data were recently c ollected directly from 
each TRU waste generation or storage site. The late st data on the 
inventory volume of contact-handled (CH) TRU waste found throughout the 
DOE Complex is 73,000 m3; it was previously reporte d as 65,000 m3. The 
latest generation volume is 51,000 m3; the previous ly reported volume was 
33,000 m3. Prediction of TRU waste volumes varies a t each individual 
site.  
The WIPP-BIR also provides detailed information on the characteristics of 
the TRU waste in each waste stream. On the basis of  this information, 
waste streams were grouped into categories to facil itate their efficient 
treatment. The categories are aqueous liquid (1000) , organic liquids 



(2000), solid process residues (3000), soils (4000) , debris (5000), 
special (6000), inherently hazardous (7000), and un known (8000). The 
numbers in parentheses are abbreviated designations  used in the 
accompanying tables and figure. TRU waste in each c ategory would be 
treated in a specific treatment train that involves  a series of treatment 
technologies including solidification, shredding, i ncineration, and 
packaging. 
Figure 1 illustrates the treatment trains for five TRU waste stream 
categories being treated at a high level to meet LD Rs. All treatment 
trains include a pretreatment step that segregates the waste into streams 
by separating liquids from solids or sorting out so lids that have 
different physical properties. Currently, waste loa d calculations do not 
include three waste stream categories (special, inh erently hazardous, and 
unknown). These three constitute less than 10% of t otal TRU waste volume 
and are assumed to be set aside to await special pr ocessing.  
ESTIMATED WASTE LOADS 
Argonne used the WASTE_MGMT computational model (4)  to calculate TRU 
waste loads. Input consisted of the updated data fr om WIPP-BIR for 
technologies at each treatment site and for each si ting configuration. 
WASTE_MGMT accepts three types of data as input: 1)  the volume, mass, and 
contaminant characteristics of the waste stream inv entory, by generating 
site and waste stream category; 2) TSD unit operati ng parameters; and 3) 
site configurations for treatment. Some TSD process es generate secondary 
output streams that are also tracked through the tr eatment process. For 
example, the primary output stream of incineration is ash, but a 
secondary stream of high-chloride salt waste is gen erated in the off-gas 
treatment of combustion gases ( Fig. 1). 
Fig. 1 
Table I shows the annual CH TRU waste loads through out the DOE Complex 
requiring representative treatment technologies for  three siting 
configurations and three treatment levels: 1) decen tralization of 
treatment to meet WIPP WAC requirements at each DOE  site; 2) 
regionalization of treatment to reduce gas generati on rates at five DOE 
sites; and 3) centralization of treatment to meet L DRs at one centralized 
DOE site. It also lists data on waste loads from th e previous study for 
comparison. In general, the waste load for each tec hnology under each 
siting configuration is higher when calculated with  the updated data than 
when calculated with the previous data. The differe nces range from a few 
percent to about 60%.  
Table I 
Table II shows the total CH TRU waste loads through out the DOE Complex 
for storage and disposal. The highest calculated wa ste loads for the 
disposal facility at WIPP are as follows: 1) about 140,000 m3 for the 
decentralization of treatment to meet WIPP WAC, 2) 93,000 m3 for the 
regionalization of treatment to reduce gas generati on, and 3) 63,000 m3 
for the centralization of treatment to meet LDRs. T he differences between 
these data and the earlier study's data range from 10% to 30%. The 
estimated waste loads do not include waste volume t hat could result from 
environmental restoration activities. WIPP's design  capacity for CH-TRU 
waste is 170,000 m3.  
Table II 
SUMMARY 
This paper provides information on the volume of TR U waste loads 
requiring treatment, storage, and disposal at DOE f acilities for three 



siting configurations. Input consisted of updated i nventory and 
generation data from WIPP-BIR. Results indicate tha t WIPP's design 
capacity is sufficient for the CH TRU waste found t hroughout the DOE 
Complex. In a comparison of waste loads estimated i n this study with 
those estimated in a previous study, differences, e xpressed as a 
percentage of the newly estimated waste loads, rang ed from a few percent 
to about 60% for treatment of CH TRUwaste and from about 10% to 30% for 
its storage and disposal. 
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ABSTRACT 
During the last few years, important progress has b een made at the 
international level with respect to the derivation of clearance levels 
for radioactive material. Although there is general  agreement about the 
necessity to reach a broad consensus among the coun tries on this issue, 
it is important to note that these clearance levels  must be supplemented 
by practical and industrial considerations, taking into account the 
prevailing situation in each country. 
This paper focusses on two countries: France and Be lgium in comparison 
with international recommendations. 
For many years, France has been developing an impor tant nuclear program 
to produce electricity. In this framework, radioact ive waste management 
received almost immediate attention. A first low le vel waste surface 
disposal started operation in the "Manche" departme nt, near La Hague, in 
1969 and a second one in the "Aube" department, 200  km east of Paris four 
years ago. In 1991, French Parliament passed a law to define the way high 
level and long lived waste will be managed for the fifteen coming years. 
In 1994, French authorities decided to start studyi ng, with the producers 
concerned, the way the very low-level waste, coming  for example from the 
decommissioning of nuclear plants, could be dispose d of. 
The paper presents the framework of these studies a nd the first ideas of 
what could be dedicated disposal facilities. 



As for Belgium, the legal role of ONDRAF, the natio nal agency for the 
management of radioactive waste and enriched fissil e materials, regarding 
clearance of radioactive material is explained. In accordance with the 
regulations, the objective of ONDRAF is to define p ractical rules for 
clearance of radioactive material in compliance wit h the general safety 
regulations. In order to reach that objective, a ge neral strategy with 
well-defined steps is being implemented. To this en d ONDRAF participated 
in advisory groups of the IAEA to recommend uncondi tional and conditional 
clearance levels, as well as in an EC working group  on the clearance for 
recycling of metals. In addition, ONDRAF participat ed in two studies 
within the scope of a contract with the European Co mmission. The 
objective of these studies was to derive clearance levels for landfill 
disposal: the first study considered the case of an  industrial landfill 
and the second one the case of a dedicated landfill  for very low-level 
waste. The methodology and results of both studies are summarized and 
commented. 
The present situation regarding clearance of radioa ctive waste takes into 
account the general Belgian regulations for radiolo gical protection. To 
conclude, the Belgian and French approaches for cle arance of radioactive 
material will be compared. 
MANAGEMENT OF VERY LOW RADIOACTIVE WASTE IN FRANCE 
The French approach to the management of very low-l evel radioactive waste 
should be placed in the larger context of waste in general, whether 
industrial, household or radioactive. 
Waste in France 
France generates approximately 600 million metric t ons of waste per year. 
This is broken down into 400 million metric tons of  agricultural waste, 
102 million metric tons of inert industrial waste, 30 million metric tons 
of ordinary industrial waste, 15 million metric ton s of special 
industrial waste, 3 million metric tons of toxic wa ste, 30 million tons 
of household waste, and 700,000 metric tons of hosp ital waste. Only 
40,000 metric tons are radioactive waste. 
Industrial and Household Waste 
Ten years ago, France embarked upon a far-reaching program to improve non 
nuclear waste management and environmental protecti on. Regulations to 
reduce industrial and household waste volumes and t o make their disposal 
sites safer have been set up in the past several ye ars. 
Three categories of landfills are distinguished. Cl ass 3 landfills for 
inert industrial waste are not subject to regulatio n. Household waste and 
industrial garbage go to Class 2 landfills, for whi ch a regulatory 
framework will be established by a ministerial orde r to be issued in the 
coming months. Special industrial waste goes to Cla ss 1 landfills or 
burial sites with advanced safety systems, which ar e regulated according 
to the framework defined by ministerial orders date d December 18, 1992. 
Nuclear Waste 
France also developed a large-scale management prog ram for radioactive 
waste commensurate with its nuclear power program, which generates 80 % 
of the country's electricity in 58 powerplants. 
With the passage of the Waste Act on December 30, 1 991, Andra, the 
National Radioactive Waste Management Agency, becam e a public service 
corporation with State oversight, independent of th e CEA. The 
corporation's principal missions are: 
  to design, construct and manage final disposal su rface sites; 



  to register the location and condition of all rad ioactive waste on 
French territory; and 
  to study possible deep disposal facilities throug h a research program 
based on underground geological laboratories. 
Radioactive waste is managed according to the speci fic activity and 
radioactive half-life of the waste. The following t able indicates the 
disposal method to be used for each category of was te, based on the half-
lives of the principal radionuclides present in the  waste. 
Table I 
Short-lived low- and medium-level waste is disposed  of at the Centre de 
l'Aube disposal site 200 kilometers east of Paris, near the city of 
Troyes. This site receives 20,000 m3 of waste per y ear; the total site 
capacity is 1,000,000 m3. The site was opened in 19 92 and it should be 
able to receive low- and medium-level waste for the  next fifty years. 
Concerning high-level waste and long-lived medium-l evel waste and, in 
accordance with the Waste Act, Andra is charged wit h the creation of two 
underground laboratories designed to certify the su itability of the site 
to host a repository which provides adequate radioa ctive confinement and 
to verify the feasibility of the proposed repositor y design. This is to 
be demonstrated by the year 2006. In the event of a  favorable outcome at 
that date, a repository could be operational in 202 0. The Waste Act also 
requires the pursuit of two other programs in paral lel: separation and 
transmutation of long-lived emitters in the waste, and enhanced 
conditioning and long-term storage. 
Long-lived low-level waste will be disposed of in n ear surface disposal 
facility currently under design which should be ope rational by 2001. 
Radioactive waste disposal sites, regardless of the  activity of the waste 
(low-, medium- or high-level), are managed accordin g to special 
regulations for licensed nuclear facilities, includ ing nuclear reactors, 
reprocessing plants, and radioactive waste disposal  facilities. These 
facilities are subject to special regulations based  on a December 11, 
1963 decree. The technical requirements are dictate d by the Fundamental 
Safety Rules. The regulatory authority in charge of  regulating these 
licensed nuclear facilities is the Department of Nu clear Facility Safety, 
known as the DSIN, which reports to the Ministry of  Industry and to the 
Ministry of the Environment. 
Very Low-level Waste 
Our inventory would not be complete without mention ing very low-level 
waste. In principle, the June 20, 1966 decree const itutes regulations 
currently applicable to this type of waste. This de cree considers 
materials whose activity levels are less than 100 B q/g (or 500 Bq/g for 
solid natural materials) to be "non radioactive" an d thus excludes them 
from the "radioactive" waste category. Although thi s exclusion should 
allow such waste to be disposed of as ordinary wast e, this approach is 
not well received by the public. It is also recogni zed that the decree on 
radiation safety was not written to define categori es of radioactive 
waste. For this reason, based on several reports co mmissioned by the 
Government in the last five years, restrictive prac tices have gradually 
been set up for waste whose activity levels are fro m 1 to 100 Bq/g (or 
500 Bq/g in the case of solid natural materials). A t the same time, 
monitoring gantries were installed at the entrances  to disposal sites and 
scrap recycling sites. These gantries have detected  a not insignificant 
number of radioactive anomalies, thus confirming th e need to specify 
rules for the management of this type of waste. 



The DSIN, together with ANDRA and the operators, fo llowed the 
recommendations of the government reports by declar ing that very low-
level waste should not be treated as ordinary waste , even for activity 
levels of below 100 Bq/g, and should not be mixed w ith other waste. This 
waste should be disposed of at a special site with the same level of 
safety as the other nuclear facilities. The disposa l site would be turned 
over to ANDRA, in accordance with the Waste Act, fo r long-term management 
and monitoring, i.e., approximately 100 years. 
In the view of the DSIN, one fact is clear: governm ent imposition of 
universal thresholds below which certain waste coul d be treated as 
ordinary, or "non-radioactive", waste is precluded for a variety of 
reasons: 
  the public is not ready for the establishment of such universal "below 
regulatory concern" thresholds, and would perceive such a decision as 
self-serving and designed to allow the generators t o get rid of their 
waste; 
  thresholds could create an incentive to dilute th e waste by mixing non 
radioactive waste with other, very low-level waste to bring its specific 
activity to below the regulatory threshold; and 
  it is not presently feasible to reliably monitor large quantities of 
waste and on a large-scale when it leaves nuclear f acilities or enters a 
disposal site, and this difficulty will only increa se as the first light 
water reactors are dismantled, generating large vol umes of concrete. 
A management system should therefore be set up spec ifically for very low-
level waste which distinguishes between the potenti al sources of such 
waste, whether the source be the "conventional nucl ear sector" of the 
"miscellaneous nuclear sector". The first sector in cludes the nuclear 
power and defense industries; the second sector inc ludes other 
industries, such as the chemical and metallurgical industries 
(phosphates, rare earths, etc.), which handle very low-level materials, 
sometimes without realizing it. 
For the "conventional nuclear sector", the French r egulatory authority 
looks for clear-cut, safe and responsible managemen t of very low-level 
waste based on two principles: 
  user responsibility for the fate of the materials  used; and 
  detailed identification of materials that may be contaminated by 
radioactive materials, from the initial contact to the moment they leave 
the site ("traceability"). 
In practical terms, adhering to these principles re quires: 
  the division of facilities into areas which are l ikely to generate 
radioactive waste and areas with no radioactivity; 
  waste research; 
  approved and monitored treatment processes; 
  dedicated disposal sites managed by ANDRA; and 
  more stringent regulatory control. 
For the "miscellaneous nuclear sector" the principl es should be the same. 
However, the number of players involved and their l ack of knowledge about 
radioactivity make it necessary to check for radioa ctivity in their 
materials with a monitoring gantry at the entrance to disposal sites, 
steel plants, scrap recycles, or other facilities. If radioactivity is 
detected that is significantly higher than backgrou nd radiation, the 
Regional Divisions of Industry, Research and the En vironment could 
intervene and, based on an analysis of the specific  cause, find the 



material to be "radioactive waste". ANDRA would the n take charge of the 
materials found to have very low activity levels. 
BELGIAN SITUATION AND PROSPECTS FOR CLEARANCE OF RADIOACTIVE WASTE 
Radioactive waste in Belgium is managed by ONDRAF-N IRAS, the national 
agency for radioactive waste and enriched fissile m aterials created by a 
law of March 1981 amended in October 1991. The comp etencies of ONDRAF 
include transport, conditioning, temporary storage and final disposal of 
radioactive waste, as well as the various related q uality control and 
quality measures such as the definition of waste ac ceptance criteria and 
the qualification of waste treatment facilities. 
As for the clearance of radioactive waste, ONDRAF-N IRAS was charged by 
law with the tasks of establishing, on the basis of  general rules 
proposed to and approved by the competent authoriti es, detailed 
specifications and practices regarding clearance of  radioactive waste, 
hereafter called clearance rules. The competent aut horities are the 
Radiological Protection Office of the Federal Minis try of Public Health 
and Environment and the Office for the technical sa fety of nuclear 
installations of the Federal Ministry of Employment  and Labor. In a very 
short future both offices will be replaced by a sin gle federal agency for 
nuclear safety under the Ministry of Internal affai rs. 
In order to fulfill its task of establishing accept ance rules and 
criteria for clearance, ONDRAF has defined a global  strategy which is 
detailed below. 
Awaiting the definition of clearance rules and agre ement on these rules, 
the Belgian regulations on radiological protection remain valid. These 
regulations stipulate that waste generated by licen sed facilities must be 
treated as radioactive waste when its radiation exc eeds the natural 
background level. It is one of the responsibilities  of the health physics 
department of the facility to verify the radiation level. This means in 
practice that clearance of radioactive waste has be en performed until now 
on a case by case basis and in a non coherent way. 
General Strategy for Setting Clearance Rules 
In accordance with the regulations, the objective o f ONDRAF-NIRAS is to 
define practical rules for clearance of radioactive  waste in compliance 
with the general safety regulations. These rules wi ll be particularly 
important in the case of dismantling and decommissi oning of nuclear 
facilities or after large repairs. These operations  generate large 
quantities of low-level or slightly contaminated ma terial which are 
suitable for processing to reach very low residual activity levels and 
for clearance. The clearance rules will have an imp act on the development 
of decommissioning sequences and on the evaluation of their costs. 
The clearance rules will include clearance levels b ut also control 
measures related to these clearance levels. The cle arance levels will 
make it possible to define, for both unconditional and conditional 
clearance, acceptable levels for surface contaminat ion and for the 
activity concentrations of groups of isotopes depen ding on their 
radiotoxicity. The derivation of unconditional clea rance levels must 
necessarily take into account radiation exposure du ring all of the 
reasonably possible uses and movements of the mater ials intended for 
clearance. For a given radionuclide, the derived cl earance level will be 
determined by the scenario and exposure pathway whi ch give rise to the 
highest radiation dose. When a practice that is sui table for clearance is 
well defined, e.g. landfill disposal, it will usual ly be possible to take 
account of the known features of the practice. Thes e considerations may 



be expected, in general, to lead to higher clearanc e levels as compared 
to the unconditional levels. Furthermore, in case o f conditional 
clearance, the clearance rules must also make it po ssible to define rules 
concerning the system and measures to be implemente d in order to make 
sure that the cleared material follow the selected route. 
The second aspect of the clearance rules concerns t he control of the 
clearance levels. It is indeed important from a reg ulatory viewpoint, to 
be able to verify the applicable clearance levels. This can be done by 
direct measurement on the material to be cleared, b y laboratory 
measurements on representative samples, by use of p roperly defined 
scaling factors or by other means accepted by the c ompetent authorities. 
Of course, the choice of measurement strategy and a ppropriate instruments 
will depend on the type of material and radionuclid es present. 
ONDRAF-NIRAS has defined the following strategy to set the clearance 
rules: 
  The different actions must take into account the international state of 
the art and progress. It should indeed be kept in m ind that materials 
cleared in one country are not distinguishable from  non-radioactive 
material and may be moved from one country to anoth er. It is therefore 
necessary to develop an approach and to derive clea rance levels that are 
agreed upon internationally. To this end ONDRAF-NIR AS participated 
actively in advisory groups of the IAEA (Internatio nal Atomic Energy 
Agency, Vienna) set up to derive and recommend unco nditional and 
conditional clearance levels for solid materials co ntaining 
radionuclides, as well as in a working group of the  European Community, 
set up to derive clearance levels for recycling of metals. 
  On the basis of conservative nuclear safety rules , in particular for 
the individual dose criteria, clearance rules will be defined for the 
following practices: 
-  recycling or re-use in the nuclear sector; 
-  recycling or re-use in the non-nuclear sector; 
-  disposal in an industrial landfill or in a speci fic landfill intended 
only for cleared radioactive material (so-called de dicated landfill). The 
choice between the two types of landfill is first o f all an economic 
choice strongly linked to the quantity of material likely to be cleared. 
For the derivation of clearance levels for landfill  disposal, two 
specific studies were performed which are detailed hereafter. 
In addition to these conditional clearance levels, levels for 
unconditional clearance will be proposed. 
  The clearance rules, including practical measures  such as controls, 
will be presented and discussed with the main produ cers of radioactive 
waste. It should indeed be noted that one objective  of the clearance 
rules is to ensure coherence of these practical mea sures between the 
various waste producers. 
  After reaching a consensus with the waste produce rs, the clearance 
rules will be presented to the competent authoritie s before becoming 
effective. 
Clearance levels for Landfill Disposal 
Within the framework of a contract with the EC (Eur opean Commission), 
ONDRAF participated in two studies to derive cleara nce levels for 
landfill disposal: the first concerns the case of a n industrial landfill 
and the second the case of a dedicated landfill for  very low radioactive 
waste. 
a. Clearance levels for industrial landfill disposa l 



Following a conservative approach, the following ma sses of very low-level 
radioactive waste were assumed: 100,000 ton average d over a period of 30 
years sent to one class 1 landfill (industrial wast e) or ten different 
class 3 landfills (inert waste). 
As a landfill disposal site accepts waste from diff erent origins, it was 
assumed that the very low-level waste is mixed with  ordinary industrial 
waste. 
Different exposures were selected: engine driver, f oreman, truck driver, 
general public. 
In addition, the water pathway was studied on the b asis of data for a 
specific class 1 landfill. 
The results and a comparison with the (IAEA) uncond itional clearance 
levels are given in Table I. 
The table shows that the derived levels vary betwee n several orders of 
magnitude: 
  from 1 to 800,000 Bq/g for the class 1 landfill; 
  from 1 to 2,000,000 Bq/g for the class 3 landfill ; 
They reflect the highly different radiological char acteristics of the 
radionuclides. The lowest values are found for the radionuclides with 
high gamma energy and for the alpha emitters. 
The water pathway was found not to be limiting. 
The dose to the truck driver appears to be the limi ting scenario for many 
radionuclides (for this scenario no mixing with oth er non-radioactive 
waste is assumed). 
b. Radiological impact of a special landfill site f or very low 
radioactive waste 
This study was aimed at evaluating the exposure, in  terms of doses, 
resulting from the operation (for workers) of a spe cial landfill (with 
hypothetical geology and technical characteristics)  filled exclusively 
with very low radioactive waste. 
As in the first study, the impact of the site on th e public during the 
post-closure phase was taken into consideration. 
The activity of the waste likely to be sent to the facility ranges from 1 
to 100 Bq/g. 
In the absence of actual data on the isotopic compo sition of the waste 
involved (as for the first study: 100,000 tons over  30 years), the 
radiological impact was based on a specific uniform  activity of 100 Bq/g. 
For the workers, the highest doses are logically ob tained for the 
radionuclides with high gamma energy and for the al pha emitters, but 
remain limited to values around 0.01 mSv/year. 
For the individuals of the general public, doses ar ound 0.1 mSv/year are 
obtained for the alpha emitters, and for some radio nuclides such as Nb-
94, Ag-108 m and Ra-226 doses above 1 mSv/year are found. 
The water pathway generates the highest dose for I- 129 (around 0.1 
mSv/year); the other doses remain below 0.02 mSv/ye ar. 
CONCLUSION 
Both in France and in Belgium, management of very l ow-level waste fits 
within the scope of the general policy on radioacti ve waste management 
pursued by the respective national organizations, i .e. ANDRA for France 
and ONDRAF for Belgium. The management strategy out lined by these 
organizations shows nevertheless different levels o f progress in the two 
countries. 
In France, a strategy was outlined in consultation with the safety 
authorities for very low-level waste, i.e. waste wi th an activity below 



100 Bq/g produced by the "conventional nuclear" sec tor. This strategy 
aims at disposing of the waste in a "dedicated" dis posal site after 
having identified the areas of installations that a re likely to generate 
radioactive waste. 
In Belgium, the strategy outlined by ONDRAF aims at  defining exemption 
levels and rules for different practices according to the nature of the 
waste and its destination. One of the practices env isaged corresponds 
with that foreseen in France. However, this solutio n of "dedicated" 
disposal can only be envisaged, both technically an d economically, for 
waste quantities. It is also not excluded that, for  some type of very low 
active waste, a so called unconditional clearance, based on 
internationally agreed levels, will be possible in Belgium after 
agreement of the competent authorities. 
The different progress in the implementation of a s trategy for very low-
level waste in the two countries can be explained, among others, by the 
different order of priorities due to the existing q uantities of waste 
suitable for disposal. 
It should be noted that both organizations agree on  the fact that one of 
the main difficulties associated with the managemen t of this category of 
waste is caused by measurement problems (levels, re presentativity of 
samples) regarding low activity levels. 
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ABSTRACT 
OHM Remediation Services Corp., Nuclear Services Di vision (OHM) has 
developed a container that is capable of holding hi gh activity waste and 
can be shipped as a DOT Type A shipment. By making the container special 
form the amount of activity that can be transported  in a Type A shipment 
is greatly enhanced. This leads to a great savings in the transportation 
costs associated with cask rental, handling and shi pping. Normal form 
packages can allow access to the radioactive materi al without destruction 
of the package. Special form material presents an e xtra degree of 
protection to the environment by requiring the pack age to be destroyed to 
get access to the radioactive material. The package  must undergo specific 
testing requirements to meet these criteria (10 CFR  20 and 49 CFR 173). 
Typically, sealed sources do not meet the requireme nts for normal form. 
For example, Radium 226 is normally limited to 50 m illi-curies per 
container for transportation as DOT Type A. With th e special form 
container up to 10 curies of Ra 226 can be transpor ted in a single 
package.  
DESCRIPTION OF WORK 
OHM was performing a superfund remediation job for the EPA in Queens, New 
York which involved the removal of approximately 12 0 curies of radium 
needles, plaques and sources, plus various amounts of highly contaminated 
material. The problem arose as to how to dispose of  the sources in an 
efficient manner to minimize radiation exposure, wi thout escalating 



costs. The following items were taken into consider ation that lead to the 
development of the special form disposal container:  
  Prevent having to handle each of the approximatel y 10,000 sources, 
  Limit whole body and extremity exposure, 
  Not having to determine if they leaked or not, an d 
  Prevent an excessive number of shipments of small  activity, 
As mentioned before, with radium the packaging effi ciencies greatly 
increase with the special form container. Other rad ionuclides where this 
container offers a distinct advantage are given in Table I. 
Table I 
Through review of all of the restricting criteria f rom the disposal site 
and the Department of Transportation, a plan of act ion was made to 
develop several operational containers capable of m eeting the above 
needs. Criteria considered included: 
 A. Exposure limits on the package - 1000 mR/hr. 
 B. Exposure limits on the surface of the vehicle - 200 mR/hr. 
 C. Exposure limit of 10 mR/hr at 2 meters from the  vehicle. 
 D. No leaking sources are acceptable for disposal (over 10,000 
 sources had to be determined to be either leaking or non leaking). 
 E. Sources required to be inside a DOT 2-R contain er. 
 F. The disposal site can have no more than 25 curi es above ground at 
 one time. 
 G. Weight constraints on the 55 gallon drum (1400 lbs). 
 Immediately, the concern turned to protection of t he workers loading and 
handling the container. Through calculations and sh ielding analysis, the 
exposure rates for various amounts of radium were a pproximated on the 
outside of the container. Appropriate shielding was  then designed to 
protect the workers loading the container, welding and inspecting the 
container, and then handling the container for ship ment. Calculations 
showed unshielded radiation levels on the outside o f the container to be 
approximately 15 R/hr on contact on the side, 21 R/ hr on contact on the 
bottom, and 800 mR/hr at one meter from the side of  the container.  
The use of lead shielding was obviously necessary t o allow the workers to 
stay within the administrative dose guidelines of O HM Nuclear to meet its 
ALARA philosophy. Calculations were then done to de termine the maximum 
amount of lead that could be placed in a container and still meet the 
weight constraints of our 55 gallon drum and the te sting criteria of 49 
CFR 173. 
INNER CONTAINER 
The size of the inner, special form, container was determined by 
considering what type of material would be placed i nside. Radium sources 
can be used for pharyngeal applications that requir e needles up to eight 
inches in length, with the diameter being about one  eighth of an inch. 
Other longer needles were assumed to be possible, b ut the probability was 
determined to be low and it was decided they could be remotely handled 
and made to fit the container. The potential for ex tremely high dose 
rates that are associated with 10 curies of radium 226 (or 30 curies of 
cesium 137) warranted special shielding considerati ons. With the burial 
site criteria of radium being required to be inside  a DOT 2-R container 
the diameter of the encapsulating container and add itional lead shielding 
was limited to 12" by the DOT specifications for th e 2-R container.  
Therefore, the next consideration was a compromise between the physical 
sizes of the inner, special form, container and the  lead shielding that 
would reduce the exposure rates the most for this a pplication. Because of 



the constraints of welding and testing the weld on the special form 
container extra attention was given to the exposure  levels at the top of 
the inner container. The dilemma here arose from th e fact that the top 
had to be welded, and then the weld inspected, both  tasks requiring close 
hands-on work in a high radiation field. See Fig. 1 . Steel was used as 
shielding material on the sides of the container, w hile lead was used at 
the top. To meet special form criteria the outer si des, top, bottom, and 
lifting lugs were all stainless steel. All welds we re inspected non-
intrusively prior to final release. 
Fig. 1 
ENCAPSULATED CONTAINER 
The special form container was required to be place d inside a DOT 2-R 
container, which limited the physical size to a 12 inch diameter. 
Additional shielding was required to maximize the a ctivity for disposal 
in the inner container. With the evaluation of the weight limitations, 
the size dimensions, the shielding needs, and possi ble materials, it was 
determined that one inch of lead was the maximum th at could be placed 
along the sides of the encapsulating container. The  bottom would require 
more shielding because of its close proximity to th e sources and could 
have one and one half inches of lead shielding.  
Fig. 2 
It was determined that shielding inside the special  form container was 
required to meet the needed constraints, mainly due  to ALARA 
considerations. Testing of the special form contain er proved difficult 
because of the weight involved with a container of such size. The walls 
of the container were made from one quarter inch st ainless steel. 
Therefore, the welding to seal the bolt of the cont ainer had to be a 
Tungsten-Inert Gas (TIG) weld. This type of weld is  difficult and was 
made even harder by being in a difficult place to p erform. As can be seen 
it would be inside 55 gallon drum, inside a shielde d 2-R container. 
In the development of the container several designs  were proposed and 
tested. Physical constraints that were imposed by t he mere numbers of 
sources to be handled and the uncertainty of the di mensions of the items 
to be disposed required shielding analysis of all p roposed containers as 
part of the design phase. Changes that were the res ult of actions at the 
superfund site required an additional container be constructed with a 
wide mouth opening. This container was capable of h olding items too large 
to fit inside the small opening of the first contai ner. The larger 
container was also designed to completely enclose t he smaller container 
if the need arose.  
CONCLUSION 
The containers designed were capable of meeting the  design criteria as 
imposed by DOT and the burial site and were used ex tensively throughout 
this project and at other projects. The dose receiv ed by individuals 
handling the large amounts of radium fell well with in the ALARA concept. 
It was shown that high activity waste could be hand led safely and 
efficiently in large quantities without exposing th e worker to undue 
risk. In one instance over two curies of radium was  packaged and shipped 
for disposal with the exposure for all workers invo lved totaling 0.49mSv 
(49 mrem). 
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ABSTRACT 
This paper reports on the current efforts of the Of fice of Spent Fuel 
Management (EM-67) to meet the major challenge faci ng the U.S. Department 
of Energy-owned spent fuel Quality Assurance commun ity: the 
implementation of an effective, efficient, and inte grated Quality 
Assurance program that meets all regulatory require ments of the Office of 
Civilian Radioactive Waste Management's Quality Ass urance Requirements 
and Description (DOE/RW-0333P). The paper presents the goals and status 
of the implementation of the Department's Spent Fue l Quality Assurance 
Program. It summarizes progress made in assessing a nd implementing 
Quality Assurance requirements for Department-owned  spent fuel, the 
methodology for verifying compliance, where appropr iate, with DOE/RW-
0333P, and implementing processes and procedures to  qualify Quality 
Assurance programs and verify quality affecting dat a. Lastly, it 
discusses the vision forward initiatives for the Sp ent Fuel Quality 
Assurance Program. 
INTRODUCTION 
The Department of Energy (DOE) confronts the diffic ult task of managing 
and disposing of the inventory of DOE-owned spent n uclear fuel (SNF) 
generated by past production and ongoing test/resea rch reactor 
operations. In 1992, the Secretary of Energy direct ed the Assistant 
Secretary for the Office of Environmental Managemen t (EM) to develop an 
integrated, long-term SNF management program to con solidate, under EM 
management, all DOE SNF and associated facilities n ot addressed by the 
Office of Civilian Radioactive Waste Management (RW ), which manages the 
program for the safe disposal of SNF produced by ci vilian nuclear power 
reactors. Currently, EM is responsible for the DOE- owned SNF Program's 
policy, while overall coordination is assigned to t he Office of Spent 
Fuel Management (EM-67). EM-67 is therefore respons ible for mitigating 
vulnerabilities and implementing the safe and cost effective near-term 
interim storage of DOE-owned SNF prior to the final  disposition of the 
fuel at an RW-managed storage facility or repositor y. 
An integral component of this responsibility is the  implementation of 
quality assurance (QA) programs for the management of DOE-owned SNF (1). 
QA includes all those planned and systematic activi ties necessary to 
provide confidence that a structure, system, or com ponent will perform 
satisfactorily in service. Commonly required action s in a QA Program 
include well-defined responsibilities and authority , controlled and 
documented personnel qualifications, and documented  evaluation 
activities. QA assists in ensuring that the SNF Pro gram is managed in a 
coordinated manner consistent with relevant technic al requirements. A 
systems engineering process was introduced to the P rogram to establish a 
consistent complex-wide standard of excellence whic h fosters continuous 
improvement and enhancement of SNF activities. This  process was intended 
to facilitate the application of appropriate QA pra ctices and applicable 
standards integrated into the SNF management system  of planning program, 



establishing requirements, integrating activities, and providing 
resources throughout the life cycle of the SNF Prog ram, from assuring 
existing storage to preparing for final disposition .  
A key element of the SNF QA Program is its linkage with the RW QA 
Program. A primary element of RW's mission is to si te, construct, and 
operate a geologic repository for the disposition o f commercial nuclear 
power plant spent fuel and high-level waste (HLW). Since the Department 
of Energy has determined that the path forward for final disposition of 
its spent fuel is in the geologic repository, EM-67  has adopted RW's 
Quality Assurance Requirements and Description (DOE /RW-0333P, hereinafter 
referred to as the QARD) as the baseline for all qu ality affecting 
activities associated with preparation for disposal  (2). 
Because DOE-owned SNF may eventually be turned over  to RW, it must be 
characterized and processed so as to meet the long- term Nuclear 
Regulatory Commission (NRC) requirements for long-t erm disposal and 
thereby be acceptable to RW at the time of turnover  (3,4). All producers 
of HLW and owners of SNF are required to comply wit h these QA 
requirements to assure the acceptability of their H LW and SNF by RW for 
disposal in a geologic repository. The QARD, the pr incipal QA document 
for RW, establishes the requirements for the HLW/SN F QA program. It is a 
compliance-based document designed to meet the NRC licensing 
requirements. Since the QARD has been reviewed and approved by the NRC, 
its adoption will facilitate the movement of the SN F Program toward NRC-
licensed (or licensable) interim storage facilities . Additionally, EM 
adoption of the QARD will align the SNF QA programs  with the RW QA 
program and facilitate ultimate disposal. Implement ation of the QARD 
involves EM-30, EM-60, DOE Operations/Area Offices,  and its management 
and operating (M&O) contractors (5). 
The major challenge facing the DOE-owned SNF QA com munity is the 
implementation of an effective, integrated, and eff icient QA program that 
meets all regulatory requirements of the QARD. The goal of the DOE-owned 
SNF QA Program is to obtain RW acceptance of the Na tional SNF QA Program 
and begin qualification of SNF sites to support the  SNF Program's path 
forward for final disposition. The systems engineer ing breakdown provides 
the road map to implement the QARD and other applic able standards. 
BACKGROUND 
The SNF Program is currently incorporating the RW Q A requirements to SNF 
quality-affecting activities. Since EM-30 initially  established a QA 
program for HLW vitrification activities that addre ssed all RW QARD 
requirements, the Deputy Assistant Secretary for Wa ste Management (DASWM) 
concluded that the HLW QA program should be extende d to include SNF. 
Because the HLW QA Program was accepted by RW on Au gust 13, 1994, the 
Office of Program Integration (EM-33) and the Offic e of Spent Fuel 
Management (EM-37) signed an agreement in principle  (AIP) and a proposed 
implementation process to designate the HLW/SNF QAP M (EM-33) as the 
single point of contact between EM-30 and RW for QA  matters, and to 
develop one set of SPPs for SNF and HLW for impleme ntation of the 
requirements in the QARD (6). In August 1994, a wor king group of EM-33 
and EM-37 HQ and site personnel was established to integrate applicable 
SNF QA activities into the HLW SPPs. The SPPs descr ibe internal and 
external interfaces, organizational structures, req uirements and 
responsibilities for the HLW and SNF quality affect ing work at 
Headquarters. Compliance with the SPPs is mandatory  for all HQ 



organizations (including HQ support offices) involv ed in the HLW/SNF QA 
Program. 
The HLW/SNF SPPs were issued in February 1995. In a ddition, the HLW/SNF 
Quality Management Plan (QMP) was developed as an a ppendix to the HLW/SNF 
SPPs. The QMP describes the HLW/SNF QA Program and the SPP process for 
controlling HQ and HQ support offices. The QMP prov ides the overall basis 
for an effective QA program to address both the HLW  and SNF functions and 
corresponds to the criteria of the QARD. It identif ies the applicability 
and responsibilities for the appropriate programmat ic requirements for 
HLW/SNF QA activities, including a general descript ion of the QA program 
hierarchy, identifying those elements applicable to  HQ and guidance 
information at the Operations Offices and M&O contr actor levels. The QMP 
is based on the requirements of EM-30, "Quality Ass urance Program 
Description" (QAPD), and the QARD. Also under this AIP, EM is developing 
for submission to RW an SNF requirements matrix tha t identifies the SPPs 
to implement the QARD requirements. 
In December 1995, the Office of Spent Fuel Manageme nt (EM-37) was 
realigned under the Office of Nuclear Material and Facility Stabilization 
(EM-60). This realignment/reorganization shifted pr ogram management 
functions within the following EM Offices: 
The Office of Spent Fuel Management (formerly EM-37 ) has become EM-67, 
interfacing with other EM-60 offices (EM-63 and EM- 65) on SNF site 
issues; 
HLW/SNF QAPM (formerly within EM-33) is now in EM-3 7 (Office of Technical 
Services) and is still charged with overall managem ent of HLW/SNF QA 
Program; 
QAPM is still the lead point-of-contact to date bet ween RW and EM for QA 
activities related to both HLW and SNF; and  
QAPM is responsible for submitting QA documents to RW for acceptance, 
i.e., organizational descriptions and QARD Requirem ents Matrices, as 
required by RW QARD). 
Figure 1 displays the document hierarchy chart for the SNF Program. 
Fig 1 
RW ACCEPTANCE OF THE HEADQUARTERS SNF QA PROGRAM 
The QA Program being applied to the DOE-owned SNF a ctivities is described 
in the HLW/SNF and the SPPs. The SNF Program has es tablished the QARD as 
the standard for the following applications: 
  Characterization or data collection for input or use for interim 
storage or ultimate disposition that could affect t he acceptance of SNF 
in a Nuclear Regulatory Commission (NRC) licensed s torage facility or 
repository. 
  Conditioning for interim storage or into final fo rm for disposal that 
could affect the acceptance of SNF in an NRC licens ed storage facility or 
repository. 
  Handling and packaging for interim storage or dis posal that could 
affect the acceptance of SNF in an NRC licensed sto rage facility or 
repository. 
The implementation of the QARD for these activities  will facilitate the 
interfaces between EM, RW, and NRC and assure the s mooth transition of 
the SNF from existing conditions through interim st orage to final 
disposition. 
The appropriate criteria from other quality standar ds will be utilized as 
they apply to the remainder of SNF activities as de fined in the 
individual site quality program. If the decision is  made to privatize the 



operations of new interim storage facilities or pac kaging and 
transportation of SNF, the NRC regulations will app ly through the direct 
application of Title 10 of the Code of Federal Regu lations (CFR), Part 72 
or Part 71, respectively, assuming privatized stora ge facilities will be 
licensed by and appropriate fees paid to the NRC. 
The Headquarters SNF QA Program is taking a number of actions to obtain 
RW acceptance by March 29, 1996. Figure 2 displays the implementation of 
the SNF QA Program. Actions or steps taken or to be  taken include: 
  Coordinating with RW in revising the QARD to incl ude an SNF QA 
Appendix. 
  Revising the QMP, which defines the scope of appl ication to those SNF 
Program management activities performed within EM-6 0 organizations 
involved with the SNF Program. The QMP identifies t he specific authority 
and responsibility for SNF quality-related activiti es, and also defines 
roles, responsibilities, and activities of the EM-3 0 organization 
assigned QA responsibilities for the SNF Program. 
  Revising the SPPs to show compliance with recent revision of the QARD. 
Issuing the SPPs to SNF personnel. Providing SPP tr aining to all SNF 
personnel who implement SPPs. 
  Performing internal reviews of implementation  
  Submitting RW requirements matrix and organizatio n procedure to RW for 
acceptance 
  Performing evaluation and assessment activities o f implementation both 
at HQ and in the field 
  Obtaining RW-3 acceptance of the SNF QA Program 
Fig 2 
SNF QA PROGRAMS AT THE SITES 
Documents from a variety of sources are used to dev elop the quality 
program, quality assurance plans, and procedures to  control SNF work 
activities. However, the contents of the source doc uments do not 
necessarily apply to all program activities. The ap plicability of quality 
program regulations, DOE Orders and directives, nat ional standards, and 
guidance documents to the SNF program needs to be e valuated on a site-by-
site basis in accordance with the following guidanc e. For each specific 
site, the quality assurance programs for SNF manage ment are still under 
development. Exceptions and/or changes to each site 's quality assurance 
program may be needed to demonstrate implementation  of the QARD. 
In response to DOE Order 5700.6C, Quality Assurance , and 10 CFR 830.120, 
Quality Assurance Requirements, each site is develo ping or has developed 
a QAPD to cover their site operations. These QAPDs establish the 
foundation for operation of each site's quality ass urance program. The 
QAPD applies to organizations, individuals, vendors , and other entities 
working for the site. 10 CFR 830.120 provides requi rements for M&O 
contractors in the design, construction, and operat ion of nuclear 
facilities, while nonnuclear facilities are governe d by DOE Order 
5700.6C. The 5700.6C requirements are applicable to  site activities not 
related to SNF activities.The SNF Program is undert aking actions to 
qualify the SNF QA Programs at Idaho, Richland, and  Savannah River by FY 
1996 and FY1997. (See Fig. 3). Actions or steps inc lude: 
  Directing (via the EM Program Execution Guidance for FY 1996) RW QARD 
implementation for ongoing SNF activities, managing  SNF data and records. 
  Initiating a consolidated QA activities report wh ich provides status of 
QA programs at HQ and at applicable SNF Sites. 



  Establishing lines of communication and identifyi ng SNF points-of-
contact. 
  Providing systems engineering integration guideli nes. 
  Conducting QA and data reviews at the sites. Prov iding guidance based 
on review results. 
  Establishing SNF data proposed path forward based  on reviews. 
  Conducting qualification audit and activities of the Operations Offices 
and its M&O contractors to verify QA program implem entation in accordance 
with the QARD. 
Fig 3 
Fig 4 
DATA QUALIFICATION PROCESS 
QA records are completed documents that furnish evi dence of the quality 
of items and activities. SNF QA records are generat ed when SNF is 
handled, moved, characterized, or conditioned. QA r ecords also are 
generated during the design, specification, and qua lification of 
facilities or equipment involved with SNF disposal.  SNF QA records must 
be controlled to ensure that information is accurat e and available for 
use in support of the eventual disposition of SNF i n a disposal facility. 
Accordingly, each SNF site will implement a records  management system 
specifically for the DOE SNF Program. 
Records generated prior to development of the DOE S NF Program also may be 
needed to support interim storage and ultimate disp osition of SNF. Until 
RW identifies all SNF information needs, sites will  ensure that 
previously generated records are protected from dam age, loss, or 
destruction. When these records are used to support  interim storage or 
ultimate disposition of SNF, they will be validated  as QA records and 
managed under each site's QA records program. 
The Integrated Spent Nuclear Fuel Database System ( ISNFDS) was developed 
as a management tool specifically for EM-67 as the single source of data 
for management planning during disposition of DOE's  SNF. The ISNFDS now 
contains information on most DOE-owned SNF. Data in  the ISNFDS needed to 
support acceptance of SNF in a geologic repository will be qualified to 
requirements of the QARD by the SNF sites. The ISNF DS will be updated 
with qualified data which will then be made availab le to the Unified 
Database under development by RW. 
VISION FORWARD: SNF QA INITIATIVES  
The QMP will formulate national Program QA manageme nt and oversight 
strategies and define the site-specific QA implemen tation strategies 
necessary to accomplishing the SNF Program mission.  All site-specific SNF 
activities will be categorized using the SNF system s engineering process 
to identify the applicable QA implementation standa rds. The SNF Program 
has selected the RW QARD for SNF activities affecti ng interim storage or 
final disposition of SNF, from assuring existing st orage through 
achieving interim storage to preparing for final di sposition. QA controls 
will be applied in a graded approach consistent wit h, and as defined by, 
the applicable implementation standards. 
Implementation of the RW QARD must be performed at the Sites to cover 
ongoing quality activities, such as the TRIGA cask loading at DOE 
Richland, the lab studies at DOE Savannah River, an d the canning and 
conditioning at INEL as fuels are moved from wet to  dry storage. 
The SNF QA Program has projected a number of activi ties and initiatives 
for Fiscal Years 1996 and 1997. However, these plan s may require 



significant modification and updating in light of t he uncertainties 
associated with various reductions in both EM and R W budgets. 
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APPLICATION OF QUALITY ASSURANCE CONTROLS TO TBM TUNNELING ON THE YUCCA 
MOUNTAIN PROJECT 
Jon D. Christensen 
Parsons Brinckerhoff Energy Services, Inc. 
ABSTRACT 
As part of the Yucca Mountain Project (YMP), a 7.62 -meter diameter tunnel 
is being constructed using a Tunnel Boring Machine (TBM). This tunnel, 
which may form a portion of a permanent high-level nuclear waste 
repository, is being constructed under the auspices  of a nuclear quality 
assurance (QA) program. The YMP nuclear QA program applies to items and 
activities determined to be important to radiologic al safety, waste 
isolation, and potential interactions with the envi ronment. The items and 
activities determined to be important have been ass igned a quality 
assurance classification. This paper focuses on the  items (rockbolts, 
steel sets, and shotcrete) and quality affecting ac tivities involved in 
providing ground support and excavating the tunnel.  Typical activities 
that have been assigned QA classifications include TBM maintenance, 
control of water used in the tunnel during construc tion, and control of 
diesel emissions in the tunnel. The paper concludes  that the key to the 
successful implementation of nuclear QA requirement s for tunneling at 
Yucca Mountain was the assignment of personnel with  the appropriate mix 
of tunneling and nuclear experience. 
OVERVIEW OF THE CONSTRUCTION PROJECT 
The U. S. Department of Energy's Yucca Mountain Pro ject (YMP) is being 
conducted to determine the suitability of Yucca Mou ntain, located 
northwest of Las Vegas, Nevada on the Nevada Test S ite, as a high-level 
nuclear waste repository. As part of this project, an Exploratory Studies 
Facility (ESF) is being constructed to characterize  the site and to form 
a portion of the permanent repository should the si te be found 
acceptable. Construction of a 7.62-meter diameter t unnel and associated 
alcoves approximately 7.8 km in length is a major p ortion of the ESF. 
Kiewit/PB is responsible for the construction of th e tunnel using a 



design provided by the Management & Operating (M&O)  Contractor for the 
Yucca Mountain Project, TRW Environmental Safety Sy stems Inc. 
The tunnel is being excavated using a Tunnel Boring  Machine (TBM). Ground 
support, in the form of rockbolts or steel sets (st ructural steel 
members), is installed as the TBM advances. Steel r einforced concrete 
invert segments and rail track are also placed as t he TBM advances and 
provide the surface and track which support the TBM  trailing gear. As can 
be seen from Fig. 1, the TBM trailing gear includes  a mapping gantry used 
by scientists assigned to the project to conduct de tailed geologic 
mapping of the ESF. Use of this mapping gantry allo ws the geological 
mapping to be conducted at essentially the same tim e as the tunnel is 
bored and prior to the installation of support util ities such as air and 
water lines, electrical cable, and the muck conveyo r. 
Fig. 1 
As of December 1, 1995, close to 3.2 km of the appr oximately 7.8 km in 
the total tunnel loop had been constructed. It is p lanned that the tunnel 
be finished in calendar year 1996 or early 1997. Th e possibility exists 
that additional tunneling beyond that of the main l oop may eventually be 
constructed. 
QUALITY ASSURANCE REQUIREMENTS 
ESF construction work is conducted by Kiewit/PB in accordance with 
specifications and drawings provided by the M&O Arc hitect Engineer (A/E) 
organization. These specifications and drawings ide ntify items and 
activities which have received a QA classification referred to as a 'Q' 
classification and fall under the auspices of a QA program required to be 
implemented by Kiewit/PB. 'Q' classifications inclu de items and 
activities important to radiological safety, import ant to waste 
isolation, and important to potential interaction w ith the environment. 
Importance to radiological safety involves ensuring  that spent nuclear 
fuel can be received, handled, packaged, stored, an d retrieved without 
undue risk to the health and safety of the public. Because the ESF tunnel 
may become part of the permanent repository, this c lassification is 
applied to certain items providing ground support. Importance to waste 
isolation involves ensuring that barriers to preven t the migration of 
radionuclides remain intact during storage. Use of organic material which 
could degrade such barriers over time is limited an d strictly controlled 
as a result of the application of this classificati on. Items whose 
failure could impair the ability of another item to  perform its intended 
radiological safety or waste isolation function are  classified important 
to potential interaction and also fall under the au spices of the QA 
program. 
The overall QA program that is required to be appli ed to 'Q' classified 
items and activities for work at Yucca Mountain is defined in the U.S. 
Department of Energy Office of Civilian Radioactive  Waste Management 
Quality Assurance Requirements and Description (QAR D). This document is a 
compilation of the various regulatory and commitmen t documents regarding 
QA that are applicable to the YMP but is based prim arily upon the 
following documents: 
  10CFR60, Disposal of High-Level Radioactive Waste s in Geologic 
Repositories, Subpart G - Quality Assurance 
  10CFR50, Appendix B, Quality Assurance Criteria f or Nuclear Power 
Plants and Fuel Reprocessing Plants 
  ANSI/ASME NQA-1(1989), Quality Assurance Program Requirements for 
Nuclear Facilities 



  NRC Review Plan (Rev. 2), U.S. Nuclear Regulatory  Commission Review 
Plan for High-Level Waste Repository Quality Assura nce Program 
Descriptions 
Kiewit/PB has established Management Control Proced ures which address and 
implement the QA requirements contained in the QARD . In addition, 
Technical Control Procedures have been written that  define how quality-
related work will be conducted by the construction forces and engineering 
support organizations. Quality Control Procedures h ave also been written 
that define how quality control inspections will be  conducted and 
documented. 
The overall Kiewit/PB organization includes a QA or ganization that 
reports on a day-to-day coordination basis to the K iewit/PB Project 
Manager and to a corporate Quality Services Directo r on QA issues. The 
procedural and organizational structures of Kiewit/ PB as they relate to 
QA requirements are similar as would be found for m ost organizations 
implementing nuclear QA requirements. Of greater in terest as reported 
herein is how the nuclear QA requirements are appli ed to the construction 
of a tunnel and this is discussed in some detail in  the following 
section. 
APPLICATION OF QUALITY ASSURANCE REQUIREMENTS 
The only hardware items that have received a 'Q' cl assification are those 
items providing ground support for the tunnel. Thes e items are rockbolts, 
steel sets, and shotcrete. The use of shotcrete is minimized because of 
its impact on the geological mapping and evaluation s being conducted by 
the scientific community. No quality-related shotcr ete has yet been 
placed in the main portions of the tunnel and alcov es. A description of 
the application of quality assurance requirements t o the procurement and 
installation of rockbolts and steel sets follows. 
Rockbolts 
Two types of permanent function rockbolts are curre ntly being utilized 
for 'Q' applications. The first is Super Swellex wh ich are manufactured 
by Atlas Copco and the second is a hollow core cont inuously threaded 
rockbolt provide by Williams Form Engineering Corpo ration. These two 
types of rockbolts are shown in Fig. 2 along with t he required 
installation pattern for both. 
Fig. 2 
The Super Swellex bolts, three meters in length, ar e circular steel 
tubes, folded to reduce their diameter. They are pl aced in drilled holes 
and expanded using high-pressure water. The bolts e xpand and may compact 
weaker material surrounding the hole and adapt thei r shape to any 
irregularities in the hole. The resulting frictiona l and mechanical 
interlocking reinforce and increase the stability o f the rock surrounding 
the drilled hole. It should be noted that rolled st eel channels and wire 
mesh may be installed along with these rockbolts as  necessary for 
personnel safety.Because the manufacturer of Super Swellex bolts does not 
have a nuclear QA program meeting QARD requirements , the rockbolts are 
purchased as 'commercial grade' off-the-shelf items . Upon receipt, the 
rockbolts are 'dedicated' for use in a QA-classifie d application by the 
conduct of special tests and inspections. These spe cial tests and 
inspections are conducted by the Kiewit/PB Quality Control group upon 
receipt of the rockbolts at the site and must be su ccessfully completed 
before the rockbolts are released by the Quality Co ntrol group for use. 
Specifically, Quality Control verifies that the roc kbolts have not been 
damaged or contaminated and that the dimensions spe cified by the 



manufacturer are correct. One bolt out of every 100  received is 
destructively pull tested to verify that it meets t he manufacturer's 
published minimum breaking strength of 200 kN. 
During installation, Quality Control Inspectors mon itor that the holes 
drilled for the rockbolts are clean and free of loo se debris and are 
located in accordance with design pattern requireme nts. In addition, 
Quality Control Inspectors monitor the installation  of the rockbolts to 
ensure that they are being properly pressurized to a pressure between 290 
and 310 bar using calibrated pressure gauges. This ensures that the 
rockbolts are being properly expanded during the in stallation process. 
After installation, five of every 100 rockbolts are  nondestructively 
proof load-tested to verify that a specified load c an be placed without 
exceeding a specified displacement of the rockbolt.  Although the tests 
are performed by the construction force, the tests are witnessed and the 
results verified by Quality Control Inspectors. 
The Williams hollow core continuously threaded rock bolts are initially 
anchored in place by the mechanical anchor head at the end of the bolt 
placed into the drilled hole. As a nut on the outsi de end of the bolt is 
tightened against a plate on the tunnel surface, th e mechanical anchor 
expands against the sides of the hole and the bolt is set in place. The 
bolt is then grouted in place by pumping grout thro ugh the hole in the 
center of the bolt until the space in the hole surr ounding the bolt is 
completely filled. As with the Super Swellex bolts,  the supplier does not 
have a nuclear quality assurance program and they a re purchased 
'commercial grade' and dedicated by the Kiewit/PB Q uality Control group 
by conducting special tests and inspections upon re ceipt at the site. The 
bolts are inspected and one rockbolt out of every 1 00 is destructively 
pull-tested in a manner similar to Super Swellex ro ckbolts. 
During installation of the Williams rockbolts, Qual ity Control Inspectors 
monitor to ensure that the bolts are being installe d in accordance with 
design pattern requirements, proper hole depths for  the rockbolts are 
achieved, there is sufficient protrusion of the roc kbolts from the holes 
to ensure proper nut engagement, and that the prope r setting of the 
rockbolts is occurring by checking the setting torq ue using calibrated 
torque wrenches. Steel channels and wire mesh are i nstalled along with 
these rockbolts as necessary for personnel safety. The Inspectors also 
verify that the grout is properly mixed, at the cor rect temperature, and 
pumped until there is a continuous grout return vis ible at the rockbolt 
bearing plate. In addition, Quality Control takes s ample grout cubes 
during each shift of grouting operations, cures the  sample cubes in 
accordance with specification requirements, and con ducts break tests in a 
site laboratory operated by Kiewit/PB Quality Contr ol to verify that the 
required compressive strength of 20.69 MPa is being  achieved.After the 
grout has set for a minimum of 72 hours, nondestruc tive pull testing of 
five of every 100 rockbolts is conducted and the te st results verified by 
Kiewit/PB Quality Control. 
A recent specification change, currently under eval uation for impact, has 
reclassified steel channel, wire mesh, and short ro ckbolts, as 'Q.' These 
items, previously unclassified and only installed b y Kiewit/PB as 
necessary for personnel safety, will now be require d to be receipt 
inspected and dedicated, installed in accordance wi th work procedures, 
and have the installation monitored for adequacy by  the Kiewit/PB Quality 
Control group. 
Steel Sets 



Steel sets are used as tunnel ground support in are as where the ground 
conditions are inadequate to allow the use of rockb olts. Steel sets are 
structural steel rings, made from W8 steel shapes b ent or rolled to the 
proper diameter, set on the concrete invert segment s, and expanded into 
place on the inside diameter of the tunnel surface as shown in Fig. 3. 
Fig. 3 
The rings are normally placed four feet apart (two- foot spacing is 
allowed) and lagging, in the form of steel channel or wire mesh, is 
placed between the rings as necessary to support th e ground. As shown in 
Fig. 4, the rings consist of three main segments, b olted together, and  
four shorter segments used in conjunction with shim s during the 
installation expansion process. Hydraulic jacks are  used to expand the 
rings against the tunnel surface, shims added as ne cessary, and the 
expansion segments bolted together. 
Fig. 4 
Although the initial steel sets installed in the tu nnel were manufactured 
by a supplier working under the Kiewit/PB QA progra m, most steel sets 
have been procured from fully qualified suppliers h aving QA programs 
meeting nuclear requirements. The Kiewit/PB QA orga nization conducts 
surveillance of these suppliers during the manufact uring process to 
ensure specification requirements are being met. Up on receipt of the 
steel sets at site, they are inspected by Kiewit/PB  Quality Control for 
damage and spot-checked for correct dimensions, con figuration, and 
adequate welding. Documentation supplied by the man ufacturer, including 
material test reports, welder qualifications, nonde structive test 
results, inspection results, and nonconformances, i s also reviewed by 
Kiewit/PB Quality Control when the steel sets are r eceived. 
During installation, Quality Control Inspectors ens ure that steel set 
components are not damaged; correct components such  as nuts, bolts, and 
washers are used; the jacking force used to expand the rings does not 
exceed the maximum specified value of 242 kN; the s pacing between the 
steel set rings is correct and that the rings are n ot placed closer than 
four inches from the front or rear edges of the con crete invert segment; 
and verify that the bolts connecting the steel set segment pieces are 
properly tightened. The Inspectors also record the unique identification 
numbers stamped on each of the ring segment pieces.  In addition, the 
installation of the lagging is monitored to ensure that it is properly 
installed and is not damaged. 
Other construction activities, including shotcretin g, drill and blast 
excavation of alcoves, and fabrication and installa tion of concrete 
invert segments, require Quality Control monitoring  and inspection. 
Specifically, the Quality Control group performs ci vil testing related to 
these activities including aggregate gradation, moi sture, slump, and 
concrete cylinder and shotcrete core strength tests  as well as other 
specific installation inspections. 
QUALITY ASSURANCE CONTROLS RELATED TO OTHER SITE ACTIVITIES 
Numerous other QA Controls are detailed in the spec ifications that govern 
the overall construction activities being performed  by Kiewit/PB. These 
activities do not require direct inspection or moni toring by the Quality 
Control group but must be performed by trained pers onnel working to 
approved procedures. In most cases, quality assuran ce records are 
generated as a result of these controls. The functi on of the Kiewit/PB QA 
organization, as it applies to these QA Controls, i s to ensure that the 
required work procedures are developed, the procedu res adequately address 



the applicable specification requirements, and that  the requirements of 
the procedures are being properly implemented by th e applicable Kiewit/PB 
organization responsible for conducting the work. T his is accomplished by 
conducting reviews of all procedures that address Q A Controls and by 
conducting surveillance of the implementation of th ese procedures. In 
addition, the overall Kiewit/PB QA program is perio dically audited by the 
Department of Energy to verify that this program is  being effectively 
implemented. Examples of typical QA Controls follow . 
The specifications contain a QA Control requiring t hat a procedure be 
developed to monitor tunnel alignment to ensure tha t the tolerances of 
the excavated opening are within one-half tunnel di ameter (3.81 meters) 
of the line and grade shown on the A/E drawings. Th is procedure has been 
developed and implemented by the Kiewit/PB Construc tion Department Survey 
Group. The Kiewit/PB QA organization conducts perio dic surveillances to 
ensure that the requirements of this procedure are being correctly 
implemented. 
The TBM specifications state "Perform periodic main tenance based on 
manufacturer's recommended maintenance/surveillance  frequencies, 
including, for example: cutter inspection, leak ins pection, oil sampling, 
lubrication point inspection, belt tensioning, belt  inspection, scrubber 
cleaning, parts replacement, belt placement, etc." The purpose of this QA 
Control is, by requiring periodic maintenance, to e liminate or mitigate 
leaks or other failures of the TBM that could occur  as the result of 
equipment failures that would result in tunnel cont amination by organic 
materials, i.e. hydraulic fluid. In response to thi s control, Kiewit/PB 
has developed a Technical Control Procedure titled "TBM Operating and 
Maintenance Procedure." The procedure requires dail y, weekly, and 500-
hour maintenance to be conducted using maintenance checklists. These 
completed checklists, along with other maintenance test documentation, 
become QA records. Maintenance is performed by the Maintenance group in 
the Construction Department. The Kiewit/PB QA organ ization conducts 
periodic surveillance to ensure the procedure is be ing followed and 
properly completed records are being accumulated. 
Another example of QA Control is related to water u sage in the tunnel. 
The specifications state in part "The amount of con struction water lost 
in the 7.62-meter diameter Topopah Spring Loop exca vation shall not 
exceed 7.4 m3 per linear meter of tunnel excavated.  Verification that 
this limit has not been exceeded shall be performed  for each working 
shift by dividing the total cubic meters of water l ost during the shift 
(as calculated from the water balance) by the linea r meters of tunnel 
advance for the shift and comparing this value to t he above limit." This 
requirement is addressed in another Technical Contr ol Procedure titled 
"Water Use and Control - Subsurface." The procedure  is implemented by 
Construction personnel and Kiewit/PB conducts perio dic surveillance to 
ensure that the required meter readings are being r ecorded, the 
calculations correctly performed, and the results p roperly documented as 
QA records. 
A final example of a QA Control procedure involves control of diesel 
emissions in the tunnel. This control states: 
"Engines for all diesel powered equipment used in t he North Ramp and 
associated alcoves shall be maintained in accordanc e with the 
manufacturer's recommendations, including adjustmen t of the fuel system, 
proper maintenance of the engine air intake system and exhaust 



conditioning system. Exhaust emissions shall be che cked/ monitored prior 
to first use in the North Ramp and thereafter as fo llows: 
 a. When excessive emissions are visually observed (excluding warm-up 
periods or hard acceleration when smoking is normal ) 
 b. Prior to taking the equipment underground follo wing maintenance of 
any emission related engine system 
 c. At not more than 500-hour intervals (+ 5%) of e ngine operation." 
The Control further states that exhaust emission co nstituents to be 
monitored include diesel particulate matter (DPM), oxides of nitrogen 
(NOx), sulphur dioxide (SO2), carbon monoxide (CO) and carbon dioxide 
(CO2). Again, these controls are addressed in a Tec hnical Control 
Procedure titled "Diesel Exhaust Emission Testing, Monitoring, and 
Control Procedure." Results of emission tests are c onducted and the 
results documented by Construction Maintenance pers onnel. Kiewit/PB QA 
conducts periodic surveillance of this testing to e nsure that it is being 
properly conducted and documented. 
In total, the specifications applicable to the Kiew it/PB scope of work 
contain over 600 QA Controls which must be addresse d in QA, work, and 
inspection procedures. 
CONCLUSIONS 
TBM tunneling operations have now been underway for  over a year at Yucca 
Mountain. During this time, a QA program based upon  nuclear standards has 
been successfully applied to these construction act ivities. This program 
has been under constant scrutiny in the form of QA audits and 
surveillances by outside organizations. Few, if any , serious programmatic 
problems have been identified. Because personnel ex perienced with tunnel 
design and construction typically have little or no  experience with 
nuclear quality assurance requirements and, because  personnel experienced 
with nuclear QA requirements have little or no expe rience with tunnel 
design and construction, implementation of the QA p rogram has not always 
been without pain. Overall, however, implementation  has gone well by 
providing the proper mix of personnel with tunnelin g experience and 
personnel with nuclear experience. Providing the ap propriate mix of 
experienced personnel at the earliest possible poin t in the design and 
construction process is the key to success on a pro ject such as this. In 
addition, assigned personnel must be made aware of the necessity of 
relying on each others experience, whether nuclear or tunneling, to 
achieve project success. 
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ABSTRACT 
UK Nirex Ltd (Nirex) is developing a deep repositor y for the disposal of 
intermediate level and some low level radioactive w aste. Nirex is also 
responsible for producing standard designs of trans port containers, 
including a range of reusable shielded transport co ntainers (RSTC) which 
are being designed to meet IAEA Type B requirements . The contents of the 
RSTCs will normally be cemented ILW in either four 500 litre drums or a 
3m3 box or 3m3 drum of similar outside dimensions t o the four 500 litre 
drums in their transport frame. 
This paper presents an analysis to demonstrate the performance of the 
RSTC and its contents during the fire test specifie d in the IAEA 
Transport Regulations. Temperatures, activity relea se and internal 
pressure have been calculated. 
The thermal analysis was carried out using OASYS LS -DYNA3D, a finite 
element code for three-dimensional structural and t hermal analysis. Since 
the IAEA Transport Regulations require an impact te st to precede the fire 
test, the thermal models include the deformation re sulting from a 9m drop 
on to a rigid target. Thermal insulation is provide d on the surface of 
the container to limit temperature rises in a fire,  particularly in the 
region of the elastomer seals. The effect of partia l loss of this 
insulation in the impact has also been analyzed. 
Temperature rises throughout the RSTC and four 500 litre drums of 
cemented sludge wasteform have been calculated. Act ivity release into the 
internal cavity of the RTC has been calculated from  the waste 
temperatures and the results of small-scale tests o n active waste 
samples, taking no account of the integrity of the welded stainless steel 
drums. Steam will be generated from the waste durin g the fire test, so 
the steam pressure has also been determined. 
The analysis has demonstrated that temperature rise s are acceptable, and 
that activity is only released from a small fractio n of the waste volume 
that reaches elevated temperatures. The total relea se is well below the 
limit of 1A2 in one week. Steam pressure inside the  RSTC is well within 
design limits and there is no significant increase in the leakage rate 
due to reduction in seal compression. These conclus ions apply even with 
some loss of the thermal insulation. 
INTRODUCTION 
UK Nirex Ltd (Nirex) has been established by the UK  nuclear industry, 
with the agreement of the UK Government, to develop  and operate a deep 
repository in the UK for the disposal of solid inte rmediate and some low 
level radioactive wastes (ILW and LLW). Nirex is al so responsible for 
developing an integrated transport system for the m ovement of waste from 
waste producing sites to the repository. 
Reusable shielded transport containers (RSTC) will be required to 
transport some types of ILW and will comply with th e requirements of the 
IAEA Transport Regulations (IAEA, 1990) for Type B packages. These 
include meeting containment and shielding requireme nts following an 
impact on to an unyielding surface from 9m and a su bsequent 30 minutes, 
8000C fully engulfing hydrocarbon fire.  
The RSTC will transport ILW in either four 500 litr e drums in a transport 
frame (stillage), or a 3m3 box or 3m3 drum. The RST Cs will be produced in 
a range of shielding thicknesses from 70mm to 285mm , to suit the 
requirements of the different waste streams. The RS TC development program 
has now reached a stage where a single preferred co ncept has been 



adopted; Fig. 1 illustrates the 70mm and 285mm thic k versions (RSTC-70 
and RSTC-285). 
Fig. 1 
This concept has been designed so that the sealing function does not 
depend on the lid. Sealing is provided through the use of a stainless 
steel lid seal member (LSM) which is clamped to the  body of the container 
and is independent of the lid. The lid is held in p lace by 24 radial 
chocks around the periphery. A shock absorber is at tached to the 
underside of the LSM to protect it from damage by t he RSTC contents in 
inverted impacts, and this also reduces the impact force transmitted by 
the contents to the lid. 
A notable feature of the design is the solid metal flow shock absorbers 
on the four corners of the body. These limit the ac celerations and impact 
experienced by the RSTC for any inverted orientatio n by deforming in 
plastic manner. A stainless-steel clad balsa shock absorber is attached 
to the top of the lid for lid-down impact attitudes . 
To provide thermal insulation for the fire accident  scenario the design 
considered in this paper includes an external intum escent coating, 
although alternative thermal protection methods are  currently being 
considered. This coating does not significantly aff ect the thermal 
performance of the RSTC under normal conditions. Ho wever, under fire 
accident conditions, the thermal resistance of the intumescent coating 
increases as the material foams up. This limits the  amount of heat 
absorbed by the RSTC and also the maximum internal temperatures. 
Various aspects of the design have been described i n detail elsewhere 
(Sievwright et at 1991; Smith et al 1992; McKirdy e t al 1994). This paper 
presents the analysis carried out to demonstrate th e performance of the 
RSTC during the 30 minute, 8000C fire test specifie d in the IAEA 
Transport Regulations (IAEA, 1990). 
SCOPE OF THE ANALYSES 
The RSTC thermal analysis carried out had the follo wing objectives: 
  To determine the steady-state temperature conditi ons in the RSTC under 
IAEA specified ambient conditions for a Type B(U) p ackage (+380C and 
specified solar radiation input). 
   To determine the transient temperatures in the p ackage during and 
after the fire test, up to the point where steady-s tate conditions were 
reached once again. The steady-state conditions aft er the fire test were 
different from the steady-state conditions before t he fire, because the 
intumescent coating layer has a higher thermal resi stance after the fire. 
   To quantify the increase in temperature of the w aste and the seal face 
due to loss of intumescent coating in an impact bef ore the fire. 
The calculated temperatures were used to determine the following 
information: 
  Quantity of steam released from the cement grout used to encapsulate 
the waste, and hence the pressure-time transient wi thin the RSTC cavity. 
  Activity released from the waste packages into th e cavity of the RSTC. 
  Thermal distortion of the RSTC. 
  Performance of LSM. 
ANALYSIS METHODOLOGY 
The IAEA Regulations specify that the thermal test must follow the impact 
tests; hence the thermal analysis must take account  of impact deformation 
and possible loss of intumescent coating. An impact  analysis was 
therefore carried out to obtain the deformed geomet ry of the RSTC prior 
to the start of the fire. One scenario examined inv olved an impact in a 



lid corner attitude. This results in a large 'knock -back', and a loss of 
intumescent coating from the shock absorber close t o the seal face, which 
would cause an increase in seal face temperatures. The amount of the 
intumescent coating lost was determined from separa te tests. To quantify 
the effect of the loss of insulation, an impact dam aged model with 
insulation intact was also analyzed. 
The requirement that the thermal distortion of the RSTC and the 
performance of the LSM had to be evaluated implied that a thermo-
mechanical finite element (FE) analysis of the RSTC  was necessary. The 
finite element code chosen was OASYS LS-DYNA3D (Oas ys Ltd, 1994). This 
code is renowned for its capabilities in analyzing non-linear dynamic 
problems. Recently its capabilities were extended t o include thermal 
analysis by incorporating the heat transfer code TO PAZ3D (Shapiro, 1985). 
It is now possible to use LS-DYNA3D to perform full y-coupled thermo-
mechanical analysis. 
Prior to the commencement of the work it was decide d that the most 
efficient way to carry out the analyses would be to  use the same FE 
models for both the thermal and mechanical analyses . Figure 2 shows the 
finite element mesh for the RSTC-285 as an example.  In general 8-noded 
solid elements were used. On some components where there was only a 
single layer of elements (eg the parts of LSM, and the stillage) a layer 
of shell elements was also used to ensure that the correct elastic 
stiffness was maintained. The bolts in the clamps h olding the LSM to the 
body were modelled using spring elements. A plane o f symmetry was taken 
through the damaged shock absorber, this reduced th e size of the FE 
models by half. The total number of elements used i n a half model was 
57,044 for the RSTC-285 and 44,708 for the RSTC-70.  
Fig. 2 
All features of LS-DYNA3D that were used in the ana lyses were tested by 
running simple models and comparing the results wit h closed-form 
solutions. More complex models of actual physical t ests were developed 
and results compared with those from tests, for exa mple tests on 500 
litre drums subjected to heating in a furnace. In t his way it was 
possible to demonstrate with confidence that realis tic results could be 
obtained from the full models. 
Representative material properties were assumed, an d other assumptions 
were based on the IAEA test requirements. The therm al properties of the 
wasteform were based upon those measured by Nirex f or a cemented sludge 
wasteform (Bush et al 1990). The drums were assumed  to generate a maximum 
of 50 watts each, which is the maximum permitted in  the Nirex Waste 
Package Specification. The evaporation of steam fro m the wasteform was 
modelled by including a 'spike' in the specific hea t of the wasteform at 
1000C. 
RESULTS 
Normal Conditions of Transport 
The steady-state analyses of an undamaged RSTC-285 and RSTC-70 for normal 
conditions of transport gave predicted maximum wast e temperatures of 660C 
for the RSTC-285 and 650C for the RSTC-70. These ma ximum temperatures 
were located towards the top of the drums and are p rimarily related to 
the insolation, which is highest on the top surface  of the RSTC (IAEA, 
1990). It was predicted that steady-state condition s would be achieved 
after 35 days. Temperatures are highest near the ce nter of the RSTC while 
the lowest temperatures are at the bottom corner of  the drum. This 
indicates a temperature gradient which causes heat flow out of the drums 



and towards the walls and base of the RSTC. The was te temperatures are 
acceptable because the maximum is well below 1000C,  the temperature at 
which steam would begin to be driven of the cement matrix which 
immobilizes the waste. 
Fire Test Conditions 
The model used for the fire test analysis used as i ts initial conditions 
the calculated steady-state temperature distributio n, together with the 
deformed geometry obtained from an analysis of a 9m  lid corner drop onto 
an unyielding target. The effects of both undamaged  and damaged 
intumescent coating were also taken into account. T he stillage and drums 
were positioned as close as possible to the damaged  corner so as to 
maximize the heat input to the waste. 
Figures 3 and 4 show the predicted temperature dist ribution for the RSTC-
285 and RSTC-70 with damaged intumescent coating at  5 hours after the 
commencement of the 30 minute fire. The correspondi ng temperatures for 
the undamaged intumescent coating are shown in Figs . 5 and 6. This was 
the time at which the temperature peaked. After the  end of the fire, the 
heat absorbed by the RSTC flows into the waste as w ell as to the 
surrounding atmosphere, thus causing the peak waste  temperatures to occur 
some time after the end of the fire. In these figur es only the body of 
the container and the waste are shown for clarity. 
Fig. 3 
Fig. 4 
Fig. 5 
Tables I and II summarize the principal results. It  can be concluded from 
these results that the only significant effect of t he partial loss of 
intumescent coating on the shock absorber is to inc rease the peak 
temperature on the seal face of the RSTC-70 by 810C . The maximum 
temperatures of the waste for the RSTC-285 and RSTC -70 were 1200C and 
1070C respectively and occurred after 5 hours. Tabl e III summarizes the 
strains in the major RSTC components resulting from  the thermal transient 
for the undamaged intumescent coating scenario. 
Tables I and II show that the predicted activity re leases into the RSTC 
cavity are three orders of magnitude below the limi ts for release from 
the package as a whole. Therefore the performance o f the seals is not 
critical in this scenario. 
Table I 
Table II 
The RSTC-70 with damaged intumescent coating had th e highest seal face 
temperature of 1820C. This is due to having a small er wall thickness and 
hence a shorter heat path to the seal face. The tem perature-time history 
of the seal face is shown in Fig. 7. In tests (McKi rdy et al 1994) the 
candidate seal was subjected to 5 hours at 2000C wi th satisfactory 
performance. Hence the seals will still be effectiv e in providing 
containment to the RSTCs after the fire. 
Fig. 6 
Fig. 7 
The analysis showed that the current designs of RST C-285 and RSTC-70 with 
damaged intumescent coating are capable of satisfyi ng the IAEA fire test 
requirements (IAEA 1990) following an impact from 9 m on to an unyielding 
target. 
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ABSTRACT 
UK Nirex Ltd (Nirex) is developing a deep repositor y for the disposal of 
intermediate level and some low level radioactive w aste. Nirex is also 
responsible for producing standard designs of trans port containers, 
including a range of reusable shielded transport co ntainers (RSTCs), 
which are being designed to meet IAEA Type B requir ements. The contents 
of the RSTC will normally be cemented ILW in either  four 500 litre drums, 
or a 3m3 box or a 3m3 drum of similar outside dimen sions to the four 500 
litre drums in their transport frame. 
This paper describes the development of a validated  impact analysis model 
for the RSTCs, based on predicted and measured resu lts for one-third-
scale models with two different shielding thickness es. 
Decelerations, strains and local impact deformation s have been both 
measured and predicted, for a series of drop tests from 9m which comply 
with the IAEA Transport Regulations. A finite eleme nt model has been 
developed using the DYNA3D code, which can model th e large plastic 
strains and transient loading within acceptable com puting times. 
The model has been validated in the following respe cts. It can accurately 
predict the extent and shape of knock-back displace ments in the impact 
zone. The model can predict deceleration transients  reasonably well, with 
good agreement when both the measurements and the p redictions have been 
processed by low-pass filtering. Strains are predic ted with varying 
levels of agreement, partly because the predictions  are for the centroids 
of elements, and not for the surfaces where the str ains were measured. 



INTRODUCTION 
UK Nirex Ltd (Nirex) is responsible for developing and operating a deep 
repository in the UK for the disposal of intermedia te and some low level 
radioactive wastes (ILW and LLW). Nirex is also res ponsible for producing 
standard designs of waste packages and transport co ntainers, as well as 
the development of an integrated transport system f or the movement of 
waste from waste producing sites to the repository.  
For the transport of some types of ILW, reusable sh ielded transport 
containers (RSTCs) will be provided. The RSTCs are designed to comply 
with Type B requirements of the IAEA Transport Regu lations (1). Nirex is 
currently developing RSTC designs in a range of shi elding thicknesses, 
ranging from 70mm to 285mm for this purpose, depend ing on the waste 
stream. The possible contents for the RSTCs are fou r 500 litre drums in a 
transport frame (stillage), a 3m3 drum or a 3m3 box . 
The RSTC development program has now reached a stag e where a single 
preferred concept has been adopted. Figure 1 shows the 285mm and 70mm 
versions (RSTC-285 and RSTC-70). The key features o f this design are: 
  The lid is retained by 24 cam-operated chock mech anisms arranged at 300 
to the horizontal, and can be lifted and handled us ing the pintle. A 
stainless steel clad balsa wood shock absorber is l ocated on the top side 
to limit impact forces. 
  The lid has no sealing function in this design. S ealing is provided by 
the lid seal member (LSM), which is a thin plate co ntaining O-ring seals 
in a thicker outer rim, which is clamped to the bod y. An internal shock 
absorber is attached on the underside of the LSM to  protect it from 
damage by the RSTC contents during impact. 
  Primary protection for lid-down impact orientatio ns is provided by the 
solid metal shock absorbers which are located at th e corners of the 
container. In impact these deform plastically and h ence act to reduce the 
decelerations on the RSTC. 
Fig. 1 
Various aspects of the design have been described e lsewhere (2,3,4). This 
paper describes the development of a validated impa ct analysis model for 
the RSTC, based on measured results from a series o f IAEA regulatory drop 
tests on one-third-scale models of the RSTC-70 and RSTC-285. The purpose 
of this was to develop and validate finite element (FE) models that could 
be used for predicting the effects of any subsequen t design changes. 
DROP TESTING 
The IAEA Transport Regulations (1) require a 9m dro p test onto a flat, 
rigid target in the least favorable impact attitude s. Compliance may be 
demonstrated by a combination of analytical modelli ng and practical drop 
tests. A series of fully-instrumented drop tests we re there fore carried 
out on one-third-scale models of the RSTC-70 and RS TC-285, each carrying 
four one-third scale 500 litre drums in their trans port frame. 
The impact attitudes used in the drop tests were se lected from the 
results of earlier analytical modelling, which show ed that the 
potentially most damaging attitudes would be with t he center of gravity 
over a lid corner or over a lid edge, or a flat imp act on one side. 
The drop test tower incorporated vertical guide rai ls, and runners were 
attached to the RSTC scale models to ensure that it  did not rotate out of 
the desired impact attitude while falling. The last  two metres of the 
drop test were in free-fall, but high speed photogr aphy showed that the 
correct impact attitude was achieved within a fract ion of a degree. 



The instrumentation included accelerometers and str ain gauges connected 
to high-speed data recorders by a free-falling umbi lical cable; for 
example Fig. 3 shows the locations of some of the a ccelerometers and 
strain gauges for the lid corner drop of the RSTC-7 0 model. Two high-
speed cameras filmed each drop from orthogonal view points and all image 
frames were accurately timed. Each drop was also re corded using a video 
camera. Several reference points were scribed on th e container body and 
lid to enable any distortions resulting from the dr op to be established 
by physical metrology. 
The instrumentation provided data that could be com pared directly against 
the predictions of the finite element (FE) models d escribed below. The 
results of the drop testing are presented as part o f the comparisons with 
the model predictions. 
DEVELOPMENT OF FINITE ELEMENT MODELS 
FE models were generated for the two containers of different nominal wall 
thickness for each of the three impact attitudes. T he models were 
analyzed using DYNA3D (5). 
The FE analyses were based on the same basic model which is an eighth 
slice of the RSTC. This section was then rotated an d reflected to 
generate the required model. It was assumed that al l impact damage would 
be symmetric and hence it was only necessary to mod el one half of the 
RSTC. It was recognized that the RSTC could bounce and impact again in a 
non-symmetric manner but at this late stage (typica lly after 0.1 seconds) 
the majority of the available impact energy would h ave been absorbed. 
To simply the analysis it was assumed that the drum s and frame would act 
as a solid mass, and that the drums could not move relative to each 
other. For lid corner and lid edge impact, the mass  of the frame and 
drums acted continuously on the internal shock abso rber as a single mass. 
Therefore it was not possible to measure drum movem ents. However, visual 
examination after the tests showed that in most cas es the drums remained 
tightly fixed in their frame. 
The containment integrity was determined after each  drop test by a gas 
leak test. To attempt to model the actual behavior of the LSM in the FE 
analysis would require a very detailed model and it  was assumed that the 
LSM rim remains in position and does not move relat ive to the RSTC, and 
so the clamping mechanism was not explicitly modell ed. 
The wooden shock absorber on the lid was also omitt ed because it does not 
affect the structural response of the RSTCs in the impact attitudes 
modelled. The steel and concrete target used in the  drop tests was 
modelled explicitly, since it cannot be assumed tha t any practical impact 
target is 'rigid'. 
Appropriate material properties were used throughou t the FE models. The 
upper parts of the external shock absorber 'ears' ( Figs. 1 and 2) were 
modelled with strain-rate enhanced yield stresses, and the internal shock 
absorber was modelled with a constant crush stress.  
Fig. 2 
Fig. 3 
Measured coefficients of friction between the RSTC and the target are not 
available. Analysis of the results of the first dro p test indicated that 
a value of 0.15 gave good agreement, and the same v alue was used for all 
other tests. Elsewhere in the model, the same value  was used for other 
coefficients of friction, with two exceptions. Inst ead of modelling the 
lid-retaining chock mechanisms, the coefficient of friction around the 
chock locations was increased to 0.75 to give an ad equate representation 



of the chock performance. Friction was excluded fro m the contacts between 
the transport frame and the RSTC cavity walls, ensu ring that the full 
weight of the RSTC contents could act on the intern al shock absorber. 
For both the RSTC-70 and RSTC-285, the following im pact attitudes were 
considered, in each case for a 9m free drop produci ng an impact velocity 
of 13.3m s-1. 
1. Lid corner - The plane of symmetry cuts diagonal ly through from the 
impact point to the uppermost base corner (Fig. 4).  The contents have 
already slid down to rest against the interior shoc k absorber. The model 
consisted of 11297 elements. 
2. Lid edge - The plane of symmetry cuts through th e center of the RSTC 
from the impact edge to the uppermost base edge and  both corner shock 
absorbers contact simultaneously. The contents have  already slid down to 
rest against the interior shock absorber. The model  consisted of 13340 
elements. 
3. Flat side - The contents are resting on the impa ct side. The model 
consisted of 16017 elements. 
The accuracy of a finite-element model is dependent  on the mesh size, 
mesh density, geometrical accuracy and assumptions regarding elastic and 
plastic material properties, friction, and strain r ate dependency. 
Sources of experimental inaccuracy include; asymmet ry of impact; the 
positions of strain gauges and accelerometers, and how rigidly they were 
attached; timing the moment of first contact; the s ettings and 
performances of trace filtering hardware; damage to  the impact area 
during secondary impacts following the main rebound ; and the cumulative 
deformation of scale models that had been dropped m ore than once. These 
were taken into account in developing the FE models , as far as possible. 
Fig. 4 
VALIDATION OF MODEL 
The key parameters for validating the FE model are knockback (ie 
permanent deformation of the impact area), accelera tions and strains. 
Owing to the volume of data generated for the two w all thicknesses, each 
dropped in three attitudes, only a summary is given  here. 
A major approximation in the validation was that al though the same scale 
models were used for more than one drop test, the F E models were assumed 
to be undistorted. Post-test metrology supported th is assumption because 
permanent distortions outside of the impact area we re minimal, and the 
RSTCs were always dropped onto undamaged areas. 
The duration of the primary impact for all three at titudes was in the 
region of 10msec. The measured deformations in gene ral agreed very well 
with the predictions, both in shape and in the exte nt of knockback from 
the unperformed profile. For the 9m lid corner and lid edge attitudes a 
comparison of predicted and measured knockback of t he metal shock 
absorber is provided in Table I. Agreement in the d eformation results was 
within 5mm. Variations between the results are cons istent with the RSTC-
285 being heavier than the RSTC-70, and the fact th at in the lid edge 
attitude two shock absorber are activated as oppose d to one for the lid 
corner. In a flat side impact, energy is absorbed b y the deformation of 
the ribs on the side of the RSTC; good agreement wa s again achieved. 
Table I 
All accelerometer traces were low-pass filtered wit h a cut-off frequency 
of 400Hz because filtered traces can be compared mo re readily with 
filtered acceleration data from the FE model. A rep resentative selection 
of plots comparing predicted and measured accelerat ions are shown in 



Figs. 5 and 6, for the two RSTCs and the three impa ct attitudes. In 
general good agreement was obtained both in the tim ing and magnitude of 
the peak accelerations. 
Fig. 5 
Fig. 6 
The maximum accelerations for the RSTC-285 in the l id corner and lid edge 
attitudes were 300g and 400g respectively. The corr elation for the RSTC-
285 flat side impact does not show good agreement b ecause the RSTC in the 
test did not land quite squarely on all the ribs to gether. This could not 
be represented in the FE analysis, as symmetry boun dary conditions were 
applied. The maximum acceleration was 1400g. 
The maximum accelerations for the RSTC-70 were 520g  in lid corner 
attitude, 620g lid edge attitude and 1200g in the f lat side attitude. 
Measured strains and deformation contours detected small asymmetries in 
the way the containers landed on most occasions. In  the FE model the 
areas of the container that remain elastic are more  subject to numerical 
'noise' in the strain data than those in areas of h igher deformation, but 
the measured traces for the gauges in the elastic r egions generally 
changed from compressive totensile near the times p redicted by the model. 
Measured strain rates up to 100 s-1 were recorded; no gauges could be 
mounted at the points of impact but predicted strai n rates in these areas 
were of the order of 4000 s-1 for the 70mm containe r and 1600 s-1 for the 
RSTC-285. 
There was reasonable agreement in strain gauge data . Known sources of 
inaccuracy from the model are the use of straight-s ided elements to 
represent curved surfaces such as the corner shock absorbers, and the 
fact that the model calculates strains at the centr oid of the 3-D 'brick' 
elements whereas all measurements were made at the surface. This could be 
overcome by coating the surface with thin 'shell' e lements. Because of 
the large variations in strains encountered at a si ngle point (eg - 
1000me for one gauge) and the high strain rates (up  to 4000 s-1) the use 
of finite elements closer in size to the strain gau ges themselves would 
give more accurate results. 
CONCLUSIONS 
Both FE models have been validated in the following  respects: 
1. The extent and shape of knockback displacements in the impact zone can 
be accurately predicted, generally to better than 5 mm. 
2. Deceleration transients in terms of duration and  magnitude showed good 
agreement between measurements and predictions. 
3. Strains are predicted with varying levels of agr eement, partly because 
predictions are for centroid of elements and not fo r the surfaces where 
strains were measured. 
This work has demonstrated that the FE method can b e used successfully 
and with confidence to predict the acceleration, kn ockback and extent of 
local plasticity for an RSTC. 
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ABSTRACT 
Previously, we have investigated the sensitivity of  RADTRAN accident-risk 
results to the required input parameters and studie d key variables using 
Latin Hypercube Sampling (LHS). A general conclusio n of this work is that 
the total risk uncertainty does not become excessiv e when rather 
conservative distributions are used to describe inp ut parameters such as 
atmospheric turbulence conditions, highway accident  rates, population 
densities, and package release fractions. However, packaging release 
fractions, which correspond to the spectrum of acci dent severities, 
typically range over a few orders of magnitude, and  modeling their values 
with the simplest distribution functions was unsati sfactory in some 
respects. Because efforts to calculate release frac tions are greatly 
complicated by the large varieties of packaging cha racteristics and 
detailed accident conditions that may affect the ou tcome, explicit 
inclusion of uncertainty by use of LHS and modeling  of physical 
conditions through improved choice of distribution shape appeared to be a 
productive course. 
We describe tests of more complex distribution func tions, such as 
Lognormal and Bounded Normal, in fitting the point estimates of release 
fraction values. These distributions and their desc riptive parameters 
were used as input parameters to Sandia National La boratories' Latin 
Hypercube Sampling code to generate 100 sets of RAD TRAN 4 input 
parameters used together with point estimates of ot her necessary inputs 
to calculate 100 observations of estimated accident  dose risk. This 
procedure was applied to several distinct transport ation situations to 
reveal the statistical uncertainty of accident-risk  estimates calculated 
by RADTRAN 4. These results are in turn compared to  previous results, 
obtained with simpler Uniform and Loguniform distri butions, to assess 
potential improvements in statistical behavior and absolute risk 
estimates. 
Difficulties encountered and examples of cases that  yielded improvements 
are presented for Type A and Type B packagings empl oyed in representative 
truck transport situation. 
INTRODUCTION 



One of the choices that must be made in using Latin  Hypercube Sampling 
(LHS) (1) with the RADTRAN Code for transportation risk assessment (2) is 
the type of distribution function to use in describ ing the uncertainty of 
a particular variable. Four options available with LHS are Uniform, 
Loguniform, Normal and Lognormal distributions; the se adequately describe 
the uncertainty of most of the RADTRAN variable typ es selected for LHS 
analysis (3). These include the Pasquill probabilit y fractions which have 
been described by Uniform distributions of values b etween 0 and 1. The 
uncertainty in two other variable types, link popul ation densities 
(LPOPD) and link accident rates (LARAT), have been described by Normal 
distributions since, in general, they are averages with standard 
deviations obtained from the census and other surve ys. 
In previous work (3,4), release fraction (RFRAC) pa rameter values (the 
source terms for subsequent dispersion), were model ed by Uniform or 
Loguniform distributions spanning one or more order s of magnitude. Those 
studies demonstrated that Loguniform distributions yield smaller average 
risk estimates than Uniform distributions, in agree ment with expectation, 
but the variances were large, especially if the log uniform distribution 
spanned more than one decade. The release fractions  employed in a RADTRAN 
calculation are critical in determining the resulta nt risk but 
experimental measurement of releases from particula r packagings under 
various accident conditions is very costly in time and money. Therefore, 
improved, conservative modeling of releases that wi ll not generate 
inflated risk estimates or variances, and that can be derived by 
extrapolation of existing data is quite desirable. 
The results of modeling release behavior of Type A and Type B packagings 
by use of available distribution shapes and widths are presented here. In 
addition, we discuss investigations of the effect o f aggregating 
uncertainty by reducing the number of severity leve ls and modeling the 
change of release fraction versus severity level wi th a selected 
distribution shape. The goal in all cases was to ma intain reasonable 
conservatism without introducing excessive uncertai nty in the risk 
estimates. 
SHIPMENTS OF TYPE A PACKAGES 
The spectrum of severity levels and corresponding r elease fractions for 
this type of package may be divided into eight leve ls with the lowest 
level having no release (5). The increase in releas e fraction over the 
remaining seven levels is then defined according to  the specific nature 
of the shipment being analyzed. For the examples pr esented here (multiple 
Type A packages), the highest five severity levels result in 100% release 
of the package contents; this suggested simplifying  the analysis by 
reducing the spectrum of severities to three levels  and modeling the 
corresponding release fractions by various distribu tion functions. The 
results of modeling the spectrum of release fractio ns with Uniform and 
Loguniform distributions over the indicated ranges are shown in Table I. 
The characteristic difference between these two typ es of distributions is 
evident in the shifted mean risk values and increas ed standard deviations 
for the Lognormal cases. Results obtained with Norm al and Lognormal 
distributions in the three-level scheme are shown i n Table II. 
Table I 
Table II 
SHIPMENTS OF TYPE B PACKAGES 
Calculations of risk estimates for a standard test case have been 
performed using various specifications of all four distribution functions 



examined. This case is particularly instructive bec ause it describes 
shipments of spent nuclear fuel (SNF) and CRUD (sca le containing cobalt 
60 which is deposited on the exterior of the fuel c ladding during pool 
storage). The magnitudes of accident risk estimates  calculated for such 
shipments are determined almost entirely by CRUD re lease. We again 
investigated potential simplification through aggre gation of uncertainty 
in a reduction from six severity levels (6) to four . Tables IIIa and IIIb 
illustrate how the severity fractions of levels 4, 5 and 6 were summed to 
yield one level while levels 1, 2 and 3 include nea rly 100% of accidents. 
In the case of CRUD, level 3 (in addition to 4, 5 &  6) results in release 
because it is external to the full cladding; past p ractice has been to 
assign these levels a release fraction (1.2E-2) tha t corresponds to total 
release of all suspended material inside the cask. This has been 
recognized as an extremely conservative model for t he vast majority of 
accidents. For the current calculations, this value  was taken as the 
maximum and the increase from 0 to 1.2E-2, over the  range of severity 
levels, was modeled by a variety of distribution (a nd sampled by LHS). 
The results of calculations with the various distri bution functions and 
defining parameters are given in Table IV. 
Table IIIa 
Table IIIb 
Table IV 
CONCLUSIONS 
For Type A packagings, comparison of the results in  Table I indicates 
that neither Uniform nor Loguniform distributions i n a three-level scheme 
provide a fully satisfactory model in that average risk values tend to 
increase slightly and the standard deviations incre ase significantly, 
especially in the case of the Loguniform distributi on. Use of Normal 
distributions yields results (Table II) which are s imilar to those for 
the Uniform and Loguniform distributions without th e large standard 
deviation of the Loguniform case. Finally, use of a  Lognormal 
distribution gives values which are very similar to  the 8-level results 
with a modest increase in standard deviation. 
For Type B packagings, the values shown in Table IV  clearly show that use 
of the Loguniform distribution over a parameter ran ge of many decades has 
two effects: it lowers the average significantly bu t the fractional 
standard deviation (%) is in turn increased signifi cantly. The large 
standard deviation is exacerbated by the fact that the risk is dominated 
by one distribution: CRUD release. It seems that a more satisfactory 
means of reflecting the statistical prevalence of l ower RFRAC values is 
to employ a Bounded Normal distribution with the me an at the lower end of 
the desired RFRAC range. Use of the Bounded Lognorm al distribution 
provides even further improvement in that the avera ges are comparable to 
the 6-level values and the relative standard deviat ions are less than 
those for the other distributions. 
In general, it is concluded that distribution funct ions available in the 
Latin Hypercube Sampling code can be used to model the increase of 
release fraction with increasing accident severity.  Inexactness in 
knowledge of the scaling with discrete severity lev els can be addressed 
by aggregating them into combined severity levels. Most importantly, in 
many cases the least specific distributions (Unifor m and Loguniform) can 
be employed without altering average risk estimates  significantly or 
producing such large relative standard deviations a s to diminish the 



value of the analysis, while at the same time permi tting the analysis to 
be simplified. 
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ABSTRACT 
RADTRAN is a computer code for estimating the risks  and consequences 
associated with the transport of radioactive materi als (RAM). RADTRAN was 
developed and is maintained by Sandia National Labo ratories for the U.S. 
Department of Energy (DOE). For incident-free (i.e. , no transportation 
accidents or off-normal occurrences) transportation , the dose to persons 
exposed while the shipment is stopped is frequently  a major percentage of 
the overall dose. This dose is referred to as Stop Dose and is calculated 
by the Stop Model. Because stop dose is a significa nt portion of the 
overall dose associated with RAM transport, the val ues used as input for 
the Stop Model are important. Therefore, an investi gation of typical 
values for RADTRAN Stop Parameters for truck stops was performed. The 
resulting data from these investigations were analy zed to provide mean 
values, standard deviations, and histograms. Hence,  the mean values can 
be used when an analyst does not have a basis for s electing other input 
values for the Stop Model. In addition, the histogr ams and their 
characteristics can be used to guide statistical sa mpling techniques to 
measure sensitivity of the RADTRAN calculated Stop Dose to the 
uncertainties in the stop model input parameters. T his paper discusses 
the details and presents the results of the investi gation of stop model 
input parameters at truck stops. The current invest igation was limited to 



refueling stops, but the methodology developed can be applied to stops 
with other purposes. 
INTRODUCTION 
The objective of this investigation was to determin e statistically 
meaningful estimates of the average values of the p arameters which affect 
the calculation of stop dose at truck stops. Stop p arameters observed for 
trucks in general are considered to be representati ve of RAM 
transportation trucks specifically because whether or not a truck 
actually carries RAM should not affect its time to refuel. This 
investigation has not attempted to characterize roa d-side stops or stops 
at any other location than truck stops. 
To begin this investigation, it was necessary to id entify which 
parameters affect the stop dose. This was accomplis hed by studying the 
documentation supporting the RADTRAN Stop Model (1)  and an earlier 
investigation "Truck Transportation of Radioactive Materials" (2). The 
parameters identified as most directly affecting st op dose are: the 
duration of the stop, which is referred to as Stop Time; the number of 
persons exposed to the truck while it is stopped, w hich is referred to as 
Number of Persons Exposed (NPE); and the distance f rom the truck to the 
exposed persons, which is referred to as Exposure D istance. The NPE can 
be divided into people outside at the truck stop (i .e., without radiation 
shielding), and people inside buildings at the truc k stop (i.e., with 
radiation shielding). Thus, the NPE should be obser ved as two parameters: 
NPE-outside, and NPE-inside buildings. In addition,  the building 
materials should be noted as they could affect shie lding values. 
The prototype RADTRAN 5.0 Stop Model allows two opt ions for specifying 
the NPE at a stop: 1) User specified number of peop le at a fixed exposure 
distance from the RAM shipment; and 2) a user speci fied number of people 
within an annular region with user specified minimu m and maximum exposure 
distances (3). In addition, RADTRAN 5.0 allows for up to 20 distinct 
stops to be modeled in a single RADTRAN run. Hence,  a refueling stop can 
be modeled with separate input values than a weigh station stop or a 
repair stop. A stop during peak time (with respect to congestion at the 
truck stop) can be modeled separately from a stop d uring off-hours. 
To determine the range of values possible for the S top Model input 
parameters, factors expected to affect these input values were 
identified. Factors possibly affecting Stop Time, N PE, and Exposure 
Distance include: truck stop location (i.e., rural,  urban, or suburban, 
proximity to other commercial establishments, etc.) ; time of day; and 
purpose of the stop (i.e., refueling, service, etc. ). Truck stop location 
is likely to affect the amount of business at that stop and, hence, the 
number of persons potentially exposed as well as th e amount of time 
needed for service and potential for delays. Time o f day was expected to 
have a similar effect. Truck stop location could al so affect the 
configuration of the truck stop and, hence, the exp osure distances. For 
example, land availability may affect the square fo otage occupied by 
metropolitan and rural truck stops, which could in turn, alter the 
distances between refueling bays, service bays, and  restaurants, etc. The 
purpose of the stop is expected to affect the stop time. For example, a 
simple refueling stop is likely to be of shorter du ration than a stop 
requiring repair service. 
The stop times measured in this investigation were limited to refueling 
stops because all transports of sufficient distance  must refuel, whereas 
a service stop may be unnecessary. Also, a refuelin g stop is most likely 



of shorter duration than a service stop. Therefore,  a refueling stop is a 
reasonable representation of a routine minimum stop  time. Because the 
RADTRAN 5.0 Stop Model allows for up to 20 distinct  stops to be modeled 
in a single RADTRAN run, the RADTRAN analyst can se lect a larger stop 
time when modeling a service stop. The observations  of exposure distance 
and NPE should be applicable to all stops that occu r at truck stops. 
The actual investigation included traveling to truc k stops and measuring 
stop time, number of persons exposed, and exposure distance. Truck stops 
were selected in several locations and observations  were made at various 
times of the day and on various days of the week to  yield a 
representative sample of truck stop parameters. 
TRUCK STOP OBSERVATION PROTOCOL 
A truck stop observation protocol was necessary to help ensure 
consistency in observation techniques between diffe rent truck stops, and 
to help ensure statistical soundness of the resulti ng data. We observed 
each truck stop anonymously so that our presence wo uld not alter the data 
(i.e., the fuel pump attendant doesn't alter his or  her pace, etc.). To 
avoid any unintentional preferential treatment in s electing which trucks 
to observe, we decided to measure stop time for eve ry truck that refueled 
during each observation period. Two persons were in volved in performing 
these observations and were present at each observa tion. To help ensure 
uniformity, each person performed the same duties a t each observation. 
Preliminary truck-stop observations were performed at two truck stops in 
Albuquerque, New Mexico, and at one truck stop in r ural Arizona 
(Holbrook). The purpose of these preliminary observ ations was to 
familiarize ourselves with the conditions at truck stops so that we could 
develop an efficient and uniform plan for observing  data at various truck 
stops. Based on these preliminary observations, an observation ledger 
form was developed to help ensure consistency betwe en observations at 
each stop. The observation form included columns fo r observing the 
following variables: truck stop location; observati on date; day of week; 
time of day; stop time; NPE-outside; outside exposu re distance; NPE-
inside buildings at the truck stop; building materi al(s); number of 
trucks parked in the first row (with respect to the  refueling bays); 
distance from the refueling bays to the first row o f parked trucks; 
paving material; and a section for comments. A free -hand sketch of the 
configuration of each truck stop was also prepared for each truck stop. A 
video camera was used to record the truck stop obse rvations and a stop 
watch was used to measure stop time. The video tape s and ledgers are part 
of the quality assurance file for this project. The  observation data are 
stored in a spread-sheet file (Microsoft Excel) so that data can be added 
as additional observations are performed. 
The number of parked trucks was noted because parke d trucks may have one 
or more persons sleeping inside. These persons coul d be considered as a 
distinct subset of NPE-inside. All parked trucks we re not counted because 
persons sleeping in the 2nd or further row of parke d trucks would be 
shielded by the first row of parked trucks. 
The exposure zone was defined as the area enclosed by major shielding 
objects such as building walls and the first row of  parked trucks. Since 
most of the persons travelled from the parking area s to the buildings, 
the exposure zone was modelled as a circular region  with the diameter 
being the distance between the buildings and the fi rst row of parked 
trucks.  



Preliminary observations indicated that tracking th e exposure distance 
for each individual entering the exposure zone woul d be nearly impossible 
because most persons walked through the zone rather  than occupying it in 
a stationary manner. The preliminary observations a lso indicated that the 
same individuals did not occupy the exposure zone d uring the entire stop 
time for any given truck: people entered and exited  the exposure zone at 
various times during any given truck's refueling pe riod. Therefore, the 
protocol for observing NPE was defined as follows: the number of persons 
in any portion of the exposure zone was observed, a long with the 
approximate time that each person occupied the zone  (which is referred to 
as residence time). Summing the residence time for each person observed 
in the exposure zone yields a time-integrated NPE, with units of NPE-
time. Dividing the time-integrated NPE by the total  observation time 
yields an equivalent number of persons occupying th e exposure zone for 
the entire observation period, as if they were not travelling into and 
out of the exposure zone. With this method of calcu lating NPE, one person 
occupying the exposure zone for two minutes is coun ted the same as two 
persons occupying the exposure zone for only one mi nute. This is 
consistent with RADTRAN methodology because RADTRAN  calculates population 
dose rather than individual dose. Also, this defini tion of NPE is 
compatible with the NPE Input Option 2 in the RADTR AN 5.0 Stop Model, in 
which the NPE is expressed as the number of persons  in an annular 
exposure zone with a user specified minimum and max imum radius. The two 
NPE Input Options available in RADTRAN 5.0 are disc ussed in the 
Introduction section of this report.   
In practice, it proved impossible to observe NPE se parately for every 
truck in the refueling area, because there were fre quently numerous 
trucks refueling at the same time or in over-lappin g time periods. 
Therefore, the protocol was adjusted to track the N PE for an observation 
time period during which many trucks were observed individually for stop 
time. Each observation period was approximately 60 minutes in duration. 
Therefore, the data presented in the Results sectio n will show more 
observations of Stop Time than NPE. 
RESULTS 
Upon completion of the Truck Stop Observation Proto col, the actual 
investigation was performed. The actual investigati on included traveling 
to truck stops and measuring stop time, number of p ersons exposed, and 
exposure distance. Two metropolitan truck stops in Albuquerque, New 
Mexico (Fina and Union 76) and one rural truck stop  in Tucumcari, New 
Mexico (Shell) were observed.  
The Fina observations were performed on July 24 (Mo nday), July 27 
(Thursday), July 28 (Friday), August 1 (Tuesday), a nd August 2 
(Wednesday) 1995. To provide a sampling of times-of -day, these 
observations were performed in the mornings and aft ernoons. The Union 76 
observations were performed in the mornings of Augu st 29 (Tuesday), 
September 6 (Wednesday), and September 7 (Thursday)  1995. The Shell 
observations were performed in the afternoon of Oct ober 23 (Monday) 1995. 
The average values, standard deviations, and number  of observations for 
stop time, NPE-inside, and NPE-outside for each tru ck stop individually 
and for all three trucks stops as a composite, are listed in Table I. The 
number of trucks parked in the first row (with resp ect to the refueling 
bays) and the exposure distance for each truck stop  individually and for 
the composite are also listed in Table I. The numbe r of trucks parked in 
the first row is not presented as a statistical obs ervation with numerous 



observations because the value appeared to be const ant for each truck 
stop; the first row was always observed to be full and, therefore, 
limited by the number of parking spaces in that row . The exposure 
distance for each truck stop is also not presented as a statistical 
observation because that value is constant for each  truck stop, but 
depends on site-specific factors.  
Histograms of the stop times for each individual tr uck stop and for the 
composite are shown in Figs. 1-4. The histograms an d their 
characteristics can be used to guide statistical sa mpling techniques to 
measure sensitivity of the RADTRAN calculated Stop Dose to the 
uncertainties in the stop model input parameters. 
Table I 
Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Discussion 
The results listed in Table I indicate that the two  metropolitan truck 
stops (Fina and Union 76) have nearly identical ave rage stop times, 
average NPE-outside, and exposure distances, wherea s the rural truck stop 
(Shell) has a lower average stop time, a lower aver age NPE-outside, and a 
larger exposure distance.  
The exposure distances at both Albuquerque truck st ops seem to be 
practical minimums because they represent the minim um distance needed to 
accommodate the number of refueling bays and a mini mum lane width. The 
exposure distance at the Tucumcari truck stop is, i ndeed, larger than 
that at the Albuquerque truck stops. 
Qualitative observations are useful for helping the  analyst to design and 
perform analyses of truck stops. The first qualitat ive observations 
concern the refueling process. A general observatio n is that the truck 
stop employees work efficiently to refuel all of th e trucks quickly. Dual 
fuel tanks were usually filled simultaneously; a se parate fuel pump was 
used to fill each tank. Also, most of the truck dri vers removed their 
trucks from the refueling bays promptly after the r efueling was 
completed. All of these factors combine to minimize  waiting time at the 
refueling bays. This is consistent with industry pr actice, as most truck 
drivers are concerned with travel time and strive t o minimize their own 
delays and those of other truck drivers. 
A second qualitative observation is that truck stop s, in general, are 
quite busy. People concentrate around the restauran t, fueling area, 
mechanical shops, pay stations, and gift/supply sto res. Numerous 
automobiles were observed parked at the restaurants  at both Albuquerque 
truck stops, the Tucumcari truck stop, and the Holb rook truck stop. This 
indicates that people not associated with truck tra nsport (i.e., local 
residents, automobile travellers, etc.) patronize t he restaurants and 
other truck stop amenities. In addition, at the Alb uquerque truck stops, 
people were observed walking through the exposure z one in route from one 
neighboring business to another; these people were not using truck stop 
services. 
A third qualitative observation concerns trucks par ked at the truck stop. 
The majority, approximately 90%, were equipped with  "sleeper" cabins 
located aft of the crew cabin. This supports the co ncern that each parked 
truck could potentially contain at least one sleepi ng person who could be 



exposed to a RAM transport. However, these persons would be significantly 
shielded by the tractor cab and engine compartment.  
A last qualitative observation concerns building ma terials because they 
may affect shielding. Most of the buildings were of  concrete cinder-block 
construction. However, some associated out-building s such as the weigh-
station booth, fuel payment-booths, etc., might be constructed of 
different materials providing less shielding. 
SUMMARY 
This paper discusses an investigation of stop model  input parameters at 
truck stops. The parameters of stop time, number of  persons exposed 
(inside building), and the number of persons expose d outside are 
presented as average values with standard deviation s. Histograms of the 
stop data are presented as an aid for the analyst w ho may want to use 
statistical sampling techniques. The results presen ted in this report 
indicate that a metropolitan truck stop has a longe r average stop time, 
larger average NPE, and closer exposure distances t han the rural truck 
stop. However, fewer observations of the rural truc k stop were performed 
than for the metropolitan truck stops. This data is  stored in a spread-
sheet file (Microsoft Excel). This format will allo w new data to be added 
to the database as additional observations are perf ormed.  
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ABSTRACT 
Ishikawajima-Harima Heavy Industries (IHI) has deve loped its own 
radioactive waste vitrification and storage technol ogy. Concerning the 
vitrified waste storage system, IHI has developed a nd designed two type 
of storage systems. One is a forced convection air cooling system, and 
the other is a natural convection air cooling syste m. IHI has 
experimented and analyzed heat transfer, earthquake  proofing, vitrified 
waste drop and radiation shielding, etc. In conside ration of these 
understandings, IHI designed and constructed the fi rst natural air 
cooling vitrified waste storage facility in Japan. 
INTRODUCTION 
The method of treating the high-level radioactive w aste is that, to 
vitrified glass solidum to safe forms, and store th e vitrified waste for 
30 to 50 years for intermediate storage. Japan has two option program for 
vitrification, one is the domestic reprocessing pla nt, the other is the 
overseas reprocessing contract with COGEMA in Franc e, and BNFL in 
England. 
Ishikawajima-Harima Heavy Industries (IHI) has deve loped intermediate 
storage system, two of which are currently availabl e. One is a forced 
convection air cooling system for domestic vitrific ation, and the other 
is a natural convection air cooling system. 



CONCEPT OF STORAGE SYSTEMS 
Regarding the design of the vitrified waste systems , some type of 
management systems can be provided. Table I shows t he design concept of 
Vitrified Waste Storage systems (1). This classific ation takes notice of 
decay heat cooling function. To think about another  functions following, 
enclose, shield, long time adaptation, economical a daptation, and so on. 
In these cases, vault air cooling systems have been  validated by the 
following: 
  water cooling system is needed for the water circ ulation and the filter 
system. 
  the silo and the cask cooling system needs the la rge site area, and 
thus is not good for space efficiency. And the air flow is more complex 
than the inner flow in the annular tube. 
Regarding the vitrified waste storage system is dev elopment, we have 
completed the design of two types of storage system s: one is a forced 
convection air cooling system (Fig. 1.), and the ot her is a natural air 
convection system (Fig. 2.) (1). 
Table I 
Fig. 1 
Fig. 2 
The forced air convection system is as follows: The  vitrified waste is 
positioned in the tube directly the cooling air. Th e cooling air is 
induced by the ventilation system, which has blower s, filters, etc. and 
needs the electric power supply units. This system can perform without 
electric power, but needs emergency electric power.  Because this system 
must be able to operate with the loss of the electr ic power supply. 
Therefore, the forced air convection air cooling sy stem, adapts a small 
scale storage facility, because the ventilation sys tem can be used in 
common with the storage area and other utilities, f or example the 
vitrification cell. The natural air convection syst em is as follows: The 
vitrified waste is positioned in the thimble tube a nd the cooling air 
only contacts the outer surface of the thimble tube  and not to contact 
the vitrified waste, so that the cooling air does n ot become 
contaminated. The decay heat is removed with the ai r flow induced by the 
draft force, which depends on the heat generation r ate. The natural air 
cooling maintains a wide margin on acceptable vitri fied waste for all 
site specific environmental conditions. And IHI has  developed cooling 
properties, shielding, potential dropping and other s for the natural air 
convection system. 
The world experience of the interim storage facilit ies are: the forced 
air cooling system adopted by the A.V.M. (Atelier d e Vitrification 
Marcoule) and the T.V.F.(Tokai Vitrification Facili ty), and the natural 
air cooling system adopted by the W.V.P.(Windscale Vitrification Plant) 
(1). And peculiarity IHI natural air cooling system  is as follows: Each 
thimble tube is connected to the inner gas pumped d own system, and the 
cavity at thimble tube is kept to negative pressure . The system can be 
designed to protect leakage from the vitrified wast e containment 
boundary. 
THE NATURAL AIR COOLING SYSTEM 
The storage vault is shown in section in Fig. 3. Th e cooling air enters 
though a hood, protecting the wind and snow, and fl ows though a labyrinth 
and a louver which prevents radiation streaming and  enters the storage 
area. The air flow of the storage area is as follow s: The air in the 
annular gap between the thimble tubes and the venti lation pipes is heated 



by the decay heat of the vitrified waste. Because o f the density 
difference between the heated air and the open air,  the draft force, due 
to the buoyancy, is generated in the annular gaps. And the cooling air 
takes decay heat from the vitrified waste, though t he exit louver and 
labyrinth, up the concrete shaft and out to the atm osphere via a wind and 
snow hood. The flow rate of the cooling air increas es as the heat 
generation rate of the vitrified waste becomes high er, and as the height 
of the annular gap and the air cooling outlet shaft  increases. 
Fig. 3 
Estimating of the performance of natural convection  air cooling system 
may be achieved by: 
  thermo-hydraulic experimental testing about 1/3 s cale models (2,3). 
  development of thermo-hydraulic numerical analysi s method (2). 
  wind tunnel test to confirm the positive cooling effect of all 
directional wind conditions (3). 
The thermo-hydraulic experimental apparatus is show n in Fig. 4. This 
basic model simulates three thimble tubes, and its scale is about 1/3. 
The heat generation rate of each thimble tube is co ntrolled. The inlet 
flow velocity and the outlet air temperature of eac h annular tube is 
measured. And the experimental and the numerical re sults are shown in 
Fig. 5. Figure 5 shows the accuracy of the numerica l method. This 
numerical method will applied to the facility desig n. 
Fig. 4 
Fig. 5 
A low speed wind tunnel of 1/150 scale model simula tes the storage 
facility and other buildings. The experimental para meter is in the shapes 
of the outlet shaft. The experimental result shows that the pressure 
difference of all the types is positive. These outl et shaft shapes 
increases the air flow rate. 
Flow modeling of the vault module calculates both t he general cooling air 
flow rate and particularly its distribution within the thimble tube. And 
the increase of the temperature inside the thimble tube has been carried 
out using the TAC-2D (4) code to calculate. The inc rease model of 
temperature inside the thimble tubes is shown in se ction is Fig. 6. And 
the calculation result shows that the decreasement of vitrified waste 
temperature by the storage years is Fig. 7 (5). 
Fig. 6 
Fig. 7 
THE RADIATION SHIELDING 
Most of the storage area are enclosed with concrete  walls and floor, thus 
the radiation from vitrified waste is shielded in c oncrete. The natural 
air convection system have an inlet shaft and an ou tlet shaft for the 
cooling air. These shafts must be opened to the atm osphere, therefore, 
the both direct radiation and skyshine radiation, m ust be shielded to 
protect the environment. As the result of the shiel ding design, each 
shafts have louver and labyrinth. (See Fig. 3.) In the development of the 
vitrified waste storage technology, IHI compared th e experimental data 
and calculation data (6). Figure 8 shows the experi mental set up. An 
experiment was carried out to study the radiation d istribution in a 
single bent duct and shielding effect of the louver . The single bent duct 
applied to the concrete duct for the ventilation sy stem, and the louver 
applied to the inlet and outlet shaft for natural a ir convection system. 
Fig. 8 
THE POTENTIAL DROPPED ACCIDENT 



The safety submission claimed that the single failu re proof grab and 
hoist mechanism. The vitrified waste handling syste m is of sufficient 
integrity to render the probability of dropping the  vitrified waste into 
the vault during loading operations, at nearly nil.  To evaluate the 
potential consequences of dropping and possibly rup turing the vitrified 
waste; tests were run to an examination these conse quences. It is assumed 
that the vitrified waste drops on the floor from th e height of 9 meters, 
and drop on the previously stored vitrified waste i n the thimble tube 
(3). The dropping velocity is an important paramete r, and the calculated 
free dropping velocity from the height of 9 meters is about 13 m/sec, but 
the dropping velocity in the thimble tube is lower than that of a free 
drop because the narrow space between the dropping vitrified waste and 
thimble tube cause an air cushion effect. 
The finite element grid is shown Fig. 9 and the num erical results are 
shown in Fig. 10 and 11. 
Fig. 9 
Fig. 10 
Fig. 11 
Figure 10 shows that the shoulder of the vitrified waste is deformed and 
Fig. 11 shows that the equivalent - plastic strain dose not exceed 20%. 
The numerical analysis result shows that the strain  of canister does not 
exceed the tensile strain. 
OTHERS 
For design of the vitrified waste storage facility,  following items are 
required. 
  The integrity during earthquake 
Design criteria of the vitrified waste storage faci lity was established 
considering the special circumstances of Japan, suc h as limited site and 
strong earthquakes.  
  The concepts of operation 
The vitrified waste is handled by remote control fr om a central control 
room. The central control room is equipped with thr ee operational console 
and a watch foreman's console. Each operators conso le have a CRT units 
which is operated by a touch panel operation, and a  ITV monitor.  
DESIGN AND CONSTRUCTION 
IHI designed and constructed the vitrified waste st orage facility that is 
the first application of the natural air cooling sy stem technology in 
Japan. The major specification of the JNFL's Facili ty are shown in Table 
II (5,7). 
These appreciation for the Vitrified waste storage system will be applied 
to the design of the spent fuel storage facility. D evelopment of the 
vitrified waste storage systems has been carried ou t IHI in order to 
obtain the design data and method of the spent fuel  storage facility (8). 
Table II 
CONCLUSIONS 
1) IHI has been designed and constructed two type o f vault air cooling 
system for the vitrified waste storage facility. On e is forced air 
cooling system, and the other is natural air coolin g system. 
2) Technology that carried out from the vitrified w aste storage system 
development will be applied to the spent fuel stora ge system. And the 
concept design of vault air cooling system have bee n researched and 
developed. 
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ABSTRACT 
Japan Atomic Energy Research Institute (JAERI) and Unitika Ltd. have 
jointly developed an inorganic adsorbent, which can  remove plutonium (Pu) 
in reprocessing liquid waste and reduce a volume of  the waste containing 
TRU by the incineration.  
Previously We reported that this inorganic adsorben t had an excellent 
characteristics to adsorb Pu in the presence of 1 M  nitric acid(1). We 
had done the flow-through column tests to determine  practical conditions 
of the treatment process. From these results, this inorganic adsorbent 
was found to have good adsorption properties under the following 
conditions. 
  adsorbent length / adsorbent diameter 3 
  space velocity 1.6 h-1 



The cold and hot incineration tests showed that the  optimum conditions 
for the incineration of this fibrous adsorbent were  that the temperature 
was 550C and the air flow rate was 30ml/min. We als o found that the 
volume reduction factor was approximately 20 and no  flying of adsorbed Pu 
was observed during the incineration process of the  adsorbent. 
This inorganic adsorbent has good characteristics t o remove Pu directly 
without a pre-treatment of the liquid waste contain ing Pu, and reduce the 
volume of used adsorbent by the incineration. There fore this process is 
very effective for the treatment of liquid waste.  
INTRODUCTION 
The radioactive liquid waste from reprocessing plan ts contains the 
fission products such as Cs, Sr and the TRU such as  Pu and U. It is 
necessary to separate these products from the waste  and to reduce the 
volume of the waste. The Coagulation-Sedimentation or the Ion-Exchange 
method had been conventionally used to treat the wa ste. However, these 
methods encountered the treatment of the secondary waste such as a sludge 
and the used resin itself, which shows only a small  reduction of the 
volume by the incineration because of the flame ret ardant. The 
development of more effective adsorbent and treatme nt processes have been 
studied in order to overcome this shortcoming.  
JAERI and Unitika had jointly developed an inorgani c adsorbent, which is 
molded in the cartridge forms to be easily applied in the industrial 
fields. We made inorganic adsorbent by 80 wt% of fi brous adsorbent, that 
is, fibrous activated carbon which has the specific  surface area of 
approximately 2,000 m2/g and 20 wt% of inorganic bi nder. The fibrous 
adsorbent was improved so as to be more hydrophilic  by the oxidation 
without decrease of the specific surface area. As t he fibrous adsorbent 
is consisted of more than 90% of carbon, it is phys ically and chemically 
stable, and easily converted to CO2 and H2O by the incineration. It is 
possible to expect useful applications form at the standpoint of the 
volume reduction of the waste. 
In this paper, we report the Pu adsorption properti es of the inorganic 
adsorbent and the incineration properties of this a dsorbent. 
EXPERIMENT 
Adsorption Test  
In the flow-through column test and equilibrium ads orption test, we used 
radioactive liquid waste as the test solution. The waste was spent-fuel 
generated from reprocessing at JRR-3 which is the f irst reactor in Japan. 
The properties of the liquid waste and test adsorbe nt are shown in Table 
I and II. 
Table I 
Table II 
Equilibrium Adsorption Test  
The immersion method was applied to the equilibrium  adsorption test. The 
adsorbent was immersed in the test solution for 24 hours, and then the 
test solution was filtrated. Pu adsorption capacity  of the adsorbent is 
obtained from the Pu concentration in the filtrate measured by a 
spectrometry. 
The quantity of Pu adsorption is calculated as foll ows.  
Eq. 1 
Where : 
QPu : Quantity of Pu adsorption (mg/g) 
V : Quantity of solution (ml) 
M : Quantity of adsorbent used (g) 



C0 : Pu concentration of the test solution before a dsorption (mg/ml) 
C : Pu concentration of the test solution after ads orption (mg/ml) 
The conditions of equilibrium adsorption test are t he following: 
  Solution volume : 50 ml 
  Adsorbent weight : 0.1, 0.2, 0.5 g 
  Preservation time : 24 h 
Flow-through Column Test  
Figure 1 shows a diagram of the flow-through column  test. We measured Pu 
concentration before and after the flow through of the adsorbent by a 
spectrometry. 
Pu concentration ratio is calculated as follows: 
Eq. 2 
Where: 
CPu  :Pu concentration ratio  
C0  :Pu concentration of the test solution before f low-through the 
  adsorbent (mg/ml) 
C  :Pu concentration of the test solution after flo w-through the 
adsorbent (mg/ml) 
The conditions of flow-through column test are the following : 
  Adsorbent length / Adsorbent diameter :  6 
  Space velocity :  1.6 h-1 
  Adsorbent weight :  2.5 g 
Fig.1 
Fig. 2 
Cold incineration Test of Inorganic Adsorption 
Figure 2 shows a diagram of the incinerator used in  this test. We used an 
inorganic adsorbent immersed in 1 M nitric acid in the cold incineration 
test. 
The conditions of cold incineration test are the fo llowing: 
  Adsorbent weight :  1, 2, 3 g 
  Incineration temperature :  550, 600, 700C 
  Air flow rate :  5, 15, 30, 45 ml/min 
Hot incineration Test of Inorganic Adsorption  
We used an inorganic adsorbent immersed in test sol ution shown in Table 
I. We used an experimental apparatus similar to one  shown in Fig. 2 in 
the hot incineration test of the inorganic adsorben t. We measured the 
radioactivity of the inlet, and the outlet glass-fi lter, at each point as 
numbered in Fig. 2 and the condensed water for the evaluation of the 
radioactive distribution. 
The conditions of the hot incineration test are the  following: 
  Adsorbent weight :  1.8 g 
  Incineration temperature :  550C 
  Air flow rate :  5, 15, 30 ml/min 
RESULT 
Equilibrium Adsorption Test  
Figure 3 shows the adsorption isotherms of Pu at 20 C. Table III shows the 
adsorption characteristics of b and g nuclide. The inorganic adsorbent 
molded in the cartridge forms was slightly less tha n the fibrous 
adsorbent in the quantity of Pu adsorption. The ads orption of b and g 
nuclide were not observed and it means that Pu was adsorbed selectively. 
Table III 
Fig. 3 
Flow-through Column Test  



Figure 4 shows a breakthrough curve obtained by the  flow-through column 
test. The result shows that, the both adsorbents ma intained a removing 
efficiency of approximately 97 % even when the volu me of the flow-through 
liquid waste was 40 times that of the column. 
Fig. 4 
Cold incineration Test of Inorganic Adsorption  
Figure 5 shows the effect of temperature on the inc ineration at the 
adsorbent weight of 2 g and the air flow rate of 30  ml/min. From this 
result, it was found that the incineration temperat ure did not affect on 
the rate of weight reduction of the inorganic adsor bent at the air flow 
rate of 30 ml/min, and also found that incineration  was quite possible 
even at 550C (The ignition point of fibrous adsorbe nt is 480C). 
Figure 6 shows the effect of the air flow rate at 5 50C. As the air flow 
rate increased, the rate of weight reduction became  faster; however, over 
30 ml/min, the rate of weight reduction became cons tant. 
Figure 7 shows the effect of the adsorbent weight a t the air flow of 30 
ml/min and the temperature of 550C. The result show s that, when the 
adsorbent weight of 2 g and 3 g were used, the rate  of weight reduction 
during the time elapsed of 1-5 hours coincided each  other. 
It was observed that the volume reduction factor wa s approximately 20 and 
no flying of particles and soot was observed with t he incineration of 
this inorganic adsorbent. 
Fig. 5 
Fig. 6 
Fig. 7 
Hot incineration Test of Inorganic Adsorption  
We evaluated the radioactivity distribution inside of a combustion pipe 
after the hot incineration test. 
Table IV shows the radioactivity of glass-filters, Table V shows the 
radioactivity at each point as numbered in Fig. 2, and Table VI shows 
radioactivity of the condensed water which was gene rated at the 
incineration. From these results, we detected the r adioactivity of Pu 
only in the residual ash but not inside of the pipe . This fact means that 
no flying of the nuclides was generated at the inci neration.  
Therefore, it is possible to incinerate the inorgan ic adsorbent at the 
air flow rate of 30 ml/min and temperature of 550C.  
Table IV 
Table V 
Table VI 
CONCLUSION 
From the equilibrium adsorption test and the flow-t hrough column test, we 
found that the inorganic adsorbent had an efficient  adsorption properties 
on Pu. The incineration test of the inorganic adsor bent showed that 
volume reduction factor reaches approximately 20 an d no flying of 
adsorbed Pu was observed. 
These results suggest that the process using the in organic adsorbent for 
the treatment of the radioactive waste is very effe ctive from the 
standpoint of the volume reduction of the waste. 
In the near future, this process will be applied fo r the treatment of 
stored liquid waste in JAERI. 
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ABSTRACT  
The French Atomic Energy Commission (CEA) initially  developed the LR56 
cask system for off-site radioactive liquid transpo rtation. Two models of 
this IAEA, type B(U) certified cask have been in da y-to-day use in France 
and other European countries since 1988. Recently, the U.S. DOE decided 
to purchase two LR56 systems, one each for use at t he Hanford and Oak 
Ridge sites. Modifications have been made to the or iginal design (such as 
the addition of an integrated spray rinsing system for removal of 
particulates) to comply with the needs of the DOE s ites. 
INTRODUCTION 
Since the establishment of the French Atomic Energy  Commission (CEA) 
Saclay nuclear center in the 1950's, liquid radioac tive wastes from 
different facilities within the boundaries of the c enter have been 
transported to the site's liquid processing plants using specially 
designed tanker vehicles. As part of the developmen t of nuclear 
activities in France, the shipment of radioactive l iquids between 
different sites throughout the country became neces sary. Based upon the 
experience acquired at the CEA nuclear centers, fou r models of tanker 
trailers, compliant with the French and European re gulations for off-site 
transportation of radioactive liquids have been dev eloped by the CEA. The 
main trailers, which are frequently used for transp ortation in France and 
also in other European countries, are the following : 
  The LR54 trailer is equipped with an unshielded t ank with a usable 
capacity of 19.5 cubic meters. It is an industrial package designed for 
the transportation of low activity liquids (less th an 10-5 x A2 per gram 
of specific activity, and 100 x A2 for the total ac tivity, Ref. 1). Three 
units have been in service in France since 1985. 
Note: A2 is an activity limit defined in Ref. 1 and  2 which depends upon 
the nature of each of the radionuclides (e.g. A2 li mit is equal to 0.5 
TBq for Csl37). 
  The LR56 system is a trailer equipped with a 50 m m equivalent lead 
shielded cask with a 4 cubic meter usable capacity.  It is a type B (U) 
package (1, 2) designed for the transportation of m edium to high level 
activity liquid. The cask model has obtained the ce rtification as a type 
B(U) container by the French safety authorities. On e unit has been in 
operation in France since 1988, a second unit since  1993. 
  The LR44 is a trailer equipped with a 150 mm equi valent lead shielded 
cask with 1.3 cubic meters usable capacity. It is a  type B (U) package 
(1,2) designed to allow transportation of high leve l activity liquids 
using more shielding than for the LR56. The cask mo del has obtained the 
certification as a type B(U) container by the Frenc h safety authorities. 
One unit has been in operation in France since 1978 . The LR40 is a 
trailer equipped with a 30 mm equivalent lead shiel ded cask with 2.8 



cubic meters usable capacity. It is a type B (U) pa ckage (1) designed for 
the transportation of medium activity liquid. The c ask model has obtained 
the certification as a type B(U) container by the F rench safety 
authorities. One unit has been in operation in Fran ce since 1980. 
The present paper focuses on the LR56 liquid transp ortation system, which 
was recently selected by the Hanford and the Oak Ri dge U.S. Department of 
Energy (DOE) sites for transportation of radioactiv e liquids. The paper 
presents the new applications and provides technica l details regarding 
the modifications that have been made to the system  in order to comply 
with the type of waste to be transferred. 
THE BASIC LR56 SYSTEM 
The LR56 assembly (see general outline of the LR56 system presented in 
Fig. 1) is composed of the liquid transportation ca sk itself mounted on a 
road trailer with additional peripheral equipment. Liquid transfer 
operations can be performed and monitored without e xternal assistance 
using trailer mounted ancillary systems such as: a hydraulic arm to 
handle the cask plugs, a nitrogen supply station to  purge the tank from 
eventual hydrogen build up due to radiolysis, an ai r filtration and 
vacuum/compressed air production cabin and utilitie s, and a control and 
monitoring cabin. Vacuum/compressed air and pressur ized oil to operate 
the crane are supplied through pumps actuated by an  on-board combustion 
engine. Only the cask itself is type B(U) certified ; it is sealed and 
disconnected from all the peripheral equipment in t he transport 
configuration. 
Fig. 1 
Cask 
The cask consists of a horizontal cylindrical confi nement tank surrounded 
by several layers of containment, mechanical, biolo gical and thermal 
protections. The final external dimensions of the c ask are 3.7 meters 
long by 2.15 meters in diameter. The currently appr oved maximum weight is 
23,100 kg. 
Confinement Vessel 
The confinement vessel seals the waste from the env ironment. It is made 
of stainless steel type Z1 NCDU 25.20(or B 625 UNS 08-404 under ASTM 
code), highly polyvalent steel for use with aggress ive chemicals, in 
particular phosphoric, sulfuric and hydrochloric ac ids. The vessel is 
cylindrical with plate thickness of 8 to 10 mm and rounded heads. The 
interior of the vessel has two baffle plates and su pports for level 
indicators, transfer pipes and sampling pipes. Oper ating equipment such 
as valves, level measurement sensors and samplers e nter through three 
wells on the upper longitudinal axis of the vessel.  The wells are closed 
with bolted lids equipped with double O-ring seals which ensure the 
continuity of the first confinement envelope. The p ressure between the 
two seals is monitored to check for tightness befor e and after 
transportation. 
The following equipment is flanged to the well's ba se plates and is 
removable for maintenance:  
  Rear Well: Two special self-sealing stainless ste el connectors are used 
to connect the loading or the unloading hoses to th e tank. These 
connectors are derived from a standard design used for commercial airline 
refueling and provide a high degree of safety with minimum retention of 
contaminated liquids. Two separate mechanical devic es ensure the latching 
of the connector on its base and the opening of the  internal sealing 
valves. The two actions are mechanically interlocke d. The connector bases 



are mounted on hand valves to isolate the tank cont ent during 
transportation. A liquid sampling connection is con nected to a liquid 
sampling tube ending near the bottom of the tank. 
  Central Well: The central well is equipped with t he level measurement 
sensors: a float driven very high level switch, a l ow level float driven 
switch and a float driven continuous level measurem ent system activating 
a resistive line.  
  Front well: The front well (with respect to the d irection of motion of 
the trailer) is equipped with the cask venting conn ection, the hydrogen 
gas sampling connection and a redundant very high l evel float driven 
sensor 
Containment Vessel 
The containment vessel is made of a 6 mm 316L stain less steel, offset 20 
mm from the confinement vessel by spacer tubes. It protects the other 
components from any liquid spills. A drain tube is placed in the 
intervessel space to check for liquid presence and drain it. 
Biological Shield 
35 mm of soft lead is placed around the containment  vessel. The 
continuity of the biological shield around the acce ss wells is ensured by 
two means. First, 35 mm plates of lead are cast in stainless steel crows 
welded inside the confinement vessel around the wel l base plates. Second, 
removable lead bricks are bolted on the top of the base plates and placed 
around the penetrations. The mechanical protection envelope (described 
below) provides additional biological shielding lea ding to a total of 50 
mm lead equivalent shielding. 
Mechanical Protection 
The lead shield is surrounded by a thick carbon ste el vessel (30 mm 
A42FP) providing the mechanical protection of the c ask in the drop test 
conditions. Continuity of the mechanical envelope a t the access well 
openings is provided by three heavy plugs. These pl ugs also ensure the 
closure of the secondary containment vessel. 
Thermal Protection 
A non-centered shell of 150 mm to 550 mm balsa and redwood provides 
thermal protection of the tank against external fir es. It also provides 
for mechanical shock absorption in case of external  impacts or drop. The 
continuity of the wood envelope is also ensured ins ide the removable 
plugs. 
External Envelope 
A 6 mm painted carbon steel layer provides final we ather protection of 
the assembly. 
Cask Securement 
The cask lies horizontally on cradles which are wel ded to the trailer 
frame. The cask is immobilized by shackles bolted o nto the cradles and 
lengthwise by stops built into the front of the tra iler and rear of the 
rear cradle. 
Trailer 
The total length of the French version of the trail er is 9.37 meters (31 
feet), width is 2.45 meters and height 4 meters. Th e fully loaded gross 
weight is 32 metric tons without the tractor  
IAEA Certification Tests 
Tests have been performed on a 1/3 scale mock-up de monstrating the 
tightness of the cask after the regulatory 9 meters  drop test and 1 meter 
penetration drop test on a 15 cm rigid rod. Behavio r under the fire, 



immersion and other regulatory conditions has been demonstrated by 
calculations. 
Main Characteristics of the Content 
The reference cask model has been certified for the  transportation of 
liquids with the following general specifications: 
 Activity limits: 
  The IAEA regulatory limit (1) imposes a maximum o f 0.1 mSv/hour 
radiation field at 1 meter from the cask, which lea ds to the following 
activity limits: 
 < 10.7 x 1011 becquerels/cubic meter (29 Ci/m3) fo r gamma emitters at 
less than 0.8 MeV 
 < 8.14 x 1010 becquerels/cubic meter (2.2 Ci/m3) f or gamma emitters at 
less than 1.3 MeV 
  If the total activity is larger than 3 x 103 A2 o r 1.11 x 103 TBq (3 x 
104 Ci), special notice must be made to the French authorities. 
 Maximum concentrations: 
  nitric acid: 30%, 5.5N 
  sulfuric acid: 50/O, 7N 
  CL- anions: 1 g/l  
  F- anions: 0.1 g/l 
 Maximum plutonium content: 200 g  
 Thermal power 
   10 W (derived from the fissile content) 
 Maximum operating effective pressure: 
  3 bar (3 x 105 Pa), the confinement vessel is pre ssure tested at 4.5 
bar and helium leak tested. 
HANFORD SITE APPLICATION 
The US DOE Hanford site has operated since 1943 wit h the primary purpose 
of plutonium production (3). The liquid waste from the plutonium chemical 
separation process has been stored in large undergr ound tanks (the "tank 
farms") for future retrieval, treatment and final d isposal. The forms of 
waste include various mixtures of sludge, liquid, s alt cake, or slurry. 
The waste is alkaline; principal radionuclides incl ude uranium, uranium 
fission products and fission decay products. Approx imately 46 single-
shell tanks at the Hanford site contain interstitia l and supernatant 
liquids which may leak from the tanks, due to the a ge of the tanks. 
Typically, pumping via pipeline to other tanks is u tilized whenever such 
leakage is detected. However, various conditions ma y preclude such 
transfers taking place, thus the need for a flexibl e mobile above-ground 
auxiliary transfer system arose. Such a system must  meet DOE approved on-
site packaging standards for type B quantities of h igh-level radioactive 
materials. 
At the present time, no domestic DOE or NRC type B packaging with the 
appropriate level of shielding is available in the United States for 
transport of radioactive liquids in bulk volumes (i .e. greater than 1 
liter volume). It was decided that the best way to meet the tank farms' 
needs was to select an existing and proven type B p ackaging, the LR 56 
cask system used in France. 
This system is currently being purchased by Westing house Hanford Company 
(WHC) from Numatec, Inc. (a Cogema Inc./SGN company ) under license from 
the CEA. The system was delivered to the site in la te 1995. 
OAK RIDGE SITE APPLICATION 
The US DOE Oak Ridge National Laboratory (ORNL) is in the process of 
upgrading the liquid low-level radioactive waste-ge nerator collection 



facilities, transfer systems, treatment facilities,  and interim storage 
facilities on site to meet regulatory requirements.  Existing single-wall 
tanks are either being replaced with doubly-contain ed tanks or removed 
from service. Single-wall piping systems are either  being replaced with 
doubly-contained piping systems or are being remove d from service and the 
radioactive waste is being transported to the centr al waste collection 
system. 
The current transportation of liquid radioactive wa ste at ORNL uses a 
tanker truck which is not shielded and does not mee t the requirements of 
the US Department of Transportation (DOT). In addit ion to transporting 
waste from the waste generators on the ORNL site, a  DOT Type A package 
transporter will be capable of transporting liquid radioactive waste via 
public highways from other local US DOE sites not c ontiguous with the 
ORNL. 
In 1992, the operator of the US DOE Oak Ridge Natio nal Laboratory, Martin 
Marietta Energy Systems (MMES), initiated an evalua tion of potential 
suppliers of a liquid low-level radioactive waste t ransporter with a 
capacity of approximately 1000 gallons. MMES action  based upon this 
initial evaluation was deferred due to funding prio rities. In early 1994, 
funding was made available and the evaluation was r e-initiated. 
Independent of the WHC assessment of available liqu id radioactive waste 
packages, MMES determined that the procurement of a n existing Type B 
package (the LR56) was advantageous because of the time and expense 
involved in initial design and testing of a DOT Typ e A container. 
Subsequently, MMES entered into a teaming agreement  with WHC (which had 
by this time initiated procurement activities with Numatec, Inc) for WHC 
to perform the procurement activities for a second unit to be supplied 
for the Oak Ridge site. Under such a teaming arrang ement, the two US DOE 
site operators were able to share resources in revi ewing design 
modifications, performing witness points, and contr act administration. 
This second system purchased by WHC will be deliver ed to the Oak Ridge 
site in early 1996. 
EVOLUTION OF THE LR56 BASIC DESIGN 
In order to meet the Hanford and Oak Ridge sites' r equirements, some 
modifications of the basic LR56 system have been ma de. The main 
modification is the addition of a rinsing system in side the compartments 
of the confinement vessel to handle the presence of  sludge and insoluble 
particles in the liquids to be transferred. The mod ifications are 
described hereafter; the Oak Ridge version contains  only the ones marked 
by an asterisk.  
Rinsing/Spray-wash (*) 
Each compartment of the confinement vessel is equip ped with one or two 
rotary spray wash nozzles to facilitate the wash do wn of solids towards 
the sump. Fixed nozzles are also installed to impro ve the cleaning of 
critical areas such as the level measurement floats . The water supply 
pressure is 60 to 90 psig. To allow for replacement  of the spray nozzles, 
the base plates of the wells have been made removab le with the 
penetrations welded on the flange. 
This modification does not affect the confinement b arrier (closed at the 
lid level) and provides additional flexibility to t he system. Moreover, 
the removable lead brick protections initially plac ed in the wells have 
been replaced by permanent shielding plates cast in  additional welded 
enclosures placed inside the confinement vessel. Th is clears the space 
around the penetrations and simplifies the maintena nce operations.  



Temperature Sensors 
In order to provide for the ability to monitor the temperature inside the 
liquid and the sludge at various levels, five therm ocouples have been 
installed in the tank. One thermocouple is placed i n a guide tube in the 
intervessel space between the confinement and the c ontainment vessel to 
measure the bottom tank temperature. Four additiona l sensors are placed 
in a tube fixed on a well base plate to measure tem perature at various 
levels. The upper level sensor positioning correspo nds to the maximum 
high level of liquid in the tank. 
Redundant Level Measurement 
A capacitive continuous level measurement probe is installed in the 
central well. It is not directly used in the contro l logic but provides 
redundant information using a different technology than the primary 
system, using a float driven technology. 
Annulus Leak Detection 
In order to permanently check for the presence of l iquid in the 
intervessel space, a resistive probe is placed in a  guide tube down to 
the bottom sump. The information is sent back to th e monitoring station 
and processed in the safety logic of the automatic controller. 
Neutron Measurement 
A 15 mm inner diameter tube is placed in the lower protective wood layer, 
in contact with the carbon steel mechanical protect ion envelope. It is 
intended to be used as a guide for the insertion of  a neutron detection 
foil in order to detect the presence of any sedimen ted fissile material.  
ASME Filtering (*) 
The cask vented air filtering station has been rede signed to comply with 
the ASME 509 and 510 requirements. The HEPA and act ive coal filter 
efficiencies are now testable in situ. The new desi gn also allows in-situ 
replacement of the filters under bag transfer witho ut dismounting the 
filter housing.  
Electrical Motors (*) 
The on-board combustion engine (e.g., used for the vacuum/pressure pump 
and the pressurized oil for the crane) has been rep laced by electric 
motors supplied by an external source of 460 V AC c urrent. The system is 
less autonomous than the French version but gains i n flexibility, 
decreased pollution for indoor operations and noise . 
PLC Control System (*) 
The control system, initially relay driven, has bee n replaced by a 
Programmable Logic Controller (PLC). New modes of o peration have been 
added to take into account the rinsing operations a nd the various loading 
and unloading configurations which are specific to the U.S. applications. 
The PLC allows the exchange of monitoring and permi ssive signals with the 
external loading/unloading stations in order to int erlock the transfer 
operations. A remote control console is provided wi th the Hanford version 
allowing it to operate the system from a shielded a rea. The remote 
console is identical to the trailer console and is linked to the on-board 
PLC via a standard bus line. 
US DOT Trailer (*) 
The cask and ancillary equipment are mounted on a n ew trailer conforming 
to U.S. Department of Transportation (DOT) requirem ents. The total length 
of the trailer is 41 feet, which is significantly l arger than the French 
version, due to differences between the European an d U.S. road and 
highway transportation regulations. 
Type B(U) Certifiability (*) 



The Type B performance requirements of the French r egulations are 
virtually equivalent to those of the United States,  as they are 
ultimately based on the International Atomic Energy  Agency (IAEA) Safety 
Series 6 (1) requirements used by both countries. H owever, an on-site 
SARP is still necessary because the French Certific ate of Compliance for 
the LR56 is not recognized for domestic use in the United States. For 
off-site uses as a type B package, a licensing proc ess will be pursued 
through the DOE or NRC, but such a license is not n ecessary for on-site 
use. The modifications made on the cask and the anc illaries have been 
designed in order not to affect the ability of the system to meet Type 
B(U) performance criteria. Analyses and calculation s have been made by 
SGN in order to support this demonstration.  
DOT 7A Compatibility (*) 
To address the potential use on public access roads  and highways between 
the ORNL site and nearby DOE facilities, an analysi s of the LR56 system's 
compliance with the U.S. DOT 7A criteria has been c onducted. As the 
system is already Type B certified in France, it ea sily meets the type A 
criteria. This has been confirmed by a systematic a nalysis. The volume of 
liquid waste to be transported under this certifica tion will be 
operationally limited to meet the US DOT A2 quantit y limits.  
CONCLUSIONS 
The LR56 system is a unique, well proven, and flexi ble Type B(U) liquid 
waste transportation cask. The equipment benefits f rom all the experience 
gained in the design and operation of liquid transp ortation casks in the 
French nuclear community, since the early 1950's (L R56 stands for "56's 
design of Radioactive Liquid Cask"). Two casks are presently in day-to-
day use by the CEA. Since they were put into servic e, the LR56 systems 
have transported about 80 TBq (2100 CD of active li quids over a total 
distance of 35,000 km without any significant incid ent involving the 
hazardous material transported. 
The two new systems that will soon be brought into operation on the U.S. 
DOE Hanford and Oak Ridge sites present new feature s which are broadening 
the spectrum of the LR56's applications. 
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ABSTRACT 
Transuranic (TRU) wastes generated in Department of  Energy (DOE) 
operations have, since 1970, been packaged to a lar ge extent in unvented 
55-gallon steel drums and have been stored with the  intention of future 
retrieval. Today, there are safety concerns regardi ng these drums because 
of the potential presence of hydrogen and methane g enerated by radiolysis 
of hydrogenous wastes, and/or of traces of combusti ble Volatile Organic 
Compounds (VOCs) contained in the original waste ma terials. Any future 
handling and transportation of these waste packages  must address these 
concerns. To provide a method for penetrating the d rum and drum liner 
lids, sampling and analyzing the headspace gases, p urging of undesirable 
gas mixtures, and installing an approved High Effic iency Particulate Air 
(HEPA) filter vent, a Drum Venting System (DVS) has  been designed, built, 
and performance tested. The DVS has been shown to b e capable of safely 
and effectively meeting all performance requirement s in the venting of 
previously filled drums of TRU waste. 
INTRODUCTION 
Transuranic (TRU) wastes generated in U.S. Departme nt of Energy (DOE) 
operations have, since 1970, been packaged to a lar ge extent in unvented 
55-gallon steel drums and have been stored with the  intention of future 
retrieval. These wastes are intended to be disposed  of permanently in the 
DOE Waste Isolation Pilot Plant (WIPP) facility. To day, there are safety 
concerns regarding these stored drums because of th e potential presence 
of combustible headspace gases. Such gases can incl ude hydrogen and 
methane resulting from the radiolytic decomposition  of hydrogenous waste 
materials (e.g., paper, plastics, moisture) and/or from the presence of 
generally small amounts of combustible Volatile Org anic Compounds (VOCs) 
that are cocontaminants of the TRU wastes. Any futu re handling and 
transportation of these waste packages must address  this concern. 
Additionally, the WIPP Waste Acceptance Criteria re quire all packages to 
be vented, and that all such packages shipped to WI PP in the DOE TRUPACT-
II Type B container must be both vented and shown t o meet combustible gas 
concentration limits. To provide a safe method for penetrating the drum 
lid and, if present, inner plastic liner lid, sampl ing and analyzing the 
headspace gases,and installing an approved filter v ent, NFT Incorporated 
(NFT) has developed a Drum Venting System (DVS) for  the remote 
performance of these functions. This paper discusse s the design, 
operation, and performance testing of the DVS.  
SYSTEM DESIGN 
The NFT DVS, as depicted in Fig. 1 and 2, is a stan d-alone, skid-mounted 
system, requiring only external electrical power. T he DVS is capable of 
properly installing an approved filter vent in a pr eviously filled drum 
of TRU waste. In this process, a sample of headspac e gas is collected and 
analyzed. In the event of a flammable headspace gas  mixture being 
detected, the system can purge the gases present. T he DVS is comprised of 



several components and subassemblies, including the  powerhead 
subassembly, glovebox, drum cabinet, gas analysis s ystem, air filtration 
system, and remote controller assembly. Each of the se is described below. 
Powerhead Subassembly. The electrically powered pow erhead subassembly is 
the key mechanical subassembly within the DVS. It c ontains a structural 
frame that supports and stabilizes a linear drive a nd a nutrunner. 
Linear Drive. A stepper motor-driven, screw type li near drive controls 
the vertical movements of the powerhead assembly. T he DVS employs a 
linear drive controller which precisely controls th e movements of the 
powerhead assembly. The controller can store up to 100 unique and 
predetermined linear motion sequences or programs.  
Nutrunner. The DC-motor driven nutrunner is mounted  to the powerhead 
frame and provides the rotary motion to a socket at tachment that holds 
the head of the filter assembly during the piercing  and insertion 
operations. This nutrunner is a variable-speed unit  capable of operating 
at higher speeds when piercing the lid and slower s peeds when installing 
the filter. The nutrunner functions as the torque s ource which enables 
the filter threads to cut into the drum lid such th at the filter seats 
securely in the drum lid. The nutrunner controller is a microprocessor-
based, programmable, rotary motion controller. The controller can store 
up to 64 unique and predetermined rotary motion seq uences or programs. 
Glovebox. The glovebox that contains the Powerhead Assembly was designed 
and fabricated in accordance with the American Glov ebox Society's 
"Guidelines for Gloveboxes", AGS-G001-1994. An inle t filter housing 
contains one 8x8 inch gasket seal High Efficiency P articulate Air (HEPA) 
filter element. A small airlock (approximately 10x1 0x10 inch) is provided 
to permit entry of drum filters and other small com ponents, as needed. 
All electrical components within the DVS glovebox c omply with National 
Electrical Code standards in that they are intrinsi cally safe 
(nonsparking), or are of a "purge" design which pre vents ignitable gases 
from entering their interior spaces where electrica l discharges may be 
present. For example, the linear drive motor has a constant flow of air 
to prohibit any contact with ignitable gases which could possibly be 
present in the glovebox. The nutrunner, on the othe r hand, is nonsparking 
in design. 
Fig. 1 
Fig. 2 
Drum Cabinet. The drum cabinet is a rectangular hea vy steel box structure 
designed to enclose a 55-gallon waste drum, or an 8 3-gallon overpack 
drum, and of sufficient size as to dissipate the pr essure from a worst 
case headspace gas ignition (drum pressurization to  136 psig) to <15 
psig. The glovebox is attached to the top of the ca binet, with a common 
mounting plate used to seal the top of the cabinet and bottom of the 
glovebox. Following fabrication, the cabinet was su ccessfully pressure 
tested to 22.5 psig. 
The cabinet design includes a 24x24 inch fluid seal  HEPA filter housing 
for inlet air. A backflow prevention device is pres ent in the cabinet to 
minimize the probability of filter failure in the c ase of 
overpressurization. Two doors are present. One is a  small access door 
used primarily to inspect the top surface of the dr um for contaminants 
prior to opening the large, drum access door. Both doors are gasketed to 
provide a tight seal during both normal operating c onditions and abnormal 
events. Both doors have sensors to tell the operato r of their open or 
closed status. 



The drum lift and weighing subassembly is contained  within the cabinet. 
The major components include a pneumatically - oper ated air-lift, (air 
stroke actuator) and force transducers. Two force t ransducers (weight 
load cells) are used with the lifting mechanism to provide downward force 
information. Following placement of the drum in the  cabinet, the lifting 
device is raised slightly to permit weighing of the  total mass lifted, 
from which drum weight is determined. The drum then  is lifted to seal 
against the drum lid seal, thus isolating the cabin et from the above 
glovebox. By adding a predetermined sealing force t o the total weight, 
the total upward lift force required for this opera tion is determined. 
Gas Analysis System. The headspace gas analysis sys tem utilizes a Varian 
Model 3400 CX gas chromatograph (GC) tuned and cali brated to quantify 
hydrogen, methane, and a selection of VOCs. The dua l column system uses a 
Flame Ionization Detector (FID) to detect the VOCs,  and a Thermal 
Conductivity Detector (TCD) to detect hydrogen and methane. The system 
collects a real-time sample of drum headspace gas, and within 
approximately 5 minutes, prints out the gas concent ration results. A 
personal computer (PC) software package fully autom ates the analysis and 
quantitation of the headspace gas results. The syst em alarms if any gas 
concentration exceeds the preset levels. 
Air Filtration System. The air filtration system is  responsible for 
ensuring that any radioactive contaminants released  from a waste drum by 
any mechanism within the DVS are fully contained wi thin the system. 
During operation, constant negative differential pr essure is maintained 
within the drum containment cabinet and glovebox. T he exhaust fan is an 
induced draft type, which is rated at 1,000 CFM max imum. The fan is 
equipped with a variable speed controller to permit  the adjustment air 
velocity, and hence the pressure differential withi n the cabinet and 
glovebox. Parallel ductwork connects the outlets of  the glovebox and 
cabinet to the common filter train. In the outlet f rom the glovebox, an 
adjustable damper is present to allow adjustment of  the airflow. Adjacent 
to the damper is a backflow device that prevents ov erpressure within the 
cabinet from backing up into the glovebox. The filt er train consists of 
one roughing filter and two HEPA grade filters, all  in series. 
Remote Controller Assembly. An Industrial Process C ontroller (IPC) is the 
key interface between the machine and the operating  personnel. The IPC is 
connected to a special touch-screen interface that allows the operator to 
control the course of action during the drum-ventin g process. For 
example, the linear drive controller and the nutrun ner controller are 
electronically connected to the IPC, which issues d iscrete logic signals 
that cause the execution of predetermined motion se quences or programs. 
The IPC software prompts the operator for input via  the touch-screen user 
interface. The resident software provides a flowcha rt-oriented 
operational basis for operation of the system (an o peration is completed 
before the next operation in the sequence is begun) . The entire control 
and data station is enclosed in an electrical cabin et affording both 
personnel and equipment protection during the opera tion.  
DRUM FILTER ASSEMBLY 
The filter used normally in the drum-venting operat ion is pictured in 
Fig. 3. A short-stem version, used in the event an impenetrable object is 
encountered, is also shown in Fig. 3. The normal fi lter has a self-
boring, self-tapping stem. The drill-type tip of th is filter is made of 
hardened tool steel (high-speed steel). The housing s of both units, which 
are otherwise identical, are fabricated of 316 stai nless steel. The 



filter media is a carbon-bonded-carbon material and  is performance tested 
to provide >99.97% removal of 0.3m to 0.7m particle s. The air delivery 
capacity of the filter is 200 ml/minute at 1 inch o f water column. 
OPERATIONAL SEQUENCE 
The following is a description of the operational s equence upon which the 
DVS design and programming of IPC software is based . 
Power Up. All DVS subsystems operate on 125 VAC pow er, except the air 
handling train which is 240 VAC, three phase. Syste m power is initiated 
manually. 
Fig. 3 
Change Operating Parameters. After powering up, the  IPC displays 
currently set system process parameters which a qua lified operator, by 
means of a password, can adjust if needed based upo n prior knowledge of 
the drums to be processed.  
Insert Filter In Socket. In preparation for DVS ope ration, the operator 
manually, through the glovebox gloves, places a fil ter into the specially 
designed, close-tolerance fitting, slotted round-he ad recess in the 
socket. 
Drum Load. The operator opens the drum cabinet door  and places the bridge 
platform in the recess to secure the door in the fu lly opened position. 
This allows the drum and dolly to be loaded into th e cabinet and prevents 
the door from closing prematurely. The operator the n removes the bridge 
platform and secures the door.  
System Initialization. The IPC directs the HEPA blo wer to start up and 
reach its setpoint speed. 
Drum Weigh. The IPC initiates a flow of pressurized  air into the air 
stroke actuator. As the actuator slowly inflates, t he drum is lifted 
until the beam of a photoelectric sensor is broken.  This indicates the 
drum is sufficiently raised to be weighed by the fo rce transducers. 
Drum Lift. Upon receiving a signal from the operato r, the IPC reinitiates 
the flow of air to the actuator which lifts the dru m further to where the 
lid is pressed against the molded rubber seal of th e seal assembly in the 
cabinet ceiling with the appropriate lift force, as  measured by the force 
transducers. 
Form Vacuum Chamber. Upon achieving the appropriate  lift force, the 
operator initiates a signal causing the powerhead s ocket to descend into 
the seal assembly cavity. As this occurs, a vacuum pump begins to 
evacuate the now sealed chamber. 
Seal Test. With the chamber formed and evacuated, t he DVS tests the 
integrity of the chamber by monitoring any in-leaka ge of air. If the 
reduced pressure in the chamber is seen to increase  by less than a 
predetermined amount over a short period of time, a n adequate chamber 
seal has been achieved. If an adequate chamber seal  is not achieved, the 
operator can either retry to form the chamber or pr oceed to the next 
step, noting that the headspace gas analysis result s may be compromised 
by outside air. 
Bore to Sample Depth. Upon receiving a signal to pr oceed, the nutrunner 
is caused to descend and rotate at "boring speed." In this operation the 
drum lid first is penetrated, and subsequently the liner lid is 
penetrated. However, the self-tapping threads of th e filter assembly have 
not yet engaged with the drum lid. At this point, a ll downward and 
rotational motion of the filter ceases. As soon as the drum lid is 
penetrated, headspace gas fills the small evacuated  chamber created 
above. 



Sample Analysis. The hollow stem and access stem ho les of the filter 
allow flow of headspace gases into the sealed chamb er. The operator now 
initiates the gas sampling and analysis operation o f the GC. Here, 
headspace gas is slowly pumped from the drum, throu gh the small chamber, 
to the GC. Upon completion of the gas sampling and analysis, the PC 
displays the analytical results. 
Headspace Gas Purge. When an undesirable concentrat ion of combustible gas 
is measured, an evacuate/purge cycle is initiated. Here, the drum 
headspace gas is partially evacuated, followed by r efilling with dry 
nitrogen. This cycle can be repeated as needed to r educe the combustible 
gas concentration. Subsequently, the headspace gas is resampled and 
analyzed for verification that the drum is safe to handle. 
Install Filter. Following completion of an analysis  showing acceptable 
headspace gas concentrations, the operator initiate s the filter 
installation process. The IPC synchronizes the nutr unner controller and 
the linear drive controller to operate at the optim um thread speed and 
feed (descent) rate, based on the filter's thread c haracteristics. Using 
the nutrunner's torque transducer output, the IPC s lowly lowers the 
powerhead socket until the torque transducer output  indicates the 
threading operation is in progress. Rotary and down ward motion continues 
until the torque transducer output achieves the pre determined setting of 
18 ft-lbs, thus indicating that the filter is prope rly installed and 
seated. 
Impenetrable Object. If an impenetrable object is d etected at any point 
in the boring or filter installation process, such an indication will 
immediately stop all powerhead motion, with the IPC  indicating the status 
to the operator. Should this occur during the borin g operation, the 
subsequent gas sampling/analysis and evacuate/purge  (if needed) cycles 
will be completed before any corrective action. Fol lowing the operational 
stoppage (and the continuation of operations, as ap propriate), the 
operator can direct the powerhead assembly to retra ct the filter into the 
glovebox. At this point, the long-stem filter is re placed with a short-
stem filter (see Fig. 3), which then is installed i n the normal manner. 
Lower and Unload Drum. Following completion of the filter installation, 
the operator lowers the drum in the drum cabinet. A t this point, the 
operator opens the small access door and can check the drum lid near the 
filter for radioactive contamination. If any is fou nd, the drum lid can 
be wiped clean to a level acceptable for removing t he drum from the 
cabinet. The drum then can be removed from the cabi net through a reversal 
of the "drum load" step, and another drum subsequen tly can be loaded. 
PERFORMANCE TESTING AND RESULTS 
The DVS Test Plan was developed and accomplished to  demonstrate the 
overall abilities of the system. Specific tests inc luded the following: 
  Ability to penetrate a "normal" drum lid and inst all a filter assembly. 
Testing included leak tightness and torque verifica tion. 
  Testing as above on drum lids containing "irregul arities" such as a 
rusted surface or minor denting. 
  Ability for system detection and recovery from an  impenetrable object. 
  Ability to purge the headspace volume with an ine rt gas. 
  Ability to measure the weight of a drum, determin e the required lifting 
force, and apply that force. 
  Ability to perform representative headspace gas s ample acquisition and 
analysis. 
Normal Drum Lid and Liner Penetration/Filter to Dru m Lid Seal 



Testing was performed by installing filter assembli es, in the normal 
operational sequence, into lids of 55-gallon drums.  Each drum contained a 
90-mil high density polyethylene (HDPE) liner. Foll owing the 
installation, each assembly was visually inspected to verify the required 
penetration of both the drum and liner lids, and th e apparent proper 
installation of the filter. To verify a leak tight seal between the 
filter housing and drum lids, each assembly was tes ted utilizing Dioctyl 
Phthalate (DOP). Here, a dual chamber assembly was used to seal both 
sides of the lid around the filter for application of the DOP testing to 
ensure that DOP particle leakage through the assemb ly met testing 
requirements for HEPA grade. A calibrated torque wr ench was used to 
measure the torque for the filter installations. 
A total of thirty five HEPA grade filter vents were  installed by the DVS 
in full operational mode into "normal" drum lids. S ubsequently, each was 
visually inspected and shown to have properly penet rated both the drum 
and liner lids. Of these, 34 passed the DOP HEPA te sting standard of a 
minimum 200 ml/minute flow rate and less than 0.030 % penetration of DOP 
aerosol at one inch of water pressure. The one asse mbly not passing was 
found to be properly installed, and had DOP penetra tion of 0.6%. 
Disassembly and examination of the gasket indicated  that a few cutting 
chips had not been properly blown out of the way an d had lodged under the 
gasket. The installation torque measured in these t ests was 18 + 0.4 ft-
lbs. 
Irregular Drum Lid and Liner Penetration/Filter to Drum Lid Seal 
Testing was conducted exactly as described above. H ere, a total of eleven 
filter vents were installed. Of these, ten subseque ntly passed all tests, 
with the self-tapping threads of one filter "stripp ing out" the hole in 
the drum lid. Subsequent investigation showed the l id area in which the 
filter was installed to be "slick", resulting from a possible oil-like 
residue. Stripout in this one instance occurred bec ause of the reduced 
friction between the neoprene gasket and drum lid, thus not permitting 
the DVS to achieve the target torque of 18 ft-lbs. Threading in this case 
continued until the drum lid sheet metal stripped o ut. As a result of 
this testing, it was recommended that (1) drum lids  be inspected to 
ensure that wet, oily, or otherwise slick surfaces not be chosen for 
filter insertion locations, and (2) all installed f ilters should be 
secondarily sealed with a fillet of silicon adhesiv e between the drum lid 
and filter head side wall. 
Detection and Recovery from Impenetrable Object 
In this test, a metal impenetrable obstruction was placed within 1/2 inch 
of the drum lid. The resistance measured on the pow erhead controls was 
the measure of the force exerted on the object. Her e, the DVS attempted 
to install a filter in the drum lid, where the lid was positioned such 
that the filter would encounter the steel object be low the lid. Following 
the encounter with the "impenetrable object", the D VS would need to 
recover the original long-stem filter and install a  short-stem filter in 
the hole in the drum lid. 
In each replication of the test, the installation o f the long-stem filter 
was stopped automatically by the excessive force ca used by encountering 
the impenetrable object. The operator then was able  to sequence the DVS 
operation through the subsequent retrieval of the l ong-stem filter, 
replace this filter with a short-stem filter, and p roperly install the 
short-stem filter in the drum lid. 
System Purge 



In this test, the DVS programming was tested to dem onstrate the ability 
to remove and replace an undesirable headspace gas mixture. Following the 
penetration of a drum lid and sample analysis, the system demonstrated 
the ability to evacuate the drum headspace repeated ly to 11 psia followed 
by the purge cycle of refilling the drum headspace with nitrogen back to 
normal atmospheric pressure (14.7 psia) 
Weigh Drum/Determine Required Lifting Force 
Six drums of differing weights were tested, with a "seal force" of 200 
lbs set for the test. Total measured lift force (dr um weight plus seal 
force) varied by a maximum of + 3 lbs from the expe cted calculated value 
in each case, thus indicating an acceptable air-tig ht seal was achieved 
between the drum lid and seal gasket. 
Headspace Gas Sample Acquisition and Analysis 
Testing in this case was dependent on the ability o f the system to 
establish and maintain a good seal between the seal  plate gasket and drum 
lid (see above test), and on the proper calibration , function, and 
complete variance analysis of the GC sampling syste m. In this test, a 
sample drum was placed in the DVS and was lifted to  seal against the seal 
gasket. The proper seal lift force first was verifi ed. Following the 
lowering of the socket assembly to form the vacuum chamber, a vacuum was 
drawn and the chamber then isolated for one minute.  The vacuum pressure 
decay within the chamber then was measured to verif y the establishment of 
acceptable seals. Finally, the drum lid used in the se tests had a 
reservoir attached containing a sample gas. One sam ple of this gas 
mixture was withdrawn using an injection syringe fo r direct injection 
into the GC. Subsequently, a filter assembly penetr ated the drum lid in a 
normal DVS operation, thus allowing a simulated hea dspace gas sample to 
be obtained and analyzed. All analyses were repeate d three times. 
In the testing accomplished, twenty replications of  measurements of total 
lift force showed a variation of + 2.3%. Vacuum pre ssure decay during the 
one minute hold time was negligible, well within th e 5% reduction 
acceptance criteria, in all cases. Test acceptance criteria for the 
analysis of hydrogen, methane, and total combustibl e VOCs in these tests 
was to have no greater than a 25% deviation from th e injected 
constituents of the calibration gases. The calculat ed Relative Percent 
Differences of the mean of the simulated headspace gas concentrations 
versus the mean of the actual (injected) concentrat ions for hydrogen, 
methane, and VOCs were <5%, < 5%, and < 10%, respec tively. 
SUMMARY 
Trial and performance testing operations of the DVS  have shown a normal 
cycle time of approximately 25 minutes/drum, with a n increase of this 
time to approximately 45 minutes/drum if the evacua te/purge and 
resampling steps are mandated. The extensive testin g of the DVS has 
demonstrated the accomplishment of all system perfo rmance objectives, 
including: 
  Safe and efficient filter installation in a manne r to ensure leak 
tightness of the filter seal to the drum lid; 
  Reproducible and representative sampling of heads pace gases; and 
  Effective purging of unsafe levels of headspace g ases, when necessary. 
All other operational objectives of the DVS also ha ve been demonstrated. 
The NFT DVS has been shown to provide a safe and ef fective method for 
venting previously filled drums of TRU waste. 
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USE OF GRAFTED MACROCYCLES IN THE TREATMENT OF ALPHA CONTAMINATED LIQUID 
WASTES 
H. CHOLLET 
Commissariat  l'Energie Atomique (C.E.A.) 
Centre d'Etudes de Valduc 
21120 Is Sur Tille, FRANCE 
ABSTRACT 
The high selectivity and strong coordination of pol yazacycloalkanes with 
transition-metal ions have been well established an d make these ligands 
ideal candidates for use as reagents in performing metal ion separations. 
One way to achieve this aim is the covalent bonding  of these macrocyclic 
ligands to a solid support. Indeed, during the last  decades, numerous 
researches have been devoted to the surface modific ation of various 
supports used in dioxygen transport, waste-water tr eatment, metal-ion 
chromatography or recovery of trace-metal ions. The  solid support can be 
a synthetic organic polymer or an inorganic materia l. Silica gel has been 
selected in most applications. Macrocyclic ligand a ttachments to silica 
are relatively simple reactions, especially when co mpared to 
immobilizations involving organic polymers. 
Our primary interest has been the study of free tet raazamacrocycles in 
the complexation of lanthanide- and actinide-ions a nd the X-ray 
determination of the configuration of their corresp onding complexes. 
Obviously, this type of ligands offers new potentia l due in this field to 
the high stability of the formed complexes. 
Our secondary interest has been the preparation of modified silica gel as 
a polymeric support for alpha waste-water treatment . The use of these 
macrocycles grafted to silica showed clearly the hi gh efficiency of these 
materials to extract actinide traces contained in a lpha liquid wastes. 
INTRODUCTION 
The "Centre du Commissariat  l'Energie Atomique de Valduc" has launched 
for several years, a research program on the develo pment of new 
macrocyclic ligands which are able to pull out acti nides from industrial 
liquid wastes. 
The continued interest and research for new macrocy clic ligands stems 
mainly from their use as models for protein-metal b inding sites in 
biological systems 1), as selective complexants 2) of metallic ions, i.e 
therapeutic reagents for the treatment of the metal  intoxication 3), 
radioactive waste water treatment 4), functional gr oups for chelating 
ion-exchange materials 5) and to study host-guest i nteractions. 
Tetraazamacrocycle ligands represent a class of mac rocycles known for 
their ability to complex transition and non transit ion metal cations. The 
macrocyclic complexes of lanthanides are now curren tly used for other 
medical applications 6), radioimmunotherapy, contra st-enhancing agents in 
Magnetic Resonance Imaging (MRI), as NMR shift and relaxation reagents 
and in many other novel clinical techniques. The ma in target in molecule 
design is to synthesize macrocycles which are able to discriminate among 
the different metal cations. 
One of the major problems in using macrocyclic liga nds in such 
applications is the maintaining of the very expensi ve ligand in the water 
or organic phases. This makes their commercial use expensive, difficult 
to engineer, and a potential environmental hazard. One way to overcome 
these problems is the covalent bonding of the macro cyclic ligands to a 
solid support enhancing greatly at the same time th eir usefulness. 



Our primary interest has been on the one hand, the synthesis of new 
tetraazamacrocyclic ligands in close alliance with Prof. R. Guilard 
Laboratory (Universit de Bourgogne) and on the othe r hand the study of 
their reactivity with lanthanide- and actinide-ions . Our second interest 
has been the macrocyclic ligand attachment on polym ers for the recovery 
of ion-traces. 
RESULTS AND DISCUSSION 
The synthesis and characterization of new and origi nal molecules have 
been carried out at the University. The DOTA and TE TA compounds (cyclic 
tetraazatetraacetics acids) were prepared by reacti on of the 
corresponding cyclic amines with chloroacetic acid in aqueous alkaline 
solution as described in the literature (4). A smoo th and convenient one 
step synthesis of the other compounds is reported o n Fig. 1. These 
ligands are synthesized by Michael addition of tetr aazacycloalkanes to 
acrylic acid in absolute ethanol under reflux. All the compounds are 
obtained in a high yield (varying from 52 to 77%) a fter recrystallization 
in distilled water. 
Fig. 1 
The alpha emitters contained in Valduc Wastes are e ssentially plutonium- 
americium- and uranium-elements. In order to implem ent our extraction 
methodology, we have used respectively cerium and e uropium as models to 
plutonium- and americium-ions. The stability consta nts of the different 
metallo-macrocycles were determined from the potent iometric titrations 
using the "MICMAC" program (7). Therefore, these ne w macrocycles offer 
new potentialities due to the high stability of the  formed complexes (pKM 
> 1020)  
Table I 
Moreover, their coordination is critically dependen t on the nature of 
metallic ion and nitrogen substituents. Consequentl y, the determination 
of the conformation of these ligands is a key point . 
The X-Ray structure of the DOTA/Gadolinium complex published by Dubost & 
al. (8) shows at the solid state a metal coordinati on at once by nitrogen 
and oxygen atoms. In this way, the metal-ion is enc apsulated by the 
macrocyclic ligand (see Fig. 2a). On the contrary, a crystallographic 
study of the TETP/Cerium complex (9) exhibits at th e solid state a very 
different coordination mode : in this case, the met al-ion is coordinated 
to the ligand only via oxygen atoms belonging to fo ur different 
macrocyclic ligands (see Fig. 2b). 
Fig. 2a,b 
Whatever the coordination mode may be, the high sta bility of formed 
complexes prove the great potentialities of such mo lecules. Therefore, 
these results allow us to consider their use in alp ha decontamination 
processes. 
These macrocycles have been covalently bound to pol ymers (essentially 
Silica Gel) for using in solid-liquid extraction pr ocess. Macrocyclic 
ligand attachments on Silica are relatively simple reactions especially 
when compared to immobilizations involving organic polymers. Moreover, 
Silica Gel is a low-cost starting material and exhi bits a good mechanical 
strength and swelling required for use, as an examp le, in high pressure 
liquid chromatography systems. For instance, macroc ycles have been 
attached to Silica Gel by amide linkages (10) and b y covalent carbon-
silane bonds through a hydrosilylation process. Thr ee different methods 
were used for capacity determinations (in complexed  forms) : quantitative 



E.S.R. measurements of copper (II) complexes, nitro gen, carbon and copper 
elemental determinations and UV-visible measurement s. 
Fig. 3 
Industrial and synthetic solution decontaminations concerning uranyl 
nitrate have been realized specifically with a mate rial (Si2323TrP : 
compound with Silica Gel). This compound is a cycla m (trisubstituted with 
propionate groups) attached by nitrogen linkage to Silica. 
At a laboratory scale, synthetic effluent treatment s show a complete 
decontamination of the treated effluent. In additio n, successive 
extractions and elutions (using nitric acid) of ura nium on Silica Gel or 
Si2323TrP prove the regeneration of these materials  and consequently an 
easy recovery of the uranium-ions present in the ef fluents. Industrial 
solution decontaminations concerning plutonium- and  americium-ions induce 
the same results (see Table II) : ion concentration  < 5 Bq/m3 and equal 
to detection limits of analysis measurements. 
On the basis of such results, the CEA has decided t o build up a pilot 
facility to treat one part (1/10) of the annual eff luent flow generated 
by Valduc Nuclear Center to confirm the preliminary  study. 
Table II 
CONCLUSION  
The tetraazamacrocycles offer large potentialities in various domains. 
The macrocyclic chemical research generate target m olecules which are 
able to complex selectively a specific metal. Few l igands of this series, 
with appropriate geometry and substituents could pe rmit the selective 
complexation of various metal ions and provide a re al contribution in the 
protection of the environment. 
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ABSTRACT 
The integrated high level waste system at Savannah River was designed to 
convert 34 million gallons of liquid waste to glass  and saltstone. Feed 
pretreatment and saltstone have started up and vitr ification is scheduled 



to start up in early 1996. New waste disposal vault s and startup of 
several other facilities such as the Consolidated I ncinerator Facility 
and a mixed waste vitrification facility will help completion of the 
integrated system to treat and dispose of SRS waste s. Technology was 
utilized from industry, other laboratories, or was developed at the 
Savannah River Technology Center if it was not avai lable. Many SRTC 
developments involved academia and other labs. SRS also has over 400 
waste sites (400 acres) units in its characterizati on/remediation 
program. To date over 90 acres were remediated (23% ) and by 1997 we plan 
to remediate 175 acres or 44%. Thirteen groundwater  facility treatment 
sites will be in operation by 1997. SRS has provide d and continues to 
provide unique test platforms for testing innovativ e remediation, 
characterization and monitoring technologies. We ar e currently testing 
DNAPL characterization and remediation and an in-si tu Inorganic 
remediation technique for groundwater. 
INTRODUCTION 
The Savannah River Site (SRS) has operated since 19 52 to produce Nuclear 
Materials for National Security. The site included five production 
reactors, two chemical separation plants, a fuel an d target fabrication 
facility, and a tritium processing facility. For 35  years the site 
produced tritium and plutonium for the nuclear weap ons stockpile. With 
the end of the Cold War, the site has increased its  focus on waste 
treatment and environmental remediation to solve pr oblems generated from 
decades of production. Supporting these operations and changing missions 
is an applied research and development laboratory -  the Savannah River 
Technology Center (SRTC). 
The Savannah River Technology Center's (SRTC) main mission has been to 
support site operations and, as a result, has devel oped a strong customer 
orientation and an understanding of site needs. Man y of the processes and 
facilities that have operated at the site over the years, or that have 
recently started up, have been developed or enhance d by SRTC. In most 
cases, the development scientists and engineers par ticipated from 
inception to startup. This has been one of the ingr edients in the 
successful technology development approach used at the site. Utilizing 
integrated teams throughout the system life cycle t o include all 
contributing groups - currently referred to as Inte grated Product/Process 
Development Teams - has also helped. Another succes sful philosophy has 
been to couple small scale laboratory work with act ual radioactive 
material with large scale or pilot facilities with simulated materials. 
We have found pilot scale testing to be invaluable for process and 
equipment development, process integration, materia ls evaluation, and 
finally, startup and troubleshooting of the actual plant. In several 
cases field demonstrations of the technology proved  to be a critical 
element of the development cycle. Another principle  has been to 
understand the fundamental science of the processes  we operate and to 
retain that knowledge on site. 
The legacy of this long period of nuclear materials  production has 
resulted in over 34 million gallons of stored high level liquid waste 
(HLW), low level, hazardous, mixed, and transuranic  solid wastes, and 
over 400 waste and groundwater units. In the early '80s, visionary site 
management pushed for and obtained support for the Defense Waste 
Processing Facility (DWPF) to treat the highest ris k legacy waste - the 
stored high level liquid waste. This was followed b y several other 
facilities to treat other waste streams and has now  evolved to a detailed 



and integrated Site Treatment Plan. A summary of th e major waste streams, 
their treatment facilities and ultimate disposal is  shown in Fig. 1. Many 
of the facilities are interconnected or depend on o ne another to provide 
an integrated approach to waste treatment. 
Fig. 1 
The integrated high level waste system at Savannah River was designed to 
convert 34 million gallons of liquid waste to glass  and saltstone. Feed 
pretreatment and saltstone have started up and vitr ification is scheduled 
to start up in early 1996. The system, shown in Fig . 2, consists of five 
separate but interconnected facilities (1). The was te sludge, which 
consists of metal hydroxides and oxides is first wa shed with water to 
reduce the alkali salts going to vitrification. Som e batches will be 
washed with hot caustic first to reduce the aluminu m content (reduce 
glass volume and viscosity). The first batch, Tank 51, has been washed 
and is ready to go to vitrification. The waste solu ble salts will be 
treated in the "In-Tank Precipitation" facility. So dium tetraphenyl 
borate is added to precipitate the major radioactiv e component, Cesium-
137, and sodium titanate is added to sorb minor tra ces of strontium and 
plutonium. The slurry is then filtered by cross flo w filtration. The 
resultant radioactive precipitate is sent to vitrif ication while the 
decontaminated salt solution is sent to "Saltstone"  (grout) for treatment 
and vault disposal. The ITP facility started radioa ctive operation in 
September 1995 and has worked very well. A DF of 45 ,000 was obtained on 
the first batch, exceeding the target value of 1,50 0. 
Fig. 2 
In developing these pre treatment processes, pilot plant tests were run 
and combined with small scale tests on actual HLW t o achieve a high 
degree of confidence. For ITP, a full scale plant d emonstration was also 
performed which generated about 500,000 gallons of decontaminated salt 
solution. 
The Saltstone plant was started up in 1990 and sinc e startup has 
continually grouted the bottoms from the F/H Efflue nt Treatment Facility 
and the salt solution from the demonstration. With ITP in operation, the 
plant production rate will be greatly increased. 
The DWPF vitrification plant has completed its wast e qualification runs 
and is scheduled to receive its first radioactive s ludge feed in early 
1996. The cesium precipitate stream will be fed sta rting in mid 1996 when 
the entire integrated system will be in coupled ope ration. The 
vitrification process was extensively tested with a n integrated pilot 
plant, multiple prototypes, and small scale process ing in shielded cells 
with actual waste. Developers of the process are as sisting in the startup 
and pilot plant engineers are working in the plant.  The Saltstone 
process, on the other hand, was more conventional t echnology and was not 
piloted. It did require development in formulating the waste forms (2) 
and in conducting a performance assessment on the d isposal vaults (3). 
The waste from (salt solution, cement, slag and fly ash) and facility were 
designed such that groundwater from monitoring well s adjacent to the 
facility meets EPA drinking water standards. The fa cility is permitted as 
an industrial Waste Water Treatment Plant by South Carolina Department of 
Health and Environmental Control. Saltstone would b e classified by the 
NRC as a Class A waste (least radioactive). 
The F/H Effluent Treatment Facility was started up in 1987 and was 
designed to handle effluents (evaporator overheads)  from the F and H 
areas (Separations and Waste Management) which were  previously sent to 



seepage basins. These low level liquid waste stream s contain a wide range 
of inorganic and some organic contaminants. The pro cess consists of 
reverse osmosis to remove 90% of the dissolved salt s, mercury removal 
columns, and a polishing resin to remove residual C s and Sr. The front 
end consists of a pH adjustment and filtration to r emove solids followed 
by a carbon bed to remove organics. The concentrate s are evaporated and 
the bottoms sent to Saltstone for disposal. This ve rsatile cleanup system 
has board applicability at other sites. It has work ed very well to meet 
NPDES discharge limits. It does not, however, remov e any tritium 
contamination. The process was developed at SRTC an d key steps in the 
process tested on a small scale with actual waste. 
The Consolidated Incinerator Facility (CIF) was con ceived as a versatile 
treatment for combustible liquid and solid wastes. It can handle low 
level, hazardous and mixed wastes. This 13 million BTU plant can burn 
5.8M lbs solids/year and is a key facility in the S RS Site Treatment 
Plan. It consists of a rotary kiln, an afterburner and uses a wet 
scrubber system. Commercially available technologie s were used in this 
project. SRTC did conduct pilot tests in areas of h igher uncertainty such 
as the rotary kiln seals and the off-gas scrubbing system (4). The CIF is 
scheduled to destruct the benzene generated in DWPF  from the hydrolysis 
of tetraphenyl borate salts. The ash and blowdown b y products from the 
CIF will be immobilized in cement and disposed of o n site in vaults. Hot 
operation is scheduled for early 1996. 
For the disposal of low level waste, SRS has transi tioned from direct 
disposal in trenches, to B-25 steel boxes in trench es, to B-25 boxes in 
vaults starting in 1994. The E-Area vaults are the first disposal system 
within DOE to have an approved performance assessme nt (5,6). We currently 
have vaults designed for low level, intermediate le vel, and tritiated 
wastes. A RCRA vault is planned as a future facilit y. Waste minimization 
is strongly emphasized on site. In addition, volume  reduction using 
onsite compactors and offsite vendor treatment is r eceiving focused 
attention. The CIF will greatly contribute to volum e reduction of the 
combustible waste as it comes on line. 
For the numerous on-site streams of non-combustible , mixed waste, several 
treatments are being pursued for the most cost effe ctive disposal. For 
example, one major stream, 6.5 x 106 gallons of was te sludge remaining 
from the metallurgical area operations, will be tre ated by a commercial 
vendor on-site. The novel contract is based on a fe e per gallon of waste 
vitrified. SRTC assisted in the glass formulations to be used with the 
vendor's commercial melter/offgas system. This appr oach is applicable to 
other SRS mixed and low-level wastes and to the oth er DOE sites. 
Transuranic (TRU) waste at SRS is stored on covered  concrete pads while 
older TRU waste has been mounded over with earth. T he site has 9.5 x 
103m3 of TRU waste containing 5.75 x 105Ci. The hig h activity is due to 
the Pu-238 production operations at the site. The p lan is to retrieve the 
waste and to repackage and characterize for shipmen t to WIPP. The site is 
also looking at OTD for treatment technologies for non-shippable 
material. This is a high priority need at SRS. 
In summary, SRS has in place most of the facilities  needed to treat and 
dispose of its wastes. Several key facilities have started up such that 
the whole integrated system is in operation. 
Shifting over to the remediation side, SRS has over  400 waste units 
totaling approximately 400 acres which are in the 
characterization/remediation program. To date, 14 s ites totaling 90 acres 



(23%) have been remediated and by 1997, 23 sites wi ll be closed totaling 
175 acres or 44%. In addition, it is expected that a significant number 
will not need to be remediated after characterizati on is complete. The 
site has been aggressive in closing most of the maj or disposal basins. 
The basins adjoining the F and H Separations areas have been closed as 
has the Fuel and Target Fabrication (M) Area basin.  In addition, a 58 
acre mixed waste disposal site has been closed. The  closures in all cases 
have consisted of a low permeability clay cap with drainage layers and a 
vegetative cover. The design of each closure was ne gotiated and approved 
by the state. With the basins, a sludge stabilizing  step was included 
prior to capping. These have included grout, calciu m carbonate 
stabilizer, and limestone/flyash additions. In the case of the mixed 
waste disposal site, dynamic compaction was perform ed to prevent future 
subsidence from damaging the clay caps. In this pro cess, a 20 or 40 ton 
weight is repeatedly dropped on the surface using a  crane. 
Groundwater contamination at SRS consists principal ly of VOCs and 
radionuclide/metal contamination at several locatio ns. Thirteen 
groundwater facility treatment sites will be in ope ration by 1997. 
SRS was the location of the successful DOE-OTD Inte grated Demonstration 
"Remediation of VOCs in Groundwater and Soils at No narid Sites." This 
demonstration, which has been extensively described , showed how to 
conduct successful collaborations between DOE labor atories, universities, 
industry and other government agencies. Integrated development and field 
deployment teams, using some of the best national r esources, successfully 
demonstrated and later commercialized technologies and equipment that 
address characterization, monitoring and remediatio n of VOCs. Two notable 
remediation technologies were in-situ air stripping  using horizontal 
wells, and in-situ bioremediation using methane and  PHOSter injection 
(7). This well characterized site provides an ideal  test platform and has 
received regulatory and stakeholder buy-in to test and implement 
innovative technologies. This experience has allowe d SRS to develop 
several other test platforms to address different c ontaminants and 
environments. Extensive characterization and data s ets are available as 
well as technical support and field analytical supp ort for demonstrations 
or vitrification of technologies (8). 
SRS is currently involved in several other demonstr ations: Characterizing 
and remediating Dense Non-Aqueous Phase Liquids (DN APLs), remediating 
metal ions contamination in groundwater, and testin g innovative sanitary 
landfill remediation. Partnering with academia, ind ustry and other labs 
has become a routine operating mode. This allows le veraging of DOE 
resources, utilizes the best available experts, and  facilitates 
commercialization of new technologies. 
Good progress is being made at SRS in Environmental  Management because of 
visionary early planning, a bias for action and tec hnology 
implementation, a needs-driven systems approach, an d integrated process 
development teams. 
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ABSTRACT 
The Defense Waste Processing Facility (DWPF) at the  Savannah River Site 
in Aiken, SC will immobilize high-level radioactive  liquid waste, 
currently stored in underground carbon steel tanks,  in borosilicate 
glass. The radioactive waste is pretreated and then  combined with a 
borosilicate glass frit. This homogeneous slurry is  fed to a Joule-heated 
melter that operates at 1150C. The glass is poured into stainless steel 
canisters for eventual disposal in a geologic repos itory. The DWPF 
canistered waste forms must comply with detailed wa ste acceptance 
specifications to be acceptable for eventual dispos al. 
The DWPF has completed Waste Qualification Runs whi ch demonstrate the 
facility's ability to comply with the waste accepta nce specifications. 
During the Waste Qualification Runs seventy-one can isters of simulated 
waste glass were produced in preparation for Radioa ctive Operations. 
These canisters of simulated waste glass were produ ced during five 
production campaigns of varying melter feed composi tion that also 
exercised the facility prior to beginning Radioacti ve Operations. The 
results of the Waste Qualification Runs are present ed. 
INTRODUCTION 



Approximately 130 million liters of high-level radi oactive waste, 
currently stored in underground carbon steel tanks at the Savannah River 
Site (SRS), will be immobilized in stable borosilic ate glass in the 
Defense Waste Processing Facility (DWPF). The glass  is poured into 
stainless steel canisters for eventual disposal in a geologic repository. 
To be acceptable for disposal the DWPF product (i.e . the canistered waste 
form) must comply with the Department of Energy Off ice of Environmental 
Management's Waste Acceptance Product Specification s (WAPS). (1)  
The DWPF has recently completed the production of s eventy-one canisters 
of simulated waste glass as part of it's Startup Te st Program in 
preparation for Radioactive Operations. The Waste Q ualification Runs 
portion of the DWPF Startup Test Program was design ed to demonstrate that 
the DWPF could comply with the WAPS prior to the st art of Radioactive 
Operations. Fifty-five of the seventy-one canisters  of simulated waste 
glass were produced during these runs. Varying feed  compositions were 
used to demonstrate that the DWPF could control the  glass product over a 
range of materials using the DWPF Glass Product Con trol Program. (2) The 
simulated waste was transferred into the DWPF and p rocessed using the 
same methods as for the radioactive waste. The glas s and canistered waste 
forms produced during Waste QualificationRuns were extensively 
characterized. The results of this characterization  demonstrate the 
DWPF's ability to comply with the WAPS. 
PROCESS/PRODUCT OVERVIEW 
 The radioactive waste in the SRS Tank Farms has be en separated into a 
water soluble salt solution and saltcake, and an in soluble sludge of 
metal hydroxides and oxides. The salt solution and saltcake are 
decontaminated for disposal as low-level radioactiv e waste by removing 
the radionuclides by precipitation and sorption. So dium tetraphenyl 
borate is added to precipitate soluble salts of non -radioactive potassium 
and cesium. Sodium titanate is added to adsorb resi dual strontium and 
plutonium. The resulting slurry is filtered and the  decontaminated 
filtrate is blended with cement, slag and flyash fo r disposal at SRS as a 
low-level radioactive waste. The slurry of the conc entrated solids is 
transferred to DWPF for immobilization. The sludge portion of the waste 
is washed to remove soluble salts. If necessary, in soluble aluminum is 
removed through high temperature caustic dissolutio n. Thus, the 
radioactive waste from the SRS Tank Farms is transf erred to the DWPF in 
two forms: precipitate slurry and sludge slurry. Th e waste is then 
processed and blended in the DWPF before it is vitr ified, poured into 
canisters, sealed, and placed in interim storage. ( 3) See Fig. 1 for a 
schematic of the DWPF process.  
The sludge is transferred directly into the Sludge Receipt and Adjustment 
Tank (SRAT) while the precipitate must first be pro cessed in the DWPF 
Salt Process Cell to remove most of the organic mat erial. The tetraphenyl 
borate compounds in the precipitate react in the pr esence of formic acid 
and copper (II) catalyst. The products of this reac tion are aromatic 
organic compounds (benzene, phenol, and minor amoun ts of higher boiling 
aromatics) and an aqueous phase known as Precipitat e Hydrolysis Aqueous 
(PHA). The PHA contains the cesium, soluble formate  salts, boric acid and 
excess formic acid.  
The sludge is neutralized with nitric acid in the S RAT. The PHA is then 
added to the sludge (at boiling). The excess formic  acid in the PHA 
reduces the mercuric oxide in the sludge to element al mercury. The 
elemental mercury is then steam stripped from the S RAT into a holding 



tank from which it is later pumped and decontaminat ed. After the PHA and 
sludge are blended and processed in the SRAT, this SRAT product is 
transferred to the Slurry Mix Evaporator (SME) wher e a borosilicate glass 
frit is added and the slurry is concentrated to pro duce melter feed.  
The amount of sludge and PHA to be blended in the S RAT and the amount of 
SRAT material and frit to be blended in the SME is determined by the 
Product Composition Control System (PCCS). (4) The PCCS is a computer 
program that uses glass property models and statist ical algorithms to 
develop blending strategies and to determine the ac ceptability of the 
melter feed before it is transferred to the melter.  The PCCS uses lab 
analyses of tankcontents, tank volumes and existing  tank heel volumes to 
determine an appropriate tank blending region. It c hooses a target that 
minimizes the amount of frit to be added in the SME . However, any point 
in the acceptable blending region can be chosen by DWPF engineers as the 
blending target. PCCS is also used to predict SRAT and SME compositions 
based on existing tank compositions, tank transfers , and the 
uncertainties associated with sampling and processi ng. These predicted 
compositions for the SRAT and SME can be used to di agnose processing 
problems. This capability was used during Waste Qua lification Runs as is 
described in a later section. 
Fig. 1 
The SME is the hold point in the process where feed  acceptability is 
determined as part of the Glass Product Control Pro gram (see below). The 
analyses of samples from the SME are used by the PC CS to determine the 
acceptability of the melter feed. The acceptability  of the melter feed is 
determined using glass property models and statisti cal algorithms which 
take into account analytical uncertainty to ensure the glass product will 
be acceptable and that processing constraints (such  as viscosity and 
liquidus) are met. 
Once the melter feed material in the SME is determi ned to be acceptable, 
it is transferred to the Melter Feed Tank (MFT) and  then fed to the joule 
heated melter. The DWPF melter has two pairs of ele ctrodes. The feed 
slurry is introduced from the top of the melter and  forms a crust, or 
cold cap, on the surface of the melt pool as the wa ter is evaporated and 
removed via the off-gas system. The cold cap melts from the bottom and 
forms theborosilicate glass matrix. The nominal gla ss melt pool 
temperature is 1150C. The mixing behavior of the me lter was evaluated 
during Waste Qualification Runs as described later.  The glass is removed 
from the melter near the bottom through a riser and  pour spout. A vacuum 
is drawn on the pour spout to pour the glass. A gla ss pour stream sample 
is taken occasionally during filling of a canister to confirm that the 
glass durability (as determined by the Product Cons istency Test (5)) is 
acceptable. After a canister is filled, a temporary  seal is installed to 
prevent free liquid from entering the canister duri ng the decontamination 
process. Decontamination of the canister surface co nsists of blasting an 
air-injected frit slurry against the canister. The frit slurry from the 
decontamination process is used in the next SME bat ch as part of the 
required frit addition. The canister is then welded  closed and 
transferred to an interim storage building. The DWP F canistered waste 
form contains approximately 1800 kg of glass. It is  300 cm in length and 
61 cm in diameter.  
WASTE ACCEPTANCE SPECIFICATIONS 
To ensure that the DWPF product is acceptable for f inal disposal the 
Department of Energy Office of Environmental Manage ment has developed the 



Waste Acceptance Product Specifications (WAPS) (1) which the DWPF product 
(i.e. canistered waste form) must meet. These speci fications are divided 
into five sections: waste form (borosilicate glass) , canister, canistered 
waste form, quality assurance, and documentation. T he most important of 
the glass specifications is the product consistency  specification which 
states that the DWPF must control its process so th at the glass produced 
is more durable than the DWPF Environmental Assessm ent glass (6) as 
measured by the Product Consistency Test (PCT). The  PCT is a crushed 
glass durability test in which the results are expr essed as the amount of 
boron, lithium, and sodium measured in the leachate . DWPF has developed a 
Glass Product Control Program (see below) to ensure  that this 
specification is met. During Waste Qualification Ru ns, the DWPF 
demonstrated that it can comply with this specifica tion as well as the 
other glass, canister, and canistered waste form re quirements. 
GLASS PRODUCT CONTROL PROGRAM 
The DWPF has developed the Glass Product Control Pr ogram to ensure that 
the DWPF consistently produces a glass which satisf ies the product 
consistency specification, and that there is demons trable evidence that 
this has been achieved. In developing this strategy  for producing an 
acceptable glass product, the DWPF has considered t he following: 
  The only parameters which the DWPF can directly c ontrol that affect the 
results of the PCT are the chemical composition of the glass, and the 
uniformity of the feed to the melter. It has been s hown in laboratory and 
large scale testing that chemical composition is th e prime determinant of 
a glass's PCT results. (7)  
  It is not possible to recycle or rework glass whi ch does not satisfy 
the specification in the current DWPF processingequ ipment.  
  DWPF waste glass is highly radioactive. Any testi ng to be performed for 
control or verification must be performed in shield ed cells and, thus, 
must be simple and reliable. 
  The waste stream coming into the DWPF will vary. Thus, the program must 
be able to handle varying waste compositions. 
  The DWPF Glass Product Control Program ensures th at the glass product 
satisfies the WAPS by controlling the composition o f the melter feed. As 
described earlier, control of the melter feed is en sured by the hold 
point at the SME. No material is allowed to be tran sferred from the SME 
to the MFT until it has been determined to be accep table. The PCCS is 
used by DWPF engineers to ensure that the SME mater ial is acceptable. A 
glass property model that uses a thermodynamic hydr ation approach to 
represent composition is used to predict PCT result s based on the SME 
composition. The free energy of hydration reaction for each glass 
component is multiplied by that component's mole fr action in the glass. 
These partial quantities are summed to represent th e free energy of 
hydration of the glass. The free energy of hydratio n is related to the 
glass PCT results. The ability of the Glass Product  Control Program to 
produce an acceptable glass product was demonstrate d during the Waste 
Qualification Runs portion of the Startup Test Prog ram. 
 STARTUP TEST PROGRAM 
The DWPF Startup Test Program was modeled on the te sting required for 
startup of a commercial nuclear reactor. The Startu p Test Program: 
  Demonstrated the DWPF's ability to reliably produ ce an acceptable 
product that meets the requirements of the WAPS. Th is was accomplished 
during the Waste Qualification Runs portion of the Startup Test Program. 



  Demonstrated the operability, reliability, and in tegrity of the major 
process systems. 
  Provided operating experience to operations, main tenance, and 
engineering personnel. 
  Baselined equipment and system operating paramete rs. 
Melter Startup 
Prior to Waste Qualification Runs the melter was he ated up and one melter 
campaign (FA-13) was performed. Two thousand pounds  of startup frit were 
loaded into the melter. The startup frit was formul ated to avoid 
corrosion and other problems during startup. The me lter dome heaters were 
turned on to melt the top surface of the startup fr it. Once the glass 
became molten enough to allow joule heating, the lo wer electrodes were 
energized. Once joule heating was established the f irst batch of melter 
feed material was fed into the melter until the nor mal melter level was 
reached. Once the melter glass level reached the up per electrodes they 
were energized. One canister was filled using the m elter feed remaining 
from the batch used to fill the melter. Two more me lter feed batches were 
produced and eleven morecanisters were filled. A fo urth melter feed batch 
was produced during this campaign and held in the M elter Feed Tank. The 
DWPF then entered an extended outage during which m odifications were made 
to the process vessel vent system. Following the ou tage four more 
canisters were filled using the remaining feed from  the first campaign. 
The canisters produced during FA-13 were processed as shown in Table I. 
The melter feed for this first campaign was Blend f eed (i.e. a blend of 
all waste types in the SRS Tank Farm). The glass an d canisters from this 
campaign were characterized to ensure that the faci lity was ready for 
Waste Qualification Runs as well as the procedures and personnel for 
glass and canister characterization. 
Table I 
During this first melter campaign problems with pou r spout pluggage 
occurred. The blockage was cleared but this problem  continued to occur 
during Waste Qualification Runs and initiated an ef fort to design and 
procure a manipulator arm that could remotely clear  the glass blockages. 
Waste Qualification Runs 
During the Waste Qualification Runs, fifty-five can isters were filled, 
over four melter campaigns, with simulated waste gl ass which was produced 
in accordance with the Glass Product Control Progra m. During these four 
melter campaigns, the feed coming into the DWPF wen t through abrupt 
changes in composition. The purpose of making such abrupt changes was to 
demonstrate that the Glass Product Control Program is able to control the 
glass product even when the feed composition is rap idly changing. This 
should enhance the confidence in the use of the pro gram during normal 
operations, when changes in feed composition will b e more modest.  
The specific compositions processed during the Wast e Qualification Runs 
were selected based on the thesis that if the compo sition/PCT correlation 
has been used properly to judge the acceptability o f the feed, the only 
possible cause of failure of the Glass Product Cont rol Program is 
segregation of the feed. This will occur only if th e rheological 
properties of the material are not consistent with good mixing in the 
process vessels. Thus, the primary purpose of varyi ng the feed 
composition during Waste Qualification Runs was to test a rangeof 
rheological properties, particularly for the melter , and not to qualify a 
set of compositions. The compositions made step cha nges from a Blend 
(design basis) composition with a dopant to track m elter mixing behavior, 



to a low viscosity feed, to a high viscosity feed, and back to a Blend 
composition. The range of the major components in t he sludge and then the 
range of the major components in the melter feed (S ME composition) over 
Waste Qualification Runs is shown in Table II. Alth ough, DWPF is not 
qualifying a set of compositions, these composition s represent the 
extremes of the waste currently present in the SRS Tank Farms. 
The first campaign of Waste Qualification Runs, WP- 14, was the Blend feed 
doped with neodymium to serve as a tracer to monito r melter mixing. 
Neodymium was added to the SME. One batch of melter  feed was produced 
which yielded seven canisters of simulated waste gl ass. Glass pour stream 
samples were taken from the first six of the seven canistered waste forms 
produced. These seven canistered waste forms were p rocessed as shown in 
Table I.  
An example of the importance of the SME hold point occurred during the 
production of this first batch of material. During the evaluation of this 
batch for acceptability, the liquidus criterion (gl ass property related 
to processing) was not met. However, the glass dura bility (i.e. predicted 
PCT results) was acceptable. It was determined that  not enough frit had 
been added to the batch. The PCCS was utilized to c onfirm that the 
addition of 3600 pounds of frit to the SME would br ing the batch into the 
acceptable region for the liquidus criterion and ke ep the durability 
acceptable. Thus, following the Glass Product Contr ol Program, 3600 lbs 
of frit were added to the SME batch, the batch was agitated, and then 
sampled again. The results of the sample analyses w ere evaluated and the 
batch was determined to be acceptable. The SME batc h was then transferred 
to the MFT.  
Table II 
During the second campaign of the Waste Qualificati on Runs, WP-15, four 
batches of high iron feed were prepared, which yiel ded twenty canistered 
waste forms. Glass pour stream samples were taken f rom all but the first 
and the eighth canistered waste forms produced. The se twenty canistered 
waste forms were processed as shown in Table I. Pri or to the performance 
of this campaign, problems had been experienced in pilot plant tests with 
melter feeds which were high in iron, and contained  alkali metal ions in 
relatively high concentrations. The glass produced from these feeds was 
much less durable (as measured by the PCT) than pre dicted by the PCCS. 
Many of the glasses produced in the pilot plant tes ting were also phase 
separated, indicating that this might be the cause of the discrepancy. As 
a result, a variability study was undertaken with t his feed. This study 
showed that the PCT results for the PCCS target gla ss were reasonably 
consistent with the PCCS predictions, but that ther e were large 
discrepancies between the predicted and actual PCT results for most of 
the other glasses tested. As called for by the GPCP , a model was 
developed for use on this material, called the Pure x model. The resulting 
model essentially fits a straight line between two clumps of data at 
either end of the free energy of hydration range, a nd overpredicts PCT 
results of glasses in the middle of the range. This  provides additional 
conservatism in PCT predictions for glasses with in termediate free energy 
of hydration values. Thus, its use would prevent pr oduction of 
unacceptable glass. 
The decision was made to proceed with the campaign,  but to control the 
composition of the feed through the model discussed  above; through the 
controls already in place in the Glass Product Cont rol Program (including 
the use of the PCCS); and by taking samples of each  SME batch, vitrifying 



them, and subjecting the vitrified samples to the P CT. If any of these 
indicated a problem with a SME batch, the SME batch  would be remediated 
as called for in the GPCP, again using the same thr ee control measures. 
During the third campaign of the Waste Qualificatio n Runs, WP-16, four 
batches of high aluminum feed were prepared, which yielded nineteen 
canistered waste forms. Glass pour stream samples w ere taken from all but 
the sixteenth and seventeenth canistered waste form s produced. These 
nineteen canistered waste forms were processed as s hown in Table I. 
Mercury was added to the precipitate in the salt pr ocess cell and to the 
sludge in the SRAT during the last batch of WP-16 t o successfully 
demonstrate the mercury removal system.  
During the production of the last WP-16 batch of me lter feed the 
predicted composition for the SRAT was used by the DWPF engineers to 
diagnose an operating concern. The measured composi tion of the SRAT 
product was not consistent with the predicted compo sition from the PCCS. 
The analyzed sample results were lower in aluminum,  iron, and silicon. 
After further investigation, it was found that foam ing occurred in the 
SRAT during processing and sludge was carried over to the condensate 
tank. It is believed that this foaming occurred as a result ofthe 
addition of mercury to the precipitate and sludge. As a result, changes 
were made during processing of the remaining WP-16 batches to prevent 
reoccurrence. These changes included lower steam ra tes and an increase in 
antifoam additions. 
During the fourth campaign of the Waste Qualificati on Runs, WP-17, two 
batches of feed were prepared. This feed transition ed back to the Blend 
feed from a high aluminum feed. These two batches o f feed yielded nine 
canistered waste forms. Glass pour stream samples w ere taken from all but 
the first canistered waste form produced. These nin e canistered waste 
forms were processed as shown in Table I. No proble ms had been observed 
with this type of feed, which was similar to the fe ed used in WP-14, so 
no special control measures were used. Mercury was added to the 
precipitate in the salt process cell. Noble metals and mercury were added 
to the sludge in the SRAT to further demonstrate th e mercury removal 
system and simulate operations with noble metals in  the sludge. The noble 
metals added were: ruthenium, rhodium, palladium an d silver. No 
significant processing problems were encountered du ring this campaign. 
The mercury was successfully removed from the melte r feed and no unusual 
problems were encountered with the addition of nobl e metals. 
Glass and Canister Characterization 
After processing was completed the filled canisters  were transported to a 
test facility for destructive examination. The cani stered waste forms 
were either sectioned or a portion of the canister wall removed and glass 
samples taken (except for two of the canisters prod uced during WP-17 
which were archived intact). Sectioning consisted o f using a band saw to 
slice through the entire canister at three levels. One of the slices was 
made at the height corresponding to the level of gl ass in the canister 
when the pour stream sample was taken. Glass sample s were taken at four 
radial locations for each of the three levels. All the glass samples, 
including the DWPF pour stream samples, were charac terized for chemical 
composition, devitrification, and durability (measu red by the PCT). The 
chemical composition results from the glass samples  were compared to the 
results of the melter feed sample analyses. The PCT  results of the glass 
samples were compared to the PCT results predicted by the PCT/chemical 
composition correlation in PCCS. Also, the glass po ur stream sample 



results were compared to those of the glass samples  taken directly from 
the canisters. These comparisons demonstrated that an acceptable product 
had been produced under the controls of the Glass P roduct Control 
Program. 
The PCT results for all the glass produced during t he Waste Qualification 
Runs were far below the values for the benchmark EA  glass (see Table 
III). The mean PCT values for each of the 55 canist ers produced clearly 
lie far below the values for the EA glass. For each  of the campaigns, 
there is greater than 99% confidence that at least 99.9% of the least 
durable glass produced has better PCT results than the EA glass. This 
demonstrates that use of the Glass Product Control Program by theDWPF 
will ensure production of a product which satisfies  the product 
consistency specification. 
For all of the campaigns, there were statistically significant variations 
in the PCT results as a function of sample location  in the canister, and 
sometimes from canister-to-canister. This is not to o surprising, because 
the feed was varying for each of the last three cam paigns. However, none 
of these affected the ability of the product to sat isfy the product 
consistency specification. Figure 2 compares the me an PCT results for 
each canister to the predictions for each batch of melter feed.  
Table III 
The figure shows that the actual PCT results were a dequately predicted 
and shows the lag in the glass as compared to the m elter feed. This lag 
is due to heels in the process tanks and the melter  volume. 
Characterization of the canisters produced during t he Waste Qualification 
Runs was also performed. The following activities w ere performed: 
  six canistered waste forms were tested for foreig n materials by 
sampling the free air space above the glass level t o demonstrate that 
DWPF can exclude foreign materials from the caniste r 
  nine canister welds were leak tested, burst teste d, and 
microstructurally examined to demonstrate DWPF's ab ility to make an 
acceptable weld 
   five canistered waste forms were dimensionally m easured before and 
after filling to demonstrate that canister filling does not significantly 
affect canister dimensions 
Melter Mixing 
The neodymium which was added as a tracer in WP-14 was tracked in the 
glass product and evaluated against models for a co ntinuously stirred 
tank reactor and a plug flow reactor. As expected, excellent agreement 
was obtained between the predicted Nd concentration  in the glass using 
the continuously stirred tank reactor model and the  actual Nd 
concentration in the glass product. A four day hold  was placed on glass 
pouring to allow the melter to mix after a portion of the third canister 
was filled. For a continuously stirred tank reactor  the average 
concentration in the melter is the same as the outl et concentration. For 
a plug flow model the average concentration would b e greater than the 
outlet. After the four day hold there was no signif icant effect on the 
difference between the predicted and actual concent rations further 
indicating that the DWPF melter was best represente d by a continuously 
stirred tank reactor. 
Fig. 2 
TRANSITION TO RADIOACTIVE OPERATIONS 
Due to SRS Tank Farm processing and blending strate gies the DWPF will 
begin Radioactive Operations with a sludge only (no  PHA)process. A frit 



composition higher in alkali, to compensate for the  missing PHA, will be 
mixed with this first radioactive sludge batch. A d ilute formic acid 
solution will be added to the SRAT in place of the PHA. The major 
components of this first batch of radioactive sludg e (on a dried solids 
wt% basis) are: Al - 6.39; Fe - 24.6; Na - 8.74; U - 3.42; Mn - 2.53; Ca 
- 2.38; Mg - 1.16. 
This first batch of sludge has been washed five tim es to remove the 
soluble salts. Inhibited water has been added to th e tank and mixing 
accomplished using four long-shaft slurry pumps. Th e wash water 
(containing the soluble salts) was transferred out of the tank and fresh 
water brought in five different times. 
Currently, the DWPF is processing two sludge-only b atches of simulated 
feed using a sludge simulant that closely matches t he first batch of 
radioactive sludge. After the completion of these b atches and startup 
authorization has been given, the DWPF will introdu ce radioactive sludge 
into the plant to begin the process of immobilizati on of high level waste 
in borosilicate glass. 
CONCLUSIONS 
The DWPF Startup Test Program has allowed the DWPF to demonstrate the 
functionality of its systems, exercise and refine o perating procedures, 
and provide operators and engineers an opportunity to run the facility 
prior to introducing radioactive feed. During the W aste Qualification 
Runs portion of the Startup Test Program, DWPF has demonstrated its 
ability to comply with the WAPS providing assurance  that the facility can 
produce a product acceptable for disposal. The resu lts of this testing 
provide valuable experience for future operations a nd provide assurance 
that DWPF can effectively immobilize the SRS liquid  high level waste in 
borosilicate glass. 
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ABSTRACT 
The Savannah River Technology Center (SRTC) has bee n chartered by the 
Department of Energy (DOE) - Office of Technology D evelopment (OTD) to 
investigate vitrification technology for the treatm ent of Low Level Mixed 
Wastes (LLMW). In fiscal year 1995, LLMW streams co ntaining mercury were 
targeted. In order to successfully apply vitrificat ion technology to LLMW 
containing mercury, the types and quantities of gla ss forming additives 
necessary for producing homogeneous glasses from th e wastes had to be 
determined and the treatment for the mercury portio n had to also be 
determined. Selected additives had to ensure that a  durable and leach 
resistant waste form was produced, while the mercur y treatment had to 
ensure that hazardous amounts of mercury were not r eleased into the 
environment. 
The mercury containing waste selected for vitrifica tion studies at the 
SRTC was mercury contaminated soil from the TNX pil ot-plant facility at 
the Savannah River Site (SRS). Samples of this soil  were obtained so 
bench-scale vitrification studies could be performe d at the SRTC to 
determine the optimum waste loading obtainable in t he glass product 
without sacrificing durability and leach resistance . Vitrifying this 
waste stream also required offgas treatment for the  capture of the 
vaporized mercury. Results indicated that a durable , leach resistant 
glass waste form capable of passing the Product Con sistency Test (PCT) 
and the Toxicity Characteristic Leaching Procedure (TCLP) could be 
produced. The optimum glass feed composition contai ned 60 weight percent 
soil and produced a soda-lime-silica glass when mel ted at 1350C. The 
glass additives used to produce this glass were 24 weight percent Na2CO3 
and 16 weight percent CaCO3. 
The proposed mercury capture method was a Na2S wash  bottle followed by a 
NaOH wash bottle. The volatilized mercury entered t he first wash bottle 
through a bubbler with the intent of converting it to Hg2S, a very stable 
form of mercury. If successful, no further treatmen t of the mercury would 
have been needed. However, attempts to capture the volatilized mercury in 
a Na2S solution wash bottle were not as successful as anticipated. 
Maximum mercury captured was only about 2% of the m ercury contained in 
the feed. Efforts then shifted to condensing and ca pturing the 
volatilized mercury. Condensing attempts were much more successful at 
capturing the vaporized mercury. This captured merc ury could then be 
treated on a mercury specific resin after digestion  of the volatilized 
mercury.  
INTRODUCTION 



The DOE has chartered the Mixed Waste Focus Area (M WFA) to investigate 
waste forms for LLMW. Vitrification or high-tempera ture thermal treatment 
of the wastes is a main focus of the MWFA investiga tions. The MWFA has 
funded the SRTC to perform vitrification and high-t emperature thermal 
treatment studies on LLMW. The SRTC's efforts have focused on treatment 
of LLMW sludges, soils, debris, resins, and other s olid wastes.  
A large focus of the efforts has been treatment of soils due to the large 
volume of contaminated soil that exists at the SRS and other DOE sites. 
Soil at the SRS has been contaminated with both rad ioactive and hazardous 
constituents as a result of accidental spills and s torage of liquid 
wastes. Some of these soils have been exhumed and c ontainerized, but most 
have not and will not be until a treatment method i s determined. 
A small amount of contaminated soil was exhumed at the TNX pilot-plant 
facility during routine maintenance operations. Thi s soil was 
characterized and found to contain elevated levels of mercury. Two 
samples of this soil, one with mercury levels below  TCLP limits and one 
with elevated levels of mercury, were obtained by S RTC for bench-scale 
vitrification studies. Previous studies by SRTC had  shown that 
vitrification of soil was a viable option (1) and t hat vitrification 
offgas systems could successfully capture mercury.  
For the mercury soil vitrification viability studie s at the SRTC, bench-
scale studies were performed with the two soil samp les to determine the 
necessary glass additives for producing homogeneous  glasses. The 
homogeneous glasses produced were subjected to leac h testing to determine 
glass durability, since it was important to ensure that the 
hazardous/radioactive constituents were incorporate d in the glass matrix. 
Since the waste contained mercury which is not inco rporated in the glass 
matrix, an offgas system had to be installed on the  furnace. The intent 
of this system was to collect the vaporized mercury , as well as convert 
the mercury to a stable form. 
The composition of a sample of the TNX soil with le ss than TCLP levels of 
mercury was chemically characterized to determine t he chemical 
constituents. It was suspected that the SRS soil co ntained mostly SiO2 
and this was confirmed by the chemical analyses. Th e chemical composition 
of the soil is given in Table I on an oxide basis. The previously 
determined total mercury in the less than TCLP limi t sample was 1.92 ppm, 
while the high mercury sample contained 264 ppm tot al mercury.  
Table I 
Previous bench-scale studies with simulated SRS soi l had determined that 
durable and homogeneous glasses could be made by us ing the soda-lime-
silica ternary system. Waste loadings in these glas ses were 55 and 58 
wt%. The glass forming additives used were Na2CO3 a nd CaCO3, and all 
glasses were melted at 1150C (1). Since these glass es were made using 
simulated soil, bench-scale tests with actual soil had to be performed to 
determine the validity of the glass compositions.   
LOW MERCURY SOIL EXPERIMENTS 
In order to determine the applicability of the prev iously developed glass 
compositions for actual SRS soil, two of the glass compositions were 
selected for bench-scale testing. A higher waste lo ading batch 
composition was also derived to ensure that the opt imum waste loading had 
been found. The compositions tested on an additive basis are shown in 
Table II. Two additional batch compositions were al so tested based on the 
results of these first bench-scale trials and these  batch compositions 
are also shown in Table II.  



Table II 
The batches listed in Table II were mixed using the  low mercury soil 
sample and reagent grade chemicals. The batches wer e then placed in high 
purity alumina crucibles and covered. Batches 1 - 3  were melted at 1150C 
for 4 hours and visually examined after air quenchi ng. A description of 
the resulting products are given in Table III. Sinc e it appeared that 
batch 3 resembled homogeneous glass the most, a hig her waste loading was 
tested as batch 4. This batch was melted at 1175C a nd its appearance is 
also described in Table III. As noted in Table III,  some of the glasses 
appeared to have some unreacted material around the  crucible edges, it 
was believed that this material was unreacted SiO2.  This was confirmed by 
Scanning Electron Microscopy (SEM). Since the mater ial was confirmed to 
be SiO2, batch 3 was remelted at 1350C to determine  if higher 
temperatures would fully react the feed material. T his resulted in a very 
homogeneous looking glass with only minimal unreact ed particles of SiO2. 
Attempts were also made to diminish the formation o f this SiO2 layer by 
reducing the CaO:Na2O ratio, since the presence of Na2O tends to make 
SiO2 more soluble. This composition was batch 5 and  was also melted at 
1350C. The appearance of the final product is also given in Table III.   
Since batch 3 produced the most homogeneous glass, it was characterized 
for chemical composition and phase assemblage. Dura bility tests were also 
performed using the PCT. The composition of the bat ch 3 glass is given in 
Table IV. The only substantial oxide components fou nd in the glass were 
the SiO2 and Al2O3 from the soil and Na2O and CaO f rom the glass 
additives. X-ray diffraction (XRD) of the glass ind icated that the 
resulting glass was amorphous. SEM analyses verifie d the amorphous state 
of the glass, as well as confirmed the presence of small amounts of 
unreacted SiO2 at the glass surface. 
Table IV 
In order to determine the durability of the batch 3  glass, the PCT was 
performed. The PCT is the standard test used for de termining the 
durability of High Level Waste (HLW) glasses and is  performed in an 
alkaline driven environment. It is a 7-day test per formed at 90C in ASTM 
type I water. The test is performed on 100-200 mesh  glass particles and 
the resulting leachate is analyzed for elemental co ncentrations (2). 
These concentrations are then normalized for the el emental glass 
constituents.   
At present no PCT acceptance criteria exist for LLM W glasses. However, 
the acceptance criteria have been established for H LW glasses. The 
measured normalized releases for the Environmental Assessment (EA) glass, 
which is the benchmark for the Defense Waste Proces sing Facility (DWPF) 
HLW glass, are 3.922 g/L Si, 13.346 g/L Na, and 16. 695 g/L B. The 
measured leachate pH is 11.91 (3). The normalized P CT results for the 
batch 3 glass were 0.35 g/L Si, 5.90 g/L Na, and 0. 00 g/L B. The measured 
pH was 11.85. Normalized PCT results for the batch 3 glass were 
significantly less than the limits for Si and B, an d the result for Na 
was 2.5 times less. These results indicate that the  resulting glass 
product was a durable wasteform. 
The TCLP was not performed on the glass since no ha zardous constituents 
other than mercury were present in the soil. Since it was known that the 
mercury would volatilize during vitrification, no m ercury should have 
remained in the glass to leach during the TCLP. 
ELEVATED MERCURY SOIL EXPERIMENTS 



Before the treatability studies with the elevated m ercury soil sample 
could be performed in the bench-scale furnace, the offgas collection 
system had to be fabricated and installed. A detail ed drawing of the 
offgas system fabricated is contained in Fig. 1. Th e intent of the system 
was to contain all of the volatile mercury in the q uartz lines of the 
system. Using forced air on the seal of the crucibl e and vacuum pressure 
on the end of the system line, mercury was forced t hrough the quartz 
tubing to the first wash bottle containing Na2S. Th e vapors entered 
through the dip tube and were bubbled in the Na2S. Vapors from this tube 
were drawn through the NaOH wash bottle by the vacu um at the end of the 
line. In this second bottle, the sulfuric acid gase s generated from the 
first wash bottle were neutralized by bubbling thro ugh the NaOH solution. 
All vapors generated from this bottle were vacuumed  through a hood 
exhaust that was in line with the building offgas s ystem.  
Fig. 1 
The offgas system was seated in a Thermolyne furnac e. For bench-scale 
vitrification of the elevated mercury soil, batches  were heated in a 50 
mL platinum crucible to a minimum of 690C and then the final product was 
transferred to an alumina crucible and melted in a Lindberg high 
temperature furnace at 1350C. Due to chemical hood space constraints and 
the desire not to drill a 2 inch hole in the Lindbe rg furnace, batches 
were heated using the Thermolyne furnace and the of fgas system until 
temperatures substantially above the mercury vapor point were achieved.  
Three batches of approximately 50 grams of the same  batch composition 
tested with the low mercury soil (batch 3) were mix ed. These batches 
contained 60 wt% of the elevated mercury soil, 16 w t% CaCO3, and 24 wt% 
Na2CO3. Three separate trials were performed with t hese feeds, with two 
of the batches of feed (Trial 2 and 3) containing 5 00 ppm of Cs and Ce as 
radioactive surrogates. In each trial, the batch wa s placed in a platinum 
crucible, which was placed inside the quartz contai nment vessel. The 
inner containment section was placed directly on th e crucible, where it 
actually overlapped the crucible top by about a 1/4  inch. The vacuum and 
air were started and then the furnace was turned on . The furnace was 
heated at a rate of approximately 10C/min until it reached the 
temperatures shown in Table V. Once at temperature,  the temperature was 
maintained for 2 hours. After the 2 hours, the furn ace was turned off and 
the system was allowed to cool. During the heat-up,  maintain temperature, 
and cool-down cycles, the temperature of the furnac e and the thermocouple 
in the offgas line were recorded. Maximum recorded offgas line 
temperatures were 269C. Once the furnace had cooled , the air and vacuum 
supplies were turned off.  
Table V 
The amounts and concentrations of the wash bottle s olutions are also 
contained in Table V. Trial 3 contained a stronger concentration of Na2S 
in an attempt to capture more of the mercury. Sampl es of the two wash 
bottles were taken so the chemical constituents cou ld be analyzed. 
The platinum crucibles of feed from each trial were  removed from the 
mercury collection system in the Thermolyne furnace  and placed in a 
programmable Lindberg furnace and heated to 1350C. After 4 hours at 
temperature, the crucibles were removed from the ov en and the glasses 
were air quenched to room temperature.  
Glass Analyses 
Once the glasses had cooled, they were broken out o f the crucible for 
chemical composition, phase assemblage, and durabil ity determinations. 



All glasses were blue-green in appearance with smal l amounts of unreacted 
SiO2 at the surface. Durability was determined in a lkaline and acidic 
conditions using the PCT (2) and TCLP (4), respecti vely. The PCT results 
were compared against the EA glass accepted values for HLW (3), while the 
TCLP results were compared to the more restrictive of the TCLP limits, 
Resource Conservation and Recovery Act (RCRA) Land Disposal Limits, or 
the Universal Treatment Standards (UTS). 
The chemical composition of the glasses produced fr om each trial are 
contained in Table VI. Compositions were fairly con sistent between each 
trial, with the exception of the Cs2O and CeO2, sin ce these were not 
added to the batch for the first trial. Some soil v ariability was evident 
by the elevated Al2O3 and lower SiO2 numbers compar ed to the low level 
mercury soil glass. Part of this variability can be  attributed to 
differences in soil composition and part can be con tributed to incomplete 
mixing of the feed material. Glass analyses results  indicated that almost 
all of the Cs2O was encapsulated in the glass, whic h was shown by a 
comparison of the feed and glass analyses results. For both trials, more 
Cs2O was actually found in the glasses, which was p robably due to 
incomplete mixing in the feed sample analyzed. In b oth cases, the amount 
retained was greater than the theoretical loading. CeO2 concentrated in 
the glass matrix for trial #2, proven from a compar ison of the feed to 
glass results, but results for trial #3 were inconc lusive since both the 
feed and glass levels for Ce were less than the det ection limit. HgO 
concentrations in the feed for each trial were 0.05 5, 0.077, and 0.015 
wt% respectively. For the final glass products, the  HgO levels were at 
the detection limits and were roughly the same irre levant of the feed 
concentration levels. This was expected since all o f the mercury in the 
feed was expected to volatilize from the feed. The Fe2+/Fe3+ ratio was 
also measured for the glasses produced, and the res ults indicated that 
the melting conditions were oxidizing (average rati o was 0.0494). 
Table VI 
Phase assemblage was determined using XRD and SEM a nalyses. In all cases, 
the glasses were amorphous when analyzed by XRD. SE M analysis of the 
glasses confirmed the presence of small amounts of unreacted SiO2. This 
SiO2 would likely be fully reacted at elevated temp eratures or in a 
melter environment due to the mixing that occurs.  
The PCT was performed on the glasses from each tria l. The normalized 
results are given in Table VII. Normalized releases  were comparable to 
the releases for the low mercury soil glass, which were better than the 
HLW EA glass PCT limits (3). Na release was once ag ain the highest 
relative to the HLW EA acceptance criteria, but it was still much better 
than the EA glass. Trial #2 glass had the lowest Na  release, which was 
consistent with the lowest Na2O and SiO2 content an d the highest CaO and 
Al2O3 content in the elevated mercury glasses.  How ever, when compared to 
the low mercury glass, trial #2 glass had higher Al 2O3, CaO, and Na2O 
concentrations and a lower SiO2 content, which resu lted in a more durable 
glass. These results would seem to indicate that th e effects of high 
concentrations of Na2O on durability can be offset by increases in Al2O3 
and CaO concentrations and decreases in the SiO2 co ntent. This better 
durability may also have been the result of the inc reases in Fe2O3 
content in the trial #2 glass since Fe2O3 is known to have a positive 
effect on durability. Glasses from the second and t hird trial had minimal 
releases for Ce (<0.020 ppm detection limit) and Cs  (<1 g/L), which were 
the radioactive surrogates.  



Table VII 
The TCLP was performed on the first and second glas ses produced from the 
trials because of the elevated levels of mercury in  the feed. The TCLP 
was mainly performed to determine the leaching beha vior of mercury since 
it was the only hazardous element of concern. As ex pected, mercury 
leaching was less than the detection limit of 0.008  ppm. The TCLP was not 
performed on the third glass, since the releases fo r the first two were 
below the detection limit.  
Offgas System Analyses 
The aqueous products contained in the wash bottles after the three trials 
were analyzed for chemical content. Each solution w as analyzed using 
Inductively Coupled Plasma Emission Spectroscopy (I CPES) to determine the 
major cation concentrations, Atomic Absorption (AA)  to determine the Cs 
content, Ion Chromatography (IC) to determine the m ajor anions present, 
and cold vapor techniques were used to determine th e mercury content. The 
components of each wash bottle are presented in Tab le VIII.  
Table VIII 
Results presented in Table VIII indicate that the m ercury was not 
sufficiently being captured and converted to Hg2S a s anticipated. Total 
mercury captured for the trials were 0.03%, 1.97%, and 0.09%. The second 
trial captured the most mercury and it was the only  solution which 
changed colors. The solution in the Na2S bottle exh ibited a blue-green 
color by the end of the trial. The higher concentra tion of Na2S in the 
wash bottle in the third trial did not seem to help  capture the mercury.  
Even though the Na2S wash bottle was not effective in capturing the 
mercury, the NaOH bottle was successful in scrubbin g the acid gases 
generated from the first bottle which is indicated by the general 
decrease in the pH and the capture of sulfate. No C e was detected in the 
offgas system, which helps support the theory that it is all entrained in 
the glass waste form. Total Cs detected in the offg as system for each 
trial was less than 0.5% of the total Cs in the fee d. 
In order to more efficiently capture the volatilize d mercury, the wash 
bottles were replaced with a mercury condenser kept  below 10C and a KOH 
final wash bottle. The same glass formulations and melting schedules were 
used from the earlier tests. The resulting product was a homogeneous and 
durable glass similar in composition to the glass f rom trial #3 and with 
similar PCT results. Almost all of the volatilized mercury was captured 
and/or condensed. No mercury carried over into the KOH wash bottle. The 
mercury condensed was dissolved into an aqueous med ia for treatment on a 
mercury specific resin. This resin is capable of in corporating the 
mercury so it does not leach from the resin when su bjected to the TCLP. 
CONCLUSIONS 
Crucibles studies with mercury contaminated SRS soi l have shown that the 
soil can be converted to a durable, leach resistant  glass wasteform. 
Optimum waste loading was determined to be 60 wt%, with 24 wt% Na2CO3 and 
16 wt% CaCO3 used as the glass forming additives. A ttempts to capture and 
convert the volatilized mercury into stable Hg2S we re not as successful. 
Only 2% of the total mercury was captured in the of fgas system. However, 
it was shown that by using conventional condensers,  mercury could be 
successfully captured and/or condensed in the offga s system. Once 
captured, the mercury could be converted to a stabl e form on leach 
resistant mercury specific resin.    
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ABSTRACT 
The Department of Energy's (DOE) Savannah River Sit e (SRS) has developed 
an integrated facility specific Low Level Waste (LL W) Waste Acceptance 
Criteria (WAC) (1) designed to meet DOE Order 5820. 2A (2) requirements 
and implement limits and assumptions established in  a facility specific 
radiological performance assessment (RPA) (3) and s afety analysis report 
(SAR) (4). As the SRS E Area Vault (EAV) facility i s the first in the DOE 
complex to have an approved PA, the EAV WAC is the first in the complex 
to fully implement PA results into LLW acceptance c riteria. Enforcement 
of PA derived limits ensures long-term compliance w ith DOE 5820.2A 
performance objectives. Integration of SAR based li mits into the WAC 
ensures protection of workers and the public during  facility operations. 
The composite WAC establishes the foundation for sa fe LLW disposal at 
SRS. 
In developing facility specific acceptance criteria , SRS has necessarily 
stepped away from implementation of industry standa rd limits promulgated 
in the Nuclear Regulatory Commission's Title 10 CFR  Part 61 (5). 
Development and implementation of facility specific  LLW acceptance 
criteria provides for special consideration of uniq ue waste streams 
produced in the site's numerous waste generating ac tivities. Of equal 
importance, development of facility specific accept ance criteria has 
enabled SRS to employ a technically sound, graded a pproach for isolation 
and disposal of LLW. SRS's transition to fully comp liant LLW disposal 
activities represented a significant change in oper ations and 
infrastructure. The facility and site specific appr oach applied in 
development of the acceptance criteria facilitated generator 
implementation and offered an optimal balance of te chnical requirements 
and cost efficient disposal options. 



BACKGROUND 
With issuance of Order 5820.2A in 1988, DOE establi shed performance 
objectives to protect the public, intruders, and gr oundwater from LLW 
disposal activities. In response to the Order, SRS initiated the E Area 
Vault project to provide concrete barrier isolation  between LLW and the 
environment. As DOE Headquarters prepared guidance for implementation of 
new performance assessment requirements, SRS procee ded with design and 
construction of three sets of disposal vaults. The Low Activity Waste 
Vault (LAWV) was designed for disposal of contact h andled (<200 mrem/hr) 
waste. The Intermediate Level Tritium Vault (ILTV) was constructed for 
disposal and grout encapsulation of tritium contami nated wastes. The 
Intermediate Level Non-Tritium Vault (ILNTV) was de signed for disposal 
and grout encapsulation of remote handled waste (>2 00 mrem/hr). A later 
addition to the EAV facility provided for shallow l and disposal (non-
vault) of slightly contaminated soil. Shallow land disposal of large 
highly activated components generated by the Depart ment of Defense's 
Naval Reactor program has also been proposed. 
The intent of both DOE 5820.2A and 10CFR61 is compl etion of a site 
specific PA in parallel with facility design so as to allow the PA to 
influence design requirements. Due to the near term  need for additional 
disposal capacity and the infancy of performance as sessment requirements, 
vault designs proceeded without the benefit of PA r esults. As such, the 
PA and SAR evaluated actual facility designs and op erating practices. 
So as not to restrict waste disposal, the EAV PA wa s drafted to assess 
the maximum allowable inventory within constraints of DOE 5820.2A 
performance objectives. The PA initially considered  730 radionuclides 
that could potentially exist in SRS waste streams. Simple screening 
analyses based on half-lives and dose contributions  reduced the number of 
radionuclides requiring detailed pathway analyses t o 58. Detailed 
analyses further reduced this number, establishing maximum single isotope 
facility inventory limits for 37 radionuclides. As expected, the majority 
of the resulting limits were for long-lived radionu clides. Two notable 
exceptions were H-3 limits derived through the atmo spheric pathway 
analysis and Cs-137 limits from the intruder scenar io. 
Enforcement of these 37 single isotope, performance  based limits required 
utilization of sum-of-fractions inventory controls.  Given the nature of 
changing missions at SRS, this approach for establi shing and managing 
performance limits provided increased flexibility v ersus analyzing a 
fixed facility inventory. 
The SAR necessarily evaluated potential exposures f rom a range of 
credible natural phenomena, criticality, and accide nt scenarios. An entry 
point for SAR preparation is establishment of a fac ility hazard 
classification in accordance with the Hazard Assess ment Document (HAD) 
requirements defined in DOE Standard 1027 (6). Proj ections of facility 
inventories established a facility hazard classific ation and set an upper 
limit on total facility inventory. 
As accident analyses typically involve individual o r multiple containers, 
the SAR also required development of estimated cont ainer inventories. Due 
to the number of historical and ongoing nuclear pro cesses at SRS, the 
composite of facility and container inventories inc luded 48 
radionuclides. The SAR produced container and facil ity inventory limits 
for each of these 48 radionuclides. The SAR also es tablished container 
and facility inventory limits for fissile and fissi onable isotopes and 
enforced regulatory driven transuranic limits. 



DEVELOPMENT OF INTEGRATED WASTE ACCEPTANCE CRITERIA 
The EAV WAC provided the vehicle with which to comp ile the 37 performance 
and 48 safety based limits and communicate resultin g limits to waste 
generators. In developing the WAC, key objectives i ncluded: 
  enforcement of PA and SAR limits, including contr ols on fissile and 
transuranic isotopes  
  encompass majority of SRS waste streams, minimizi ng need for special 
deviations to acceptance criteria 
  communicate key requirements needed to uphold ass umptions made in the 
PA and SAR 
  facilitate generator efforts to comply with DOE 5 820.2A 
characterization and certification requirements 
The composite of 37 performance and 48 safety based  limits produced a 
total of 68 radionuclides requiring consideration f or acceptance criteria 
radionuclide limits. In order to provide a common b asis for evaluation, 
PA and HAD facility inventory limits were divided b y the expected number 
of packages, producing limits based on the "average " package. Package 
based WAC limits were chosen over concentration lim its, making 
implementation more compatible with generator strat egies to characterize 
individual packages (i.e. dose-to-curie). Clearly, implementation of 
"average" package limits would have resulted in exc essive requests for 
deviations to accommodate the many unique SRS waste  streams. As such, 
three initiatives were undertaken to better refine the WAC and ease 
generator characterization requirements. 
An extensive study of SRS radionuclide distribution s was undertaken to 
better identify radionuclides of concern to vault o perations. The study 
grouped the over 200 SRS radionuclide distributions  into five 
representative waste streams (fission products, ind uced activity, 
tritium, uranium, and plutonium). A review of over 1,000 actual waste 
package inventories provided typical container load ings for each of the 
five representative waste streams. These typical co ntainer loadings were 
used to construct container and facility inventorie s which should 
reasonably bound future receipts. This study provid ed a basis for 
manipulating the "average" container limits to bett er accommodate SRS 
wastes. 
A separate study was conducted to evaluate the rang e of special nuclear 
materials produced at SRS, many of which were retai ned in the PA and SAR 
analyses due to their long half-lives and dose cont ributions. A search of 
records maintained within the accountable material controls program 
identified upper bounding site-wide inventories for  a number of special 
nuclear materials. These bounding inventories estab lished that some 
special nuclear materials, such as curium and calif ornium, were not 
produced in quantities that could impact long term vault performance. The 
study provided a basis for eliminating these radion uclides from the WAC. 
A third study evaluated the fixed relationships of many radionuclides 
within SRS waste streams. In such cases, including the obvious parent-
daughter relationships, limit controls for one radi onuclide restricted 
the inventory of one or more associated radionuclid es. As an example, the 
PA limit for Cs-137 and its fission product relatio nship with Cs-134 and 
Cs-135 necessarily limited the inventory of Cs-134/ 135 well below levels 
of concern in either the PA or SAR. This study prov ided the basis to 
further reduce the number of radionuclide limits re tained in the WAC. 
When paired with PA and SAR limits, the results of these three studies 
enabled the authors to reduce the number of radionu clides retained in the 



WAC to 22 radionuclides. Comparison with the projec ted facility 
inventories permitted adjusting package limits to b est accommodate the 
wide range of expected SRS radionuclide distributio ns while still 
upholding the basis for the facility limits. Figure  1 below identifies 
the basis documents for the 22 radionuclide limits in the final WAC. 
Fig. 1 
This strategy for development of acceptance criteri a has been applied to 
specific waste streams, further "personalizing" the  SRS LLW acceptance 
criteria. Examples of this unique application inclu de earthen trenches 
for slightly contaminated soil and proposed mounded  disposal of DOD's 
Naval Reactor components. In both examples, waste s tream specific 
analyses present technically defensible disposal op tions to the more 
costly vault disposal. Implementation of these wast e form specific 
disposal options dictates that the WAC impose more stringent waste form 
requirements to uphold assumptions in the PA and SA R analyses. 
RESULTS AND CONCLUSIONS 
Implementation of waste acceptance criteria for the  E Area Vaults has 
brought SRS into compliance with DOE 5820.2A dispos al requirements. The 
final set of radionuclide limits necessarily differ s from those 
established in 10CFR61. As expected, intruder based  limits were 
reasonably similar as environmental and geographica l differences have 
limited impact on these scenarios. EAV limits deriv ed from the 
groundwater analyses did vary significantly from li mits established in 
10CFR61. Again, this was expected given the humid S RS environment and the 
limited groundwater analyses supporting 10CFR61 lim its. Table I below 
provides a comparison of some of these limits (EAV limits converted to 
concentration basis for comparison purposes). 
Table I 
Initial drafts of the acceptance criteria contained  all of the composite 
68 radionuclides identified in the PA and SAR. The concept of 68 
radionuclide limits for each of the multiple dispos al options in addition 
to the more stringent LLW controls promulgated thro ugh 5820.2A, brought 
generator implementation of the Order to a near sta nd still. The studies 
outlined above produced a streamlined set of 22 fac ility and site 
specific radionuclide limits. This approach substan tially eased generator 
implementation while still enforcing Order requirem ents and critical PA 
and SAR assumptions.  
Implementation of the PA and SAR limits has been fu rther facilitated 
through a site-wide Waste Information Tracking Syst em (WITS). WITS 
enables generators to select approved containers, c reate shipments, check 
container inventories against radionuclide limits, and print waste 
shipping manifests. Within the disposal facility, W ITS provides 
capabilities for ensuring compliance with the entir e range of container 
and facility inventory limits, including PA, SAR, c riticality, 
transuranic, and greater-than-class C. 
The facility and site specific approach requires ad ded attention when 
accepting offsite waste shipments as some assumptio ns and evaluations 
would not apply to offsite generators. This increas ed scrutiny is 
accomplished through the generator certification pr ocess and evaluation 
of individual waste stream characterizations. The c oncept of developing 
acceptance criteria for specific waste forms has be en applied to offsite 
generators as exemplified in the ongoing developmen t of unique limits for 
Naval Reactor components. 



The EAV WAC has been successfully implemented at SR S. The strategy taken 
has enabled SRS to enforce a multitude of requireme nts through a single 
set of radionuclide limits. The final WAC limits ar e unique to EAV and 
bound the majority of SRS waste streams. The approa ch can be applied to 
specific waste streams, providing for continued fle xibility for future 
waste receipts. The concept of facility and site sp ecific acceptance 
criteria does require increased monitoring to ensur e key assumptions are 
upheld. 
OPPORTUNITIES FOR FURTHER STUDIES 
Many opportunities exist for continued enhancements  of the acceptance 
criteria. Recently completed performance analyses o f ashcrete and 
blowcrete to be generated in SRS's Consolidated Inc ineration Facility 
indicate this stabilized waste form can be disposed  in earthen trenches. 
If approved and implemented, this waste stream spec ific acceptance 
criteria will optimize utilization of existing disp osal capacity while 
enforcing DOE 5820.2A performance objectives. Other  opportunities for 
waste stream specific analyses include vitrified wa ste forms and 
increased utilization of earthen trenches for organ ic and non-organic 
rubble and debris. 
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LOOKING AHEAD: HOW TO MEET INCREASING WASTE CERTIFICATION REQUIREMENTS 
WITH LESS BUCKS 
Michael B. Hughes 
Gerald W. Faulk 
Westinghouse Savannah River Company 
Solid Waste Management Department 
Aiken, SC 29802 
ABSTRACT 
Construction of the Savannah River Site (SRS) was s tarted by the U.S. 
Government in 1950. The site covers approximately 3 00 square miles 
located along the Savannah River near Aiken, South Carolina. It is 
operated by the U.S. Department of Energy (DOE). Op erations are conducted 
by managing and operating contractors, including th e Westinghouse 
Savannah River Company (WSRC). Historically, the pr imary purpose of the 
SRS was to produce special nuclear materials, prima rily plutonium and 



tritium. In general, low-level radioactive and mixe d waste is generated 
through activities in operations. 
Characterization and certification of the low-level  radioactive and mixed 
waste generated by forty seven independent operatin g facilities at The 
Savannah River Site (SRS) was completed in 1995. A generic waste 
characterization protocol and methodology enabled t he efficient 
characterization of over 140 waste streams. This st rong program base has 
allowed the site to meet increasing waste certifica tion requirements cost 
effectively. 
After approving the waste certification programs fo r 47 generators of 
low-level radioactive and mixed waste, Westinghouse  Savannah River 
Company (WSRC) moved forward to implement a perform ance-based approach 
for assuring that approved waste generators maintai ned their existing 
waste certification programs during a time that the y were also expanding 
those same programs to qualify for additional dispo sal and treatment 
facilities at SRS. WSRC implemented the Waste Certi fication Review 
Program, which is comprised of two sitewide program s, waste generator 
self-assessments and Facility Evaluation Board revi ews, integrated with 
the WSRC Solid Waste Management Department Waste Ve rification Program 
Evaluations. The waste generator self-assessments e nsure compliance with 
waste certification requirements, and Facility Eval uation Board reviews 
provide independent oversight of generators' waste certification 
programs. Waste verification evaluations by the TSD  facilities serve as 
the foundation of the program by confirming that wa ste contents and 
generator performance continue to meet waste accept ance criteria prior to 
shipment to treatment, storage, and disposal facili ties. 
TRANSITION TO A WASTE CERTIFICATION REVIEW PROGRAM 
The WSRC Solid Waste Management Department (SWMD) h as implemented an 
integrated and cost effective Waste Certification R eview Program for 
approved generators of low-level radioactive waste and low-level mixed 
waste. The program assures SWMD that approved waste  generators maintain 
their approved waste certification programs. 
New waste generator certification programs are appr oved through the 
established Waste Certification Approval Program. O nce approved, waste 
generators undergo periodic review by the TSD under  the protocol of the 
Waste Certification Review Program described below.  
Both programs require review of waste generator cer tification programs 
for compliance with waste acceptance criteria of tr eatment, storage, and 
disposal (TSD) facilities. The Waste Certification Review Program 
integrates the use of existing SRS programs and was te verification to 
provide the assurance that approved generators main tain their required 
waste certification programs. It also integrates th e Facility Evaluation 
Board (FEB) reviews, waste generator self-assessmen ts and SWMD waste 
verifications. Waste verification evaluations coupl ed with FEB reviews 
and self-assessments provide a cost effective appro ach to waste 
certification for approved waste generators. 
The foundation of the Waste Certification Review Pr ogram, the Waste 
Certification Waste Verification Program Evaluation s, permits the SWMD to 
address the DOE Order 5820.2A requirement that wast e generator 
certification programs undergo periodic audit by th e operators of the 
facilities to which waste is sent. Waste verificati on evaluations are the 
method used to confirm that waste contents and wast e generator 
performance meet the DOE Order requirements for was te certification. 



Waste verification evaluations involve the inspecti on and verification of 
waste generator shipments by various methods to ens ure consistency 
between the shipping documentation and the received  wastes. As performed 
at most DOE and commercial facilities, waste verifi cation confirms that 
the waste from a particular generator meets both ge neral and specific 
verification criteria. 
WASTE VERIFICATION PRACTICES 
SWMD waste verification procedures check and docume nt that waste 
generators' compliance with TSD waste acceptance cr iteria. These 
procedures require collecting and reporting inspect ion results for 
feedback on waste generator performance for use in the Waste Verification 
Program Evaluations. Procedures for visual inspecti on of low-level waste 
call for the selection of waste containers based up on generator 
shipments. SWMD establishes the frequency for verif ication of containers 
from waste generators. Verification frequency is ad justed according to 
the generators' performance. It is noteworthy that an initiative was 
implemented sitewide to improve the effectiveness o f visual inspections 
of waste bags. Clear polyethylene plastic bags are being procured for 
improved visibility of waste bag contents. The new bags are being used by 
waste generators for improved inspection capability . 
SWMD receipt inspection results are collected from all waste generators 
in the Waste Verification Program. Non-destructive examination (NDE), 
non-destructive assay (NDA), and chemical screening  techniques similar to 
those employed at other DOE and commercial faciliti es will be phased into 
the program. Inspection and verification are result s included in the 
Waste Verification Program. Nonconformances found d uring verification are 
identified, tracked, and corrected with waste gener ators prior to formal 
acceptance of the waste. 
NDE, NDA and chemical screening are important featu res of any waste 
verification program. These methods provide a non-i ntrusive means of 
screening and quantifying radiological and chemical  constituents in a 
waste container. SWMD compared NDE, NDA and chemica l screening methods at 
other DOE and commercial TSD facilities and found t he emphasis and level 
of scrutiny vary between facilities, based on feder al and state 
regulatory requirements. Some features of radioisot opic assaying, 
radiography, and chemical screening are: 
  Radioisotopic Assaying - a method of identifying and quantifying 
radioisotopes in a given waste container. The purpo se of the assay is to 
verify radioisotopic content to the extent and accu racy reported on the 
waste characterization forms for the waste stream b eing checked. Assaying 
may also be used to verify that low-level waste is below the transuranic 
threshold limit (100 nCi/g). 
  Radiography - a means of inspecting a container f or prohibited items 
listed in the waste acceptance criteria. There are two technologies 
available, real-time radiography and digital radiog raphy. Real-time 
radiography allows for a virtual "real-time" image of waste container 
contents and typically includes videotaping capabil ities. digital 
radiography takes an image of the container content s and digitizes the 
picture such that it can be viewed and stored elect ronically. 
  Chemical Screening - analytical tests performed o n representative 
samples of the waste. Typically, these analyses are  performed to 
determine the presence of polychlorinated biphenyls , Resource 
Conservation Recovery Act or Toxic Substance Contro l Act controlled 
substances which, if found, would categorize the wa ste as mixed rather 



than low-level waste. The specific analysis perform ed is dependent on the 
waste acceptance criteria. A field-deployable lab c art is used to perform 
gross screenings and, if necessary, samples are the n sent to an 
analytical laboratory for more in-depth analysis. 
These NDE, NDA and chemical screening methods are a vailable both onsite 
and offsite; however, the associated costs and logi stics vary greatly. 
After evaluating the various options and considerin g the requirements of 
DOE Order 5820.2A, SWMD selected a combination of a ssay, radiography and 
limited chemical screening to verify that incoming waste is in compliance 
with the waste acceptance criteria. Radioisotopic a ssay and digital 
radiography were the most cost effective and logist ically feasible 
approaches. A portable kit is being obtained for ch emical screening, and 
personnel are to be trained accordingly for use on a limited basis and 
under special circumstances to analyze various homo geneous waste forms. 
PERFORMANCE BASED EVALUATIONS 
Information on waste generators is collected and an alyzed from receipt 
inspections, random visual inspections, shipment an d characterization 
verifications, and NDE and NDA results when availab le. Other performance 
information, such as nonconformance reports, is con sidered as 
appropriate. Overall, this information provides a p erformance-based 
method of reviewing generator waste certification p rograms and a method 
for adjustment of waste verification. 
In general, SWMD evaluates approved waste generator s on a periodic basis. 
Waste Certification Assessment and Minimization pro cedures are developed 
to describe the evaluation process, evaluation crit eria, reporting, and 
department required actions, as appropriate. In the  evaluation process, 
waste verification results are discussed with waste  generators, 
documented for trending purposes, and serve as a to ol for continuous 
improvement. Performance areas requiring improvemen t or correction are 
identified on a case-by-case basis and presented to  waste generators for 
resolution. 
SWMD uses performance evaluation criteria to review  the approved status 
of generator waste certification programs. The perf ormance criteria are 
improved with its application to assure consistent evaluations and 
provide a mechanism to identify waste generator str engths and areas 
needing improvement. The performance criteria are s tructured to provide a 
graded method for evaluation of performance. Each w aste generator's 
performance is graded as satisfactory, needing impr ovement, weak, or a 
strength area based upon an evaluation of the infor mation collected over 
a specified evaluation period. The evaluation crite ria define the basis 
for the grading of waste generator's performance fr om waste verification 
results. 
CONCLUSION 
After waste generator certification programs were i nitially approved and 
operating, SWMD needed a real-time waste verificati on program to confirm 
waste contents and evaluate generator performance. Waste verification is 
the foundation of Waste Certification Review Progra m, which includes 
waste generator self-assessments and independent ov ersight by the FEB. 
Random visual inspections of waste shipments, digit al radiography, and 
radioisotopic assay are performed and results are e valuated with receipt 
inspection information to confirm generators are ma intaining their waste 
certification programs. SWMD performs a review of a pproved waste 
generator status using information from the Waste V erification Program as 
part of the Waste Certification Review Program. 



Therefore, as the SRS Waste Certification program m atured with the 
initial waste certification assessments for 47 faci lities at the SRS, 
innovative methods were developed that provided the  following cost 
effective steps for the re-assessment and new asses sments: 1) The 
Consolidated Incinerator Facility and the required periodic assessments 
were combined, 2) Waste generators were grouped by division programs to 
expedite completion of re-assessments and 3), Tiere d oversight from three 
existing site assessment programs was established t o gain economy of 
effort. In combination this will result in an annua l cost saving of 
approximately $600,000 for the site. 
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DRIVING DOWN THE COST OF CLEANUP: ER INITIATIVES AN D INNOVATION IN PLACE 
AT THE SAVANNAH RIVER SITE 
W. Dean Hoffman 
Westinghouse Savannah River Co. 
ABSTRACT 
This paper will describe how four (4) major initiat ives developed at the 
Savannah River Site (SRS) have combined to save mil lions in their 
Environmental Restoration Program. The four initiat ives are 1) 
streamlined sampling approaches; 2) approved standa rd designs and 
remedies; 3) minimization of investigative derived wastes; and 4) reduced 
groundwater monitoring requirements. 
Specifically streamlined sampling approaches will s how how early scoping 
of waste site characterization has resulted in more  efficient sampling to 
reach a site profile. In addition, this initiative has generated the 
grouping of sites into characterization envelopes w hich can be used to 
further reduce sampling and facilitate the selectio n of a remedy. SRS 
will share its experience in this area. 
The concept of the Approved Standard Corrective Act ion Design (ASCADtm) 
has been developed at SRS and makes full use of str eamlining. This 
concept is an innovative way of defining characteri zation conditions and 
matching them with standard environmental restorati on remedies. SRS has 
this concept endorsed by its regulators and is usin g it. 
Minimizing the cost of investigative derived wastes  is an area where SRS 
can show success in managing a complex-wide issue. Purge water from 
groundwater wells in radioactive and mixed waste bu rial grounds can be 
treated in a permitted on site facility. SRS will s hare this experience 
and has regulatory approval to move ahead with this  initiative. 
Quarterly groundwater well monitoring requirements were costing the SRS 
ER Program over $10 million annually. By focusing d ata needs and 
communicating with regulators, permit requirements have been changed to 
allow a more cost efficient program without signifi cantly sacrificing 
environmental information. Other DOE Programs shoul d benefit from this 
experience. 
INTRODUCTION  
This paper describes how four (4) major initiatives  developed at the 
Savannah River Site (SRS) have combined to save mil lions in the 
Environmental Restoration Program. The four initiat ives are 1) reduced 
groundwater monitoring requirements; 2) minimizatio n of investigation 
derived wastes; 3) streamlined sampling approaches;  and 4) approved 
standard designs and remedies. 
Quarterly groundwater well monitoring requirements were costing the SRS 
ER Program $12 million annually. By focusing data n eeds and communicating 



with regulators, permit requirements have been chan ged to allow a more 
cost efficient program without impacting key enviro nmental information. 
The cost today of this program is now less than $8 million annually. 
Minimizing the cost of investigation derived wastes  is an area where SRS 
can show success in managing a complex-wide issue. Purge water from 
groundwater wells in radioactive and mixed waste bu rial grounds can be 
treated in a permitted on site facility. SRS will s hare this experience 
and has regulatory approval to move ahead with this  initiative. 
Streamlined sampling approaches will show how early  scoping of waste site 
characterization has resulted in more efficient sam pling to reach a site 
profile. In addition, this initiative has generated  the grouping of sites 
into characterization envelopes which can be used t o further reduce 
sampling and facilitate the selection of a remedy. 
The concept of the Approved Standard Corrective Act ion Design (ASCADTM) 
has been developed at SRS and makes full use of str eamlining. This 
concept is an innovative way of defining characteri zation conditions and 
matching them with standard environmental restorati on remedies. SRS has 
this concept endorsed by its regulators and is usin g it. 
GROUNDWATER MONITORING REDUCTIONS 
Strategy 
SRS-ER conducted an intensive review of the groundw ater monitoring 
program required under the Resource Recovery and Co nservation Act Part B 
Permit. The purpose of this review was to identify areas in which cost 
reductions could be made, while simultaneously rema ining in compliance 
with the applicable regulatory requirements.  
As a starting point, all cost elements were identif ied and organized into 
one of seven cost categories: task management, samp ling, analysis, data 
management, report reparation, well maintenance, an d DOE requirements. 
The major stakeholders-the DOE customer, the South Carolina Department of 
Health and Environmental Control (SCDHEC), four int ernal Westinghouse 
departments, and several subcontractors-were identi fied and included in 
the process from the beginning. Through intensive d iscussions and 
negotiations, major cost savings opportunities were  identified and 
implemented. 
Streamlining 
Over $2 million annually were saved by reducing the  frequency of sampling 
and eliminating unneeded analytes. An additional $2 50,000 were saved by 
eliminating over 100 groundwater monitoring wells p roviding redundant 
information. This was done utilizing quantitative a nalysis of groundwater 
data. This statistical tool was developed as a comp uter algorithm by SRS 
with Lawrence Livermore National Laboratory and Geo rgia Tech. This tool 
allowed efficient use of groundwater data. 
Cost Savings 
The reduction in the frequency of sampling and the number of analytes 
resulted in a savings with respect to data manageme nt and report 
preparation. With fewer pieces of data to verify, v alidate, manage and 
report, subcontractor costs were reduced. Overall, these groundwater 
monitoring costs were reduced from $12 million in 1 993 and $11 million in 
1994 down to $7.4 million in 1995. This is shown in  Table I. 
Table I 
INVESTIGATION DERIVED WASTES (IDW) MINIMIZATION AND  TREATMENT 
Strategy 
IDW includes potentially contaminated environmental  media such as well 
purge water, well pumping test and development wate r, drilling mud, and 



soil drill cuttings. Also included in the definitio n of IDW is 
decontamination and rinse waters as well as equipme nt and personnel 
protective equipment. The SRS IDW management strate gy is to minimize the 
quantity of IDW while cost effectively managing the  IDW generated. 
Two management programs are encompassed. IDW derive d from contact with 
non-listed hazardous waste (non-listed IDW) and tha t derived from contact 
with listed waste (listed IDW).  
SRS is implementing a program for the management of  IDW from listed 
sources to achieve consistency with the Contained-I n Policy. For both 
aqueous and non-aqueous IDW, a phased-in implementa tion approach is in 
progress. SRS treatment systems and infrastructure have been established 
for full implementation. 
Permission from State and EPA regulators has been r eceived to use an 
existing effluent treatment facility to treat mixed  and radioactive purge 
water from monitoring wells. An approved air stripp er treats non 
radioactive purge water. 
IDW Minimization 
In addition, SRS is pursuing innovative technologie s and practices to 
reduce the volume of IDW that is generated. These i nnovative technologies 
and practices either have been or will be introduce d to the EPA and the 
South Carolina Department of Health and Environment al Control (SCDHEC) 
for implementation at SRS.  
Purge Water Reduction 
Several methods are being evaluated to reduce the a mount of purge water 
generated during sampling operations at SRS: 
1) Micropurging uses dedicated flow sampling device s to selectively 
remove only water in the well directly opposite the  well screen versus 
conventional methods of evacuating the entire colum n of water standing in 
the well and mixed in flow with stagnant water. 2) Two inch diameter 
wells can be used and require less water to be purg ed during well 
development and prior to groundwater sampling. SRS will continue to 
install two inch diameter monitoring wells where ap plicable. 3) The use 
of a casing packer to seal the upper portion of wel ls from the screened 
interval reduces the amount of stagnant water that requires purging prior 
to sampling. This technology is limited to four-inc h diameter wells 
screened below the water table contaminants in conc entrations above 
prescribed criteria. 
Closed-Loop Purge Water Management 
SRS is currently working with a prototype closed-lo op purge water 
management system for aqueous IDW volume reduction.  This system may 
eliminate the need for containerization of aqueous IDW and related 
transportation to a treatment system. The concept i s based on capturing 
the water purged from a well during sampling into a  collapsible tank 
dedicated and affixed to the well standpipe. Upon c ompletion of the 
sampling event the captured water is returned to th e well.  
Less Invasive Drilling Techniques 
SRS has conducted a successful field evaluation of a prototype device 
called the HydropunchTM which provides a less invas ive technique for 
collecting groundwater samples. Direct push methods  of data collection 
(e.g. cone penetrometer testing) and sonic drilling  are being evaluated. 
These technologies provide real time geophysical, h ydrological, and 
geochemical data that allow for design improvements  in monitoring well 
networks. Improved monitoring well network designs will result in fewer 



permanent wells being needed to obtain the required  data, thus reducing 
the amount of IDW. 
Cost Savings 
Overall, the approval to use existing systems to tr eat IDW and 
initiatives to minimize generation had a major cost  reduction of $2.5 
million in FY '95 versus previous budget projection s. 
STREAMLINED SAMPLING APPROACHES 
Strategy 
SRS is now implementing streamlined sampling by sco ping work plans with 
core team members and regulators. Every effort is m ade to evaluate and 
incorporate existing data where available. The Stre amlined Approach for 
Environmental Restoration (SAFER) is being used at virtually all 
sophisticated characterization projects. 
Data collection is driven by Data Quality Objective s determined by data 
users for future documents. There is a focus on end  use determination and 
utilization of presumptive remedies. 
The program utilizes non-intrusive sample technique s (ground penetrating 
radar, soil gas surveys, and magnetic surveys) and historical knowledge 
of known waste disposal practices at operable units . Preference exists to 
sample existing wells when possible to determine co ntaminants for 
groundwater and soil versus installing new wells. 
Streamlining 
SRS is implementing other faster characterization t echniques as well. 
Expedited site characterization is now possible wit h mobile laboratories. 
Dynamic work plans contain built in contingencies f or pre-approved 
decision-making. Better use of screening in-field t echniques reduce 
laboratory costs. Use of cone penetrometer hydropun ching and temporary 
wells reduces need for permanent groundwater wells.  Appropriate 
analytical levels have been examined to reduce data  needed. 
Streamlining development of Remedial Investigations  (RI) and Baseline 
Risk Assessments (BRA) has resulted in development of one combined RI and 
BRA document per operable unit. This yields savings  on document 
production and reduced document reviews and revisio ns. 
Cost Savings 
These initiatives have combined to produce $3.35 mi llion of savings in FY 
'95 versus previous budget projections. The average  RI/FS cost per site 
is depicted in Table II. 
Table II 
APPROVED STANDARD CORRECTIVE ACTION (ASCADTM) 
Strategy 
The ASCADTM concept uses WSRC's remediation experie nce to develop a 
standard design for a specified set of contaminants  and the approved 
remedy can be applied to any other waste site demon strated to be within 
the specific envelope of contaminants. Table III gr aphically displays the 
ASCADTM process. 
An ASCADTM is developed in the following way: 
  A single proposed plan and record of decision are  planned for a 
grouping of similar sites. 
  A profile is established for a waste grouping tha t identifies the 
envelope of characterization conditions that match each proposed plan. 
  A proposed plan or corrective action plan is deve loped for the 
specified waste envelope. 
  Engineering parameters and technical requirements  for the specific 
waste envelope are developed to ensure the record o f decision will be 



fulfilled for subsequent designs for remediation of  waste sites that meet 
criteria of the specified waste envelope. 
  The regulators approve the proposed plan or corre ctive action plan for 
a lead site or groups/sites. Public review and comm ent is conducted and 
the record of decision is issued. Sites subsequentl y falling within the 
characterization envelope can be added to the recor d of decision. This 
concept is shown in Table III. 
Table III 
Streamlining 
ASCADTM has the following potential benefits: 
 1) The overall characterization scope is streamlin ed by focusing on 
known contaminants of concern for a larger number o f units 2) One 
treatability study workplan is developed and labora tory scale testing is 
conducted for a group of sites. 3) One CERCLA feasi bility study, one 
proposed plan, and one record of decision (ROD) doc ument are developed 
for a given waste unit grouping. 4) Only one SRS de sign review process 
(i.e., independent design review, value engineering  study, etc.) is 
required. 5) One conceptual design (CD) package and  one remedial design 
(RD) package are developed for a given waste unit g rouping. 
Cost Savings 
The grouping of similar waste sites provides the op portunity to obtain 
regulator approval of a single or multiple steps of  the remediation 
process for a given group of sites. The overall cos t savings projected in 
1996 and 1997 is $810,000. 
CONCLUSION 
SRS continues to pursue cost savings in all phases of environmental 
restoration. This constant improvement is necessary  in an era of 
tightening budgets but often leads to streamlined w ays of doing business 
that accelerate the real mission of cleanup.  
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PRIVATIZATION OF WASTE MANAGEMENT PROGRAMS  
AT THE SAVANNAH RIVER SITE 
Robert E. Hottel 
John R. Pickett 
John R. Kosko 
Larry D. MacLean 
Westinghouse Savannah River Company 
ABSTRACT 
An aggressive effort to implement privatization ini tiatives at the 
Department of Energy's Savannah River Site (SRS) wa s initiated in 1991. 
This effort has resulted in the evaluation of poten tial contracts valued 
at $171 million, placement of $59 million in subcon tracts, and capital 
cost savings of $142 million. This effort responds to evolving economic, 
political, and social changes, as well as a continu ously shrinking DOE 
budget. Like other DOE facilities, SRS was conceive d, built, and operated 
as a self-contained entity capable of fulfilling it s mission in meeting 
the challenges of the Cold War. The move toward pri vatization required 
that SRS overcome the remnant Cold War barriers and  required the 
development of cost-efficient, customer-defined pro ducts and services 
that also stimulated economic development in the co mmunities surrounding 
SRS. This paper provides an overview of this initia tive by presenting 
three specific case studies on waste management pro jects (Contaminated 



Laundry Services, Mixed Waste Stabilization, and Sa nitary Waste Disposal) 
that exemplify the successes and challenges of the SRS privatization 
initiative.  
INTRODUCTION 
SRS was constructed near Aiken, South Carolina, dur ing the early 1950's 
to produce the basic materials used in the fabricat ion of nuclear 
weapons, primarily tritium and plutonium-239. Five heavy water reactors 
were built on the site to produce nuclear materials  by irradiating target 
materials with neutrons. Support facilities, includ ing two chemical 
separations plants, a heavy water extraction plant,  a nuclear fuel and 
target fabrication facility, and waste management f acilities were also 
constructed at the site.  
SRS has adjusted through the years to meet the majo r changes in defense 
requirements. All five of the original SRS producti on reactors are shut 
down, a reflection of the improved U.S. relations w ith the former Soviet 
Union. While production of tritium will not be nece ssary for many years, 
recycling and reloading of tritium (due to its 12.5  year half-life) to 
keep the nation's supply of nuclear weapons operati onal is a continuing 
site mission. In addition to the tritium mission, S RS is developing new 
missions for the site. These new missions include c ommunity outreach, 
assistance in the economic diversification programs  of the surrounding 
communities,and privatization. 
The overall privatization effort at SRS includes fo ur major elements:  
1. Outsourcing - fixed price subcontracting of good s and services that 
were traditionally provided by DOE or by Management  and Operating 
Contractor (M&O) employees, 
2. Technology Transfer - the transfer of DOE develo ped technologies to 
the private sector,  
3. Asset Reuse - the transfer of DOE assets through  sale, lease, permit, 
or other means to the private sector for reuse to s atisfy commercial 
objectives, and  
4. Dual Use Commercialization - making available DO E assets through sale, 
lease, permit, or other means to the private sector  for dual use to 
satisfy DOE and commercial objectives.  
Outsourcing, or fixed-price subcontracting, will be  the focus of this 
paper. Of the $59 million in subcontracts that have  been placed, three of 
the subcontracts in the waste management area are s ignificant, both in 
terms of dollar value and as examples for the rest of the DOE Complex. 
Those three projects are: 
1. Contaminated Laundry Services: This example invo lves the 
radioactively-contaminated laundry services that we re once done on the 
site in a forty year old facility. That service has  now been contracted 
off the site for a capital cost saving of $13 milli on. As an additional 
benefit, a new facility is being constructed in the  local community, 
employing local personnel and transferring addition al work from an older 
facility. The construction of this facility was enc ouraged by a DOE grant 
that was provided as an incentive for construction in the local area.  
2. Mixed Waste Sludge Stabilization: A second major  effort is the 
stabilization of 2,500,000 liters of a mixed waste sludge from a former 
nickel plating and aluminum forming operation. At a  cost savings of $26 
million, a vendor will come on site, erect a tempor ary facility, vitrify 
the waste, and close out the existing storage tanks . 
3. Sanitary Waste Disposal: SRS has traditionally d isposed of all 
sanitary waste in landfills located on site. Due to  the low volume of 



sanitary waste generated, the cost per ton for disp osal was very high. In 
addition, landfill space was being depleted, and th e cost for design, 
permitting, and construction of a new landfill appe ared prohibitive. 
Subcontracting for hauling and offsite disposal of SRS generated sanitary 
waste has resulted in a cost savings of $103 millio n. 
For each of these examples, a brief description of the old and new way of 
doing business, a discussion of the obstacles faced , and a candid 
evaluation of results will be presented.  
CONTAMINATED LAUNDRY SERVICES 
Background - As part of the original construction o f the Savannah River 
Site, a laundry for contaminated clothing and equip ment, primarily 
respirators, was built in 1952. The laundry was loc ated near the center 
of the 800 square kilometer site and operated on th ree shifts, seven days 
a week. The facility processed an average of 225 me tric tons of laundry 
and 10,000 respirators a month. 
By 1992, several motivating factors existed to supp ort the concept of 
replacing the laundry facility. First and foremost,  the original facility 
had several deficiencies, including: 
  Inability to separate radioactive and non-radioac tive clothing 
  Lack of a waste water treatment process at the fa cility 
  An ergonomically obsolete design 
  A roof structure that prohibited installation of modern handling 
equipment 
  Location of the facility within a secure area, re quiring security 
clearances for workers 
  Severe heat stress conditions 
  Lack of modern air emissions equipment 
As a consequence of these deficiencies, providing f uture laundry services 
at SRS would have required either investing in a ne w laundry facility, 
estimated to cost $13 million, or privatizing the l aundry services. The 
privatization option was explored and selected beca use it met DOE 
objectives to reduce capital expenditures and to st imulate regional 
economic development by creating an opportunity for  businesses to locate 
or expand in the area.  
Description of Privatization 
Outsourcing the site laundry services was one of th e first SRS attempts 
at privatization. The success of this initiative wa s highly dependent on 
"out-of-the-box" thinking and interactions with org anizations who had 
successfully privatized traditional DOE owned opera tions. These 
organizations included the Hanford Reservation, the  Idaho National 
Engineering Lab, and the Oak Ridge National Lab. Se veral details from 
those interactions were applicable, but the major l esson learned was 
that, if the facility is to be located off-site, it  is important to 
locate the facility in the local region. 
The first approach investigated a turnkey operation , with a commercial 
entity building and operating a facility on SRS lan d that would be leased 
to the successful bidder. Subsequently, an alternat ive life cycle cost 
analysis, done by the M&O Contractor, showed that i t would be more cost 
effective to contract for a laundry service with a commercial radioactive 
laundry. This was initially supported by the fact t hat Interstate Nuclear 
Services (INS), a commercial firm in the radioactiv e laundry business for 
thirty years, had two facilities within a reasonabl e vicinity of SRS. As 
a result of this cost analysis, Westinghouse and DO E agreed to proceed 
with development of a specification and a procureme nt package for an off-



site service, as well as a Request for Expressions of Interest that was 
published in the Commerce Business Daily and severa l regional newspapers.  
Prior to publication of the Request for Proposal (R FP), DOE proposed to 
incentivize privatization of the site laundry servi ces by offering an 
award of $500,000 or 10% of construction costs (whi chever was less) to 
the successful bidder if he were willing to constru ct a new facility in 
one of the five counties surrounding the SRS. This incentive was 
authorized by the FY-1994 National Defense Authoriz ation Act, which 
provided for funding to stimulate local economic de velopment. The local 
construction option was not mandatory; the most cos t effective proposal 
would still be selected. Respective bidders were no tified of the 
incentive in the cover letter issuing the RFP, with  a detailed 
explanation of the incentive package provided at th e pre-bid conference. 
Evaluation of Results 
The incentive for local construction of the laundry  proved to be a major 
factor in the procurement. Even though Interstate N uclear Services has 
two other facilities near SRS (one located in Colum bia, SC, about 80 
kilometers away), they selected the local construct ion option and 
submitted the lowest bid for the services. The cont ract was awarded in 
January, 1995. INS has obtained all necessary permi ts from the State of 
South Carolina Department of Health and Environment al Control and Aiken 
County and has purchased land near Interstate 20, a bout 30 kilometers 
from the SRS, for the facility. The new facility wi ll also service 
commercial industry, thus contributing to the local  economy by providing 
jobs and increased tax base for the county. 
In addition to benefits to the local economy, DOE a nd the SRS also 
achieved two major benefits. The first was an estim ated $13 million 
savings in construction of a new laundry on-site, w ith additional 
operational savings possible when the new facility becomes operational. 
An additional positive impact for the SRS is a 90% reduction in the 
amount of low-level waste generated by the old laun dry facility. The old 
facility used respirator boxes which required dispo sal; the new facility 
will utilize respirator bags which are reusable. In  addition, use of the 
newer commercial process for handling lint and lint  filter media also 
reduces generation of low-level waste. 
MIXED WASTE SLUDGE STABILIZATION 
Background 
From 1985 to 1988, nickel-plating and aluminum- for ming operations were 
performed in the M-Area of the Savannah River Site.  These operations 
supported four reactors operating on-site during th at time and resulted 
in the generation of 2,500,000 liters of a plating line sludge containing 
depleted uranium. Treatment of this sludge, stored in double-lined tanks, 
is required by the site's Federal Facility Complian ce Agreement and is 
regulated pursuant to the Resource Conservation and  Recovery Act (RCRA). 
Original plans for stabilization of this sludge inv olved construction of 
a Filtration/Stabilization Facility for initial tre atment, followed by 
final stabilization, in a cement form, in a propose d Mixed Waste 
Treatment Facility. As part of the design effort fo r both the pre-
treatment facility and the Mixed Waste Treatment Fa cility, a project team 
was formed to address the interface between pre-tre atment and final 
treatment. A life cycle cost study done in 1991 by the project team 
indicated that on-site treatment by a vendor could be significantly more 
cost effective than construction and operation of n ew facilities by the 
M&O Contractor.  



Description of Privatization 
The results of the life cycle cost study convinced site management that 
privatization was, by far, the preferable option. O nce again, success 
depended upon overcoming the obstacles associated w ith a new, innovative 
process at the site. These obstacles included deter mination of the DOE 
Orders that would be applied (this was the first in stance in which DOE 
Orders were not applied in their entirety to an on- site activity), re-
negotiation of milestones with the EPA and the Sout h Carolina Department 
of Health and Environmental Control (SCDHEC), and d emonstration that the 
vendor process would meet the requirements for the resultant waste form.  
The first obstacle was addressed during preparation  of the specification 
for the Request for Proposal, where agreement was r eached that only 
"applicable" DOE Orders would be applied. During co nduct of the 
Operational Readiness Review, all DOE Orders were r eviewed, 
recommendations on applicability were made, and DOE  concurrence obtained. 
Major cost savings were made through the waiver of several DOE Orders, 
including DOE 4700.1, "Project Management" and DOE Order 6430.1A, 
"General Design Criteria." 
Overcoming the second obstacle, re-negotiation of t he Land Disposal 
Restriction-Federal Facility Compliance Agreement m ilestone for 
stabilization of the sludge with the EPA and SCDHEC , required five 
months. The third obstacle, adequate demonstration that the final waste 
form would meet requirements, was overcome by requi ring that the vendor 
successfully perform treatability studies on actual  plating line sludge 
before award of the final contract for treatment. 
Evaluation of Results 
Following successful treatability studies on the pl ating line sludge, a 
contract was awarded to GTS Duratek in November of 1993. The award is a 
fixed-price contract, with both bonus and penalty c lauses for 
performance. In order to expediate performance, Rea diness Assessments 
were split into three sections (sludge transfer, co nstruction, and 
operation). The Sludge Transfer Readiness Assessmen t was completed in 
May, 1995, sludge transfer was initiated in June, a nd the first phase of 
sludge transfer was completed in September, 1995. T he Construction 
Readiness Assessment was completed in July, 1995, c onstruction of the 
temporary vendor facility initiated in July, and co nstruction was 
completed in January, 1996. Operation is currently scheduled for May, 
1996. 
In addition to the benefits of providing jobs in th e private sector, the 
main benefit was a cost savings for DOE. The origin al cost estimate for 
the pre-treatment facility, plus the Mixed Waste Tr eatment Facility, plus 
the treatment and disposal efforts, was $46 million . The contract cost 
for the vendor treatment is $16 million, with infra structure support plus 
disposal costs of $4 million, for a total of $20 mi llion. This results in 
a cost savings of $26 million. 
SANITARY WASTE DISPOSAL 
Background 
The Savannah River Site had always disposed of its sanitary waste in 
landfills located on-site. Since the sanitary waste  generation rate at 
SRS is low (approximately 36 metric tons per day), the landfill itself is 
small in comparison to a commercial landfill. Howev er, the costs 
associated with landfill operation are roughly the same regardless of 
size (e.g., the same equipment, monitoring, and clo se-out requirements, 
paperwork associated with permit compliance and ren ewal, etc.). Because 



these fixed costs are spread over a much smaller vo lume, the cost per ton 
for disposal at a small landfill is much higher. Fo r SRS, this means a 
disposal cost of approximately $1150 per metric ton , compared to a 
commercial cost of $55-$110 per metric ton. 
Description of Privatization 
Based on the high unit cost of sanitary waste dispo sal at SRS, the 
decision was made by DOE and WSRC to advertise for sanitary waste 
disposal services. This decision was strengthened b y the fact that the 
existing landfill would be filled in 1998, and the design, permitting, 
construction, close-out, and monitoring of a new, o n-site landfill would 
be cost prohibitive, especially for such a small op eration. 
In March of 1994, a Request for Proposals for Sanit ary Waste Disposal 
Services was issued. In July of 1994, four firms re sponded. In September, 
1994, a fixed-price contract was awarded to CDS of Charleston, Inc. CDS 
is a small business and utilizes the Hickory Hill L andfill in Jasper 
County, South Carolina, for disposal. The contract has a fixed base price 
for establishing a route with (currently) 311 dumps ters. A fixed price 
per dumpster for adding and deleting dumpsters was also established in 
the contract. Thus far, the price has averaged $42- $45 per metric ton of 
waste. 
Evaluation of Results 
The major impact of the change from on-site handlin g and disposal of 
sanitary waste to a privatized service for pick-up and disposal was an 
estimated cost savings of $103 million. This saving s included the capital 
costs for construction of a new landfill, operating  costs of the 
landfill, transportation costs, closure costs, and costs for 30 years of 
monitoring following closure. 
The response from Jasper County residents concernin g the landfill 
initiative has been very positive. Besides creating  jobs for the 
community, the revenue assists the county with land fill operation costs 
and lowers taxes for the residents.  
CONCLUSIONS 
The three initiatives discussed above have demonstr ated that the DOE can 
achieve significant cost savings through privatizat ion. The major 
savings, roughly $140 million, in the cases shown a bove result from 
shifting the cost of construction from DOE to the p rivate sector. 
Although some savings result from operating efficie ncies, the majority 
are savings in capital costs.  
 Other lessons learned include: 
1. The importance of properly handling the human el ement of 
privatization. The employees who are potentially af fected by a 
privatization initiative should be informed and inv olved to the maximum 
extent possible. Where possible, employment for the  affected individuals 
should be assured, or at least considered, in the r esultant subcontract. 
Other options include priority transfer of affected  employees to other 
openings on site.  
2. The importance of working with local and regiona l economic development 
organizations in the private sector, and doing it a s early as possible in 
the process. Not only will these organizations assi st in recruiting 
companies into the area, they can often provide tax  and other incentives 
that will make the privatization initiative even mo re cost effective for 
DOE.  
3. Contrary to widely-held beliefs, not all activit ies are automatically 
performed more cost effectively in the private sect or. NEPA and other 



permitting activities, safety analyses, and readine ss assessments are 
often performed more cost effectively by the M&O Co ntractor. This may be 
due to lack of experience with the DOE Orders and i mplementing procedures 
that often cannot be waived when work is done on a DOE Site. Especially 
in smaller companies, the required expertise, or ex perience with a 
particular state regulatory agency, may mean it is cost effective to have 
the M&O perform the permitting. The main point is t hat a valid Make-Buy 
Analysis is necessary before assuming that the priv ate sector is cheaper 
for any and all tasks. 
4. Use of existing infrastructure is usually more c ost effective than 
having the private sector provide duplicative servi ces. However, the 
rates to be charged, and the methodology of measuri ng the services 
provided, are often major obstacles to be addressed . 
5. An independent technical review is essential for  certain technical 
services that are outsourced. At the time of bid pr eparation and contract 
award, details of the process are yet to be determi ned and a thorough 
review of the completed design is essential. 
6. Finally, attitudes must be changed! Probably the  biggest obstacle to 
privatization that must be overcome are the attitud es of many DOE and M&O 
employees towards doing things in a new way. This c ulture change is slow 
in coming, but it must occur for privatization to t ruly be successful.  
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ABSTRACT 
The total area of the territory of Belarus contamin ated with 
radionuclides amounts to 46.5 thousands km2. It is more than 20% of the 
whole territory. There are 3668 populated areas in it. After the 
Chernobyl accident Belarus has become a zone of eco logical disaster. 
There are four special features of the Chernobyl ac cident: 
1. Large amount of released activity from the react or. According to the 
present-day knowledge this value accounts for 25.9 billions GBq. The main 
weight of the initial period has been a heavy burde n to Belarus. 
2. Large scale contamination and the prolonged peri od of the accidental 
event. The overall activity at the territory of Bel arus amounts to 37 
millions GBq. 137Cs, 90Sr, 239,240Pu are the main c ontributors to the 
radiation situation in Belarus. Belarus is characte rized by the following 
data on contamination: 
From 37 to 185 GBq/km2 - 29.9 thousands km2. 



From 185 to 555 GBq/km2 - 10.2 thousands km2. 
From 555 to 1840 GBq/km2 - 4.2 thousands km2. 
More than 1840 GBq/km2 - 2.15 thousands km2. 
Figure 1 presents the maps of contamination with ra dionuclides. 
Fig. 1 
3. Uneven character of contamination of territories . Even at small areas 
the density of contamination varies considerably. T hus, for instance, in 
the village Kolyban of the Gomel Region the density  is in the range from 
185 to 2590 GBq/km2. At the area of 1 m2 there have  been the differences 
in the concentrations by a factor of 100. Even if d ividing the portion of 
the soil into separate fractions with the weight up  to grams, there is 10 
times difference in activity between them. It is ca lled the inhomogeneity 
phenomenon. There is high specific activity in the upper layer of the 
soil at the major part of the territory. This soil is itself the 
radioactive waste. Hence, these territories are the  exposed radioactive 
waste disposal sites. 
4. Radioactive contamination is combined with dange rous chemical 
contaminants. Thus, in Mogilev there is the high co ntent of NO2 and H2S. 
Therefore, it is necessary to consider their combin ed effect. 
The work on elimination of the consequences of the accident are carried 
out in accordance with the State program. 
The main attention has been paid to building new po pulated areas. The 
people have been resettled on land. The large-scale  industrial works on 
decontamination of the territories haven't been car ried out. The 
following works have been completed: 
1. Evacuation and resettlement of the population. 
2. Local decontamination. 
3. Disposal of radioactive wastes. 
4. Division of the territory into the restriction z ones. 
415 populated areas in Belarus are resettled. The a nalysis shows that 
this solution cannot be considered as completely ef fective. 
The work on decontamination of the territories, bui ldings and 
constructions bega`n in May 1986. It has been execu ted by subunits of 
chemical military troops and civil defense forces. Decontamination 
included local removal of the contaminated soil, de molishing the 
contaminated buildings and constructions. 
Over the years the works on decontamination are con ducted only for the 
most important objects: kindergartens, schools, hos pitals, etc. 
The main problem of Belarus is the lack of effectiv e technologies for 
decontamination of the soils and large forest areas . 
During 1991-1995 the clean-up of 150 objects, 360 v entilation systems has 
been conducted. 
Depending on the density of contamination, the terr itory of Belarus is 
divided into five zones: 
1. The evacuation zone - 30-kilometer zone 
 Sr-90 > 111 GBq/km2 
 Pu-238,241 > 3.7 GBq/km2 
controlling and carrying regime. 
2. The zone of immediate change of residence 
 CS-137 > 1480 GBq/km2 
 Sr-90     > 111 GBq/km2 
 Pu-238,241 > 3.7 GBq/km2 
controlling and carrying regime. 
3. The zone of subsequent change of residence 



 1480 GBq/km2 > Cs-137      > 555 GBq/km2 
 111 GBq/km2   > Sr-90 74 GBq/km2 
 3.7 GBq/km2    > Pu-238,241   > 1.85 GBq/km2 
     or dose > 5 mSv (0.5 rem)/year. 
4. The zone with the right of changing the residenc e 
 555 GBq/km2  > Cs-137         > 185 GBq/km2 
 74 GBq/km2    > Sr-90             > 18.5 GBq/km2 
1.85 GBq/km2  > Pu-238,241 > 0.74 GBq/km2 
5. The residence zone with periodical radiation con trol 
 185 GBq/km2  > Cs-137         > 37 GBq/km2 
 18.5 GBq/km2 > Sr-90            > 5.5 GBq/km2 
 0.74 GBq/km2 > Pu-238,241 > 0.37 GBq/km2 
General characteristics of contamination of Belarus  are given in Table I. 
Table I 
The zone of evaluation of the population occupies 1 987 km2. It is the 
territory from which the population has been evacua ted in 1986. It 
includes forests - 877 km2, water bodies - 40.3 km2 , marshes - 32.9 km2, 
arable lands - 940.1 km2, roads - 24 km2. 
Let us consider the experience of decontamination o f Belarus in details. 
Table II gives the list of technologies used for de contamination in 
Belarus. It presents the level of development of te chnologies. 
Table II 
The removal of the soil has been used for its clean -up. Both the general-
purpose and special machinery have been used. The c lean-up of the zones 
for recreation and residence is carried out in two stages. 
  decontamination of the abnormal spots with high d ensity of activity; 
  decontamination of the whole area. 
The exposure does rate is the criterion for carryin g out the works. There 
are the following criteria, adopted in Belarus; 
1. Territories of kindergartens, schools and hospit als 35 mR/h 
2. Territories of private plots of land 40 mR/h 
3. Interior rooms of kindergartens, schools and hos pitals 25 mR/h 
4. Working places in offices: 
  -  with the continued residence 50 mR/h 
  -  with temporary residence 200 mR/h 
The internal surfaces of private buildings, kinderg artens, hospitals, 
etc. are controlled with respect to contamination. 
2.6 thousands of square kilometers have been exclud ed from use. 12 
thousands of arable lands are exposed to erosion. R adionuclides are 
mainly in the upper layer of the soil at the depth from 5 to 80 cm. The 
value depends on the type of soil and its ploughing . In the clay soils 
the migration is low. In the sand soils it is faste r. 
The content of water soluble caesium in the soil am ounts to some 
percents. Thus, for instance, in the Vetka area it is 3.8-5%. For the 
similar conditions water soluble strontium amounts to 11-26% and 
plutonium-239 to 2.8-9.5%. With the increase of the  distance from the 
damaged Chernobyl reactor the fraction of mobile st rontium increases too. 
The average rate of migration of radionuclides in t he soil amounts to 1 
cm/year. It depends on the type of radionuclide. St rontium-90 has the 
largest rate of migration. And ruthenium-103, the l east one. As to the 
migration rate, there is the following sequence of radionuclides; 
strontium-90; cerium-144; caesium-134; zirconium-95 ; caesium-137; 
ruthenium-106; ruthenium-103. Permeability of the s oils to radionuclides 
can be presented in the following sequences: sand, sand loam, drained 



peat bogs, loam. The rate increases with the increa se of the moisture 
content. 
It should be noted again, that the contamination of  the soil is of uneven 
character. The general variation is shown in the ma p. The uneven 
character of the forests contamination has been sho wn earlier. 
The area of the contaminated tracts of forests amou nts to more than 19 
thousands km2. Pine trees are the main species. The y occupy 58% of 
forests, fir trees - 11%, birch trees - 17% and ald er - 8%. The age of 
forests exceeding 60 years amounts to only 13%. Pre sently, there are the 
large areas of unthinned forests. The total forest reserve accounts for 
804 millions m3. According to the density of contam ination the damaged 
forests are divided into 3 types: 
  37-555 GBq/km2 - minor after-effects for forestry ; 
  555-1480 GBq/km2 - restrictions for forestry; 
  more than 1480 GBq/km2 - prohibition of all types  of felling the trees. 
In 1988 the Polesje radiation forest reserve has be en made. It is the 
most contaminated region with the total area of 1.4  thousands km2. 
The main activity of the forest areas is concentrat ed in the forest 
litter. There are from 60 to 80% of radionuclides i n it. It should be 
noted that the concentration of radionuclides in th e forests is 
substantially larger than in meadows, marshes and o ther types of the 
territories. The largest specific activity is in th e lower layers of the 
forest (litter, mosses, mushrooms). Bushes and gras ses are the second in 
respect to activity. The trees have the lowest acti vity. In case of 
fires, the most active forest litter is burnt down.  In addition, the 
radioactive particle, sorbed at the surfaces and in cluded into the plant 
compositions, turn into gaseous and aerosol state. According to the data 
of the High Engineering Fire-Technical School, the time of life of such 
radioactive cloud is 7 days at the height up to 1.5  km, in the upper 
troposphere it is about a month and in the stratosp here, 1-5 years. New 
fire-extinguishing agents have been developed in Be larus. They possess 
high fire-retarding and fire-extinguishing efficien cy. They preserve the 
fire curtain properties for more than 3 weeks. The consumption of the 
agent is 1.5-2 l/m2.  
The contaminated forest has the following character istic properties. The 
distribution of the activity with respect to plant organs is uneven. 
Table III gives the data on distribution of caesium  in some parts of wood 
types. 
Table III 
Leaves and bark are the main accumulators of caesiu m. 
Thus, it is necessary to solve the problem of proce ssing the radioactive 
wastes so as to obtain the commercial wood. 
Let us consider the coefficients of accumulation fo r various types of 
wood. The coefficient of accumulation is the ratio between the 
concentration in the wood and the concentration in the soil. Table IV 
presents the values of the coefficient of accumulat ion. 
Table IV 
It should be noted that there is the process of the  increase of the 
contamination of the wood. For instance, the specif ic activity of the 
pine wood has increased twice in 1990-1992. 
The volume of the wood radioactive wastes is given in Table V. 
Table V 
In Belarus the permissible level of contamination o f firewood is 740 
Bq/kg in respect to caesium-137. 



There are more than 500 thousands m3 of wastes gene rated from pulling 
down wood buildings. 
Therefore, there are two problems of contaminated f orests. The first is 
connected with the decontamination of radioactive w astes, generated in 
the process of forestkeeping. The second one is con nected with changing 
the contaminated forests into an ecologically safe system. 
The following variants of decontamination are consi dered in Belarus: 
1. Reducing in size and breaking up near the fellin g areas. 
2. Collection at the open sites. 
3. Thermal treatment. 
Burning the wastes at the open places in forests is  unacceptable owing to 
high activity of ash and smoke. 
Presently, the possibility of using the technologie s of the French 
company FROMATOME is considered. These technologies  will make it possible 
to obtain clean gas and alcohol from the contaminat ed wood. 
The feasibility study is now considered jointly bet ween Byelorussian, 
Russian, Ukrainian and French specialists. The prim ary results are real 
in waste processing and changing the large forest a reas into an 
ecologically safe system. 
Another source of the radioactive waste should be m entioned. In heating 
the villages, 18300 tons of ash are generated yearl y. Its specific 
activity reaches for 137CS - up to 550 KBq and for 90Sr - up to 23 
KBq/kg. It can lead to the secondary contamination.  Therefore, the 
technologies of the centralized collection of ash f rom the population is 
organized. Ash is transported to the processing and  disposal sites. 
The technology of immobilization of the ash wastes has been developed on 
the basis of phosphogypsum. It is the by-product of  fertilizer production 
plants. 
The contamination of water basins with radionuclide s is defined by two 
regions. 
The first southern region includes the basins of th e Pripyat, Braginka, 
Vita rivers. In the initial period of the accident there have been high 
dose rates at the expense of short-lived radionucli des. Downstream of the 
Pripyat and Bragin rivers the region is characteriz ed by contamination 
density of 137CS from 3.7 GBq/km2, 90Sr, 185 GBq/km 2 and plutonium 3.7 
GBq/km2. 
The second northern region includes the basins of t he Dnepr, Sozh, Iput, 
Besed rivers. The radiation situation has been form ed here mainly at the 
expense of atmospheric precipitations. 137Cs contam ination density 
reaches up to 5550 GBq/km2, 90Sr to 37 GBq/km2. 
Immediately after the accident the permissible conc entration (4.10-10 
Ci/l in the downstream water of the Pripyat river h as been considerably 
exceeded for the limited contingent of population b ut at the end of May 
1986 the concentration had been reduced to 10-10 Ci /l. 
The average annual 137Cs concentration in the Pripy at, Dnepr, Sozh, Iput 
rivers is lower than the permissible levels and doe s not exceed the 
Republican control levels (Republican control level s are 5.10-10 Ci/l). 
If in the initial period of the accident the contam ination of the water 
has been determined by the deposition of the radioa ctive aerosols on the 
water surface, later the level of contamination has  been determined by 
wash-off from the watershed surface, exchange with bottom sediments. 
According to the data of the State Department for H ydrometeorology, the 
total wash-off of 137Cs by the five above rivers ha s amounted to: 22900 



GBq in 1987; 12580 GBq in 1988; 7030 GBq in 1989; 3 034 GBq in 1990; 2664 
GBq in 1991. 
The main contribution has been obtained at the Sozh  river. Its wash-off 
has accounted for 10360 GBq in 1987; 5180 GBq in 19 88; 2220 GBq in 1989; 
925 GBq in 1991. 
The analysis of the wash-off characteristics has sh own that in 1991 the 
activity has been determined by caesium-137. The pr esence of anomalies 
should be noted. Thus, in the Kulazhin village on t he shore of the 
Nesvich river the contamination with strontium does  not exceed the 
contamination with caesium and amounts to 1130 GBq/ km2. The substantial 
contribution from 106Ru and 144Cs is seen (225 and 52 GBQ/km2, 
respectively). In this area the increase of density  of contamination has 
been observed: 5660 GBq/km2 in March; 19280 GBq/km2  in October. Similar 
phenomena have been seen in other areas. 
The main fraction of activity is in the bottom sedi ments. They have a 
specific activity much higher than water. It amount s to 40000-700 Bq/kg 
and 4000-10 GBq/kg for 137Cs and 90Sr, respectively . 
There are also the seasonal changes. 
The works on protection from the water transport of  radionuclides and 
decontamination of bottom sediments are not carried  out in the Republic. 
Large works on decontamination of the industrial eq uipment are conducted. 
390 ventilation systems have been decontaminated. T he total cleaned-up 
area amounts to 57 thousands m2. More than 1300 pie ces of industrial 
equipment are subject to decontamination. 
In Table VI the detergents for decontamination of s uch systems are given. 
Table VI 
The works on creation of the pastelike compositions  for decontamination 
of unpainted surfaces are carried out. They can dec ontaminate 97% of 
137Cs and 95% of 90Sr. In the process of decontamin ation liquid and solid 
radioactive wastes are generated. 
In the Institute of Radioecological Problems of the  Academy of Sciences 
of Belarus two installations have been designed for  treatment of liquid 
radioactive waste. 
The first installation is operated on the principle  of chemical co-
precipitation followed by separation of solid and l iquid phases. 
The second installation takes the evaporation of ro tatable liquid flow as 
the basis.  
The process of volumetric evaporation is carried ou t in this apparatus. 
Liquid is preheated and then the evaporation of whi rled liquid occurs, 
when pressure is reduced. It should be noted that s uch eddy evaporator is 
the separator at the same time. It decontaminates l iquid radioactive 
wastes of any composition. 
Figure 2 gives the basic elements of the installati on for processing 
liquid radioactive wastes. The installation embodie s the following 
principle: 
Liquid is heated and conveyed by the tangential cha nnel into the 
evaporation chamber. On the certain radius of rotat ion liquid cones to 
the boil. Vapor bubbles move to the axis of the per iphery. The main 
technical characteristics of the installation are a s follows: 
Fig. 2 
1. Initial temperature of liquid radioactive wastes  is 278-298 K. 
2. Capacity of 0.05 - 0.01 kg/sec. 
3. Operating conditions for pH are not specified. 
4. Decontamination factor is 105. 



Let us consider the problems of sewage waters. The selective 
investigation of the radiation situation of the sew age works have been 
conducted. In the fields of filtration of the Slavg orod town the specific 
activity of 60000 Bq/kg has been found out. 
It should be noted that the state of radionuclides in the fields of 
filtration differs from that in the soil. The mobil e form of 137Cs 
amounts to 21-46% and 90Sr to 68-85%. 
The preliminary works on decontamination of sewage works are carried out. 
In 1986-1988, 69 interim repositories have been cre ated for disposal of 
radioactive wastes. The works on determination of r adiation danger of 
these repositories are conducted. The system of rad iation monitoring has 
been created. The observation wells have been made around the 
repositories. There is no danger now. Mathematical modeling of Belarus 
and Sweden specialists have shown that in the futur e the ingress of 
strontium into the aquifer is possible. There are s even repositories for 
disposal of the radioactive wastes generated in the  process of 
decontamination at the territory of the zone of cha nging the residence. 
The volume of each of them is 30-50 thousands m3. p resently, 120 
thousands m3 are without backfilling. 120 thousands  m3 of repositories 
will be constructed to 2000. 
Work on selection of sites for perspective disposal  have been carried 
out. The principles and the methods of shallow grou nd and surface 
repositories have been worked out. Six types of sit es have been assigned, 
ranging from favorable to useless. Ecologically saf e sites have been 
found. The following areas have been chosen for rad ioactive waste 
repositories: 
The Gomel Region: 
  Narovlya area - "Karpovichi" sites; 
  Khojniki and Bragin area - "Babchin" - 4 site; 
The Brest Region: 
  Stolin area - "Olmyanskaya Koshara" site; 
  Luninets area - "Dobraya Volya" site. 
Figure 3 shows the location of the repositories on the map. The codes of 
practices have been worked out for carrying out the  work on 
decontamination. They determine the sequence and te chnologies for work on 
decontamination, demolition of buildings and waste management. 
Fig. 3 
The works on decontamination need enormous expendit ures. In the 
laboratory of Radioecological Problems of the Insti tute of 
Radioecological Problems of AS B, complex methods h ave been developed. 
They determine the expediency of carrying out the w ork. The cost-benefit 
analysis is the basis of the methods. 
Figure 4 gives the schematic diagram of the program  of evaluation f the 
efficiency of decontamination. 
Fig. 4 
With the help of the program the following operatio ns can be made: 
1) Evaluation of the efficiency of decontamination of soils and the 
ground; 
2) Comparison with the alternative technologies and  the choice of the 
optimal one; 
3) Comparison of the optimal technology of decontam ination of soils and 
the ground with the alternative methods of rehabili tation and the choice 
of the best variant. 



The evaluation of the efficiency of the technologie s of decontamination 
of soils and the ground has been carried out accord ing to the criterion: 
 Ed = R + MS = Cd max, 
where Ed - efficiency of decontamination, roubles/k m2; 
R - reduction of the integral detriment to health o f the 
population 
   as a result of decontamination; 
MS - Additional production of products attributed t o the 
  decontamination of the territory, roubles/km2; 
Cd - cost of decontamination, roubles/km2, 
DF - final detriment after decontamination; 
Dp - detriment attributed to exposure to radiation of operational 
  personnel. 
Table VII presents the economic efficiency of decon tamination of 
agricultural lands with the help of removal of the soil by deep ploughing 
to the depth of 70 cm. 
Table VII 
Removal of the soil is more efficient than deep plo ughing. 
Decontamination has the positive efficiency only wi th utilization of 
wastes and conversion into energy. In addition, the  economic effect is 
smaller by a factor of thousand than the removal of  the soil. 
On the basis of the above the following conclusions  should be made: 
1. In Belarus the tactics of observation and changi ng the residence have 
been mainly carried out. The large-scale decontamin ation of the 
territories has not been carried out. 
2. The scales of decontamination are to be determin ed by the cost-benefit 
analysis methods. The criteria of the density of de contamination, dose 
rates, etc., are only the internal parameters of th e methods. They do not 
determine the expediency of the decontamination wor ks. 
3. Taking into account high cost of decontamination , it is advisable to 
create the international standard computational pro grams for "cost-
benefit" analysis.  
4. It is necessary to unite international efforts f or development of the 
efficient technologies on clean-up of the soil, for est areas and water 
systems. 
5. It is advisable to create the international data  base on technologies 
and methods of decontamination of large territories . 
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RADLEG 
Phase 1: 
Creation of Simple Operational Data Base Able to be  Connected to GIS 
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Former USSR 
Phase 2: 
Public Accessible Prototype Data System Including R adiation Legacy Data 
Base Linked to GIS 
ABSTRACT 
The objective of the Project is to create a public accessible database 
linked to geographical information system (GIS) tha t will describe 
availableinformation on the radiation legacy of the  former Soviet Union 
(FSU). This system will be developed so as to aid p olicy makers in two 
principle areas: 
1. identify and set priorities on radiation safety problems and 
2. provide guidance for the development of technica lly, economically, 
publicly, and institutionally sound policies to red uce the impact of 
radioactively contaminated sites. 
Over the past 50 years, vast quantities of radioact ive waste (RW) and 
numerous radioactively contaminated sites resulting  from the production 
of nuclear weapons and civilian use of nuclear ener gy have accumulated in 
several countries. Although there are studies and c ooperative efforts on 
aspects of this overall issue, there has been no sy stematic, 
comprehensive and interdisciplinary effort to excha nge information and 
coordinate activities, to achieve technically sound  and cost effective 
management, and cleanup of the RW. 
The aim of this project is to provide usable inform ation that can aid to 
make decisions for radiation hazard management. It will aid also in 
conducting risk estimate studies, analyzing the tra nsboundary and 
transjurisdictional aspects of waste and spent fuel  transportation, 
determining future land uses, and evaluating radion uclide material flows 
through the environment.  
In accordance with the funding directives of the IS TC, this project has 
been separated into two phases, the first phase wil l last one year and is 
being carried out now. 
 Phase 1 consists of : 



  the development of the methodology necessary for a systems approach to 
the creation of the database and GIS technology; 
  collection and analysis "first order" data; 
  determination of the computer application methodo logies; 
  development of a simple operational prototype dat a system linked to 2 
or 3 GIS examples. 
 Phase 2 will consist of : 
  an evaluation of the completeness of data collect ed during Phase 1; 
  collection and analysis additional, "second order " data including 
socio- institutional, geographic, demographic, and climatic 
characteristics allowing to develop a public access ible data base and 
GIS; 
  development of the map blocks as GIS components; 
  creation a public accessible data system includin g data base and GIS on 
radiation legacy of the former USSR. 
DESCRIPTION OF THE DATA 
The data are separated into three classes, rated ac cording to its 
accessibility: sector-overview data, first-order da ta, and second-order 
data. 
Sector-overview data represents a review of informa tion about radioactive 
waste accumulated and about the plans for nuclear m aterials management 
available in organizations taking part in this proj ect. Each 
participating organization have prepared an overvie w for its sector of 
professional activity; for example, nuclear test si tes, civilian NPPs, 
reprocessing plants, etc. General Sector Overview b ased on materials by 
participating research groups in participating inst itutions (along the 
whole project) is prepared and delivered to ISTC. 
First-order data represents  
1) physical, chemical, technical and general charac teristics of the 
facilities of interest, and 
2) socio-institutional data  
 The data from facilities are based on information currently available in 
organizations participating in the project and incl ude specific archives, 
data published in the literature as well as data co ntained in existing 
local databases.  
Socio-institutional data are based on polls that we re conducted by INTEST 
in 1993 in regions of major social anxiety and conc erns about local 
radioactive problem (Urals, regions around Chernoby l, Russian North). 
Second-order data embraces 
1) additional information on the physical, chemical , technical and 
general characteristics that will be considered as necessary after 
evaluation of the completeness and quality of the f irst-order data 
(Sources of this additional information will be unc lassified archives and 
additional calculations and verification of the mod els used for 
quantitative estimations.), 
2) data on the socio-institutional characteristics pertinent to the 
radioactive objects and not covered during Phase 1,  and 
3) data on geographical, geological, demographical,  and climatical 
characteristics that permit the database collected during Phase 1 to be 
organized into a Geographical Information System (G IS). 
The public accessible prototype database and GIS wi ll be developed on 
computer centers located at VNIICHT and RRC "Kurcha tov Institute". All 
data that is collected and stored on this system wi ll be accessible to 
the public via the networks RELCOM / EUNET / INTERN ET. 



EXPECTED RESULTS 
A public accessible prototype database system on th e FSU radiation 
legacy. The database will include: 
  available physical, chemical, technical, and gene ral information about 
civil and military objects of the nuclear fuel cycl e, obtained from all 
areas of the FSU; and 
  socio-institutional, geographic, geologic, demogr aphic and climatic 
characteristics of civil and military objects of th e nuclear fuel cycle 
and surrounding areas. 
A computerized GIS linked to public accessible prot otype database system 
on the FSU radiation legacy. GIS will include three  categories of 
multilayer thematic maps: 
  Survey (3 semi-global for the whole area of the F SU); 
  Highlights ( 20 regional with description of radi ation situation);  
  Radioecology (20 local with description of radiat ively dangerous 
objects). 
A video information about some objects of radiation  legacy 
SCOPE OF ACTIVITIES 
To reach the goals of identification and setting pr iorities on radiation 
safety problems, analytical tools must be developed . The proposed study 
will include the following three activities: 
Activity 1: Methodology of Systems Approach to Data base Creation 
The main part of this activity have been carried ou t in the first phase 
of the project (collection of key reports and infor mation about radiation 
legacy of the FSU, descriptions of the most serious  problems caused by 
this legacy, as well as current and expected effort s to cope with them, 
documentation and examination of existing methodolo gies and experience 
with assessment data needs and data base creation).   
The outcome of this activity is the development of the version of data 
base structure necessary for the Activity 2 realiza tion. 
Activity 2: Data Collection and Analysis 
This activity will entail the collection and verifi cation of the data for 
providing a review of extent and seriousness of rad iation problems left 
by the cold war and accidents at nuclear facilities  of the FSU, as well 
as those caused by its disintegration.  
The basic idea is to describe the radiation risk so urces: potential 
radioactive releases, contained radioactive wastes,  and contaminated 
areas. The sources must be grouped into five catego ries: military, 
civilian, front end of the fuel cycle, back end of the fuel cycle, and 
non-reactor radioactive waste burial sites. 
As a first step of the Project first phase, the Sec tor Overview has been 
prepared on what data are currently and potentially  available from the 
Russian Federation and the other NIS. Then the proc ess involve the 
collection of "easily" available data ("first order  data"), finalized by 
the creation of a simple operational data base. 
The second phase will start from the evaluation com pleteness and quality 
of the data collected during the first phase. The p urpose is to identify 
gaps in the data and provide this information toget her with the 
requirements for additional data ("second order dat a") collection. 
The second phase will result in the collection of t he second order data 
and their analysis. 
Activity 3: Generation of Public Accessible Prototy pe Data System 
The collected and verified data will be organized i n the computerized 
public accessible data system. 



This activity involves the following steps: 
  The data base on the radiation legacy of the FSU is being built on a 
number of existing data bases that are already in u se in the NIS or in 
the phase of creation.  
  An analysis is being made of computer methodologi es currently used for 
these specific data bases. 
  The task to determine which GIS methodologies mig ht be effectively 
linked to the data base must be done. This is follo wed by the development 
and demonstration the feasibility and capabilities of the conceptual 
design. 
  Realization a conceptual design of a public acces sible computer-based 
data system of the radiation legacy of the FSU by m ultilayer map blocks 
development and input the collected data into these  blocks will be the 
ultimate goal of the Project second phase. 
TECHNICAL APPROACH AND METHODOLOGY 
Nineteen main sectors of the nuclear fuel cycle, bo th civilian and 
military, are framed for this project and are inves tigated by 
participating institutions, which have responsibili ty for collecting data 
on the radiation legacy. Each institution obtain an d analyze the 
information in those sectors closely connected to i ts professional 
activities. 
The database describes the types and characteristic s of objects 
containing radioactive materials, physical, chemica l and technical 
characteristics as well as geographical, geological  and socio-
institutional data on the radiation legacy. The dat a will be organized in 
a public accessible computerized database which wil l be linked to a 
multilayer Geographic 
Information System (GIS) consisting of semi-global,  regional and local 
map blocks.  
The semi-global block represents a survey GIS satur ated by data which 
give an overview of radiation legacy objects arrang ement. The regional 
blocks represent a highlights of the FSU areas cont aining the significant 
radiation sources. Among these the first line const itute the regions as 
follows: Kola Peninsula; Novaya Zemlya; Tomskaya Ob last; Urals; Center of 
Russia European Part ( at first areas exposed by Ch ernobyl accident 
pollutions and NPPs location sites); Semipalatinsk;  North-West 
(Lithuania, Leningrad Oblast); Pacific Navy. 
The local blocks will give a detailed radioecologic  picture for sites 
where the major amounts of radionuclides are arrang ed.  
The map blocks being created will be saturated by f actographic 
(attributive) data collected during the first and s econd phases of 
Project efforts. 
The project activities will be carried out in ninet een Participating 
Institutions of the Russian Federation: 
Name -- Acronym 
Chief Coordinating Institution - All-Russian Scient ific Research 
Institute 
of Chemical Technology -- VNIIKHT 
Russian Ecological Center of Influence Assessment - - RETSOV 
Ministry of Russian Federation for Atomic Energy --  MinAtom 
All-Russian Scientific Research Institute for Non-O rganic Materials -- 
VNIINM 
Mining-Chemical Combine -- GKHK 
Radium Institute -- NPO "RI" 



All-Russian Scientific Research and Designing Insti tute for Production 
Engineering -- VNIPIPT 
All-Russian Scientific Research Institute for Nucle ar Power Plants 
Operation -- VNIIAES 
Russian Academy of Sciences -- RAS 
Central Economic-Mathematical Institute of -- RAS T SEMI 
Institute of the Geology of Ore Deposits--  IGEM 
Institute of Global Climate and Ecology -- IGKE 
Institute of Geochemistry and Analytical Chemistry -- GEOKHI 
Nuclear Safety Institute IBRAE 
Russian Research Center "Kurchatov Institute" -- RR C "KI" 
Russian Ministry of Defense -- MO RF 
Scientific & Industrial Firm -- "Radon" 
Ministry for Environmental Protection and Natural R esources of Russian 
Federation -- Min Priroda 
State Institute for Applied Ecology -- GIPE 
Moscow State University -- MGU 
Interindustrial Innovational Research Association " Technological Risk and 
Human Safety" -- IIRA "INTEST" 
Consulting organizations: 
All-Russian Scientific Research Institute of Experi mental Physics -- 
VNIIEF 
All-Russian Scientific Research Institute of Techni cal Physics -- VNIITF 
Industrial Firm -- "Mayak" 
Siberian Chemical Combine -- SKHK 
Kola Science Center -- RAS.  
Institute of the North Industrial Ecology Problems -- NIEP 
Foreign Collaborators: 
British Nuclear Fuels, limited -- BNFL 
Dutch Nuclear Corporation -- DNC 
International Institute for Applied System Analysis , Austria -- IIASA 
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ABSTRACT 
Phase 1: 
Creation of Simple Operations Data Base Able to be Connected to GIS 
Describing Currently Available Information on Radia tion Legacy of the 
Former USSr 
Phase 2: 
Public Accessible Prototype Data System Including R adiation Legacy Data 
Base Linked to GIS 
INTRODUCTION 
The objective of the Project is to create a public accessible database 
linked to geographical information system (GIS) tha t will describe 



available information on the radiation legacy of th e former Soviet Union 
(FST). This system will be developed so as to aid p olicy makers in two 
principle areas: 
1. Identify and set priorities on radiation safety problems and 
2. Provide guidance for the development of technica lly, economically, 
publicly, and institutionally sound policies to red uce the impact of 
radioactively contaminated sites. 
Over the past 50 years, vast quantities of radioact ive waste (RW) and 
numerous radioactively contaminated sites resulting  from the production 
of nuclear weapons and civilian use of nuclear ener gy have accumulated in 
several countries. 
Although there are studies and cooperative efforts on aspects of this 
overall issue, there has been no systematic, compre hensive and 
interdisciplinary effort to exchange information an d coordinate 
activities to achieve technically sound and cost ef fective management, 
and cleanup of the RW.  
The aim of this project is to provide usable inform ation that can aid to 
make decisions for radiation hazard management. It will also aid in 
conducting risk estimate studies, analyzing the tra nsboundary and 
transjurisdictional aspects of waste and spent fuel  transportation, 
determining future land uses, and evaluating radion uclide material flows 
through the environment. 
In according with the funding directives of the IST C, this project has 
been separated into two phases, the first phase wil l last one year and is 
being carried out now. 
Phase 1 consists of: 
  the development of the methodology necessary for a systems approach to 
the creation of the database and GIS technology; 
  collection and analysis "first order" data; - det ermination of the 
computer application methodologies; 
  development of a simple operational prototype dat a system linked to 2 
or 3 GIS examples. 
Phase 2 will consist of: 
  an evaluation of the completeness of data collect ed during Phase 1; 
  collection and analysis additional, "second order " data including 
socio-institutional, geographic, demographic, and c limatic 
characteristics allowing to develop a public access ible data base and 
GIS; 
  development of the map blocks as GIS components; 
  creation of a public accessible data system inclu ding data base and GIS 
on radiation legacy of the former USSR. 
DESCRIPTION OF THE DATA 
The data are separated into three classes, rated ac cording to its 
accessibility: sector-overview data, first-order da ta, and second-order 
data. 
Sector-overview data represents a review of informa tion about radioactive 
waste accumulated and about the plans for nuclear m aterials management 
available in organizations taking part in this proj ect. Each 
participating organization has prepared an overview  for its sector of 
professional activity; for example, nuclear test si tes, civilian NPPs, 
reprocessing plants, etc. General Sector Overview b ased on materials by 
participating research groups in participating inst itutions (along the 
whole project) is prepared and delivered to ISTC. 
First-order data represents 



1) physical, chemical, technical and general charac teristics of the 
facilities of interest, and 
2) socio-institutional data 
The data from facilities are based on information c urrently available in 
organizations participating in the project and incl ude specific archives, 
data published in the literature as well as data co ntained in existing 
local databases. 
Socio-institutional data are based on polls that we re conducted by INTEST 
in 1993 in regions of major social anxiety and conc erns about local 
radioactive problem (Urals, regions around Chernoby l, Russian North). 
Second-order data embraces 
1) additional information on the physical, chemical , technical and 
general characteristics that will be considered as necessary after 
evaluation of the completeness and quality of the f irst-order data 
(Sources of this additional information will be unc lassified archives and 
additional calculations and verification of the mod els used for 
quantitative estimations.) 
2) data on the socio-institutions characteristics p ertinent to the 
radioactive objects and not covered during Phase 1,  and 
3) data on geographical, geological, demographical,  and climatical 
characteristics that permit the database collected during Phase 1 to be 
organized into a Geographical Information System (G IS). 
The public accessible prototype database and GIS wi ll be developed on 
computer centers located at VNIICHT and RRC "Kurcha tov Institute." All 
data that is collected and stored on this system wi ll be accessible to 
the public via the networks RELCOM / EUNET / INTERN ET. 
EXPECTED RESULTS 
1) a public accessible prototype database system on  the FSU radiation 
legacy. The database will include: 
  available physical, chemical, technical, and gene ral information about 
civil and military objects of the nuclear fuel cycl e, obtained from all 
areas of the FSU; and 
  socio-institutional, geographic, geologic, demogr aphic and climate 
characteristics of civil and military objects of th e nuclear fuel cycle 
and surrounding area. 
2) a computerized GIS linked to public accessible p rototype database 
system on the FSU radiation legacy. GIS will includ e three categories of 
multilayer thematic maps: 
  Survey (3 semi-global for the whole area of the F SU); 
  Highlights (20 regional with description of radia tion situation); 
  Radioecology (20 local with description of radiat ively dangerous 
objects). 
3) a videoinformation about some objects of radiati on legacy 
SCOPE OF ACTIVITIES 
To reach the goals of identification and setting pr iorities on radiation 
safety problems, analytical tools must be developed . The proposed study 
will include the following three activities: 
Activity 1: Methodology of Systems Approach to Data  Base Creation 
The main part of this activity has been carried out  in the first phase of 
the project (collection of key reports and informat ion about radiation 
legacy of the FSU, descriptions of the most serious  problems caused by 
this legacy, as well as current and expected effort s to cope with them, 
documentation and examination of existing methodolo gies and experience 
with assessment data needs and data base creation).  



The outcome of this activity is the development of the version of data 
base structure necessary for the Activity 2 realiza tion. 
Activity 2: Data Collection and Analysis 
This activity will entail the collection and verifi cation of the data for 
providing a review of extent and seriousness of rad iation problems left 
by the cold war and accidents at nuclear facilities  of the FSU, as well 
as those caused by its disintegration. 
The basic idea is to describe the radiation risk so urces: potential 
radioactive releases, contained radioactive wastes,  and contaminated 
areas. The sources must be grouped into five catego ries: military, 
civilian, front end of the fuel cycle, back end of the fuel cycle, and 
non-reactor radioactive waste burial sites. 
As a first step of the Project first phase, the Sec tor Overview has been 
prepared on what data are currently and potentially  available from the 
Russian Federation and the other NIS. Then the proc ess involves the 
collection of "easily" available data ("first order  data"), finalized by 
the creation of a simple operational data base. 
The second phase will start from the evaluation com pleteness and quality 
of the data collected during the first phase. The p urpose is to identify 
gaps in the data and provide this information toget her with the 
requirements for additional data ("second order dat a") collection. 
The second phase will result in the collection of t he second order data 
and their analysis. 
Activity 3: Generation of Public Accessible Prototy pe Data System 
The collected and verified data will be organized i n the computerized 
public accessible data system. 
This activity involves the following steps. 
  The data base on the radiation legacy of the FSU is being built on a 
number of existing data bases that are already in u se in the NIS or in 
the phase of creation. 
  An analysis is being made of computer methodologi es currently used for 
these specific data bases. 
  The task to determine which GIS methodologies mig ht be effectively 
linked to the data base must be done. This is follo wed by the development 
and demonstration of the feasibility  and capabilit ies of the conceptual 
design. 
  Realization of a conceptual design of a public ac cessible computer-
based data system of the radiation legacy of the FS U by multilayer map 
blocks development and input of the collected data into these blocks will 
be the ultimate goal of the Project's second phase.  
TECHNICAL APPROACH AND METHODOLOGY 
Nineteen main sectors of the nuclear fuel cycle, bo th civilian and 
military, are framed for this project and are inves tigated by 
participating institutions, which have responsibili ty for collecting data 
on the radiation legacy. Each institution will obta in and analyze the 
information in those sectors closely connected to i ts professional 
activities. 
The database describes the types and characteristic s of objects 
containing radioactive materials, physical, chemica l and technical 
characteristics as well as geographical, geological  and socio-
institutional data on the radiation legacy. The dat a will be organized in 
a public accessible computerized database which wil l be linked to a 
multilayer Geographic Information System (GIS) cons isting of semi-global, 
regional and local map blocks. 



The semi-global represents a survey GIS saturated b y data which give an 
overview of radiation legacy objects arrangement. 
The regional blocks represent highlights of the FSU  areas containing the 
significant radiation sources. Among these the firs t line constitute the 
regions as follows: Kola Peninsula; Novaya Zemlya; Tomskaya Oblast; 
Urals; Center of Russia European Part (at first are as exposed by Cernobyl 
accident pollutions and NPPs location sites): Semip alatinsk; North-West 
(Lithuania, Leningrad Oblast); Pacific Navy. 
The local blocks will give a detailed radioecologic  picture for sites 
where the major amounts of radionuclides are arrang ed. 
The map blocks being created will be saturated by f actographic 
(attributive) data collected during the first and s econd phases of 
Project efforts. 
The project activities will be carried out in ninet een Participating 
Institutions of the Russian Federation: 
Table I 
Table II 
Table III 
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ABSTRACT 
The DOE Spent Nuclear Fuel Program has made conside rable progress over 
the past year in defining a path forward for the ma nagement and 
disposition of DOE-owned spent nuclear fuel. Key el ements of the program 
strategy include 1) assuring safe existing conditio ns, 2) achieving safe 
interim storage, and 3) preparing for ultimate disp osal in a geologic 
repository. DOE-owned spent nuclear fuel is spread throughout the DOE 
Complex in a variety of storage modes and condition s which have been 
factored into an integrated program management stra tegy. However, legal 
challenges and federal and state agreements, Nation al Environmental 
Policy Act (NEPA) documentation and legislative ini tiatives have the 
potential to influence the future direction of the program strategy. 
Examples include: the outcome of ongoing or new lit igation including 
consent orders; NEPA documentation and records of d ecision concerning 
DOE-owned spent fuel storage, processing, and ultim ate disposition; and 
proposed legislation that may significantly affect the management of DOE-
owned spent nuclear fuel. This paper seeks to exami ne the impacts of 
these factors and other emerging programmatic issue s on the current and 
future course of the program.  



INTRODUCTION 
The December 1994 DOE-Owned Spent Nuclear Fuel Stra tegic Plan (1) (to be 
updated in 1996) articulates the mission, vision, o bjectives and 
strategies for the management of DOE-owned spent nu clear fuel spent 
nuclear fuel (SNF). The DOE Spent Nuclear Fuel Prog ram has made 
considerable progress over the past year in further  defining a path 
forward for the management and disposition of DOE-o wned SNF. Key elements 
of the program strategy include 1) assuring safe ex isting conditions, 2) 
achieving safe interim storage, and 3) preparing fo r ultimate disposal of 
approximately 2,800 MTHM of DOE-owned spent nuclear  fuel in a geologic 
repository. DOE-owned spent nuclear fuel is spread throughout the DOE 
Complex in a variety of storage modes and condition s which have been 
factored into an integrated program management stra tegy. This strategy is 
outlined in the Programmatic Spent Nuclear Fuel and  Idaho National 
Engineering Laboratory Waste Management and Environ mental Restoration and 
Waste Management Programs Environmental Impact Stat ement Record of 
Decision (2) which identifies "regionalization by f uel type" as the 
management alternative to be implemented for spent nuclear fuel in the 
DOE Complex. 
Specifically, aluminum-clad spent fuel will be mana ged at the Savannah 
River Site and stainless-steel/zircaloy-clad spent fuel, with the 
exception of the production fuel at the Hanford Sit e, will be managed at 
the Idaho National Engineering Laboratory. These fu els would be stored in 
existing facilities with modifications and upgrades  as needed until new 
interim dry storage facilities become operational. Ultimately, DOE-owned 
spent fuel would be transferred to a permanent geol ogic repository unless 
otherwise dispositioned. Current agreements with St ates and Consent 
Orders have been accounted for in the program strat egy. Further details 
of the DOE spent nuclear fuel program strategy are articulated in both 
the Interim Storage Plan (3) and Program Plan (4) i ssued by the Office of 
Spent Fuel Management in November 1995. 
Further programmatic guidance concerning the implem entation of the 
"regionalization by fuel type" strategy is found wi thin the DOE-Owned SNF 
Program Plan. This document is supported by other p ublications, such as 
the DOE-Owned SNF Interim Storage Plan, which provi de greater detail 
concerning the various elements of implementation. The storage plan acts 
to integrate those national and site-specific plans  needed to effectively 
manage DOE-owned SNF during its interim storage. Th e scope of the DOE-
Owned SNF Interim Storage Plan includes the integra tion of planning and 
implementation activities associated with the handl ing, conditioning, 
storage, and transport of DOE-owned SNF. 
Despite the establishment of a clear waste manageme nt strategy and set of 
objectives as announced in the mentioned plans, the  Department continues 
to recognize the increasingly dynamic climate in wh ich future waste 
management policy decision shall be made and to ide ntify influences upon 
these established implementation activities. This p aper seeks to examine 
the implications of a number of influences, specifi cally, pertinent 
political, legal, and legislative initiatives upon DOE's spent fuel 
program strategy. These influences include: the out come of ongoing or new 
litigation and State and Federal government agreeme nts concerning spent 
nuclear fuel; proposed National Environmental Polic y Act (NEPA) 
documentation and Records of Decision concerning DO E-owned spent fuel 
storage, processing, and ultimate disposition; and legislation that may 
significantly affect the timing of repository avail ability.  



LEGAL ACTIONS/STATE AND FEDERAL GOVERNMENT AGREEMENTS 
The key agreements impacting the DOE spent fuel pro gram include the 
Hanford Tri-Party Agreement, the DOE/Navy/Idaho Agr eement on Spent Fuel 
and Nuclear Waste, and the DOE/Public Service of Co lorado Agreement (In 
Principle) to Manage Spent Fuel at Fort St. Vrain. Each of these 
agreements sets forth terms and conditions that aff ect the manner in 
which DOE is able to manage its spent fuel in the c omplex. 
The Hanford Tri-Party Agreement (5) 
Over the past few years, the mission of the Hanford  Site has changed from 
nuclear material production to environmental cleanu p. The framework for 
this cleanup effort is outlined in the Hanford Fede ral Facility Agreement 
and Consent Order, commonly referred to as the Tri- Party Agreement signed 
by the Environmental Protection Agency (EPA), the W ashington State 
Department of Ecology, and DOE. The Hanford Site ma nages the largest 
amount of DOE-owned spent nuclear fuel (by weight) with a current 
inventory of approximately 2,133 MTHM, representing  approximately 81% of 
the Department's entire spent nuclear fuel inventor y, the vast majority 
of which is production fuel.  
In the early years of the Hanford Site, a number of  onsite facilities 
were utilized for the processing and storage of spe nt production fuel. 
From the early 1970's through 1987, PUREX, a major processing facility, 
remained off-line while undergoing necessary refurb ishment and awaiting 
restart. During this time, the K Basins, originally  designed for the 
temporary storage of K-Reactor fuel, served as temp orary storage for 
spent production fuel generated at the now inactive  N-Reactor. Following 
PUREX's return on-line in 1988, much of the N-React or spent fuel was 
processed as planned. However, a 1992 Department ac tion permanently 
deactivating the PUREX facility left approximately 2,100 MTHM of N-
Reactor spent production fuel in the K Basins with no immediate strategy 
for removal.  
The Tri-Party agreement set milestones and target d ates to encapsulate 
fuel and sludge from K Basin East, treat and dispos e of contaminated 
water, and to remove all fuel and sludge from the K -Basins by 2002. In 
the Department's strategy, the completion date for the removal of spent 
production fuel from the K Basins is scheduled for December 1999. The 
fuel will then be conditioned, repackaged, and stor ed in a dry storage 
area within the planned Canister Storage Building a t the Hanford Site.  
DOE/Navy/Idaho Agreement on Spent Fuel and Nuclear Waste (6) 
Following several months of intensive negotiations,  the Departments of 
Energy and Navy reached agreement with the State of  Idaho regarding spent 
fuel and radioactive waste issues at the Idaho Nati onal Engineering 
Laboratory. The terms of the agreement were incorpo rated into a Consent 
Order bringing long-standing litigation to a close.  Negotiations were 
driven by a set of guiding principles and interests  on the part of the 
Federal government and the State. DOE's interests c entered on continued 
national security, future environmental protection,  effective investment 
of public funds, and equitable treatment of other c oncerned states by the 
DOE and the Department of Navy. As for the State of  Idaho, key 
negotiation interests included obtaining firm commi tments by the Federal 
government regarding dates for the removal of all s pent nuclear fuel and 
other wastes from Idaho, acceleration of environmen tal restoration at 
INEL, and economic investment in southeastern Idaho . It should be noted 
that DOE and the Navy negotiated in good faith and entered into this 



agreement with the State of Idaho for the explicit purpose of preserving 
U.S. national security interests. 
Under the agreement, the Navy is to resume spent fu el shipments to Idaho 
immediately, up to a total of 575 Navy fuel shipmen ts (55 MTHM) through 
the year 2035. Prior to December 31, 2000 , the rec eipt of DOE-owned 
spent nuclear fuel shipments at the Idaho National Engineering Laboratory 
shall be contingent upon the United State's adoptio n of a policy to 
manage spent nuclear fuel from foreign research rea ctors to support U.S. 
nuclear weapons nonproliferation objectives. The nu mber of shipments 
would be limited to 61 foreign research reactor spe nt fuel shipments. 
Following the year 2000, no more than 55 MTHM of DO E-owned spent fuel, 
approximately 497 truck shipments, would be made to  Idaho. Furthermore, 
the constraint on receipt of only essential DOE shi pments at the Idaho 
National Engineering Laboratory shall continue only  until such time as a 
repository or interim storage facility outside of I daho is accepting 
spent nuclear fuel from INEL. 
As part of the settlement, the State of Idaho has a greed to support fully 
DOE's efforts to obtain the permits and approvals n ecessary to meet its 
initiatives under the Agreement, and in any future third party lawsuits 
brought against the Government concerning the adequ acy of the 
Programmatic Spent Nuclear Fuel Management and Idah o National Engineering 
Laboratory Environmental Restoration and Waste Mana gement Programs 
Environmental Impact Statement and Record of Decisi on. 
In return for these shipments to INEL, DOE has made  a number of 
commitments to the State of Idaho. Failure to meet these commitments 
would result in suspension of DOE shipments. Key DO E commitments include: 
  Begin removal of transuranic waste from INEL by A pril 30, 1999, with 
complete removal by 2018 
  Complete removal of all spent fuel from INEL by 2 035 
  Complete treatment of all calcined high-level was te at INEL by 2035 
  A mixed waste treatment facility for transuranic and alpha-contaminated 
mixed low-level waste at INEL operational by 2003 
  Transfer of all spent fuel at INEL from wet stora ge to dry storage by 
2023 
  Transfer equivalent numbers of spent fuel shipmen ts between Savannah 
River Site and INEL annually 
  Establish INEL as DOE's lead laboratory for spent  fuel research and 
development 
Over the next five years, DOE estimates the cost of  its initiatives under 
the Agreement to be about $200 million; Navy initia tives are estimated at 
$110 million. In addition, DOE will provide Idaho w ith $30 million to 
assist in the diversification of the southeastern I daho economy. If the 
Government fails to remove all the spent nuclear fu el at INEL from Idaho 
by January 1, 2035, the Government is obligated to pay (pending 
Congressional appropriations) $60,000 a day (unesca lated) to the State. 
DOE/Public Service of Colorado Agreement (In Princi ple) to Manage Spent 
Fuel at Fort St. Vrain (7) 
Under the Idaho Agreement, DOE agreed not to ship F ort St. Vrain spent 
nuclear fuel from Colorado to INEL unless a permane nt repository or 
interim storage facility outside of Idaho is opened  and accepting spent 
nuclear fuel from INEL and the shipments are needed  for the purpose of 
treating the spent fuel to make it suitable for off -site storage or 
disposal. As a result, DOE and the Public Service o f Colorado have 
executed an agreement in principle for DOE to take title of the spent 



fuel from the Fort St. Vrain nuclear power plant. U nder this agreement, 
DOE will pay the Public Service of Colorado $16 mil lion for the 
Independent Spent Fuel Storage Facility, plus futur e operating and 
maintenance costs. Approximately 1,464 spent fuel e lements (about the 
volume of a railroad boxcar) are in storage. Once t he agreement becomes 
final, and the transfer of licensing and closure of  other legal matters 
is complete, DOE will take title to the spent fuel and transfer it off-
site when DOE interim storage or the repository bec omes available.  
In 1965, DOE signed a contract to take the fuel and  ship it to INEL for 
storage. However, strong opposition from the State Legislature of Idaho 
and Indian tribes have continually precluded DOE fr om doing so. Fort St. 
Vrain shut down in 1989. DOE saves approximately $2 .0 million annually at 
INEL by consolidating spent nuclear fuel storage in to space originally 
reserved for the Fort St. Vrain spent nuclear fuel.  
NATIONAL ENVIRONMENTAL POLICY ACT  
DOCUMENTATION AND DECISIONS 
The type and nature of activities in implementing t he DOE spent nuclear 
fuel program strategy are affected by decisions mad e under related 
National Environmental Policy Act documents.  As di scussed earlier, the 
framework for the DOE-owned spent-nuclear fuel prog ram strategy is the 
Programmatic Spent Nuclear Fuel Management and Idah o National Engineering 
Laboratory Environmental Restoration and Waste Mana gement Programs 
Environmental Impact Statement (SNF&INEL PEIS) Reco rd of Decision issued 
on June 1, 1995. The SNF&INEL PEIS Record of Decisi on stated that DOE 
aluminum-clad spent nuclear fuel would be managed a t the Savannah River 
Site and other DOE spent nuclear fuel will be trans ported and managed at 
the Idaho National Engineering Laboratory. The exce ption to this 
management regime is the Hanford Site, where all pr oduction fuel would 
continue to be managed onsite. The shipment limitat ions contained in the 
Agreement with the State of Idaho will cause some p erturbation in 
carrying out the Record of Decision; in particular,  it is likely that 
non-production spent nuclear fuel at the Hanford Si te, with the exception 
of sodium-bonded fuel, will remain at the Hanford S ite for continued 
storage. 
DOE arrived at a key policy decision with respect t o the ultimate 
disposition of DOE-owned spent nuclear fuel in deve loping the SNF&INEL 
PEIS Record of Decision. Specifically, some or all of DOE-owned spent 
nuclear fuel that is not otherwise dispositioned (i .e., chemically 
separated, with the high level waste being converte d into a vitrified 
waste form for repository disposal), is authorized for disposal in the 
first repository. This is subject to the total quan tity of DOE spent 
nuclear fuel and high-level waste not exceeding ten  percent of the first 
repository capacity limit of 70,000 metric tons of heavy metal, and 
meeting the DOE-owned spent fuel acceptance criteri a.  
The SNF&INEL PEIS Record of Decision provides an im portant framework from 
which to manage DOE-owned spent fuel. In addition, other ongoing DOE NEPA 
documentation is under development on related spent  fuel management 
activities. These include: 
The Environmental Impact Statement on a Proposed Nu clear Weapons 
Nonproliferation Policy Concerning Foreign Research  Reactor Spent Nuclear 
Fuel (8) 
Reducing the threat of the proliferation of nuclear  weapons is one of the 
foremost goals of the United States. Proper managem ent of spent nuclear 
fuel from foreign research reactors supports this g oal, since much of 



this spent fuel contains highly-enriched uranium wh ich can be directly 
used in simple nuclear weapons. The proposed action  being considered in 
the Environmental Impact Statement on a Proposed Nu clear Weapons 
Nonproliferation Policy Concerning Foreign Research  Reactor Spent Nuclear 
Fuel (FRR SNF EIS) is for DOE and the Department of  State to jointly 
adopt a policy to manage spent nuclear fuel from fo reign research 
reactors. Only spent fuel containing uranium enrich ed in the United 
States would be covered by the proposed action. 
 It is unclear at this writing what the Department' s preferred 
alternative will be. Up to 19.2 MTHM of foreign res earch reactor spent 
nuclear fuel could be accepted and managed in the U nited States for 
national security purposes or managed at one or mor e overseas facilities 
under certain conditions. If managed in the United States, the spent 
nuclear fuel would be stored at the Savannah River Site and/or at INEL. A 
portion of the foreign research reactor spent nucle ar fuel could be 
chemically separated at the Savannah River Site and  the remaining 
aluminum-clad spent nuclear fuel would be stored. T he non-aluminum spent 
nuclear fuel would be accepted and placed in dry st orage at INEL. 
The Draft EIS was issued in April 1995. At this wri ting, the Final EIS is 
expected to be issued in February 1996 with a Recor d of Decision 
following at least 30 days thereafter. The Final EI S and Record of 
Decision will be based, in part, on the outcome of the Interim Management 
of Nuclear Materials Environmental Impact Statement  discussed below.  
Interim Management of Nuclear Materials at the Sava nnah  
River Site (9) 
In early 1992, DOE announced an end to defense-rela ted chemical 
separations activities of spent nuclear fuel to rec over highly-enriched 
uranium. This decision was based on the end of the Cold War and a 
reduction in the demand for new materials for nucle ar weapons. The 
cessation of processing operations resulted in a la rge inventory of 
nuclear materials being caught in various stages of  the historic 
production cycle at SRS that require continued mana gement. Some of the 
methods used to store these materials potentially p ose risks to the 
environment or the safety and health of SRS workers  or the public 
because, at the time DOE suspended the production c ycle, many of these 
materials were either in a form or were stored in a  manner that was 
intended for only temporary periods (i.e., one to t wo years). In some 
cases, the material's physical or chemical form pos es a risk; in other 
cases, the material simply needs to be repackaged o r moved to another 
location to ensure safe storage.  
The Interim Management of Nuclear Materials Environ mental Impact 
Statement (IMNM EIS) evaluates the environmental im pacts that could occur 
from alternatives for the management of nuclear mat erials at SRS that 
would be initiated over the next ten years. Some of  the nuclear material 
at the Savannah River Site may require near-term st abilization to ensure 
continued safe management. Materials that are candi dates for 
stabilization are either in forms (e.g., liquid) th at present inherent 
management risks or stored in facilities (e.g., rea ctor disassembly 
basins) that were not designed for long-term storag e, or both. 
Stabilization would be achieved by chemical separat ion of high-risk 
production fuels, and other processing/conversion s teps. The IMNM EIS 
also evaluated alternatives for the restart of faci lities which could be 
used for chemical separation of the foreign researc h reactor spent 
nuclear fuel as well. 



The IMNM EIS was issued in Draft in March 1995 and in Final in October 
1995. The Final IMNM EIS identifies stabilization ( i.e., 
processing/chemical separation) as the preferred al ternative for the 
management of certain high-risk types of material. The IMNM Record of 
Decision, released in December 1995 (10), announces  DOE's intention to 
begin operations to stabilize most of these high-ri sk materials, 
consolidate stable materials, and store all SRS mat erials onsite until 
the Department resolves issues regarding their futu re disposition. The 
Record of Decision also declares that upon completi on of further 
analysis, DOE will issue a subsequent Record of Dec ision to announce the 
Department's final stabilization strategy for some of these at-risk 
materials (e.g., neptunium-237 and plutonium-239 so lutions).  
Further, the IMNM Record of Decision announces DOE' s amended preferred 
alternative for the management of aluminum-clad, hi ghly enriched uranium 
fuel from SRS reactors. Based upon further consider ation and resolution 
of crucial management concerns such as cost, schedu les, and technical 
uncertainties, DOE now considers the stabilization of these materials as 
the preferred management strategy. In particular, a luminum-clad (spent 
fuel) targets would be processed in preparation for  vitrification in the 
Defense Waste Processing Facility. The Department w ill issue a subsequent 
Record of Decision on aluminum-clad materials in th e near future.  
LEGISLATIVE INITIATIVES 
Fiscal Year 1996 Energy and Water Development Appro priations 
The FY 1996 Energy and Water Development Appropriat ions (11) bill 
includes $400 million in total, including $85 milli on (to be held in 
reserve) towards the construction of an interim sto rage facility for 
spent fuel and $315 million for the Civilian Radioa ctive Waste program 
to, in part, continue studies at Yucca Mountain. Th e appropriations bill 
directs the Department to refocus the repository pr ogram to include 
interim storage development while completing the co re scientific 
activities at Yucca Mountain. Activities include co mpleting the 
excavation of the necessary portions of the explora tory tunnel and the 
scientific tests needed to assess the performance o f the repository. 
Further, DOE is directed by Congress to defer prepa ration and filing of a 
license application for the repository with the Nuc lear Regulatory 
Commission (NRC) until a later date. Instead, DOE's  goal is to collect 
the scientific information needed to determine the suitability of the 
Yucca Mountain site and to complete a conceptual de sign for the 
repository and waste package for submission to NRC at an appropriate 
future date. 
These directives significantly impact the schedule of repository program 
activities and, at the same time, add a new dimensi on to program 
planning, namely the prospect of a centralized inte rim storage facility. 
DOE will no longer work toward the preparation of a  license application 
for the repository beginning in 1996 with expected submission to NRC in 
2001 as previously scheduled. The potential availab ility of an interim 
storage facility could impact the DOE spent fuel pr ogram strategy in 
terms of the Department's current plans for new int erim storage 
facilities. It is premature, however, for the DOE s pent fuel program to 
consider the use of a centralized interim storage f acility as a storage 
option for its own fuel when such a facility would be built primarily to 
store commercial spent fuel. 
Legislative Initiatives to Amend the Nuclear Waste Policy Act 



While the FY 1996 Energy and Water Development Appr opriations bill 
directs $85 million towards the construction of an interim storage 
facility, the actual implementation of the directiv e is contingent upon 
the approval by Congress and the Administration of a separate measure 
directing DOE to build an interim storage facility.  The most prominent 
legislation before Congress that seeks to reshape D OE's spent nuclear 
fuel management program are companion bills to amen d the Nuclear Waste 
Policy Act of 1982. In February 1995, Representativ e Fred Upton of 
Michigan introduced H.R. 1020 (12), the Nuclear Was te Policy Act of 1995. 
In September 1995, Senator Larry Craig of Idaho int roduced its 
counterpart, S. 1271 (13), before the Senate.   
These measures would authorize DOE to construct and  operate, in a phased 
approach, an interim storage facility for spent fue l at the Nevada Test 
Site. (It should be noted, however, that the Admini stration is opposed to 
the companion bills' language specifying this locat ion for the interim 
storage facility until a 1998 viability assessment on whether or not 
Yucca Mountain is a suitable site for the geologic repository.) The 
Senate bill increases the maximum capacity of the f acility from 40,000 
metric tons authorized in the House legislation to 100,000 metric tons. 
Both bills would also require DOE to begin acceptin g commercial spent 
fuel and high-level radioactive waste no later than  January 31, 1998. The 
bills provide for additional DOE-owned spent fuel a nd high-level waste to 
be stored once an annual acceptance rate from civil ian power reactors has 
been achieved. This would include Naval spent fuel and DOE-owned spent 
fuel resulting from atomic energy defense activity and from foreign 
research reactors. 
Legislative Initiatives to Amend the Waste Isolatio n Pilot Plant Land 
Withdrawal Act 
Legislative initiatives to amend the Waste Isolatio n Pilot Plant (WIPP) 
Land Withdrawal Act would also impact the DOE spent  fuel program since 
DOE spent fuel shipments to INEL are tied to transu ranic waste shipments 
out of Idaho as specified in the Settlement Agreeme nt with the State of 
Idaho.  In particular, the Agreement would suspend any shipments of DOE 
spent fuel after April 30, 1999 to INEL unless ship ments of transuranic 
waste from INEL to the Waste Isolation Pilot Plant (located in New 
Mexico) or another facility are proceeding at a spe cified rate.  
There are two key legislative initiatives underway to amend the WIPP Land 
Withdrawal Act passed in 1992. These are H.R. 1663 (14) sponsored by 
Representative Joe Skeen, and S. 1402 (15) sponsore d by Senator Larry 
Craig. These proposals seek to eliminate regulatory  duplicity, and 
unnecessary budget expenditures and delays in arriv ing at a disposal 
decision. Both bills are very aggressive in attempt ing to reach a WIPP 
disposal decision.  
Skeen's proposal provides that the intent of Congre ss is for DOE to reach 
a disposal decision no later than March 31, 1997. T his is almost one full 
year ahead of the current WIPP Disposal Decision Pl an schedule (the WIPP 
Disposal Decision Plan shows a decision by January 1998). However, Skeen 
proposes to reduce the Environmental Protection Age ncy's (EPA's) role 
from "regulator" to that of "advisor" by only comme nting on, and not 
certifying by rule, the DOE application for complia nce with the disposal 
regulations. DOE is insistent that the EPA role rem ain that of a 
regulator. 
The Craig bill for the most part retains EPA's role  as that of regulator 
by providing for EPA's certification of DOE's appli cation for compliance 



with disposal regulations. However, the Department is concerned with the 
limited review role that the EPA and the general pu blic would have in the 
certification process. The Craig bill also calls fo r a firm target date 
for the opening of the WIPP facility by providing t hat the intent of 
Congress is that after the Administrator's review a nd certification, the 
Secretary will begin the disposal phase no later th an June 30, 1997. DOE 
agrees with setting a date to begin disposal operat ions at WIPP as early 
as practicable within the constraints of the EPA re view and certification 
schedule. 
Legislation on External Regulation of DOE Nuclear F acilities 
In January 1995, the Secretary of Energy formed the  Advisory Committee on 
External Regulation of U.S. DOE Nuclear Safety in r esponse to 
congressional interest in external regulation of DO E nuclear facilities. 
In its December 1995 (16) report, the Advisory Comm ittee recommended 
ending DOE self-regulation and identified the pros and cons of using the 
Nuclear Regulatory Commission or an agency based on  the Defense Nuclear 
Facilities Safety Board as the DOE's future regulat or of nuclear 
facilities. Furthermore, the Committee's report out lined key principles 
for external regulation including enforcement appro aches, public 
participation requirements, relationships with stat e regulators, and 
guidelines for reconciling external safety oversigh t with DOE's 
legitimate national security imperatives. The Commi ttee's 
recommendations, if implemented, would substantiall y redefine the 
regulatory framework under which DOE must operate a nd would contribute to 
DOE and Congressional efforts in developing legisla tion for external 
regulation in the coming years.  
SUMMARY 
In 1995, the Department of Energy has made consider able strides in the 
Spent Nuclear Fuel Program with the establishment o f a management 
strategy for the treatment, storage and ultimate di sposition of the 
Department's anticipated 2,800 MTHM of DOE-owned sp ent nuclear fuel. This 
strategy is outlined in the Office of Spent Fuel Ma nagement's November, 
1995 Interim Storage Plan and Program Plan. These d ocuments include the 
establishment of clear time-lines for the assurance  of safe existing 
conditions, achievement of safe existing conditions , and preparation for 
the ultimate disposal of spent fuel in a geologic r epository.  
Legal challenges to DOE activities, State and Feder al government 
agreements concerning spent nuclear fuel, NEPA docu mentation and Records 
of Decision concerning DOE-owned spent fuel storage , processing, and 
ultimate disposition, and various legislative initi atives that affect the 
timing of repository availability, will all affect the direction of DOE's 
spent nuclear fuel program. This paper has attempte d to introduce and 
examine several of these influences and provide ins ight concerning their 
impact upon the future of the Program.  
Long-standing litigation with the State of Idaho co ncluded with a 
negotiated Agreement between DOE, Department of Nav y and the State. These 
negotiations were undertaken due to paramount natio nal security interests 
and were a necessary step in moving DOE's spent nuc lear fuel program 
forward. 
Current NEPA documentation for the program will lea d to pending decisions 
affecting the State of South Carolina. Recently, th e Interim Management 
of Nuclear Materials EIS Record of Decision announc ed DOE's intention to 
chemically separate certain high-risk materials at the Savannah River 
Site. One such decision pending in the near future is whether or not to 



adopt a policy to manage foreign research reactor s pent nuclear fuel in 
the United States. Such policy decisions may necess itate negotiations 
with South Carolina so that DOE can implement activ ities in a timely 
manner at the Savannah River Site. If necessary, ne gotiations would be 
predicated on overriding national security interest s. As in the case of 
Idaho, such an agreement would be another example o f redefining Federal-
State relations to jointly implement policies at DO E management sites.  
It is expected that a new legislative framework wil l evolve that will 
help refine the path forward for the DOE spent nucl ear fuel program, 
especially with regard to the timing/availability o f a centralized 
interim storage site for civilian and DOE-owned spe nt nuclear fuel, a 
permanent geologic repository, and the Waste Isolat ion Pilot Plant. In 
addition, it is expected that Congress will act in developing legislation 
for external regulation of DOE nuclear facilities t hat will have 
implications to the DOE spent nuclear fuel program.  
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ABSTRACT 
The full Reprocessing-Conditioning-Recycling (RCR) concept is an integral 
part of the French nuclear policy, initiated in the  1970s. COGEMA 
operates the World's largest reprocessing plant in La Hague, France with 
a 1600t/year reprocessing capacity. The plant serve s the French utility 
and 27 electricity utilities from other countries. COGEMA has developed 
extremely sophisticated technologies over the past 30 years to treat the 
large quantities of fuel it reprocesses yearly and their diverse nature, 
both French and foreign. 
Today, the La Hague plant has achieved a 99.88% rec overy of the fissile 
materials contained in spent fuel and has developed  safe waste 
conditioning through vitrification, a technology in ternationally 
recognized as the best for high level waste. In spi te of its proven 
mastery of reprocessing on an industrial scale, COG EMA continues to apply 
the ALARA principle. Thus, new technologies for was te minimization are 
being developed, including, from now to the year 20 00, the suppression of 
bitumen packaging, the compaction of hulls and end- pieces, and the 
reduction of technological waste originated in the reprocessing 
operations. 
Decreasing the plant's environmental impact and the  personnel's 
occupational exposure have also been major goals ev er since the plant was 
conceived. The environmental impact is negligible. The surrounding air, 
land, and sea are systematically monitored. Both sa mple analyses and 
continuous measurement instruments demonstrate the extremely low level of 
radioactivity added to the natural level. Similarly , in applying the 
ALARA principle, radiation safety is a major concer n, and has shown very 
effective. The average dose in 1995 was 0.20 mSv/ma n/year, and has 
decreased to less than 10% of the dose equivalent r esulting from natural 
radioactivity. 
The plant's design has made it possible to improve the effluent 
management, the waste segregation procedures, the v itrification units, 
crane equipment, etc... without disturbing producti on. Thanks to the 
permanent improvement of the facilities, the total volume of waste 
produced is now less than what it would be in the d irect disposal of 
spent fuel option. In contributing to an optimal us e of natural resources 
through recycling and reducing both the toxicity an d the volume of its 
waste, COGEMA has demonstrated its commitment in fa vor of sustainable 
development. 
INTRODUCTION 
France opted in the 1970s to close its nuclear fuel  cycle, thereby 
optimizing the industrial use of fissile materials and minimizing waste 
production. The enactment of this policy led to the  construction of the 
World's largest reprocessing facility at La Hague i n 1980s. With the 
start-up of UP3 in 1990 and of UP2-800 in 1994, the  Reprocessing-
Conditioning-Recycling concept has been completed, both as a part of the 
French electricity program and as an industrial ser vice facility for 
foreign customers. 
As the La Hague plant's operator, COGEMA has demons trated its capacity to 
master large-scale reprocessing technologies. It ha s also led the way in 
the improvement of quality, safety, and waste minim ization. The 
operational experience of the plant shows that prod uction, maintenance 
and a low environmental impact are fully compatible , thanks to a 
carefully planned design and strict operational pro cedures. 
NEARLY 30 YEARS OF EXPERIENCE 



The Hague's total reprocessing capacity of 1600 met ric tons per year has 
been achieved through constant improvements over th ree decades. The 
industrial mastery of reprocessing and recycling is  evidenced by the 
progress made in attaining the full capacity : it t ook ten years to reach 
the nominal throughput for UP2-400, only five to re ach double that 
throughput at UP3, and hardly over one year for UP2 -800, commissioned in 
1994, to reach its nominal capacity. 
Quantitative and Qualitative Experience 
To date, over 17,000 metric tons of spent fuel have  been transported from 
European and Japanese reactors to La Hague, with ov er 4200 shipments by 
rail or sea. Every year, the French utility (EDF) s ends approximately 
1000 tons to the site. Figure 1 shows the combined UP2 and UP3 facilities 
have reprocessed 8262 tons of spent fuel as of Janu ary 1, 1996. 
Fig. 1 
La Hague also bases its experience on a wide variet y of fuel inputs. Over 
the years, these fuels have included fuels from Lig ht Water reactors 
(both PWR and BWR) as well as the tail end of the G CR reprocessing. 
Feasibility of reprocessing MOX fuel was demonstrat ed by a successful 
campaign in 1992. Lastly, fuel from the first Frenc h fast breeder reactor 
was reprocessed at UP2 as well. The diversity lies not only in the nature 
of the fuels but in the burn-up as well, spanning f rom 10 000 to 45000 
Mwd/t. Thus, COGEMA's operational experience is bot h broad and deep. 
Through this experience, a 99.88% recovery rate has  been achieved for 
recyclable materials (uranium and plutonium).The re mainder (0.12%) is 
vitrified along with the fission products, which re present 99% of the 
radioactivity contained in the spent fuel, but only  3% of its mass.  
Advanced Technology 
The vitrification technology was developed in Franc e. It was implemented 
in the AVM facility at Marcoule, and later on, in t he R7 and T7 
facilities at La Hague. It is based on a two-step p rocess, which 
separates the calcination and glass melting operati ons. The final 
product, vitrified residues, are today the only HLW  form licensed by the 
French and foreign regulatory bodies. Its confineme nt qualities are based 
on a 15 year qualification program performed at CEA  (the French public 
research institution for atomic energy), and on the  active quality 
control and quality assurance programs set forth by  the operators of the 
vitrification facilities. 
WASTE MINIMIZATION 
Above and beyond the high degree of recovery, COGEM A is concentrating its 
efforts on three waste minimization programs : the suppression of bitumen 
packaging, the compaction of hulls and end-pieces, and the reduction of 
"technological waste". 
Suppression of Bituminized Packages 
Until now, medium and low-level effluents were rout ed to the waste 
treatment facility "STE3" and treated by a "copreci pitation process" 
involving coprecipitation by different additives, d ecantation and 
filtration steps, which provides for an efficient d econtamination factor. 
The active sludges were conditioned in bitumen and considered as 
Intermediate Level Waste. These wastes exhibit an a lpha activity above 
the threshold of 3.7 GBq/t (0.1 Ci/t) and are not a cceptable by a surface 
disposal site in France. The quality of the bitumen  waste form, necessary 
for underground storage, has been demonstrated afte r a comprehensive 
characterization program performed by the CEA and a cknowledged by the 
French Safety Authorities and most foreign governme ntal authorities. 



However, the bitumen matrix is no longer necessary.  Feedback from the 
operation of the UP3 plant shows that the volume an d the activity of low 
and intermediate level effluents was, from the begi nning, significantly 
lower than estimated at the design stage. This come s from the very high 
performances of the extraction cycles, resulting in  lower than expected 
activity levels of some of the effluents and allowi ng for significant 
improvements in liquid waste management. 
The improvements are based on both a more sophistic ated segregation of 
the wastes according to their chemical and activity  content, and the 
implementation of additional evaporation capacities  in the plant. 
Effluent segregation allows for the discharge of th e very low active 
streams to the sea whenever possible, after filtrat ion and monitoring, 
without increasing the released activity. 
Effluents from the analytical laboratory also need to be considered. 
These effluents traditionally include a mix of samp le excess and chemical 
reagents which are not present in the main process.  Moreover, the 
analytical effluents contain different levels of al pha and beta-gamma 
activity. The improvement of their management first  relies upon a 
segregation within the analytical lines. According to their nature, they 
will be either recycled into the plutonium purifica tion cycles (alpha 
bearing effluents) or routed to the vitrification u nit (beta-gamma 
effluents) whenever possible. For effluents contain ing unwanted 
chemicals, a special coprecipitation unit will be u sed to separate the 
alpha activity. The amount of unwanted ions such as  phosphates, 
sulphates, and chlorides is being significantly red uced through the use 
of alternative analytical methods. 
As of mid-1995, these improvements make it possible  to route practically 
all the concentrated activity to the existing vitri fication facilities. 
Thus, the need for coprecipitation and bituminizati on treatments has 
disappeared in normal operating conditions for the intermediate and low 
level effluents from the UP3 and UP2-800 plants. Th e resulting small 
increment of activity conditioned in the glass will  not increase the 
volume of glass produced. 
Compaction of Hulls and End-pieces 
Hulls and end-pieces separated from the irradiated fuel in the head-end 
of the reprocessing plant are currently conditioned  by cementation, a 
process which was licensed by the French regulators , while COGEMA 
continued investigating alternative possibilities. COGEMA is currently 
developing a compaction technology which should be operational before the 
end of the decade. Compacted pellets will then be l oaded in a glass-type 
canister, and the corresponding volumes should decr ease to approximately 
0.15 m3/t of Rep U. 
Reduction of "Technological Waste" 
The last category of waste conditioned at the repro cessing plant 
originates not from the fuel itself, but from the r eprocessing 
operations, and is called "technological waste". Al l the technological 
wastes are now conditioned in a single type of fibe r-concrete container. 
A drastic minimization has already been obtained by  comparison to the 
design waste volumes, by relying on the high equipm ent reliability and 
improved sorting, performed at the entrance of the solid waste processing 
facility (AD2). The sorting makes it possible to se nd more than 80% of 
the technological waste to surface disposal. Furthe r minimization could 
involve a compaction, incineration and a plutonium decontamination 



process based on oxidizing dissolution, as well as the implementation of 
new repairing techniques. 
The volumes of each waste category are summed-up in  Fig. 2, where are 
compared the design values and those derived from t he actual plant 
operation. The figure shows that the amounts of was te produced are quite 
a bit lower than expected. From the beginning of th e oxyde fuel 
reprocessing at UP3, great steps have been taken to ward minimizing the 
different types of wastes resulting from the proces s. At this stage, the 
overall volume of long-lived waste (under 1.0 m3/t)  is already lower than 
the volume of waste which would result from a direc t disposal of the 
irradiated fuel in a once-through option (2m3/t). T his achievement is due 
to innovative technologies and effective management  of waste 
conditioning. 
Fig. 2 
Expected Results 
After the completion of all the necessary developme nts, the overall 
volume of high level and long-lived waste will be u nder 0.5 m3/t of Rep 
U. Most of the waste will be delivered in standard,  glass-type canisters. 
Low-level technological waste will be conditioned i n standardized fiber-
concrete containers, in order to facilitate handlin g and optimize 
storage. 
LOW ENVIRONMENTAL IMPACT AND OCCUPATIONAL EXPOSURE 
Both the plant's design and its operation are aimed  at making the 
environmental impact negligible. Authorized limits of alpha and beta 
activities have been determined for the site's liqu id releases, based on 
an environmental impact assessment. As seen in Fig.  3 the actual 
discharges have been continuously decreasing and ar e well below the 
authorized levels, despite the increasing quantitie s of fuel reprocessed 
yearly. 
Fig. 3 
A direct measurement of the site's environmental im pact is provided by 
the Health Physics Department. Its systematic monit oring of the 
surrounding air, land and sea on the basis of both sample analyses and 
continuous measurement instruments shows the except ionally low level of 
added radioactivity. A particular attention is paid  to the presence of 
radioelements in dairy products and seafood. The re sults show that there 
is a continuous decrease of activity in these produ cts down to less than 
10% of the natural radioactivity level. 
Reducing the occupational doses to COGEMA and subco ntractor staff is a 
unending quest when one applies the ALARA principle . The level achieved 
shows that radiation safety procedures have been tr uly effective. In 
1995, the average value of 0.20 mSv/year/man was re ached, which is less 
than 1% of the value authorized by current regulati ons. Figure 4 shows 
the decreasing trend in occupational doses over the  last 10 years. 
Fig. 4 
EFFICIENT IMPLEMENTATION OF MODIFICATIONS  
It should be noted that it has been possible to int roduce the 
improvements described above without interrupting t he production process 
because the initial design accounted for further mo difications. 
The increased sophistication of the waste segregati on, and the addition 
of several evaporation units have required substant ial modifications in 
the existing facilities. The lay-out concept of UP3 , where active units 
are located in specific cells, has made it possible  to perform these 
modifications without significant interferences in the process, while 



minimizing the dose rate to the workers. The connec tions to the operating 
active units have been facilitated by the waiting p ipes provided outside 
active cells. 
Other modifications have been achieved in vitrifica tion units, with 
positive consequences for waste minimization. From the start-up of R7 and 
T7, uninterrupted progress has been achieved withou t disturbing 
production, in particular : 
  implementation of a new melting equipment to incr ease the melter 
lifetime up to 3000 hours ; 
  addition of a gas containment system to decrease the pouring cell 
contamination; 
  modifications of a crane equipment and its mainte nance procedures to 
improve reliability. 
CONCLUSION 
The Environmental Summit held at Rio in 1992 ended with the commitment of 
industrial countries in favor of sustainable develo pment. For years, 
France's reliance on nuclear energy, which led to d rastic reductions of 
toxic emissions even before the Rio decisions, has been a confirmation of 
such a commitment. The early choice of a closed fue l cycle is the logical 
continuation of its nuclear policy, and is fully co nsistent with the 
principles contained in the Rio decisions. Spent fu el reprocessing 
significantly contributes to:  
  environmental protection : waste is safely condit ioned in a form 
appropriate to its nature; 
  conservation of natural resources : recycling of energetic materials 
allows the recovery of nearly 20,000 TOE per metric  ton of spent fuel. 
The fact that the reprocessing and recycling facili ties are operated in a 
way which minimizes the amount of liquid and solid waste produced is also 
consistent with sustainable development. This has b een COGEMA's unvarying 
strategy, exemplified by the commissioning of moder n plants at La Hague, 
UP3 in 1990 and UP2-800 in 1994. COGEMA is completi ng a first important 
step with the suppression of bituminized waste in m odern facilities, and 
new developments are being launched, which will bri ng a further 
minimization of high level and long lived-waste. 
The total volume of high level and transuranic wast e produced in UP3 is 
already less than what would result from direct dis posal of irradiated 
fuel. From now on, all but an infinitesimal amount of the activity will 
be concentrated in glass. All the necessary modific ations are performed 
without disturbing plant production, because their possibility is 
accounted for in the initial design. By this contin uous improvement 
strategy with regard to quantity as well as quality  of wastes produced, 
COGEMA has demonstrated its commitment in favor of sustainable 
development. 
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The MELOX plant, which is currently entering indust rial operation, is an 
important element of the RCR strategy (Reprocessing , Conditioning and 
Recycling) which is steadily implemented in France.  Being the first high 
throughput MOX fuel manufacturing facility, MELOX p lant can be seen as an 
outstanding achievement, based on well-tried techni ques, but introducing 
several innovative features in terms of radiation p rotection as well as 
environmental concern. 
While the first decision was taken in 1985, constru ction started in 1990 
and active operation approval was granted by Regula tory Authorities in 
August 1994. 
Industrial start-up is currently underway, and prod uction is 
progressively increasing, implying customer's invol vement in a detailed 
and complete qualification of the whole process. 
Acquired results give confidence that the objective s of full-scale 
plutonium recycling will be met, serving French and  foreign utilities' 
optimized back-end strategies. As a result, further  capacity and 
flexibility extensions are envisioned. 
THE MELOX CONTEXT 
From the very origin of the French nuclear program,  reprocessing of spent 
fuel and recycling of valuable materials such as ur anium and plutonium 
has been the thorough and coherent French strategy.  Today, the 
possibility for the use of plutonium into MOX fuel appears economically 
sound, and that is why EDF decided in 1985 to recyc le plutonium in some 
of its PWR 900 MW units. This strategy implements a  set of well-mastered 
industrial operations, and at three places, the sam e flow of recycled 
materials is to be achieved : at the output of the reprocessing plants, 
at the input of the fuel manufacturing facilities a nd at the input of the 
recycling-dedicated reactors.In order to cope with EDF planned 
requirements (recycling in 20 to 28 PWR reactors), and to serve foreign 
utilities as well, a consistent industrial organiza tion was established 
through industrial and commercial agreements among EDF, FRAMATOME and 
COGEMA on the one hand, and between COGEMA and BELG ONUCLEAIRE (BN), on 
the other hand. 
It appeared that existing facilities (BN P0 plant a t Dessel and COGEMA 
Cadarache plant) would only partly match the projec ted needs and that 
additional capacity would be necessary. As soon as 1985, preliminary 
studies were undertaken for the construction of a l arge-scale MOX plant, 
MELOX, the design capacity of which is 120 tons of Heavy Metal per year 
(tHM/y). 
The MELOX plant is located on the site of Marcoule,  on a separate 50000 
m2 area, and includes all manufacturing operations from UO2 and PuO2 
powders reception to assembly delivery. It comprise s two main buildings : 
a manufacturing building with production lines and laboratories and a 
scrap and waste treatment building including an inc inerator for burnable 
waste. 
The MELOX Company, created by COGEMA and FRAMATOME in order to supervise 
the construction of the plant and operate it, is no w proceeding with 
industrial start-up activities aimed at a full qual ification of the 
entire plant resulting in a progressively increasin g production during 
the next months. After describing some of its speci fic design features, 
this paper gives information about some milestones and current 
achievements (as of mid-January 1996) of the MELOX plant industrial 
operation. 
MELOX SPECIFICITIES 



MELOX is the first high-throughput MOX fuel manufac turing facility to be 
put into operation in the world. While taking full benefit from the 
excellent performance of previous generation plants , MELOX is designed to 
fulfill the foreseeable requirement trends in both fuel management and 
modern safety and environment concerns. 
An Innovative Plant Based on Well-tried Techniques 
Relying on the outstanding experience of the pre-ex isting facilities (MOX 
fuel at Dessel and Cadarache and UO2 fuel at Dessel , Romans and 
Pierrelatte), MELOX is implementing, whenever possi ble, proven and 
qualified industrial-scale processes and techniques . 
The reference process is the well-mastered MIMAS pr ocess (Micronized 
MASter blend) which has been successfully implement ed in the Dessel plant 
since 1984. The PuO2 powder is micronized with a pa rt of the UO2 powder 
to form a primary blend of 30% plutonium content, w hich is then 
mechanically diluted and mixed with a free-flowing UO2 powder to obtain 
the specified content of the MOX fuel. Sintering is  then performed under 
temperature and gas blanket conditions adjusted to the densification and 
diffusion requirements for the pellets. 
Research and development activities have been perfo rmed in order to 
confirm the choice of some equipment, devoted to ho mogenizing, multi-
punch pressing, pellets grinding, rod welding and r od repairing. 
Moreover, some innovative equipment have been intro duced, such as 
automated sorting of pellets for surface defects an d rod decontamination 
before assembling. 
A Modern Unit Coping with Future Trends 
Although dedicated to a number of FRAMATOME assembl y designs, MELOX 
offers to the utilities a flexible use of MOX fuel.  As a result, it may 
receive and handle a wide range of basic nuclear ma terials. This implies 
the capability of using high-burnup and aged pluton ium, which has 
consequences, through Pu238 and americium content, both on the specific 
thermal energy to be evacuated and on radiation shi elding to be 
installed. On the other hand, the trend towards an increased MOX fuel 
discharge burnup leads to high plutonium content in  the fabricated fuel. 
MELOX characteristics are given below : 
  Pu 240/Pu total 17 % 
  Pu total/U+Pu+Am 12.5 % 
  Am 241/Pu+Am 30 000 ppm 
  average thermal power 17.6 W/kg PuO2 
Safety and Environmental Concerns 
A special design effort, while coping with the abov e requirements, has 
been devoted to set the annual dose of most factory  operators to a value 
below 5 mSv/yr, which is one tenth of the current r egulatory limit. This 
implies almost total automation of production and r equired extensive 
optimization studies tailored to each workstation. 
Another design effort has been devoted to waste min imization. Besides the 
recycling of most of the scraps in the process line , the objective is to 
achieve chemical treatment of unsuitable scraps, to  decontaminate 
metallic waste before conditioning and to incinerat e organic waste with 
chemical treatment of the ashes. A significant decr ease of residual 
plutonium in the waste should be achieved (the expe cted order of 
magnitude is about 500 g/yr in the final waste). 
On the other hand, low activity liquid waste will b e treated in the 
COGEMA Marcoule treatment unit. Radioactive dischar ge from MELOX will 



represent one thousandth of the overall limit autho rized for the Marcoule 
site. 
The MELOX plant can be seen as an outstanding achie vement, taking full 
benefit from previous experience, while introducing  several innovative 
features in terms of radiation protection as well a s environmental 
concern. It is a major input in the national energy  policy, as an 
important element of the plutonium recycling strate gy. 
SOME MILESTONES 
Governmental Authorities licensed the MELOX plant a s a Basic Nuclear 
Facility in May 1990. Construction started in 1990 and civil works of the 
production building were completed in 1991. After m ain equipment 
installation, inactive testing program started in 1 993. 
Several stages have been progressively performed an d, as they proceeded, 
increasing confidence has been gained concerning sa tisfactory operation 
of the whole production line as well as of all its parts. 
A safety advisory commission meeting held in March 1994 led to active 
operation approval by Regulatory Authorities in Aug ust 1994. 
A step-by-step strategy has been implemented for th e commissioning 
procedure. The objective is to provide the customer s (i.e. the fuel 
vendor, FRAGEMA, a FRAMATOME/COGEMA joint venture, and the final user, 
EDF) with a gradual, but complete, demonstration th at the fabricated 
products are of required quality. The result is the  "process 
qualification", granted by the customers, which ens ures that the product 
quality will reliably meet his requirements. 
As a general rule, back stream units are to be qual ified when qualifying 
one unit. Thus, the assembly unit was commissioned first, using rods 
coming from the Cadarache plant : as soon as Decemb er 1994, authorization 
was granted by FRAGEMA and EDF to proceed with indu strial assemblies 
production. Then, powder-pellet and rod units can b e qualified using the 
normal process pathway. 
For the powder-pellet unit, parametric tests have b een performed using 
exclusively UO2 powders, in order to minimize scrap  production during 
start-up. After the special authorization received in February 1995, the 
first welded cartridge box containing plutonium was  opened on February 
7th, allowing operation of the powder-pellet workst ations. 
A verification phase for the parametral tests was n ecessary and was 
performed using little quantities of PuO2 in the la boratory test-lines, 
sintering being performed in the normal line furnac e. The acquired 
results, involving high and low plutonium contents,  were satisfactory and 
allowed UO2 tests validation. 
Full industrial operation of the MOX fabrication li ne was evidenced, as 
the first MELOX rods were delivered in July, 1995. 
MELOX start-up is being performed according to a ve ry carefully prepared 
logical course and implemented using a step-by-step  program, implying 
customer's involvement in a detailed and complete q ualification of the 
whole process. Full capacity will be reached progre ssively by increasing 
the capacity of each individual piece of equipment.  Acquired experience 
gives confidence that this will be achieved without  major difficulty, 
thus demonstrating the validity of the original opt ions. 
PRESENT STATUS AND ACQUIRED RESULTS 
Assembly Unit 
This unit is fully qualified and is functioning on- line with the actual 
production of 76 assemblies in 1995, 40 of which ha ve been delivered to 
the nuclear power plants and loaded in the reactor core. It should be 



noted that, at the same time, dispatching and trans port activities have 
been fully qualified as well.  
Rod Unit 
The first MELOX rods were produced in July. More th an 800 rods have been 
manufactured in 1995. They are a part of the first campaign, launched in 
order to produce a whole reload (16 assemblies with  three plutonium 
contents). 
Powder and Pellet Unit 
An industrial demonstration stage is currently in p rogress, using 
representative quantities of plutonium (hundreds of  kg). This stage 
involves the whole line. At the end of the year 199 5, 9 tHM of Mixed 
Oxide have been processed, of which about 5 tHM hav e undergone 
pelletizing. 
Two lines of pelletizing and two furnaces are being , by now, operated 
with PuO2. 
Waste Conditioning and Incineration Building 
This building was officially transferred from the e ngineering team to the 
operator in April, 1995. Inactive tests for the inc inerator are still in 
progress and the results are to be submitted to the  Safety advisory 
commission. On the other hand, the waste conditioni ng and storage part of 
the building has been granted active operation auth orization and has 
started dealing with wastes coming from the fabrica tion building. 
It should be noted that, as far as no fabrication i s involved, customer's 
qualification is not required in this building. 
CONCLUSION 
Through a consistent and large-scale program, recyc ling of plutonium in 
light water reactors is a mastered and industrial r eality. It implements 
a set of effective operations, the impact on the en vironment and human 
health being set well below required limits. 
COGEMA effectively possesses a fully coherent facil ity system for nuclear 
fuel back-end optimization with MELOX, the Cadarach e plant and the 
reprocessing facilities in La Hague. The maturity o f the RCR 
(Reprocessing, Conditioning and Recycling) strategy  in France is being 
reached. 
While the full-scale operation of this strategy wil l be reached in France 
before year 2000, COGEMA is able to serve foreign, European and Asian 
utilities as well. As far as the MOX manufacturing step is concerned, 
COGEMA considers the possibility of increasing its capacities in order to 
serve customers who want their MOX fuel to be fabri cated in France. 
When providing a three-shift operation on some unit s, MELOX capacity can 
easily reach a 160 tHM/yr production for standard f uels, which is planned 
by year 2000. Besides, COGEMA is studying an extens ion project : adding a 
fourth sintering furnace and a related independent line could further 
increase the capacity by 50 tHM/yr with enhanced fl exibility concerning 
BWR MOX fuel fabrication. 
COGEMA will adapt to the actual demand and has the references, the 
experience and the technology to demonstrate the fe asibility of a fast, 
safe and reliable program of MOX recycling in LWRs.  While successfully 
applied to the civilian nuclear industry, such a sa tisfactory experience 
could be brought to solve the current concern about  weapons plutonium 
inventory disposition : "moxification of this milit ary plutonium would 
product electricity while burning it and deteriorat ing its weapons value. 
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"THE INEL APPROACH" 
ENVIRONMENTAL RESTORATION PROGRAM MANAGEMENT AND IMPLEMENTATION 
METHODOLOGY 
Kathleen Falconer 
Lockheed Martin Idaho Technologies 
Lisa A. Green 
U.S. Department of Energy 
ABSTRACT 
The overall objectives of the INEL Environmental Re storation (ER) Program 
management approach are to facilitate meeting missi on needs through the 
successful implementation of a sound, and effective  project management 
philosophy. This paper outlines the steps taken to develop the ER 
program, and explains further the implementing tool s and processes used 
to achieve what can be viewed as fundamental to a s uccessful program.  
The various examples provided will demonstrate how the strategies for 
implementing these operating philosophies are actua lly present and at 
work throughout the program, in spite of budget dri lls and organizational 
changes within DOE and the implementing contractor.   
A few of the challenges and successes of the INEL E nvironmental 
Restoration Program have included: a) completion of  all enforceable 
milestones to date, b) acceleration of enforceable milestones, c) 
managing funds to reduce uncosted obligations at ye ar end by utilizing 
greater than 99% of FY-95 budget, d) an exemplary s afety record, e) 
developing a strategy for partial Delisting of the INEL by the year 2000, 
f) actively dealing with Natural Resource Damages A ssessment issues, g) 
the achievement of significant project cost reducti ons, h) and 
implementation of a partnering charter and applicat ion of front end 
quality principles. 
BACKGROUND 
The Idaho National Engineering Laboratory (INEL) wa s established in 1949 
by the U. S. Atomic Energy Commission to build, ope rate, and test various 
nuclear reactors and fuel processing plants, and to  provide and operate 
various related support facilities. Since that time , 52 reactors have 
been constructed, 13 of which are still operable. T oday, the INEL also 
supports other government-sponsored projects includ ing energy, defense, 
environmental, and ecological research.  
The INEL is located 42 miles west of Idaho Falls, I daho and occupies 890 
square milers of the northwestern portion of the Ea stern Snake River 
Plain. The INEL is bound on the northwest by three mountain ranges: Lost 
River, Lemhi, and Bitterroot. The remainder of the INEL is bound by the 
Eastern Snake River Plain. 
The Environmental Restoration (ER) Program was esta blished in 1989, when 
the INEL was placed on the National Priorities List . Ten waste area 
groups (WAGs) were created based on geographical bo undaries for 
management of remediation activities. Contamination  the ER Program deals 
with includes radioactive and mixed waste in soils,  groundwater and that 
buried at disposal facilities. 
During the first operational years of the ER Progra m, it became apparent 
that careful project management would be essential for the milestones 
negotiated in the Federal Facilities Agreement and Consent Order (FFA/CO) 
to be met. The approach described here was not conc eived on the first day 
of operations of the program, but rather is the res ult of several years 
of evolution that included the pains of learning, a s well as the 



excitement of success. This approach has helped the  INEL ER Program in 
meeting or beating the enforceable milestones in th e FFA/CO.  
Environmental restoration programs at other sites c an benefit from the 
INEL ER Program's years of continual learning and i mproving, by reviewing 
the approach used at the INEL and incorporating tho se activities that 
improve their program. Modeling new processes based  on the experience at 
the INEL will result in reduced schedule durations and related costs for 
environmental restoration. 
AN INTRODUCTION TO THE APPROACH 
The Need for Improved Program Management 
The overall objective of the INEL ER Program manage ment approach is to 
facilitate meeting mission needs. This is accomplis hed through the 
successful implementation of a sound and effective project management 
philosophy. 
The INEL ER Program management approach assures the  application of sound 
management principles to provide a disciplined, sys tematic, and 
coordinated approach to project management. This re sults in efficient 
planning, organization, coordination, budgeting, ma nagement, review, and 
control to achieve INEL ER objectives. 
Employing a "value added" approach to guidance impl ementation ensures 
that DOE Environmental Management (EM) goals, strat egies, and budgets are 
in alignment. Voids in EM guidance are jointly inte rpreted by DOE-ID led 
contractor task teams, and modified as necessary to  suit INEL ER Program 
needs and requirements. 
The INEL approach can be best described as systemic . Utilizing the 
focused principles of teamwork, communication, and consensus building 
provides the program with unity; thereby, enabling it to function as a 
fully coordinated, cohesive, and mutually supportiv e organization. 
The INEL ER Baseline represents the successful inte gration of the 
program's cost, schedule, and technical work scope.  It is from this level 
that all program elements are established and maint ained. From the 
baseline standpoint, the process of maintaining a b alance between the 
functioning elements of the ER Program (cost, sched ule, and technical), 
and EM goals and priorities are established. 
What follows provides some background on how we hav e developed our 
program, and focuses on the fundamental elements of  our management 
methodology; describing the operating philosophies and the strategies for 
implementation. 
Share Sound Management Philosophies 
There is a strong desire by many organizations to l earn how to do things 
more efficiently, to learn techniques that have sub stance, to learn 
useable processes that provide tangible results. Th ey want to learn 
methods that will help them solve chronic, underlyi ng problems and that 
focus on principles that bring long-term results. S omething beyond 
typical management basics is needed. 
INEL ER experience has proven the benefits of incre ased understanding 
through the sharing of information. Through this in troduction to the INEL 
approach, there will be a sharing of ER program bac kground and 
experience, and opportunities to demonstrate how to  use the operating 
philosophies and strategies associated with their a pplication. How these 
implementing strategies and operating philosophies can be adapted to suit 
many circumstances will also be demonstrated. 
Through the collective experience of its participan ts, the INEL ER 
program has come to possess the tools, and lessons learned, and so on, 



that has enabled the development of quick, economic al, and 
environmentally sound processes that work, and that  can be shared with 
others. There is also recognition that good communi cation and feedback 
are a key element in the continuous improvement pro cess. The interaction 
and discussion that takes place in sharing informat ion with others is an 
invaluable means of renewing and validating our ope rating philosophies. 
Through sharing of background and experience, the l earning curve can be 
lessened for others, providing something that will save time and money, 
and ultimately increase functional effectiveness. 
Stepping back, we have identified what elements hav e been present in each 
of the implementation steps taken in development of  the ER program. 
The result of this retrospective examination is a l ist of operating 
philosophies which when properly applied, along wit h the implementing 
tools and processes described in this paper, have a llowed ER to build a 
successful program. 
INEL Operating Philosophies 
  Goal oriented approach (this is the key element a nd is also the first 
step) 
- Clearly defined objectives 
- Flexible assumptions 
- Finite scope 
- Value added concepts 
- Cost effective, efficient 
  Teamwork (partnering) 
- Communication 
- Consensus building 
- Contractor integration 
- Unity of cause and purpose 
   Process oriented 
- Systematic 
- Coordinated approach 
- Work to fill voids in guidance requirements 
- Develop processes which are complimentary to exis ting 
  (successful) processes 
  Incremental development 
- Recognize this is an evolutionary process 
- Improve process continuously 
- Incorporate flexibility to suit program dynamics 
  Disciplined approach (commitment) 
- Compliance with established processes 
- Consistency 
- Integrity/quality 
- Credibility 
Why These Philosophies Work 
A sound management methodology, and a strategy to i mplement that 
methodology, is essential to ensuring that program management is 
reliable, well organized, consistent, and successfu l. A successful 
program embodies the successful integration of thes e operating 
philosophies along with the program's cost, schedul e, and technical work 
scope. Using this approach, all program elements ca n be established and 
maintained from a central point of control. From th at standpoint, the 
process of maintaining a balance between the functi onal elements (cost, 
schedule, and technical) and program goals and prio rities can be easily 
achieved. 



These operating philosophies stimulate a willingnes s and the capability 
to deal with exceptions encountered in building and  using the various 
systems and processes, accepting that there are kno wn incongruencies, but 
not allowing those incongruencies to distract from maintaining discipline 
with other systems/processes. 
The following demonstrates how ER deals with the ma ny influences on our 
program through the use of the operating philosophi es, along with 
examples of the processes and tools developed to ac complish this. This in 
turn will help define the goals which make up "What  is ER Program." Also 
included is a description of how the implementing s trategies and 
operating philosophies can be established, or rathe r instilled within the 
various existing processes. The approach is a flexi ble application, and 
can be applied to a finite program or "fuzzy" progr am. 
INEL OPERATING PHILOSOPHIES 
The First Approach: Goal Oriented 
The primary step is to be goal oriented. You must h ave established goals 
and a strategy to know where you want to go. You wi ll need to develop a 
finite scope, define knowns, deal with unknowns as changes, and utilize 
assumptions. All actions taken need to be "value ad ded" actions. 
Considering the many requirements placed on us from  outside, it is 
important to use what is useful, modify it when nec essary, but don't 
produce just to produce or to fill a square. 
When the Federal Facilities Agreement was negotiate d, the project 
managers from each of the stakeholders wanted the q uickest and smartest 
cleanup possible. The negotiating team made of pers onnel from the U.S. 
Department of Energy, U.S. Environmental Protection  Agency, and the State 
Environmental Agencies had a common goal. This goal  was to ensure that 
releases or threatened releases were thoroughly inv estigated in 
accordance with the National Contingency Plan and t hat appropriate 
response actions were undertaken and completed as n ecessary to protect 
human health and the environment. Because the agree ment is representative 
of the common goals of the team, the CERCLA process  works quickly with 
regulators and performers communicating and moving forward. 
Flexibility 
This approach encourages timely remedy selection, f lexibility for 
remedial action, and contingencies to respond to ne w information 
discovered during investigations. Through flexibili ty, implementing 
strategies and operating philosophies can be adapte d to suit many 
circumstances. Flexibility allows all of the other approaches to work. 
Flexibility means to be willing to deal with except ions, and building 
systems to accept exceptions as if they are inevita ble. However, this 
should not distract from maintaining discipline wit h systems or 
processes; if the exception becomes the rule, it ma y be time to change 
the system or process. 
Defining the technical scope and schedule for remed ial action involves 
the approval of various outside agencies. ER Progra m management has the 
administrative flexibility to deal with external re gulatory authorities 
in a timely and responsive manner. Flexibility enco urages timely, outcome 
oriented remedy selection for remedial actions, and  an ability to respond 
to new information discovered during investigations . 
Teamwork 
The process of identifying who is on the team is cr itical to your 
success. Teams should include regulators, governmen t representatives, and 



performing organizations as the principle team part icipants in the 
development of the scope of work. 
It has been our experience that facilitated retreat s have assisted in 
bridging the adversarial attitudes that existed at the beginning of the 
program. Communication is much easier if the partic ipants can place a 
face with the name of a regulator. 
Facilitated retreats have been used as a tool to de velop better 
communication skills and to exchange information am ong participants in 
the decision process. A given benefit is that the p arties to establish 
communication face-to-face in an atmosphere of neut rality; they are no 
longer talking to a stranger over the phone. This c ommunication also 
allows members to establish a collective understand ing of the program and 
its long range goals. Participants in the retreats have also been able to 
jointly define success in the completion of the pro ject. 
The generation of the formal ER Partnership Charter  is the result of an 
off-site retreat conducted for all ER Program Waste  Area Group Managers 
and Project Managers. The retreat was successful in  developing a greater 
understanding of the shared values and responsibili ties that must exist 
between DOE-ID and Lockheed Idaho Technologies Comp any, in order to 
fulfill the Program's goals. 
The elements of the Charter are founded in the deve lopment and use of 
sound communication skills, and the use of same to facilitate completion 
or achievement of the ER Program goals. We are cont inually investigating 
effective ways to further develop and enhance the c ommunication and 
facilitation skills of all ER Program participants,  in order to maximize 
the progress made in implementing our Charter to da te. 
Process Oriented 
The ER Program has developed strong hierarchy of pr ocesses or strategies 
which allow us to build the ER Baseline and to main tain it. This 
hierarchy of processes is auditable and consistent (back to the 
baseline). Each respective process is interrelated and complimentary of 
the others. Maintaining a "value added" management approach, each process 
has a specific fit and function. The result is an i ncreased capability to 
respond to the natural dynamics of the program. 
The Federal Facilities Agreement establishes a proc edural framework and 
schedule for developing, prioritizing, implementing , and monitoring 
appropriate response actions in accordance with CER CLA, RCRA, and Idaho 
Hazardous Water Waste Management Act. 
Preliminary Scoping Guidance documents were develop ed to facilitate 
implementation of the specialized sections of the f acility agreement. All 
parties (contractors, DOE, and Regulators) agree to  use the appropriate 
approach and assumptions to evaluate sites and mini mize costly sampling 
and analysis plans and reduce RI/FS requirements. T he success of these 
rapid decision processes has allowed completion of all enforceable 
milestones on orahead of schedule and on or under b udget. ER has also 
been able to close over half of the sites in just u nder three years. 
Successful Program Management and Implementation Pr ocesses 
The INEL has focused on the development of a single  integrated baseline 
which can respond to all DOE program and project ma nagement control 
requirements. The INEL ER Program Baseline represen ts the successful 
integration of the programs cost, schedule, and tec hnical work scope. 
Numerous processes or mechanisms have been develope d in order to organize 
the various elements of the ER program into a whole . All program elements 
are established and maintained at this level. These  "baseline tools" 



regulate the scope, schedule, and budget for the ER  Program, and provide 
the means for the program to more efficiently addre ss issue and concerns, 
and to support the requirements and interests of DO E-HQ, regulatory 
agencies, and various other ER stakeholders. 
Hierarchy of Baseline Development Processes 
The ER Program has developed a strong hierarchy of processes or baseline 
tools which allow us to build the ER Baseline and t o maintain it. This 
hierarchy of processes is auditable and consistent (back to the 
baseline). Each respective process is interrelated,  and complimentary of 
the others. A "value added" management approach is maintained, and each 
process has a specific fit and function. An increas ed capability to 
respond to the natural dynamics of the program is t he result. 
  Life Cycle Planning (LCP) ProcessReplaces annual rebaselining efforts 
by allowing updating and refining of the baseline o nly when changes to 
the program requirements, assumptions, or resource availability are 
required.  
  INEL ER Code of AccountsLinks a uniform cost esti mating process with 
accounting system(s) to facilitate cost capture (pr ior to COA being used, 
Cost Estimate Basis Sheets are used to document cos t basis). 
  INEL ER Unit Price BookMaximizes the use of histo rical data and site 
experience through a unit price guide. The cost est imating focus group 
concentrates efforts to establish credibility, cons istency, duration, and 
so on, relative to cost estimating system managemen t for the INEL ER 
Program. 
  Project Risk/Contingency AnalysisDevelops conting ency for the cost 
baseline to account for uncertainties, risk, and po tential growth in 
scope that may result from unforeseen and unpredict able conditions. This 
process, which may be iterative, is performed by th e Project Manager/CAM 
level down to the work package/task level, and ulti mately establishes the 
cost baseline for the Control Account. 
-  Task levels are based on "level of confidence" i n scope of worknot 
    dollars 
- Applied and controlled at the program level 
  Configuration Control/Baseline Management 
- Uniform application of change control philosophy 
- Uniform hierarchy for change control 
- Change control scope oriented baseline elementone  baseline 
- Increase in programmatic understanding re:definit ion of Work 
  Scope, integrated baseline reconciliation (period ic/all participants) 
- Expedite submittal process through increased use of "redlines" 
- DOE-ID ownership of all changes and DOE-ID concur rence 
   required to "sponsor" Level 2 changes 
- Uniform baseline reports 
- Tie traceability back to funding 
- Improved BCP process 
- Increase quality of Baseline documentation. 
  Uniform Milestone Guidance/Scheduling ProcessUtil izes pre-negotiated 
milestone criteria that was determined through disc ussions with DOE-HQ, 
EPA, State, DOE-ID, Stakeholders, etc. Specific mil estone coding, 
structure, and nomenclature with standardized miles tone configuration 
management and controls. Utilizes standard logic. 
Incremental Development 
The first step for ER was to recognize that impleme ntation of the program 
required an evolutionary process, incorporating fle xibility, teamwork, 



and continuous self-evaluation to suit program dyna mics. This incremental 
development applies to both technical development a nd program management. 
Problems and issues are viewed from a global standp oint, relative to 
their effect on the program as a whole, and resolve d as they appear on 
the horizonat the lowest level manageable. As the p rogram has evolved, we 
have applied this approach by creating technical wo rk teams for global 
issues affecting our program (for example, guidance  document development, 
ATSDR, Cumulative Risk Assessment, BSAF, Eco Risk, Land Use, and so on). 
In addition, a Program Management Systems Developme nt Initiatives (PMSDI) 
Committee was created to evaluate and make recommen dations for program 
management improvements. These teams or committees are made up of 
personnel from each of the affected organizations, and are asked to make 
recommendations for the program by taking increment al development steps 
to achieve our end goals. 
This collective energy can give an issue the broad analysis necessary to 
resolve complex problems. Issues are resolved at th e appropriate level by 
developing the initial team communications. When co ncerns arise, those 
individuals who are most familiar with the process are involved in the 
resolution of the issue. This approach results in i ssues being dealt with 
more efficiently, with less lost time, as the solut ions come from 
personnel who will be directly involved in the outc ome. There is often 
little need to involve upper management in order to  address or resolve an 
issue. 
This approach has also been used for a variety of r emediation 
alternatives, for example, all goals (jointly) set by EPA, the State of 
Idaho, and DOE were met on or ahead of schedule, tw o (2) Records of 
Decision were signed in fiscal year 1995, and the r emoval and transport 
of NaK waste to Argonne was accomplished. Some site s have been closed via 
a preliminary scoping process, two interim actions have been completed, 
and four removal actions were completed. The "decis ion process" options 
(Track I and II, RI/FS, IA, RD/RA, Removal Action) allow a variety of 
remediation alternatives, dependent upon the type o f waste and clarity of 
the project scope. 
The approach can be applied to a well-defined proje ct, or a not-so-well-
defined project. For example, through the use of li fe-cycle baseline 
maintenance a project's technical, cost, and schedu le components are 
refined as information becomes available, rather th an to force-fit an 
undefined project into parameters which are likely to change on 
completion of scoping investigations. 
Regularly scheduled Plan of the Week (POW) Meetings  have been established 
to provide a forum for identifying and discussing t echnical and program 
management issues at a level at which they can be m ore rapidly and 
effectively dealt with by senior management. 
Similarly, Remediation Project Manager (RPM) weekly  POW meetings provide 
a forum for presenting, discussing, and resolving i ssues with regulatory 
management. 
As an outcome of these meetings, white papers or gu idance papers have 
been created to establish or clarify the ER positio n on such technical or 
programmatic issues as LDRD, land use, Eco Risk, an d so on. 
Disciplined Approach 
The INEL ER Program uses a disciplined approach to manage the program, 
and each individual part of the program, as a whole . The disciplined 
approach takes advantage of all of the major approa ches in the program: 



goal oriented, teamwork, process oriented, flexibil ity, and incremental 
development. 
The INEL ER Program manages its scope, schedule, an d budget to an 
approved baseline. This baseline can only be change d by the change 
control process. The costs used in the program base line and in changes to 
that baseline are controlled based on bottoms up co st estimates. 
BENEFITS OF "THE INEL APPROACH" 
Keys to Successful Baseline Development and Improve d Program Management 
Successful baseline development and management was achieved through the 
focused principles of teamwork, communication, and consensus building 
providing the program with unity. The baseline enab les the program to 
function as a fully coordinated, cohesive, and mutu ally supportive 
organization. Frequently recognized benefits provid ed by the baseline 
are: 
  Programmatic control via inter-contractor group(s ) constantly working 
to resolve/eliminate issues; routine application of  outcome-based 
approach/strategy 
  "Program Level" Coordination and Control, impleme nting structured and 
consistent Configuration Management and Control of all three ER Baseline 
Elements 
  Maximized Team approach - Seek to establish commo n understanding 
  Up-front discussion and resolution/solution to pr ocess issues and 
barriers; i.e., Determination of what needs to happ en - what needs to be 
in place  
Tangible Results 
A few of the challenges and successes of the INEL E nvironmental 
Restoration Program have included: a) completion of  all enforceable 
milestones to date, b) acceleration of enforceable milestones, c) 
managing funds to reduce uncosted obligations at ye ar end by utilizing 
greater than 99% of FY-95 budget, d) an exemplary s afety record, e) 
developing a strategy for partial Delisting of the INEL by the year 2000, 
f) actively dealing with Natural Resource Damages A ssessment issues, g) 
the achievement of significant project cost reducti ons, h) and 
implementation of a partnering charter and applicat ion of front end 
quality principles. 
CONCLUSIONS 
Share in order to experience improvement. Experienc e has shown us the 
benefits of increased understanding through the sha ring of information. 
All successful processes and tools, in and of thems elves, are valuable 
lessons to share. Always recognize that good commun ication and feedback 
are key elements in the continuous improvement proc ess. The interaction 
and discussion that takes place in sharing informat ion with others, is an 
invaluable means of renewing and validating a progr ams operating 
philosophies. 
A successful program embodies the successful integr ation of these 
operating philosophies along with the program's cos t, schedule, and 
technical work scope. Using this approach, all prog ram elements can be 
established and maintained from a central point of control. From that 
standpoint, the process of maintaining a balance be tween the functional 
elements (cost, schedule and technical) and program  goals and priorities 
is easily achieved. 
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LIVING WITH THE UK STRATEGY FOR THE DEEP DISPOSAL O F RADIOACTIVE WASTE IN 
A MORE  
COMMERCIAL ENVIRONMENT 
John Mathieson 
Allan Braby 
UK Nirex Ltd 
ABSTRACT 
This paper provides an update on the UK program to dispose of low level 
waste (LLW) and intermediate level waste (ILW) in a  deep facility in 
light of the outcome of two major Government review s and a public hearing 
process considering the program's next phase. The r eviews concerned the 
future of the UK Nuclear Industry and radwaste disp osal strategy; the 
results of both were announced in the Summer of 199 5. 
The radioactive waste policy review concluded that disposal is the 
preferred option to indefinite storage, and that th e program to implement 
it should go ahead as soon as practicable, to fulfi l the requirement for 
a policy of sustainable development. The nuclear in dustry review looked 
at the structure of the industry, including the pro posal that the nuclear 
generating utilities could be released from Governm ent ownership and 
become privatized. 
Nirex is the UK company responsible for implementin g Government policy on 
LLW and ILW disposal and is owned and financed by t he companies of the 
nuclear industry. Therefore the outcome of both rev iews is of particular 
importance to it as it increasingly faces commercia l pressures in 
providing a disposal facility for the nation's wast e. 
The paper summarizes the outcome of the reviews on LLW and ILW disposal 
policy and in particular covers the following point s: 
  Nirex's plans to develop a deep disposal facility  at Sellafield. The 
next stage for this is an underground rock characte rization facility. The 
granting of permission to construct this is on the critical path for a 
repository and the proposal is currently undergoing  a public hearing 
process; 
  Nirex's financing and organization structure and how this will operate 
in the future to be compatible with Government poli cies on disposal and 
the environment, in particular ensuring maintenance  of the "polluter 
pays" principle. A description of the repository pr e-financing 
arrangements and the potential tariff structure is given; 
  how a cost-effective deep repository system is be ing developed which is 
"optimized" in terms of: 
  technical requirements to deal with particular wa stes; the cost of 
disposal; 
  safety - in light of revised proposals concerning  the safety principles 
by which a future repository should be licensed and  authorized to 
operate. 
INTRODUCTION 
Nirex, founded in July 1982, is the company in the United Kingdom 
responsible for providing and managing new national  disposal facilities 
for solid ILW and some LLW. The Company's present s hareholders are BNFL 
and Nuclear Electric plc, each with a 42% share, an d Scottish Nuclear 
Ltd. and the Government Division of the UK Atomic E nergy Authority, each 
with a 7% share. In addition, the Government owns a  special 'Golden 
Share', which safeguards the Company's control of t he repository site.  
The Government, under independent advice from the R adioactive Waste 
Management Advisory Committee (RWMAC), has establis hed national strategy 



for the development of such facilities, and provide d a legal framework 
within which safety and environmental impact must b e assessed and 
examined in public. Since 1987, Government policy h as been that ILW 
generally should go deep underground, and that the same facility could be 
extended to take LLW also, as a cost-effective alte rnative to developing 
a "greenfield" shallow site.  
THE RADIOACTIVE WASTE REVIEW 
Between May 1994 and July 1995 the UK Government ca rried out a review 
into radioactive waste management policy (the Radwa ste Review), 
undertaken by the Department of Environment (DoE). That review was 
complementary to the Nuclear Review being carried o ut at about the same 
time by the Department of Trade and Industry, which  considered the future 
of the nuclear industry in the UK.  
The Radwaste Review encompassed three major aspects : 
  a general review of radwaste management policy by  DoE; 
  a review of the requirements for the authorizatio n of disposal 
facilities by Her Majesty's Inspectorate of Polluti on (HMIP); and, 
  a more specific review of the approach to site se lection and human 
health criteria by a Study Group, drawn from the ad visory bodies RWMAC 
and Advisory Committee on the Safety of Nuclear Ins tallation (ACSNI). 
The Study Group published its findings in early 199 5 (1), the final 
conclusions of the Nuclear Review were published in  May 1995 (2) and 
those of the Radwaste Review in July 1995 (3).  
The outcomes are summarized as follows. 
Ownership of Nirex 
Under the Nuclear Review, parts of two shareholders  (Nuclear Electric and 
Scottish Nuclear) may become privatized, and will b e integrated into the 
existing Nirex shareholding structure.  
This may mean that they will be able to exert "a su bstantial commercial 
influence on the affairs of Nirex". In order to ens ure that its policies 
will be carried out, the Government has decided to retain its special 
share in the Company.  
Regulatory System  
This will be streamlined and revised guidance will be issued to potential 
disposers of radioactive waste. In addition, the Go vernment will consider 
the responsibilities of the different regulatory bo dies and other 
organizations for assessing the doses received by m embers of the public. 
Policy Aims 
The Government has concluded that the policy aims f or radioactive waste 
management should be revised and updated to emphasi s the respective roles 
of Government, regulators and producers and owners of waste, and apply 
the concept of sustainable development and its supp orting principles. 
Waste Categorization 
Further consideration will be given to refining the  categories of 
radioactive wastes in terms of their half-lives and  activity, and to the 
proposal that short-lived ILW might be disposed of to the near-surface 
disposal facility at Drigg. 
Early Applications for Authorization to Dispose 
Developers of major projects may submit early appli cations for disposal 
authorizations at the same time that they seek full  planning permission 
(under zoning laws) for the project. The regulators  will then be able to 
make decisions on authorizations before major commi tments have been made.  
Disposal of Solid Waste  



The Government believes that both estimates of risk  and other factors of 
a more qualitative nature will need to be considere d in determining 
whether a disposal facility is safe. However, it be lieves a risk target 
of 10-6 per year (fatal cancer or a serious heredit ary defect) is 
appropriate. There should be no prescribed cut-off for the period over 
which risk should be assessed.  
The Government welcomed the RWMAC/ACSNI Study Group 's report on site 
selection criteria for radioactive waste repositori es, but has 
reservations about some of the detailed proposals m ade. 
Spent Fuel Management  
The question of whether and when to reprocess spent  fuel and decisions on 
the siting of dry stores for spent fuel should be f or the commercial 
judgement of the operators. 
High-Level Waste 
The Government believes that geological disposal on  land is the favored 
option for vitrified HLW once it has been allowed t o cool and is putting 
in hand development of a research strategy. 
Partitioning and Transmutation  
The Government will continue to watch with interest  the results of 
international research on partitioning and transmut ation, but has no 
plans to initiate further development of its own. 
The Nirex Repository  
The Government continues to favor a policy of deep disposal rather than 
indefinite storage of ILW and considers it appropri ate that Nirex should 
continue with its program to identify a suitable si te. There would be no 
advantage to be gained from delaying the developmen t of the repository 
itself and it should be constructed as soon as reas onably practicable.  
Interim Storage of Intermediate and Low-Level Waste  
Waste must be treated as necessary to improve stora ge conditions. 
Decommissioning  
Decommissioning nuclear power plants should be unde rtaken as soon as it 
is reasonably practical to do so, taking account of  all the relevant 
factors. Segregated funds for decommissioning shoul d be established for 
those parts of the industry which are privatized.  
Waste Substitution  
The Government reaffirms its policy that the wastes  resulting from the 
reprocessing of foreign spent fuel should be return ed to the country of 
origin. It accepts that this policy can be implemen ted by waste 
substitution arrangements which ensure broad enviro nmental neutrality for 
the UK. 
Import and Export of Waste 
Radioactive waste should not be imported to or expo rted from the UK other 
than in the specific cases. 
Small Users  
The Government will not direct small users to parti cular routes for 
disposal of their radioactive waste, but will leave  them free to make 
their own arrangements. 
Research  
Each of the component parts of the industry should continue to be 
responsible for research and development necessary to support their 
respective functions. 
THE NIREX PROGRAM 



Nirex's current focus is on surface-based geologica l investigations to 
determine the suitability of a potential deep ILW r epository site near 
Sellafield, Cumbria, in north-west England.  
Nirex's next step is to construct a deep undergroun d laboratory (rock 
characterization facility, or RCF) shown in Fig. 1.  This proposal is 
similar to other countries' deep experimental facil ities and along with 
those being constructed at Yucca Mountain in the US  and the Gorleben mine 
in Germany, is intended to be a site specific resea rch facility. The 
Company's application for planning permission to co nstruct the RCF, 
submitted in July 1994 (4), was refused in December  1994 by the Cumbrian 
Local Government. This decision has forced the Comp any to take its case 
to a public inquiry, the outcome of which is expect ed in 1997. 
Fig. 1 
When started, the RCF program will last at least 5 years. Subject to a 
successful outcome from these investigations, Nirex  will submit a 
planning application for the 650m deep (below Ordna nce Datum) waste 
repository (DWR) (Fig. 2), this will be the subject  of a further public 
inquiry. The deep repository (5) will be capable of  taking 200-275,000m3 
of waste. 
Fig. 2 
FUNDING REQUIREMENTS 
The DWR project is a typical large scale constructi on project as the bulk 
of investment is required upfront before any revenu es can be earned. 
However the DWR is a fairly unique project due to t he long construction 
timescales involved, which result in the accumulati on of financing costs 
up to four times the actual cost of the project. Th e profile of cost and 
revenue cash flows is illustrated by the graphs Fig s. 3 and 4 
respectively.  
The funding requirements of the DWR project are (19 96 prices): 
  almost 2 bn between 1986/7 and the planned openin g date; 
   between 10m to 20m per annum over an operating p eriod of 45 years; 
  approximately 50m over a 5 year closure period; a nd 
  additional cover for unforeseen expenses in the p ost closure period. 
Fig. 3 
Fig. 4 
CURRENT FUNDING ARRANGEMENTS 
As noted above, Nirex is owned by four shareholders , all of which are 
currently in the public sector. Their relative shar eholdings only broadly 
reflect their waste emplacement requirements on a v olumetric or other 
attribute basis. The four shareholders currently pa y for all Nirex costs 
on a monthly basis according to their respective sh areholdings in the 
Company. 
However, the four shareholders are not the only one s who have a 
requirement to emplace waste in the DWR, in all Nir ex will have seven 
Customers. This raises an important issue of how to  charge all seven 
Customers for emplacing waste on a fair and efficie nt basis. This also 
implies financially compensating those Customers wh o have been the sole 
providers of funds to Nirex in the past. 
Nirex could recover costs by invoicing seven Custom ers as opposed to the 
current four based on the amount of space required in the repository. 
However, other parameters which reflect the activit y or potential 
harmfulness of waste may be more appropriate. 
It is possible to design a comprehensive invoicing system to fund the DWR 
project, however, this system of funding is difficu lt to adapt to 



changing repository design, cost conditions and emp lacement requirements. 
This had led to Nirex adopting a more flexible tari ff mechanism to 
recover costs which is discussed in a later section . 
EMPLACEMENT CONTRACTS 
The Emplacement Contracts will form part of the leg al framework around 
which any future form of funding will be based. The  Emplacement Contracts 
will essentially 
  secure the long term funding of the DWR project b y requiring Customers 
to sign formal agreements to finance their share of  costs over a 
specified period; 
  enhance the economic viability of the project, th rough the achievement 
of repository design optimization; 
  introduce more market based disciplines to the pr oject; and 
  increase accountability to Customers by making th e activities and cost 
base of Nirex more transparent. 
The contracts will therefore: 
  allow Customers to gain increased influence in th e general affairs of 
Nirex; 
  increase certainty from the project's viewpoint b y securing funds; 
  improve accountability for the Government through  greater transparency; 
and 
  impose 'value for money' for Nirex Customers and Shareholders. 
These contracts will be essentially on a take-or-pa y basis, whereby 
Customers will still be liable to pay for any space  (used or not) for 
which they are committed. Customers will be given t he opportunity to 
change their initial bids in order to provide a sit uation whereby all 
parties are agreed and the DWR costs are optimized - based on the latest 
technical information, before the contracts are sig ned. Customers who 
refuse to sign Emplacement Contracts will not be gu aranteed use of any 
Nirex facilities for disposing of their waste in th e future. 
Customers requiring more space in the future will n ot have any guaranteed 
supply from Nirex, as Nirex does not intend to reta in any spare capacity. 
Instead, the Customer will be obliged to purchase s pace from others with 
surplus capacity. If Nirex extends the DWR for any additional 
requirements; even though the marginal costs of DWR  extension are lower 
than the tariff, the Customer requiring space will be liable to pay the 
full tariff. Any additional revenue gained by Nirex  will be distributed 
to other Customers in an equitable manner. 
THE NIREX TARIFF 
The Tariff 
A tariff has two major advantages: 
i) it is a self balancing funding mechanism which c an allocate funds on 
an equitable basis between initial participants; an d 
ii) it enables cost savings to be apportioned in a fair way and therefore 
provides an incentive to achieve cost savings and v alue for money for 
Customers through optimizing the DWR project. 
The key principles underlying the tariff structure are: 
  securing financeability by charging tariffs which  recover the full 
lifetime costs of the project, including financing costs - this is 
achieved through the application of a discount rate  within the tariff 
calculation; 
  to allocate costs amongst customers in a fair and  equitable basis; 
  to derive tariffs which reflect the cost of empla cing different waste 
streams and therefore provide efficient pricing sig nals to Customers; and 



  designing the tariff to be simple enough to be re adily understood by 
all Customers. 
However, it is not practically possible to pursue t hese objectives in a 
purist manner as some may conflict. For example, ef ficiency implies the 
charging of cost-reflective tariffs which in turn s uggests a marginal 
cost pricing regime. However, in the case of the DW R project, 
approximately 50% of all costs are currently classe d as common and 
therefore cannot be recovered if the principle of e fficiency is pursued 
to an extreme. 
Cost Drivers 
The Nirex cost allocation work forms the basis upon  which to charge for 
costs incurred, in an efficient manner. This is ach ieved by determining 
the amount each Customer is liable to pay by relati ng charges to the cost 
drivers of the project. Based on the current DWR de sign, Nirex has 
identified the following five main cost drivers: 
  the number of packages to be emplaced; 
  the displaced volume of waste to be emplaced in u nshielded vaults - 
this determines the size of vaults required to be e xcavated; 
  the displaced volume of waste to be emplaced in s hielded ILW/LLW 
vaults; 
  the amount of long-lived waste to be emplaced; an d 
  emplacement of specific 'problem' radionuclides -  direct charges for 
any projects which have been conducted to analyze s pecific radionuclides 
such as Chlorine 36 and Iodine 129. 
Tariff Parameters 
The tariff parameters which are based on the above cost drivers are 
listed below: 
a - a general charge per package to be emplaced; pl us either: 
b - per m3 of vault space for LLW or shielded ILW p ackage; or 
c - per m3 of vault for unshielded ILW package. 
Plus: 
d - per TBq of long-lived radionuclide content; 
Plus: 
e - per MBq of 'problem' radionuclides 
Plus: 
any surcharges identified in the future. 
In choosing Tariff Parameters, Nirex has recognized  that the calculation 
of tariffs should not impose extra burdens on Custo mers over and above 
those already needed by Nirex for technical/safety reasons. For example, 
there are cases where waste has been stored in such  a way that the 
Customer cannot be exactly sure what a particular p ackage contains. 
However, at emplacement Nirex must be able to satis fy itself that it has 
a justifiable record of what each package contains.  Whether package 
contents are known precisely, or whether they are e stimated, the payments 
under the tariff will be based on this emplacement record requiring no 
additional effort on the part of Nirex Customers. 
If at any stage the measurement of any of the param eters included in the 
tariff ceases to be needed, then it is not necessar ily the case that its 
measurement should continue simply to enable the ta riff to be calculated. 
The tariff is intended to be cost reflective and as  such draws on 
existing technical waste classification measures. I f these change it 
might well be appropriate for the tariff structure to change as well, 
recognizing the new technical view of which waste a ttributes are most 



important in driving the DWR program. This will be handled by the change 
control mechanism in the Emplacement Contracts. 
With regard to the allocation of costs between long -lived waste packages, 
Nirex has chosen activity (measured in TBq) as its base measure but 
alternatives are being reviewed The problem with us ing activity is that 
it may complicate negotiations as agreeing the refe rence time will be 
key. 
The year of maximum post-closure risk may be an alt ernative method of 
allocating long-lived waste costs. This will discri minate against those 
radionuclides which are most influential in terms o f success of the 
safety case. However, peak risk years are likely to  be subjective in 
choice as they are determined by modelling differen t scenarios in the 
future. Again this is likely to lead to complex neg otiations between 
Nirex and Customers due to the subjectiveness of th e measure. 
Common costs of the project may be recovered by pro -ratering them across 
all or some of the tariff attributes which itself b e sensitive to the 
method of pro-ratering employed. 
Surcharges 
In addition to the tariff parameters which reflect the DWR cost drivers, 
a system of penalty payments or surcharges for wast e packages which fail 
to meet Nirex requirements is envisaged. Under this  structure a 'standard 
package' will bear no charge with respect to these attributes but any 
packages which exceed a given norm for these charac teristics will be 
liable for an additional charge. This is designed t o reflect those 
attributes which do not influence the project progr am or the base design 
and therefore should not form parameters in the tar iff itself, but would 
cause operating or safety case difficulties. Imposi ng a surcharge will 
discourage such non-conforming packages from being presented for 
emplacement. Therefore, surcharges are consistent w ith the tariff 
principle of efficiency as only the additional cost s associated with a 
'non standard' package, is charged to that package.  An example may be a 
surcharge on a package with excessive heat output a s it may require 
specialist handling equipment. 
The advantage of this structure is that surcharge i tems need not be 
resolved at this stage. The tariff will be calculat ed to recover program 
costs using the basic parameters: any revenue from surcharges being 
additional. The structure of surcharges will be dev eloped as more 
information becomes available, and their level can be determined when 
more information on the technical implications of n on-conforming packages 
is known. 
Advanced Funding 
As Customers will only be charged at the time of wa ste emplacement, Nirex 
requires advanced funding in the period up opening in order to cover its 
costs. The amount of advance payment that Customers  are allocated will be 
calculated from certain waste attributes which are present in their waste 
emplacement schedules. These waste attributes which  are identified by the 
cost drivers and tariff parameters, include the num ber of TBqs of long-
lived waste and the number of packages of shielded and unshielded waste 
to be emplaced. 
Advance payments are calculated in the following ma nner: 
  firstly, each Customer's share of attribute is ca lculated; 
  secondly, Customer shares of each attribute are m ultiplied by the total 
cost cash flows of each attribute in order to deter mine each Customers' 
cost share for all attributes; 



  the addition of cost cash flows for each attribut e gives the total cost 
payable by each Customer each year. This is the amo unt of advance payment 
that each Customer will be expected to pay in each year to opening; 
  the proportion of advance payment allocated to ea ch attribute will be 
simply the proportion of total cost associated with  each attribute each 
year, e.g. if attributes A, B and C account for 60% , 20% and 20% of 
Customer. 
The tariff aims to make Customers indifferent betwe en funding in advance 
and receiving rebates in the future. The tariff wil l accrue advanced 
payments at a pre-determined rate of return that re flects project risk 
and repay them to appropriate Customers through a r ebate at the time of 
emplacement. 
Customers who choose not to pay in advance will be liable to pay the full 
tariff at the time of emplacement. This tariff will  be determined by the 
rate of return (which will be the same as that for accrued advance 
payments), as the rate of return is equitable to th e cost of borrowing. 
This break-even implies that the unit price payable  for each tariff 
parameter is set such that the discounted value of the revenue stream 
associated with that particular attribute equals th e discounted value of 
the cost stream allocated to it. This ensures that financing costs 
incurred as a result of the mismatch in timing betw een expenditure and 
receipt of income are recovered. 
Payment Scenarios 
The two payment scenarios are summarized below: 
  advance payment plus emplacement tariff minus reb ate - where the rebate 
equals advance payment adjusted to account for proj ect risk at an 
appropriate rate of return; 
  zero advance payment plus emplacement tariff minu s zero rebate; 
These are consistent with the principles of fairnes s and simplicity. 
The overall DWR project share allocated to each Cus tomer may be attained 
by discounting each Customer's overall tariff payme nts. 
The Rate of Return chosen for the project is key to  determining whether 
Customers elect to pay in advance. If the rate is s een to be too low, 
then certain Customers may elect to invest in other  projects rather than 
in the DWR project in order to earn a higher rate o f return. However, it 
must be stressed that the project is a joint ventur e between Customers 
and if some of the main Customers elect not to pay in advance for 
financial reasons, then the project may not progres s as funding from 
financial institutions is unlikely to be a feasible  alternative. 
CONCLUSION 
Notwithstanding the requirement to face a public in quiry for the RCF, 
Nirex is making steady progress on repository devel opment at Sellafield. 
This is not only in the scientific and technical ar eas but also in that 
of financing the project. A successful and early ou tcome to the next 
stage of Nirex's program at Sellafield, the RCF, wi ll keep the Company on 
track for developing a deep repository early next c entury. 
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ABSTRACT 
Two of the biggest problems with the federal Compre hensive Environmental 
Response, Compensation and Liability Act ("CERCLA")  are the policy that 
every site that is cleaned-up under CERCLA needs to  be cleaned up to 
pristine conditions and the potential for virtually  unlimited liability 
for parties connected with a contaminated site. As a practical matter, 
parties find that the stakes are often so high as t o induce them to 
choose litigation first instead of going directly t o cleanup. In addition 
to these issues, there is also the problem that CER CLA, being of national 
scale, is devoted to the cleanup of the worst sites . Many more sites -- 
the "brownfields" -- do not rise to the level of in clusion on the 
National Priorities List. The cleanup of these site s remains within the 
primary province of the states. 
A number of states are increasingly recognizing the  benefits to be gained 
from the cleanup of brownfields and putting these i dle properties into 
productive use. One such state is Pennsylvania. Wit h the adoption last 
summer of progressive legislation for brownfields r emediation, 
Pennsylvania is now on the forefront of this enviro nmental issue. 
Pennsylvania's land recycling program, as it is cal led, provides 
solutions to two of the problems that have hindered  the effectiveness of 
CERCLA. First, Pennsylvania's program deals with th e issue of "how-clean-
is-clean?" by defining clean as remediation that me ets any of three 
cleanup standards categories -- background, site-sp ecific or state-wide 
health-based -- and it allows the choice of standar d and level of cleanup 
to be determined by the proposed end use for the pr operty. Second, 
Pennsylvania's program absolves parties who cleanup  according to the 
program guidelines from further liability 
Pennsylvania's handling of the "how-clean-is-clean? " and the liability 
issues promises to be a great stimulus to brownfiel ds remediation in the 
Commonwealth and can also provide a model for brown fields remediation 
programs in other states and for amending CERCLA as  well. 
INTRODUCTION 
Pennsylvania's Act 2 takes a common-sense approach to brownfield 
remediation. The approach addresses two of the majo r disincentives that 
had existed under Pennsylvania's previous land reme diation policies and 
which also have created problems and delays for cle anups under the 
Comprehensive Environmental Response, Compensation and Liability Act 
("CERCLA"). These two disincentives are: 1) the req uirements and policies 
that would return the land to pristine condition re gardless of the end 
use and 2) potentially never-ending liability for r esponsible parties. 
Pennsylvania's program -- informally called the lan d recycling program -- 
purports to solve these two problems. Act 2 provide s for standards that 



by law are protective of human health and the envir onment and which also 
allow for the consideration of future uses to which  the land would be 
put. The Act provides owners or developers with cle anup standards based 
upon risk and end use. In addition, Act 2 provides for an end to further 
environmental liability when the remediation conduc ted by the parties 
attains the agreed-to cleanup standards and is cert ified by the 
Pennsylvania Department of Environmental Protection  ("DEP"). 
The full program is actually authorized in three st atutes. Act 2 is the 
land recycling program; Act 3 releases lenders from  liability; and Act 4 
provides funding. 
PENNSYLVANIA'S APPROACH TO BROWNFIELD REMEDIATION 
Pennsylvania's approach to recycling brownfields in to productive use has 
four main and several additional elements. The main  elements are: 
  uniform cleanup standards based on health and env ironmental risk 
  standardized administrative review procedures so that proposals 
submitted can be better prepared and reviewed and m ore readily approved 
  releases from liability when the cleanup standard s are met, and 
  financial assistance. 
Among the additional elements of the program are tw o that are designed to 
further expedite cleanups. 
  elimination of the requirements for state and loc al permits for 
remediation activities undertaken pursuant to Act 2 , and 
  provisions for cleanups in "Special Industrial Ar eas" that limit the 
cleanup requirements to performing a baseline envir onmental assessment 
and remediating only direct and imminent threats. 
Uniform Cleanup Standards Act 2 establishes three t ypes of cleanup 
standards that, when achieved, will allow responsib le parties to obtain 
the release from liability. These are: 
  background 
  state-wide health-based, or 
  site-specific standards based on environmental an d human health risks. 
Act 2 became effective in Pennsylvania on July 18, 1995. With Act 2's 
effectiveness, both the opportunity to select the c leanup standards for a 
contaminated site and a mechanism for absolving the  parties from future 
liability came into existence. The standards availa ble for a site fall 
into three categories: 1) background, 2) state-wide  health-based, or 3) 
site-specific. The background and the site-specific  options became 
immediately available on the effective date of the Act. The existing 
state-wide standards in effect for soil (developed under the predecessor 
Hazardous Sites Cleanup Act) and groundwater (devel oped under the Clear 
Streams Law) also became available under Act 2 on a n interim basis. The 
Act, however, directs the Pennsylvania Department o f Environmental 
Protection ("DEP") with assistance from the Cleanup  Standards Science 
Advisory Board ("CSSAB" or "Board") to propose a se t of permanent state-
wide health-based standards by July 18, 1996, and t o adopt the permanent 
standards by July 18, 1997. Thus, the final, perman ent state-wide health-
based standards are being developed by regulation o ver a two-year 
timeframe. The key to the program in Pennsylvania i s that a demonstration 
by the parties that a site has been remediated acco rding to the pre-
selected standard and a certification from the PA D EP will entitle the 
parties to a release from future liability for the site. 
Anyone who wishes or is required to clean up a site  and wants to obtain 
the liability protection must select and obtain com pliance with any one 



or combination of the background, state-wide health -based, or site-
specific standards. 
Background. The definition of "background" under Ac t 2 is the 
"concentration of a contaminant that is present at the site but is not 
related to any release of contaminant at the site."  Thus, a developer who 
elects to clean up a site to background must docume nt that the 
concentration of any contaminants remaining after t he cleanup are not 
related to any releases of contaminants at the site . Act 2 therefore 
accommodates the situation where contamination coul d be present because 
it has been released from an off-site location. Any one who chooses to use 
the background standard must meet background for ea ch contaminant in each 
environmental medium. As mentioned, however, a pers on could choose to use 
the background standard for one contaminant in a me dium and could also 
select either the state-wide health-based or the si te-specific standard 
for other contaminants. 
Site-specific. Anyone who chooses to use the site-s pecific standards can 
develop a cleanup level for the specific site based  upon the 
contaminants, exposures and conditions unique to th e site. Under Act 2 
for the site-specific standards, certain guidelines  must be followed 
depending on the type of contaminant and the medium  involved. For 
example, for carcinogens, the cleanup level for soi l and groundwater are 
to be established at levels that represent an exces s cancer risk between 
one-in-ten-thousand and one-in-one-million. For tox ic chemicals other 
than carcinogens, the cleanup level must be such as  to prevent 
deleterious effects to the exposed population. 
State-wide Health-based. Anyone who chooses to use the state-wide health-
based standards can depend, during the interim peri od (until the 
permanent state-wide health-based standards are ado pted), on the existing 
groundwater and soil standards. The permanent state -wide regulations 
under development by the CSSAB and DEP will provide  a list of cleanup 
levels for various contaminants. These "medium-spec ific concentrations" 
("MSCs") are the concentrations of contaminants ass ociated with a 
specific environmental medium for potential risk ex posures. Different 
exposure potentials such as residential or industri al settings will be 
reflected in different cleanup concentrations provi ding for equivalent 
levels of human health protection. 
Thus, what the final state-wide health-based standa rds will do is round 
out the statutory requirements for the establishmen t of three categories 
of standards governing brownfield remediation in Pe nnsylvania. The 
availability of state-wide health standards, togeth er with the 
opportunity to use background concentrations, site- specific standards 
based on risk, or a combination of standards, assur es optimum flexibility 
on the part of brownfield site developers for obtai ning the release from 
liability that is the impetus for this program. 
Standardized Review Procedures 
Legislators in Pennsylvania recognized the benefits  to be gained from 
uniform submission and review procedures and incorp orated uniform 
processes in Act 2. This uniformity makes it easier  for site developers 
or their consultants to prepare submissions and to follow the steps 
necessary to remediate a site so as to obtain the l iability protection. 
It also provides predictable opportunities for the public, local 
governments and others to participate in the remedi ation process. 
While there is some variation in the review procedu res depending upon the 
category of cleanup standards, the basic procedures  for each of the 



categories is uniform. The step that begins the pro cess is the same for 
each type of standard -- filing a Notice of Intent to Remediate ("NIR") 
with the Department of Environmental Protection. Th us, the NIR must be 
sent to the PA DEP regardless of whether the develo per is proposing 
cleanup to background, state-wide health-based, a s ite-specific standard 
or any combination thereof. Upon receipt of the NIR , the PA DEP will 
publish an acknowledgment in the Pennsylvania Bulle tin. 
The developer must also send a copy of the NIR to t he municipality where 
the site is located and a summary must be published  in a local newspaper. 
The next step in the process is where the procedure s differ depending on 
the standard selected. Except for the site-specific  standard, there is no 
provision in Act 2 that requires DEP's prior approv al for a remediation 
plan. However, prudent developers who have selected  background or state-
wide health standards will obtain DEP's concurrence  before beginning the 
actual remediation since DEP's certification at the  end of the process is 
required for the parties to obtain the liability pr otection. 
For remediation designs based on site-specific stan dards, the developer 
must prepare and submit site assessment and remedia tion proposal 
documents which are subject to public input and DEP  approval. These 
documents must be sent to the municipality and noti ce of availability 
must be published in a local newspaper and in the P ennsylvania Bulletin. 
The additional steps begin with a thirty-day public  comment period which 
also gives the municipality the opportunity to be i nvolved in the 
development of the remediation and reuse plans for the site. Moreover, if 
the municipality requests a public involvement plan , the parties must 
develop and implement such a public involvement pro gram. The requirement 
for a public involvement program carries with it ad ditional obligations. 
That is, each time a remedial investigation report,  risk assessment 
report, cleanup plan or final report is prepared, n otice of its 
submission to DEP must be provided to the municipal ity, a notice 
summarizing its findings and recommendations must b e published in a local 
newspaper, and the reports must also include the co mments submitted by 
the municipality or the public and the developer's responses to those 
comments. 
As described above, the Notice of Submission of the  Final Report must be 
sent to the municipality, published in a local news paper and published in 
the Pennsylvania Bulletin. Finally, where the backg round or statewide 
health-based standards are used, the PA DEP has six ty days to review the 
final report and either approve the report or respo nd with a letter of 
deficiency. If a site-specific standard is involved , the PA DEP has an 
additional thirty days -- for a total of ninety day s -- to act. 
These uniform procedures are designed to add to the  administrative 
aspects of the program a degree of certainty that i s intended to expedite 
review and approval and complement the certainty on  the technical side 
that comes from having uniformity in the technical standards. 
Limitation or Release of Liability 
The key provision in Pennsylvania's land recycling laws is the 
opportunity for owners and developers to obtain a r elease from future 
liability. When the DEP approves the final report, i.e., determines that 
the site has been remediated according to the stand ards and the 
procedures in Act 2, the release from liability tak es effect. A companion 
law, Act 3, extends the liability protection to pro ject financiers and 
fiduciaries. 



The requirement for final certification by DEP that  a site meets the 
standard depends on the cleanup standard(s) chosen and carries with it 
certain restrictions. For all of the standards, att ainment must be 
demonstrated by the collection and analysis of repr esentative samples for 
the environmental media of concern viz., soils and groundwater. Moreover, 
the vehicle for obtaining the release from liabilit y, common for all 
standards, is the final report as described above. There are important 
differences, however, and these are as follows. Whe n background is the 
cleanup standard, institutional controls, such as f encing or land use 
restrictions, may not be used and a deed notice is not necessary. When a 
state-wide health-based standard is the chosen stan dard, institutional 
controls may not be used and whether deed notice is  required depends upon 
the projected end use of the site -- deed notice is  not necessary for 
sites meeting the residential health standards but is required where non-
residential health standards (exposure factors) wer e used to comply. 
Finally, when the site-specific standard is used, d eed notice is required 
and this notice must indicate whether residential o r non-residential 
exposure assumptions were used in developing the si te-specific cleanup 
standards. 
Financial Assistance 
The program has two avenues for financial assistanc e. These are funds 
established under Act 2 and Act 4 and administered by the Pennsylvania 
Department of Commerce. 
Act 2 establishes the Industrial Sites Cleanup Fund . This fund is 
available to help innocent persons conduct voluntar y cleanups. Through 
the fund, grants or low-interest loans are availabl e for 75 percent of 
the cost of completing an environmental study and i mplementing a cleanup 
plan. Act 4 provides a funding mechanism through th e creation of the 
Industrial Sites Environmental Assessment Fund. 
Additional Program Elements 
Among the additional components that enhance the wo rkability of the 
program are the provisions that state and local per mits are not required 
for remediation work under Act 2 and the provisions  for sites in "Special 
Industrial Areas." Special Industrial Areas are eit her orphan sites or 
sites in "Enterprise Zones." For these sites, devel opers need comply only 
with the requirement to remove the imminent threat to obtain the 
liability protection. In other words, they need not  comply with the three 
types of standards. For example, a developer need o nly remove leaking 
drums of hazardous material if these drums constitu te the imminent 
threat. 
ISSUES AND PROGNOSIS FOR OTHER STATES 
The promise of Act 2 is that by providing a mechani sm for parties to 
limit their liability it will provide the necessary  encouragement to 
stimulate a high degree of brownfield remediation i n Pennsylvania. The 
program provides a realistic approach to the remedi ation of sites that 
are too contaminated for further development but no t enough to warrant a 
place on the National Priorities List. 
As with any such statute, Act 2 does not provide an swers to all of the 
implementation questions. Therefore, a number of im portant questions 
remain to be answered in order for the Act to be im plemented 
successfully. These remaining questions not only pr oduce challenges for 
the implementers in Pennsylvania but also serve as an indicator to 
legislators and implementers in other states of the  types of issues with 
which they will likely be confronted. 



Accordingly, this section of the paper is devoted t o a discussion of 
several of the most important implementation issues  that have been 
spawned by Act 2 in Pennsylvania. These issues are broad, if not 
universal, in their application as well as being di fficult to resolve. 
First, however, it is important to present a brief description of the 
implementation of Act 2 in Pennsylvania. 
It was discussed above that a key provision of Act 2 is the establishment 
of three categories of remediation standards -- bac kground, site-specific 
and state-wide health-based. In the implementation phase, use of the 
background standard is a matter of demonstrating wh at background is (not 
necessarily an easy determination) and then demonst rating after 
remediation that the standard has been met on the t arget site. The site-
specific approach, in a similar fashion, requires t he development of an 
individual cleanup standard for the site based on r isk assessment and the 
demonstrating that it has been achieved from the cl eanup. At this 
writing, these two categories of standards are full y available for 
implementation -- in other words, the liability pro tection can now be 
obtained through either one or both of these two ca tegories of standards. 
The full availability of the state-wide health-base d standards, however, 
must await the development and adoption of the perm anent standards by the 
Pennsylvania DEP with the participation of the Clea nup Standards Science 
Advisory Board. As mentioned previously, the Board' s role is to assist 
the DEP in developing the state-wide health standar ds. Moreover, the 
Board's charge is to propose the standards within o ne year and adopt the 
standards within two years of the effective date of  Act 2. 
The current work of the CSSAB is particularly instr uctive because the 
Board is confronted with implementation issues that  are universal in 
their application as well as being timely and diffi cult to resolve. By 
examining the workings of the CSSAB it is possible to gain an 
understanding of implementation issues that are not  unique to 
Pennsylvania's program. How the Board and the DEP r esolve these issues 
can provide very useful information in other venues . Thus, the following 
list of issues has been drawn from the list of majo r issues that has been 
developed by the CSSAB in Pennsylvania. 
These issues were selected for discussion in this p aper because of their 
importance to the successful implementation of Act 2 in Pennsylvania as 
well as their potential for broad-based application  to other states' 
programs. The issues are: 
1. What is a carcinogen? 
2. Does a paucity of toxicological data for a parti cular contaminant 
absolve the regulators from the requirement to esta blish a standard. 
3. Does the statute require and, if it does, how ca n ecological risk be 
incorporated into the development of remediation st andards? 
4. What is an aquifer? 
5. How does a party demonstrate attainment of a num erical standard? 
Taken in the numbered order, these issues are discu ssed below. 
What is a Carcinogen? 
Act 2 in Pennsylvania defines a carcinogen as a "ch emical, biological or 
physical agent defined by the Environmental Protect ion Agency as a human 
carcinogen." The problem is that this reference to "human carcinogen" 
does not make it clear whether Act 2 is referring o nly to the U.S. EPA's 
Class A human carcinogens or to the suspected and p ossible human 
carcinogens in Classes B and C. This issue is not m ere semantics; it has 
added significance because it is related to the sec ond issue. 



While it seems likely that the Pennsylvania legisla ture meant to include 
all of the chemicals in EPA's Classes A, B and C, t his is not clear. 
Consequently, a reasonable interpretation of the de finition in Act 2 
would indicate that "human carcinogen" pursuant to Act 2 means the known 
carcinogens. To date, much discussion among the mem bers of the CSSAB has 
been devoted to this issue. 
It is clear that other states confronting this issu e need to provide for 
the clarity that is lacking in Act 2 in Pennsylvani a for the definition 
of human carcinogen. 
What is the Effect of a Lack of Toxicological Data for a Contaminant? 
For many chemical contaminants there is a lack of t oxicological data. 
This is a serious problem for the implementers who are charged with 
developing the state-wide health standards. Simply stated, the issue is 
that the lack of a standard for any particular chem ical contaminant means 
that there would be no mechanism for that contamina nt in Pennsylvania by 
which a party can obtain the release from liability  that is key to the 
effectiveness of the program. Having no mechanism f or a full limitation 
of liability is clearly not in keeping with the spi rit of the Act. 
The lack of toxicological data for chemical contami nants is a universal 
problem. In Pennsylvania, the problem is intensifie d because of the way 
that Pennsylvania has established the mechanism for  obtaining the release 
from liability. Any other state that would take a s imilar approach would 
be confronted with the same problem. 
Does the Requirement to Incorporate Risk Include Ec ological Risk? 
As discussed above, Pennsylvania's approach to esta blishing the state-
wide health-based standards is through an advisory board charged with 
providing assistance to the DEP. The essential guid eline in Act 2 for 
developing the state-wide standards is to determine  "the appropriate risk 
factors as needed to implement the provisions of [t he] Act." 
Thus, an issue that rises immediately to the fore i s whether "appropriate 
risk factors" includes ecological risk. One of the policy declarations of 
Act 2 states that "cleanup plans should be based on  the actual risk that 
contamination on the site may pose to public health  and the environment." 
It should be clear to other states from Pennsylvani a's experience that 
they may want to assure that their legislation clar ify the ecological 
risk component. Moreover, if ecological risk is to be included in the 
development of the state-wide standards, the next i ssue is how to do it. 
Groundwater Versus Groundwater-in-Aquifers 
While this issue arises as a consequence of the wor ding of Pennsylvania's 
statutory definition of aquifer, it is not an issue  of mere semantics.The 
legislative history of Act 2 clearly contemplates, as well as remediation 
of groundwater in aquifers, the remediation of cont aminated shallow 
groundwater -- that is, groundwater that is by defi nition not in 
aquifers. Act 2 defines "groundwater" as "water bel ow the land surface in 
a zone of saturation." On the other hand, the Act d efines "aquifer" as a 
"geologic formation, group of formations or part of  a formation capable 
of a sustainable yield of significant amount of wat er to a well or 
spring." 
A major problem arises because of the way the statu te requires the 
consideration of the inhalation factor in the estab lishment of state-wide 
remediation standards for "groundwater". For ground water -- that is, 
groundwater not in an aquifer -- the development of  an exposure factor 
that accommodates exposure through inhalation would  incorporate 
inhalation factors much longer in duration than tho se for contaminated 



groundwater in aquifers. The reason is that exposur e through inhalation 
of vapors from aquifer waters would be expected to occur when the water 
is actually being used -- drinking, showering, cook ing, etc. -- while 
exposure to inhalation from groundwater-not-in-aqui fers can be expected 
to occur any time. The likely anomalous result is t hat the state-wide 
standard for groundwater-not-in-aquifers could be m ore stringent than the 
standard for water in aquifers. 
One possible solution to this problem, discussed by  the CSSAB, is to 
develop dual standards for each contaminant in grou ndwater -- one for 
groundwater-not-in-aquifers and a separate standard  for groundwater in 
aquifers. The prospect of the Board's having to dev elop dual standards, 
particularly within the one-year time period allowe d by Act 2, is 
daunting. It is clear, however, that this is a prob lem that other states 
would want to avoid. 
How Should Attainment of a Numerical Standard be De monstrated? 
This issue is universal. In Pennsylvania, Act 2 pro vides that attainment 
(regardless of the standard) "shall be demonstrated  ... through the 
application of statistical tests ..." 
The problem confronting the CSSAB is that while its  charge is to develop 
statistical tests only for the state-wide health-ba sed standards, its 
work is actually the vanguard for demonstrating com pliance with any of 
the other standards pursuant to Act 2. Whatever sta tistical methods the 
Board develops, they must be consistent with accept ed statistical 
methods. In addition, it is to be expected that the  Board's work will be 
applied across-the-board to demonstrate compliance.  
As of this writing, the CSSAB has identified a rang e of options for an 
overall approach to specifying statistical demonstr ation methods. This 
range is from complete reliance on available guidan ce to developing very 
prescriptive statistical demonstration methods. Als o as of this writing, 
the CSSAB has opted for a middle-of-the-road approa ch that involves a 
combination of developing anew a statistical model for the use of those 
who want to use it and also adopting existing guide lines developed to 
implement the predecessor to Act 2, the Hazardous S ites Cleanup Act. 
IMPLICATIONS FOR THE REAUTHORIZATION OF CERCLA 
The anticipated economic and environmental benefits  from programs that 
encourage brownfield remediation are clear. A key q uestion is whether the 
approach to brownfields remediation in Pennsylvania  or any other state 
can have implications for the reauthorization of CE RCLA. While CERCLA was 
up for reauthorization in 1994, the U.S. Congress w as unsuccessful in 
reaching agreement to amend those aspects of CERCLA  that have been widely 
criticized -- the provisions for joint and several liability, the 
provisions for retroactive liability, and the lack of a mechanism to tie 
the level of remediation to the end use of the prop erty. The land 
recycling program as enacted in Pennsylvania and si milar programs enacted 
and being considered in other states can provide va luable information for 
Congress to deliberate. Of course, the key provisio ns that promise to 
make Pennsylvania's experience a success are the op portunity for the 
parties to absolve themselves from liability and th e mechanisms -- i.e., 
the three sets of standards -- established for doin g so. Whether Congress 
is ready to adopt such radical changes to CERCLA re mains to be seen. 
SUMMARY AND CONCLUSION 
In Pennsylvania, Governor Tom Ridge and his adminis tration have 
enthusiastically backed Act 2 and have placed a con siderable amount of 
stock in the implementation of the program. The CSS AB, a board of 



thirteen members, has been aggressive in trying to meet its July 1996 
deadline for producing the proposed state-wide heal th-based standards. By 
these measures, the program promises to be successf ul. 
In reality, the success of the program will also de pend upon the work of 
many sectors -- developers, municipalities, lenders , regulators and the 
public. Perhaps the most important factor for the e ffective 
implementation of the program is that each of these  sectors has a vested 
interest in its success. Everyone stands to gain fr om a successful 
program. Moreover, as the program results in the cl eanup of contaminated 
sites across Pennsylvania, both the economic sector  and the environment 
stand to benefit. Thus, it can truly be said that P ennsylvania's land 
recycling program promises a win-win situation for the Commonwealth. 
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ABSTRACT 
There are no nuclear power plants in Norway, only t wo research reactors. 
The Institute for Energy Technology (IFE) is operat ing these reactors. 
One is in Kjeller, 25 km east of Oslo, the other is  in Halden, 110 km 
south-east of Oslo. IFE is responsible for all wast e management actions 
in Norway and operates a waste conditioning facilit y at the Kjeller site, 
where all the conditioned waste is stored. Almost a ll conditioned waste 
in Norway is packed in 210 l steel drums. 
The process to select a site for the disposal of lo w and intermediate 
level waste in Norway has been under way since 1989 , when a committee was 
appointed for this purpose by a royal decree. The c ommittee focused 
principally on disposal in existing abandoned mines  and railway tunnels, 
and in March 1991 recommended that the abandoned Ki llingdal mine, in mid-
Norway, should be used for disposal. A second alter native was to 
construct a new facility close to the waste conditi oning facility which 
is located in Kjeller, outside Oslo. 
In 1992, The Directorate of Public Construction and  Property (Statsbygg) 
prepared its impact assessment for a repository for  Norway's low and 
intermediate level waste in accordance with the Pla nning and Building 
Act. Three sites, the Killingdal mine together with  Kukollen and 
Himdalen, both located close to the Kjeller area, w ere evaluated. The 
steering committee recommended Himdalen as the pref erred site. The 
decision was made by Parliament in April 1994 that a combined storage and 
disposal facility should be built in Himdalen. 
It is planned to build the facility in a hard rock formation about 50 m 
below the surface. The facility will be accessible through a slightly 
declining tunnel. Some plutonium bearing waste will  be stored in a 
separate room in the facility. Before the year 2030 , based on the 
knowledge and experience gained during the operatio nal phase, a decision 
will be made whether the storage facility should be  transformed into a 
repository or the plutonium bearing waste should be  retrieved.  
The operation is planned to start in 1996/97 and cl osure is foreseen for 
the year 2030. 
INTRODUCTION 



After the merging of the National Institute of Radi ation Hygiene and the 
Norwegian Nuclear Energy Safety Authority in April 1993, the Norwegian 
Radiation Protection Authority (NRPA) was formed as  regulatory body in 
Norway for both radiation protection and nuclear sa fety. NRPA is divided 
into four departments, Nuclear Safety Department, E nvironmental 
Protection Department, Health Physics Department an d Radiation Medicine 
Department. The Nuclear Safety Department is, among  other things, 
responsible for the supervision concerning the safe ty and the radiation 
protection at the Norwegian research reactors, incl uding the waste 
management and transportation of nuclear material.  
In 1989, a committee was appointed by the governmen t to investigate 
possible solutions for final disposal of all the No rwegian LLW and ILW 
(1). 
In 1992, an Impact assessment was performed includi ng three possible 
sites, with a recommendation for one of them. This was an engineered rock 
cavity facility, 25 km from the Kjeller waste condi tioning plant (2). 
During the Parliamentary committee work it was deci ded that it should be 
a combined storage and disposal facility, with stor age of the plutonium 
bearing waste and disposal of the short lived waste .  
THE NORWEGIAN NUCLEAR PROGRAM AND THE ORIGIN OF THE NORWEGIAN RADIOACTIVE 
WASTE  
Norway does not have nuclear power plants, although  there are two 
research reactors. 
The Institute for Energy Technology (IFE) operates these two reactors 
located in Halden, 110 km south-east of Oslo and in  Kjeller, 25 km east 
of Oslo. Figure 1 shows the sites on a map of south ern Norway. IFE is an 
industrial foundation funded from the national budg et and from commercial 
research programs. The main data of the two reactor s are: 
1. Halden Boiling Heavy Water Reactor (HBWR): 
 Max. Thermal output: 20 MW 
Coolant: Heavy water 
Moderator: Heavy water 
Fuel: Enriched uranium dioxide 
Cladding: Zirconium 
Test fuel: Both uranium dioxide and MOX fuel is 
  used 
Started: 1959 
Main research areas at the Halden reactor are react or safety, 
technological research and development. Fuel testin g and research on man-
machine interactions are two important tasks.  
The waste is mainly ion exchange resins. Tested fue l elements are 
returned to their owners. 
2. JEEP II, at Kjeller: 
 Max. Thermal output: 2 MW 
Coolant: Heavy water 
Moderator: Heavy water 
Fuel: Slightly enriched uranium dioxide 
Cladding: Aluminum 
Started: 1967 
JEEP II is used to produce pharmaceutical products and irradiation 
services for medicine, industry and research. Neutr on beams from the 
reactor are used to study the fundamental physical characteristics of 
solids and liquids. 
Fig. 1 



The origin of the Norwegian waste is summarized bel ow:  
  Laboratory scale fuel reprocessing plant (operati on 1961 - 1968) 
liquid fission products and decommissioning waste 
  Examinations of irradiated fuel in the metallurgi cal laboratory II 
cutting and grinding waste  
  Halden reactor 
ion exchange resin 
  Isotope (pharmaceutical) production 
all kinds of laboratory waste 
  Research 
waste from IFE and other research institutions 
  Medicine 
tracer examinations 
  Industry 
solid sources from industrial applications 
  Scale deposits on production equipment from offsh ore industry in the 
North sea,  
low specific natural activity. 
  Exit signs and ionic smoke detectors 
  Decommissioning  
when the two research reactors are going to be clos ed down, this work 
will result in various types of LLW and ILW. 
WASTE AMOUNT AND RADIOACTIVITY CONTENT  
The low and intermediate level waste in Norway is p resently conditioned 
and stored at IFE, Kjeller. Most of the waste is pa cked in 210 l steel 
drums, but also 800 l boxes are in use. An equivale nt of about 2000 drums 
is in store.  
In 1970 it was decided to bury the waste drums (210  l) that had been 
generated in Norway until then at the Kjeller site.  1013 drums and some 
other large waste components were disposed of in a 4 m deep trench, 
stacked in two layers and overfilled with 2 m of cl ay. There are no 
engineered barriers. About 230 of these drums conta ins solidified liquid 
waste from the laboratory scale fuel reprocessing p lant at Kjeller. The 
liquid was mixed with concrete and placed into the steel drums with an 
inner coat of polyethylene (3). This waste will be retrieved, 
reconditioned and transferred to the new storage an d disposal facility 
when it is available. 
Between 50 and 100 drums are produced each year. Ab out 80 per cent of the 
waste volume originates from the activities connect ed to the research 
reactor program, while industry and medicine produc e about 10 per cent 
each. 
Up to the year 2030 it is estimated that an equival ent of about 10 000 
drums of low and intermediate level waste with a to tal activity of 
approximately 200 TBq including about 50 g of pluto nium will have been 
generated.  
SITING AND LICENSING PROCEDURE FOR A REPOSITORY 
The siting process for a repository started in 1989  when a committee was 
appointed by the government. This committee prepare d a report that 
described the waste and discussed safety criteria a nd principles for the 
disposal of all the LLW and ILW in Norway (1).  
In its search for possible solutions for the dispos al of Norwegian waste, 
the committee assessed existing rock cavities (mine s, road tunnels, 
railway tunnels a.s.o.). The construction of a new installation specially 
designed for the purpose of disposal was also consi dered. The main 



conclusion was to construct a repository in the aba ndoned mines at 
Killingdal near Rros, 430 km from Kjeller, as the p rimary solution. 
Secondary, the committee recommended a further inve stigation of the 
possibility to establish an engineered rock cavity repository near 
Kjeller. 
Based on this document a more detailed siting proce dure was started in an 
area within a distance of 25 km from the waste cond itioning facility at 
Kjeller. A systematic site screening process was ca rried out, in which 52 
possible locations were identified and then reduced  to 13 technically 
comparable sites. Further meetings with municipals and local authorities 
to discuss future land use plans and potential envi ronmental impacts, 
reduced the alternatives to two sites (Kukollen, Hi mdalen) (4). An impact 
assessment was performed for these two sites and th e closed Killingdal 
mine covering aspects such as area planning, indust ry, natural resources, 
historical sites, recreational areas and wildlife ( 2). A number of public 
meetings were held in potentially affected municipa lities, and an 
official hearing was conducted. 
After this procedure one of the sites, Himdalen, wa s recommended to the 
Government. The Government sent the recommendation to the Parliament 
where it was treated by the Energy and Environmenta l committee. The 
committee forwarded an adjusted proposal to the Par liament, in which the 
plutonium bearing waste, was suggested to be stored  instead of being 
disposed of. It would then be possible to monitor a nd, if necessary, 
remove or recondition it at a later date. All short  lived waste was to be 
disposed of. On 28 April 1994 the Parliament decide d that the facility 
should be a combined storage and disposal facility and that the 
investigations at the Himdalen site should continue .  
The builder and owner of the facility is the Direct orate of Public 
Building and Property (Statsbygg). They build and o wn most of the public 
buildings in Norway. Statsbygg has to apply for a b uilding license, make 
a detailed description of the building together wit h a safety report. 
According to the Atomic Energy Act, the Norwegian R adiation Protection 
Authority (NRPA) will review the safety report and provide advice to the 
Government on whether to give a license to start bu ilding of the combined 
storage and disposal facility. 
IFE will be the operator of the facility. They will  have to make a safety 
report for the operation and apply for an operating  license. The 
Government will issue the license to the operator b ased on 
recommendations from the NRPA.  
IAEA-WATRP REVIEW 
NRPA requested an international peer review through  the IAEA Waste 
Management Assessment and Technical Review Program (WATRP). The scope of 
the WATRP review is; the approach to the selection of site, the technical 
concept (combined storage/repository in a rock cave rn), the long term 
safety. The members of the review team are from Swi tzerland (chairman), 
Canada, France, Germany and USA. The report of the WATRP review team was 
published in December 1995 (5). The main conclusion s are that based on 
the existing information the team believes that the  Himdalen site, in 
combination with the engineering concept, can be su itable for the storage 
and disposal of the relatively small amount of Norw egian LLW and ILW. 
Comments from this review will be taken into accoun t when Statsbygg is 
finalizing the design and in the safety report. Com ments will also be 
taken into account when the license application is treated.  
DESCRIPTION OF THE COMBINED STORAGE AND DISPOSAL FACILITY 



The combined storage and disposal facility will be built into a hillside 
in crystalline bedrock. The rock formation on the H imdalen site is 
Precambrian Mylonitised Gneiss.  
The facility will have 4 caverns for the waste pack ages and one slightly 
declining 150 m long access tunnel for vehicles and  persons. A service 
and control room, with certain crevice functions fo r the personnel, will 
be built along the tunnel and there will be a visit ors room inside the 
facility. The layout is shown in Fig. 2. The rock c averns will be 
excavated with at least 50 meters of rock covering.  The geological 
covering is for protection against intruders, plane  crashes etc. and it 
is not intended to be taken into account as a barri er in the long term 
safety calculations.  
Fig. 2 
In the storage and disposal caverns, a granular bas e will first be 
installed as an underdrain for the facility, and a concrete floor will 
then be constructed on top of the granular base. Ga ps will be left 
between the concrete floor and the walls of the cav erns to allow ground 
water inflows to enter the underdrain.  
Walls will be constructed on top of the concrete fl oor and the short 
lived waste packages will be stacked in 4 layers wi thin the walls. At 
various stages the voids will be filled with concre te to create a solid 
sarcophagus incorporating the concrete floor and wa lls. The roof of the 
sarcophagus will be shaped to shed infiltrating gro und water and a 
waterproof membrane will be fixed to the concrete r oof. Void spaces will 
be left between the sarcophagus and the cavern wall s and ceiling. This 
would create a hydraulic cage around the sarcophagu s. Infiltrating ground 
water would tend to flow around the sarcophagus rat her then through it. A 
similar construction is planned to be created for t he plutonium bearing 
waste if it is decided in the year 2030 not to retr ieve it. 
There will be two separate drainage systems. a) All  water entering the 
cavern shall be drained into a tank. This will be a nalyzed for 
radionuclides before it is released. b) One system of separate channels 
will be built under each cavern. This drainage syst em should always be 
dry. If water is detected here it has been in conta ct with the waste. It 
should then be possible to repair the damage, at le ast during operation.  
The facility will be designed taking seismic activi ty in the area into 
account (6). 
Operation is planned to start in late 1996, the ope rational period is 
expected to last until the year 2030, this would ta ke care of all 
Norwegian low and intermediate level waste, includi ng decommissioning of 
the research reactors and laboratories at IFE. 
Based on the experience during the operational peri od and safety reports 
for the closure, it will be decided whether to retr ieve or dispose of the 
waste in the storage part by encasing it with concr ete. During operation 
it is not intended to retrieve any of the waste tha t has been placed into 
the storage facility.  
The facility will be closed by backfilling the disp osal caverns in such a 
way as to permit functioning of the drainage for a very long time because 
it is anticipated that the caverns will be maintain ed in a drained 
condition after closure of the repository. After cl osure there will be an 
institutional control period of 300 -500 years with  restrictions on land 
use and monitoring the discharges. Inspections or m aintenance activities 
inside the underground excavations are not planned.  Remedial actions 



would be possible, if such actions appear to be nec essary on the basis of 
the radionuclide content in the drainage waters.  
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ABSTRACT 
Over the course of the 16 year period following the  accident at THREE 
MILE ISLAND - UNIT-2, much has been learned and vol umes have been written 
regarding the cause and massive cleanup activities of the incident. 
Because of these "Lessons Learned", important chang es have been made and 
the U.S. commercial nuclear industry is safer and m ore reliable as a 
result.  
It is important to recognize that two major sources  of information 
emerged from this event. First and foremost were th e important safety 
issues that require immediate answers and the addit ion of the 
modifications to plants that these answers generate d. Second and of 
considerable significance to the U.S. Department of  Energy (U.S. DOE) in 
today's post-cold war environment are the frequentl y hard-won lessons 
involved with the recovery, clean-up, and defueling  of TMI-2 and it's 
unprecedented transition into long-term, monitored storage. 
While the production of nuclear weapons and the use  of nuclear energy to 
produce electricity involve very different applicat ions of nuclear 
technology, a comparison of the TMI-2 Recovery Proj ect with the present 
DOE Weapons Complex activities identifies several s trikingly similar 
challenges. 
The cleanup of Three Mile Island, Unit-2 has been t he most arduous and 
expensive program ever conducted by the U.S. commer cial nuclear industry. 
Similarly, the defense weapons complex cleanup has been characterized as 
and is the most arduous program conducted by the DO E. 
Perhaps the single most vexing area of similarity b etween the two 
projects is that, there was no one to turn to who f aced a similar problem 



set of such scope and magnitude. All ground was new  ground. It is 
understood that the magnitude of the DOE situation is far greater then 
TMI-2 but the approach methodologies, programs and some of the 
resolutions can be directly applied to DOE activiti es. GPU Nuclear 
successfully managed the TMI-2 recovery program, is  currently 
decommissioning its Saxton facility and is the succ essful operator of 
both a Pressurized Water Reactor (PWR) and a Boilin g Water Reactor (BWR) 
commercial nuclear generating facilities. GPU Nucle ar has maintained the 
capability to provide a complete computer based mon itoring systems and 
simplify necessary systems to enhance safety for a long term storage 
configuration. This includes capability to evaluate  the risks posed by 
the facility to workers and the public, while great ly reducing facility 
maintenance costs. 
This GPUN experience is directly applicable to the massive DOE challenge 
for which long-term storage and monitoring of its f acilities could be a 
cost effective alternative to costly decommissionin g programs.  
U.S. DOE/TMI-2 HISTORICAL PARALLELS 
When reviewing the lessons learned from the TMI-2 R ecovery Program, it is 
interesting to note the historical parallels which serve as a "common 
denominator" between the TMI-2 recovery and the DOE  complex cleanup. 
The U.S. DOE had a mission to produce nuclear weapo ns for the defense of 
the Nation and the Free World. The "Cold War" ended , the world changed 
and the mission was shifted from weapons production  to facility 
stabilization and cleanup. 
Three Mile Island, Unit-2 had a mission to generate  electricity. The 
"Accident" occurred, the world changed and the miss ion was shifted from 
electricity production to facility stabilization an d cleanup. 
Both the U.S. DOE and TMI-2 were organized to effic iently fulfill the 
obligations of their respective missions. Virtually  overnight, the 
missions of both organizations dramatically changed . With this shift came 
unique requirements and challenges which placed hea vy demands on the 
existing organizational structures. Immediate requi rements to stabilize 
facilities, protect worker and public health, devel op new program plans 
and methods and do it with an immediate culture cha nge have been thrust 
on both organizations. 
The regulatory environment which governed the norma l missions of U.S. DOE 
and TMI-2 was, in many cases, not well defined duri ng unique time. This 
created a burdensome process of fitting existing ru les and requirements 
into the context of the new mission objectives. In many cases it also 
meant the implementation of new regulations or rule s. These were not only 
hard to learn and interpret but, in some cases, see mingly impossible to 
implement and still accomplish work. 
SHARED CHALLENGES 
While the production of nuclear weapons and the use  of nuclear energy to 
produce electricity involve very different applicat ions of nuclear 
technology, a comparison of the TMI-2 Recovery Proj ect with the present 
DOE Weapons Complex activities identifies several s trikingly similar 
challenges. 
The cleanup of Three Mile Island, Unit-2 has been t he most arduous and 
expensive program ever conducted by the U.S. commer cial nuclear industry. 
Similarly, the defense weapons complex cleanup has been characterized as 
and is the most arduous program conducted by the DO E. 
Perhaps the single most vexing area of similarity b etween the two 
projects is that there was no one to turn to who fa ced a similar problem 



set of such scope and magnitude. All ground was new  ground. It is 
understood that the magnitude of the DOE situation is far greater then 
TMI-2 but the approach methodologies, programs and some of the 
resolutions can be directly applied to DOE activiti es. 
TMI-2 RECOVERY CHALLENGES 
Decontamination and Dose-Reduction 
The accident produced radiation and contamination l evels that were 
unprecedented in the commercial nuclear industry. I n the plant Auxiliary 
and Fuel Handling Buildings, radiation levels range d from 50 to 5000 
millirem per hour, with local "hot spots" up to 125 ,000 millirem per 
hour. Certain areas, such as the reactor coolant bl eed tank rooms, 
contained radiation levels which exceeded 1,000,000  millirem per hour. 
Surface contamination levels, in some plant areas, ranged from 100,000 to 
1,000,000 times greater than today's release limit standards. In every 
case, the Reactor Building radiological conditions were far worse. 
These harsh radiological conditions greatly exacerb ated early plant 
stabilization and recovery operations because opera tor access to many 
plant areas was either extremely limited or denied altogether. 
Due to the uniqueness and severity of the post-acci dent radiological 
conditions, GPUN developed a substantial degree of knowledge and skill 
with regard to large scale decontamination and dose -rate reduction 
activities. The following are highlights of the ess ential elements of 
this process: 
  A highly specialized and sophisticated Radiologic al Field Operations 
and Engineering Department was established in order  to assure the health 
and safety of the work force and the public. This i mportant function was 
essentially re-engineered from the ground up and th e total work force 
exposure of less than 6500 person-rem, over the ent ire 16 year recovery 
period, is a testament to the success of the progra m. 
  The substantial utilization of remote technology was essential. This 
equipment was innovatively adapted to efficiently g ather radiological and 
physical data from inaccessible plant locations, th us providing planners 
with vital information about plant conditions. Addi tionally, remote 
platforms were modified to accomplish the decontami nation of these areas. 
The remote platforms literally saved thousands of p erson-rem. 
  The severe post-accident radiological conditions consisted of both very 
strong radiation fields and very high contamination  levels. Effective 
remediation required the development of specialized  equipment capable of 
"breaking down" the high radiation fields into seve ral contributor 
sources. The more severe radiation levels were elim inated first. This 
type of equipment was particularly useful during sy stem flushing because 
radiation levels could be monitored in real time an d excessive flushing 
operations could be avoided. 
  Decontamination and dose-rate reduction activitie s are not series 
events. They had to be accomplished in a defined pa ttern in order to 
achieve optimum and lasting results. Considerations  such as personnel 
safety, waste form, waste minimization, ventilation  flow patterns, 
occupancy requirements, impact on adjacent areas, f ire prevention, etc., 
played an important role in the planning and execut ion of this type of 
activity.  
  Due to the presence of high surface contamination  levels and widely 
distributed high-energy beta radiation fields, work  force personnel 
conducted their activities in a substantial array o f protective clothing. 
While this clothing provided protection from contam ination and beta 



radiation, it also produced high levels of "Heat St ress" and dramatically 
reduced the amount of time that workers could safel y remain in the work 
areas. To overcome this problem, the project team p ioneered the 
development of an extremely effective and efficient  "Heat Stress Control 
Program". The program and its supporting equipment provided the 
capability to significantly extend worker stay time  and work efficiency 
while reducing heat stress, radwaste and radiation exposures. 
  All work in the TMI-2 Reactor Building involved t he potential to 
interface with very high radiation fields. In order  to accomplish 
efficient work in this environment, a "Command Cent er" system was 
developed. Using this system, the Reactor Building work force personnel 
were constantly monitored via closed-circuit video equipment and two-way 
radio communications. Supervisors, managers, safety  & health specialists 
and radiological control personnel were able to con stantly monitor 
workers and provide instantaneous resolution to que stions and problems. 
This system was extremely effective in monitoring w ork and minimized 
worker exposures to both radiological and industria l safety hazards. 
  The capability to expeditiously and effectively g et personnel into and 
out of, harsh radiological areas was essential. Dur ing the TMI-2 
recovery, GPUN developed and implemented a highly s pecialized work center 
which was responsible for preparing personnel for e ntry into the Reactor 
Building, providing logistical support for entry te ams and assisting in 
personnel egress. This work center, in close cooper ation with the 
"Command Center", significantly enhanced the safety  and efficiency of 
operations. At the same time, it greatly minimized worker contaminations, 
increased organization to contaminated laundry coll ection, radwaste 
collection and controlled the spread of contaminati on and hot particles. 
This method is still in use in other GPUN plants. 
RADIOACTIVE WATER CLEANUP 
The accident initially produced hundreds of thousan ds of gallons of 
contaminated water. The ensuing recovery and decont amination programs 
produced millions of gallons of highly contaminated  water. All this 
created several , large-scale and difficult radioac tive water clean-up 
challenges. The project team developed and implemen ted numerous, highly 
specialized, water processing systems which were su ccessfully utilized to 
safely clean-up and dispose of all radioactive wate r resulting from the 
accident. 
The accident-generated radioactive water varied con siderably depending on 
its source, transportation path, final storage loca tion and dilution 
factors. Reactor coolant samples obtained on the da y of the accident were 
in the milli-curie per milli-liter range. Water in the Auxiliary Building 
sumps and tanks was generally below 100 micro-curie s per milli-liter 
while water from the Reactor Building exceeded that  figure. 
A number of focused radioactive water processing ca mpaigns were conducted 
in order to satisfy recovery program objectives. Th ese campaigns included 
the following: 
  Processing of the Auxiliary Building water invent ory. 
  Processing of the Reactor Building Basement water  inventory. 
  Processing of the highly contaminated Reactor Coo lant water inventory. 
  On-going processing of "Previously Processed" wat er which was 
continually recycled in support of decontamination operations.o On-going 
processing of Reactor Coolant water to maintain wat er clarity during 
defueling operations. Maintaining water clarity for  defueling operations 
became incredibly complex due to very small fuel de bris and the 



proliferation of organic materials which became est ablished in the 
reactor coolant system. Methods of organic control debris removal were 
developed and successfully utilized. 
  Specialized programs were developed for processin g contaminated resins 
and sludge effluents from plant demineralizers and sludge removal 
operations from sumps and tanks. 
  Final processing and evaporization of all acciden t-generated water was 
2.3 million gallons of water from TMI-2. 
  Full and complete training in all aspects of syst em operation were 
developed and implemented. Training was also includ ed in all aspects of 
expected system performance and radiological concer ns. 
RADIOACTIVE WASTE MANAGEMENT 
The TMI-2 accident created enormous quantities of w idely varying 
radioactive waste forms which were well outside the  normal capabilities 
of a commercial nuclear power plant. This waste gen erally resulted from 
water cleanup operations, decontamination and dose reduction activities 
and defueling. As a result of the accident, the pro ject team developed 
substantial expertise involving all aspects of wast e management. GPUN 
found that the following elements were crucial in t he safe and proper 
control and minimization of radwastes: 
  Waste Characterization - Radwaste characteristics  can vary 
substantially even though the waste originates from  the same general area 
or was caused by a similar process. A complete unde rstanding of the 
radiological and chemical constituents, as well as the physical processes 
and regulatory requirements, essential in developin g the simplest 
organized approach. Analysis of huge banks of data was then formatted to 
support efficient processing, packaging, and dispos al procedures and 
methodologies. 
  Process Control Program - The Process Control Pro gram varied from a 
single document to a collection of many documents w hich provide the basic 
procedures for determining cleanup processes, metho dologies, and specific 
end point or acceptance criteria. The Process Contr ol Program was 
essential to the operation of a processing system s o that optimum 
performance is achieved while assuring overall prog ram goals were met. 
Well structured, simple procedures were essential t o support the safe and 
reliable performance of a system and the proper han dling of the resultant 
waste. 
  Training - The best equipment and procedures were  of limited value if 
the workforce did not comprehend their significance  and recognize the 
importance of compliance. Because of the variety of  waste forms resulting 
from the accident, it was imperative that each and every member of the 
team receive a full and complete understanding of t he waste streams 
within the plant and the programmatic and safety si gnificance associated 
with proper handling and control. A series of speci alized training 
programs were developed. To reinforce the importanc e of the training, 
sessions were attended by, and frequently presented  by, senior management 
responsible for the different project teams. 
  Chemical Control - TMI-2 instituted an extensive chemical control 
program in order to prevent cross-contamination of radiological wastes 
with chemical wastes. This was again supported by m eaningful training 
programs. 
  Packaging & Handling Radwaste Containers - The pr oject team developed 
substantial experience in the safe and proper packa ging, handling, 
storage, and shipment of hundreds of highly radioac tive waste containers. 



This also required the requisite knowledge of regul atory requirements and 
the interpretive ability to specify whether lease, purchase or 
construction of containers would meet the regulator y requirements for 
transportation and disposal. 
  Waste Container Radioactivity Content Estimation and Prediction - 
Highly restrictive state and federal transportation  and burial 
regulations dictate strict limitations on radioacti ve material content 
within waste containers destined for disposal. It w as equally important 
that radioactive material loading within process co ntainers be maximized 
to achieve the greatest economy. This apparent dich otomy required the 
ability to accurately predict the amount for radioa ctivity within a 
container during loading operations. The production , shipment, and 
disposal of several hundred containers was successf ully accomplished. 
  Explosive Gas Generation Determination - The ener gy deposition from 
radiation interacting with hydrogenous material can  cause the liberation 
of hydrogen gas. This process can create potentiall y explosive 
concentrations of hydrogen gas within sealed waste containers. Federal 
transportation regulations prohibit the shipment of  this type of 
explosive mixture. Proper processing controls, cont ainer selection, 
handling, preparation for shipment and prediction o f gas concentrations 
were required to mitigate potentially dangerous sit uations. 
  Waste Disposition - Simply put, the TMI-2 goal wa s to find the best 
method for waste removal. Each specific waste type was evaluated and 
prepared for disposal after considering regulatory requirements, scrap 
value, processing and disposal costs. Construction of an "On-Site" Waste 
Handling and Packaging Facility with all of the ass ociated controls and 
staffing costs was determined to be a cost effectiv e investment. The 
facility paid back its construction and operating c osts over a very short 
period of time. 
Throughout the entire recovery process there were s everal notable and 
unique examples of radioactive waste handling, pack aging, and shipment. 
  Underwater Loading of Shipping Casks - A special underwater processing 
system was constructed and placed into operation. T he excellent shielding 
provided by this configuration permitted extremely high levels of 
radioactive materials to be captured by the system process vessels. The 
resultant cleanup vessel radiation levels were dang erously high (the 
highest loaded vessel contained approximately 158,0 00 curies). Methods 
and techniques were developed to load the processin g vessels into a 
heavily shielded shipping cask under water. This un precedented process 
was safely conducted throughout the operating cycle . 
  Specialized Transloading Shipment to Disposal - D isposal of several 
processing vessels required confinement in a specia lized disposal 
container. Facilities to allow radiologically safe conduct of this 
process were not available at TMI-2. Working with a  national laboratory, 
GPUN coordinated and directed shipment of 14 highly  radioactive vessels 
to the laboratory facility. These vessels were then  transloaded into the 
GPUN special disposal containers and shipped. This operation was unique 
to both the national laboratory system and the comm ercial industry. 
  TMI-2 Fuel Debris Shipment - During the defueling  phase of recovery, 
the severely damaged fuel was placed into specially  designed containers 
for shipment and storage. Due to the damaged nature  of the fuel, a new 
generation of shipping cask had to be used to ship the fuel safely. This 
task required close interface between DOE, NRC, and  GPUN in order to 



successfully design, license, fabricate, test and o perate a new 
generation cask. 
TMI-2 DEFUELING 
The most technically challenging aspect of the TMI- 2 recovery program was 
the removal of the 100 plus ton volume of damaged f uel from the Reactor 
Vessel. Many concepts were considered to perform th is operation most of 
which required considerable development. The develo pmental nature of 
otherwise attractive proposals raised many substant ial questions and 
concerns. This led GPUN to develop a defueling conc ept which utilized 
operators on a rotating work platform above the Rea ctor Vessel using 
long-handled tools and underwater cameras, to accom plish the defueling 
operations. This approach also allowed for rapid so lutions to unexpected 
problems without having to make extensive modificat ions to elaborate 
systems. 
A full scale mock-up of the TMI-2 Reactor Vessel in ternals provided 
defueling team personnel with an excellent facility  for training and 
tool/method evaluation. By training and refining te chniques and 
equipment, enormous radiation exposure savings were  realized. 
Additionally, this approach allowed the development  of incremental 
improvements in tool design as operators became mor e familiar with the 
tools and could make suggestions for enhancements. 
The fuel removal operation could best be characteri zed as "one gigantic 
technical hurdle after another". No sooner would th e team solve a 
particularly vexing problem then the next one showe d up. One central 
theme rang clear, "Keep it Simple". Generally, the less complicated the 
approach, the better. The following involved simple  solutions to 
difficult problems: 
  Following completion of the removal of the loose debris which covered 
the top of the post-accident core, a very large, ha rd mass of 
resolidified core was exposed. This material proved  impervious to the 
long handled tools developed to break it apart. A s mall commercial 
drilling rig that had been originally used to take bore samples of the 
damaged core was fitted with a solid-faced bit, all owing the team to 
break up the resolidified mass by drilling approxim ately 400 holes into 
the core mass. This process, which came to be calle d "Swiss Cheesing", 
was very effective. 
  Removal of small pieces of core debris was a prob lem. The original 
vacuum system did not operate satisfactorily. An ai r lift system (suction 
dredge) was fabricated and employed to perform vacu uming operations. This 
simple system was responsible for the most producti ve months of defueling 
during the entire cleanup program. 
GPUN also designed a family of specialized canister s into which the 
damaged core debris was placed for storage and ship ment. These canisters 
were able to accommodate the full range of core con ditions, from intact 
assemblies to chunks, to extremely finely divided p articles which 
resulted from the destructive defueling methods. 
GPUN had extensive pre-accident experience in handl ing new and spent low 
enrichment nuclear fuel. This experience along with  the DOE experience 
and others led the group to decide that canisters a nd a new generation 
shipping cask were required to safely ship the core . 
GPUN loaded the specialized canisters with core mat erial then loaded the 
canisters into the DOE owned shipping cask. GPUN th en prepared the cask 
documentation and the fuel was shipped to the Test Area North (TAN) 
facility at INEL for R&D, storage, and eventual dis posal. 



The core was shipped in 342 canisters in 49 cask lo ads requiring 22 
trains - all without any regulatory violations or m ajor incidents over 
the four year defueling period. 
POST-DEFUELING MONITORED STORAGE 
With the recovery program of TMI-2 complete and suc cessful, GPU Nuclear 
has since moved this facility to long-term monitore d storage. 
A remote monitoring system allows the owner to dete ct changes in facility 
conditions, particularly those that can lead to uns afe conditions for 
workers or the public. Since the TMI-2 nuclear plan t was to be placed in 
a long-term monitored storage condition, installing  such a system was 
important to minimizing facility costs. 
GPU Nuclear successfully managed the TMI-2 recovery  program, is currently 
decommissioning its Saxton facility and is the succ essful operator of a 
Pressurized Water Reactor (PWR) and a Boiling Water  Reactor (BWR) 
commercial nuclear generating facility. GPUN has ma intained the 
capability to provide a complete computer-based mon itoring system and 
simplify necessary systems to enhance safety for a long-term storage 
configuration. This includes capability to evaluate  the risks posed by 
the facility to workers and the public.  
This GPUN experience is directly applicable to othe r industrial or 
laboratory situations for which long-term storage a nd monitoring of the 
facility is required or could be a cost effective a lternative to costly 
decommissioning programs. 
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ABSTRACT 
The Northern States Power Company (NSP) has develop ed an extensive spent 
fuel management program to resolve storage limitati ons at the NSP nuclear 
plants. Amidst great political opposition and legal  restraint, the 
program has successfully provided for the continuat ion of nuclear power 
at NSP.  
INTRODUCTION 
The disposal of nuclear waste has become a critical  factor in the 
continued operation of several commercial nuclear p ower plants in the 
United States. Disputes over federal responsibility  in accepting spent 
nuclear fuel have forced some utilities, including NSP, to seek interim 
storage solutions. As the litigation over storage a nd disposal 
alternatives wages on, spent fuel pools continue to  fill and plants edge 
closer to premature shutdown.  
This paper discusses the spent fuel management prog ram at NSP, including 
the Independent Spent Fuel Storage Installation (IS FSI) project at the 
Prairie Island Nuclear Plant. It provides a histori cal overview of the 
program, discusses recent developments, and conclud es with a prospectus 
of NSP plans for resolving the nuclear waste dilemm a. 



NSP Spent Fuel Management Program 
NSP owns and operates two nuclear power plants: Mon ticello, a single unit 
boiling water reactor (BWR), and Prairie Island, a dual unit pressurized 
water reactor (PWR). Like many reactors built in th e 1960s and 1970s, the 
NSP units were designed for limited and temporary s pent fuel storage, 
with the expectation the fuel would later be remove d and reprocessed. In 
1977, a federal moratorium against reprocessing for ced utilities to 
retain spent fuel at the plants. To accommodate the  additional storage 
requirements, NSP attempted to increase the storage  capacity of the spent 
fuel pools through fuel consolidation and redesign of the holding racks. 
The enhancements, however, were insufficient to all ow the accumulation of 
fuel for an extended period of time. 
The Monticello nuclear plant does not currently pre sent a spent fuel 
storage problem. During the initial cycles of opera tion, fuel bundles 
were leased from the General Electric Company (GE).  The spent fuel 
bundles were temporarily stored in the plant holdin g pool until storage 
capacity became scarce, at which point the fuel was  returned to GE. In 
all later cycles, GE sold fuel bundles directly to NSP, which assumed 
responsibility for the storage and disposal of the spent fuel. 
At Prairie Island, storage capacity was nearly exha usted, despite 
reracking the spent fuel pool twice. The redesigned  storage pool, shared 
between the two units, could not support operating cycles beyond 1995. To 
sustain plant operations, NSP initiated a highly co ntroversial effort to 
obtain approval for an ISFSI, a temporary onsite dr y cask storage 
facility. 
ISFSI Project  
In the early 1980's, NSP anticipated a fuel storage  dilemma and began 
evaluating options. In May, 1989, NSP announced its  decision to 
temporarily store spent fuel in dry storage casks. The announcement 
initiated a long and exhaustive review process (Tab le I). After unanimous 
approval from the Public Utilities Commission (PUC)  and the Nuclear 
Regulatory Commission (NRC), the construction of th e ISFSI site began in 
September, 1992.  
In June, 1993, court appeals by opponent groups for ced a suspension of 
the preparatory work on the ISFSI site. At that tim e, the on-site 
construction was essentially complete and the produ ction of the casks was 
progressing successfully. The Minnesota Court of Ap peals determined the 
duration of storage would be in excess of eight yea rs, which it ruled as 
permanent storage. Because Minnesota statute requir es legislative 
approval for "permanent" high level and low level w aste sites, further 
progress on the project required approval by the Mi nnesota Legislature. 
In January, 1994, NSP submitted testimony before a number of Minnesota 
House and Senate committees requesting the legislat ure's ratification of 
the spent fuel storage facility at Prairie Island. Representatives 
attested to the safety of the ISFSI technology and the necessity of the 
facility in providing for the electrical, economic,  and environmental 
needs of the communities serviced by NSP.  
Minnesota Legislation Results 
On May 6, 1994, the Minnesota Legislature enacted b ill S.F. No. 1706: 
"relating to public utilities; providing legislativ e authorization of the 
construction of a facility for the temporary dry ca sk storage of spent 
nuclear fuel at Prairie Island nuclear generating p lant; providing 
conditions for any future expansion of storage capa city; approving the 
continued operation of pool storage at Monticello a nd Prairie Island 



nuclear generating plants; requiring development of  wind power; 
regulating nuclear power plants; requiring increase d conservation 
investments; providing low-income discounted electr ic rates; regulating 
certain advertising expenses related to nuclear pow er; creating a 
legislative electric energy task force; appropriati ng money; ..."  
In essence, the bill provided for the continued ope ration of the NSP 
nuclear plants in the near term. However, it set fo rth the eventual 
abandonment of nuclear power in the state of Minnes ota through mandates 
on alternative energy sources, economic regulations , and miscellaneous 
rate ordinances. 
A total of 17 Transnuclear TN-40 storage casks, of the original 48 
requested, were authorized for Prairie Island. The casks will be 
dispensed to the site in three intervals pending NS P's compliance with 
the legislative mandates. The elements of the bill regarding dry cask 
authorization are: 
1. Five casks are authorized for immediate use. 
2. Four more casks will be authorized if, by Decemb er 31, 1996: 
        NSP has filed a license application with th e NRC for an alternate 
      ISFSI site off of Prairie Island in Goodhue C ounty. 
        NSP continues to make a good faith effort t o implement the 
      alternate site. 
        NSP has constructed, contracted for constru ction and operation, 
      or purchased an additional installed capacity  of 100 MWe of 
      generation from windpower. 
3. Final eight casks will be authorized if, by Dece mber 31, 1998: 
        NSP has constructed and operates, purchased , or contracted to 
      construct and operate a total additional inst alled capacity of 225 
      MWe of generation from windpower. 
        NSP has constructed and operates, purchased , or contracted to 
      construct and operate an additional installed  capacity of 50 MWe 
      of generation from farm grown closed-loop bio mass.   
        An alternative ISFSI site in Goodhue County , Minnesota, is 
      operational or under construction. 
If NSP fails to satisfy the mandates for December 3 1, 1998, the Minnesota 
Legislature may revoke the authorization for the fi nal eight casks, if a 
law ordering the revocation is enacted before June 1, 1999. 
The bill also specifies that NSP and the Governor, acting on behalf of 
the state of Minnesota, must reach a contractual ag reement on the cask 
plan. The provisions of the contract, as later esta blished in the Energy 
Policy and Storage of Spent Nuclear Fuel Act, inclu de: 
1. Considerations for the siting of an alternative ISFSI site. 
2. Additional renewable energy alternative requirem ents to be 
implemented, without regard to cost, by December 31 , 2002: 
        NSP must construct and operate, purchase, o r contract to 
      construct and operate a total additional inst alled capacity of 425 
      MWe of generation from windpower. 
        NSP must construct and operate, purchase, o r contract to 
      construct and operate a total additional inst alled capacity of 125 
      MWe of generation from farm grown closed-loop  biomass. 
3. Designation of the Mdewakanton Tribal Council as  the third-party 
beneficiary of the contract, with standing to enfor ce the agreement. 
The legislative act further mandates: 
4. Additional renewable energy alternative requirem ent to be implemented, 
under the resource planning process, by December 31 , 2004: 



        NSP must utilize 400 MWe, in addition to th e required 425 MWe, 
      of generation from windpower if the energy ne ed exists and the 
      cost of windpower is the same or lower than n on-renewable 
      alternatives. 
A large emphasis has been placed on the "temporary"  designation of the 
casks. The spent fuel stored in the casks must be m oved to an alternative 
storage site as soon as a site becomes available. F or any casks remaining 
at Prairie Island after January 1, 1999, NSP must t ransfer $500,000 per 
cask, per year to a "Renewable Development" account . 
In addition to the cask limitations, NSP must accep t certain 
responsibilities for the newly established Legislat ive Electric Energy 
Task Force, assigned to study and make recommendati ons on future energy 
options. The bill specifies that NSP must provide: 
1. "Dry Cask Alternatives Study" reevaluating alter native combinations to 
dry cask storage. 
2. "Worker Transition Plan", issued to the Departme nt of Jobs and 
Training, in the event the Prairie Island nuclear g enerating station is 
shutdown for more than six months. 
3. "Nuclear Power Phase-out Plan" for the entire NS P nuclear generation 
sector. 
4. "Decommissioning Plan" for the TN-40 casks once they are emptied of 
spent fuel. 
Though the Minnesota Legislature has not ordered th e immediate closure of 
operating nuclear plants, nuclear power will be und er close scrutiny in 
the state of Minnesota. Except to accommodate the d ecommissioning of a 
nuclear power plant, the current storage capacity f or high-level nuclear 
waste will not be increased. The construction of a new nuclear-powered 
electric generating station is strictly prohibited.  The bill also states 
that any nuclear reactor unit which has an annual c apacity factor of less 
than 55% for three consecutive years will be requir ed to shut down and 
cease operations.  
Status of NSP Compliance 
Wind: 
In accordance with the first legislative mandate fo r December 31, 1996, 
NSP must acquire an additional installed capacity o f 100 MWe of 
generation from windpower produced within the state . NSP intends to 
develop a wind energy conversion system to accommod ate this requirement. 
A Certificate of Need (CON), issued by the PUC, and  a siting certificate, 
issued by the Environmental Quality Board (EQB), we re filed in late 
September, 1994. NSP has issued a Request for Propo sal (RFP) and is 
evaluating bids. 
The wind conversion system will be implemented in p hases. Phase 1, which 
has been completed, involved a contract for an exis ting 25 MWe from the 
Kenetech Company, which owns and operates 73 wind t urbines in Lake 
Benton, Minnesota. Phase 2 entails the development of a 100 MWe plant, 
which has been contracted to Zond Systems Incorpora ted. Phase 3 will 
include an additional 100 MWe plant, for which the CON is currently 
before the PUC. The EQB will manage the siting of w indpower plants and 
develop Environmental Impact Statements (EIS). Afte r public review, the 
EQB will designate sites. 
Alternative Site: 
Another requirement of the first legislative mandat e is Nsp must file a 
comprehensive license application with the NRC for an alternate ISFSI 
site in Goodhue County, Minnesota, and make a "good  faith" effort to 



implement the site. For the initial identification and evaluation 
process, NSP assembled a Public Advisory Committee (PAC) to serve as a 
liaison and represent diverse interest groups in th e county. With the 
assistance of the Stone & Webster Engineering Corpo ration, NSP has 
identified two candidate sites in southeastern Good hue County and has 
filed a Site Certificate Application to the EQB for  further 
consideration. The EQB has begun an extensive sitin g process while NSP 
assembles information required for an NRC license. The application 
documents will be submitted to the NRC in 1996. Pen ding public 
intervention, the review process can require up to three years to 
complete. 
Biomass: 
In accordance with the second legislative mandate f or December 31, 1998, 
NSP must acquire an additional installed capacity o f 50 MWe of generation 
from farm grown closed-loop biomass. NSP has submit ted an RFP to the PUC. 
An independent evaluator is evaluating bids and wil l make a 
recommendation to NSP. 
RECENT DEVELOPMENTS 
ISFSI Site Implementation 
On May 23, 1995, NSP placed the first loaded TN-40 dry storage cask on 
the Prairie Island ISFSI site, which allowed a refu eling outage of Unit 2 
to proceed as scheduled. The second and third casks  have also been loaded 
and placed on the holding pads to allow for refueli ng of both units. The 
remaining two authorized casks will be delivered to  the plant at monthly 
increments. Each cask is meticulously inspected upo n arrival then 
immediately loaded and placed inside the heavily se cured facility. 
Utility Lawsuit 
A group of 14 utilities, led by NSP, are pursuing a  lawsuit against the 
U.S. Department of Energy (DOE). The suit was filed  on June 20, 1994, in 
the U.S. Court of Appeals in an attempt to clarify the DOE's obligation 
regarding spent nuclear fuel. NSP is joined by seve ral other utilities, 
public agencies, and state governments nationwide w hich believe the 
federal government has a contractual responsibility  to accept commercial 
spent nuclear fuel beginning in 1998. The lawsuit h as been admitted for 
judicial hearing and awaits final resolution. 
Private Spent Fuel Storage Initiative 
On March 9, 1995, the Mescelaro Apache Tribe passed  a referendum to 
establish a temporary storage facility on the Mesce laro Reservation in 
New Mexico. A consortium of utilities and contracto rs have committed to 
developing a privately operated spent fuel storage facility for interim 
use until a federal repository becomes available. I n addition to 
providing a temporary solution to the spent fuel st orage dilemma, the 
facility would contribute to the self-sufficiency a nd economic diversity 
of the Tribe and the surrounding communities. Devel opment of the 
Mescelaro facility would not relieve the federal go vernment of its 
obligation to begin taking fuel from utilities in 1 998. 
In the near term, NSP will still require all 17 all otted dry storage 
casks at Prairie Island in order to maintain contin ued operation of the 
plant. Even if the interim storage project is succe ssful, a storage 
facility in New Mexico would not be available until  2002. A permanent 
underground repository, under study at Yucca Mounta in, Nevada, is not 
expected to be ready until 2010 at the earliest. 
Dry Fuel Storage Conference 



On July 25, 1995, NSP, in coordination with the Nuc lear Energy Institute 
(NEI), hosted a industry workshop on dry fuel stora ge. Representatives 
from nearly two dozen utilities attended the forum to discuss and resolve 
problems observed in utility dry fuel storage proje cts. 
The predominant issue discussed was inadequate qual ity assurance in the 
manufacturing and procurement of storage containers . Industry experience 
has demonstrated the process is remarkably complica ted and susceptible to 
poor oversight. Additional concerns involved projec t licensing and field 
loading of the casks. 
As a result of the NSP/NEI conference, the industry  can better prepare 
for the challenges of dry fuel storage. The knowled ge gained by the 
utilities and regulators may allow for improved man agement of spent 
nuclear fuel, increasing safety while decreasing co sts. 
NSP PROJECTED PLANS 
The primary objective for the NSP spent fuel manage ment program will be 
ensuring the uninterrupted operation of the nuclear  power plants, 
particularly Prairie Island. Of immediate concern w ill be the 
implementation of the remaining two dry storage cas ks to provide for the 
next refueling outage. Prior to utilizing the casks , NSP is required to 
perform a substantial amount of training, rehearsal , and system checks in 
accordance with the NRC license for the ISFSI. 
To prepare for future refueling outages, NSP will c ontinue to implement 
the legislative mandates which provide for addition al storage casks at 
Prairie Island. The next deadline of December 31, 1 996, requires that NSP 
makes progress in establishing an alternate ISFSI s ite in the Goodhue 
County and installs an additional capacity of 100 M We of generation from 
windpower. Plans to meet these requirements have be en initiated and are 
progressing on schedule. 
NSP will maintain close liaison with the DOE to acc ept spent fuel in 
1998. There are a large number of utilities nationw ide which produce a 
significant portion of their power from nuclear rea ctors. Many of these 
reactors, such as Prairie Island, were designed for  only limited and 
temporary storage of spent nuclear fuel. The federa l government accepted 
responsibility for the removal and disposal of spen t fuel. In 
compensation, it collected funds, totaling over $11  billion, from the 
utilities and their customers. The Department of En ergy, under the 
direction of Congress, has a moral and legal obliga tion to the utilities 
to uphold its commitment. 
CONCLUSIONS 
In a determined effort to obtain political and publ ic acceptance of an 
ISFSI at the Prairie Island nuclear plant, NSP has developed an extensive 
and successful spent fuel management program. The p rogram has revealed 
some of the areas of contention and concession in a pproving on-site dry 
cask storage, which may prove beneficial to other u tilities requiring 
interim storage solutions. To provide for the conti nuation of nuclear 
power, NSP will persist in seeking solutions to the  nuclear waste 
dilemma.  
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The Multi-Purpose Canister (MPC) project represents  a cornerstone of the 
current DOE Office of Civilian Radioactive Waste Ma nagement (OCRWM) 
program for handling spent nuclear fuel. The MPC an d associated support 
equipment is being designed to accommodate the requ irements for not only 
storage and transport but also for the specified di sposal requirements of 
the Mined Geologic Repository System. The Phase 1 d esign effort for the 
MPC system, being performed by the Westinghouse Tea m on behalf of the 
OCRWM Management & Operating (M&O), is on schedule for delivery of 
completed Safety Analysis Reports (SARs) in April 1 996. 
INTRODUCTION 
This paper addresses the current status of the Mult i-Purpose Canister 
(MPC) Project. The MPC Project was awarded to Westi nghouse by TRW 
Environmental Safety Systems, Inc. (TESS) on behalf  of the Department of 
Energy. TESS is the Management and Operating Contra ctor (M&O) for the DOE 
Office of Civilian Radioactive Waste Management (OC RWM). Westinghouse, as 
the lead subcontractor, is performing the design, l icensing, testing and 
fabrication of a complete storage, transport and di sposal system for 
handling spent nuclear fuel in a three phase progra m. The MPC Project 
represents a cornerstone of the current OCRWM progr am for handling spent 
nuclear fuel. The MPC, in conjunction with the Mine d Geologic Repository 
System, represents the solution to the nation's spe nt fuel disposal 
dilemma. 
The status of the design, Safety Analysis Report su bmittal to the NRC, 
preparations for fabrication of prototypes and out year plans are 
discussed. 
BACKGROUND 
The U.S. Department of Energy recognized the import ance of dry spent 
nuclear fuel storage and took a critical step towar d addressing this need 
by awarding the MPC contract in April 1995. 
The Westinghouse Team includes Packaging Technology , Inc. of Tacoma, 
Washington, Chem-Nuclear Systems, Inc. of Columbia,  South Carolina, 
Westinghouse divisions in California, New Mexico, T ennessee, and 
Pennsylvania and E.J. Bentz and Associates in Sprin gfield, Virginia. 
Select domestic utilities are also supporting the P hase 1 system design 
and development as utility advisors to the design t eam. 
The design activity and Safety Analysis Reports (SA Rs) will be complete 
by 26 April 1996, marking the conclusion of Phase 1  of the program. Phase 
2 consists of the USNRC certification process for t he 10 CFR 71 and 10 
CFR 72 licensed components of the MPC System, assoc iated testing and the 
fabrication of prototype hardware for system level demonstration and 
ultimate qualification of the MPC system for use by  utilities and site 
operations. Phase 3 consists of the fabrication and  delivery of the 
initial complement of approximately 150 Multi-Purpo se Canisters and 
automatic welding/drying equipment. Both Phase 2 an d 3 are contract 
options to be exercised as appropriate by the M&O. 
Additionally, key reports and studies have been acc omplished and 
submitted to TESS as required. These include the Sy stem Safety Report, 
Human Factors Engineering Report, Critical Operatin g Times (COT) and 
Reliability, Availability and Maintainability (RAM)  Report, MPC 
System/Bare Spent Nuclear Fuel Transfer (BST) Inter face Report, SAR 
Alternative-Enhanced Fuel Study, SAR Alternative-St ainless Steel Fuel 
Clad SNF Study, and the Depleted Uranium Shield Plu g Study. Meetings with 
the utility advisors have provided valuable feedbac k used to influence 
these studies and the overall design process, from the ultimate users 



standpoint, leading to the Preliminary Design Repor ts (PDRs) and Safety 
Analysis Reports (SARs). 
MPC SYSTEM DESCRIPTIONS 
The MPC system is being designed per requirements s et forth in 
specifications provided by the M&O to contain SNF f rom commercial boiling 
water and pressurized water reactors (BWR, PWR resp ectively). The overall 
MPC system design concept is shown in Fig. 1. The M PC is designed in two 
(2) sizes: 125 ton and 75 ton. Because of the weigh t, the MPC is intended 
for rail shipment, however, in cases where the nucl ear power plant or a 
potential interim storage site lacks rail access, t he casks and system 
components are to include heavy haul means. 
Fig. 1 
The MPC has been designed incorporating highly corr osive resistant 
materials. Inside the canister is a metal frame or "basket" that has 
three functions: 1) structural support and critical ity control for the 
SNF assemblies, 2) transfer of heat from the SNF to  the canister walls, 
and 3) maintenance of the fuel in a totally safe co ndition during any 
normal, and postulated accident scenarios. Once loa ded with spent fuel 
assemblies, the MPC will be permanently sealed by a utomatic welding, 
dried and backfilled with an inert atmosphere and t hen loaded into a cask 
for each phase of storage (whether it be at a nucle ar power plant or 
interim storage facility), transport and disposal. Other MPC system 
elements that will be developed include an On-site transfer and Storage 
System for loading and on-site storage of MPCs, and  for transferring MPCs 
into transport casks for MPC transport to interim s torage or disposal 
sites. 
MPCs are being designed with broad fuel acceptance parameters to 
accommodate all PWR and BWR assembly types and clas ses, specifically all 
Zircalloy clad fuels (except South Texas and CE 16x 16 with control 
components). Stainless steel clad fuels can physica lly be accommodated by 
the design. The MPC design essentially handles all of the fuel in the 
projected inventory. 
CURRENT PROJECT STATUS 
Approach 
The initial effort on the MPC project involved the preparation of the 
basic program guidance documents. These prescriptiv e documents (see Fig. 
2) were submitted to and approved by TESS and form the basis for managing 
the Project. 
Fig. 2 
The Phase 1 MPC system design process was structure d in a three step 
approach 1) concept optimization, 2) detailed desig n, and 3) SAR 
preparation. Concept optimization was scheduled for  the first three (3) 
months of the project and consists of establishing the baseline 
configuration for an integrated MPC system. Once th e baseline 
configuration was fixed, the second step was to com plete the detailed 
calculations, perform thermal, shielding and struct ural analyses and 
prepare the design drawings required to fully defin e and specify the 
components. The final stage is to prepare the Preli minary Design Reports 
(PDRs) and SAR chapters in preparation for submitta l of the SARs for 
USNRC certification review. 
The concept optimization was completed on schedule and culminated in a 
two day formal Design Concept Review (DCR) and tech nical exchange. The 
DCR was attended by the DOE, the M&O and a number o f utility advisors. 



Feedback and comments from the DCR were factored in to the baseline design 
process during the detailed preliminary design. 
The key driver for the MPC system integrated design  is the basket 
configuration and source terms. The four basic bask et designs (12 
assembly PWR, 21 assembly PWR, 24 assembly BWR and 44 assembly BWR) have 
been completed and are illustrated in Table I. Stru ctural, thermal, 
criticality and shielding analyses are underway to facilitate the final 
detailed design of the remaining system components.  
Table I 
All the designs are based on the Design Procurement  Specifications (DPSs) 
issued by the M&O, Based on the primary design para meters given in the 
DPSs, an MPC Functional Specification was prepared and issued for design 
team use. The MPC Functional Specification provides  the extrapolation of 
the DPS to a system level design basis and provides  additional guidance 
to the designers. For example, the MPC Functional S pecification allocates 
weight parameters between system level components. System Specification 
Documents (SSD's) were then prepared to define the detailed 
specifications applicable to each configuration ite m being designed (see 
Fig. 3). All SSDs have been completed as well as th e interfacing control 
points for each piece of hardware. Hardware interfa ces are defined and 
controlled using an Interface Control Sheet mutuall y generated by each 
involved design agency and approved by the Chief De sign Engineer. 
Fig. 3 
One unique feature of the Westinghouse Team design effort is the 
"concurrent engineering" approach being utilized. C oncurrent engineering 
has been successfully used to integrate the discipl ines of manufacturing 
engineering with the design engineering to enhance component 
fabricability and perform value engineering. This i ntegration was 
implemented at the beginning of the project, has re sulted in very active 
interchanges among the design team and prospective material suppliers, 
and has resulted in a design that can be built cost  effectively. Design 
options are discussed with the fabricators to gener ate the most cost 
effective project and to help ensure a smooth trans ition from design 
drawing to the shop floor. Additionally, the goal i s to maximize the use 
of standard processes and tooling, further reducing  the cost to produce 
MPCs. 
The MPC design process has also taken the approach to utilize many 
previously NRC accepted materials, analytical metho ds, acceptance 
criteria, etc., to maximize the potential for succe ssful licensing of the 
Part 71 and 72 components. Four meetings have been held with the NRC to 
discuss the MPC design details and approaches as we ll as potential 
certification issues that have surfaced during the design process. This 
proactive approach has been beneficial in the timel y resolution and 
selection of design options that have the best chan ce to be licensed 
within the constraints of the program schedule; i.e ., deployment of the 
MPC by 1998. 
The Preliminary Design Reports (PDRs) are segregate d into three phases. 
The first PDR grouping covering auxiliary equipment  has been completed 
and submitted to TESS. The remaining two (2) PDRs c overing the storage 
unit and the MPC assemblies will be completed in th e Spring of 1996 to 
complete Phase 1 of the project. 
QUALITY ASSURANCE 
All hardware items requiring USNRC certification un der 10 CFR Part 71 and 
10 CFR Part 72 are being designed by teammates with  USNRC approved 



quality assurance programs. The suitability of each  teammates' QA program 
was determined at the beginning of the contract. QA  audits and 
surveillances (internal, by the M&O and by OCRWM) h ave been conducted 
frequently throughout the performance of the design  effort and compliance 
with QA requirements has been achieved. Corrective actions have been 
initiated promptly as required. 
A Quality Items List (Q-List) has been generated as  a part of the Phase 1 
design effort. Each hardware configuration item was  categorized according 
to NRC guidelines to designate items required for p rotection of public 
health and safety and for occupational radiological  exposure control. 
PHASE 2 AND PHASE 3 FORECAST 
Phase 2 consists of the USNRC certification process  for the MPC System, 
associated testing and the fabrication of a number of prototype hardware 
items. Phase 3 consists of the fabrication and deli very of the initial 
complement of approximately 150 Multi-Purpose Canis ters and welding 
equipment. Both Phase 2 and 3 are contract options to be exercised as 
appropriate by the M&O. 
In the Fall of 1995, after OCRWM took action to red uce the activity in 
the OCRWM program from the FY95 level of $512 M to $400 M, consistent 
with the continuing resolution, Congress appropriat e $400 M for the 
program and reserved $85 M from use pending enactme nt of separate 
legislation. The level of funding available to the program is $315 M, 
which required further reductions in activity. Phas e 1 will be completed, 
but the work scope has been reduced to eliminate ac tivities in 
preparation for the second and third phases. Theref ore, funding for Phase 
2 and 3 is postponed until an authorization bill is  passed. The program 
does not anticipate proceeding to the next phase, c onsisting of NRC 
certification and prototype fabrication, or to the third phase of MPC 
fabrication and deployment beginning in 1998. 
SUMMARY 
The Westinghouse MPC program is proceeding on sched ule for the design of 
MPC system components and submittal of the SARs on 26 April 1996. Due to 
funding constraints placed on the program by Congre ss, OCRWM has chosen 
not to exercise the Phase 2 MPC certification and p rototype fabrication 
option as originally planned, pending legislative a ctions that would free 
up the $85 M of funds set aside late last year. 
As Ivan Selin, Chairman of the NRC, has stated in t estimony before the 
Senate Committee on Energy and Natural Resources, t he Multi-Purpose 
Canister represents the only way to link all phases  of spent fuel 
handling (that is storage, transportation and dispo sal) in one integrated 
approach. We believe the MPC maximizes the degree o f standardization in 
equipment and infrastructure needed to operate a co st-effective OCRWMS 
and reduces the degree of specialized equipment, et c., that would be 
required to handle SNF if the MPC system were not t he baseline. 
The DOE and the NRC have recognized that utility cu stomers deserve a 
cost-effective, integrated and standardized system for the billions of 
dollars they have contributed under the Nuclear Was te Policy Act to 
support the management of civilian radioactive wast e. Spent nuclear fuel 
needs to be managed safely, cost-effectively and wi thin the best 
technology available. The MPC represents both a cri tical first step, and 
long-term standardized solution to the way this nat ion should approach 
the issue of spent nuclear fuel management. 
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RECYCLING OF LOW-LEVEL RADIOACTIVE  
ION EXCHANGE RESINS: A CASE STUDY 
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ABSTRACT 
In the past, ion exchange resins used to clean up r adioactive process 
fluids have been disposed of as radioactive waste. In 1994, Chem-Nuclear 
began designing a pilot program, RECYGENTM, which t argeted the 
centralized recycling of these radioactive ion exch ange resins for reuse 
at the nuclear utilities from which they were gener ated. The technology 
for regenerating organic ion exchange resins is wid ely used in 
traditional water treatment but the use of this pro cess presents 
difficulties when dealing with radioactive material s. The RECYGENTM 
process was developed with these potential problems  in mind. In 1995, the 
first centralized pilot system for regenerating rad ioactive ion exchange 
resins was built and operated. 
This paper will detail the operational aspects of R ECYGENTM to reduce 
utility radwaste volumes. An evaluation of the conc ept, design, and 
operational aspects of regenerating resin for retur n to the utility will 
be discussed. The difficulties of the process will be analyzed such as 
mixed waste issues, waste by-products, and material  handling. Performance 
data will be presented on the conditions of ion exc hange resins received 
both chemical and physical, and their potential for  regeneration, reuse 
and life expectancy. The utilities interface with t he system and the 
limitations for resin receipt will also be discusse d. 
The Chem-Nuclear proprietary RECYGENTM process can provide utilities with 
a alternate method of handling spent radioactive re sins. This system 
provides the utility significant advantages of radw aste volume reduction, 
cost saving for disposal, cost savings for new resi n purchase, and an 
environmentally beneficial way of handling these sp ent resins. 
INTRODUCTION 
A new innovative process to treat radioactively con taminated ion exchange 
resins has been developed which adds a new aspect t o an already existing 
technology. This process represents a hybrid of rec ycling and 
regeneration of radioactively contaminated resin us ed for water 
purification at Nuclear Utilities. These resin are processed off-site and 
returned for reuse at the utility. With ever-increa sing disposal prices 
and uncertainties surrounding disposal site access,  utilities continue to 
seeks ways to reduce the volumes of solid radioacti ve wastes generated.  
Organic ion exchange resins are used in a variety o f water purification 
applications throughout nuclear plant systems. Trad itionally, these 
resins which have contacted radioactive water have been used once and 
sent for disposal. The new process called RECYGENTM  was developed to 
regenerate radioactive ion exchange resins for reus e in nuclear plant 
applications.Regenerating ion exchange resins has b een a common practice 
for years in non-radioactive applications, but oper ational costs and 
waste by-product handling have prevented broad appl ication of such 
technology to the nuclear industry. Using nuclear i ndustry experience and 
knowledge in radioactive waste processing coupled w ith expertise from the 
commercial water treatment industry, the RECYGEN pr ocess was designed and 
constructed at Chem-Nuclear's consolidation facilit y in Barnwell, SC. 



Using a process of regenerating radioactive contami nated resins for 
reuse, the utility can save on disposal costs of th e resin, purchase 
costs of new resin, and can reduce solid radwaste v olumes. 
BACKGROUND 
In developing a process to regenerated radioactivit y contaminated resin, 
various aspects of the process and their potential problems had to be 
studied. The first step was to identify whether rad waste resins could be 
regenerated given the chemical nature of many radwa ste systems which 
contain high suspended solids, high dissolved solid s, detergents, and 
oils and greases. The regeneration of such resins w as not a common 
practice. To test this potential laboratory bench t op regeneration was 
performed. The results showed a definite ability fo r radwaste resins to 
be regenerated. 
With this verified, a detailed study needed to be c onducted to determine 
amounts and types of regenerate chemicals needed, t he equipment required, 
and the amounts of waste generated. Most of this da ta was readily 
available from conventional water treatment sources . Detailed information 
was gathered on the types and weight amounts of reg enerate chemicals 
required. Based on this information sodium hydroxid e was chosen to 
regenerate strong base anion resins due to its avai lability and ease of 
handling. Hydrochloric acid was chosen to regenerat e strong acid resin 
due to its availability and the high solubility of most chloride salts. 
The regeneration equipment evaluated was very simpl e requiring 
separation/regeneration vessels, a source of chemic als, and a source of 
demineralized water. In order to enhance the operab ility efficiency, it 
was decided to decouple the clean and separation po rtion of system from 
the regeneration portion of the system. This would allow the simultaneous 
operation of clean and separating and regeneration of resins. The study 
revealed the largest obstacle of regenerating ion e xchange resins in a 
radioactive waste application as being the generati on of large volumes of 
liquid wastes with high dissolved solid content. To  address this problem, 
the study evaluated methods of volume reduction for  the waste water 
problem. 
Conventional regeneration systems generate between 50 and 100 gallons of 
waste water for every cubic foot of resin regenerat ed. This range is far 
from acceptable in a radwaste application. A system  had to be designed 
which would reduce this range by at least half and the developed Recygen 
system would generate between 25 and 40 gallons of waste/cubic foot of 
resin regenerated. Several technologies were evalua ted, including reverse 
osmosis, thermal concentration, and diffusion dialy sis, to reduce the 
volumes of liquid needed for the process. The answe r appeared to be a 
combination of recycling and thermal concentration.   
Based on the study results and the technology evalu ation, a radioactive 
regeneration facility was designed and constructed.  The system process 
was composed of 6 major parts: 1) cleaning, 2) sepa ration, 3) 
regeneration, 4) rinsing, 5) storage/packaging and 6) 
neutralization/thermal concentration. Each batch of  resin undergoes 
processing through each phase as illustrated in Fig . 1. 
Fig. 1 
1. Resin received from the customer is sluiced from  the receipt container 
to the cleaning vessel. During the sluice, a sample  of the resin is taken 
for analysis of physical and chemical characteristi cs. A reverse flow 
rinse is introduced into the vessel expanding the r esin and rinsing 
particulate from the resin. The rinse flow is retur ned through a filter 



and back to the rinse water source where it is recy cled back thus 
conserving water generation. 
2. The mixed bed resin is then separated. The separ ation process is a 
combination of physical separation and chemically e nhanced separation. 
This process produces almost complete separation wi th little or no mixed 
interface between the anion and cation resins. 
3. The separated resin is then sluiced to the regen eration vessels where 
the resin is dewatered and rinsed. The resin is the n filled with 
regenerate and undergoes several regeneration steps . The regeneration 
steps are integrated such that the regeneration che micals can be utilized 
on multiple regenerations. This saves on chemical u sage and reduces waste 
generation. 
4. Once the resins have been regenerated they are a gain drained and 
rinsed. The rinsing at this stage is extensive and the resultant effluent 
from the resin must meet the set criteria. The firs t portion of the rinse 
water is discarded. The vast majority of the rinse is recycled back to 
the rinse water source. At the source, the rinse wa ter is cleaned and 
returned back for rinsing. Recycling rinse water el iminates a significant 
volume of what otherwise would be waste. 
5. After rinsing the resin is sluiced to a storage container where the 
resin is analyzed for physical and chemical charact eristics. When the 
regenerated resin quality is verified, the resin is  sluiced into packaged 
for return and reuse. 
6. The final step in the process is the neutralizat ion of regenerate 
chemical solutions. This neutralization is accompli shed by controlled 
mixing of the hydrochloric acid and sodium hydroxid e solutions. Once 
these solutions have been neutralized, they are pum ped to the Thermex 
thermal concentrator where the liquid is reduced to  a salt cake. 
PROCESSING 
To initiate the system, verify assumptions, and ver ify system procedures, 
clean non-radioactive resin processing was begun in  August, 1995. After 
working out the procedural issues, several technica l questions had to be 
addressed through the clean processing. The potenti al for mixed waste 
generation using acid and caustic, the regeneration  potential, and waste 
generation volumes had to be solved. The mixed wast e potential was easily 
solved as part of the process where the regenerate acid and base are 
combined and neutralized. The first process batch v erified that the 
calculated regeneration chemical dosages would achi eve the anticipated 
regeneration efficiency solving the second issue. T he primary problem 
with initial assumptions was identified after the f irst non-radioactive 
regeneration batch. The production of waste water w as higher than had 
been anticipated. Initially, all generated rinse wa ter was to be recycled 
for reuse. It was found that higher chemical concen trations in portions 
of the waste made it impossible to recover all the waste waters. The 
minimization of these wastes became the focus of th e clean testing. 
A detailed chemical characterization was performed on rinse water batches 
as clean resin was processed. In the process, after  resin is regenerated 
the resin is rinsed to a conductivity specification  prior to return for 
reuse. The rinse water removes residual regenerate chemical to clean the 
resin. The intent of the rinse characterization was  to identify at what 
point the rinse water could be recovered for reuse.  Figure 2 and Fig. 3 
reveals the chemical concentrations as the rinse pr ocedure is conducted. 
Fig. 2 



As the characterization shows, the regenerate chemi cal concentrations in 
the rinse drop dramatically during the first part o f the rinse. After the 
first portion of rinsing, the chemical concentratio ns level off to a 
reasonably low level. It was concluded that all rin se water, after the 
first portion, could be recovered for reuse. This c onclusion would reduce 
the rinse water waste generation by 80%. With the r inse water waste 
volumes under control, the go ahead was given to pr oceed with radioactive 
resin processing. 
Fig. 3 
Low activity resins were acquired to provide an acc urate radiation worker 
dose assessment. A contract was entered with a PWR station who would 
provide low activity resins for regeneration. These  resins would be 
limited to <50 mrem/hr on contact. The resin provid ed was mixed bed, 
composed of 2 parts macroreticular strong acid cati on and 1 part gel 
strong base anion. The goal in processing these res ins would be to 
regenerate back to as close as a new resin specific ation as possible. The 
following in Table I are parameters similar to thos e used in a new resin 
specification.  
Table I 
The regenerating of resin to a new resin specificat ion is impractical. As 
resin is used, physical and chemical degradation oc curs. Physical 
stresses on the resin during use also causes cracki ng of some resin 
beads. The trimethyl functional group on the anion resin may slowly 
decompose leaving weak base sights or no exchange s ite thus reducing 
capacity. The polymer chains making up the resins u ndergo oxidation over 
time which can also reduce capacity. 
For these reasons, used resin must be evaluated to determine the maximum 
practical extent to which resin may be regenerated with respect to new 
resin. A representative sample of the resin receive d is laboratory tested 
prior to processing through the Recygen system. The se tests evaluate the 
physical condition of the resin and the potential t o which the resin can 
be regenerated. Table II illustrates the analytical  results for the 
initial condition of the low activity resin receive d. 
Table II 
The "As Received" resin results confirm the degree of degradation and/or 
irreversible fouling which has occurred to the resi n. The cation resin 
analysis revealed little change over the new condit ion of the resin. The 
anion resin analysis, however, indicated a signific ant drop in capacity 
potential. The loss was 10-20% of new anion resin c apacity. This could 
affect the number of regenerations which could be p erformed if this trend 
continued. This parameter will be monitored as this  resin is received 
back for a second regeneration.  
After analysis, the resin was cleaned, separated, a nd regenerated per the 
developed procedures. The regenerate chemical amoun ts used were in 
accordance with published literature which would ac hieve the highest 
practical regenerated resin capacities. The results  of the initial 
processing is recorded in Table III. 
Table III 
RESULTS ANALYSIS 
The results from the radioactive resin regeneration s were very positive. 
The regenerated resin capacities reached 90% of pot ential and greater 
which was the target of the system. The amount of r egenerate chemical to 
achieve these results were very close to the antici pated values. In an 
effort to investigate the amount of chemical needed  to achieve higher 



capacity regeneration, a laboratory regeneration wa s conducted. The 
capacity increase was plotted against the amount of  regenerate chemical 
used. The results showed that 25% more regenerate c hemical was need to 
achieve a 2% increase to 97% of the potential capac ity. This would also 
require the elimination of recycling the regenerate  chemical which would 
add dramatically to the waste volumes generated. Ot her alternatives such 
as varied flow rates and regeneration recycling did  prove to increase the 
capacities without increasing regenerated chemical quantities.The 
capacities achieved in the process will be more tha n adequate for reuse 
in PWR radwaste treatment systems for which the Rec ygen system was 
designed. There is some question as to whether the regenerated resin 
could be placed back into a pure water application such as for secondary 
system use. The question can only be answered by an  in plant test which 
has not yet been conducted. 
The waste produced in these initial runs was slight ly higher than 
anticipated. Approximately 40% more waste generated  was contributed by 
the regeneration of a batch of resin than was antic ipated. As processing 
continues the liquid waste generation will be reduc ed to the original 
assumptions. The liquid waste from the process is t o be taken to a 
thermal concentrator where a volume reduction of 7 to 12 will be 
achieved. The thermal concentration of the waste ha s only been conducted 
on a single batch of waste where a volume reduction  of 11 was achieved. 
As regenerating radioactively contaminated resins c ontinues, the 
regenerated product can only get better. Familiariz ation with the process 
and small modifications to the process will provide  increases in 
efficiency and reductions in wastes generated. 
CONCLUSIONS 
The goal of the CNSI RECYGEN process is to produce quality regenerated 
resins for reuse at the nuclear facilities. Initial  regenerations of 
radioactively contaminated resins have proven the t echnology can achieve 
such quality of resins. These resin will have appli cation in PWR and BWR 
radwaste waste water treatment systems and possibly  in pure water 
systems. The use of the regeneration system can sav e the generator of 
these resins: replacement costs, and disposal costs  while minimizing 
radwaste volumes. The CNSI RECYGEN system is an env ironmentally sensitive 
technology which will save the utility money. 
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ABSTRACT 
In the early 1980s, Tennessee Valley Authority's Br owns Ferry and 
Sequoyah Nuclear Plants were among the highest low- level radwaste 
producing plants in the United States. Because of v olume restrictions at 
the Barnwell disposal site, most of TVA's low-level  radwaste was 
transported over 3,200 kilometers (2,000 miles) to the disposal facility 
at Richland, Washington. In order to reduce the tra nsportation and 
economic impacts resulting from this large radwaste  volume, TVA developed 



a plan to minimize the generation of low-level radw aste and reduce the 
amount sent to disposal facilities. This plan invol ved benchmarking a 
number of "good" performers with a team of corporat e and site radwaste 
professionals, determining which methods would work  at TVA, and 
implementing the best volume minimization practices . Implementation 
involved up-front costs for new products and servic es and culture changes 
by the nuclear sites involved in the changes. Resul ts sometimes took 
years to realize. Almost six years after initiating  the plan, the results 
are staggering. Processing and disposal costs are d own dramatically. 
Performance at TVA plants is now in the first quart ile of radwaste 
generation for their reactor types. 
Tennessee Valley Authority has three nuclear plants  located in Tennessee 
and Alabama. Browns Ferry Nuclear Plant is located near Athens, Alabama 
and has three 1,100-megawatt General Electric BWRs.  Currently two of 
those units are in operation. Sequoyah Nuclear Plan t is located near 
Chattanooga, Tennessee and has two 1100-megawatt We stinghouse ice-
condenser PWRs. Both units are currently in operati on. Watts Bar Nuclear 
Plant has one completed 1100-megawatt Westinghouse ice-condenser PWR with 
no current plans to finish the second unit. The com pleted unit has a 
full-power license and is expected to be producing power soon. TVA has 
another two-unit nuclear plant near Scottsboro, Ala bama (Bellefonte) but 
does not plan to complete these units at this time. TVA shipped its first 
low-level radwaste in October 1973 from Browns Ferr y to Chem-Nuclear at 
Barnwell, South Carolina. Radwaste burial prices we re cheap (about $0.02 
per cubic meter or $0.75 per cubic foot), and there  was not enough volume 
to cause concern. As all three units at Browns Ferr y were started up and 
operated, it became apparent that at least one of t he units would always 
be in a refueling outage with the associated large volume of dry active 
waste (DAW) that is generated. Operation of the thr ee units put a strain 
on the common radwaste system and on the operating and support personnel 
in charge of keeping the system operating and the w aste shipments 
traveling between the plant and the Barnwell dispos al facility. One 
challenge was to dispose of the massive amounts of ion-exchange resin 
produced by the condensate demineralizer system. Th is powdered resin was 
difficult to dewater to meet disposal facility requ irements. The need to 
make three or more shipments per week to keep up wi th the volume resulted 
in inadequate dewatering of the resin and subsequen t violations from NRC 
and the State of South Carolina. 
In 1979, the State of South Carolina restricted the  amount of radwaste 
that TVA and others could send to the Barnwell disp osal site to one-half 
of the previous year's volume. TVA was in the proce ss of starting up the 
Sequoyah Nuclear Plant with the associated radwaste  volumes usually 
encountered during start-up. Initially, both TVA pl ants had to store 
radwaste onsite because the TVA Board of Directors would not allow the 
nuclear sites to use the Beatty, Nevada or Richland , Washington disposal 
sites. Without large-volume storage facilities at B rowns Ferry, areas in 
the Turbine Building, the stack, and other outside areas were used for 
storage. After permission was received to ship radw aste to the Richland 
site, the storage backlog at the sites was eventual ly reduced. For some 
time, over 75 percent of TVA's low-level radwaste w as transported over 
3,200 kilometers (2,000 miles) to the US Ecology di sposal facility at 
Richland, Washington. Even though TVA then had a pl ace to bury all of the 
radwaste that was generated at the two sites, we re alized that we were 



generating much more than we should in comparison t o other similar 
nuclear plants. 
In the early to mid 1980s, Tennessee Valley Authori ty's Browns Ferry and 
Sequoyah Nuclear Plants were at the top of the list  of the highest low-
level radwaste producing plants in the United State s. Browns Ferry 
disposed of more than 3,800 cubic meters (134,000 c ubic feet) of radwaste 
in 1983 and 3,600 cubic meters (128,000 cubic feet)  in 1984 (see Fig. 1). 
Both of these numbers were more than 50 percent hig her than the INPO 
median for three BWR units in those years. Sequoyah  had both units in 
operation by 1984 and disposed of more than 1,048 c ubic meters (37,000 
cubic feet) of radwaste (see Fig. 2). Here again, t his was more than 50 
percent higher than the median two-unit PWR plant. At that time, radwaste 
disposal costs were relatively inexpensive and not a major concern for 
TVA. More emphasis was placed on power generation. High radwaste 
generation was considered an unfortunate byproduct of electricity 
production. At this time, Browns Ferry was making f ive or more large-
volume radwaste shipments per week to the disposal facilities. 
Fig. 1 
Fig. 2 
In early 1985 TVA voluntarily shutdown all of its o perating units, three 
at Browns Ferry and two at Sequoyah. This shutdown was unrelated to its 
radwaste generation problem, although the radwaste problem was a symptom 
of the bigger management problems faced by TVA in t he operation and 
maintenance of the large nuclear system. Many of th e next several years 
were spent working to resolve the overall problem, and the radwaste 
problem was not specifically addressed. As can be s een from Figs. 1 and 
2, the radwaste volumes at both Browns Ferry and Se quoyah decreased 
drastically beginning in 1985 as a result of the un it shutdowns. 
As part of the overall "get-well" plan for plant re covery following the 
voluntary shutdowns, TVA began to focus on individu al operating and 
maintenance problems. We realized that in order to have a healthy nuclear 
program, we would need to get our radwaste generati on under control. In 
1988, the volumes at Browns Ferry were well under t he industry median. 
This was because Browns Ferry had no units in opera tion. At Sequoyah, the 
annual radwaste volume was more than twice the volu me of a median PWR 
plant. As can be seen from Fig. 2, the radwaste vol ume at Sequoyah 
remained at or over the PWR median even though no u nits were in 
operation. In order for TVA to start-up any of the units and keep them 
operating properly, something would have to be done  to reduce radwaste 
generation and the associated cost. 
From April 1980 until October 1987, Browns Ferry re ceived 24 NRC and 
state violations for radwaste packaging and shipmen t problems. Sequoyah 
received 6 NRC and state violations in radwaste dur ing this same time 
period. Many of these violations were repeats of pr evious violations with 
root causes ranging from personnel errors to inadeq uate equipment to 
procedure problems. Several of these violations wer e as a result of 
inadequate dewatering of powdered condensate demine ralizer ion-exchange 
resin. Many of these problems could be traced to th e plants trying to 
make too many radwaste shipments too quickly becaus e of the large volume 
generated. Between 1985 and 1988, a liquid radwaste  and resin management 
plan was put into place in conjunction with Chem-Nu clear Systems to help 
resolve these problems. 
In order to get a handle on run-away radwaste volum es and costs, TVA 
developed a plan to minimize the generation of low- level radwaste and to 



reduce the amount sent to disposal facilities. The first step was to 
assemble a team of TVA radwaste professionals from the three nuclear 
sites and the corporate office in Chattanooga. This  team would first 
determine the problems at each of the TVA nuclear p lants. Then they would 
determine "good performers" in the nuclear industry . These plants would 
be benchmarked to determine if any radwaste minimiz ation activities could 
also work at TVA facilities. The workable ideas wou ld be tried to 
determine feasibility. A final report would be writ ten to document the 
findings of the team and the potential benefit to T VA. It was realized at 
the start that the fix to TVA's radwaste problems w ould be costly and 
take many years. Many of the radwaste minimization problems were 
ingrained in the system to the point that only a cu lture change could 
correct them. 
INPO and EPRI were contacted to determine which nuc lear plants were 
considered good performers for benchmarking purpose s. EPRI recommended 
Brunswick Nuclear Station as having a program which  had made significant 
strides in turning around a program which "made ele ctricity as a sideline 
to creating radwaste". INPO provided a list of BWRs  and PWRs which had 
low radwaste volumes for the year 1988 or with a lo w three-year average 
from 1986 to 1988. From that list, Grand Gulf was s elected for a 
benchmarking visit. Riverbend was also selected bec ause of their use of 
oil decontamination methods. These three sites were  visited in early 
1990. 
In addition to the benchmarking visits, Corporate R adwaste contacted five 
PWRs and seven BWRs from the INPO "good guy" list b y telephone to 
determine their methods of minimization and volume reduction, staffing 
levels, methods of processing oily waste, and exper ience with vendors 
that contract for radwaste processing services. Bas ed on the onsite 
visits, telephone calls, and a review of TVA traini ng, site procedures 
for waste handling, and other plants' experience wi th offsite vendor 
processing, the TVA team put together a Volume Mini mization and Reduction 
Plan (VMRP) for the nuclear plant sites in mid 1990 . This plan centered 
around the reduction of DAW waste, since earlier co ntracts with Chem-
Nuclear had started the process of reducing resin v olumes through liquid 
and resin radwaste processing. The following action s were immediately 
implemented from the Plan: 
1. A contract for the burning of contaminated oil w as set up with 
Scientific Ecology Group (SEG). 
2. Signs were placed at the entrance to regulated a reas regarding the 
disposal of clean packing materials and other extra neous materials prior 
to entering the area. Disposal receptacles were pla ced near the signs. 
3. The sites published awareness bulletins concerni ng the use of 
incinerable materials and the potential effect of o ffsite incineration on 
disposal costs and volumes. 
4. Corporate Radwaste obtained a multisite contract  for supercompaction 
which was awarded to SEG. This contract replaced a similar contract with 
Quadrex. A new multisite contract for DAW incinerat ion was also awarded 
to SEG. 
5. The sites began procurement of incinerable mater ials and reusable 
supplies (non-PVC) and would continue replacing non -incinerable and 
disposable stock items with these items. 
6. The sites began more decontamination of floor an d wall areas instead 
of exclusively utilizing disposable plastic coverin gs. When floor and 
wall coverings were used, certified incinerable pla stic would be used. 



7. The amount of contaminated area in the sites was  greatly reduced. 
This, in turn, resulted in less radwaste since work  in clean areas did 
not produce as much contaminated waste. 
8. Use of the site hot tool room increased. This re sulted in fewer tools 
to decontaminate and fewer tools and other equipmen t shipped as radwaste. 
In addition, the following recommendations were mad e in the Plan: 
1. The Technical Training staff should modify Level  II GET training 
lesson plans to incorporate identified improvements  to the radwaste 
minimization portion of the course. 
2. All initial and retraining GET courses should ad opt the REDUCES 
concept for teaching radwaste minimization at the s ites. 
3. All upper-tier site minimization procedures shou ld be updated to 
include the findings of the TVA team. 
4. Site management should incorporate radwaste goal s into each section 
manager's goals program for sections that generate radwaste. 
5. Site management should appoint a radwaste minimi zation liaison to aid 
in the preplanning of major tasks that generate rad waste and routinely 
monitor work practices for impact to radwaste volum es and cost. 
6. Site management should implement methods of pena lizing willful 
violations of minimization practices. 
7. The nuclear sites should implement a liquid segr egation program which 
would provide a mechanism for the sampling and prop er disposition of oil 
and other liquids. 
8. The sites should continue to provide visual aids  for employee 
education depicting the volume of radwaste shipped,  processing and 
disposal cost, and violations incurred. 
9. Sections which generate radwaste at each site sh ould be charged for 
disposal of their waste directly rather than having  the site radwaste 
organization budget for the entire site. This would  put the emphasis for 
volume minimization directly on the generators of t he radwaste. 
10. Front-end source term minimization and reductio n techniques (such as 
stellite control, chemical decontamination, constan t elevated pH, and 
improved filtration) should be evaluated by each si te and implemented as 
needed. 
11. Work on contaminated equipment at the sites sho uld utilize 
containments instead of setting up contamination zo nes. 
12. Technological enhancements for equipment or met hodologies should 
continue to be explored by the nuclear sites and co rporate staff. 
13. The sites should continue with the successful r eduction of resin 
volumes through liquid and resin processing conduct ed by Chem-Nuclear 
Systems. 
Many of the easy recommendations were implemented q uickly and began to 
show positive results. However, the TVA team quickl y realized that TVA 
plants were in a "Catch-22" situation. The largest problem was the high 
volume of dry active waste. Until TVA could come to  grips with the onsite 
minimization problem, the obvious answer was either  offsite incineration, 
offsite supercompaction, or a combination of the tw o. But much of this 
waste contained PVC (plastic sheeting, bags, and ot her disposable items) 
which could not be sent to the incinerator because of resultant 
hydrochloric acid production in the incinerator's s crubber system. The 
use of offsite incineration depended upon removing all sources of PVC 
from the plants and substituting equivalent non-PVC  products. This 
substitution took years to accomplish since many of  the warehouses were 
full of PVC items and workers were use to using the  old PVC items. In 



some cases, non-PVC substitutes were not available for purchase or were 
not as reliable as the well-known PVC products. The  use of offsite 
incineration at SEG was delayed for years until cer tified incinerable 
items were in complete use at the two sites. 
In 1990, the Senior Vice President of Nuclear Power  set a Level 1 goal 
requiring TVA nuclear plants to be at or below the INPO average for 
radwaste volume. TVA was to maintain this goal ever y year regardless of 
plant evolutions. Increased emphasis from site mana gement to reduce 
radwaste-related costs was a large factor in changi ng the culture and 
gaining support from site workers. Other factors in cluded: 
1. The use of bulk material permits before large qu antities of plastic, 
wood, or other bulk materials would be allowed into  the regulated area. 
2. The introduction of reusable or recyclable mater ials for previously 
disposed items. 
3. Use of onsite and offsite decontamination of too ls and equipment . 
Much of this material was disposed of as contaminat ed in the past. 
4. Improvement in worker education and awareness of  radwaste costs and 
volume impacts. 
Onsite segregation of contaminated from noncontamin ated waste was tried 
for some time at Browns Ferry. Plant laborers and R ADCON technicians were 
used to sort through yellow bag trash to determine which items were 
contaminated. Noncontaminated items were disposed o f with the green bag 
trash. Much of the pay-back from this practice came  from the location and 
reuse of tools and equipment found in the radwaste.  This practice was 
discontinued at Browns Ferry because it was labor i ntensive and costly. 
One of the biggest impacts on DAW generation was th e reduction in the 
amount of contaminated area in the plant. At Browns  Ferry, the percentage 
of contaminated area in the plant decreased from a high of 14.7 percent 
in 1989 to the present value of 0.75 percent. At Se quoyah, contaminated 
area has been reduced from a high of 13.7 percent i n 1990 to the present 
value under 3 percent (at the end of the unit 1 ref ueling outage). This 
means that more of the plant can be accessed and wo rked performed in 
street clothes without the volume impacts associate d with contaminated 
zones. It also means that equipment leaks that caus e many of the zones 
have been reduced as well as the associated introdu ction of contaminated 
water that must be processed by plant and vendor sy stems. Reduction of 
contaminated plant areas is one of the first steps to getting control of 
the radwaste problem at a plant. 
Although the use of offsite compaction and incinera tion systems is very 
important, the real indicator of improvement is a r eduction in the amount 
of radwaste generated. At Browns Ferry. total DAW g eneration has reduced 
from 2,400 cubic meters (85,000 cubic feet) per yea r in 1993 to less than 
1,700 cubic meters (60,000 cubic feet) at the prese nt time. At Sequoyah, 
the amount of DAW generated has decreased from 2,80 0 cubic meters 
(100,000 cubic feet) per year in 1991 to 566 cubic meters (20,000 cubic 
feet) at the present time. During this time, unit r efueling outages at 
these sites have produced less DAW than the previou s outages. This 
indicates that we are getting better at doing the s ame work while making 
less waste each time. 
Dealing with the ion-exchange resin generation prob lem at the plants was 
somewhat easier than the DAW problem. At Sequoyah, annual resin 
generation volume has now dropped from a high of 22 7 cubic meters (8,000 
cubic feet) in 1985 to the present value of less th an 28 cubic meters 
(1,000 cubic feet). This decrease can be attributed  to better plant 



chemistry, the efforts of an excellent site radwast e staff, and a 
dedicated vendor crew utilizing Chem-Nuclear's ALPS  water processing 
unit. Payment for water processing at the site is b ased on the number of 
gallons of water processed rather than the number o f hours worked or the 
volume of resin generated. This provides an incenti ve for Chem-Nuclear to 
optimize the throughput of the resin to produce the  quality of water 
required by TVA. It has worked to the advantage of both Chem-Nuclear and 
TVA to minimize the resin volume. 
At Browns Ferry, the amount of ion-exchange resin g enerated is below the 
best quartile value for a two-unit BWR. Most of thi s success is due to 
changes in the condensate demineralizer precoat sys tem and new technology 
in the use of filtration at the plant. Credit also goes to the use of the 
Chem-Nuclear RDS-1000 resin drying system run by a Chem-Nuclear operator 
at the site. This system is responsible for reducin g the amount of resin 
volume sent for disposal through its drying system and for eliminating 
the potential for excess water in Browns Ferry's re sin shipments to 
Barnwell. Browns Ferry received three violations an d fines for having 
excess water in its dewatered resin from 1980 to 19 87. There have been no 
violations since use of the RDS-1000 began in 1988.  
In July 1993, TVA and Chem-Nuclear Systems entered into a long-term 
Radwaste Services Partnership to provide a full sco pe of radwaste 
services and equipment to TVA nuclear plants and ot her facilities. The 
goals of this partnership were to keep radwaste vol umes and costs as low 
as possible while providing quality processing and disposal services to 
TVA plants. In the first 2 years of the Partnership , millions of dollars 
of processing and packaging savings have been reali zed by TVA. As a 
result, Chem-Nuclear recently received the 1995 TVA  Suppliers Excellence 
Performance Award for their innovations and cost re duction achievements 
as a supplier and Partner to TVA. 
Almost six years after initiating the Volume Minimi zation and Reduction 
Plan, the results are staggering. After receiving 3 0 NRC and state 
violations from 1980 to 1987, neither Browns Ferry or Sequoyah has 
received a radwaste violation since October 1987. C orporate and site 
radwaste goals are now used to determine employee a nd management 
incentive bonuses. Processing and disposal costs ar e down dramatically. 
TVA plants are now in the first quartile of radwast e generation for their 
reactor types. Sequoyah has been at or within the b est quartile since 
1992. This turnaround in the radwaste management pr oblems at TVA nuclear 
plants required much work by the site and corporate  staffs and a 
commitment at all levels to make it succeed. Howeve r, the results have 
been worth the hard work, and the program is health ier than it has been 
in years. 
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ABSTRACT 
Within the UK Electricity Supply Industry in Englan d and Wales there are 
six operating Magnox and five Advanced Gas Cooled R eactor (AGR) stations, 



a PWR at Sizewell B and two Magnox stations undergo ing decommissioning. 
The Sizewell B PWR has recently started commercial operation, and is 
equipped with a plant for the routine encapsulation  of Intermediate Level 
Wastes (ILW). An extensive program of research and development has been 
carried out over a number of years, augmented by on -going sampling and 
analysis, in order to formulate a cement based enca psulating medium for 
all wastes. 
Over the 30 year period of Magnox reactor operation  a number waste 
materials have been produced, and those classified as ILW are retained in 
storage facilities at the stations. Some of the mat erials are no longer 
commercially available, and a suitable simulant mus t be identified before 
any formulation development work can be carried out . In addition, the 
design of the early Magnox reactors did not permit a high degree of waste 
segregation, and consequently some waste storage fa cilities contain a 
number of different materials which could have unde rgone 
physical/chemical change. The situation at the AGR stations is 
characterized by lower waste arisings and improved segregation. In 
addition, most of the materials which make-up the w aste are still 
commercially available which simplifies the selecti on of a simulant for 
development work. 
Successful formulation is measured against a number  of criteria, all 
directed at producing a satisfactory wasteform whic h will have acceptable 
physical and chemical properties in the post-closur e repository 
environment. Properties measured include dimensiona l stability, weight 
change, tensile strength, elastic modulus, pore wat er chemistry, the 
effect of radiation, exposure to water and freeze/t haw conditions. This 
is complimented by an extensive program over a numb er of years to monitor 
the potential for corrosion of the waste container.  It is also essential 
to take account at the formulation stage of aspects  such as heat 
evolution, rheology of the cement mix, retrieval of  the waste and 
application to an encapsulation plant. 
Materials which would be expected to have an affini ty with a cement based 
medium have in general represented no particular pr oblem with high waste 
loadings readily achieved. Other materials, such as  phenol formaldehyde 
based resins, have shown a propensity for expansive  phase formation under 
irradiation resulting in physical failure of the wa steform. Some ion 
exchange resin wastes, in a formulation with a high  sodium hydroxide 
content to offset the inhibition to setting caused by the presence of 
boron, exhibited failure under water immersion. A n umber of wasteforms 
have appeared to fail under radiation exposure, alt hough modelling 
suggests that the mechanism is a combination of rad iolytic gas generation 
and the limiting diffusion rate through the cement matrix. These issues 
have now been resolved and the emphasis has moved t o the development of a 
methodology for the encapsulation of the retrieved wastes, which in a 
number of cases will consist of an homogenized mixt ure of materials. 
There is a significant generic element to the metho dology database, 
particularly where the technology has been underwri tten by more 
fundamental studies on the underlying physics and c hemistry. Experience 
has been obtained with techniques to improve the st rength of the 
wasteform, and the potential effect on the wastefor m of a variety of low 
concentration materials such as oils, de-greasing a gents and detergents, 
decontaminants and superplasticisers. This body of information, which 
includes some novel formulations, therefore represe nts a valuable 
contribution to the requirements of utilities with all types of waste. 



The overall conclusion is that sufficient experienc e has now been 
accumulated to enable real retrieved wastes to be e ncapsulated in a 
cement based media which is highly compatible with the required 
repository environment. This can usually be achieve d at a high, and 
therefore economic, waste loading. The formulations  have also shown 
themselves amenable to modification in order to acc ommodate a particular 
feature of a waste or property required of the wast eform. 
BACKGROUND 
In the privatization of the UK Electricity Supply I ndustry in 1990 the 
nuclear component in England and Wales was retained  in the public sector 
under the name Nuclear Electric plc (NE). NE assume d responsibility for 
the operation of the Magnox stations (two of which are now undergoing 
decommissioning), five Advanced Gas Cooled Reactor (AGR) stations and 
completion of the Sizewell B PWR. Since 1990 NE has  continued to develop 
a comprehensive strategy for the management of radi oactive waste arisings 
from the operation and decommissioning of nuclear p ower stations (1). The 
nuclear component of the UK Electricity Supply Indu stry is now being 
further privatized, with the Magnox reactors remain ing in the public 
sector. 
This paper is a logical follow up to the paper give n to the WM'95 
Conference (2), in which a broad overview was given  covering waste types, 
work on encapsulation techniques, the intentions wi th respect to 
encapsulation plant and some of the novel technolog ies which were being 
developed. The intention here is to update the posi tion for Magnox, AGR 
and PWR intermediate level wastes (ILW)a, and focus  on some of the more 
intractable areas where satisfactory encapsulation formulations have now 
been developed. It should be noted that low level w aste (LLW) is 
routinely disposed of to a shallow land burial site  in the UK operated by 
British Nuclear Fuels plc.  
ENCAPSULATION OF SOLID ILW IN CEMENT FORMULATIONS 
At present operational radioactive ILW arisings at power stations are 
held in special accumulation facilities pending eve ntual retrieval and 
disposal. It is both national and company policy th at disposal will be by 
deep land burial in the proposed NIREX Deep Waste R epository (DWR). To 
ensure the safe handling and transport of the waste s between retrieval 
and emplacement in the repository, it is intended t hat they will be 
encapsulated in a suitable matrix contained within a NIREX approved 
container. The encapsulation matrix will be cement based, as this 
material has a number of advantages, although the o ption to use an 
organic polymer is still retained and may be used a s a one-off to 
encapsulate some ion exchange resins at Trawsfynydd  power station which 
is undergoing decommissioning. Although cement is a  cheap, well tried and 
tested material such that its handling and general mechanical and 
chemical properties are well known with a wealth of  practical experience 
on which to draw, there are other factors which nee d to be borne in mind 
concerning how cement based formulations are predic ted to behave within 
the repository. 
In developing this cement based approach to the enc apsulation of ILW the 
following issues have been continuously reviewed, a s it is important to 
the long term integrity of the product that the opt imum cement 
formulation is chosen for each waste, whether a sin gle material or a 
mixture. 
  availability of novel cement based formulations t o offset a particular 
problem. 



  modification of the cement set process and the wa steform properties by 
waste/cement interactions. 
  achievement of a particular cemented wasteform ch aracteristic with 
chemicals and other additives. 
  formulation development compatible with a full sc ale operational and 
active encapsulation plant. 
Nuclear Electric's Intermediate Level Wastes 
The ILW which NE will have to encapsulate can be su mmarized as follows, 
noting that there are also minor amounts of a numbe r of other materials 
present. 
 Magnox Stations: 
  Magnox fuel element debris 
  Magnox sludges 
  Active Effluent Treatment Plant (AETP) sludges 
  Oily wastes (especially oily sludges) 
  Inorganic ion exchange materials 
  Organic ion exchange resins (2 main types) 
 AGR Stations 
  Borated ion exchange resins 
  Active Effluent Treatment Plant (AETP) sludges 
  Filter pre-coat materials 
 PWR Stations: 
  Boric acid concentrates 
  Borated organic ion exchange resins (similar to t hose at  
AGR stations) 
  Filter elements 
The amounts of ILW currently held at NE's stations are comparatively 
modest and are typically a few tens of m3 for any i ndividual waste 
(except at Trawsfynydd where the holdings of spent ion exchange resin are 
a few hundreds of m3) (3).  
REQUIREMENTS OF THE CEMENTATION PROCESS  
Retrieval 
It is assumed that all ion exchange resin and sludg e type wastes held in 
storage will be retrieved by homogenizing the conte nts of a tank and 
hydraulically transporting the mixture to a seconda ry vessel or the 
encapsulation plant. This is particularly the case with the accumulation 
facilities on the earlier Magnox stations which may  contain a number of 
waste types. In such instances the cement formulati on must be able to 
encapsulate the mixture of wastes and, allowing for  the possibility that 
the wastes may not be homogeneously mixed when retr ieved, the formulation 
should ideally be able to accept the extreme of 100 % of any one 
component. This is potentially quite a severe const raint, but as yet has 
not proved insurmountable, and in most cases repres ents a very unlikely 
situation. There is the additional point concerning  the water content of 
the retrieved waste and whether de-watering is requ ired before 
encapsulation. 
Mixing 
In the application of a cement encapsulation proces s, where waste and 
other ingredients such as Ordinary Portland Cement (OPC) and Blast 
Furnace Slag (BFS) are dispensed into the container  and mechanically 
mixed with water to form an homogeneous mixture, he at is evolved which 
will assist the hydration process and the mixture w ill become more 
viscous over time until the initial set occurs. It is usual to measure 
the torque required by the motor turning the mixing  paddle, and for two 



speeds to be used for the mixing process, a lower s peed while the 
ingredients are being dispensed into the container to minimize splashing, 
and a faster speed to ensure homogeneity. The compo sition of the mixture, 
and the rate at which initial set occurs must there fore be such that an 
homogeneous mixture is formed before the viscosity starts to increase 
significantly. This represents another area of pote ntial constraint on 
the cement formulation. 
Heat Evolution 
In the encapsulation of radioactive waste in cement  based formulations, 
some account must be taken of the heat evolved. In terms of the specific 
heat of hydration the reaction of the aluminate pha se is most exothermic, 
followed by alite, the ferrite phase and belite. Th e bulk of the heat, 
however, arises from the alite C3S component, becau se it is the major 
constituent. One simple way of reducing the heat ge nerated is to dilute 
the C3S component with other cementitious materials  which contain small 
percentages of C3S. Two such materials are pulveriz ed fuel ash (PFA) and 
BFS and both have found use in formulations for NE' s wastes. The 
temperatures developed in some typical laboratory e xperiments for various 
ratios of OPC to BFS are shown in Fig. 1. It is wor th noting how the heat 
is released earlier in the OPC-rich mixes than in t he BFS-rich ones, due 
to acceleration of the rate of the hydration reacti on by heat. For 
practical purposes it is found necessary to have a least 7:3 BFS/OPC and 
in general 9:1 BFS/OPC is specified for use with NE 's wet slurry wastes. 
One consequence of the use of high slag or BFS ceme nts is that the range 
of available water/cement ratios is rather less tha n would be the case 
with pure OPC. This is illustrated in Fig. 2 where the range of 
acceptability in terms of the ability to mix and th e presence of bleed 
water or failure to set narrows increasingly as the  %BFS increases. This 
also restricts the range of the water/cement ratio.  
Fig. 1 
Fig. 2 
NE's mobile encapsulation plant will utilize contai ners ("liners") with a 
capacity of 2.6 m3. Such a large volume of cement c an lead to problems 
with excessive heat generation as noted above and t o ensure that this 
does not happen the cement formulation must be sele cted carefully. 
Application to an Encapsulation Plant 
A cement formulation suitable for a particular wast e will have been 
developed on a small scale initially and then taken  to the 10-20 litre 
scale for the product evaluation work and the produ ction of specimens for 
testing. If a particular problem concerning handlin g or mixing is 
envisaged some testing may be carried out at full s cale. 
Eventually the cement formulation, in terms of weig ht of cement and BFS 
and volumes of waste slurry, mix water and other in gredients, will be 
programmed into the control system of an encapsulat ion plant for 
automatic dispensing during a production run on act ive waste. Is 
essential to know the expected level of plant error  bands, the 
repeatability of the system in terms of valve openi ng times and pump 
delivery quantities per stroke or revolution. Also the volumes of all 
vessels used to store or dispense materials, the vo lume of any spaces 
where "hold-up" can occur and the implications of a ll flushing 
operations. In this way the parameters of the plant  can be taken into 
account and the formulation adjusted if necessary t o ensure that the 
containers do not over or under fill and that the w asteform is 
satisfactory when set. This is another area of pote ntial constraint on 



the cement formulation, as it must be flexible enou gh to accommodate such 
modifications. 
The plant throughput must also be such that contain ers are not moved 
until after the initial set has occurred, in order to avoid the 
possibility of the formation of cracks or fissures.  Although the 
wasteform is not fully hydrated by this time it is sufficiently free of 
liquid water that the crack or fissure will not sel f-heal, and the 
wasteform is therefore cracked and in a failed cond ition from the start. 
Due to the quantities of waste involved it is not c onsidered cost 
effective to construct and retro-fit a waste encaps ulation plant at each 
existing station and it is intended that a mobile e ncapsulation unit will 
be available. Sizewell B has a dedicated encapsulat ion plant and this is 
the intention with any future stations. In order to  achieve the required 
throughput it is important that the cement hardens sufficiently quickly, 
as storage capacity for drums set aside to harden i s limited and a 
maximum set time of 16-24 hours is envisaged. There  is also a requirement 
that there be no standing or bleed water on the pro duct after set has 
been achieved, and this places an upper limit on th e acceptable 
water/cement ratio. The process will be in-drum mix ing with a sacrificial 
paddle, and as the mixing torque requirement is a f unction of the 
viscosity of the mixture, it imposes an additional constraint which sets 
the lower limit to the water/cement ratio. 
REQUIREMENTS OF THE CEMENT FORMULATION DEVELOPMENT 
Cement Chemistry 
The chemistry of cement both during set, curing and  subsequent longer 
term hydration is complex but fairly well understoo d in terms of the main 
physical phases and the overall micro-structure. Th e important issue in 
the cementation of a variety of radioactive wastes is the potential for 
the formation of unstable cement monoliths. This ca n range from spalling, 
which may be at a tolerable level, to fracture and crumbling of the 
monolith which is not acceptable. This in turn can be due to 
physical/chemical mechanisms such as radiolytic gas  generation or the 
formation of an expansive phase. 
Sampling/Analysis and Simulants 
There is some physical and chemical data available on most of the wastes, 
however this is not always comprehensive enough and  there is an on-going 
program of sampling and analysis. The identity of t he waste can often be 
obtained from station records, although one difficu lty not apparent in 
the list of waste types given earlier is that sever al different materials 
may occur together in the same waste accumulation f acility. 
Development work is not usually carried out on acti ve waste and it is 
necessary to identify a number of simulants. If the  waste material is 
still available it would be used in the "as receive d" condition, unless 
there was specific knowledge of physical or chemica l degradation in 
storage, in which case this would be simulated. An example is particle 
size reduction of a material during use. If the mat erial is not available 
commercially, as with granular Lewatit DN ion excha nge resin, then either 
remaining sources must be located or a simulant mat erial identified. The 
simulant must be chosen carefully in order not have  any significant 
deviations from the expected behavior of the actual  waste during cement 
encapsulation and the product evaluation testing. 
A category of waste for which simulation is the onl y way to proceed is 
sludge from the Active Effluent Treatment Plant (AE TP). Based upon the 
origin of the AETP input flows, including filter ba ckwash, dirty drains, 



washrooms and laundry, up to twenty materials are r equired to simulate a 
sample of AETP sludge. One of these is oil which ac ts as a binder for the 
sludge. 
Wasteform Properties 
  Adequate mechanical strength: great strength is n ot required but it 
must be adequate for handling and transport, which means that the 
container/wasteform must pass the appropriate drop tests. 
  Dimensional stability: some cements expand as the y set, imposing 
stresses on the container which may effect its inte grity. Excessive 
contraction is also undesirable as this potentially  allows water access 
to the container which could lead to enhanced corro sion. 
  Monolithic block: the wasteform must set to give a monolithic block 
free of cracks or loose material.  
  Minimal inside-out corrosion of drum: whilst the cement remains in 
contact with the drum, corrosion is likely to be mi nimal (the cement 
maintains a high pH environment) unless excessive q uantities of corrosive 
anions (such as chloride) are present in the waste.  Outside-in corrosion 
is a function of the storage conditions and has no bearing on the 
wasteform properties. 
  Fire resistance: must be able to withstand a stan dard fire test. 
  Low leachability: if the wasteform comes into con tact with water, for 
instance, in an accident whilst being transported t o the repository, or 
ultimately, in the repository itself, radionuclides  must have a low leach 
rate. This condition is usually easily achieved if the wasteform 
maintains its integrity (cracking/fissuring/crumbli ng etc. increases the 
surface area, and may release active particulate). 
  Minimal gas evolution: gas may be evolved either through radiolysis of 
the water in the cement or due to corrosion of meta llic materials such as 
Magnox. Gas evolution under such circumstances at a  realistic repository 
dose rate is unlikely to cause cracking of the ceme nt (due to the build-
up of gas pressure in the micropores of the cement) . However, since one 
of gases evolved is hydrogen, this may represent a safety hazard in 
addition to leading to drum pressurization. Fortuna tely at the doses 
likely to be received from NE's wastes these proble ms are of little 
importance, and there is always the design option o f a vented drum. 
  Resistance to radiation: the cemented wasteform w ill be exposed to a 
predicted dose rate of about 20 Gy h-1 in the repos itory from self-
irradiation and irradiation from adjacent wastes. T he whole life 
repository dose is estimated to be 9 MGy. In order to achieve the whole 
life dose, irradiation tests have to be accelerated  and as will be 
explained this can lead to experimental problems. 
SUPPORTING DEVELOPMENT AREAS 
Long Term Monitoring of Cemented Wastes 
A large number of samples are included in this long  term monitoring 
program, and dimensional stability and other physic al properties are 
updated annually for the following wasteforms: 
  Fine and coarse Magnox sludge 
  Bead Lewatit DN ion exchange resin 
  Ammoniated IR-120 ion exchange resin 
  Decalso Y 
  Granular carbon types 203C and 207C 
  Dicalite Speedplus 
  Cemented AW500 inorganic ion exchange material 
  Magnox splitters 



  Borated wastes such as ion exchange resins 
  PWR primary ion exchange resin 
  AGR silica gel resin 
  PWR wastes such as boric acid concentrate 
Corrosion of Waste Containers 
A number of 50 litre containers have been instrumen ted to monitor the in-
drum environment in terms of the corrosion potentia l, oxidation 
potential, galvanic current, relative humidity, tem perature and corrosion 
rate. The containers are stainless steel or carbon steel and are either 
vented or sealed. Each container is filled with a s imulated waste in the 
appropriate cement formulation, followed by a cappi ng grout and a lid. 
Following a period of monitoring the containers are  sectioned, the 
instruments recovered and the internal surface of t he container subjected 
to detailed examination. Table I lists the containe rs monitored to date. 
The sealed containers, with the exception of number  1 (boric acid 
evaporator concentrate simulant in a stainless stee l container), are 
continuing to show anaerobic potentials. The move t o aerobic potentials 
in the stainless steel container (number 1), is ass ociated with micro-
cracking of the wasteform allowing air penetration.  The destructive 
examination of container number 4 (boric acid evapo rator concentrate 
simulant in a vented carbon steel container) confir med that conditions 
within the drum were reducing and not corrosive. 
Indicated corrosion rates are between 0.02 and 10 m m year-1. Times to 
penetration assuming uniform corrosion from inside only are 280 years for 
the mild steel container and over 15,000 years for the stainless steel 
container. However localized corrosion will reduce this time 
considerably. Corrosion rate measurements will cont inue on the remaining 
six containers in order to underwrite the envisaged  minimum lifetime of 
50 years. 
Table I 
Magnox/graphite/alloy Combinations  
This work was undertaken to identify any particular  combinations of 
materials that could give rise to enhanced rates of  corrosion when 
electrically/chemically coupled. The materials used  to set-up galvanic 
couples with Magnox were graphite, cast iron, zirco nium, 316 stainless 
steel and Nimonic springs as shown in Table II, all  with appropriate 
degreasing and surface treatment. In addition two 5 0 litre stainless 
steel containers were instrumented to monitor the g alvanic corrosion 
current between Magnox and graphite, corrosion and oxidation potential, 
relative humidity of the air in the container void,  temperature within 
the wasteform and on the container surface, and the  corrosion rate of a 
single Magnox electrode. In all cases the container s were filled with 3:1 
BFS/OPC with a w/c ratio of 0.39. 
Table II 
It was concluded that galvanic coupling of Magnox t o graphite is unlikely 
to result in significantly higher rates of hydrogen  gas generation, the 
long term corrosion rate for Magnox/graphite couple s is <0.01 m year-1 
and that the oxidation potential of the wasteform i ndicated that 
conditions in the cement were oxidizing throughout the test duration. 
Physical examination showed that exposure of Magnox  to a cement 
environment resulted in a protective surface film o f Mg(OH)2 and the 
inside walls of the stainless steel container showe d no signs of 
corrosion after greater than 6000 hours exposure to  a 3:1 BFS/OPC (w/c = 



0.39) grout. Over the test period of up to 250 days , mixed graphite and 
Magnox in a cemented matrix showed no propensity fo r enhanced corrosion. 
Assessment of Superplasticisers  
The literature suggests that the correct use of the se materials will give 
increased fluidity without any adverse affects on t he long term wasteform 
properties. Only sulphonated naphthalene formaldehy de (SNF) type 
superplasticisers are assessed as possessing neglig ible complexing 
ability and are therefore preferred as they would n ot enhance 
radionuclide mobility in the repository post-closur e situation. 
Experiment has shown that it is essential to use th ese materials within 
the manufacturers recommended concentrations, other wise poor process and 
product properties result. The conclusion of the te sts was that the use 
of SNF type superplasticisers within prescribed lim its, will not result 
in any deleterious long-term wasteform properties.  
Assessment of Detergents, Decontaminants and Other Agents 
Power stations use a number of materials for cleani ng and decontamination 
processes, some of which will enter radioactive was te streams and could 
result in low concentrations in the retrieved waste  for encapsulation. 
The objective of this and other studies is to prove  that credible 
concentrations of such materials in typical waste s treams will not 
adversely effect the encapsulation process or the l ong term stability of 
the wasteform. 
A typical decontaminant liquor would contain sodium  citrate, EDTA and 
active detergent in a sodium sulphate carrier. The detergent would 
typically consist of sodium alkyl aryl sulphonate, ethoxylate non-ionic 
alcohol, sulphate, chloride and other salts in a wa ter based carrier. 
Nitric acid decontamination liquor neutralized with  sodium hydroxide was 
also included, in addition to other decontamination  solutions containing 
potassium permanganate, nitric, citric and oxalic a cid. The composition 
of some AETP simulant sludges includes commercially  available detergents 
and decontaminants. Some detergents are based upon mixtures of chemicals 
such as nonyl phenol ethoxylate, sodium salts of ED TA, sodium 
tripolyphosphate, sodium carboxy methyl cellulose a nd sodium sulphate, 
while others are alkaline and based upon biological ly soft surface active 
agents and sequestering agents. Other commercially available materials 
consist of sodium metasilicate, sodium carbonate, t risodium phosphate, 
low foaming surfactants, anti-foaming agents and a sequestrant. Specific 
anti-foaming agents have been examined separately. The overall conclusion 
from this comprehensive body of information is that  there will not be a 
problem with the encapsulation in cement of radioac tive ILW containing 
such materials at anticipated concentrations. Howev er, long term 
degradation of organic species may need further con sideration. The high 
pH of the cement environment and the low concentrat ion of these organic 
materials (and their degradation products) probably  represents a 
satisfactory situation with respect to the reposito ry post-closure safety 
case. 
This work was directed at commercially available 
detergents/decontaminants which will be used at nuc lear power stations 
normally in a form diluted with water to 10 vol% al though more 
concentrated solutions may have particular applicat ions. The conclusion 
from the small scale testing and product evaluation  studies is that these 
materials can be encapsulated satisfactorily in a 9 :1 BFS/OPC cement 
blend with up to 100 volume per cent of the water v olume replaced by the 
detergent/decontaminant, and with no adverse effect  on the waste product 



properties up to 90 days. Properties of these cemen ted wasteforms will be 
monitored long term. 
WASTE-CEMENT INTERACTIONS  
Having reviewed briefly the major constraints on th e encapsulation 
process and factors influencing the selection of ce ment formulations, 
there remains the subject of waste-cement interacti ons. Some wastes can 
be incorporated into cement at acceptable loadings without difficulty, 
but others require special pre-treatment or the add ition of other 
chemicals to modify the chemistry during or after s etting. This will be 
illustrated by reference to two specific waste stre ams, boric acid and 
Lewatit DN ion exchange resin. Boric acid concentra tes will arise at the 
Sizewell B PWR, and an understanding of how boric a cid interacts with 
cement is essential to the treatment of this waste and the successful 
incorporation of borated resins (which arise at bot h AGR and PWR 
stations) into cement. Lewatit DN is a phenol forma ldehyde type ion 
exchange resin which has been used on Magnox statio ns, and which has 
proved difficult to successfully encapsulate in a c ement based 
formulation due to its unique properties. 
Encapsulation of Boric Acid and Borated Resins 
The well known effect of boron (and other inorganic  salts) in retarding 
the process of cement set is illustrated in Figs. 3  and 4, where quite 
modest amounts have a considerable effect on the ti me to set as measured 
by the exotherm and the cement strength as measured  by the ultrasonic 
pulse velocity. A typical PWR boric acid concentrat e will be 12% by 
weight (though concentrations up to 24% may be prod uced) and with such a 
concentration cement does not, for all practical pu rposes, set. The 
borated resins will be of the divinylbenzene (DVB) type and will arise at 
all power stations from pond water ion exchange pla nt, although the most 
active will be from the PWR CVCS system. The formul ation must be able to 
encapsulate all extremes from 100% anionic to 100% cationic resin. 
Fig. 3 
Fig. 4 
The mechanism of delayed setting is the formation o f an amorphous calcium 
borate phase of composition CaO.B2O3.6H2O around th e grains of cement, 
hindering normal access of the porewater. This effe ct may be overcome by 
preventing the formation of the solid calcium borat e phase by either 
keeping the boron in the aqueous phase or removing the boron into a solid 
phase other than calcium borate.  
Initial work was directed at keeping the boron in t he aqueous phase, and 
study of the [Ca(BO2)2.2H2O-Ca(OH)2-H2O] system ind icates that a high 
(OH)- concentration increases the solubility of Ca( BO2)2.2H2O. There is 
also an increased rate of hydration in the presence  of NaOH as indicated 
by the evolved heat. Therefore the use of sodium hy droxide additive would 
keep the B(OH)-4 monoborate ion in solution and rep lace the calcium 
borate with calcium hydroxide through which the por ewater could diffuse. 
For the PWR boric acid concentrate, experiments hav e shown that in 9:1 
BFS/OPC mixtures the optimum NaOH:boric acid ratio is 2.5:1 to achieve 
set in 16 hours, and this simple approach works wel l in overcoming the 
retarding effects of boric acid. This type of waste form was satisfactory 
in all respects except resistance to irradiation.  
The problem with radiation testing is that in order  to achieve the 
estimated whole life repository dose of 9 MGy it is  necessary to use 
accelerated irradiation testing, and this means usi ng a dose rate of 
2,000 Gy h-1 or greater in order to complete a tota l dose of 9 MGy in a 



suitable time period such as 3 or 6 months. Radioly tically generated gas 
in the pore structure of the set product was unable  to escape at the 
required rate and caused pressurization of the inte rnals leading to 
fracture. The gas generation rate is a function of the dose rate (about 
2x104 Gy h-1) and this is much greater than the pre dicted dose rate in 
the repository (20 Gy h-1). Subsequent work establi shed that by limiting 
the boric acid loading to 12 wt%, allowing the prod uct to cure for over 
100 days and reducing the dose rate for the acceler ated irradiation 
tests, a satisfactory resistance to irradiation up to the whole life 
repository dose of 9 MGy was achieved. Therefore, t he product obtained by 
incorporating 12% boric acid in 9:1 BFS/OPC is able  to meet all targets. 
With borated resins, the first formulations contain ed up to 21.5 wt% 
borated IRN 150L resin in a 9:1 BFS/OPC (w/c = 0.3)  mixture with 47 wt% 
NaOH (approximately 13 Molar). The wasteform was ac ceptable in all 
respects except underwater stability, where degrada tion of the wasteform 
was caused by resin bead swelling due to the presen ce of large NaOH 
concentration gradients. Subsequent work demonstrat ed that with a reduced 
waste loading of 10 wt% in 9:1 BFS/OPC (w/c = 0.33) , the NaOH 
concentration could be reduced to 5.5 wt% (approxim ately 2.1 Molar mix 
water) and the wasteform was stable to underwater i mmersion. 
It was therefore necessary to develop an alternativ e system which could 
return to waste loadings greater than 10 wt% while still meeting all the 
requirements for the properties of the wasteform. F urther development 
work identified the mix consisting of 20 wt% borate d IRN-420 or IR-
120(Na+) resin in 9:1 BFS/OPC with 6 wt% (of the ce ment powder) of high 
alumina cement (HAC) (w/c = 0.37 and 0.50) using 1. 5 Molar NaOH mix 
water. The role of the HAC, as for the NaOH, is to prevent retardation of 
the OPC hydration by boron. The calcium aluminate p hases from the HAC 
react with B(OH)4- to form a solid boron containing  phase which does not 
hinder access of porewater to the cement particles.  
However, this formulation showed unacceptably poor compressive strength 
development at 2 days for 25 wt% borated IRA-420 in  a cement formulation 
of 9:1 BFS/OPC + 6 wt% high alumina cement (HAC) + 1.5 Molar NaOH mix 
water over the range of water/cement ratios. This w ould give problems in 
moving the cemented waste without causing fracture.  Although beyond 2 
days and up to 90 days strength development, dimens ional stability and 
underwater stability were acceptable, this formulat ion was unacceptable. 
The maximum waste loading for 100% borated resin is  therefore limited to 
20 wt% until the level within the range 20 to 25 wt % is located in terms 
of the 2 day compressive strength. A 25 wt% resin l oading is suitable for 
IR-120 (Na+), primary circuit resin and secondary c ircuit resins, in 
terms of mixing characteristics, set, 24 hour bleed , compressive 
strength, dimensional stability and underwater stab ility to 90 days. 
Irradiation tests used 20 wt% IRA-420 or IR-120 (Na +) in a 9:1 BFS/OPC 
mix with 6 wt% HAC and 1.5 Molar NaOH mix water, an d as with the boric 
acid concentrate wasteforms, samples split into sev eral pieces after a 
dose rate of 10,000 Gy hr-1 to a total dose of 6 MG y. The mode of failure 
(several large pieces) was not the same as the obse rved failure mode for 
cemented Lewatit DN under irradiation (which was mo re of a disintegration 
into a coarse powder), and there was no evidence of  the expansive phase 
formation for the borated resins, noting that the c ationic resins contain 
a sulfonic acid group. It was therefore suspected t hat the wasteform 
failure mechanism was, as with the boric acid sampl es, the radiolytic 
generation of gas within the wasteform at a rate to o great for normal 



dissipation by diffusion through the pore structure . In fact some of the 
pore structure may be sealed. The resulting pressur ization of the 
wasteform both in local near-surface areas and deep  within the structure 
caused the observed spalling and complete fracture.  Also, if this 
mechanism is correct, the effect should be less and  eventually not occur 
at all at lower dose rates. 
Using this approach, samples of 9:1 BFS/OPC (w/c=0. 37) with 1.5 Molar 
NaOH mix water cured for 120 days prior to irradiat ion at 2,000 Gy h-1 
were found to be damaged at between 3 and 6 MGy, an d samples of 9:1 
BFS/OPC (w/c=0.37) + 6 wt% HAC with 1.5 Molar NaOH mix water cured for 
120 days prior to irradiation at 2000 Gy h-1 were f ound to be undamaged 
after 9 MGy. However, samples of 20 wt% IRA-420 res in in 9:1 BFS/OPC 
(w/c=0.37) + 6 wt% HAC with 1.5 Molar NaOH mix wate r cured for 120 days 
prior to irradiation at 2000 Gy h-1 were found to b e undamaged at 2 MGy 
and severely damaged with surface chipping and samp le splitting after 3 
MGy. Samples of 20 wt% IRA-420 resin in 9:1 BFS/OPC  (w/c=0.37) + 6 wt% 
HAC with 1.5 Molar NaOH mix water cured for greater  than 120 days prior 
to irradiation at 200 Gy h-1 were found to be undam aged after 0.6 MGy and 
the irradiation will continue. 
Encapsulation of Lewatit DN  
Lewatit DN is a phenol formaldehyde resin used at M agnox stations for 
caesium removal from pond water and liquid effluent s. It was one of the 
first waste types to be investigated and these earl y studies were 
concerned with its incorporation into pure OPC. At waste loadings of 
about 30% by weight (a typical target loading) the wasteform performance 
was satisfactory at first but over a period of seve ral weeks the 
wasteform gradually expanded, and eventually became  little more than a 
pile of crumbly lumps. A solution to this problem w as found by loading 
the resin beads with calcium ions prior to encapsul ation. However, 
although this worked well in the laboratory it prov ed difficult to make 
into a process because the rate at which the resin beads take up calcium 
ions is very slow. The move to high slag (BFS) ceme nts led to alternative 
formulations which appeared to incorporate Lewatit DN without problems, 
although care is required not to use excessively hi gh loadings and a 
relatively low water/cement ratio is essential. Suc h formulations have 
been tested over periods of up to a year and appear  to give satisfactory 
products with respect to the expansive phase failur e mechanism mentioned 
above. 
In the expansive phase failure mechanism in pure OP C it is proposed that 
oxalic acid or another organic acid resulting from breakdown of the 
resin, leaches from the beads and interferes with t he cement chemistry in 
a number of ways: 
  Enhanced precipitation of calcium hydroxide (Port landite) in the 
vicinity of the resin beads. 
  Formation of mal-formed Portlandite crystals (mas sive plates rather 
than needle-like crystals) which are responsible fo r the expansive 
failure reaction. 
  Formation of crystals of other calcium salts incl uding calcium oxalate 
which may be the cause of the mal-formation of the Portlandite. 
Substitution of BFS for OPC alleviates this problem , and the key lies in 
the nature of the hydration reactions and the relat ive amounts of 
Portlandite formed. The initial products of OPC hyd ration are Portlandite 
and CaO-SiO2-H2O or C-S-H gel (which ultimately giv es the product its 



strength), whereas with BFS some Portlandite is con sumed to generate more 
C-S-H gel. 
Although the BFS/OPC based formulation was extensiv ely tested with 
Lewatit DN and normal product evaluation data on di mensional stability, 
strength and other parameters obtained, there remai ned the question of 
resistance to radiation. Due to the presence of a s ulfonic acid group, 
phenol formaldehyde type resins can give rise to th e formation of 
expansive phases when encapsulated in some cements and exposed to g-
irradiation. The mechanism is radiolytic scission o f the sulfonic acid 
group releasing (SO4)2- which then reacts with Al2O 3 to form an expansive 
phase called ettringite with a solid volume increas e by a factor of two. 
This can be overcome by reducing the Al2O3 content of the cement. 
These difficulties with Lewatit DN resin have been addressed by using a 
developed formulation based upon Condensed Silica F ume (CSF) and Sulphate 
Resisting Portland Cement (SRPC). The Ca(OH)2 is re moved by pozzolanic 
reaction with the SiO2 from the CSF, and both CSF a nd SRPC are low in 
Al2O3 thereby reducing the formation of ettringite with (SO4)2- released 
after irradiation. However, expansive phase formati on was observed when 
the SRPC was greater than 50 weight percent. 
A 1:1 CSF/SRPC (w/c = 1) control and a 20 wt% bead Lewatit DN in 1:1 
CSF/SRPC (w/c = 1.40) formulation were shown to be acceptable in terms of 
compressive strength, dimensional stability and und erwater stability 
after 90 days curing. The major effect of the Lewat it is to reduce the 90 
day compressive strength from 20.5 to 5.8 N mm-2. F urther small scale 
trials have identified a maximum waste loading of b etween 22.5 and 25 wt% 
bead Lewatit DN in 1:1 CSF/SRPC, as giving acceptab le values for 
viscosity, set time, bleed at 24 hours and underwat er stability after 28 
days. Reaction between the calcium and hydroxide io ns and the silica 
framework of the CSF, results in a significant redu ction in the pore 
water pH from 13.2 to 9.9 after 2 days and the impl ications of this are 
being addressed. 
In terms of radiation stability a 1:1 CSF/SRPC cont rol formulation was 
stable at a gamma dose of 2000 Gy h-1 to a total do se of 7.67 MGy, 
although pore water analysis has shown increased (S O4)2- levels in the 
irradiated system. Overall the 20 wt% bead Lewatit DN in 1:1 CSF/SRPC 
(w/c=1.40) is found to be acceptable in terms of vi scosity, set time, 24 
hour bleed, compressive strength, dimensional stabi lity, underwater 
stability to at least 90 days and a gamma dose of 2 x103 Gy h-1 to a total 
dose of 9 MGy. 
METHODOLOGY 
Based upon the data accumulated from the above deve lopment program, some 
aspects going back several years, the intention now  is to develop a 
methodology which can apply the formulations for a number of individual 
wastes and predict a satisfactory formulation for m ixtures of wastes. 
Only those materials which can be anticipated from records or sampling to 
comprise mixtures are considered. A number of mixtu res have been analyzed 
in this way and current work will test the resultan t formulations with 
the simulated mixtures of wastes in the usual way. 
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ABSTRACT 
The Mixed Waste Focus Area began operations in Febr uary 1995. Its mission 
is to provide technology to support design, constru ction and operation of 
implementable treatment systems. These treatment sy stems shall be capable 
of treating DOE's mixed waste, and shall be develop ed in partnership with 
end-users and with continual input from stakeholder s, tribal governments, 
and regulators. This paper describes the program's status at the end of 
its first year.  
Systems Engineering has been implemented. A Complex  Needs Study and the 
Technical Baseline, both based on site visits and t he site treatment 
plans, have been completed. Requirements have been formalized and a 
program strategy has been developed. The structure and status of the 
program are discussed in terms of the program strat egy. 
INTRODUCTION 
The Department of Energy (DOE) established the Mixe d Waste 
Characterization, Treatment, and Disposal Focus Are a to develop and 
facilitate implementation of technologies required to meet the 
Department's commitments for treatment of mixed low -level and transuranic 
wastes. The Idaho National Engineering Laboratory ( INEL) has been 
identified as the Lead Organization for the technic al management of the 
Mixed Waste Focus Area. A DOE Idaho Operations Offi ce manager has overall 
responsibility for performance and accountability o f all organization 
elements. Lockheed Martin Idaho Technologies is acc ountable to DOE-ID for 
the performance of each functional element. To succ essfully carry out the 
DOE's planned approach, the Mixed Waste Focus Area uses capabilities and 
expertise from across the DOE complex. 
The mission of the Mixed Waste Focus Area is to pro vide technology to 
support design, construction and operation of imple mentable treatment 
systems. These treatment systems shall be capable o f treating DOE's mixed 
waste, and shall be developed in partnership with e nd-users and with 
continual input from stakeholders, tribal governmen ts, and regulators. 
This mission arose from the Resources Conservation and Recovery Act 
(RCRA) as amended by the Federal Facility Complianc e Act. Each DOE site 
facility was required to prepare a plan for develop ing treatment 
capacities and technologies for each facility that generates or stores 



mixed waste. Consent Orders have been issued for th e implementation of 
the treatment technologies detailed in the Site Tre atment Plans.  
The Mixed Waste Focus Area has taken the initial ap proach of dividing all 
mixed waste streams into five waste types, based on  treatability 
considerations: 1) waste water, 2) combustible orga nic, 3) homogeneous 
solids and soil, 4) debris, and 5) unique waste. Th ese five waste types 
are used to allocate the mixed waste technology dev elopment activities 
within the Mixed Waste Focus Area. 
REQUIREMENTS 
The Mixed Waste Focus Area Proposal, written in Nov ember 1995, contains 
the primary set of commitments that drive the Mixed  Waste Focus Area. It 
was analyzed for the top-level requirements that de fine the Mixed Waste 
Focus Area deliverables. These requirements are sho wn in Table I, and can 
be succinctly stated as: The Mixed Waste Focus Area  shall deliver 
sufficient implementable technology that is correct , complete, 
acceptable, sponsored, permittable, safe, cost-effe ctive, and timely such 
that the end-users have sufficient treatment system s to treat essentially 
all of the DOE Complex's mixed low-level and transu ranic wastes.  
Table I 
STRATEGY 
Top-level requirements and two higher level DOE str ategy documents, the 
Environmental Management Strategic Plan and the EM Action Plan, were 
analyzed. This resulted in the identification of th e following seven 
elements of a strategy with which to structure the MWFA Program.  
1. Use a systems engineering approach, 
2. Assure technical integration and implementation through Waste Type 
Managers, 
3. Achieve program integration with a central progr am staff, 
4. Prioritize all technology development and demons tration, 
5. Assure an end-user for all technology developed or demonstrated, 
6. Base technology needs on FFCA Site Treatment Pla ns, and, 
7. Team with stakeholders, industry, and universiti es. 
STATUS 
The Status of each element of the Mixed Waste Focus  Area strategy will be 
addressed. 
Systems Engineering 
Lockheed Martin Idaho Technologies has implemented systems engineering on 
all major programs at the Idaho National Engineerin g Laboratory. The 
systems engineering approach is evident in the deve lopment of the top-
level program requirements and other aspects of the  program, such as the 
development of the program's technical baseline.  
The Systems Engineering element provides systems en gineering support at 
the program level and through representatives on ea ch Waste Type Team. A 
typical systems engineering effort consists of six basic activities, each 
of which are performed to support the Waste Type Te ams. The six 
activities are requirements definition and function al analysis, 
alternatives development, alternatives analyses, ve rification and test 
planning, and system integration and control. 
Systems Engineering personnel support each Waste Ty pe Team in defining 
its systems requirements, selection criteria, and p erformance 
measurements to help ensure that all activities sup port the Waste Type 
Teams defined objectives. In addition, Systems Engi neering provides 
systems analysis tools and techniques as needed, as sist in integrating 



between the Waste Type Teams, and the conduct of de sign reviews as 
appropriate. 
Waste Type Managers 
Five Waste Type Managers were selected from experie nced leaders, proposed 
by the sites in the DOE Complex, through an open no mination process. The 
Waste Type Managers are typically from the dominant  DOE site compared 
with needs and inventory of that specific mixed was te type. Waste Type 
Managers have used systems engineering processes to  develop the technical 
baseline (Published January 1996, and discussed in more detail below, 
under "Prioritize all Development and Demonstration  Tasks.")  
Each Waste Type Manager leads a Waste Type Team ded icated to one of the 
five mixed waste types. The Waste Type Team consist s of personnel from 
multiple organizations across the DOE Complex. Comp osition of the team is 
based directly on the skills needed, including tech nical, legal, 
regulatory, stakeholder, and systems engineering. T he team makeup is 
dynamic, while the team leadership is maintained co nstant for consistency 
and stability.  
Members of a Waste Type Team are expected collectiv ely to: a) be fully 
knowledgeable of waste, including inventories, with in the specific waste 
type, b) understand the customer (EM-30, EM-40, and  EM-60) plans for 
managing that waste, c) be knowledgeable of ongoing  and proposed 
technology development activities that could apply to the specific waste 
type, and, d) understand the risks associated with their target wastes.  
DOE customer needs are a necessary input to the wor k of the Waste Type 
Teams. To define the deficiencies or needs of the D OE Environmental 
Management customers, the Mixed Waste Focus Area an alyzed Proposed Site 
Treatment Plans, and other applicable documents, an d conducted site 
visits throughout the summer of 1995. Representativ es from the Office of 
Waste Management (EM-30), the Office of Environment al Restoration (EM-
40), and the Office of Facility Transition and Mana gement (EM-60) at each 
site visited were consulted to collaboratively defi ne their technology 
needs. These needs were categorized by the five mix ed waste types.  
The site visits had several specific purposes: 1) t o identify the 
technology development needs for managing mixed was tes at the DOE sites; 
2) to understand the regulatory status/situation at  the sites; 3) to 
status the technology transfer and other privatizat ion efforts at the 
sites; 4) to identify completed, ongoing, and plann ed technology 
development work being conducted by EM-30, 40, 50, and 60 at the sites; 
and, 5) to identify potential matches between curre nt capabilities and 
defined site technology needs or "quick wins." 
Prioritize all Development and Demonstration Tasks 
One of the first products of the Waste Type Teams w as a prioritized, 
defensible technical baseline. The technical baseli ne is based on the 
Complex needs for waste treatment systems, and the technologies needed to 
make those systems implementable. It forms the basi s for deciding which 
technology development activities will be supported  by the Mixed Waste 
Focus Area. The technical baseline forces a strong technical 
justification for funding technology development. T echnology development 
activities are tied to customer needs and systemati cally integrated with 
other development activities. Development of techno logies is supported 
only when they are not commercially available. Deve lopment of the 
technical baseline is further described in more det ail in a companion 
paper. 
Program Organization 



Organizationally, the Mixed Waste Focus Area includ es the following 
functional units: Technology Coordination, Technica l Resource Team, Waste 
Type Team, Waste Type Manager, Regulatory and Exter nal Liaison Program, 
Program Integration, and Systems Engineering. Waste  Type Team members 
report to a Waste Type Manager. Waste Type Managers  programmatically 
report to the Manager of Technology Coordination as  does the Technical 
Resource Team, completing the integration cycle. 
Regulatory and External Liaison, Waste Type Teams, Waste Type Mangers, 
and Systems Engineering are discussed separately in  this paper.  
The primary function of Technology Coordination is to participate on the 
Waste Type Team to coordinate technology developmen t and to facilitate 
implementation of technologies for mixed waste.  
The Technical Resource Team consists of science and  engineering experts 
in waste management disciplines including technolog y development, 
characterization, thermal treatment, solidification  and stabilization, 
decontamination, waste handling, and disposal. The Technical Resource 
Team supports the Waste Type Teams by: 1) evaluatin g existing, new and 
proposed technology development activities; 2) prov iding the technical 
input to directed calls for proposals to fill techn ology deficiencies; 3) 
evaluating proposals and recommending preferred tec hnology solutions; 4) 
coordinating technical support that crosscuts the W aste Type Teams; and, 
5) assisting in the selection of a preferred waste type technical 
strategy. 
The Program Integration and Control element impleme nts and maintains a 
sound program management process within the Mixed W aste Focus Area. This 
element provides project cost and schedule planning  and control, and 
document management to the Mixed Waste Focus Area. Program Integration 
coordinates activities and interests with the other  Focus Areas, the 
Crosscutting Technology Programs, and the Technolog y Task Plan Principal 
Investigators. The Mixed Waste Focus Area Program I ntegration Function 
handles all formal call letters and conducts the fo rmal transactions 
leading to approval and changes to the Technology T ask Plans with input 
from the Waste Type Teams.  
End-user 
The Mixed Waste Focus Area strategy calls for close ly working with 
potential end-users of the technologies being devel oped. The key 
objective of this strategy element is to avoid a pr evious mistake - 
developing technologies that no one wants. The Wast e Type Managers were 
selected from EM-30 programs specifically to improv e the chances that the 
technology development would "hear the voice" of th e end-users. When they 
came on board, Technology Coordination and the Wast e Type Managers 
conducted site visits to listen to the needs of the  end-users. The 
program is committed to fund only those technology development and 
demonstration tasks for which an end-user can be id entified. 
Federal Facility Compliance Act Site Treatment Plan  Basis 
Federal Facility Compliance Act Site Treatment Plan s are key technical 
drivers of the program. Prioritization is based on waste volumes 
identified in the Site Treatment Plans. Treatment t rain and technology 
deficiency identification begin with a search of th e Mixed Waste 
Inventory Report compiled as a component of the Sit e Treatment Plans. The 
achievement of the Level 1 requirements "correct" a nd "timely" will be 
based on the waste streams identified, and schedule s negotiated and 
agreed-upon through the Site Treatment Plan process , respectively. 
Teaming 



In the past four years there has been increasingly greater emphasis 
placed by DOE on mutually beneficial relationships with industries, 
universities, tribal governments and the public. Th e Mixed Waste Focus 
Area has a strong commitment to assure that all pos sible teaming 
arrangements are considered and employed where poss ible. 
To support this strategy element, an efficient regu latory and external 
liaison system has been established. To ensure succ ess, the Mixed Waste 
Focus Area is initiating a variety of regulatory an d external liaison 
activities. The Regulatory and External Liaison pro gram element helps 
Waste Type Teams to acquire regulatory, industry, u niversity, and 
stakeholder input. This input helps define needs, a ddress regulatory 
options, provide early involvement of stakeholders in product 
development. It also supports technology selection,  prioritization, and 
evaluation. 
CONCLUSION 
The Mixed Waste Focus Area has been organized and i s operating. Waste 
Type Managers representing sites with the major mix ed waste inventories 
and/or problems have the charter to provide the pri mary direction of the 
technology development and demonstration tasks. Sys tems engineering 
methods have played an important part in the prepar ation of the initial 
documents and planning processes. A technical basel ine was developed and 
forms the basis of the Fiscal Year 1997 budget subm ittal. The program has 
a strong and active Regulatory and External Liaison  Unit dedicated to 
ensuring stakeholder input and ultimately gain thei r acceptance. 
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ABSTRACT 
The U. S. Department of Energy (DOE) created the Mi xed Waste 
Characterization, Treatment, and Disposal Focus Are a (MWFA) to develop 
and facilitate implementation of technologies requi red to meet its 
commitments for treatment of mixed wastes under the  Federal Facility 
Compliance Act (FFCA), and in accordance with the L and Disposal 
Restrictions (LDR) of the Resource Conservation and  Recovery Act (RCRA). 
Mixed wastes include both mixed low-level waste (ML LW) and mixed 
transuranic (MTRU) waste. 
The goal of the MWFA is to develop mixed waste trea tment systems to the 
point of implementation by the EM customer. To acco mplish this goal, the 
MWFA is utilizing a three step process. First, the treatment system 
technology deficiencies were identified and categor ized. Then these 
identified needs were prioritized. This resulted in  a list of technical 
deficiencies that will be used to develop a technic al baseline. The third 
step, the Technical Baseline Development Process, i s currently ongoing. 
When finalized, the technical baseline will integra te the requirements 
associated with the identified needs into the plann ed and ongoing 
environmental research and technology development a ctivities supported by 
the MWFA. 
Completion of this three-step process will result i n a comprehensive 
technology development program that addresses custo mer identified and 



prioritized needs. The MWFA technical baseline will  be a cost-effective, 
technically-defensible tool for addressing and reso lving DOE's mixed 
waste problems. 
INTRODUCTION 
The Assistant Secretary for the Office of Environme ntal Management (EM) 
at the United States Department of Energy (DOE) ini tiated a new approach 
in August of 1993 to environmental research and tec hnology development 
(1). The key features of this new approach included  establishment of five 
"focus areas" and three "crosscutting technology" p rograms, which overlap 
the boundaries of the focus areas. The five focus a reas include the 
Contaminant Plumes Containment and Remediation; Mix ed Waste 
Characterization, Treatment, and Disposal; High-Lev el Waste Tank 
Remediation, Landfill Stabilization, and Decontamin ation and 
Decommissioning Focus Areas. The three crosscutting  technologies programs 
include Characterization, Monitoring, and Sensor Te chnology; Efficient 
Separations and Processing; and Robotics. In additi on, an Industrial 
Programs group has been established to support all of the focus areas and 
crosscutting programs. The major characteristic of the new approach is 
that aggressive teaming with the customers within E M, through the focus 
areas, is used to identify, develop, and implement needed technologies 
such that the major environmental management proble ms can be addressed, 
while cost-effectively expending the funding resour ces. 
APPROACH OF THE MIXED WASTE FOCUS AREA 
The DOE created the Mixed Waste Characterization, T reatment, and Disposal 
Focus Area (MWFA) to develop and facilitate impleme ntation of 
technologies required to meet its commitments for t reatment of mixed 
wastes under the Federal Facility Compliance Act (F FCA), and in 
accordance with the Land Disposal Restrictions (LDR ) of the Resource 
Conservation and Recovery Act (RCRA). Mixed wastes include both mixed 
low-level waste (MLLW) and mixed transuranic (MTRU)  waste. Mixed low-
level waste is defined as waste that contains both hazardous 
constituents, as identified by RCRA, and radioactiv e constituents, 
including alpha-emitting radionuclides below concen trations of 100 
nanoCuries per gram. Mixed transuranic waste contai ns RCRA and 
radioactive contaminants, including alpha-emitting radionuclides with 
concentrations greater than or equal to 100 nanoCur ies per gram. This 
mixed waste only includes those materials that have  an atomic weight 
greater than 92, or a half-life greater than 20 yea rs. 
The goal of the MWFA is to develop mixed waste trea tment systems to the 
point of implementation by the EM customer. To acco mplish this goal, the 
MWFA is utilizing a three step process. First, the treatment system 
technology deficiencies were identified and categor ized. Then these 
identified needs were prioritized. This resulted in  a list of technical 
deficiencies that will be used to develop a technic al baseline. The third 
step, the Technical Baseline Development Process, i s currently ongoing. 
When finalized, the technical baseline will integra te the requirements 
associated with the identified needs into the plann ed and ongoing 
environmental research and technology development a ctivities supported by 
the MWFA. The following sections describe these ste ps. 
Needs Identification and Categorization Process 
To define the deficiencies or needs of the EM custo mers, the MWFA used 
two mechanisms: site visits and process flow/treatm ent train development. 
The MWFA completed the site visits throughout the s ummer of 1995. Prior 
to conducting each site visit, the MWFA analyzed Pr oposed Site Treatment 



Plans (2) (PSTPs), or similar documents, to perform  an initial assessment 
of the technology deficiencies at that site. Site r epresentatives from 
the Office of Waste Management (EM-30), the Office of Environmental 
Restoration (EM-40), and the Office of Facility Tra nsition and Management 
(EM-60) were requested to consult with the MWFA to further define their 
technology needs. Personnel from these programs par ticipated in the MWFA 
site visit as deemed appropriate by the respective sites.  
The site visits had several specific purposes 
1) to identify the technology development needs for  managing mixed wastes 
at the DOE sites; 
2) to understand the regulatory status/situation at  the sites; 
3) to status the technology transfer and other priv atization efforts at 
the sites; 
4) to identify completed, ongoing, and planned tech nology development 
work being conducted by the sites; 
5) to identify potential matches between current ca pabilities and defined 
site technology needs, which could expedite impleme ntation of a 
technology for treating actual mixed waste (referre d to hereafter as 
"quick wins"). 
The data provided in the PSTPs was analyzed accordi ng to waste type to 
determine the sites that have the largest volumetri c inventory for each 
category. The waste type categories, namely Wastewa ter, Combustible 
Organic, Homogeneous Solids/Sludges/Soil, Debris/So lid, and Unique 
Wastes, are defined below. As a result of this anal ysis, the following 
DOE facilities were identified for site visits: 
1) Idaho National Engineering Laboratory (INEL), 
2) Savannah River Site (SRS), 
3) Hanford Reservation (Hanford), 
4) Oak Ridge Reservation (ORR), 5) Ohio Sites (Ohio ), 
5) Rocky Flats Environmental Technology Site (RFETS ), 
6) Albuquerque Sites (AL). 
The data generated for this evaluation is available  upon request. Based 
on the information reported in the PSTPs, the MWFA effectively addressed 
the technology needs for over 80% of the DOE mixed waste inventory 
through the site visits. 
As previously mentioned, the needs identified durin g the site visits were 
categorized by Wastewater, Combustible Organic, Hom ogeneous 
Solids/Sludges/Soil, Debris/Solid, and Unique waste  types. These waste 
types are defined as follows: 
Wastewater waste streams, which comprise approximat ely 3% of the total 
DOE Complex mixed waste inventory, include liquids and slurries. Slurries 
are defined as liquids with a total suspended solid s (TSS) content 
greater than 1% and less than 30%. Liquids and slur ries defined as 
Wastewaters contain less than 1% total organic carb on (TOC). 
Combustible Organic waste streams, which comprise a pproximately 1.5% of 
the total DOE Complex mixed waste inventory, includ e liquids and slurries 
containing greater than 1% TOC, and solids with a b ase structure that is 
primarily organic such that a maximum of approximat ely 20% by weight 
would remain as residue following incineration. Sol ids are defined, 
including sludges, as having greater than 30% TSS.  
Homogeneous Solids/Sludges/Soil waste streams, whic h comprise 
approximately 48% of the total DOE Complex mixed wa ste inventory, include 
waste that is at least 50% by volume inorganic slud ges, including water 
content. Sludges are defined as having a TSS greate r than 30%. A sludge 



may be a mixture with a stabilization agent that ha s not properly 
solidified, or may be a mixture with absorbent mate rials. This category 
also includes inorganic particulate, paint waste, a nd salt waste. 
Debris/Solid waste streams, which comprise approxim ately 46% of the total 
DOE Complex mixed waste inventory, include waste th at is at least 50% by 
volume materials that meet the EPA LDR criteria for  classification as 
debris (..."material exceeding a 60 mm particle siz e that is intended for 
disposal...") This category also includes waste tha t is estimated to be 
50% by volume soil, including sand or silt, rock, o r gravel which does 
not meet the EPA LDR criteria for debris. 
Unique Wastes, which comprise approximately 1.5% of  the total DOE Complex 
mixed waste inventory, generally include low volume  waste streams such as 
elemental heavy metals, batteries, reactive metals,  explosives, 
compressed gases, lab packs, and other miscellaneou s wastes that present 
unique treatment problems and are not included in t he previously defined 
categories. It also includes the Final Waste Form a nd Unknown/Other 
category wastes [Z and U series waste streams ident ified in the DOE Waste 
Treatability Group Guidance (3) document, (DOE/LLW- 217), January 1995]. 
The needs identified by the DOE Complex during the site visits were 
compiled and documented in the Mixed Waste Focus Ar ea Department of 
Energy Technology Development Needs Report (Needs R eport), November 1995 
(INEL-95/0555) (4). Several categories of needs and  deficiencies are 
identified in the Needs Report. These deficiencies and technology gaps 
are broadly categorized as waste type specific and general, non-waste 
type specific needs. The waste type specific needs are further 
categorized as general and site specific needs. The  non-waste type 
specific deficiencies and needs are grouped as wast e characterization, 
container integrity, waste handling, treatment syst em, and programmatic 
needs. Over 70 specific needs were identified throu gh the site visits and 
the information obtained from the PSTPs and other a pplicable documents. 
The MWFA selected Waste Type Managers (WTMs) from a cross the DOE complex 
to help resolve the site needs related to each of t he five waste types. 
These individuals were selected from experienced le aders, proposed by the 
sites in the DOE Complex, through an open nominatio n process. Their 
primary responsibility is to ensure that the requir ed technologies are 
available to allow the EM customers to eventually b ring the mixed waste 
inventories associated with each waste type into fu ll regulatory 
compliance. For this reason, the MWFA chose WTMs fo r each waste type with 
a broad experience base in the specific waste categ ory, as well as an EM 
background. The insight, complex-wide contacts, and  knowledge that these 
individuals provide are necessary resources to ensu re that the needs 
identified by the sites are integrated into the tec hnical baseline and 
effectively addressed. 
In addition to the needs identified during the site  visits, other 
technology deficiencies were defined. These deficie ncies were related to 
the treatment process flows and treatment trains de veloped for the DOE 
complex mixed waste inventory. Treatment process fl ows and associated 
treatment trains were defined by the MWFA. These tr eatment process flows 
address every mixed waste stream identified in the PSTPs. The treatment 
process flows were generated based on the preferred  treatment options 
identified by the sites in the PSTPs, in conjunctio n with the process 
flow diagrams that had been generated during develo pment of the DOE 
Programmatic Environmental Impact Statement (PEIS).  The primary resource 
documents for this data were the Mixed Waste Treatm ent Model: Basis and 



Analysis (5), September 1995 (LA-13041-MS), and Ana lysis of Waste 
Treatment Requirements for DOE Mixed Wastes (6), Fe bruary 1995 
(BCMusgrave Inc., Livermore, CA). 
The WTMs, with support from the MWFA Technical Reso urce Team (TRT), 
developed an initial list of the technology gaps as sociated with the 
process flow diagrams that were defined for the res pective waste types. 
These needs were identified based on the technologi es included in the 
treatment trains associated with the treatment proc ess flow diagrams 
developed by the WTMs. The technology gaps identifi ed by the WTMs and the 
TRT were then compared to the needs and deficiencie s listed in the Needs 
Report. 
Although over 70 needs were initially identified, o nly 30 were considered 
for evaluation in the MWFA Technical Baseline Prior itization Process. 
This reduction was due to several factors. Some of the needs were 
identified for more than one waste type, which resu lted in duplications. 
These were combined into one overall need statement . Other needs 
identified were very site specific, and not general ly applicable to a 
significant volume of waste within a waste type. Th ese deficiencies were 
removed from consideration in this prioritization p rocess. However, they 
will be considered on a case-by-case basis as poten tial quick wins, as 
discussed below. Some of the remaining deficiencies  listed in the Needs 
Report are clearly more applicable to other focus a reas and/or 
crosscutting programs. The boundaries of responsibi lity between the five 
focus areas are presently being defined by the resp ective program leads. 
Finally, some of the deficiencies included in the N eeds Report were 
programmatic in nature or related to MWFA policy de finition. The 
prioritization process was not applicable to these types of needs, since 
it was developed to perform technical evaluation of  deficiencies. 
Needs Prioritization Process 
After the initial evaluation and disposition of the  identified technology 
gaps and deficiencies, the remaining needs were gen eralized and rolled up 
into 30 deficiency categories. These 30 "needs" wer e then prioritized 
using a three-phase evaluation process. Phase I of the process included 
prioritization of treatment process flows. Phase II  included 
prioritization of the technology deficiencies and n eeds associated with 
these process flows. Phase III integrated the separ ate prioritization 
processes completed in the first two phases to deve lop a final 
prioritized list of needs associated with the defin ed treatment process 
flows. 
Both quantitative and qualitative criteria were use d to evaluate the 
treatment process flows and technology deficiencies . The set of criteria 
used to prioritize process flows was not the same a s the criteria used to 
prioritize the deficiencies. In addition, each crit eria was weighted 
based on its relative importance within the priorit ization framework. The 
criteria and respective weight and scale of merit w ere developed by the 
WTMs and TRT. The three phase prioritization proces s is described in 
detail, below. 
Phase I of the prioritization process used by the M WFA included 
prioritization of the identified treatment process flows. As previously 
stated, treatment process flows were developed for every DOE mixed waste 
stream based on the data contained in the PSTPs and  the PEIS. Process 
flows were included in the prioritization only if a  technical deficiency 
had been identified for that process flow. As a res ult, 17 treatment 
process flows were prioritized in Phase I. The eval uation was based on 



quantitative and qualitative criteria. Each criteri a was assigned an 
individual weighting, as well as a defined scale of  merit. The criteria, 
weight, and scale of merit used to prioritize the t reatment flow 
processes are presented in Table I. 
Table I 
The resulting prioritization of the treatment proce ss flows is shown in 
Table II. 
Table II 
Phase II of the MWFA prioritization process involve d ranking of the 
identified technical deficiencies These needs had b een defined during the 
site visits and by the WTMs, as related to the trea tment process flows. 
Prioritization of the technical deficiencies was pe rformed based on a 
different set of criteria than that used to rank th e treatment process 
flows in Phase I. The criteria were both quantitati ve and qualitative, as 
before, but the specific criteria were different. T hese criteria, along 
with the associated weight and scale of merit, are listed in Table III. 
Table III 
Phase III was the final, and most difficult, step o f the MWFA Needs 
Prioritization Process. Phase III involved combinin g the separate 
prioritization of technology needs and treatment pr ocess flows into a 
single, integrated prioritization. Several methods for combining these 
independent prioritization were considered. Some te chniques were 
quantitative, such as multiplying technical deficie ncy scores by the 
applicable process flow scores. Other methods were qualitative, such as 
using a graphical approach to determine the highest  frequency for 
combinations of high priority process flows and def iciencies. 
The latter method was chosen because a legitimate s tatistical method for 
mathematically determining a score could not be ide ntified that did not 
give double credit for applicability to multiple tr eatment process flows. 
Consequently, the final integrated prioritization w as accomplished by 
constructing a matrix with the 17 prioritized proce ss flows listed 
horizontally across the top and the 30 prioritized deficiencies listed 
vertically down the left side. The matrix was then quartered, with the 
upper left portion given highest priority (high-hig hs), followed by the 
lower left portion, then the upper right portion, w ith the lowest 
priority section being the lower right portion (low -lows). This order was 
based on the opinion of the WTMs that the ranking o f the treatment 
process flows (Phase I) had priority over the indiv idual technology 
deficiency ranking (Phase II). The deficiencies wer e then prioritized 
according to their frequency within each quarter, a nd the priority of 
each quarter. This lead to a final, integrated prio ritization for the 
deficiencies identified for the DOE mixed waste inv entory, as shown in 
Table IV. 
Table IVa 
Table IV, cont. 
Table IV, cont. 
Technical Baseline Development Process 
The term "technical baseline" refers to the recomme nded list of 
technology development activities that the MWFA wil l support to resolve 
the needs identified related to DOE Complex mixed w aste. The activities 
included in the technical baseline will address the  highest priority 
deficiencies, based on the results of the prioritiz ation process. 
The needs identification, categorization, and prior itization recently 
completed by the MWFA constitutes the first phase o f the Technical 



Baseline Development Process. This phase has been d ocumented in detail in 
the Mixed Waste Focus Area Integrated Technical Bas eline Report Phase I - 
Volume I and II (7), (DOE/ID-10524, January 16, 199 6). The next step, 
which is in progress, involves issuance of directed  calls for proposals 
within DOE and Requests For Proposals (RFPs) to ind ustry and academia. 
The prioritized needs and technology deficiencies w ill be used by the 
WTMs as the framework for developing these directed  calls and RFPs. 
To make the directed calls for proposals and RFPs a s effective as 
possible, the MWFA has recently issued a Request Fo r Information (RFI) to 
industry and academia. This RFI will be used to det ermine the expertise 
that exists outside of the DOE complex related to t he technical 
deficiencies that have been identified. The content  in the subsequent 
RFPs and directed calls will be based on evaluation  of the responses to 
the RFI. DOE deficiencies related to technology are as that seem more 
suited to industry and/or academia will be included  in the RFPs. Other 
technical deficiencies will be addressed to the DOE  complex through 
directed calls. The calls and RFPs issued for FY-19 97 will be focused on 
the top priority deficiencies identified for the DO E complex. The 
technical task plans (TTPs) and industry/academia p roposals that are 
received in response to these calls and RFPs will t hen be prioritized. 
Prioritization of the individual TTPs and proposals  that will eventually 
constitute the technical baseline is a multiple tie red process. The 
priority of the TTP or proposal is based not only o n the technical merits 
of the proposed work, but also on the priority of t he "need" that it 
addresses. The priority of the "need", as previousl y defined, is based on 
the priority of the treatment process flow system o r systems that it is 
associated with, as well as the priority of the def iciency itself. The 
MWFA TRT, in conjunction with the WTMs, is currentl y finalizing the 
prioritization system necessary to evaluate TTPs an d proposals. The 
evaluation criteria, and associated weightings and scales of merit, will 
be similar to those used to evaluate the specific t echnical deficiencies. 
The results of the evaluation and prioritization of  TTPs and proposals 
will constitute the MWFA technical baseline. Howeve r, the DOE system is 
very dynamic and constantly changing. Accordingly, the technical baseline 
will be evaluated semi-annually, and the supporting  projects will be 
reviewed quarterly to ensure that the EM customer p riority needs are 
being met in an effective manner. As the situation in the DOE complex 
mandates changes to the technical baseline, the WTM s will use subsequent 
directed calls and RFPs to address new/different ne eds. The 
prioritization system developed will be used to eva luate the TTPs and 
proposals that are submitted in response to these c alls to ensure that 
the work supported by the MWFA is directly addressi ng the highest 
priority customer needs. 
Quick Wins Disposition 
As previously stated, quick wins, as well as identi fied needs with 
characteristics similar to quick wins, were not con sidered in the MWFA 
Needs Prioritization Process. As a result, these ac tivities are not part 
of the ongoing Technical Baseline Development Proce ss. This is because 
these activities are usually site specific and addr ess small waste volume 
problems. A broad range of activities may be classi fied as quick wins, 
but these can generally be categorized into the fol lowing four areas. 
1. Tasks that provide opportunities to transfer tec hnologies between 
sites, resulting in expedited treatment schedules a nd/or reduced costs. 



2. Tasks that provide for expedited treatment of ac tual mixed wastes 
through RCRA treatability studies, preferably elimi nating the target 
waste stream at the treatment site. 
3. Tasks that resolve regulatory issues, allowing e xpedited treatment of 
mixed waste. 
4. Tasks that provide for more efficient utilizatio n of existing 
equipment and capabilities within the DOE complex i n treating mixed 
waste. 
Presently, almost 30 quick win opportunities have b een identified, and 
additional quick wins will most likely be defined a s the WTMs continue to 
further analyze their respective waste streams. A m odified form of the 
evaluation process and criteria utilized to priorit ize the DOE Complex 
mixed waste needs has been finalized by the WTMs. A n internal call for 
proposals is expected to be distributed to the site s during the first 
quarter of CY-1996. A set funding level has been es tablished specifically 
for addressing quick wins, and as the quick wins ar e prioritized, the 
available budget will determine the activities that  are supported by the 
MWFA.  
CONCLUSION 
The initial DOE complex needs identification, categ orization, and 
prioritization is an excellent step toward resolvin g the needs of the EM 
customers. The information collected to date is rec ognized as the first 
phase in development of an implementable technical baseline. Completion 
of the initial MWFA Technical Baseline will be acco mplished in the 
ensuing months. 
The quarterly and semi-annual reviews of the MWFA p rogram will ensure 
that the customer needs are identified, addressed, and eventually 
resolved. In addition, these reviews will ensure th at the technical 
baseline is continually updated and properly docume nted. 
The use of directed calls for proposals and RFPs, w hich is a departure 
from the historical approach of issuing general cal ls for proposals, is 
seen as one of the most beneficial tools that the M WFA will use. 
Technically specific calls for proposals will be is sued that are directed 
at resolving particular customer needs. This proces s is so beneficial 
because it allows the MWFA to consistently make com parative evaluations 
of proposals, ensuring that the prioritization proc ess produces the most 
efficient, cost-effective, timely decisions. The en d result will be a 
technically defensible, documented baseline that is  guaranteed to meet 
the EM customer needs, as they are understood at th e time of evaluation. 
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ABSTRACT 
The U.S. Department of Energy (DOE) has undertaken a study of Integrated 
Nonthermal Treatment Systems (INTS) for mixed low l evel waste to assess 
the present state of technology and to identify res earch and development 
requirements for implementation. For the purposes o f this study, 
nonthermal is defined as processes operating below 660F. Flowsheets and 
conceptual designs were developed for five systems treating a 
representative spectrum of mixed waste. Mass balanc es were performed, 
residual volumes calculated, and total life cycle c osts estimated for 
each system. This study is patterned after a recent ly published study of 
Integrated Thermal Treatment Systems (ITTS). This p aper describes the 
nonthermal systems and preliminary results of the I NTS study. 
INTRODUCTION 
The mixed low level waste in the DOE complex consis ts of a variety of 
organic and inorganic solids and liquids contaminat ed with hazardous and 
radioactive substances. These waste streams include  aqueous and organic 
liquids, soils, organic and inorganic sludges, and combustible and non-
combustible debris. Mixed wastes containing hazardo us organic compounds, 
which are typically treated by thermal technologies , are a particular 
problem due to the current difficulty of permitting  and siting 
incinerators. Although incineration is the Environm ental Protection 
Agency (EPA) best demonstrated available technology  for many organically-
contaminated wastes and it can treat a wide variety  of wastes, there is a 
lack of public acceptance due to potential emission s of toxic metals and 
products of incomplete combustion (1). 



These issues associated with incineration, and the need expressed by 
stakeholders for information on nonthermal systems to allow informed 
decisions on waste treatment options (2), prompted DOE to initiate the 
Integrated Nonthermal Treatment Systems study. Five  nonthermal treatment 
systems were studied which included the following t echnology categories: 
washing, thermal desorption, organic destruction by  chemical processes, 
aqueous waste and offgas treatment, and waste stabi lization. The purpose 
of this study was to evaluate the potential for tre ating the DOE mixed 
waste by nonthermal processes, identify research an d development 
requirements, and to compare these systems to each other with respect to 
performance, effluent production and disposal volum e, and life cycle 
cost. To allow a subsequent comparison with thermal  systems previously 
studied, the same assumptions and waste profile wer e used for the INTS 
study as were used in the earlier ITTS study (3). 
For these studies, nonthermal is defined as less th an 660F, which is 
below the temperature at which dioxins are thought to form in an offgas 
stream and below the temperature at which most meta ls will volatilize 
(mercury being the exception). Integrated systems i nclude all facilities 
required to treat the defined waste streams from th e time they enter the 
facility through disposal. This includes administra tive and laboratory 
support, material handling, separation and destruct ion of organic 
materials, immobilization of inorganic materials, t reatment of residue to 
comply with appropriate regulations, and disposal.  
The goals for the treatment systems are to remove o rganic contaminants 
from the solid matrices, destroy the separated and stored organic 
material, and stabilize the inorganic contaminants with the solid 
matrices to meet the Toxicity Characteristic Leachi ng Procedure tests 
prior to disposal. The organic contaminants must be  removed and/or 
destroyed to the Universal Treatment Standards to m eet the EPA land 
disposal restrictions. The inorganic contaminants m ay be removed during 
the washing or organic destruction processes, and t herefore contribute to 
the secondary waste stream as precipitated heavy me tals or radionuclides. 
This paper briefly describes the systems and techno logies that were 
evaluated as part of the nonthermal studies, the wa ste stream 
configuration entering the systems, and the partiti oning of the wastes to 
the various treatment processes. The results of the  study are presented 
in terms of effluent, waste requiring disposal, and  cost. It should be 
pointed out that these analyses are based on precon ceptual design 
concepts, and very limited relevant performance dat a. A considerable 
research and development effort will be required be fore such systems 
could be considered for implementation for the trea tment of DOE mixed 
waste. 
WASTE STREAM DESCRIPTION 
The waste profile shown in Fig. 1 represents an ave rage composition of 
wastes from the 20 largest DOE sites (excluding the  Hanford tank waste 
and Rocky Flats pondcrete), which is about 99% of t he stored waste in the 
complex. These data were extracted from the Interim  Mixed Waste Inventory 
Report (IMWIR) (4) and used in the ITTS and INTS st udies. Although the 
IMWIR data have been updated several times since th e ITTS study was 
performed, the older IMWIR data were used in the IN TS study to allow a 
valid comparison between the two studies. The same waste profile was used 
for each system, and each system was sized to treat  2927 lbs/hr.a In 
addition to the waste streams identified in Fig. 1,  salts comprised 0.3% 
of the total, and lead and mercury comprised 1%. Th e wastes are sorted at 



the front end of each treatment system and routed t o the appropriate 
treatment process as shown in Table I. 
Fig. 1 
Table I 
In the following discussion, soft debris is defined  as combustible debris 
(e.g., wood, paper, rags, plastic, etc.), open debr is consists of items 
with easily accessible surfaces that can be deconta minated (e.g., sheet 
metal, bricks, concrete, rocks, rubble, etc.), and complex debris is 
defined as items such as pumps, valves, and motors that have internal 
surfaces that trap contaminants and cannot be easil y accessed for 
decontamination, and that are difficult to shred or  break open. Complex 
debris is a small part of the total waste stream. 
TREATMENT SYSTEMS 
A summary of the systems evaluated is provided as T able I. In comparison 
to thermal systems, the waste entering the facility  requires extensive 
characterization, sorting, and size reduction becau se nonthermal 
treatment processes are not as versatile or robust as thermal processes. 
Size reduction requirements will vary depending on the waste matrix and 
the method of treatment. For example, solidified in organic sludge will 
require extensive size reduction to allow access to  the organic 
contaminants trapped within the solidified matrix. Debris may require 
little or no size reduction, or extensive size redu ction, depending on 
the type of debris and method of treatment.  
Bulk metal may be separated from the general catego ry of debris for size 
reduction, decontamination, and storage for subsequ ent recycle. Thus, 
complex bulk metal debris with internal contaminati on may be recycled, or 
macroencapsulated in grout without treatment. Other  bulk metal items with 
surface contamination (metal drums, lead bricks, sh eet metal, etc.) will 
be decontaminated and recycled. Lead blankets and l ead gloves will be 
macroencapsulated in polymer in accordance with EPA 's debris rule. There 
are also some debris items that cannot be decontami nated, e.g. highly 
deteriorated drums and firebrick, which may contain  radionuclides but no 
organic contaminants. Such items will be grouted wi thout treatment. As 
with the ITTS study, bulk contaminated metallic mer cury that can be 
sorted from the waste stream is amalgamated, and fu nds have been 
allocated for treating special wastes, but no speci fic treatment methods 
are identified. 
All systems use a gas phase corona reactor (GPCR) t o destroy trace levels 
of volatile organic contaminants in the offgas stre ams (5). The GPCR 
consists of a cylindrical ceramic or glass reactor.  When a high voltage 
alternating electric field is established across th e gap between 
concentric electrodes separated by dielectric beads , corona discharges 
occur between the beads creating a plasma that deco mposes the organic 
contaminants in the gas flowing through the reactor .  
The quantity 2927 lb/hr is based on a nominal hourl y throughput of 2000 
lb "combustible" waste, as defined by the ITTS stud y. The additional 927 
lb/hr includes all other waste streams and material s associated with the 
waste, including metal drums, lead, mercury, aqueou s waste, and special 
wastes (requiring as yet unspecified "special" hand ling). 
Ultraviolet (UV) photooxidation (6), a relatively c ommon and 
commercialized process, is used in all five systems  to destroy organic 
contaminants in the aqueous waste. Organic compound s are destroyed 
through an indirect photochemical process that uses  UV energy to generate 
hydroxyl radicals from either hydrogen peroxide or ozone in the bulk 



fluid. These radicals oxidize the organic species i n the water. 
Pretreatment of the waste stream is required for pr oper functioning of 
the system and to minimize down time and maintenanc e requirements. This 
includes removal of suspended solids and immiscible  organics to allow 
penetration of UV light into the wastewater, remova l of dissolved solids 
that may produce scale on the UV lamps or windows, and removal of 
hydroxyl scavengers that diminish the ability of th e system to destroy 
the organic contaminants. 
System #1 - Grout Debris 
In System #1, all debris are stabilized in grout wi thout treatment to 
comply with the EPA debris rule. This is similar to  the process proposed 
in many of the DOE site treatment plans.  
Soils and inorganic sludges are treated in a vacuum  desorber (7) to 
thermally desorb high boiling point organics, such as PCBs. Thermal 
desorption may also remove volatile metals, such as  mercury, and volatile 
metal compounds; however, a process for solubilizin g mercury or mercury 
compounds is included after the desorption step to remove incompletely 
volatilized mercury compounds. The mercury-contamin ated matrix is mixed 
with a solution of potassium iodide and free iodine  (8), and the solids 
drained and washed with water. A soluble mercury/io dine complex is formed 
and the wash solution containing the complex is rea cted with zinc or iron 
to precipitate mercury metal and form an amalgam to  stabilize the 
mercury.  
Desorbed organics that are condensed in the offgas treatment system, 
stored organic liquids, and organic sludges are des troyed using a silver-
based mediated electrochemical oxidation (MEO) proc ess (9). Several MEO 
processes are being developed; however, the process  evaluated in these 
studies uses Ag(II) as the oxidizer in a supporting  electrolyte of HNO3 
at ambient pressure and near ambient temperature. T he oxidizer is reduced 
in these reactions, is regenerated (oxidized) at th e anode of an 
electrochemical cell, and then migrates back into t he bulk electrolyte to 
oxidize the organic compounds. Although Ag(I) forms  insoluble AgCl in the 
presence of halide anions generated during the dest ruction of halogenated 
organics, a process has been identified to recover and recycle up to 
99.9% of the silver from the AgCl precipitate (9). The principal cathode 
reaction is the reduction of nitric acid to nitrous  acid, which is 
reacted with oxygen to regenerate nitric acid.  
The treated soil is stabilized in grout, and the tr eated sludge is 
stabilized in polymer. Secondary salt residue resul ting from 
precipitation of dissolved solids from aqueous wast e, the MEO process, or 
neutralization of acid gases are polymer stabilized .  
System #2 - Thermal Desorption 
System #2, and all the following systems, involve e nhanced debris 
treatment wherein the debris is treated to remove o rganic contaminants 
before stabilization and disposal. In this system a ll the debris, soil, 
and inorganic sludge are thermally desorbed using a  batch vacuum system, 
and mercury is removed using the KI/I2 process. Tem peratures less than 
250F are required when desorbing soft debris to pre vent melting of 
plastics and excessive offgassing of the organic de bris matrix. Complex 
debris is reduced in size to allow access to intern al surfaces. The MEO 
process of System #1 is replaced with a catalytic w et oxidation (CWO) 
(10) process to treat organic liquids and organic s ludges .  
The CWO process uses Fe(III) in a hydrochloric acid  solution to oxidize 
waste organics while solvating heavy and/or radioac tive metals. Catalysts 



increase the oxidation rate for organics, and Fe(II ) formed in the 
oxidation process is oxidized back to Fe(III) by a second catalyzed 
reaction with oxygen. The process typically takes p lace at 212-570F, and 
at pressures of 20-200 psig, depending on the waste  feed and composition. 
The residual solids are filtered from the solution,  rinsed, and polymer 
stabilized for disposal. The reagent is recovered a nd recycled.  
System #3 - Washing 
For all solid waste matrices, System #3 uses aqueou s washing with 
selected surfactants or other additives to solubili ze and remove organic 
contaminants; in the process some of the inorganic contaminants are 
removed as well. As in System #2, complex debris is  size reduced to allow 
access to internal surfaces. An agitation wash proc ess, similar to that 
used in typical radiation facility laundry, is used  for soft debris to 
prevent rags, paper, etc. from sticking together. A  high pressure spray 
wash (11) is used for shredded complex and open deb ris, and a soil 
washing process is used for soils and inorganic slu dges (12). The MEO 
process is used to treat organic liquids and organi c sludges. Surfactants 
are recovered and the treated wastewater recycled b ack to the washing 
process to minimize consumptive use of water. 
System #4 - Combination with Acid Digestion 
Phosphoric/nitric acid digestion (13) is used to de compose 
combustible/soft debris to decrease the volume of w aste sent to disposal, 
and to treat organic liquids and organic sludges. C omplex debris is 
grouted without treatment, thereby eliminating the need for extensive 
size reduction, and grout is used to stabilize trea ted open debris. High 
pressure spray wash is used to decontaminate open d ebris, and aqueous 
soil washing is used to remove organic contaminants  from the soil matrix. 
Vacuum thermal desorption is used to treat inorgani c sludges and mercury 
is removed using the KI/I2 process. Phosphate-bonde d ceramics (14) are 
used to stabilize soils, inorganic sludges, and ins oluble salts and 
oxides, and polymer is used to stabilize soluble sa lts.  
As with all chemical destruction processes, acid di gestion requires 
shredding of soft debris because of the strong surf ace area dependence of 
the dissolution and reaction rates. Many organic ma terials are completely 
oxidized at atmospheric pressure and below 350F; ho wever, decomposition 
of more stable compounds may require conditions in the range of 390F and 
15 psig. As the reaction progresses, NO and NO2 are  released from 
solution and recovered as nitric acid. Upon cooling  the solution, heavy 
metals and radionuclides will precipitate as highly  insoluble phosphates 
or oxides. 
System #5 - Combination with Chemical Wet Oxidation  
This system is identical in design to System #4 exc ept that chemical wet 
oxidation replaces phosphoric/nitric acid digestion , and polymer and 
grout stabilization replace phosphate-bonded cerami cs. 
STUDY RESULTS 
The results of the study include an estimate of the  system effluent (gas, 
liquid, and solid) and costs. The ASPEN PLUS comput er code (15) was used 
to model each unit operation and simulate the proce ss for each system. 
Simplifying assumptions are used to combine several  unit operations, 
where appropriate. The code solves for equilibrium chemistry using Gibbs 
energy minimization techniques, or uses experimenta l data if available 
for reactions, but no kinetics are considered. All mass (waste, chemical 
reagents, air, water, etc.) is accounted for in the  calculations, and the 
mass output from each system equals the input. The output volume is used 



in the cost calculations to assess the cost of disp osal, and the sizes of 
process units used in the cost analysis are based o n throughput data 
obtained from the technology developers. 
Effluent 
The discharge rates of gas, liquid, and solid efflu ent from the five 
systems are shown in Fig. 2. The volumetric dischar ge rates (shown in 
Fig. 3) of solid waste forms sent to disposal are l owest for systems (#4 
and #5) in which soft (combustible) debris is decom posed and is, 
therefore, not part of the solid waste leaving the systems. However, the 
difference is small (approximately 1600 lbs/hr or 1 0 ft3/hr). The ratio 
between input and output waste volumes varies betwe en 1.02 and 0.80; 
however, these calculations are based on an assumed  waste density for the 
input waste (64 lbs/ft3) that may vary by a factor of two depending on 
packing density of the as received containers. 
It is assumed that the wastewater is treated and re cycled to minimize 
consumptive use; however, these systems generate mo re water than is 
required, so that there is some discharge. As seen in Fig. 2, this 
discharge is similar for all systems and is approxi mately 1000 lbs/hr 
(1.4 gpm) or less. As expected, the gaseous effluen t from these systems 
is relatively small and consists primarily of CO2 f rom the destruction of 
organics. Because combustible debris is destroyed i n Systems #4 and #5, 
the offgas from these systems is higher than from t he other systems in 
which all debris is stabilized as solid waste. The higher offgas from the 
desorption system (#2) compared to system #1 is due  to volatilization of 
the organic constituents of the soft debris, which are subsequently 
condensed and oxidized. 
Cost Analysis 
Total life cycle cost is approximately the same for  the five nonthermal 
systems as shown in Fig. 4. The lowest cost system (desorption) is within 
8% of the highest cost system (CWO), with the major  differences being in 
the higher operations and maintenance (O&M) and cap ital costs associated 
with the CWO system. The largest contribution to th e total cost of all 
the systems is O&M, followed by disposal and then c apital cost.  
Fig. 2 
Fig. 3 
Fig. 4 
A typical breakdown of subsystem costs for the acid  digestion and 
desorption systems is shown in Fig. 5. Most subsyst em costs are similar 
for all the systems, with disposal and front end co sts comprising the 
bulk of the system costs followed by stabilization.  Front end handling 
consists of sorting, size reduction, and all the co sts associated with 
receipt and preparation of waste for treatment. 
Fig. 5 
SUMMARY AND CONCLUSIONS 
Five nonthermal treatment systems have been evaluat ed in the INTS study. 
These systems are similar in effluent discharge (ga s, liquid, and solid). 
Changes in the waste volume range between a 2% incr ease and a 20% 
decrease. Total life cycle costs for each system ar e also similar. The 
largest contribution to the total cost of all the s ystems is O&M, 
followed by disposal and then capital cost. The maj or subsystem cost 
contributors are disposal and front end handling. 
REFERENCES 



1 JOST O.L. WENDT, "Incineration Research, Process,  and Hearings, or the 
Good, the Bad, and the Ugly". 1992 Incineration Con ference, Albuquerque, 
NM, May 11-15, 1992. 
2. Tribal and Stakeholder Working Group meeting, De nver, CO, August 8-9, 
1995. 
3. F. FEIZOLLAHI and W. J. QUAPP, Integrated Therma l Treatment System 
Study -- Phase 2 Results, INEL-95/0129, Idaho Natio nal Engineering 
Laboratory, Idaho Falls, ID, August 1995. 
4. U. S. Department of Energy Interim Mixed Waste I nventory Report: Waste 
Streams, Treatment Capacities, and Technologies, DO E/NMB-1100, April 
1993. 
5. J. W. VIRDEN, et al., "High-Energy Corona for De struction of Volatile 
Organic Contaminants in Process Off-Gases," SPECTRU M '92, Boise, ID, 
August 23-27, 1992. 
6. EPA/540/AR-89/012, "Ultrox International Ultravi olet 
Radiation/Oxidation Technology," Applications Analy sis Report, U. S. 
Environmental Protection Agency, Office of Research  and Development, 
Washington, DC, September 1990. 
7. C. R. PALMER, "VAC*TRAXSM -Vacuum Assisted Therm al Desorption 
Process," AIChE 1994 Summer Annual Meeting, Denver,  CO, August 14-17, 
1994. 
8. D. D. GATES, K. K. CHAO, and P. A. CAMERON, The Removal of Mercury 
from Solid Mixed Waste Using Chemical Leaching Proc esses, ORNL/TM-12887, 
Oak Ridge National Laboratory, Oak Ridge, TN, July 1995. 
9. Z. CHIBA, P. R. LEWIS, and L. C. MURGUIA, Mediat ed Electrochemical 
Oxidation Treatment for Rocky Flats Combustible Low -Level Mixed Waste, 
UCRL-ID-118679, Lawrence Livermore National Laborat ory, Livermore, CA, 
September 1994. 
10. P. M. DHOOGE, et al., Final Report for Phase II  Advanced Development 
of the DETOXSM Process in Application to Low level Combustible Mixed 
Waste at the Rocky Flats Environmental Technology S ite, Delphi Research, 
Inc., Albuquerque, NM, September 15, 1995. 
11. M. A. DOSANI, et al., "Results of Field Demonst rations of a Newly 
Developed Pilot-Scale Debris Washing System," Envir onmental Progress, 
Vol. 11, pp. 272-277, November 1992. 
12. I. GOTLIEB, J. W. BOZZELLI, and E. GOTLIEB, "So il and Water 
Decontamination by Extraction with Surfactants," Se paration Science and 
Technology, Vol. 28, pp. 793-804, 1993. 
13. R. A. PIERCE, Progress Report on Nitric-Phospho ric Acid Oxidation, 
WSRC-TR-94-0471, Westinghouse Savannah River Compan y, Aiken, SC, 1994. 
14. A. S. WAGH, D. SINGH, and J. CUNNANE, Phosphate -Bonded Ceramics for 
Stabilizing Problem Low-Level Mixed Waste, Annual R eport for FY1994, 
Argonne National Laboratory, Argonne, IL, 1995. 
15. ASPEN PLUS, Version 9.1-3, Aspen Technology, In c., Cambridge, MA, 
1994. 
 
12-4   
MIXED WASTE MANAGEMENT AT FERNALD: MAKING IT HAPPEN QUICKLY, ECONOMICALLY 
AND COMPLIANTLY 
John T. Witzeman 
Fernald Environmental Restoration Management Corpor ation* 
 
David M. Rast 
U. S. Department of Energy 



FERMCO 
Fernald Environmental Management Project 
P. O. Box 538704 
Cincinnati, Ohio 45253-8704 
ABSTRACT 
At the end of calendar year 1992, the Fernald Envir onmental Management 
Project (FEMP) had approximately 12,500 drums of mi xed low-level waste in 
storage and the Fernald Environmental Restoration M anagement Corporation 
(FERMCO) had just begun to develop an aggressive pr oject based program to 
treat and dispose of this mixed waste. By 1996 the FERMCO mixed waste 
management program had reduced the aforementioned 1 2,500 drums of waste 
once in inventory to approximately 5800 drums. Proj ects are currently in 
progress to completely eliminate the FEMP inventory  of mixed waste. As a 
result of these initiatives and aggressive project management, the FEMP 
has become a model for mixed waste handling, treatm ent and disposal for 
DOE facilities.  
Mixed waste management has traditionally been viewe d as a singular and 
complex environmental problem. FERMCO has adopted t he viewpoint that 
treatment and disposal of mixed waste is an enginee ring project, to be 
executed in a disciplined fashion with timely and e conomic results. This 
approach allows the larger mixed waste management p roblem to be divided 
into manageable fractions and managed by project. E ach project is managed 
by problem solving experts, project managers, in li eu of environmental 
experts. In the project approach, environmental reg ulations become 
project requirements for individual resolution, as opposed to what had 
formerly been viewed as technically unachievable en vironmental standards. 
With compliant disposition of mixed waste being the  primary goal, and 
achieving compliant disposition as quickly and econ omically as possible 
being attendant goals, several general principles h ave been established 
in the FERMCO mixed waste program. 
 1. Wastes must be treated using technology which i s proven, reliable, 
and currently available. Technology development is not performed within 
the program. Newly developed technology may be cons idered when that 
technology will be readily available and proven wit hin a period 
compatible with the project schedule. 
 2. Commercial vendors are utilized to the maximum degree possible. The 
economic incentives for commercial vendors to devel op and market 
treatment technology are utilized and cultivated to  the maximum extent 
prudent. 
 3. Treatment and disposal technologies which achie ve results above and 
beyond what is compliant are generally undesirable.  
Experience at the Fernald site has demonstrated tha t successful mixed 
waste management can be achieved through aggressive  management of mixed 
waste management tasks as projects. Projects must b e managed around 
established scope, schedule and budgets. All action s necessary to ensure 
that the project is successful must be taken. No ex cuses are acceptable 
and the project schedule is managed strictly. All p rojects have a 
beginning. All projects have an end. Whatever is no t on the line between 
these two events is secondary. 
FERMCO SUCCESS AND LEADERSHIP 
At the end of calendar year 1992, the Fernald Envir onmental Management 
Project (FEMP) had approximately 12,500 drums of mi xed low-level waste in 
storage and the Fernald Environmental Restoration M anagement Corporation 
(FERMCO) had just begun to develop an aggressive pr oject based program to 



treat and dispose of this mixed waste. FERMCO had a lso just assigned a 
manager with strong project management skills to ma nage and develop a 
staff to address the FEMP mixed waste inventory. 
By 1996 the FERMCO mixed waste management program h ad reduced the 
aforementioned 12,500 drums of waste once in invent ory to approximately 
5800 drums. Projects are currently in progress to c ompletely eliminate 
the FEMP inventory of mixed waste. As a result of t hese initiatives and 
aggressive project management, the FEMP has become a model for mixed 
waste handling, treatment and disposal for DOE faci lities. The balance of 
this paper addresses fundamental elements of FERMCO 's success over the 
past three years.  
DESCRIPTION OF MIXED WASTE PROGRAM 
The DOE complex has traditionally viewed mixed wast e management as a 
singular and complex environmental problem. Therefo re, personnel 
possessing expertise in environmental issues alone were assigned to 
resolve enormous perceived environmental dilemmas. 
FERMCO has adopted the viewpoint that treatment and  disposal of mixed 
wastes are engineering projects, to be executed in a disciplined fashion 
with timely and economic results. This approach all ows the larger mixed 
waste management problem to be divided into managea ble fractions and 
managed by project. Each of these projects is then managed by problem 
solving experts, project managers, in lieu of envir onmental experts. In 
the project approach, environmental regulations bec ome project 
requirements for individual resolution, as opposed to what had formerly 
been viewed as technically unachievable environment al standards. The 
project approach allows waste treatment and disposa l to be accomplished 
while meeting environmental requirements. 
The FERMCO mixed waste program was initially establ ished, and continues 
to be a project based program. Each project has a d ocumented scope, 
schedule and budget, and a dedicated project engine er. The project 
engineer is responsible and accountable for all asp ects of a specific 
project, including those activities performed by su pport organizations. 
General Program Principles 
Compliant treatment and disposal of waste is an obv ious absolute 
requirement for any mixed waste program. Cost and s chedule together form 
a secondary critical project parameter. Cost and sc hedule are typically 
opposing project elements and must be balanced base d upon relevant 
internal and external factors, and good management practice. Scope must 
be controlled within the confines of good managemen t practice and 
potentially dynamic technical and regulatory requir ements. With compliant 
disposition of waste being the most important goal in any mixed waste 
project, and achieving compliant disposition as qui ckly and economically 
as possible being attendant goals, several general principles have been 
established in the FERMCO mixed waste program. 
 1. Wastes must be treated using technology which i s proven, reliable, 
and currently available. Technology development sha ll not be performed 
within the program. Newly developed technology may be considered when 
that technology will be readily available and prove n within a period 
compatible with the project schedule. 
Time is of the essence in any mixed waste treatment  and disposal project. 
Waste must be treated and disposed before the ever changing regulatory 
environment requires treatment and disposal in a mo re time consuming, 
more expensive, and potentially unavailable manner.  Waste treatment 
methods that are proven, reliable, and currently av ailable often are the 



same technologies which are economical, commerciall y prolific, and 
inherently low risk. Furthermore, DOE complex wide experience has 
demonstrated that prompt and decisive action is req uired to solve mixed 
waste treatment and disposal issues. New and comple x treatment methods 
are not needed for a majority of mixed wastes. Mana gers of mixed waste 
programs must utilize the technologies they have av ailable to them today 
and end their wait for the cure-all technology whic h is supposedly just 
around the corner. Mixed waste will never be more e asily or economically 
treated than it can be today.  
 2. Commercial vendors shall be utilized to the max imum degree possible. 
The economic incentives for commercial vendors to d evelop and market 
treatment technology must be utilized and cultivate d to the maximum 
extent prudent. 
Treatment of mixed wastes utilizing applicable haza rdous waste treatment 
technologies occurs regularly in the commercial sec tor. Commercial 
vendors are becoming increasingly aware of the mixe d waste challenges and 
opportunities to be found in the government facilit ies business area. An 
environment of such opportunity causes commercial v endors engaged in 
similar work in other business sectors to make thei r technology and 
expertise available within the DOE complex. Further more, commercial 
enterprises can be made aware of government sector mixed waste management 
issues and these commercial enterprises will perfor m the research and 
development to solve these issues at their own expe nse. Commercial sector 
vendors are assured to be able to perform any resea rch and development 
more quickly and economically than the government s ector. Mixed waste 
managers must allow commercial enterprise to work t o our advantage and 
never reinvent the wheel. 
 3. Treatment and disposal technologies which achie ve results above and 
beyond what is compliant are generally undesirable.   
In order to be successful, mixed waste managers mus t focus on compliant 
treatment and disposal, not technically ideal treat ment and disposal. 
Mixed waste treatment technologies should be evalua ted for compliance 
with RCRA requirements, including Land Disposal Res trictions, with cost 
and schedule being considered concurrently. Utilizi ng technology which 
achieves results above and beyond that which is com pliant is generally 
more costly than those technologies which are simpl y compliant. 
Furthermore, technologies that achieve results abov e and beyond simple 
compliance are likely to have a longer planning and  operational duration. 
Expanding costs and extending schedules in implemen ting waste treatment 
and disposal activities which exceed regulatory req uirements are not good 
business practices and do not represent proper stew ardship of public 
funds.  
At the genesis of the FEMP mixed waste program, the  total FEMP inventory 
of mixed waste was divided into groups which could be treated and 
disposed, or directly disposed, together. These gro upings were generally 
based upon like treatment standards and similar phy sical matrices. Each 
individual waste grouping was then defined as a pro ject. 
A scope statement is written for each project. This  scope statement must 
define the project as necessary to completely defin e the established 
waste grouping, determine what treatment and dispos al alternative will be 
utilized, implement treatment and disposal, and com plete all project 
closure tasks. The scope statement will define thes e elements of the 
project in general terms as technical information a vailable at that time 
in the project permits. Upon completion of the proj ect scope statement, a 



detailed project schedule is prepared. This project  schedule includes all 
tasks necessary to complete the project as defined in the project scope 
statement. The project schedule divides the entire project into tasks of 
sufficiently short duration that monthly schedule u pdates will 
demonstrate if the project is behind or ahead of sc hedule.  
Each activity contained in the project schedule is resource loaded. The 
resources for each task include all project managem ent personnel, support 
organizations, subcontractors and materials necessa ry to complete that 
task. The sum of the costs of all resources for all  tasks constitute the 
project budget, excluding contingencies and managem ent reserve. This 
budget includes all costs which can be attributed t o the project from 
inception through final close-out. Each project is completely cost self-
contained. 
Disposal under Case-by-Case Variance to LDR - Debri s Rule 
On May 14, 1993, the U. S. EPA promulgated the seco nd and final Case-by-
Case Variance to the Land Disposal Restrictions (58  FR 28506). This 
variance applied to hazardous waste which met the d efinition of debris as 
published by U. S. EPA on August 18, 1992 (57 FR 37 194). U. S. EPA 
defined debris as any man-made material or nonindig enous rock or soil 
which is at least 60 mm in one dimension. U. S. EPA  recognized that many 
waste streams which contain debris also contain oth er materials which do 
not individually meet the definition of debris. For  these waste streams, 
U. S. EPA stated that any waste stream which contai ns a mixture of debris 
and non-debris is to be managed as debris if the wa ste stream is 
primarily debris based upon visual inspection. With in specified limits, 
hazardous waste which met this definition of debris  could be disposed 
directly to the land without treatment. U. S. EPA r equired that all 
individuals who wished to dispose hazardous debris waste under this 
variance provide to U. S. EPA no later than August 12, 1993, proof that 
the individual had made a good faith effort to iden tify treatment 
capacity for the hazardous debris waste in question . U. S. EPA stated 
that contact with ten potential treatment vendors w ould constitute a good 
faith effort. The May 14, 1993 variance expired on May 8, 1994. 
FERMCO published a Commerce Business Daily (CBD) an nouncement on June 18, 
1993 seeking qualified vendors which could supply c apacity to treat mixed 
debris waste in storage at the FEMP. 50 potential v endors responded to 
the CBD announcement. No qualified vendors were ide ntified. FERMCO 
utilized the data collected from the various respon ses to the CBD 
announcement to document a good faith effort to ide ntify a qualified 
treatment vendor in a document pursuant to the U. S . EPA rule making of 
May 14, 1993 (58 FR 28506). This document was appro ved by the Department 
of Energy - Fernald Area Office and transmitted to the U. S. EPA on 
August 9, 1993. An informational copy of the docume nt was also 
transmitted to the Ohio EPA. 
FERMCO identified 368 containers of mixed debris wa ste which would 
qualify for land disposal under the aforementioned rule making. All 368 
containers were inspected for free liquids using re al-time radiography. 
Containers which held free-liquids were emptied ont o a sorting table. All 
mixed debris waste was placed back into the contain er from which it was 
removed and liquid waste removed from the container  was placed into 
storage for disposition as part of the Liquid Mixed  Waste Project 
discussed later in this document. 
The mixed debris waste identified for land disposal  was divided into two 
groups for the purpose of sampling, analysis and pr ofiling pursuant to 



Envirocare of Utah's waste acceptance criteria. The se groupings were 
established based upon the physical nature of the d ebris waste, the 
manner in which the debris waste was generated and the potential 
contaminates of concern present in the waste. 
Samples were extracted from a statistically determi ned number of randomly 
selected waste containers in each waste grouping by  FERMCO hazardous 
materials workers. These samples were analyzed by a  State of Utah 
certified analytical laboratory. Envirocare waste p rofiles were completed 
by FERMCO Hazardous and Mixed Waste Management pers onnel for each waste 
grouping based upon the Utah certified data and tra nsmitted to Envirocare 
for review and approval. Upon approval of these pro files, Envirocare 
provided FERMCO with a Notice to Transport (EC-1800 ). This notice 
documents Envirocare's approval to ship the waste d escribed on the 
submitted profile. FERMCO released the first shipme nt of six total 
shipments of mixed debris waste to Envirocare on Ap ril 12, 1994 and 
released the sixth shipment on April 21, 1994. 
All mixed waste at the FEMP which met the definitio n of debris and was 
eligible for disposal at Envirocare was disposed du ring the 
aforementioned waste disposal campaign. 
Disposal of D018-D043 & F-Listed Waste  
On September 19, 1994 (59 FR 48045), U. S. EPA prom ulgated a final rule 
establishing the treatment standards for newly iden tified toxicity 
characteristic waste. The types of waste referred t o are those hazardous 
wastes carrying waste codes between D018 and D043 i nclusive. This 
rulemaking went on to state that for hazardous wast es carrying these 
waste codes which also contain radioactive material s, the effective date 
of the rule is September 19, 1996. Because this fin al rule does not apply 
to mixed waste until September 19, 1996, mixed wast es carrying waste 
codes between D018 through D043 inclusive may be di sposed to the land 
without treatment until that date. 
In response to this rulemaking, FERMCO identified a ll mixed waste 
carrying only waste codes between D018 and D043 inc lusive. As a part of 
the same campaign, FERMCO identified a population o f listed mixed wastes 
carrying 'F' codes which exhibited concentrations o f the RCRA treatment 
constituent of concern below the established RCRA L and Disposal 
Restrictions treatment standard. Listed wastes whic h meet treatment 
concentration standards without treatment may be di sposed as if that 
waste had been in fact treated. The specific waste streams identified 
were a D018 through D043 trash waste stream and a c ement stabilized F-
listed waste stream. 
Each container of D018 through D043 mixed waste was  examined utilizing 
real-time radiography. Any container found to conta in free liquids was 
excluded from shipment to Envirocare and re-assigne d to the proper mixed 
waste treatment project.  
Samples were extracted from a statistically determi ned number of randomly 
selected waste containers in the D018-D043 and F-li sted waste streams by 
FERMCO hazardous materials workers. These samples w ere analyzed by a 
State of Utah certified analytical laboratory. Envi rocare's waste 
profiles were completed by FERMCO personnel for eac h of the two subject 
waste streams based upon the Utah certified data an d transmitted to 
Envirocare for review and approval. Upon approval o f these profiles, 
Envirocare provided FERMCO with a Notice to Transpo rt (EC-1800). This 
notice documented Envirocare's approval to ship the  waste described on 
the submitted profile. FERMCO released the first of  four total shipments 



of cement stabilized F-listed mixed waste to Enviro care on March 3, 1995 
and released the fourth shipment on March 6, 1995. FERMCO released the 
only shipment of D018-D043 mixed waste on March 30,  1995. 
Liquid Mixed Waste Project 
The Liquid Mixed Waste Project encompasses approxim ately 2,300 containers 
of mixed liquid waste ranging in size from 5 gallon s to 110 gallons. Like 
the Mixed Waste Stabilization Project and the Mixed  Waste Chemical 
Treatment Project described later in this document,  this project is being 
documented under CERCLA Removal Action 9, "Removal of Waste Inventories." 
The CERCLA Work Plan for this project was approved by the U. S. EPA and 
the Ohio EPA prior to the initiation of waste trans fer operations. Many 
of these 2,300 containers hold both liquids and slu dges. The liquids will 
be treated at the K-1435 TSCA Incinerator at the De partment of Energy's 
Oak Ridge facility and will likely be disposed by T SCA Operations. The 
sludges in these drums will be treated and disposed  as part of the 
Chemical Treatment Project described later in this document. 
The TSCA Incinerator accepts liquid wastes in bulk tanker truck 
deliveries only. For this reason,the subject liquid  wastes must be bulked 
before shipment. Furthermore, the 2,300 containers of waste included in 
this project represent in excess of 100 separate wa ste streams generated 
at different times and by various means, demonstrat ing that each of these 
waste streams is within the waste acceptance criter ia at the TSCA 
Incinerator would be cost and schedule prohibitive.  
For the purpose of bulking, the various waste strea ms were divided into 
compatibility groups based upon information availab le from the 
characterization file for each of the various waste  streams. Five 
compatibility groups were identified which encompas sed all of the waste 
streams within the 2,300 container population. In o rder to assure 
compatibility of the wastes when actual commingling  of the wastes occurs 
in the field, samples of the various generic types of waste from each 
compatibility group were secured. These samples wer e combined in the FEMP 
analytical laboratory in the same order and ratios in which the actual 
wastes in the field would be combined. Laboratory c ommingling of these 
waste samples and monitoring the commingled waste f or possible physical 
or thermal reactions was performed as per ASTM Meth od 5058, Standard Test 
Method A. No physical or thermal reactions were obs erved in any of the 
combined waste forms. 
In order to combine the five compatibility groups o f waste, portable 
tanks generically known as "Frac Tanks" were rented . A total of six tanks 
were rented in order to provide one backup tank in the event of a leak or 
other unplanned occurrence in any of the five prima ry tanks. The portable 
tanks are approximately 40 feet in length, 8 feet i n width, 11 feet in 
height, and have a total capacity of approximately 21,000 gallons. Each 
tank is equipped with a single tandem axle for tran sport of the tank 
while empty only. The tanks are also equipped with side and top manways, 
OSHA compliant stairs and catwalks leading to the t op manway, high-level 
alarms, bottom loading fittings with lockable ball valves, fluid level 
indicators, and carbon air emissions filters.  
The six tanks were field installed within a poly co mpound inflatable 
containment system. This poly containment system is  physically similar to 
and resembles a rubber raft. The secondary containm ent was fabricated of 
materials resistant to the various wastes to be pla ced in the portable 
tanks. 



The design of the temporary waste storage area comp rised of the six 
portable storage tanks and inflatable secondary con tainment was designed 
to comply with State of Ohio regulations regarding tank systems for 
storage of hazardous waste. The primary driver from  Ohio RCRA regulations 
for the temporary waste storage area is the capacit y of the secondary 
containment. The secondary containment must have a volume adequate to 
contain 10% of the total volume of waste stored in the various tanks 
within the containment or the volume of the largest  tank within the 
containment, whichever is largest, in addition to a  25 year rain event 
occurring over a 24 hour period. In this project, t he volume of the 
largest tank is the controlling factor. 
The transfer of liquid waste is achieved with the u se a 2 inch diameter 
dual diaphragm pneumatically powered pump. All wett ed surfaces of the 
pump are stainless steel and the diaphragms are Tef lon. The pump is 
connected to the bottom loading valve of the tank t o which the liquid 
waste is to be transferred via a 2 inch diameter hi gh pressure Teflon 
lined and wire reinforced hose. The suction side of  the pump is connected 
via an identical hose to an approximately 48 inch l ong, 2 inch diameter 
stainless steel tube with a 1/16 inch stainless ste al screen welded over 
the end of the tube. Each of these hose sets is equ ipped at each end with 
stainless steel ball valves and female stainless st eel camlock fittings. 
The temporary storage tanks and pump are equipped w ith male stainless 
steel camlock fittings. The transfer of liquid wast e is achieved by 
configuring the hoses in the aforementioned manner,  starting the pump, 
and carefully placing the end of the stainless stee l tube into the waste 
storage container until all liquids within the cont ainer have been 
transferred. All power tools utilized on this proje ct are pneumatically 
driven and sparkless, all hand tools are sparkless,  and all flashlights 
used are intrinsically safe. 
Transfer of liquid phase waste from existing storag e containers into 
portable tanks began on May 1, 1995 and was complet ed July 19, 1995. 
Sampling personnel from the Oak Ridge facility samp led Batch 1 pursuant 
to TSCA Incinerator Waste Acceptance Criteria on Ma y 26, 1995 and Batch 5 
on July 25, 1995. As of September 19, 1995, FERMCO has made twelve total 
tanker shipments of waste to the TSCA Incinerator. The first shipment was 
released from the FEMP on July 27, 1995 and the twe lfth shipment was 
released on September 19, 1995. The twelve shipment s of waste that have 
been made comprise a total of 165 cubic meters of l iquid mixed waste. A 
total of 123 cubic meters of liquid waste remain to  be shipped. Shipment 
of these liquid wastes is expected to be complete d uring the spring of 
1996. Waste shipments are currently suspended for t he winter due to cold 
weather and resultant thickening or freezing of the  waste. 
Mixed Waste Stabilization Project 
Approximately 1,550 containers, primarily 55 gallon  drums, of solid phase 
waste contaminated with RCRA regulated heavy metals  are stored at the 
FEMP. This waste are being treated onsite utilizing  mobile stabilization 
equipment and disposed at Nevada Test Site. 
This project is being documented under CERCLA Remov al Action 9, "Removal 
of Waste Inventories." Documenting this project as a Removal Action 
allows RCRA regulated wastes to be treated at the F EMP without a RCRA 
Part B permit for treatment. CERCLA and its impleme nting regulations, 
"The National Oil and Hazardous Substances Pollutio n Contingency Plan," 
state that actions under CERCLA are not subject to state administrative 
requirement, i.e. a RCRA Part B permit, in states w ith an authorized RCRA 



program, such as Ohio. However, actions under CERCL A are subject to state 
substantive requirements.  
On December 19, 1994 a Commerce Business Daily anno uncement was published 
describing the waste to be stabilized, stating that  a Request for 
Proposal for onsite stabilization of the waste desc ribed would be 
available in the future, and requesting that intere sted and qualified 
vendors provide a statement of interest to FERMCO. Approximately 70 
statements of interest were received. 
On April 10, 1995 a Request for Proposal (RFP) for mobile mixed waste 
stabilization services was transmitted to all respo ndents to the Commerce 
Business Daily Announcement. This RFP included desc riptions of all waste 
to be stabilized, including a description of the ge neral physical 
character of the waste and applicable RCRA waste co des for each waste 
stream. The RFP also included other documents neces sary for a vendor to 
prepare a proposal, such as the Mixed Waste Stabili zation Project 
approved Project Plan. Proposals were accepted on M ay 2, 1995 and the 
stabilization subcontract was awarded on May 30, 19 95. 
The Ohio EPA stated that their review and approval of detailed equipment 
drawings and process procedures for this project we re necessary before 
treatment may begin. Many types of stabilization eq uipment are utilized 
for the stabilization of hazardous waste. Therefore , the details 
requested by Ohio EPA can not be provided until a v endor is chosen and 
the requested information can be submitted to FERMC O by the vendor. After 
award of the stabilization subcontract to the succe ssful vendor, the 
vendor has approximately 30 days to submit document ation listed in the 
RFP to FERMCO, including detailed equipment drawing s and operational 
procedures. This detailed information will be combi ned with various types 
of environmental information required in a CERCLA w ork plan and submitted 
to the U. S. EPA and Ohio EPA for review and approv al. Once approval of 
the work plan is secured from both agencies, FERMCO  will authorize the 
vendor to mobilize and begin stabilization activiti es. Stabilized waste 
will be placed in half height white metal boxes and  shipped to the DOE 
Nevada Test Site for disposal. 
The CERCLA Work Plan for the stabilization project,  including the 
engineering mentioned above, was provided to the Oh io Environmental 
Protection Agency (Ohio EPA) and the U. S. Environm ental Protection 
Agency on September 7, 1995. The FEMP received appr oval to proceed with 
stabilization field operations from the Ohio EPA on  September 29, 1995. 
FERMCO authorized the stabilization subcontractor t o proceed with 
mobilization of treatment equipment immediately. FE RMCO completed an 
Operational Readiness Assessment of the Stabilizati on Project on November 
20, 1995 and received DOE-Ohio Field Office permiss ion to proceed with 
operations on November 21, 1995. The stabilization subcontractor began 
stabilizing waste on November 16, 1995 and as of Fe bruary 9, 1996 had 
stabilized a total of approximately 1100 drums of w aste. 
Mixed Waste Chemical Treatment Project 
This project encompasses approximately 4,000 contai ners of mixed waste 
which represent all the mixed waste which will rema in in the FEMP mixed 
waste inventory after completion of the previously discussed projects. 
The wastes included in this project represent the m ost challenging wastes 
to treat at the FEMP. A majority of the wastes in t his project will 
require multiple treatment steps or technologies to  achieve compliance 
with RCRA Land Disposal Restrictions. This project is termed the Chemical 



Treatment Project because the multiple treatment st eps required to treat 
these wastes will be chemical in nature. 
A Commerce Business Daily announcement was publishe d on March 16, 1995 
requesting expressions of interest from qualified p arties to provide 
chemical and physical treatment for various types o f mixed waste. As of 
May 30, 1995, 36 responses to the announcement had been received. 
Responses have been received from well established and proven vendors as 
well as previously unknown vendors of unknown capab ility. The expressions 
of interest received have varied in form from detai led explanations of 
the vendor's experience and capabilities to simple requests to receive 
any future Request for Proposal. 
Current schedule projections indicate that the Requ est for Proposal for 
mobile Chemical Treatment will be issued near the e nd of February 1996. 
Completion of the Chemical Treatment Project is sch eduled for November 
1997. 
Treatment flow diagrams for the various waste strea ms in this project 
have been developed. Treatment processes with multi ple treatment steps 
for one waste stream are referred to as "treatment trains." Various 
combinations of the following technologies are anti cipated to be 
necessary: 
 1. Solvent Extraction - Sludges and Soils 
 2. Decontamination - Lead Solids 
 3. Macroencapsulation - Lead Solids 
 4. Deactivation - Reactives and Oxidizers 
 5. Neutralization - Acids and Caustics 
 6. Precipitation - Barium Salts and Mercury Salts 
 7. Washing - Debris 
 8. Amalgamation - Elemental Mercury 
 9. Chemical Oxidation - Waste Waters 
CONCLUSIONS 
Remove Historic Barriers to Success: Mixed waste ca n be managed 
compliantly, effectively and economically in a time ly manner. Do not 
allow the traditional reasons why mixed waste can n ot be treated and 
disposed prevent project progress. Barriers to succ essful management of 
mixed waste are usually issues of perception, not f act. Aggressively 
remove barriers to success. 
Utilize Technology Which Exists: Utilize mixed wast e treatment technology 
which is proven, reliable and currently available. Technology exists to 
treat and dispose most mixed waste streams. Avoid s pending time and money 
on developing new technologies or further researchi ng existing 
technologies. Do not accept the "not invented here"  argument. Implement 
mixed waste treatment projects utilizing current te chnology now. If an 
option exists; use it. Mixed waste treatment is che aper now than it will 
ever be again. 
Take Advantage of Commercial Sector Resources: Util ize subcontractors to 
treat waste whenever possible. The private sector r ecognizes their 
potential for profit if they can solve the DOE comp lex's mixed waste 
challenges. Allow subcontractors to absorb the cost  of research, 
development, equipment procurement, and process ris k. Take advantage of 
commercially proven expertise in waste treatment. D o not perform work in 
house that someone else can do for you cheaper, fas ter and better. 
Be Compliant, Not Perfect: Plan treatment and dispo sal projects which 
achieve compliance, not the perfect solution. The i deal or most advanced 



technology to treat waste is not necessary. Use the  quickest, most 
economical, safe and compliant treatment and dispos al option available. 
Projectize the Work: Divide your total inventory of  waste into manageable 
portions that have a beginning and an end. Determin e the scope, schedule 
and budget for the work. Assign responsibility, aut hority, 
accountability, and resources. Everything has a beg inning. Everything has 
an end. What is not on the line is irrelevant. Get on the line. Start 
now. Finish! 
Take Action: If waste can be disposed without treat ment; dispose it. 
Determine what compliant treatment is available for  waste requiring 
treatment and aggressively move forward to accompli sh that treatment. 
Take advantage of regulatory latitude. Do not wait for new technology. 
Tomorrow never comes. Move forward today. Their is no excuse for failure 
to act on available treatment and disposal options.  Start! Finish! 
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ABSTRACT 
Accurate characterization and control of plasma tor ch facilities for 
mixed waste remediation is currently a major effort  at the Diagnostic 
Instrumentation and Analysis Laboratory at Mississi ppi State University. 
This work is being supported by the U.S. Department  of Energy within the 
Office of Science and Technology (EM-50) of the Off ice of Environmental 
Management. Although plasma torch systems have been  used commercially for 
many years, most notably in material science applic ations and for the 
treatment of incinerator ashes, the extension to mi xed waste presents 
challenges. Specific issues are concerned with the composition of the 
input waste stream, the longevity of torch componen ts such as electrodes 
and vortex generators, refractory wear, the quality  of the final waste 
form, downstream gas compositions and the performan ce of air pollution 
control devices. Evaluation of these factors requir es a systematic 
approach including instrument development, material s studies, systems 
integration, modelling and control system developme nt. 
Over the past two years, work at DIAL has proceeded  in these areas. The 
plasma torch facility has been assembled. Testing o f refractories capable 
of withstanding the harsh environments in the torch  furnace have been 
reported. Work on instrumentation for characterizat ion of the plasma and 



for the assessment of gas stream conditions, chemis tries, and emissions 
has been performed. Efforts directed at non-intrusi vely measuring glass 
viscosities are in progress. Knowledge of facility parameters and 
specific measuring objectives (heavy metals, inorga nics and organic 
concentrations, viscosities, and plasma properties etc.) provide usable 
data which can be related to the operation of the p lasma torch and 
associated facility components. Integration of thes e data into a suitable 
control scheme allows a precise means for efficient  operation of the 
system. In what follows the DIAL plasma torch facil ity, some of the 
instrumentation being applied to the characterizati on of the process, and 
the control systems are described. 
PLASMA TORCH FACILITY 
DIAL's thermal test facility includes two plasma to rch systems as well as 
a combustion test stand. Both plasma torches are ho llow electrode DC 
torches. The smaller of the two systems uses a 100 kW plasma torch 
mounted in a four foot diameter chamber capable of vacuum operation. The 
chamber is fitted with several optical ports and is  used strictly for 
"clean" experiments such as plasma diagnostics and instrument 
development. The 100 kW torch can be used in either  the transferred or 
the non-transferred mode of operation. In non-trans ferred mode the plasma 
torch produces an electrical arc from its internal hollow anode electrode 
to an electrode which is on the front of the plasma  torch. A flow of gas 
through the torch produces a plasma plume which exi ts at the front of the 
plasma torch. In transferred mode the electrical ar c from the internal 
hollow electrode attaches to an external electrode.  A graphite billet is 
used for the external negative electrode for the 10 0 kW system.  
The larger system is a 250 kW hollow electrode DC t orch, see Fig. 1. This 
system is intended for actual vitrification experim ents. The plasma torch 
has electrical 3-axis position control (as does the  100 kW system) which 
is useful for power control and for maintaining a c onsistent temperature 
throughout the melt. This plasma torch is usually o perated in the 
transferred arc mode. A graphite electrode at the b ottom of the vessel 
acts as the negative electrode until a sufficient a mount of soil or 
surrogate waste is added to the system and a conduc tive melt is 
established. The melt then acts as the negative ele ctrode. Four Optics 
ports on the top of the vitrification vessel allow optical access for 
diagnostic instrumentation. Optical penetrations ar e also located 
directly downstream of the furnace. 
Fig. 1 
The 250 kW system is used for instrument and contro l system development 
as well as for vitrification research and testing. Soil from the Savannah 
River site as well as a surrogate material designed  by WSRC have been 
vitrified using this system (1,2). A series of DIAL /WSRC refractory tests 
were performed using 32 refractory samples to deter mine what type of 
refractory might be useful in plasma torch vitrifie rs.  
The offgas from both of these plasma torch systems is fed to a combustion 
test stand which can be used to provide secondary c ombustion or simply as 
a pathway for the plasma systems offgas to get to t he pollution control 
system. Optical access is provided at many location s along the test stand 
channel. The pollution control system includes a qu ench, venturi 
scrubber, and packed column tower. This system prov ides both particulate 
removal and acid gas neutralization. Dual HEPA filt ers follow the wet 
system and are used to remove smaller particulates.  Figure 1 shows a 
block diagram of the 250 kW system and the pollutio n control system. 



DIAGNOSTIC INSTRUMENTATION 
Many parameters are of interest for characterizing and controlling a 
plasma torch facility. Specific diagnostics can be applied to 
measurements of the input waste stream, plasma prop erties within the 
torch furnace, metal, particulate, and gaseous emis sions, and specialized 
techniques for evaluating the quality of the final waste form. Methods 
for evaluation of the partitioning of nuclear speci es are underway at 
various laboratories and are not discussed here. A brief description of 
some of the instruments under development are given  below. Work on 
sensors for inlet waste streams is planned. Some of  the diagnostics, for 
example, FTIR and LIBS, may be suitable as continuo us emission monitors 
as well as for process control. Additional work is in progress for fully 
characterizing the benefits of these applications.  
Plasma Diagnostics 
A major concern with the use of plasma torches for hazardous waste 
vitrification is the need to prolong electrode life time (3,4,5). Because 
unchecked erosion of the electrode into the torch c ooling system may lead 
to catastrophic failure, effective monitors for ele ctrode erosion and 
wear are needed. The goals of the present work incl ude characterizing 
several fundamental torch plasma parameters, using these results to 
develop monitors for torch electrode wear and failu re, and investigating 
techniques for extending the electrode lifetime. St udies have been 
performed to evaluate the stability of a plasma tor ch arc and its 
suitability for spectroscopic interrogation. Subseq uent investigations 
have been concerned with obtaining temperature and electron density 
profiles of the torch arc, and with evaluating the torch electrode 
erosion rate through the observation of atomic copp er emissions from the 
plasma. Initial studies have also been performed us ing electrodes doped 
at a given depth with an indicator material. Monito ring the plasma 
emission for signals associated with this indicator  has been used to 
signal erosion to a particular depth. 
Experimental studies are currently carried out usin g the 100 kW plasma 
torch operated in the transferred mode using nitrog en, air, or argon. A 
single 2f lens is used to form a 1:1 image of the t orch arc on a fiber 
optic cable. This cable is routed to a 0.5 meter sp ectrometer and the 
resulting spectra recorded using a charge coupled d etector (CCD). The 
input to the fiber is mounted on a horizontal trans lation stage, allowing 
the observation of spectral emissions from any posi tion across the arc 
image. This horizontal scanning capability allows t he reconstruction of 
profiles of the plasma temperature, electron densit y, and emission 
intensity. These results may be compared with two-d imensional images of 
the plasma arc obtained using narrow band interfere nce filters and a CCD 
camera. Emission from a specific element (e.g. copp er generated by 
electrode erosion) may be imaged by selecting appro priate interference 
filters. Although the gas flow from the torch rapid ly becomes turbulent 
after exiting the plasma torch electrode, spectral emissions from near 
the electrode orifice are quite stable and are amen able to spectroscopic 
interrogation. 
Using the relative intensities of atomic emissions from the plasma allows 
a Boltzmann plot determination of the plasma temper ature. For example, 
during nitrogen operation, line-of-sight average te mperatures ranging 
from approximately 6000 K at the arc edge to approx imately 12,000 K at 
the arc center are consistently observed. The elect ron density profile of 
the plasma torch arc may be determined from the ful l Stark width of the 



hydrogen b line emission (6). The addition of a sma ll amount of hydrogen 
into the torch operating gas allows the observation  of this line. For 
nitrogen operation the electron density profile ris es smoothly from a 
minimum of approximately 6 x 1020 e-/m3 at the arc edge to 2 x 1022 e-/m3 
at the arc center. As part of an effort to monitor the erosion of the 
primarily copper torch electrode, copper atomic emi ssions are evaluated 
as a function of position within the plasma arc. Th ese results clearly 
demonstrate that the most intense copper emission o ccurs at the edge of 
the plasma arc.  
One of the most promising results obtained thus far  has been the use of a 
doped electrode to signal erosion to a particular d epth. Electrodes are 
modified by drilling a small hole (or several holes ) parallel to the 
electrode axis, then filling this hole with silver solder. Atomic silver 
emission is detected from the plasma only after the  surface of the 
electrode is eroded to the depth of the silver sold er. In Fig. 2, 
emission spectra recorded before and after erosion into the silver solder 
are depicted. Silver emission is clearly visible at  520.8 nm after arc 
contact with the solder, yet clearly absent before.  This results suggests 
that doped electrodes provide a simple yet effectiv e monitor for 
electrode wear, and may be used to warn of an immin ent failure of a torch 
electrode.  
Fig. 2 
Methods For Determining Viscosity  
A critical parameter in the vitrification process i s the viscosity of the 
molten glass which has an effect on the quality of the waste form and the 
processing of waste (7,8). Two methods are currentl y being investigated 
as on-line monitors. The first is directly applicab le to the measure of 
viscosity in a rotating furnace which is an integra l component of many 
plasma torch facilities. The method is based on cor relation of the fluid 
flow dynamics with the viscosity at different rotat ional velocities of 
the furnace. The second method being developed will  measure the viscosity 
of the molten glass as it is being poured. The tech nique involves 
determining the reflection coefficient of ultrasoni c shear waves from a 
solid-molten glass interface. This coefficient is a  function of the 
viscosity of the molten glass. Methods are being in vestigated using laser 
generated shear waves, as well as with conventional  ultrasound.  
Work done at Westinghouse Savannah River Company (W SRC) has established a 
glass viscosity window of 20-100 poise for the Defe nse Waste Processing 
Facility (DWPF), and also for other melters to be u sed for low-level 
wastes (9). If the viscosity is too low, < 20 poise , excessive foaming 
may occur. Also, increased convection currents in t he glass will cause 
increased refractory and melter electrode erosion a nd/or corrosion. 
Higher viscosity glasses (> 100 poise) may lead to plugging of the tap 
and/or voids in the product. Additives (fluxes cont aining alkali metals) 
can be used to reduce the viscosity of molten glass , but these additives 
also weaken the molecular structure of the glass. T hus, excessive or 
unnecessary use of viscosity reducing fluxes will b e detrimental to the 
ability of the glass to pass leachability tests. 
Viscosity Measurement in Plasma arc Centrifugal Tre atment (PACT) System  
The PACT system consists of a large, cylindrical fu rnace vessel, open at 
the top, which rotates about its vertical axis (10, 11). Typically, this 
cylindrical drum might be 6 feet in diameter and wi ll rotate at about 40-
50 rpm. The wastes to be vitrified are introduced i nto the top of the 
drum. The rotation of the drum and its contents ( u ntreated waste and the 



glass products of vitrification) creates centrifuga l forces which force 
the drum contents toward the outer periphery of the  drum. A tap is 
located in the center of the furnace floor; however , centrifugal forces 
keep the drum contents away from the drain hole. As  the drum contents 
rotate, they periodically pass underneath a plasma torch. After 
sufficient wastes have been fed into the drum, the feeding is stopped, 
and the wastes are processed until they are vitrifi ed. The rotation of 
the drum is slowed, and the glass flows through the  tap and into a mold. 
DIAL has developed a novel idea for measuring the v iscosity of the glass 
in the PACT system prior to a pour. This idea takes  advantage of the fact 
that, in the PACT system, the glass whose viscosity  is to be measured is 
contained within a rotating drum. The behavior of r otating liquids has 
been the object of intense study. Greenspan (12) di scusses the "spin-up" 
problem, in which a liquid-filled container at rest  is suddenly started 
rotating at a constant angular velocity. The liquid  in the container is 
also initially at rest, and gradually acquires the same rotation speed as 
the container. The characteristic spin-up time is p roportional to 
Eq. 1 
where W is the angular velocity of the container, L  is a characteristic 
length scale of the container, and n is the liquid viscosity. The time 
required for the liquid in a rotating container to adjust to a change in 
the rotational speed of the container is hence depe ndent on the viscosity 
of the liquid. The concept involves therefore chang ing the rotational 
speed of the furnace and monitoring the response of  the glass. A 
numerical model has been developed for the dynamics  of the spin-up 
process, and an experimental investigation is under way.  
Laser Ultrasonic Viscosity Measurement 
Theoretical results show that the shear wave reflec tion coefficient from 
a solid-fluid interface is a function of the viscos ity and density of the 
fluid (13,14). The reflection coefficient is a comp lex number and either 
its phase or magnitude can be used to calculate the  viscosity. The 
density and shear wave speed of the solid also ente r in as factors. By 
choosing solids with desirable properties, the refl ection coefficient can 
be made sensitive to different viscosity ranges. Wi th this in mind, the 
goal is to determine the actual viscosity in the 20 -100 poise range to 
within 10 poise and to be able to determine when it  is not within this 
range. Further discussions on ultrasonic methods ar e given elsewhere 
(14,15). 
In conjunction with the theoretical analysis, a ser ies of experiments has 
been performed using conventional ultrasonics. In o rder to measure the 
reflection coefficient of shear waves, an ultrasoni c shear wave 
transducer was mounted on one end of a solid block.  The other end of the 
block was immersed in the viscous liquid. For most of the experiments a 
2.25 MHz shear wave transducer was used in pulse-ec ho mode. A standard 
ultrasonic pulser unit served to excite the transdu cer and receive and 
amplify the reflected signals, which were recorded with a digital 
oscilloscope and transferred to a computer. Using a lgorithms developed 
during the theoretical studies, these signals were processed to predict 
the viscosities of the various liquids tested. Resu lts are collected in 
Table I. Agreement within 10 poise was obtained in many of the trials.  
Table I 
Experiments were also performed to demonstrate the feasibility of laser 
ultrasonics to measure viscosity. The technique is basically the same as 
with conventional ultrasonics except that ultrasoun d is generated by a 



pulsed laser and detected using a laser interferome ter. The technique is 
completely noncontact as far as the transducer is c oncerned. The 
feasibility of this technique was demonstrated usin g piezoelectric 
transducers instead of an interferometer to detect the reflected shear 
wave. The results of these experiments are shown in  Table II and indicate 
good agreement.  
Table II 
Further development in both the conventional ultras onic and laser 
ultrasonic approaches is in progress. These efforts  include further 
development of an interferometer detector, studies on improving the 
signal to noise ratio of the measurements, and pilo t scale experiments. 
Metals Emissions And Glass Composition 
Determination of metals partitioning within the pla sma torch facility is 
of interest from process control and regulatory per spectives. DIAL is 
currently investigating three methods, Laser Induce d Breakdown 
Spectroscopy (LIBS), Laser Optogalvanic Spectroscop y (LOGS), and 
inductively coupled plasma (ICP) spectroscopy where  the ICP is operated 
on air. LIBS can serve a dual role for compositiona l determination of the 
glass and for process control. The ICP is being des igned as a portable 
field unit and may also find application as a downs tream module for low-
flow gas streams as an organic destruction unit. LO GS has the potential 
for quantification well below current regulatory le vels and will most 
likely find use as an emission monitor. Details of the ICP work can be 
found in a companion paper submitted to this confer ence. 
Laser Induced Breakdown Spectroscopy (LIBS)  
LIBS is a laser based advanced diagnostic technique  for measuring the 
concentration of various elements in the test mediu m (16-21). In the LIBS 
technique, a pulsed laser beam is focused at the te st point to produce a 
spark. The spark in the focal region generates a hi gh density plasma 
which produces and excites various atomic elements in the test volume. 
Atomic emission from the plasma is collected with a  collimating lens and 
sent to the detection system. The intensity of the atomic emission lines 
observed in the LIBS spectrum are then used to infe r the concentration of 
the atomic species.  
DIAL has been actively involved in evaluating vario us application of LIBS 
for environmental remediation (16-22). LIBS has bee n applied to a harsh, 
turbulent and highly luminescent coal fired magneto hydrodynamic (MHD) gas 
stream (17). A preliminary study of the determinati on of Uranium (U), 
Plutonium(Pu) and Neptunium(Np) by LIBS has also be en performed (23). The 
details of the LIBS experimental setup is described  in references 16 and 
22. In brief, a frequency doubled 532 nm Nd:YAG las er beam is focussed at 
the sample. The emission light from the laser-induc ed plasma is sent to 
the detection system by an optical fiber. Data acqu isition and analysis 
were performed using a notebook computer. A portabl e, mobile, and 
versatile LIBS system has been developed for variou s applications. It has 
been used to measure the concentration of toxic met als in the off-gas 
from a Savannah River (SR) surrogate vitrified with  DIAL's plasma torch 
facility (18). Off-gas measurements have also been made at the Western 
Energy Technology Office (WETO) torch facility/Moun tain State Energy 
(MSE), Montana (19). In addition, the performance o f this system has been 
evaluated in the Advanced Analytical Instrumentatio n Demonstration (AAID) 
test at Science Applications International Corporat ion (SAIC)'s STAR 
Center, Idaho Falls, ID. (20) Various LIBS measurem ents have been 
evaluated to develop a process control for hazardou s waste remediation 



(22). It has been used to monitor the major species  in the melt glass 
from an EnVitco melter test run at Clemson Universi ty (23). The results 
of the LIBS measurements of the concentration of me tal in the off-
emission and melt glass have showed that LIBS can p rovide the information 
about metal partitioning during hazardous waste the rmal processing. 
Recently, LIBS spectra were recorded in the off-gas  of DIAL's plasma 
torch facility during various SR surrogate test run s. LIBS spectra in a 
wavelength region of 404-421 nm was used to measure  the concentration of 
Pb, Ce and Fe. Broad vibrational peaks due to CN ar e also observed in 
this region. CN is produced from the reaction of C and N which are 
produced in the spark. Other elements present in th e off-gas emission 
were identified from spectra in various spectral re gions. Those 
identified were: Al, B, C, Ca, Ce, Cd, Cr, Cs, Fe, K, Mg, Mn, Na, Pb, Si, 
Ti, Y, and Zr. Special attention was given to the s pectral regions with 
Pb, Cr, Cd, Cs, and Ce atomic transitions. The LIBS  spectra were also 
collected continuously to study the variation of me tal concentration with 
time. The typical sample rate in this test is 3.5 s econds. Generally, the 
metal concentration increases right after new feed was added to the 
plasma torch. Then the metal concentration was near ly constant for a few 
minutes and then starts decreasing. However, this a lso depends on the arc 
attachment point in the melt glass which is quite r andom. The 
concentration ratios of various metals are also mon itored with time. 
Figure 3 shows the concentration of Cr, Fe, Pb, and  Ti inferred from the 
LIBS data collected on March 6, 1995. The time that  briquettes were added 
is marked with an x in the figure. 
Fig. 3 
Laser Optogalvanic Spectroscopy: (LOGS) 
The concentration of metallic species entrained in the off-gases of 
practical thermal treatment systems can be monitore d in real time at 
ultra-low levels using DIAL's Laser Optogalvanic Sp ectroscopy (LOGS) 
system by extracting a sample of the off-gases via a slipstream. Since 
the metallic species in the downstream portion of t he off-gas system 
exist primarily as particles rather than as element al or molecular 
species, an atomization source is used to atomize t he particles, 
permitting the measurements of low concentrations. In a LOGS measurement, 
a pulsed, tunable laser is tuned into resonance wit h a transition of a 
species (atomic or molecular) in the atomization so urce, temporarily 
increasing the excited state concentration of that species. Because the 
energy necessary for ionization is less for an exci ted electronic state 
than for the ground state, the rate of ionization t emporarily increases 
due to laser-enhanced electron impact ionization, a nd/or due to direct 
laser photoionization. The process can be monitored  as a transient (tens 
of microseconds) voltage change if a high voltage e lectrode (relative to 
ground) is inserted into the atomization source. Th e concentration of the 
species is obtained by relating the magnitude of th e LOGS signal 
intensity to the concentration of the species of in terest via a 
calibration curve. Only the LOGS response in the vi cinity of the 
electrode is probed. Because LOGS uses electrical r ather than optical 
detection, this technique alleviates problems assoc iated with monitoring 
small absorptions or weak fluorescence in the prese nce of a strong 
optical background signal. LOGS has inherently grea ter sensitivity than 
optical detection techniques because the collection  of charges can be 
significantly more efficient than the collection of  photons. Table III 
compares our current limits of detection for LOGS f or selected RCRA and 



radioactive metals to those attainable by air ICP, (24) which is a 
competing real-time, on-line technology. It should be emphasized that air 
ICP values in Table III are the current state of th e art and the LOGS 
values reported in the table were obtained without optimizing the 
operating conditions; optimization of the LOGS oper ating conditions 
(higher detection electrode voltages, higher laser powers, optimization 
of detection electronics) will decrease these LOGS limits of detection by 
between one and, in the best cases, three orders of  magnitude.  
Table III 
Permanent Gases and Products of Incomplete Transfor mation  
Current studies aimed at characterizing the gas str eams resulting from 
air and nitrogen plasma operations are contained in  a companion abstract 
submitted to this conference. Fourier Transform Inf rared (FTIR) 
spectroscopy studies are also being directed toward  the determination of 
particle size distributions. Such measurements are important in mixed 
waste remediation facilities for measurements where  conventional 
extraction techniques are restricted owing to radia tion guidelines. Other 
efforts which will be described in more detail in t he accompanying 
abstract include an advance MS/MS method and the us e of GC/MS and gas 
analyzers. 
Fourier Transform Infrared Spectroscopy 
Fourier transform infrared (FTIR) spectroscopy offe rs a number of 
advantages for process screening and component quan tification. The 
technique is based on the absorption or emission of  infrared radiation as 
a molecule undergoes a transition from one vibratio n-rotation level to 
another. Every molecule, except homonuclear diatomi cs (N2, O2, etc.), 
will exhibit a unique infrared signature. The exten t of absorption or 
emission of the infrared light will depend on the c oncentration of the 
molecules present in the flow, the gas temperature,  and the effective 
optical path length. The method is rapid and capabl e of quantifying many 
molecules from a single measurement. 
A number of different applications to mixed-waste r emediation processes 
are being pursued at DIAL. These studies include on -line, non-intrusive, 
emission and absorption measurements, particle scat tering studies, and 
conventional sample extraction. Certain limitations  will apply to the on-
line and extractive measurements. In a non-intrusiv e configuration the 
path length will be limited by the distance across the facility channel, 
whereas the extraction measurements are performed a t a longer distance 
consequently resulting in lower limits of detection . The on-line 
measurements do not involve sample handling. In thi s case, however, 
instrument calibration may be complicated by the hi gh facility 
temperatures as compared to those conveniently avai lable for establishing 
calibration sets in the laboratory. It is anticipat ed that both on-line 
and extractive instrument configurations will find application in 
providing data for control schemes. 
Measurements have recently been conducted on the PA CT plasma torch 
facility at WETO operated by MSE (25). Extractive m easurements were 
conducted upstream and downstream of the NOx contro l unit while passive 
(emission) spectra were collected at a high tempera ture facility location 
between the plasma torch furnace and the secondary combustor. The purpose 
of the emission experiments was to examine the comp osition of the gas 
stream as it exited the torch and to determine a ga s stream temperature 
at the facility location. This FTIR emission experi ment offers an 
advantage over conventional thermocouple measuremen ts in that heat 



transfer corrections are not necessary, concerns ab out corrosion of the 
probe are eliminated, and higher temperatures are m easurable. 
Typical emission spectra are collected in Fig. 4. M olecules which account 
for the band and line intensities are H2O, NO, and CO2. Emission lines 
from CO were not observed in any of the spectra dow nstream of the torch 
furnace indicating that any organics present in the  feed were converted 
to CO2. Determination of a rotational temperature f rom the NO fundamental 
lines was hampered by the interference from H2O. A spectrum of H2O at a 
temperature of 1200 K and a concentration of 3% was  generated using the 
HITRAN data base and the FASCODE infrared signature  software (26,27). The 
synthetic H2O spectra was then subtracted from the emission spectra to 
leave the NO rotational envelope which was then ana lyzed based on the 
fact that the different rotational lines will be po pulated according to 
the Boltzmann distribution (28). Corresponding temp eratures averaged 1070 
K or 1466 F. The subtraction process, described abo ve, did not seem to 
alter the determined temperature but does tend to i ncrease the scatter in 
the plots. 
Fig. 4 
Previous work on high temperature combustion gas st reams indicated that 
the spectra will systematically change with changes  in combustion 
conditions (29). This work resulted in a patent app lication and the 
corresponding instrument may find application to se condary combustion of 
plasma furnace gas streams. 
CONTROL SYSTEMS 
DIAL's plasma torch and process controls structure depicted in Figure 5 
consists of a supervisory control, coupled with an artificial 
intelligence (AI) advisor, with monitoring links to  various diagnostic 
instruments. This provides both robust operation an d flexibility, with 
embedded graphics, data archival, on-line reconfigu rability, and 
correlation capability as some of the convenient fe atures. The system 
will accommodate 40 inputs and 20 outputs; more wit h minor modification. 
A list of I/O presently configured is given in Tabl e IV. 
Fig. 5 
Table IV 
Diagnostic instrumentation for use in control schem es must meet specific 
requirements. The systems must be sufficiently sens itive and rugged. 
Factors such as signal acquisition, control structu re, and actuation must 
all be considered in the development of a viable co ntrol package.  
Signal acquisition can span considerable range. For  some diagnostic 
monitors, the control system must accommodate a few  seconds inherent 
latency. Other detectors provide information over a  spectrum that must be 
reduced to a few variables. The control system at D IAL has a dual 
acquisition structure - one for continuously availa ble signals, and 
another for asynchronous data. This allows inferent ial techniques to be 
applied as needed. 
The diagnostic instruments are being developed for specific end uses. In 
some cases the systems are expected to provide valu able information at 
multiple locations within a facility. Examples of t his are the LIBS and 
FTIR systems. Additional experimental effort is und erway for 
identification of the most appropriate uses of the diagnostics with 
respect to the control structure. This work involve s the consideration of 
all aspects of the facility, waste preparation, the  primary chamber and 
final waste form, the downstream components, and as sociated emissions. 



Actuation is an item of concern in vitrification pr ocesses, since there 
are only a few variables available for actuation. G enerally these must 
exceed the number of quantities of concern (metal v olatization, other 
off-gas hazards, product quality, volume reduction,  process efficiency 
...). And it would be nice if there was a one to on e correspondence 
between actuation and effect - but there are other side effects. This is 
another reason for a strong experimental effort, wi th definition of a 
viable control structure as the final goal. 
Considerable data has already been obtained from ma ny of the diagnostics 
described in this work. These measurements have con tributed to the 
establishment of the data base upon which the contr ol scheme is being 
developed. Examples of this work have been describe d in other submissions 
from DIAL personnel (see references). 
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ABSTRACT 
Thermal treatment (e.g. incineration) of combustibl e wastes provides a 
high reduction of volume and yields residues suitab le for conditioning, 
transport and disposal. A variety of thermal treatm ent concepts has been 
tried throughout the world. Scientific and Industri al Association "Radon" 
uses on industrial scale excess air incineration an d slagging 
incineration also. Now a new concept of thermal tre atment (e.g. 
thermochemical treatment) of waste is under develop ment at SIA "Radon".  
Investigations were done on thermochemical treatmen t of wastes by using 
special powder metallic fuel of very low off gas pr oduction. 
Thermochemical treatment involves chemical destroyi ng of the organic 
portion of wastes as in conventional incineration. The main advantage of 
new fuel is its reduced gas production as well as i nvolving of waste 
water and other components in chemical reactions. A s result very high 
efficiency occurs for treatment process particularl y for humid waste. non 
complexity of equipment is also an advantage of new  treatment process.  
Powder metallic fuel consists of aluminum, magnesiu m and aluminum-
magnesium alloy with some technological additives. It provides heat 
release 25-27 MJ per kg. Products of fuel oxidation  are non volatile. 
Actual gas production consists only 17-55 liters pe r kg of fuel. Duration 
of treatment process is 1-2 hours, after this the a sh is discharged for 
conditioning and/or disposal. Gas purifying system operate in the regime 
much softer than at conventional incinerators due t o redox reactions 
between fuel and off gases particularly acidic comp onents.  
Preliminary tests were performed on the treatment o f low level simulated 
radioactive waste. Their specific radioactivity was  lower than 10 kBq per 
kg. Ion exchange resins, paper, wood, etc. were bur nt. Biological active 
waste such as animal's cadavers were treated in fie ld conditions. 
Practical complete incineration occurred. A mobile installation will be 
designed for the incineration of organic radioactiv e wastes on the base 
of these investigations. 
INTRODUCTION 
The necessity of thermal processing of mixed waste (containing both 
organic and non-organic harmful substances as well as radioactive 
nuclides) leaves no doubt due to their biological, chemical and 
radioactive danger. The danger for man and for the environment can 
increase with time because of the decomposition pro cesses in the organic 
components of the waste and a possibility of sponta neous fire. In the 
latter case the danger is not only in the fire itse lf, but also in the 
combustion products, the most harmful among which a re radioactive 
aerosols. 
 The technique of thermal decomposition leads to a considerable reduction 
of waste in volume and obtaining of fire-safe produ ct. Due to the 
destruction of chemically complex components of the  waste and the 
obtaining of simple oxides as the end result, the p roduct of the thermal 
processing has minimal biological and chemical acti vity. At the thermal 



treatment the majority of radionuclides remains in solid phase products, 
thus making it easy to locate them for further cond itioning and burial. 
The process of the thermal decomposition of the was te can be realized in 
a number of ways. Among the most developed ones one  can note the 
processes of burning with excessive oxygen, pyrolys is, shaft furnace 
treatment, plasma processing, the treatment in a sh aft furnace with 
plasma burners for melting the ash residue, etc. (1 ,2). All the 
techniques for burning organic radioactive waste ar e characterized by a 
large amount of gas, therefore the majority of the burning devices form 
the gas cleaning system. 
Within its activities SIA "Radon" has come across t he necessity of 
treatment small quantities of combustible radioacti ve waste collected at 
sixteen Specialized centers of the system "Radon" ( 3). This was the aim 
of developing a technique and a mobile unit for bur ning radioactive waste 
with a capacity of 20-30 kg/hour. The fact that the  unit should be mobile 
requires the burning technique to have low gas emis sion and a low 
chemically toxic components content in gases. 
THE CHOICE OF BURNING METHOD 
Usually an additional absorption of heat is require d for burning waste. 
It is obtained by burning gas or liquid hydrocarbon  together with the 
waste. When the fuel burns, resulting gases transfe r the heat to the 
waste. A large amount of fuel is needed for burning  waste, on average 
0.25 kg of liquid oil products per 1 kg of waste (2 ). If kerosene, solar 
oil, or furnace fuel is used as fuel, 14.6-14.8 kg of air is required for 
a complete combustion of 1 kg of waste. 15.5-15.8 k g of gaseous products 
(carbon oxide, water) are obtained as a result, as well as approximately 
0.1 kg of solid phase products in the form of ash. As a result, the 
amount of heat taken away by outgoing gases is much  greater than the 
amount of heat remaining in the solid product. Now we must remember that 
the fact that the heat is taken away by gases is no t a favorable process, 
it becomes clear that the thermal processing with t he help of hydrocarbon 
fuel is very inefficient not only from the point of  view of the 
complexity of gas purification, but also energetica lly wasteful. 
In reality the production of outgoing gases during the thermal processing 
of the waste is not an indispensable characteristic  of the process, and 
it depends on the method of its realization. First of all it is necessary 
to choose the fuel so that the end products of the combustion were non-
volatile even at the temperature of the process. If  fuel is chosen 
successfully, it is possible to have some of the li ghtly volatile 
products of the waste destruction interact with the  fuel and also remain 
in a solid phase. The most successful for this purp ose today are small 
off gas metal fuels - powder metal fuel based on al uminum and magnesium 
blends. 
THE CHARACTERISTICS OF POWDER METAL FUEL 
The powder metal fuels (further PMF) have been crea ted on the basis of 
technological blends produced in Russia on an indus trial scale. These 
blends are designed for contact heating objects wit h humidity of various 
degrees. The content of PMF is shown in Table I. 
Table I 
The PMF has a bulk density of 0.5-0.6 kg/dm3. It is  chemically and 
physically stable, hit-proof, with the self combust ion temperature of 
500C. The PMF has a high porosity, approximately 50  - 60%. 
The main combustion products of the PMF are aluminu m and magnesium 
oxides. At the combustion of the PMF the main produ cts is solid slag, 



approximately 99.2 wt.%. The gas phase carries away  only 0.8% of the mass 
of the burning products, leaving almost all the ene rgy of chemical 
reactions in the solid phase. The air stoichiometri cal coefficient of PMF 
is 3.15 kg/kg. At the same time, since the componen ts of the PMF react 
with water, the water stoichiometrical coefficient is 1.2 kg/kg. The heat 
release of PMF is within 25 - 27 MJ/kg. Since the g as productivity of the 
PMF is small, the heat is transferred from the fuel  to the waste by 
contact heating. 
It is important to note that magnesium and its comp ounds are not harmful. 
The same is true for aluminum. Moreover, they are o nly slightly soluble 
in water. As a result, the combustion products of t he PMF are safe for 
the environment. The fact that the PMF forms a comp ound with gaseous 
products of the combustion of organic waste, such a s CO2, SO2, CO, NO2, 
NO, reduces the influence on the gas purification s ystem. This partially 
solves the problem of trapping harmful components w hich result from 
burning, as well as reducing the corrosion of the e quipment. The 
interaction of both metals with water is favorable for burning damp 
waste. 
COMBUSTION OF POWDER METALLIC FUEL 
When burning the PMF the most important reactions a re oxidization of 
metals which take place in a diffusion controlled r egime. At the same 
time the burning of the PMF, unlike, for example th e burning of termite 
welding mixtures is slow. The burning time of PMF c an be between 7 and 45 
minutes depending on the type of feed for the oxidi zer. 
The process of burning the PMF can be theoretically  divided into two 
stages: the oxidization by own oxidizer and the oxi dization by oxygen 
from the air. 
The PMF includes potassium nitrate or sodium saltpe tre, which acts as own 
oxidizer at the initial phase of the burning. This stage is short, 20-30 
seconds. During this stage the metals in the fuel b urn in the oxygen 
which resulted from the decomposition of nitrates. The process of the 
decomposition of nitrates of alkaline and alkaline- earth metals takes 
place in three stages: at first nitrate decomposes into nitrite: 
2NaNO3=2NaNO2 + O2 . After this the nitrite is deco mposed into oxygen and 
peroxide: 2NaNO2 = Na2O2 + O2 . Finally peroxide de composes, forming 
oxygen: Na2O2 = Na2O + O2 . Using as fuel the energ etic reducing agents 
Mg and Al a deeper decomposition of nitrite may tak e place: Na2O + Mg = 
MgO + 2Na + 44 kkal (174 kJ). This is accompanied b y heating the PMF to 
temperatures 400 - 450C, which is necessary for the  steady burning of the 
fuel in the oxygen from the air. 
At the second stage of the burning the components o f the PMF are oxidized 
by oxygen and water steam. This stage, depending on  the conditions of 
burning, lasts 10 - 45 minutes. Since the reactions  are diffusion 
controlled, the time required for this process grea tly depends on the 
scale of burning. The process starts at a temperatu re of 400C, then the 
temperature increases to the temperature of burning  the aluminum. The 
main compounds formed during this process, are AlN,  Al4C3 and MgO at a 
ratio of 1:1:1. When the melting of aluminum is fin ished, the majority of 
oxides are Al2O3 and MgO.  
The diffusion of gaseous components through PMF's p ores and the diffusion 
of oxygen through the films of oxides appearing on the surface of the 
fuel's parts limit the speed of the process. Howeve r, as temperature 
rises, the evaporation of components is possible. T he MFP burning process 



can be easily controlled by supplying air into the area of burning. In 
this case temperature varies between 800 and 2500C.   
EXPERIMENTAL UNIT 
An experimental stand was constructed to test new t echnological process 
of waste burning by using PMF. This stand contains a vertical multi-
sectional furnace with a diameter of 400 mm.Each se ction of this furnace 
is 400 mm height, the furnace having 1 - 4 sections  depending on required 
productivity (see Fig. 1). Smaller netted drums wit h the diameter 350 mm 
were used to maintain waste inside of each section.  These small drums 
were filled preliminary by waste-PMF mixture. The s ections were installed 
on the stand, after this charged by filled (or empt y) drums. The last 
section was connected to gas purifying system.  
Fig. 1 
The gas (air) inlet is located on the bottom of fur nace, the inflow of 
air from tightness of furnace being negligible. Typ ical simulated 
radioactive and non radioactive wastes were used in  experiments: paper 
(dry and damp), wood, cleaning cloth, PVC and ion e xchange resins. In 
some cases this waste was preliminary prepared for experiments, for 
example PVC was shredded before loaded.  
Special attention was given to the thermal destruct ion of wet ion 
exchange resins based on a polystirol matrix, conta ining up to 50 wt.% of 
water. The level of contamination due to presence o f Cs-137 was not 
higher than 10 kBq/kg. The discharging of furnace w as provided by 
dismantling furnace and removing netted drum with a sh residue. 
EXPERIMENTS 
The purpose of a number of experiments done at the experimental stand was 
to determine the appropriated method for loading fu rnace (netted drum) 
with the PMF and waste, their proportions and mode of burning initiation. 
As the result it was selected the method when a lay er of the PMF 0.5-1 cm 
thick is put on the lower fire bar grate, followed by a layer of waste 
about 10 cm thick, then another layer of the PMF, a nd so on, with the top 
layer in the section being the PMF. The proportion between PMF and waste 
was chosen within 0.15 - 0.20. The combustion proce ss was started with 
initiating the bottom layer of the PMF. The average  chemical formula of 
fuel was Mg30.35 Al8.99 C0.712 H1.148 K0.098 N0.098  O0.03.  
It was established that combustion process go in tw o regimes depending on 
the air supply. When air is lacking, there takes pl ace the burning of the 
PMF and the pyrolysis of the waste immediately near  to the fuel layer. 
The pyrolysis gases do not burn. This regime leads to the process fading 
away, as the burning does not spread over the whole  furnace. When a 
required portion of air is supplied, a controlled s preading of burning 
over the whole furnace takes place. In this case so me amount of pyrolysis 
gas burns when mixing with the air inside the furna ce. The burning 
process here can be divided into two stages: the py rolysis and coke 
formation stage and the coke burning stage. During the pyrolysis stage 
the drying, pyrolysis of the organic materials and the burning of the 
pyrolysis gases take place. This stage is character ized by the formation 
of a large amount of burning gases. As the waste de composes and coke is 
formed, the burning comes into the next stage. Duri ng the coke burning 
stage, the coke burns forming CO2 and ash. When the  air is excessive all 
the processes are accelerated and higher temperatur es are achieved.  
The combustion process from the initiation of burni ng up to discharging 
of ash residue lasts 1 - 2 hours. The temperature i n the furnace during 



combustion took a value up to 1150oC, average tempe rature being between 
850 - 1000oC.  
RESULTS AND DISCUSSION 
Complete destruction of organic part of waste was a chieved in all 
experiments. The incomplete combustion (non organic ) in the ash residue 
in different experiments was between 0 and 10wt.%. Radionuclide release 
directly from furnace during experiments has been n ot higher than 18%, 
usually being lower than 5%. The productivity of fu rnace was estimated to 
be about 10 kg/h per section for ion exchange resin s Specific capacity in 
this case was about 80 kg/m2h. 
The results of analysis of exhaust gases formed dur ing the combustion of 
wet ion exchange resin are shown in Fig. 2. 
Fig. 2 
The analysis of ash-slag residue was performed by u sing X-ray 
difractometer (DRON-2) and scanning electron micros copy (REMMA-202). The 
following phases were found in the slag: MgO(main p roducts), spinel 
MgAl2O4, a small amount of nitrides AlN, Mg3N2, the  aluminum and 
magnesium alloy as non burnt fuel, Al and K2CO3. Be sides, there was 
detected MgOHCl as a result of Cl trapping from off  gases.combustion in 
field conditions 
Other experiments were carried out in field conditi ons without special 
equipment for the combustion of non radioactive bio logical dangerous 
waste. Many experiments have shown that it is neces sary to use not less 
than (0,40 - 0,45) kg of oil products per 1 kg of t he biological waste in 
the field conditions (even during dry summer weathe r). The new feature 
when using the PMF for burning biological objects i s that the system PMF 
+ biological object, accordingly to thermodynamic c alculations, burns 
even without air due to the exothermic reactions of  proteins, fats and 
water with metals in the PMF at temperatures up to 1100-1500 K. Moreover, 
the presence of excess air leads to an increase in temperature of up to 
3100 K.  
A no-equipment method of combustion biological obje cts in field 
conditions has been developed. In accordance with t his method a trench of 
a volume approximately equal to the volume of the b iological object is 
dug in the place where the biological object is fou nd. Taking into 
consideration the direction of air, special air pip e trenches are dug up 
to the trench. A 1-2 cm layer of the PMF is spread over the bottom of the 
trench. The biological object is placed in the tren ch, after this 1 - 2 
cm layer of the PMF is also put on top of the biolo gical object. The 
proportion waste - PMF is 0.2 wt. The combustion pr ocess after the 
initiation of burning takes place without any inter ference from the 
operator. Duration of complete combustion is 5 - 6 hours for a 100 kg 
biological object. 
CONCLUSIONS 
A new concept of thermochemical treatment of waste is under development 
at SIA "Radon". This concept is based on applying a  new sort of fuel to 
maintain incineration of various waste. The main ad vantages of new fuel 
are: its reduced off gas production, heavily heat t ransfer, involving of 
waste water and other components in chemical reacti ons. As result very 
high efficiency occurs for treatment process partic ularly for humid 
waste. Preliminary investigations on thermochemical  treatment of waste by 
using special powder metallic fuel of very low off gas production 
demonstrated challenging feasibility of this method .  
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ABSTRACT 
Decommissioning and demolition of facilities or the  discontinuation of 
some programs has left the Department of Energy (DO E) with radioactively 
contaminated scrap metal some of which is potential ly recoverable or 
recyclable while the rest requires disposal. While there is pressure 
within DOE to conserve resources and recycle scrap metal, there is also a 
demand that actions be cost effective, and it is of ten whether recycling 
is economically viable. This problem is increased b y the lack of a 
consistent approach to making appropriate cost comp arisons and by 
changing market and other variables. 
This paper, based on an report in preparation, addr esses this issue as it 
relates to surface contaminated scrap metals, espec ially carbon steel. 
More specifically the report attempts, in some ways , to standardize and 
facilitate the cost analysis process and analyzes t he sensitivity of 
various cost factors. A series of graphs are includ ed which facilitate 
the analysis of costs associated with the survey, d econtamination and 
recycle of surface contaminated scrap metal and all ow comparisons of 
these factors to the cost of sizing, packaging, tra nsportation, and 
disposal of those metals. The graphs have been deve loped to cover the 
range of costs covered by these elements. The range  of costs were 
identified using data in the literature and actual costs incurred at DOE 
sites that are decontaminating metal for free relea se and are compared to 
data from sites currently disposing of radioactivel y contaminated scrap 
metal. 
The graphs facilitate analysis of the effects that various cost elements 
have on the overall cost. If the total cost of recy cling exceeds the cost 
of disposal, the graphs can be used to determine ar eas requiring cost 
reductions necessary to achieve comparability with the cost of disposal. 
Cost elements include 1) costs for preparing the me tal for 
transportation; 2) options for purchasing or rentin g a variety of 



containers that could be used for recycling; 3) tra nsportation costs, 
including transportation of metal that cannot be de contaminated and 
secondary waste from the decontamination process; 4 ) decontamination 
costs; and 5) disposal costs, including disposal of  metal that cannot be 
decontaminated and secondary waste from the deconta mination process. 
Transportation costs have been simplified so that e stimates may be 
calculated knowing only the distance or the weight of the metal to be 
transported. Disposal costs are based on costs curr ently charged by 
disposal sites, both DOE and commercial, and expect ed future costs at new 
disposal facilities. Decontamination costs are per pound costs based on 
vendor quotes provided to various DOE sites and in published vendor data. 
Other variables that may be assessed for their impa ct on the overall cost 
of either option include the percentage of the surf ace requiring 
decontamination, the percentage of the metal that c an be decontaminated 
to free release guidelines, the cost of surveying t he metal and that of 
truck or rail transportation, the distance to the d isposal site or 
decontamination facility, the quantity of secondary  waste generated and 
the cost of burial. 
SUMMARY AND CONCLUSIONS 
Based on the case developed in this paper using par ameters reported by 
DOE sites, it is evident that there are two major f actors in determining 
whether to decontaminate and recycle structural ste el or to package it 
for disposal. These are the cost of decontamination  which is roughly 63% 
of the total cost of recycling and the burial charg e which constitutes 
more than 56% of the total cost of disposal. Chart 1, Recycle Option 
Costs and Chart 2, Disposal Option Costs (Fig. 1), show appropriate 
relative percentages of the various cost elements f or the case used in 
this study. 
Fig. 1 
Based on the costs used in the sample case, the bre ak even cost for 
disposal (at a decontamination cost of $0.76 per po und) is about $23 per 
cubic foot. Of the DOE sites currently accepting wa ste from other sites, 
all charge more than $40 per cubic foot, except the  Nevada Test Site 
(which is less than $20 per cubic foot). Therefore any decontamination 
process that costs less than $0.76 per pound would be cost effective for 
sites that do not use the Nevada Test Site for disp osal. 
COST COMPARISON METHODOLOGY FOR MILD CARBON STEEL 
The data presented below can be used in conjunction  with Figs. 2 through 
11 to estimate and record specific costs associated  with the recycling of 
mild carbon steel versus those associated with disp osing of the same 
material as waste. Descriptions of how each graph i s to be used are 
presented below. Costs estimated from the figures s hould be recorded and 
totaled in Table I. The values in the table are fro m the sample case. 
Log-log scales are used so when interpolating betwe en two lines the mid-
point between them represents a cost about 70% of t he way between the 
lines.  
Based on the size and type of container to be used,  select the 
appropriate line from Fig. 2 of Graphic 1. Draw a h orizontal line from 
the total weight of metal being analyzed to the lin e which represents the 
container to be used and the weight of metal to be shipped in each 
container, i.e., the net weight of contents. This i s point P-1. It 
identifies the number of containers needed for the quantity of metal to 
be shipped. Extend the horizontal line through Figs . 3 and 4 in Graphic 
1. From intersection point P-1 draw a vertical line  to determine the 



number of containers needed. Extend this line down through Figs. 5, 6 and 
7 in Graphic 2. If different containers are being c onsidered for disposal 
and recycle, two values will have to be determined.  
Fig. 2 
Fig. 3 
Fig. 4 
If the weight of metal that will be placed in each container is not 
known, but the bulk density of the metal in the pac kage is available, 
multiply the bulk density by the interior volume of  the container to get 
the weight of metal in the container. Be sure to ch eck this weight with 
the capacity of the container, and use the smaller of the two numbers to 
prevent overestimating the amount of metal that can  be shipped in a given 
container (specific containers are certified for a specific gross 
weight). If a given container has two weight limits  (depending on its use 
as a strong tight container or a DOT approved 7A co ntainer) and the 
weight of metal in a container falls between the tw o, use the larger 
number and the appropriate cost for that container.  (See Table II on 
Graphic 1 for container weights and allowable weigh ts of contents.) 
The on-site preparation cost is the sum of the surv eying, sorting, sizing 
and loading costs for a particular project. Find th e appropriate line on 
Fig. 3 in Graphic I which best approximates this to tal cost per ton of 
metal and label the point of intersection with the horizontal line for 
the weight of metal to be dispositioned as point P- 2. Draw a vertical 
line from point P-2 to find the total on-site prepa ration cost. If site 
policy calls for different degrees of preparation r elated to any of these 
activities (i.e., a more detailed survey for dispos al vs. shipment to an 
NRC licensed decontamination facility, or more sizi ng to get the material 
into smaller shipping containers for disposal) then  two values should be 
determined, one for disposal, C1D, and one for recy cling, C1R. Enter 
these costs in Table I. 
The cost charged to decontaminate metal for recycli ng is negotiated 
between the DOE site and the vendor who provides th e service. Typical 
costs range from fifty cents per pound to slightly over a dollar per 
pound. Under some circumstances this cost may inclu de the cost of 
transporting the metal to the vendor in which case a separate 
transportation cost would not be charged. 
If all the metal requires decontamination, find the  average 
decontamination cost line on Fig. 4, in Graphic I, or approximate between 
lines, and the intersection of this line with the h orizontal line for the 
weight of metal to be processed. This is point P-3.  Draw a vertical line 
to the lower axis to find the total decontamination  cost, C4R. Enter this 
cost in Table I, under the Recycle column only. 
In the event that a significant fraction of the met al will not require 
decontamination (i.e., already meets release guidel ines), it may be cost 
effective for the vendor to survey all the metal pr ior to 
decontamination. While this would increase the proc essing cost for the 
contaminated metal, it could lower the overall cost  by avoiding 
decontamination of already clean metal. Based on da ta for survey costs it 
is estimated that the additional survey could cost between $0.015 per 
pound and $0.10 per pound of contaminated metal. Ha ndling costs for 
container unloading, movement of the metal onsite a nd delivery to a 
central pickup point are estimated to add an additi onal $0.10 per pound 
to the cost for surveying only. Therefore, if a sig nificant fraction of 
the metal does not require decontamination, the ven dor cost for 



processing this metal could be approximately $0.20 per pound while the 
cost to decontaminate could increase by $0.10 per p ound. 
If only a fraction of the metal will required decon tamination, add $0.10 
per pound (worse case) to the average decontaminati on cost, find this 
cost line on Fig. 4, in Graphic I, or interpolate. The intersection of 
this line with the horizontal line for that fractio n of the total metal 
weight to be processed is point P-3A. Draw a vertic al line to the 
decontamination cost, C4Ra. Enter this cost in Tabl e I, under the Recycle 
column, Decontamination Cost. 
For the remaining fraction of the metal, draw a hor izontal line from the 
weight of this metal to a unit cost line representi ng the cost for 
surveying and releasing only. This is point P-3B. D raw a vertical line 
down to find the decontamination cost, C4Rb. Enter this cost in Table I, 
under the Recycle column, Survey Only Cost. 
Fig. 5  
Fig. 6 
Fig. 7 
Table I 
Table II 
Starting at the number of containers calculated fro m Fig. 2, enter Fig. 
5, on Graphic 2, and draw a vertical line to the co ntainer cost. This is 
point P-4. Draw a horizontal line from P-4 to the v ertical axis to 
determine the total container cost. Enter the cost,  C2D, in Table I, 
under disposal. 
Starting with the number of containers for disposal , 1D, and recycle, 1R, 
draw a vertical line to the graph(s) which represen ts the type of 
container to be used and the weight of metal to be shipped in each 
container in Fig. 6, on Graphic 2. A horizontal lin e to the vertical axis 
will determine the number of shipments required to ship the metal. These 
are points P-5D (disposal) and P-5R (recycle) and w ill be used later to 
determine transportation costs. 
Again, starting with the number of containers ident ified in Fig. 2, enter 
Fig. 7, on Graphic 2, at that point and determine t he total burial volume 
of the containers used for disposal. This is point P-6D, and will be used 
in Fig. 9, on Graphic 3, to determine disposal cost s. The line on this 
graph for drums should be used in assessing the cos t of disposing 
secondary waste generated as a result of metal deco ntamination 
activities. A line for SeaLand type containers is n ot included since they 
are normally not used for disposal. 
Fig. 8 
Fig. 9 
To determine the transportation costs for disposal and recycle it is 
necessary to estimate the cost of a single shipment . This is primarily a 
function of the transportation distance.Generally s peaking an average 
cost of $1.43 per mile or $0.04 per pound (includin g the weight of the 
container) can be used. Using the number of shipmen ts for disposal, 5D, 
and the number of shipments for recycle, 5R, enter the figure at these 
points and draw a horizontal line to the appropriat e per shipment cost. A 
vertical line to the horizontal axis will identify the transportation 
costs for disposal, C3D, and for recycle, C3R. Ente r these costs in Table 
I for transportation. The recycle option contains a  second transportation 
cost which is related to the cost of transporting s econdary waste to a 
disposal site. This cost will be calculated later.  



Using the burial volume for the disposal option fro m Fig. 7, identify the 
line in Fig. 9, on Graphic 3, which is closest to t he unit burial cost, 
$/ft3, for the site where this material would be bu ried. Based on a 
specific burial cost, $/ft3, identify the total bur ial cost C6D, and 
enter this cost in Table I, in the Burial column. 
Fig. 10 
Fig. 11 
These figures are used only for the recycle option when containers for 
the transportation of the metal to the decontaminat ion facility are 
leased for the duration of the project. Figure 10, on Graphic 4, should 
be used when the transportation distance is short e nough that the 
turnaround time for a shipment, including the time to fill the containers 
and load them on the truck is one week or less. Fig ure 11, also on 
Graphic 4, is based on a turnaround time of two wee ks. Using the 
appropriate figure enter at the weight of metal to be handled and draw a 
horizontal line to the graph which represents the t ype of container to be 
rented and the weight of metal that would be shippe d in each container. 
From this point draw a vertical line to the total r ental cost, C2R. Enter 
this cost in Table I. 
SECONDARY WASTE 
The generation of secondary waste during decontamin ation is a consequence 
of the decontamination process. Some of this waste may be considered as 
generated by the vendor providing the service. In t his case the vendor is 
responsible for material disposal and its cost will  be reflected in the 
price of the service being provided. Other wastes, which can be 
identifiable as resulting from activities relating to metals from a DOE 
site, including disposable workers clothing, wipes,  solidified chemical 
solutions, laboratory waste (wipes, swipes, etc.), and any metal that 
cannot be decontaminated, are the responsibility of  the originating DOE 
site. 
Once the quantity of secondary waste has been deter mined, Fig. 2 and 
Figs. 5 through 9 can be used to determine the cost s associated with the 
purchase of burial containers, the transportation o f the containers to a 
disposal, and the cost of disposal following the st eps presented above. 
If the soft wastes (clothing, wipes, etc.) are to b e packaged in boxes 
along with the metal scraps and pieces that can not  be decontaminated, 
then the disposal costs for these materials can be determined as a 
percentage of the metal to be decontaminated, typic ally about 2% by 
volume. Follow through the graphs as previously ins tructed to obtain 
costs associated with containers (enter this cost i n Table I as Item 
C2RD); the cost associated with transporting these materials (enter this 
cost in Table I as Item C3RD) and the cost associat ed with the disposal 
of this waste (enter in Table I as Item C5RD). 
 All cost data as tabulated in Table I can be summe d and the totals 
compared. 
SAMPLE CASE 
A sample case has been developed using the followin g input: 
  Total weight of metal to be handled (recycled or disposed) is 2,000,000 
pounds, or 1,000 tons. 
  The on site preparation cost is $100/ton for recy cling and $70/ton for 
disposal due to more stringent acceptance criteria at the recycling 
facility than at the disposal facility. 



  In both cases B-25 boxes will be used for transpo rtation of the 
material. Each box will be filled with 4,000 lbs of  steel, equivalent to 
the use of a B-25 box as a strong tight container. 
  The purchase price of a B-25 box for disposal is $425. B-25 boxes are 
leased from the decontamination facility for transp ortation and the 
shipping distance is far enough that container turn  around will take 
approximately two weeks. 
  Per shipment transportation costs were as follows : 
 To the decontamination facility - $500. 
 To the disposal facility - $1000. 
 Secondary waste from the decontamination facility back to the 
originating site and then to disposal - $1500. 
  30% (600,000 pounds) of the metal is believed to not require 
decontamination and will be surveyed for free relea se at a cost of 
$.20/lb. A decontamination cost of $0.76/lba has be en assumed with an 
additional cost of $0.10/lb for a pre-survey to ide ntify metal which does 
not require decontamination. 
  Disposal of the metal as waste will occur at a DO E facility at a cost 
of $20/ft3. Ten percent of the original weight of t he metal will be 
disposed of as secondary waste and it will be dispo sed at the same site. 
Other secondary waste generation is assumed to be s mall (roughly 2% by 
volume) and not significant. 
  The results of this case are presented in Table I . 
While the disposal option in this case is less expe nsive than recycling 
there are several factors that could easily change the economics. Some of 
these factors can be identified as follows: 
1) Burial Cost: With a cost difference of roughly $ 282,000 and a 
difference in volume of material to be buried as wa ste of 45,000 ft3, an 
increase in burial cost of slightly more than $6/ft 3 would make disposal 
more expensive. $20/ft3 for disposal is consistent with current charges 
at NTS. An increase to $26/ft3, which is significan tly less than the 
current disposal cost at many of the other DOE site s such as Hanford, 
Savannah River, Idaho or Oak Ridge, would make recy cle the less expensive 
alternative. 
2) Decontamination Cost: Again, with a cost differe nce of $282,000, the 
decontamination cost would have to drop by approxim ately $0.20 per pound 
($282,000/1,400,000 pounds; 70% of the 2,000,000 po unds requiring 
decontamination) for the recycling option to be mor e cost effective than 
disposal at a disposal cost of $20.00/ft3. Recyclin g would also be 
competitive with disposal (at $20/ft3) if only half  of the metal required 
decontamination and the other half could be release d after survey. 
3) Use of SeaLand Type Containers: At 40,000 pounds  net weight of 
contents, 2,000,000 pounds of metal can be transpor ted to a 
decontamination vendors facility in only 50 shipmen ts at one container 
per shipment compared to 500 B-25 boxes each contai ning 4,000 pound of 
metal. The use of B-25 boxes would also require 50 shipments of ten boxes 
each. However savings could be realized in lower re ntal costs for the 
container and lower packaging costs since less sizi ng of large pieces is 
required. 
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ABSTRACT 
BNFL has almost completed the decommissioning of a major nuclear 
enrichment facility in the UK - the Capenhurst Diff usion Plant. This 
massive facility, 1,200m long and 150m wide and hou sed under a single 
roof, consisted of a cascade of 4,800 'stage units'  of various sizes 
connected by 1,800 km of process gas pipework. 
Dismantling the plant yielded over 160,000 tonne of  suspect surface-
contaminated material. By the time the project is f ully completed, around 
the middle of 1996, over 99.5% of the contaminated material will have 
been safely and cost-effectively treated such that it can be recycled for 
unrestricted use in a non-nuclear environment. The remaining material, as 
well as minimal quantities of secondary wastes aris ing from 
decontamination activities, will have been size-red uced and/or 
encapsulated to maximize the cost-effective use of the UK low level waste 
burial facility at Drigg. 
Although a number of novel and specialized techniqu es have been developed 
for use in this project, maximum use of "off-the-sh elf" equipment, 
customized as necessary, has resulted in total proj ect costs below 100M; 
i.e. in the order of 600 per tonne of material proc essed. 
The project has utilized a wide variety of size-red uction measures, 
including robotic plasma cutting, novel decontamina tion techniques, 
melting for high and low melting point metals, and incineration of non-
metallic arisings. The project has also met the cha llenges posed by the 
need to accurately and cost effectively measure ver y low activity levels 
after decontamination in order to confirm that the UK criteria for 
unrestricted release of material into the external market have been met. 
All activities have been performed without compromi sing environmental 
discharges, the safety of plant operators, or the g eneral public. In 
particular the personnel involved with the exercise  have received 
confirmed radiation exposure levels of less than 0. 2 mSv/yr. 
INTRODUCTION 
The Capenhurst Diffusion Plant was built in the ear ly 1950s at which time 
it was the largest industrial building in Europe un der a single roof, 
(Fig. 1). Some 1,200m long and 150m wide, the plant  consisted of a 
cascade of 4,800 "stage units" of various sizes con nected by 1,800 km of 
process gas pipework up to 550 mm dia, with numerou s valves and 
associated process services (Fig. 2).It was origina lly built to produce 
highly enriched uranium for defence purposes but in  the early 1960s the 
high enrichment section was isolated, emptied and p ut under care and 
surveillance. The rest of the plant was then modifi ed to produce low 
enriched uranium for civil use. 
Fig. 1 
Fig. 2 
By 1982, URENCO centrifuge enrichment plants were o perating successfully 
at Capenhurst and the no-longer economic Diffusion Plant was shut down. 
As has previously been reported (1), a decommission ing project was begun 
to deal with over 160,000 tonne of suspect surface contaminated metal, 
concrete and other potentially hazardous materials.  The significant 
nuclides involved in the contamination were Uranium  and its daughter 
products, together with Technetium 99 (Tc99) and Ne ptunium 237 (Np237) 
from re-enrichment of reactor-recycled uranium. By the end of 1995, less 



than 1% of the total mass of materials arising from  this project will 
have been consigned for burial as low level waste. Over 99% will have 
been successfully treated and recycled. Less than 7 25 tonnes will have 
been despatched for land burial. 
DECOMMISSIONING PHILOSOPHY 
The main aim of this project has been to recycle as  much of the above 
material as possible for unrestricted re-use, while  minimizing the impact 
on the environment and the dose commitment to the w orkforce. 
It was recognized from the outset that a significan t 'up-front' 
investment would be required to develop suitable te chniques to achieve 
this aim at minimum cost. The first two years of th e project were 
therefore focused on research and development into cost effective 
decommissioning techniques, looking outside the nuc lear industry for off-
the-shelf equipment which could be used to meet the  project needs without 
're-inventing the wheel'. Figure 3, which represent s the culmination of 
this exercise, identifies the activities involved i n decommissioning the 
Capenhurst Facilities in the form of a process flow chart. The R&D 
investment has also left BNFL with the expertise ne eded to design, 
procure, operate and maintain specialized decommiss ioning plant and 
equipment of this type. 
Fig. 3 
SPECIALIZED TECHNIQUES 
Plant Pre-treatment 
Before the Diffusion Plant was shutdown, explorator y test work provided 
radiological and criticality data for subsequent us e. A fluorination 
process was then employed to convert solid deposits  within the plant to 
volatile fluoride compounds which could be safely d isposed of. With the 
plant at standstill, further local operations dealt  with any significant 
remaining pockets of solid or gaseous contamination . 
Plant Dismantling 
The main dismantling task was to break down the pro cess plant into 
manageable units, many of which were then stored pe nding the availability 
of size reduction and decontamination facilities. E conomical methods for 
safe penetration and in-situ cutting were developed . Units were then 
removed, sealed and placed into managed outside sto rage of up to 7,000 
tonne of material. 
Much of the main buildings, with the cells which ha d originally housed 
the plant and ancillary structures such as eleven c ooling towers, 
pumphouses and an electrical substation, were demol ished, monitored and 
sold as clean scrap. Floor slabs were decontaminate d, ground samples 
checked and confirmed to be free from contamination , and the area 
returned to greenfield status. Stage units, ranging  from smaller 750 kg 
steel shells to aluminum fabrications weighing 7 to nne and occupying 
27m3, around 200,000 lengths of piping. 3,500 tonne  of electric motors 
and 800 tonne of process valves were removed and tr eated. 
Size Reduction 
When removed from the plant, most items were too la rge and complex to be 
monitored or decontaminated without cutting. For ea ch type of item, a 
cutting plan specified how to dismantle it further and, for wet 
decontamination, how to fill the baskets used in th e decontamination 
equipment so as to expose all surfaces to the clean ing liquors. Most 
cutting was repetitive and was therefore automated using dedicated 
equipment installed in disused areas of the Diffusi on Plant. A wide 



spectrum of cutting options was examined and the mo st appropriate 
selected for each case. 
The following examples show some of the varied size  reduction techniques 
used. 
  Robotic plasma cutting - The size and complexity of the 750 aluminum 
stage units posed particular problems. After studyi ng all the available 
options it was decided to develop a facility based around two large 
industrial robots adapted for plasma arc cutting. A  special ventilation 
system, which dealt with the large volumes of fume generated, and fully 
remote operation minimized operator exposure. This type of flexible 
automation is available for future work (Fig. 4). 
Fig. 4 
  Remote gas cutting - 1,400 of the nickel plated s teel stage units were 
cut up using semi-automatic gas cutting, again usin g special ventilation 
and remote operation. 
  Large bandsaw - 2,200 tonne of aluminum pipework up to 450 mm dia was 
satisfactorily size-reduced using a large capacity bandsaw with rollerbed 
feeding. 
  Tube trepanning and stripping - 2,500 heat exchan gers contained a total 
of 98,000 uncontaminated cupronickel tubes sheathed  with contaminated 
aluminum fins. Special equipment was developed to t repan the tubes out of 
the tube plates and then strip the clean tubes away  from the fins without 
cross-contamination. 
  Routing - Where hot cutting is inappropriate, rou ting is an economical 
alternative, again needing special facilities to co ntain swarf and 
minimize operator intervention. 
Decontamination 
The success of the project depended crucially on de velopment of a 
decontamination process to remove surface contamina tion from a wide 
variety of metals and surface textures, ranging fro m bright wrought 
aluminum plate to heavily rusted steel. As noted ea rlier, the full range 
of nuclides resulting from handling reactor recycle d uranium had to be 
removed, including Tc99 and Np237, the most obstina te sources of 
contamination. 
Following extensive laboratory and pilot plant inve stigation, a full 
scale wet decontamination plant was developed, and finally completed in 
1989 (Fig. 5). As probably one of the largest decon tamination facilities 
in the world, it remains in operation capable of pr ocessing up to 100 
tonnes per week. Suitable size-reduced items are lo aded into baskets 
(nominally 2m x 1m x 1.5m) and then automatically p ass through successive 
stages of washing in specially formulated process l iquors which entrain 
the nuclides for subsequent transfer into ion excha nge resins. The 
resins, which represent relatively small and manage able volumes of active 
residues, and other solid and liquid wastes of acce ptably low activity 
and toxicity are later encapsulated in a cement mat rix. 
Fig. 5 
Melting 
Melting of low-level active metals has been reporte d in France (2), 
Germany (3), Sweden (4) and Japan (5) amongst other s. The main aims have 
been towards products restricted for use within the  nuclear industry, or 
for volume reduction prior to burial. By contrast, the Capenhurst melting 
facility primarily aims to produce ingots which are  below free-release 
levels for unrestricted re-use. This is achieved by  first decontaminating 
the feedstock as described above, and then using me lting to produce 



metals in a form such that they can easily be monit ored to confirm the 
level of contamination is at or below free-release levels. Melting 
produces a homogeneous ingot, samples from which ca n be monitored to 
confirm for free release or sentenced for burial. I n the latter case, 
there is still a value in reducing burial volume an d in fixing activity 
within the ingot. 
Following pilot trials, a full scale melting facili ty was developed and 
installed (Fig. 6) to process a range of contaminat ed metals, including 
items with non-metallic additions. Aluminum, lead, copper, bronze, cast 
iron, steel and nickel have all been melted, and it  has been possible to 
separate lower melting point metals from higher mel ting point metals. 
Non-metallics have been incinerated with full envir onmental protection. 
Fig. 6 
The facility, which has a throughput up to 150 tonn e per week, is a 
controlled active area with full radiological engin eered safety systems. 
These include a highly sophisticated fume cupboard and treatment system 
which removes all particulate and volatile radioact ive and toxic 
substances in strict compliance with Environmental Protection 
Regulations. A facility control system, including d ual redundant 
programmable controllers, ensures safe shutdown of the facility on 
detection of any excursion from defined limits, thu s minimizing the risk 
of personnel dose uptake and preventing undesirable  environmental 
discharges. 
Special attention is given to determination of the radioactive content of 
the ingots which are at levels close to those occur ring naturally. 
Radiochemical determination involves dissolution of  samples of a few 
grams weight, extraction of the nuclides and counti ng by liquid 
scintillation. Detection limits are 0.1 Bq/g, but t he method is 
relatively expensive. Delayed neutron counting is c heaper, but requires a 
'fingerprint' of the isotopic ratios - not a consis tent parameter within 
the Diffusion Plant. The more costly techniques hav e been used to 
calibrate a low level alpha/beta counter which is u sed to determine the 
activity within disc specimens (60 mm dia and 6 mm thick). Due to the low 
background level of this counter, less than one cou nt per minute, and the 
ability to count up to ten discs simultaneously, co unt times of about one 
hour gave the required accuracy, and large numbers of samples can be 
processed at low cost. It is necessary to exert clo se control over 
sampling and counting techniques to avoid cross-con tamination. 
The initial campaign treated around 4,000 tonne of metals which were 
decontaminated to relatively low levels of contamin ation. They still 
could not be released, however, because their compl ex geometry prevented 
full monitoring. Examples include small bore pipewo rk never exposed to 
process gases, closed voids within weldments, and r e-entrant surfaces 
generally. Following successful demonstration of th e containment of 
contamination within the melting facilities, a just ification has now been 
made to extend the capability of the facilities to process metals 
contaminated at higher levels. Data is also availab le on the degree of 
partitioning achieved during the melting process. 
Encapsulation of Waste 
The small volume of waste destined for land burial comprises both solid 
metals and a variety of less easily packaged materi als. These included 
secondary waste such as evaporated process liquors,  ion exchange resins, 
melting drosses and slags, filter media, swarf and floor sweepings. A 
skid mounted, transportable encapsulation plant has  been designed by BNFL 



and is in operation at Capenhurst. This plant immob ilizes the wastes into 
an ideal non-leachable form for low level waste dis posal at Drigg using a 
specially formulated cement encapsulant in standard  200 liter drums. 
RECYCLED MATERIALS AND WASTE STREAMS 
Solid Arisings 
Once plant contamination has been characterized, it  is essential to 
define the waste streams for which process routes w ill have to be 
established, and with which all other decommissioni ng decisions will have 
to be consistent. It is then necessary to identify the disposal options 
for the original contaminated material as well as a ny secondary waste 
streams arising from the process routes utilized. 
Unlike most other countries, the UK has clearly est ablished criteria for 
unrestricted release of material into the external market. The criteria 
exempt substantially insoluble solids with specific  activity below 370 
Bq/kg of any nuclide, with additional exemption for  uranic activity below 
11,100 Bq/kg. Whilst international rationalization of clearance levels 
may ultimately lead to a more nuclide-specific set of release criteria, 
with higher limits for soft beta emitters such as T c99, the timescale for 
such legislation is likely to be extended and the o perations at 
Capenhurst needed to be carried out in line with th e more restrictive 
application of the current regulations. The develop ment of cost-effective 
techniques to confirm the criteria are met has also  been a very important 
consideration for melted ingots. 
The only available disposal option within the UK fo r materials exceeding 
the criteria for unrestricted release is land buria l at Drigg, the BNFL 
Low Level Waste Disposal Site near Sellafield. Buri al of large volumes of 
contaminated material would have imposed massive co st penalties on the 
project, as well as occupying an unacceptable and u nnecessary proportion 
of the valuable low level waste site capacity. Effe ctive decontamination 
and sentencing of the maximum amount of material to  free release levels 
was therefore highlighted as an essential part of t he project. 
Against this background solid arisings from the pro ject have been 
categorized as follows: 
  Clean scrap - materials which can be proved by mo nitoring to be 
suitable for free release. 
  Metals for decontamination - metals which can be decontaminated and 
subsequently can be proved by monitoring to be suit able for free release. 
  Metals for decontamination and subsequent melting  - metals which can be 
decontaminated but because of complex shapes/surfac es, cannot be 
economically or effectively monitored but which wou ld be suitable for 
melting and recasting as ingots. After melting, the  material would then 
be in a form capable of being monitored to confirm its suitability for 
free release. 
  Materials not suitable for free release - Materia l (the remaining small 
quantities of material including some secondary was te arisings) which is 
not suitable for free release and is therefore cons igned for land burial. 
Other Arisings 
The main source of liquid waste is from the deconta mination process and 
is subject to discharge authorizations covering rad ionuclides and toxic 
metals which limit discharge into local water cours es to below 100 
Bq/liter/day and to below 1.8 ppm total metals. Oth er liquid wastes up to 
1,000 Bq/l are acceptable to the Regulators for lan dfill disposal. 
Gaseous discharges are limited by the discharge aut horization for the 
whole Capenhurst site to less than 50 MBq annually.  Actual emissions are 



less than 1MBq annually. A comprehensive routine sa mpling and analysis 
program exists to monitor and confirm environmental  discharges. 
Compliance is further supported by regular audits b y relevant Government 
Departments. 
PROJECT SAFETY 
An overriding concern throughout the project is to minimize risks of 
radiation exposure to decommissioning operators, pe rsonnel on site and 
the public generally. Alpha in air monitoring, with  an alarm level set at 
3 Bq/m3, is used extensively throughout the facilit y as is routine 
surface monitoring. A criticality detection system is installed, and 
strict criticality control procedures applied at ev ery stage. Specialized 
workshops were constructed using redundant cells fr om the Diffusion Plant 
itself for the various operations with dedicated an d effective 
ventilation. 
Operators use personal air samplers, respiratory pr otection, and full 
protective clothing as appropriate, (Fig. 3) and th e BNFL personnel 
radiation protection program has confirmed exposure  levels at less than 
0.2 mSv/yr. Full account is also taken of non-radio logical hazards, 
particularly those associated with other toxic or h azardous materials 
removed during dismantling. 
COST DRIVERS AND SAVINGS 
The total cost of the project on a historical cost basis is less than 
100M - in the order of 600 per tonne of material. A bout 20% of that total 
(representing a major investment), was applied to d ecommissioning R&D. 
Major costs drivers for BNFL included external purc hases of hardware, 
costs of burial at Drigg, labor and charges for hea lth physics and radio-
analysis. The decommissioning of the Diffusion Plan t will be completed 
within budget. 
The following features all contributed to what will  be a major 
achievement: 
  Early investment in identifying and categorizing the various wastes was 
vital in laying the foundation for well focused inv estment in specific 
decommissioning techniques. 
  Most importantly, the efficiency of wet decontami nation avoided burial 
costs, and generated income from sales of metals fo r unrestricted re-use. 
  Where the shape or surface structure of cleaned m etals did not allow 
cost-effective monitoring, melting, supported by co st effective 
techniques to confirm that the UK criteria for unre stricted release of 
material into the external market have been met, pr oved an ideal adjunct 
to facilitate further recycling. 
  Value engineering was used to good advantage thro ugh the project. 
Finally, the value of a well motivated, well traine d and enthusiastic 
workforce contributed substantially to the successf ul outcome. 
CONCLUSIONS 
The philosophy and techniques described above are l ikely to be relevant 
to a wide range of nuclear processing plants throug hout the world, 
particularly larger plants with low levels of prima rily surface 
contamination. 
The Diffusion Plant decommissioning program will be  successfully 
completed by the middle of 1996. 
Of the 160,000 tonne of metals and concrete compris ing the structure and 
contents of the plant, over 99.5% will have been re cycled for 
unrestricted re-use as clean material. 



The project demonstrates how the Capenhurst Diffusi on Plant, a major 
nuclear processing plant facility, has been safely and cost-effectively 
decommissioned. 
The experience gained from this project has resulte d in methodologies 
being developed to minimize the amounts of nuclear and other hazardous 
wastes arising from decommissioning activities and demonstrated cost 
effective techniques to confirm that the UK criteri a for unrestricted 
release of material into the external market have b een met. 
The techniques developed can be applied to other nu clear or non-nuclear 
processes. 
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ABSTRACT 
The recycling of contaminated material could be a m ajor means of reducing 
the quantities of low level waste produced by the d ecommissioning of 
nuclear facilities. Both the European Commission (E C) and the OECD 
Nuclear Energy Agency (NEA) have been working on th is subject during the 
last few years. 
The European Commission has sponsored research and development on the 
reuse and recycling of low level solid waste materi als originating from 
the decommissioning of nuclear installations, withi n the framework of 
three sequential five year research programs, the f irst of which started 
in 1979. 
A series of R & D projects were carried out on the reuse and recycling of 
various materials originating from the refurbishing /dismantling (steel, 
copper, aluminum and concrete). Particular progress  was made for the 
recycling of LLW steel, using the melt technique no t only for volume 



reduction but also for the production of specific i tems for the nuclear 
industry. 
The EC has also set up, under the terms of Article 31 of the Euratom 
Treaty, a group of experts to examine the implicati ons for radiation 
protection of recycled materials from nuclear insta llations with a view 
to establish appropriate recommendations for cleara nce levels. First 
recommendations issued in 1988 (Radiation Protectio n Series No. 43) 
relate to the recycling of radioactive steel. Furth er recommendations for 
metals, including copper and aluminum are under pre paration. A similar 
document for concrete is intended. A task group set  up by the 
OECD/Nuclear Energy Agency's Co-operative Programme  on Decommissioning 
has been studying recycling during the last three y ears. It has noted 
that considerable material is being released from r egulatory control 
today, but mostly on a case-by-case basis, with wid ely varying release 
criteria in different countries. 
Both the EC recommendations for release criteria an d those proposed by 
the International Atomic Energy Agency are essentia lly based on radiation 
protection considerations. The NEA task group has a ttempted to view 
recycling in a broader context, evaluating both rad iological and non-
radiological detriments as well as social, economic  and environmental 
aspects. This is seen to be fully in harmony with t he ICRP concept that 
the justification of a practice should take into ac count the total 
detriment and not only the radiation detriment. 
This approach has led to the consideration of a tie red system of 
clearance levels, allowing a more rational material  management, where 
release levels would depend on whether the material s were being released 
directly, sent for melting, melted in controlled fa cilities before 
release for remelting or reused for specific purpos es etc. 
Both the EC and the NEA see the need for internatio nally agreed clearance 
standards, specially when much larger quantities of  material become 
candidates for release, when today's operating reac tors come to the end 
of their useful lifetimes. 
INTRODUCTION 
Recycling of contaminated material has been identif ied as a major means 
of reducing the volumes of waste for ultimate dispo sal arising from the 
decommissioning of nuclear facilities. The incentiv es lie both in the 
huge quantities of contaminated material produced o ver a relatively short 
period of time as well as the steeply escalating co sts of final disposal 
space in most countries. 
The European Commission (EC) has, in a series of th ree five year 
programs, sponsored R & D projects in this area, th rough shared costs 
contracts with various organizations and companies in the European Union. 
These programs were carried out between 1979 and 19 94. The EC has also 
produced recommendations (9) for recycling radioact ively contaminated 
metals. These criteria are aimed mainly to minimize  the radiological 
risks to potential users of the recycled material. 
The OECD Nuclear Energy Agency's (NEA) Co-operative  Program on 
Decommissioning set up, in 1992, a task group to st udy recycling and 
reuse of material from nuclear facilities. The Co-o perative Program 
covers 30 decommissioning projects from 10 countrie s and thus represents 
the largest group of potential users of the criteri a being drawn up in 
the area of recycling. Understandably, the NEA task  group has treated 
recycling in a broader context than exclusively rad iological aspects and 



has studied it also from other viewpoints such as c osts and the effects 
on the environment. 
In the following is given a brief overview of the m ost relevant of the 
recycling projects sponsored by the European Commis sion as well as its 
recommendations for clearance criteria. The paper t hen goes on to 
describe some of the results of the work of the NEA  task group and gives 
examples of case histories of recycling projects in cluding cost 
comparisons with disposal as radioactive waste. The  paper concludes with 
a brief outlook over future work being proposed in this area. 
RECYCLING ACTIVITIES OF THE EUROPEAN COMMISSION 
Recommendations for Clearance Criteria for Recyclin g of Metals (9) 
Legal basis 
The legal base for any action linked to radiation p rotection is the 
EURATOM Treaty set up in 1957. As far as radioactiv e material like metal 
scrap is concerned, the Treaty considers aspects of  health protection, 
safety, and research and development. It gives prio rity to free access of 
goods to a common nuclear market and aims at establ ishing far-reaching 
Community competencies in a number of areas; the mo st important one 
concerning clearance levels for metals being the re gulatory competence 
for setting up basic safety standards in radiation protection. These 
standards provide for common criteria which would h ave to be implemented 
in national legislation. 
Technical and Scientific Background 
Support for developing clearance levels was provide d through the specific 
research and development programs on "Radioactive W aste Management and 
Disposal" and "Decommissioning of Nuclear Installat ions". Furthermore, in 
the "Plan of Action in the Field of Radioactive Was te Management", an 
instrument existed which allowed harmonization of p ractices and 
development of recommendations in semestrial meetin gs between Member 
States and the European Commission. 
First contracts were concluded in 1983 with the UK National Radiological 
Protection Board and the French Commissariat  l'Ene rgie Atomique, to 
develop a methodology for evaluating radiological c onsequences of the 
management of very low-level waste, particularly so lid waste from 
dismantling of nuclear power plants. The analysis o f waste categories 
showed significant quantities of only slightly cont aminated steel and 
concrete. 
A range of activity values and scenarios for unrest ricted release and 
decay times up to 100 years before disposal was ass umed, and radiological 
consequences were found to be rather small. It was demonstrated that 
other factors than radiological consequences, such as costs for 
transport, treatment and measurements, and regulato ry and social factors, 
for example acceptance by the public, may well be m ore important. The 
methodology developed in both contracts were later enlarged to 
recommendations on steel scrap recycling (9). 
R & D work on release and recycling of contaminated  steel and concrete 
has been an important part of the three five-year d ecommissioning 
programs carried out since 1979.From the results of  these programs 
(1,3,4,5,6,7,8), input parameters could be derived,  which were or will be 
used in scenarios calculations for proposing exempt ion and clearance 
levels. 
Recommendations for Release Criteria 
A Group of Experts had been set up under the terms of Article 31 of the 
Euratom Treaty, which convened a Working Party in 1 984 to establish 



radiological protection criteria for the recycling of materials from 
nuclear installations. The Experts prepared recomme ndations for criteria 
for recycling steel which were issued in 1988 (9). In the light of 
further information on recycling coming from later studies as well as due 
to revised radiation protection criteria, the Exper ts expanded and 
updated the 1988 recommendations to consider: 
  Criteria for other metals (steel alloys, aluminum  and aluminum alloys, 
copper and copper alloys), 
  Criteria for surface contamination specific to re cycling, 
  Covering all nuclear fuel cycle plants including installations for 
uranium enrichment, fuel production, power generati on and reprocessing 
(but excluding mining or milling operations as well  as final 
repositories). 
A draft document has been prepared in 1994 suggesti ng nuclide specific 
clearance criteria for slightly radioactive materia ls of the types listed 
above. The radiation protection principles used by the Experts has been 
the 10 mSv per year individual and the 1 manSv per year collective dose 
per practice as recommended by the IAEA Safety Seri es No 89 (10). 
Separate values are given for equipment, components  or tools which will 
be reused directly (only surface specific limits, B q/cm2) and for 
material which will be recycled by melting (both su rface specific, 
Bq/cm2, and mass specific, Bq/g). In the case of ma ny nuclides, the 
surface specific clearance levels for material expe cted to be melted is a 
factor 10 higher than those for direct reuse. 
Research and Development in the field of Recycling 
Numerous studies, investigations, developments and technical 
demonstrations have been carried out mostly based o n shared-cost 
contracts with a series of EU organizations and ent erprises, such as for 
example TV Bayern, NRPB, KEMA, Siemens, Siempelkamp  and CEA (1-8). 
The objectives of these activities have been waste volume reduction, more 
accurate activity measuring of the waste for furthe r conditioning, free 
or restricted release. Melting of carbon and stainl ess steel components 
from nuclear installations for reuse is now state-o f-the-art in Germany 
(Siempelkamp), where industrial conditioning of com ponents originating 
from refurbishing or decommissioning of nuclear ins tallations (e.g. KWO, 
KRB-A) is carried out in the authorized melt facili ty CARLA. 
Investigations at laboratory and pilot scale are be ing carried out with 
Siemens and Siempelkamp to investigate the decontam ination effect of 
melting a- and H3-contaminated steel waste. Some of  these projects are 
described below. 
Melting of Ferritic Steel arising from the Dismantl ing of the G2/G3 
Reactors, Marcoule (6) 
The objectives were to condition by melting a large  quantity of ferritic 
steel having a specific contamination in the order of 20-40 Bq/cm2 in a 
15 t electric arc furnace and to determine the U-di stribution in the 
molten product during a large-scale melt campaign o f approx. 100 t (8 
melts of 12.5 t each) of mild steel contaminated wi th uranium originating 
from the dismantling of the Pierrelatte reprocessin g facility (Usines 
basse et moyenne). The amount of secondary waste ar ising was considered 
in particular. 
Over 4300 tons of ferritic steel pipes were cast in  25 kg ingots, from 
which nearly 200 tons of total secondary waste were  obtained. The ingots 
(25 kg) are stored on site, because the activity le vel for free release 
has not yet been decided in France. 



Radioprotection measurements carried out by CEA's h ealth physics 
specialists during the melts showed that no specifi c problems appeared, 
neither for the people working around, nor for the buildings. Detailed 
interpretation and results will be given in the fin al report to be 
published in the first half of 1996. 
Melting of Tritium-containing Steel (8) 
Important quantities of steel cannot be released fr om radiological 
surveillance because of their tritium contamination . The work consisted 
in trapping the tritium released from steel during heating and melting in 
a specially adapted exhaust system of the Siempelka mp CARLA melt 
facility. 
During the melt process, the tritium passes into th e exhaust gases where 
it was quantified in a bypass measuring section. Ba sically, it was 
demonstrated that steel contaminated with tritium c an successfully be 
decontaminated. The predominant part of the tritium , more than 96%, is 
released as HTO or T2O in the course of the melt. T he main release 
already occurs at temperatures below 500oC. The res idual activity of the 
castings and the slag is negligible. To retain the tritium bonded to the 
air humidity, drying of the intake air is necessary . 
Melting of Alpha-contaminated Steel (6) 
The main objectives are to improve the decontaminat ion effect by pre-
oxidation process and the new slag former, as well as the radiochemical 
analyses of the behavior of Pu, Th and U-isotopes d uring melting, in 
particular the U-235 distribution in the molten ing ot. 
Laboratory melts aiming at the identification of th e most suitable 
crucible material and slag former were followed by large-scale melts with 
subsequent detailed analysis of the prevailing alph a-distribution in and 
between steel, slag and filter dust (about 100 t of  U and Th-contaminated 
material). 
Decontamination factors of 44, 46 and 69 were obtai ned respectively. 
Remelting existing steel ingots (+ 5 t) with subseq uent radiological 
characterization was difficult due to the hardness of available ingots 
(no sampling possible). The use of uranium glass as  an additive to the 
melt, to restore the natural isotopic ratio, gave g ood results (no dust 
and DF of 71/U, 192/Pu and 886/Th). 
Using concrete as the new slag former gave no signi ficant improvement. 
Detailed interpretation and results will be given i n a final report to be 
published during the first half of 1996. 
Other Projects (6,7) 
In addition to the above, there have been R & D pro jects carried out in 
the following areas: 
  Recycling of aluminum and copper by melting, 
  Doses due to the reuse or recycling of slightly r adioactive steel, 
  Industrial recycling and reuse in Germany, 
  The onion melt technique for waste minimization a nd reuse of LLW steel 
in container fabrication, 
  Volume reduction of contaminated/activated concre te, 
  Concrete recycling in France, 
  Radiological aspects of recycling concrete debris  in Germany, 
  Recycling of contaminated steel as reinforcement in concrete. 
ACTIVITIES OF THE OECD/NEA TASK GROUP ON RECYCLING AND REUSE 
The Task Group was set up by the Co-operative Progr am of the OECD Nuclear 
Energy Agency in 1992. The scope of the Co-operativ e Program is basically 
to exchange technical and other information between  on-going 



decommissioning projects. Since its start in 1985, it has grown to cover 
30 projects from 10 countries, including a wide sel ection of reactors as 
well as fuel facilities. The Program has thus becom e the international 
forum for nuclear decommissioning projects. As such , it is deeply 
interested in all possible means of reducing the qu antity of waste 
produced by such decommissioning. The recycling of such material, instead 
of disposing it as low level waste, was identified as a major method of 
achieving this aim. 
The objectives of the Task Group were to:  
  make a survey over material currently being relea sed from nuclear 
installations, 
  review the on-going work on proposals for clearan ce levels from the 
perspective of the potential users of such criteria , 
  make state-of-the-art surveys over the technologi es necessary for 
recycling, 
  compare recycling/reuse of material with the alte rnative approach of 
disposal/replace from the viewpoints of 
 - total health risks (not just radiological risks)  
 - environmental impact 
 - socio-economic aspects 
 - costs. 
During the three-year period covered by this paper,  the work of the Task 
Group has been generally focused on metals. Its fin dings and conclusions 
to date are summarized in a report, currently being  reviewed by the 
Nuclear Energy Agency's Radioactive Waste Managemen t Committee and 
Committee for Radiation Protection and Public Healt h, prior to 
publication later this year. In the following is br iefly summarized some 
of the findings of the Task Group. 
Current Practice 
One of the first activities of the Task Group was t o map the current 
policies regarding the release of materials from nu clear facilities in 
various countries. Information was solicited from p articipating projects 
regarding the quantities and types of material rele ased as well as the 
conditions governing their release. Information was  received regarding 24 
projects as well as the existing regulations in 6 c ountries. The projects 
included reactors, fuel facilities, uranium milling  plants and isotope 
production facilities.  
The survey revealed that over 360 000 t of material  had been released 
between 1979 and the early 90's. The released mater ial included carbon 
and stainless steels, lead, aluminum, concrete, soi l and gravel. A 
variety of clearance alternatives had been adopted ranging from release 
for unrestricted reuse or disposal for about two-th irds of the material 
to restricted reuse within the nuclear industry. Mo st of the material was 
released after consideration on a case-by-case basi s, even in countries 
where there are national regulations in place for t he unrestricted 
release of material from nuclear facilities. An ove rview of the material 
released and the types of release practices is give n in Table I (11). 
Table I 
A scrutiny of the released criteria used in the var ious projects and in 
the national regulations shows a wide range of valu es. For instance, 
Sweden has a beta-gamma surface contamination limit  of 4 Bq/cm2 for 
unrestricted release, while in neighboring Finland,  the corresponding 
limit is 0.4 Bq/cm2. The Finnish mass specific rele ase limit is 1 Bq/g 
compared to the corresponding Swedish limit of 0.1 Bq/g. There are also 



differences in measurement and documentation practi ces as well as in 
quality assurance requirements. 
Health Risks/Environmental Impact 
The International Atomic Energy Agency (IAEA) and t he European Commission 
(EC) have both prepared recommendations for criteri a for releasing 
material from regulatory control. Both proposals ar e based almost 
entirely on radiation protection and regulatory con siderations. 
The NEA Task Group represents projects which are th e potential end users 
of such criteria. Understandably, the Task Group ha s studied clearance in 
a broader context, basing its approach on the recom mendation of the 
International Commission on Radiological Protection  (ICRP) regarding the 
justification for the adoption of a new practice in volving exposure to 
radiation: "..... The radiation detriment may only be one of several 
aspects that comprise the total detriment associate d with a particular 
practice. Consequently, the justification of a prac tice goes far beyond 
the scope of radiological protection.....". 
The Task Group has therefore examined the justifica tion for release of 
radioactive material by considering not only the ri sks from radiation, 
but also major non-radiological socio-economic, env ironmental and health 
effects. In this context, a "tiered" system of rele ase criteria, with 
defined end uses for each tier, has been used as th e basis for evaluating 
the various detriments and thus comparing recycling  with the alternative 
approach of disposal of material as waste (12). The  "tiered" approach is 
described in more detail in the section, "A Tiered Approach to Release 
Criteria". 
Some of the results of these studies are summarized  in the following 
Tables II and III. 
Table II 
Table III 
Melting 
The melting of contaminated metallic components has  the advantages of 
  a "decontamination" effect on volatile nuclides s uch as Cs 137 as well 
as on Uranium and other oxides, 
  simplifying the radioactive characterization of c omponents with complex 
geometries. 
Four plants have been operating on an industrial sc ale during the last 
few years: the CARLA plant at Siempelkamp, Germany;  the INFANTE plant at 
Marcoule, France; the SEG plant at Oak Ridge, USA; and the Studsvik 
Melting Facility in Sweden. At the decommissioning of the Capenhurst 
Diffusion Plant, U.K., a melting plant is being use d to recycle large 
quantities of metals. A new plant is being construc ted at Oak Ridge, USA. 
Decontamination 
For decontaminating equipment to recycling (release ) levels, the methods 
used must have high decontamination efficiencies. A t the same time, it 
must be possible to condition the secondary waste s atisfactorily. Two 
methods satisfying these requirements have been dem onstrated on a fairly 
large scale. 
  The Swedish SODP chemical decontamination method for PWR systems was 
used to decontaminate steam generators from the 80 MW gesta PHWR to near 
release levels. The steam generators were segmented  and melted after 
decontamination. 
  A dry abrasive blasting method has been developed  to recycle about 1 
600 t of steel from the Eurochemic Reprocessing Fac ility. The method was 
first tested on a semi-industrial scale on a batch of 32 t. 



Measurement 
The currently proposed release levels are very clos e to background 
levels. This places very stringent requirements on the accuracy and 
reliability of the equipment and techniques used in  the qualifying 
measurements for release. A large number of reports  testify that it is 
possible to satisfy such requirements but most of t he work in this area 
hitherto been on a laboratory scale. The practical problems of measuring 
very large quantities of material at extremely low activity levels and at 
a reasonable cost should not be underestimated. 
The NEA Task Group has analyzed the case histories of 18 projects that 
used varying methods of recycling material from dec ommissioning projects. 
The projects are listed below in Table IV. The cost s of some of these 
projects are compared with the respective estimated  costs if the material 
in question had been sent for disposal as low level  waste. The savings 
achieved by recycling are illustrated on Fig. 1. 
Table IV 
Fig. 1 
A Tiered Approach to Release Criteria 
As mentioned earlier, the evaluations of the Task G roup are based on a 
"tiered" approach, with the highest tier (A) corres ponding to 
unconditional release and each lower tier applicabl e to specific 
(conditional) release conditions. In the system use d in the group's 
evaluations, the next highest tier (B) consists of material that is 
melted in a radiologically regulated plant and then  is conditionally 
released for subsequent remelting and fabrication i n non-nuclear 
commercial facilities. The products could then be u sed without 
radiological restrictions. The next tier (C) is mat erial similar to that 
in tier B, except that the material is released for  a specific initial 
industrial use. Material in the lowest tier (D) is recycled within the 
nuclear industry. 
It should be noted that this is only one possible m anner of applying the 
tier concept. One which would reflect the approach of the EC as well as 
practices in several countries is shown in Fig. 2. 
Fig. 2 
Here the tiers A and B correspond respectively to t he EC criteria for 
direct release and for recycling by melting at a co mmercial foundry. The 
surface limits for recycling are more relaxed than those for direct 
reuse, because of the inherent advantages of meltin g. Tier C would cover 
waste metals melted at a controlled facility and th en sent for remelting 
at a non-nuclear foundry. The release levels for th e ingots leaving the 
controlled area could be expected to be higher than  those for tier B, for 
equivalent levels of radiological safety. Tier D wo uld consist of similar 
material as tier C but released for specified initi al industrial use, 
while tier E material would be recycled within the regulated environment. 
In Fig. 2, tier C is similar to the management of c ontaminated metals at 
Studsvik in Sweden, while tier E reflects the activ ities at Siempelkamp, 
Marcoule and Oak Ridge. 
OUTLOOK FOR THE FUTURE 
As the technical problems of melting and recycling of low-level 
radioactive metal, if any, seem to be mostly at an industrial level, 
future activities in the EU may focus (besides some  more specific R & D 
work, e.g. for alpha and tritium-contaminated mater ials, concrete 
recycling) on the development of common clearance l evels and reliable 
standard procedures for their application, not only  to contribute to the 



establishment of harmonized regulatory requirements  at Community level, 
but also with respect to future EU Member States an d Eastern European 
countries which have vast quantities of radioactive  material to deal 
with, such as the Chernobyl area. For this, co-oper ation between 
competent experts from the EU and the USA would be extremely useful. 
The NEA Task Group will continue in its efforts to place recycling in a 
perspective where it can be compared to other indus trial activities. It 
will continue to work with other bodies to establis h an international 
consensus concerning both the exemption and clearan ce of radioactive 
materials. In the development of regulatory criteri a for recycling, the 
Task Group will work for a "global" optimization an d not just 
optimization from a radiological viewpoint. This wo uld lead to a more 
rational management of material in the nuclear indu stry. 
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ABSTRACT 
Manufacturing Sciences Corporation, in partnership with British Nuclear 
Fuels, has designed and built what is recognized in  the industry to be a 
state-of-the-art metals decontamination and melt fa cility. The partners 
have combined talents and experiences of their resp ective businesses to 
design and construct a facility that directly chall enges the problems 
associated with existing approaches to metal recycl e. This they achieved 
from concept to reality in less than 15 months. 
This paper addresses the central design principles of minimizing worker 
exposure, industrial safety, Just-in-Time philosoph y and process control. 
It will describe the comprehensive computerized tra ceability system, the 
extensive automated/remote handling, the main line decontamination 
processes, and the technologically advanced melt fa cility. Further, the 
approach to project/construction management will be  discussed to 
demonstrate the value of extending the partners' ab ility as team players 
to include subcontract design and construction grou ps. 
The purpose of this paper is to present a successfu l approach to the 
design and construction of a facility, with new and  novel features, to 
meet an extremely aggressive schedule. 
INTRODUCTION 
Since the dawn of the nuclear age, maintenance and equipment replacement 
at power stations and other nuclear facilities have  given rise to the 
need to dispose of contaminated scrap metals and eq uipment. These 
contaminated materials have been stored, buried, or  decontaminated and 
released. Over time, responsible waste management b ecome recognized as a 
significant cost of doing business in the nuclear i ndustry. Beginning 
about 15 years ago, an industry emerged to provide low-level radioactive 
waste management services to the nuclear industry. Decontamination and 
release of those contaminated metals and equipment that could easily be 
cleaned and surveyed, and volume reduction and buri al of those that 
couldn't, became a central offering of this embryon ic industry. Early 
methods were manual, slow, and of low throughput. T his decade has brought 
the end of the cold war and the prospect of decommi ssioning of U.S. 
Department of Energy (DOE) sites formerly used to p roduce nuclear 
materials and nuclear weapons. The DOE cleanup is e xpected to generate 
vast quantities of contaminated scrap metals requir ing processing 
capacities far greater than those existing in the i ndustry today. 
Recognizing that a safe, efficient and cost effecti ve contaminated metals 
recycle capability to meet the expanded capacity an d more stringent 
regulatory requirements of the future, two companie s, Manufacturing 
Sciences Corporation and British Nuclear Fuels join ed forces to design 
and build a modern contaminated metals recycle faci lity in Oak Ridge, 
Tennessee. This paper reviews the process of design  and construction that 
resulted in a modern contaminated metals recycle fa cility. 
DESIGN PHILOSOPHY 



To address the issue of demonstrable capability thr ough private sector 
investment on a scale which could address the poten tial needs of the 
customer, it was necessary to leap-frog existing te chnology used for 
recycle of radioactively contaminated scrap metal. Basic principles were 
established against which the facility design was d eveloped: 
  Zero emission objective 
  Focus on industrial safety 
  Just-in-Time philosophy 
  Process control 
  Recognition of local environment 
To achieve a firm focus on the basic principles of minimizing worker 
exposure, high standards of worker safety and best practices in 
manufacturing, the fundamental obstacles of materia l handling and 
tracking had to be overcome. The varying form, type  and configuration of 
materials to be handled drives processors away from  automation and remote 
operation. The partners wrestled with this problem,  finding this to be 
the major limiting factor on facility throughput. T his issue required a 
paradigm shift to question how can the material be standardized. The 
solution identified was to transfer material in sta ndard containers; 20 
foot sea vans B25's, special design boxes and baske ts etc. Handling 
systems for transferring material and processing ma terial could then be 
designed around a standard container, components/ma terial could then be 
tracked by virtue of the container in which it is h oused. This shift in 
philosophy allowed the partners to adopt a number o f special features for 
the facility which include: 
  Automated undercover storage of incoming contamin ated scrap metal. 
  Remotely operated material handling. 
  Semi-automated mechanical and chemical decontamin ation processes. 
  Vacuum induction melting. 
  Automated radiometric survey of material for free  release. 
  Fully computerized material tracking systems. 
These features allowed development of a facility wh ich in 115,000 square 
feet provides a full decontamination and melt capab ility for up to 10,000 
tons of contaminated metals per year. The process i s outlined in Fig. 1 
and reflected in the facility layout in Fig. 2. Eac h stage of the process 
is discussed to highlight the significance of the c hange in philosophy to 
create an integrated facility. 
Fig. 1 
Fig. 2 
PROCESS 
Incoming Storage (Fig. 3) 
Standardizing, where possible on 20 foot freight co ntainers, allows 
automated storage and inventory control. Using a fu lly automated laser 
controlled crane for materials handling allows cont ainers to be stacked 
two-high in a close packed storage array. Container s can be delivered to 
and released from the storage array without operato r involvement, 
minimizing the associated operator dose uptake. Thi s approach to storage, 
with a strict storage management regime, ensures co ntainers with high 
activity levels can be shielded by containers with low activity levels, 
further reducing operator dose levels. This storage  system allows the 
footprint of the storage area to be minimized allow ing fully covered 
storage. On receipt containers are coded into the d atabase of the 
Management Information System (MIS) using bar code scanners, and the 
manifest data is entered by the operator. All mater ial movements from 



this point and throughout the process, are electron ically recorded to 
provide full on-line material tracking and control.  
Material Preparation 
The aim of standardizing processes is critical to a chieving high volume 
optimized throughput but, to deal with the array of  material and the 
differing types of customer projects, it has been n ecessary to implement 
two separate routes through to processing. The stan dard processing route 
involves tipping the contents from a container then  remotely sorting and 
sectioning metals prior to decontamination. A speci al projects route 
allows for large component disassembly and sectioni ng for further 
processing and equipment decontamination and refurb ishment prior to sale 
or return to the customer. 
 Unload, Sort and Section Area (Fig. 4) 
 This is an unmanned area which is used to routinel y empty freight 
containers and to sort and section the discharged m etals in preparation 
for later decontamination processing. The operator working in an enclosed 
control room operates a hydraulic lifting table and  an industrial robot. 
The robot is used to distribute metals for sectioni ng to various saws and 
shears. Metals are tipped from the container and tr ansferred using robust 
vibratory conveyors to the grit blasting equipment at the end of the 
process line or to the chemical processing area dep ending upon the 
desired method of cleaning. This approach reduces t he workforce's 
exposure to contaminated materials and eliminates a  primary source of 
industrial safety hazards. 
 All material leaving this area is loaded into stan dard material handling 
boxes and each box is weighed and coded into the MI S system using bar 
code scanning. This allows all material to be track ed back to the 
original freight container. 
Special Projects Area (Fig. 5) 
This area is dedicated to a variety of projects whi ch are not suitable 
for processing in the automated area. These project s include dismantling 
of large components as well as refurbishing of a va riety of valuable 
equipment. This area includes fully enclosed and lo cally ventilated 
painting, welding, grit blasting and sectioning. Re locatable enclosures 
and exhaust systems are used to allow reconfigurati on of this area to 
accommodate the varying requirements of each task. Equipment that is 
broken down in this area for processing elsewhere i s put in a standard 
material handling box, weighed and coded into the M IS using bar code 
scanning prior to transfer. 
Material Handling 
Materials are moved around the facility in boxes on  two automated 
monorail systems. One monorail is dedicated to mate rials which have not 
been decontaminated, the other to materials which h ave been through the 
decontamination process. Each box loaded or removed  from the monorail is 
bar code scanned to record the transfer in the MIS.  The boxes used on the 
monorail have been specifically designed as a stand ard material handling 
box; these boxes are the only containers used to mo ve material between 
processing areas. This approach to material handlin g significantly 
reduces operator involvement in material transfers,  and minimizes the 
material stored in work areas, further reducing wor kforce dose uptake and 
exposure to industrial safety hazards. Additionally , it is a major step 
that introduces Just-in-Time production control tec hniques. Material is 
only delivered to an operator on request and materi al storage is limited 



to that held on the monorail. This enforces a move away from the 
traditional problem of material stockpiles. 
Mechanical Decontamination 
The primary method of mechanical decontamination is  grit blasting. The 
conveyors from the unload and sort area discharge d irectly into a fully 
enclosed batch process tumble blaster. This allows a process which has 
predominantly been carried out in manual grit blast  booths to be carried 
out remotely, further reducing operator dose uptake . Additionally, using 
this approach, once experience is gained in materia l sizing, grit media 
and cycle times, process control techniques will be  used to optimize the 
process and minimize wastes. 
Chemical Decontamination (Fig. 6) 
Material requiring chemical decontamination enters the area via the 
monorail system or the conveyor from the unload sor t area. Material is 
loaded into baskets which are dipped in a series of  chemical tanks and a 
spray washer via a monorail hoist system. The monor ail system for this 
area and the chemical decontamination process are c ontrolled 
automatically in a Programmable Logic Controller (p lc). The operator bar 
code scans the basket and selects the appropriate c hemical 
decontamination cycle for the material. On completi on, the basket is 
transferred to a tipper station where the material is inspected and 
tipped into a box and bar code scanned prior to tra nsfer to the survey 
area or foundry via the monorail system. 
The tanks are provided with containments and extrac tion to remove fumes. 
The fumes are extracted through a scrubber system t o the HEPA filters. 
The process equipment design ensures that the facil ity, with appropriate 
additions, can use any commercially available chemi cal decontamination 
processes. As with other areas previously discussed , the automated 
handling and operation further reduces workforce ex posure and industrial 
safety hazards. The extent of automation, material flow control and 
process control provides an extremely efficient dec ontamination approach, 
allowing for process optimization and minimum waste . 
Waste Handling (Fig. 7) 
Wastes generated from processing operations are del ivered to the area in 
boxes via the monorail system. Material is sorted i nto compactible and 
non-compactible wastes. Compactible wastes are proc essed via a shredder 
and drum compactor. Non-compactible wastes and wast es requiring 
stabilization are grouted in boxes. Drums and boxes  filled in this area 
are dispatched to the special projects area for pai nting and labeling 
prior to shipping. As in all other areas using the MIS system, material 
delivered to this area can be traced back to the or iginal container, 
allowing accurate allocation of wastes to each cont ract. 
Foundry (Fig. 8) 
Metals are delivered to this area in boxes by the m onorail system. The 
contents of the boxes are segregated into batches f or melting. All 
material used to make up a melt is recorded in the MIS to provide full 
traceability. Melting is carried out using a Vacuum  Induction Degas and 
Pour (VIDP) furnace which produces high quality ste el ingots. All scrap 
is cleaned prior to melting to ensure practically n o slag is produced 
from the process. The furnace is fed on-line throug h a vacuum lock while 
melting is in progress. The VIDP is capable of refi ning steel by the 
introduction of reactive gases through a porous plu g in the bottom of the 
melting crucible. A melt, once ready for casting, i s delivered to the 
mold chamber via a separate vacuum chamber. Use of vacuum as opposed to 



air melting ensures a high quality product, it mini mizes slag production, 
and minimizes the potential for airborne contaminat ion. All gasses 
produced during the melting process are extracted d irectly into the HEPA 
ventilation system, minimizing the reliance on room  extraction to capture 
potential contaminants. 
The main furnace operations are carried out by an o perator in a remote 
control room. Various support operations are necess ary for the melting 
process including mold preparation, which is carrie d out on a large fire 
brick lay-down area, crucible relining which is car ried out in a 
separately ventilated room off the main foundry are a, scrap metal 
sectioning for volume reduction prior to melting, a nd ingot preparation 
for future processing. As in other areas, reducing operator involvement 
with materials to a minimum reduces worker dose upt ake and exposure to 
industrial hazards. 
Laboratory 
The laboratory services three main functions: radio chemistry, 
environmental analysis, and metallurgy. To support the QA program, the 
principles of Just-in-Time and the minimizing of in -process inventory, it 
has been necessary to provide a comprehensive range  of instruments. It is 
necessary to provide this equipment on-site to obta in immediate results, 
thus avoiding the multi-day turnaround from outside  services. 
Survey for Release 
Following each decontamination process, metals are dispositioned for melt 
or for survey prior to free release. The dispositio n decision is based on 
the level of remaining contamination, and the level  of certainty with 
which the material can be successfully surveyed. Me tals with residual 
contamination, or that which will not be surveyable , will be 
dispositioned for melt otherwise they will be dispo sitioned for free 
release. Metal ingots from the melt process can be used to fabricate 
products for restricted use. 
Metals are received in the final survey area in box es via the monorail 
system. The area contains semi-automated systems fo r counting and 
tracking 'removable' and 'fixed' contamination. Mat erial is collected in 
scrap hoppers which are coded into the MIS system b y bar code scanning. 
When results are available from the survey systems,  the MIS system 
reports the status of the material for release. Onc e passed by QA, the 
material is moved to outside storage containers. Ma terial that fails the 
survey will either be sent to the finishing area, w here small areas of 
contamination will be removed, or it will be sent v ia the monorail to the 
foundry for melting. 
DESIGN AND CONSTRUCTION MANAGEMENT 
The design and construction of the RSMRP was carrie d out by a core 
project team of seven, with representatives from ea ch of the main 
partners; two from BNFL in the UK, two from BNFL's USA subsidiary and 
three from MSC. This team was supplemented with var ious short term 
contract support as necessary. The project team ext ended the teaming 
approach adopted by BNFL and MSC to encompass the m ain 
contractors,including the Architect/Engineering Gro up, the general 
contractor, and major suppliers. In many instances,  these external groups 
had representation at internal project meetings. In  an environment of 
openness and clear objectives, rigorous project man agement and control 
techniques could be used in a positive and construc tive manner. External 
groups were introduced to the project with a briefi ng on project 
philosophies. This briefing covered: budgets, sched ule, contractor 



relationship, styles of management, and most import antly, team concepts. 
Acceptance of these philosophies was a prerequisite  to a group's 
involvement within the project. The result was a se amless relationship 
between the project team and the architect/engineer s which fostered an 
open and critical design approach benefiting both p arties. This approach 
was extended to the general contractor, their activ e involvement and the 
application of their experience, and resulted in a major value 
engineering exercise which reduced the facility's c omplexity and cost. 
The approach was initially treated with suspicion b y major vendors, but 
as they began to experience the benefits of being a llowed to do what they 
do best without the customer meddling, they became active members of the 
team. Clearly, the approach had varying degrees of success, but where it 
was successful, the results were dramatic, deliveri es were on time, there 
were minimal contract claims, equipment actually co nformed to 
requirements and partnerships were formed that will  ensure the success of 
future projects. 
The primary approach to scheduling was via simple m ilestones. 
Responsibility for meeting these milestones was del egated to those 
responsible for doing the work. The result was cont rol systems ranging 
from detailed Primevera critical path networks, thr ough Microsoft project 
schedules, to simple action lists. Using the approp riate tool for the 
task ensured support and ownership by the user. Bac ked by weekly project 
reviews, issues were constantly visible and correct ive action was almost 
immediate. This process was backed by a detailed en gineering and cost 
control system which ensured deviations due to erro rs, or changes in 
scope, were instantly highlighted. The approach all owed the team to 
complete the project within a $28M budget and on sc hedule: 
  Site and vendor preparation October 1994 
  Funding March 1995 
  Site opening up April 1995 
  First steel June 1995 
  First receipt of active materials December 1995 
  Operational March 1996 
CONCLUSION 
This project has demonstrated that the potential fo r future business can 
stimulate private investment in the creation of cos t-effective and timely 
solutions for the customer. The imperative to find efficient solutions to 
the recycle issue has encouraged an innovative appr oach to break the 
barriers of existing metals recycle technology. Thi s process has been 
strengthened and enhanced by a performance-oriented  teamwork approach. 
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ABSTRACT 
Electrolytic decontamination of plutonium and ameri cium from stainless 
steel and uranium surfaces has been demonstrated. T his decontamination 
process is similar to industrial electropolishing p rocesses but is 
carried out in a sodium nitrate electrolyte from wh ich the metals can be 



precipitated. The separation of the metals from the  electrolyte allows 
for recycle of the electrolyte; hence, no aqueous w aste stream is 
produced. The generated waste is in the form of a p recipitated and is 
therefore very minimal and compact. 
An example application is a "can-out" process for t he decontamination of 
radioactive material storage containers being devel oped at Los Alamos 
National Laboratory. This process utilizes electrol ytic decontamination 
as its primary component. The "can-out" decontamina tion system and the 
underlying chemistry is outlined. Other successful applications of this 
technology are the in-situ decontamination of glove boxes and highly 
enriched uranium. 
INTRODUCTION 
There are a variety of reasons for decontaminating surfaces, including 
lowering the radioactive waste categories of items,  decontaminating items 
during processing to remove them from plutonium (Pu ) gloveboxes, and 
enabling the disposition of special nuclear materia ls. In the past, many 
material surfaces were cleaned with concentrated ac ids that in turn 
produced large amounts of radioactive toxic waste. These acid wash 
methods are also inefficient for reducing contamina tion to desired 
levels. 
Electrochemistry represents a viable alternative to  these existing 
technologies for decontaminating a variety of radio active and toxic 
wastes throughout the nuclear complex. Electrochemi cal methods produce 
significantly less waste and can also increase the efficiency of many 
existing processing technologies. 
Electrolytic methods have been shown to be superior  to acid washing 
methods. At the Los Alamos National Laboratory Plut onium Facility, we 
have been using electrolytic methods to clean a var iety of conductive 
surfaces, including stainless steel and uranium. Th e focus of this paper 
is the application of this technology to a "can-out " procedure for the 
decontamination of nuclear material storage contain ers. 
ELECTROLYTIC DECONTAMINATION 
Electrolytic decontamination is similar to the comm on industrial practice 
of electropolishing and is accomplished by applying  a low dc voltage 
through a suitable electrolyte to induce a chemical  reaction at a mass-
diffusion limited rate. Material is removed at the anodethe working 
electrodeand goes into solution. The cathode, or co unter electrode, can 
be constructed from a variety of materials, but sta inless steel is 
typically used. The electrolyte of choice for this process has been 
sodium nitrate at neutral to high pH because the ra dio active 
contaminants and major steel components form a prec ipitate. This 
precipitate formation leads to easy separation of t he waste components 
from the solution; thus, the electrolyte solution c an be recycled, 
greatly reducing waste as compared to past acid was h processes. 
INDUSTRIAL ELECTROPOLISHING 
Typical cold-rolled type 304L stainless steel has a  microscopically rough 
surface as shown in Fig. 1. Allen and Randall (1) h ave documented many 
steel surfaces produced by various finishing techni ques and have shown 
these surfaces to be disadvantageous when the mater ial is introduced into 
a situation where surface contamination with radioa ctive species may 
occur. The disadvantage lies in decontamination dif ficulties related to 
the entrapment of contamination within these surfac e cracks and crevices. 
This is the case when dealing with containers that are designed for long-
term storage of special nuclear materials. It is pr eferable to remove 



this surface roughness before a possible contaminat ion situation. 
Furthermore, mechanically polished materials are in adequate because of 
the many scratches and groove introduced by abrasiv es used in the 
polishing procedure. An electropolished surface, ho wever, is 
microscopically smooth and creates no surface scrat ches that could entrap 
radioactive materials. 
In industrial electropolishing methods, the materia l to be polished is 
submersed in an electrolyte bath and anodically pol arized. With the 
passage of current, the surface layers of the metal  oxidize to ionic 
species and then diffuse into solution. Under appro priate conditions, 
high points on the surface are preferentially remov ed resulting in a 
leveling of the surface. This polishing effect only  occurs when the 
dissolution process is occurring at a mass-transfer  limited rate. Typical 
conditions for electropolishing are well documented , based on the 
material to be polished (2). For stainless steel, t he best electrolytes 
are composed predominantly of phosphoric and sulfur ic acids in varying 
ratios. For a pretreatment of non-radioactively con taminated metal parts, 
these electrolytes are satisfactory. A typical elec tropolished 304L is 
shown in Fig. 2. 
Fig. 1 
Fig. 2 
In the "can-out" process, the storage cans are elec tropolished by such an 
industrial technique prior to introduction to the g love box line. This 
prepolishing step assures that removal of only a fe w monolayers of the 
steel will be necessary to decontaminate the micros copically smooth 
surface of the can. As an example, a five-monolayer  removal equates to 
only about 0.5 mgcm-2 of type 304 stainless steel. 
ELECTROLYTIC DECONTAMINATION 
Once a piece of steel has been surface contaminated  with radioactive 
species, these industrial electropolishing electrol ytes are not 
desirable. The high acid characteristic of these el ectrolytes would serve 
to dissolve oxides of Pu and Am and keep them in so lution. After only a 
few articles are decontaminated, the material build up within the 
electrolyte solution would mandate a changing of so lutions and result in 
large quantities of radioactive toxic waste that mu st be treated and/or 
disposed. A better solution is to pick an electroly te with a very low 
toxicity from which the radioactive materials can e asily be separated; 
thus, the electrolyte can be recycled. Such a choic e is a solution of 
sodium nitrate in water. 
Passing an anodic current through a piece of stainl ess steel submersed in 
a sodium nitrate electrolyte results in dissolution  of the steel. Childs 
and Winkel (3) have shown that this electrolytic re moval of the surface 
layers of the steel can result in the removal of su rface contamination. 
At the Los Alamos National Laboratory Plutonium Fac ility, we have 
demonstrated electrolytic decontamination of Pu and  Am from stainless 
steel (4) and uranium (5) to contamination levels t hat enable materials 
to be removed from glovebox containment or that low er the radioactive 
waste category. For example, we have demonstrated t he removal of alpha 
contaminants, like Pu and Am, from >1,000,000 count s per minutes (cpm) to 
approximately 1000 cpm by in situ electrolytic deco ntamination of 
gloveboxes (4). (The in situ method allows for the glovebox to remain 
installed to existing air handling.) 
Removal of these contaminants lowers the waste cate gory from a 
transuranic level to low level, greatly reducing di sposal costs and 



enhancing the likelihood of glovebox recycle. Altho ugh it is clear that 
the electrolytic decontamination process works, the  chemistry of the 
process has not been fully characterized. In a prev ious paper (6), we 
reported that removal rates were found to be highes t at higher 
electrolyte concentrations and in acidic pH. Satisf actory removal rates 
were found at sodium nitrate concentrations of 200 gL-1 and above. 
Stirring was also determined to be advantageous in producing a smooth 
surface. The appropriate current densities appear t o be in the range of 
0.1 and 0.2 Acm-2. Higher current densities result in higher metal 
removal rates, but adversely affect the surface mor phology by causing 
roughening, pitting, or burning. These are all indi cators of a non-
uniform removal. At pH <2, metal removal rates are high and the resulting 
surface morphology superb, but precipitation of the  removed metal and the 
actinides did not occur. 
The dissolution reactions of the steel substrate in  the electrolytic 
decontamination process are similar to those in ele ctropolishing. Under 
mass-transfer limited current conditions in a conce ntrated sodium nitrate 
electrolyte, iron is oxidized to ferric ion and chr omium to the 
hexavalent chromate ion. Nickel leaves the surface as nickelous ion. The 
other anode reaction is the oxidation of the solven t to evolve oxygen 
gas: 
Eq. 1 
Though the electrolyte solution may initially be at  a neutral pH, the 
solution is quickly made alkaline due to the primar y cathode reaction: 
Eq. 2 
Although hydrogen gas is produced as a byproduct of  the electrolytic 
decontamination process, the rate of hydrogen produ ction is so low that 
safety is not compromised, even in a glovebox envir onment (7). 
Also, a small portion of cathodic current goes to t he reduction of 
nitrate to ammonia: 
Eq. 3 
We have not yet quantified the significance of this  reaction under the 
conditions of the decontamination process. Qualitat ively, after running 
the system for extended periods of time, the faint oder of ammonia is 
detectable. 
Under the alkaline conditions of the electrolyte so lution, Fe3+ and Ni2+ 
have a very low solubility and precipitate as ferri c and nickel 
hydroxides, respectively. Since the primary compone nt in stainless steel 
is iron, the precipitate is largely composed of fer ric hydroxide. This 
precipitate has a gelatinous nature and tends to in corporate other 
materials, including actinides, as it precipitates.  In this respect, the 
electrolytic decontamination technique is similar t o ferric flock 
procedures that are commonly used on an industrial scale to purify water. 
CHROMATE REMOVAL 
At the current densities of interest and at neutral  to high pH, chromium 
is anodically stripped from steel as hexavalent chr omium. In aqueous 
solution, hexavalent chromium exists in an acid-bas e equilibrium between 
the chromate and dichromate forms. At high pH, the predominant species is 
chromate, while at low pH, the predominating specie s is dichromate. 
Hexavalent chromium cannot be removed from aqueous solution as a 
hydroxide as are the other metals. This initial non precipitation is of 
concern because as the concentration of chromium ri ses in solution, it 
begins to adversely affect the electrolytic strippi ng process (3). 



An electrochemical process for the reduction of hex avalent chromium and 
its subsequent precipitation has been demonstrated (8). Trivalent 
chromium, in contrast to hexavalent chromium, is re adily removed from 
solution by precipitation as the hydroxide. Unfortu nately, under the 
alkaline conditions of the decontamination process,  the predominant form 
of hexavalent chromium is chromate. Chromate is dif ficult to reduce. 
Dichromate, on the other hand, is readily reduced e ither 
electrochemically or by addition of a suitable redu cing agent such as the 
ferrous ion. Therefore, by acidifying the solution and carrying out a 
reduction, dichromate can be reduced to trivalent c hromium. The trivalent 
chromium can subsequently be precipitated as a hydr oxide by raising the 
solution pH. 
THE "CAN-OUT" PROCESS 
We are now in the stages of demonstrating a "can-ou t" process for 
radioactive materials packaging, which allows these  materials to be 
packaged in stainless steel cans, the cans decontam inated, and removed 
from the contaminated glovebox line to the room env ironment. This process 
reduced Pu and Am contamination levels from the tra nsuranic category to 
essentially "free release." The process utilizes th e fixture in Fig. 3 
for the electrolytic decontamination of the cans. T his fixture is 
designed to suspend a welder storage can allowing e lectrolyte to be 
circulated through the gap between the interior of the fixture and the 
exterior can walls. The can is in electrical connec tion with the power 
supply by electrode contacts at the top and bottom of the can. The 
stainless steel housing of the fixture acts as the cathode during the 
decontamination step. 
Fig. 3 
The radioactive materials are placed within a previ ously electropolished 
stainless steel can and the can welded shut. The ca n is then placed 
inside the decontamination fixture from the "hot" s ide. A solution of 
sodium nitrate electrolyte is circulated through th e fixture and the can 
polarized anodically to induce the dissolution of t he outer layers of the 
stainless steel. As the material is stripped from t he can, the iron, 
nickel, and actinides form precipitates within the electrolyte. These 
precipitates are then removed by filtration in eith er an in-line or batch 
mode. In an optimized configuration, the precipitat es are filtered in-
line, providing a clean electrolyte solution for re cycle through the 
decontamination fixture. Due to the nature of the p recipitate, in-line 
filtration is difficult, but we have had success wi th an appropriately 
scaled ultrafiltration module. Batch filtration is readily accomplished 
by allowing the precipitate to coagulate and settle  after the 
decontamination step and prior to filtration. After  decontamination, a 
water rinse is flushed through the fixture. The dec ontaminated can is 
then removed to the "cold" side of the fixture. 
After a number of cans have been decontaminated, th e chromate levels in 
the electrolyte must be reduced. To accomplish this , we are investigating 
an electrochemical reduction utilizing a sacrificia l iron electrode (Fig. 
4). The process involves first acidifying the solut ion to convert 
chromate to dichromate. The solution is then fed in to an industrial 
electrochemical cell comprised of a stainless steel  cathode and a 
sacrificial iron anode. As current is forced to flo w through the cell, 
the iron electrode is oxidized to produce ferrous i on. In solution, 
ferrous ion undergoes a redox reaction with the dic hromate to produce 
ferric ion and trivalent chromium. At the cathode, the primary reaction 



is the reduction of water, though there is also som e reduction of 
dichromate and some electrodeposition of iron metal . 
Following reduction of the dichromate, the pH of th e solution is raised 
by addition of sodium hydroxide. Both the trivalent  chromium and the 
ferric ion precipitate as hydroxides and are subseq uently filtered and 
removed from the solution. The electrolyte solution  is then returned to 
the electrolytic decontamination process. 
Fig. 4 
CONCLUSIONS 
The electrolytic decontamination technique has been  shown to be a viable 
alternative to previous acid washing decontaminatio n methods. It has 
overwhelming advantages in that the only waste gene rated is both minimal 
and compact. The electrolyte solution can be recycl ed indefinitely since 
all the contaminants are readily removed. Furthermo re, unlike an acid 
washing process, electrolytic decontamination can b e accomplished, no 
matter how much material removal is required, on a very short time scale. 
Material removal rate is proportional to the applie d current, affording 
the operator control over the rate and degree of th e decontamination. 
The "can-out" process for decontamination of stainl ess steel cans used in 
the storage of radioactive materials utilizes the e lectrolytic 
decontamination technique. Cold lab testing of the process has been very 
successful and a demonstration scale process will b e installed in the Los 
Alamos National Laboratory Plutonium Facility for h ot testing by the time 
of this conference. 
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ABSTRACT 
Based on changes in the mission of the Rocky Flats Environmental 
Technology Site, and on a desire to accomplish tang ible cleanup goals, 
the National Conversion Pilot Project (NCPP) worked  in coordination with 
the regulators and the public to develop a more str eamlined approach to 
decontaminating buildings at Rocky Flats. The resul t of this work is an 
approach remarkably like that described in the join t DOE/EPA Policy on 
Decommissioning Department of Energy Facilities und er CERCLA, which was 
published almost 18 months after the NCPP began. 
By emphasizing coordination and a common-sense appr oach to regulatory 
compliance, two unrelated efforts arrived at essent ially the same 
conclusions. 
INTRODUCTION 
More than the name at Rocky Flats has changed. The site is now called 
Rocky Flats Environmental Technology Site; a name t hat reflects the 
myriad of changes at this site and across the DOE c omplex. With the end 
of the Cold War, the missions of the DOE and most o f its sites have been 
replaced with missions that consider what to do wit h the buildings and 
people, while dealing with the by-products of previ ous missions. It has 
become clear that the DOE's primary goal now is to safely decontaminate 
the sites and facilities that are no longer needed for producing weapons. 
In addition to the new missions, most DOE sites are  facing smaller 
budgets, members of Congress calling for the elimin ation of the 
Department, and levels of regulatory involvement th at are higher than 
those faced in the past. To deal with all of these changes, and many more 
not mentioned here, the DOE realized that it needed  a way to clean sites 
effectively, show tangible results, and meet the re quirements of the 
regulators and the expectations of the public. In s hort, the DOE is 
looking to conduct business more like a private ent ity. 
There are many efforts underway across the DOE comp lex that work toward 
this end; one of these efforts is the National Conv ersion Pilot Project 
(NCPP). Simply put, the NCPP is designed to recycle  material, facilities, 
and workers. The project will employ former Rocky F lats workers to 
decontaminate metal-working facilities at the site to agreed upon levels, 
and then use the facilities and workers to recycle material that would 
otherwise be considered Low Level Waste into produc ts that are useful to 
either the DOE or the private sector. 
THE NCPP MISSION 
The mission of the NCPP is "to explore and demonstr ate, at the Rocky 
Flats Environmental Technology Site (RFETS), the fe asibility of economic 
conversion at Department of Energy (DOE) facilities ." Economic conversion 
is the conversion of facilities and equipment owned  by the Federal 
government to production of goods by private firms for profit. However, 
not only buildings and equipment are being converte d. Turning buildings 
on a DOE facility over to private use involves chan ging ideas about how 
things will be done, and about who will do them. 
The NCPP was authorized in December 1993 by Secreta ry of Energy Hazel 
O'Leary to proceed in three distinct stages with a review and positive 
decision required at the end of each stage before p roceeding to the next. 
The NCPP is being conducted through a Cooperative A greement,which was 
signed April 1, 1994, between the U.S. DOE Rocky Fl ats Field Office 
(RFFO) and Manufacturing Sciences Corporation (MSC) . 



The NCPP has been divided into three stages, Stage I (feasibility and 
planning), Stage II (cleanup and refurbishment), an d Stage III (recycling 
and manufacturing). There are decision points at th e ends of Stages I and 
II and periodically during Stage III, to help ensur e careful 
consideration of project feasibility and the opport unity for feedback 
from Stakeholders. At the end of each stage, the pr oject could be revised 
or terminated, and DOE will only proceed with the s upport of regulatory 
agencies and the acceptance of the community. 
To enhance the probability of a favorable decision at each of these 
points, and to ensure that tangible cleanup activit ies are achieved, the 
NCPP employed an approach that would: 
  encourage public participation, 
  establish an NCPP Steering Committee, 
  build regulatory relationships, 
  employ an Interim Measure / Interim Remedial Acti on as the regulatory 
vehicle, and 
  transition away from DOE Orders. 
Together, these activities create a climate that en ables the NCPP to work 
with the interested parties (namely, the DOE, the r egulators, and the 
public) to identify concerns and develop responses that are agreeable to 
all. The specific details of other projects will di ffer from those of the 
NCPP. However, the overall concept of identifying t he affected parties, 
sincerely seeking their input, obtaining agreement on planned activities, 
and maintaining open lines of communication not onl y apply to other 
projects, it is vital to their success in light of the current situation. 
These five activities are discussed in the followin g sections. 
PUBLIC PARTICIPATION 
Public participation is one of the cornerstones of the NCPP, as evidenced 
by the requirement that public acceptance of the pr oject be obtained 
prior to beginning each Stage of the project. The p roject's primary 
contractor, MSC, feels that informing and involving  the public increases 
the likelihood of obtaining public acceptance. As d emonstrated at many 
sites across the country (both DOE and commercial n uclear) the more the 
public knows about the activities on a site, the mo re likely they are to 
support those activities, to one degree or another.  With the end of the 
Cold War, Americans demand to be more well informed , and are less likely 
to accept the reasoning that national security prev ents them from having 
a say in activities that may affect them. By includ ing members of the 
public in the planning process, many ideas that mig ht otherwise not have 
been considered are identified and examined. 
The NCPP public outreach program actually began bef ore the project was 
initiated. Approximately six months before the NCPP  was started, MSC 
began a campaign to inform interested stakeholders of the proposed 
project. The groups and individuals that MSC met wi th included 
representatives from cities and counties in the Roc ky Flats vicinity, 
staff members from Colorado's congressional delegat ion, state 
representatives, local activist organizations, and community groups. In 
addition to providing information, the purpose of t hese meetings was to 
solicit comments and questions regarding the propos al. 
The comments and questions received during this eff ort were researched 
and responded to in writing under the NCPP Issue Re sponse Process. This 
process was administered by the NCPP Steering Commi ttee, and is described 
in Section 3, NCPP Steering Committee. 



The NCPP public outreach program continues, with pe riodic bulletins and 
pamphlets discussing the NCPP progress, and solicit ing further public 
questions and participation. These are distributed to a list of over 500 
individuals and organizations. In addition, the NCP P encourages visits 
and tours of the NCPP activities in progress. Tours  of NCPP facilities 
have been provided to individuals and groups includ ing the Secretary of 
Energy, personnel from other DOE sites, members of the international 
nuclear community, and other organizations at Rocky  Flats and the 
vicinity. 
NCPP STEERING COMMITTEE 
Since the onset of the NCPP, a Steering Committee h as been in place to 
help determine project-specific policy and respond to project-related 
issues. The NCPP Steering Committee is composed of members from each of 
the following organizations: MSC, DOE Rocky Flats F ield Office (DOE-
RFFO), the Environmental Protection Agency, Colorad o Department of Public 
Health & Environment, Rocky Flats Local Impacts Ini tiative, the Rocky 
Flats Integrating Management Contractor, and the Co lorado Office of 
Business Development. By involving these interested  parties, including 
the regulators, in this process, regulatory issues can be dealt with more 
quickly and effectively. The NCPP Steering Committe e, while having no 
regulatory authority, provides the project with a f orum where regulatory 
issues can be discussed and guidance for the projec t developed. 
As mentioned in Section 2, Public Participation, an  Issue Resolution 
Process was developed that entailed the use of form al and informal 
methods to receive public comments. Comments were r eceived through 
correspondence and public meetings. The Steering Co mmittee maintained a 
log of all issues raised and tracked their status d uring the resolution 
process. The log did not attribute the issues to in dividuals in order to 
assure objective answers and maximize the chance of  issues surfacing. 
A number of subcommittees were developed to assist the Steering 
Committee. These subcommittees were composed of tec hnical experts from 
the plant, the regulatory community, the Governor's  Office and MSC. The 
Steering Committee then assigned each issue to the subcommittee that 
could most reasonably respond to the issue. Subcomm ittee subjects 
included human resources, site support services, en vironmental 
restoration, waste management, public outreach, and  business planning. 
Once the subcommittee had researched the issue and developed a response 
acceptable to the subcommittee members, the respons e was forwarded to the 
Steering Committee. When the response was acceptabl e to all concerned, 
the responses were published and released to public  reading rooms 
associated with the Rocky Flats site. 
This process, while appearing complicated, provided  the regulators, the 
public, and the NCPP with the opportunity to discus s issues in an open 
manner and to develop proposed resolutions without compromising official 
organizational positions. The Steering Committee co ntinues to meet 
monthly to discuss progress on the NCPP and to prov ide guidance. The 
subcommittees will meet on an ad hoc basis during S tage II, as issues 
arise. 
IM/IRA 
Interim Measure/Interim Remedial Action (IM/IRA) De cision Documents are 
typically used as a vehicle for contaminant mitigat ion, abatement, and/or 
risk reduction under the Comprehensive Environmenta l Response, 
Compensation, and Liability Act (CERCLA) where ther e exists an imminent 
threat to the public or the environment. Although t he NCPP poses no 



imminent threat to the public or environment, the I M/IRA process was 
recommended by the Steering Committee, and is being  used to establish and 
direct the achievement of a baseline for identified  hazards that would 
allow the continued safe operations of the faciliti es by a private 
concern. Another reason for using the IM/IRA proces s is to solicit public 
involvement in the project. 
The NCPP IM/IRA Decision Document identifies interi m remedial actions for 
removal of uranium and chemical contaminants of con cern, such as 
beryllium and others, which have been used within t he three buildings 
that are associated with the NCPP. The remedial act ions are proposed, not 
for reasons of mitigating an imminent threat, but r ather, to evaluate 
cleanup techniques and to baseline the buildings, f or the attainment of a 
safe and healthy workplace allowing future operatio ns by a private 
concern. 
REGULATORY RELATIONSHIPS 
Over the course of the NCPP, emphasis has been plac ed on keeping the 
public and the regulators informed, and on obtainin g and using input from 
these groups. Through the process of developing and  refining the IM/IRA 
and its supporting documents, a unique relationship  between the 
regulators and the NCPP has evolved. By including t he regulators on the 
Steering Committee and holding numerous face-to-fac e meetings with the 
regulators on various subjects, what began as a som ewhat distrustful 
relationship has become one of mutual respect where  teamwork and 
professionalism are used to identify ways to accomp lish common goals and 
comply with the applicable regulations. 
As issues have arisen, the project continues to mee t with the regulators 
to jointly develop proposed resolutions. By obtaini ng input from the 
regulators during the resolution planning, the NCPP  benefits from the 
regulator's knowledge of the regulation as well as from their 
interpretation. This enables the NCPP to greatly re duce the possibility 
of misunderstandings with the regulators. It also p rovides the regulators 
with more timely information on the project, allowi ng them to better 
understand the issues facing the project. 
The NCPP, each of the regulators, and various group s within DOE-RFFO have 
named one primary point of contact within their org anizations. These 
individuals discuss any issues that arise, and obta in technical expertise 
from others in their organizations as needed to det ermine an agreeable 
resolution. This arrangement has proven to be a mor e streamlined approach 
than having each organization "working in a vacuum. " 
TRANSITION FROM DOE ORDERS 
The intent of the project is for Stage III (recycli ng and manufacturing) 
to be performed entirely by a private company, unde r the regulations that 
any other private company would have to comply with . This goal will 
necessarily involve the elimination of the current requirement to comply 
with DOE Orders, since other companies in the open market do not have to 
comply with DOE Orders. 
Since the NCPP buildings are on a DOE facility, the y are currently 
subject to DOE Orders as well as regulations that a pply to private 
business performing the same activities. There is s ome duplication 
between these sets of regulations that will need to  be eliminated if the 
NCPP buildings are to be converted for use by a pri vate business. 
Additionally, there are some DOE Orders that will n ot apply to a private 
business. The DOE requirements that are either dupl icative or not 
applicable to private businesses will be identified  by MSC, and 



documentation will be developed that justifies elim inating the need for 
the NCPP to comply with the requirements. 
At this point, the justification for eliminating th e need for complying 
with the requirement will be presented to the DOE a nd the regulators. 
Once all parties agree that the justification is ad equate, each will 
approve the justification. 
CONCLUSIONS 
An interesting side-note concerns the joint DOE/EPA  Policy on 
Decommissioning Department of Energy Facilities und er CERCLA. This 
policy, signed by both organizations on May 22, 199 5 "is the result of a 
joint effort by EPA and DOE to develop an approach to decommissioning 
that ensures protection of worker and public health  and the environment, 
that is consistent with CERCLA, that provides for s takeholder 
involvement, and that achieves risk reduction witho ut unnecessary delay." 
This policy builds on the joint DOE/EPA goal to "de velop decisions that 
appropriately address the reduction of risk to huma n health and the 
environment as expeditiously as the law allows."The  NCPP was not related 
to the Headquarters-level efforts to develop the jo int policy on 
decommissioning. But by focusing on the end goal of  tangible cleanup 
achievements, and cooperating to find common ground , both efforts arrived 
at essentially the same conclusion. 
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ABSTRACT 
The National Conversion Pilot Project, currently un derway at Rocky Flats 
Environmental Technology Site, Denver, Colorado, ai ms to show how ex-
weapon production facilities within the Department of Energy (DOE) can 
become successful commercial operations. This proje ct, unique within the 
DOE, is converting three major buildings on the pla ntsite in preparation 
for commercial metal forming/processing activities.  Preparation for 
commercial operations involves the radiological and  toxicological 
decontamination of the buildings, the removal of re dundant facilities and 
the refurbishment of tooling and equipment required  for operations. 
Project planning began in April 1994 with cleanup a ctivities commencing 
in Building 883 in April 1995. Completion of cleanu p work is expected 
during FY 1997. 
Overall project management is the responsibility of  Manufacturing 
Sciences Corporation (MSC) through a cooperative ag reement with the DOE. 
BNFL Inc. is the principal subcontractor to MSC.  
The NCPP can be viewed as a three way recycling pro ject: 
  The recycling of buildings and equipment from wea pons production to 
commercial operation 
  The recycling of scrap steel, as well as uranium and beryllium, away 
from weapon component production to commercial usag e (e.g. the 
fabrication of waste storage boxes), and 



  The recycling of former Rocky Flats workers, made  redundant following 
the plantsite mission change, from weapon component  production workers to 
manufacturers of commercially viable products. 
By recycling facilities, materials and labor, the p roject aims to show 
that the conversion of contaminated ex-weapons faci lities into commercial 
uses can reduce the burden of underutilized facilit ies upon the DOE as 
well as being an economically viable commercial ope ration.  
This paper describes the progress made to date in t he decontamination and 
refurbishment of these facilities as part of the NC PP. 
INTRODUCTION 
The National Conversion Pilot Project (NCPP) is a r ecycling project 
currently underway at the Department of Energy (DOE ) Rocky Flats 
Environmental Technology Site (RFETS) in Colorado. This paper describes 
the NCPP from inception through to the current stat us of the 
decontamination and dismantling work in progress on  the plantsite.  
HISTORY OF THE SITE 
RFETS has an area of 6,500 acres and is located 16 miles NW of Denver, 
Colorado. The plantsite began operating in 1951, ma nufacturing weapons 
components and conducting plutonium processing oper ations. RFETS 
currently comprises numerous buildings within the p lantsite boundaries 
with radiological or toxic contamination. In 1993, the production 
oriented plantsite mission changed to read "manage waste and materials, 
cleanup and convert RFETS to beneficial use in a ma nner that is safe, 
environmentally and socially responsible, physicall y secure and cost 
effective". This change of mission led to the cessa tion of production 
facilities with the plantsite entering a surveillan ce and maintenance 
state while cleanup plans and options were consider ed. 
THE NATIONAL CONVERSION PILOT PROJECT 
In 1993, Manufacturing Sciences Corporation (MSC) p roposed to the 
Department of Energy (DOE) the radioactive and toxi c cleanup of three 
major plantsite buildings in preparation for the po ssibility of using 
these refurbished buildings for commercial metal re cycling and 
manufacturing operations. 
The NCPP proposal involved three radiologically and  toxicologically 
contaminated buildings on the RFETS plantsite (883,  865 and 444/7) with a 
combined floor area in excess of 200,000 ft2. Equip ment within these 
buildings includes ovens, furnaces, presses, metal rolling equipment, 
shears, forges, lathes and other metallurgical proc essing equipment. 
Equipment of note includes nine vacuum induction me lting furnaces, one 
new vacuum arc remelting furnace, two large rolling  mills, a new 2000 ton 
extrusion press and six hydraulic forming presses i ncluding two 2000 ton 
presses and two 200 ton presses with 64" strokes Th is equipment would be 
valued at $92M if installed new today. Following th e end of the Cold War 
and the change of mission at RFETS, these buildings  and contents became 
surplus to requirements. 
The buildings were selected principally because the y contained machinery 
and tooling suitable for metal recycling operations . In addition, the 
buildings were located such that they could be acce ssed by contract 
personnel without affecting the security of other p arts of the plantsite. 
In April 1994, the DOE entered into a Co-operative Agreement with MSC to 
perform this work. MSC selected BNFL Inc. as its pr incipal subcontractor 
to utilize experience gained by BNFL Inc.'s parent,  British Nuclear Fuels 
plc, conducting similar cleanup at its UK sites.  
AIMS OF THE NCPP 



The NCPP mission is to "explore and demonstrate, at  RFETS, the 
feasibility of economic conversion at DOE facilitie s". Within this 
mission, the NCPP has the following recycling inten tions: 
  To re-employ former RFETS workers, 
  To reuse existing nuclear weapon component produc tion facilities for 
the production of commercially marketable products,  and  
  To reuse existing materials (uranium, beryllium a nd radioactively 
contaminated scrap metals) for the production of th ese products.  
The NCPP was authorized in December 1993 by Secreta ry of Energy Hazel 
O'Leary with Stage I commencing in April 1994.  
STAGES OF THE NCPP 
The Project has three stages. Stage I was the feasi bility and planning 
phase of the project and was completed in September  1994. Stage II is the 
cleanup and refurbishment phase during which unnece ssary equipment will 
be removed from the facility, equipment to be retai ned for Stage III will 
be maintained and restored to operational use, and building contamination 
will be reduced to a level suitable for recycling o perations. Stage III 
is the recycling and manufacturing phase of the Pro ject when the reuse of 
facilities and materials will take place. 
Stage I 
The planning during Stage I for Stage II activities  was guided by two 
principal considerations. These were whether or not  equipment was 
considered useful for future Stage III operations ( and if it could be 
economically cleaned and maintained within the Stag e II funding) and the 
degree of contamination expected to be uncovered du ring dismantling. The 
decision on which equipment to keep was made by DOE . The remainder was 
categorized into the following groups in order of d ecreasing priority: 
  Equipment which could economically be decontamina ted and moved to a 
separate DOE facility for reuse.  
  Equipment which could be economically decontamina ted for unrestricted 
use outside RFETS and ownership transferred out of the DOE.  
  Equipment which could be economically decontamina ted for unrestricted 
use outside RFETS and sold as scrap.  
  Unwanted equipment fabricated from metals suitabl e for reuse during 
Stage III which could be dismantled, decontaminated  and stored pending 
Stage III recycling operations.  
  Unwanted equipment which could not be economicall y cleaned which will 
be disposed of as low level or low level mixed wast e. 
During Stage I, within the above guidelines, cleanu p plans were 
established covering all three NCPP buildings. Char acterization data were 
collected for each building which assisted cleanup planning and 
identified potential radiological and toxicological  considerations. Stage 
I also involved marketing analyses, the production of training and 
staffing plans and regulatory oversight and site su pport service 
agreements. As well as cleanup during Stage II, it is proposed that 
operational assessment of equipment to be retained was to take place. 
Declassification of materials and tooling (approx. 272,000 lb.) and 
process verification for intended products will als o occur in Stage II. 
In light of the proposed reuse or removal of items of equipment and the 
expected degree of contamination they may contain, a generic 10 step 
approach was devised which will be applied to each building in turn. 
Those ten steps are as follows: 
Step 1 Removal of loose waste/unwanted equipment 
Step 2 Cleaning of any high contamination hot spots  



Step 3 Assembly of a centralized decontamination mo dule 
Step 4 Removal and decontamination of low contamina tion risk items of 
equipment 
Step 5 Removal and decontamination of high contamin ation risk items of 
equipment 
Step 6 Decontamination, dismantling and removal of utilities no longer 
required 
Step 7 Repairs to building structure following equi pment removal 
Step 8 Dismantling, cleaning, maintenance, reassemb ly and testing of low 
contamination risk equipment to be retained 
Step 9 Dismantling, cleaning, maintenance, reassemb ly and testing of high 
contamination risk equipment to be retained 
Step 10 Final decontamination of complete building to operational levels 
The above steps reflect the general principle of em ptying the building of 
all unwanted equipment first, carrying out general repairs and then 
cleaning and refurbishing all remaining, wanted equ ipment. 
Stage II 
Stage II began in October 1994 and received regulat ory sanction in April 
1995 with the approval of the Interim Measures/Inte rim Remedial Action 
Decision Document which has been used to direct act ivities to take place 
in Stage II and to solicit public involvement in th e project.  
The Project is considered to be a recycling operati on and, as such, 
recycling will be along three lines: 
FACILITY RECYCLING 
Each of the three buildings will be converted from weapons production 
operations to a part of a commercial metal recyclin g operation. Each 
building contains unique metal working equipment, m uch of it valuable, 
some of it unused but all still operable with, in s ome cases, minor 
maintenance. Unwanted equipment will be removed (as  described above) for 
reuse elsewhere or, if not economically feasible to  recover, either 
retained as recycle scrap for Stage III if suitable , or disposed of as 
waste. Equipment within the buildings will, as nece ssary, be reorganized. 
Wanted equipment will be refurbished after cleaning . Buildings will be 
returned to operational status prior to the end of Stage II. 
MATERIALS RECYCLING 
Each building contains materials which are suitable  for recycling into 
commercially viable products. These materials fall into one of three 
categories: depleted uranium, beryllium and radioac tive scrap metal. As 
each building undergoes cleanup, stocks of depleted  uranium and 
beryllium, not required by the DOE, will be recover ed and stored pending 
Stage III recycling. Radioactive scrap metal will a rise from the cleanup 
process as unwanted equipment is dismantled and rem oved. Scrap suitable 
for use in future recycling operations will, after size reduction, be 
retained in the building. Not all metal scrap is su itable for recycling 
with stainless steel being the preferred Stage III feedstock. However, it 
is intended that substantial sections of other stee ls will be retained as 
additional feedstock materials. Within the three bu ildings, it is 
expected that 200,000 lb. of depleted uranium, 80,0 00 lb. of beryllium 
and 160,000 lb. of recyclable steel exist. 
LABOR RECYCLING 
With the change of mission, production operations c eased on plantsite 
with the result that labor would have to be shed. T he final aspect of 
recycling concerns the reuse of labor made availabl e due to the mission 
change. It is the intention of the project that the  Stage II and III 



workforce are made up from rehiring displaced RFETS  workers. Many of the 
displaced workers have a working knowledge of the N CPP buildings, both 
operationally and through maintenance. Workers hopi ng to join the project 
will undergo a selection procedure which considers their existing skills 
and experience which are relevant to the project. W orkers, when hired, 
will go through a cultural retraining and will rece ive training in 
essential areas where they do not have relevant exp erience. There is no 
'blanket' training for all employees. Flexible work ing methods and a team 
approach to working practices are encouraged. 
STAGE II CLEANUP METHODS  
Stage II cleanup is being be achieved along the pri nciple of local 
dismantling with a centralized decontamination faci lity within each of 
the three buildings. The choice of cleanup methods was determined on the 
basis of the known and expected contamination and r adiation levels in 
each building at the time of planning. A predominan tly hands-on approach 
was taken since: 
  Contamination levels are not expected to be high enough to necessitate 
remote methods 
  The project works to a fixed budget which preclud es significant tooling 
investment 
  The buildings are geographically split rendering a centralized, 
automated size reduction station impractical 
In addition to the above considerations, the type o f decontamination 
processes used was restricted by the type of efflue nt produced. Any 
liquid waste leaving the building will be processed  through the RFETS 
effluent treatment facility which has stringent par ameters for 
acceptance. Many of the effective decontamination s olutions available on 
the market were incompatible with the effluent trea tment system.  
The cleanup systems chosen were wiping with accepta ble decontamination 
reagents, vacuum cleaning, grinding, grit blasting and CO2 blasting. The 
CO2 system existed on plantsite though had been rar ely used. The system 
was recovered, assembled and tested. It now operate s in a HEPA-filtered 
booth as a non-destructive decontamination system w hich produces little 
secondary waste from its operation. 
Dismantling methods are largely manual for many of the same reasons 
described in the previous section. For equipment to  be dismantled, 
maintained and reassembled, hand disassembly (wrenc hes, etc.) are used 
however, for equipment to be disposed of, size redu ction methods used 
include plasma arc and oxyacetylene cutting, cold c utting methods (saws, 
grinders, nibbler) as well as simple hand tools.  
Wherever possible, decontamination is carried out c entrally in the CO2 
chamber with dismantling and reassembly operations performed locally. 
CLEANUP PROGRESS SO FAR 
Cleanup activities began, initially on a limited sc ale, in April 1995. 
The schedule for building cleanup is as follows: 
  FY 1995: first half of 883 
  FY 1996: second half of 883, 865 begins 
  FY 1997: 865 completed, 444/7 cleaned 
Delays in spring and summer 1995 prevented early co mmencement of cleanup 
operations in building 883 and, consequently, work on the first half of 
the building was completed, within budget, by the e nd of 1995. In 
anticipation of DOE funding for calendar year 1996,  cleanup work has 
begun on the second half of the building. 



At this time five decontamination teams exist and a  number of 
decontamination and dismantling operations are in p rogress within 
Building 883. Within the first half of the building , all items to be 
disposed of have now been size reduced and either s tored as recycle 
material or disposed of as waste. The items that ha ve been dismantled and 
removed are the laser inspection table, nitric acid  bath, sheet scrubber 
and small rolling mill. The equipment that will rem ain in the building 
half have been cleaned, dismantled, maintained and reassembled. These 
items include a large rolling mill (used for uraniu m sheet rolling), a 
2000 ton hydraulic press, cooling water quench tank s, two shears and a 
radiant oven. Final work in the building half inclu ded floor repairs and 
building surveying and decontamination. In this hal f of the building, 
91,600 ft2 of floor, wall and ceiling surfaces have  been cleaned with 
35,000 lb. of recyclable material retained for Stag e III operations. In 
1995, 903 ft3 of low level waste were transferred o ut of the building. 
During the same period, the amount of low level mix ed waste created was 
14.8 ft3.  
Decontamination methods used so far have proved eff ective as much of the 
contamination encountered has been removable. Consi derable success has 
been achieved using the CO2 system for removable ma terial 
decontamination. Fixed contamination has been effec tively removed using 
grit blasting methods where feasible.  
Plasma arc cutting has proven effective and quick, particularly, in 
sectioning stainless steel. The use of containments  with HEPA filtration 
has contained airborne contamination well though th e smoke encountered 
using plasma cutters has shown a tendency to block filters prematurely if 
not used with effective prefilters. Other size redu ction methods have 
been effective though more arduous than plasma cutt ing. 
WASTES 
Waste arising from all Stage II operations has been  estimated at 53,500 
ft3 of solid low level waste with another 20,000 ft 3 of solid low level 
mixed waste. By comparison, the project is expected  to generate over 
335,000 ft3 of materials suitable for recycling in Stage III which would 
have otherwise been disposed of as waste. 
STAGE III OF THE NCPP 
Stage III is initially planned as having a five yea r duration with an 
option for extension if viable. Products to be manu factured in Stage III 
will utilize the facilities, materials and workers used during Stage II. 
Intended customers for these commercially viable pr oducts will be the DOE 
and other government and private interests. 
It is intended that prototypes developed and fabric ated during process 
verification activities in Stage II will become sui table products during 
Stage III. Typical products being investigated incl ude coffee-tin sized 
stainless steel containers suitable for plutonium s torage and 100 ft3 
steel containers for LLW shipment and storage.  
FUTURE COMMERCIALIZATION OF DOE FACILITIES 
The aim of the NCPP is to provide a model of how we apons facilities can 
be converted into commercially viable operations. T he success of the 
Project with the associated transition from DOE Ord er regulatory control 
to a NRC license will determine whether this type o f operation can be 
attempted at other DOE facilities.  
ACHIEVEMENTS OF THE NCPP SO FAR 
Though only at the start of Stage II, the NCPP has achieved the 
following: 



  Reduction of risk by removal of radioactive and t oxic contaminants 
  Decrease of operational, maintenance and security  costs by removal of 
redundant equipment 
  Close co-operation with State and Federal regulat ors by involvement in 
project steering committee Demonstration of privati zation of DOE 
facilities, equipment/building reuse by private ind ustry 
  Hiring of dislocated RFETS workers 
  Obtaining public approval before commencing work 
  Aggressive public involvement program including c ommunity meetings, 
building tours 
  Sharing of results with other DOE sites 
CONCLUSIONS 
The NCPP is the first project of its kind to try an d convert contaminated 
ex-weapons facilities into commercially viable oper ations. The cleanup 
and refurbishment operations in Stage II are a fund amental part of this 
project. The Project uses the experience of deconta mination and 
dismantling operations from other facilities in the  planning and 
execution of cleanup methods at Rocky Flats. 
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ABSTRACT 
The concept of a consolidated effort to provide sta ndardized waste 
containers for the DOE contractor network and the c ommercial nuclear 
industry has been discussed for some time. With the  advent of the RECYCLE 
2000 PROGRAM and the M-100 CONTAINER PROJECT, a ser ious effort is under 
way to develop a family of standard containers to b e manufactured 
essentially from RSM, radioactive scrap metal.  
The DOE's RECYCLE 2000 has as its mission: Produce 50% of the low level 
waste containers from RSM by the year 2000.  
The headquarters initiative M-100 CONTAINER PROJECT  has as its mission: 
Produce a family of containers to be manufactured f rom RSM that will 
satisfy 80% of the DOE's requirements. For the M-10 0 CONTAINER project to 
succeed, site consensus is essential. 
This paper describes: 
  the M-100 family of containers 
  the methods used in gaining consensus from the co ntractor network 
  the determination of unique container requirement s from each of the 
several disposal sites 
  the integration of such requirements into a unive rsal design 
  the adaptation of unique closure and materials ha ndling techniques  



The integration of the RECYCLE 2000 PROGRAM, the BE NEFICIAL REUSE 
PROGRAM, and the M-100 CONTAINER PROJECT will have a profound affect upon 
the availability of low cost, certified and documen ted containers as the 
DOE continues to clean its house over the next seve ral decades. It is 
reasonable to assume that the commercial nuclear in dustry will judge the 
efficacy of the project and sign on as well. The em inent logic of 
constructing contaminated waste containers from con taminated steel cannot 
be denied. Ultimately, the cost benefit will accrue  to the tax payer. 
INTRODUCTION 
The Department of Energy is exploring the task of c onverting its growing 
stores of radioactive metals into products useful t o the nuclear 
community. The logical extension of such planning h as been the 
development of a family of waste containers to be c onstructed essentially 
of radioactive scrap metal (RSM). 
This paper presents three points which explicate th e essential logic of 
the use of RSM for the construction of waste contai ners. The points at 
issue are: 
1) RSM as a material for containers - the genesis o f the concept 
2) The development of the M-100 Container 
3) The convergence of RSM, the M-100 Container and a dedicated 
manufacturing facility. 
We believe that this paper will provide an understa nding of this forward-
thinking program and its benefit to the entire wast e remediation effort. 
RSM AS A MATERIAL FOR CONTAINERS - THE GENESIS OF T HE CONCEPT 
Congruent Needs and Concerns 
The sites across the DOE network face essentially t he same concerns in 
the remediation of waste. Each has waste products t o be contained, scrap 
metal inventories and container needs. Logic dictat es that an organized, 
common effort to deal with these concerns emerge. 
The government owns countless tons of contaminated carbon and stainless 
steel material. These stores increase as the disman tling of site 
facilities continues. Demonstration projects are un derway to determine 
the efficacy of returning such materials to a usefu l state in the form of 
sheet and plate. These projects will provide credib le recycling and 
technology cost data which will be used as the basi s for future 
judgments. 
The waste remediation effort knows one essential wa ste container, the 
4x4x6 "shoe box" shaped, carbon steel weldment. Mil lions of dollars are 
spent each year on such containers by all sites wit h waste packaging 
requirements. They are purchased from 30-50 differe nt vendors...and they 
are all different.  
However, the industry needs such containers. Each s ite enters into its 
own specification cycle, procurement cycle, testing  cycle and ultimately, 
acquires sufficient containers to satisfy some reme diation within some 
budget. The process has gone on for as long as the need was there...for 
decades. An alternative, innovative plan has been i nitiated by the DOE, 
its constituent elements known by many names: RSM, M-100, Recycle 2000, 
and Beneficial Reuse. 
Compelling Logic 
It makes economic and environmental sense to make p roducts useful to the 
DOE network out of materials presently on site at D OE facilities. 
It makes eminent sense to manufacture a standard fa mily of containers 
that will meet the needs of all sites. 



It makes economic sense to bring recycled materials  to a dedicated 
facility to be fabricated into containers for use b y the DOE contractors. 
The logic of rendering useful the increasing liabil ity of contaminated 
scrap metal through recycling and its beneficial re use cannot be denied. 
Contaminated scrap has no intrinsic value. Through the effective disposal 
techniques of recycling, radioactive scrap metal ca n be returned to its 
ultimate value and beneficial reuse. 
The use of RSM as a container material carries with  it familiar control 
practices well known to the industry and implies a facility licensed and 
dedicated to contaminated production.  
It therefore follows that efficient use should be m ade of such 
facilities. A container family, designed to be prod uced in quantity, and 
a facility tooled to accommodate such containers de fines synergism. 
It is possible to create a basic container design w hich may satisfy the 
requirements of 7A TYPE A as well as STRONG TIGHT w ith such uniform and 
consistent features one to the other so as to great ly enhance 
manufacturing economies and permit just-in-time inv entories. Such is the 
container to be produced by a dedicated RSM facilit y. The M-100 short 
list of containers of standard design and certifica tion can be used by 
all sites to satisfy their needs. 
The progression from recycled metal to standard des ign to dedicated 
facility assures consistent quality, uniform design  and certified, low-
cost containers. 
From the short list catalog, each site may satisfy the large fraction of 
container needs. It is understood that site bias an d on-going established 
programs will result in reticent attitudes toward a  new program. 
Change comes with difficulty but change also comes with information and 
education.  
The goal shall be to make the container design the "standard of the 
industry." Such an effort may require a missionary zeal but the eminent 
logic, the beneficial costs, and container availabi lity will probably 
win. 
Recycle 2000 Program 
RSM (radioactive scrap metal) may be defined as, "T hose metals in 
inventory at the several DOE sites, classed as low- level waste which may 
be candidates for recycling." 
The program "Recycle 2000" instituted by the Depart ment of Energy has as 
its goal producing 50% of the DOE's low-level waste  container needs from 
RSM by the year 2000. 
In support of this goal a number of demonstration c ontracts have been 
awarded to define recycling techniques and demonstr ate their efficacy. 
The M-100 Development Program 
The Department of Energy as a companion program to Recycle 2000 has 
issued a small development contract to provide wast e boxes to be made 
essentially from RSM. The M-100 project has as its mission: to produce a 
family of containers to be manufactured from RSM th at will satisfy 80% of 
the DOE's needs. 
A unique container family has been designed, constr ucted and tested. All 
have identical external dimensions. All are designe d for maximum storage 
efficiency. The container envelope contains a nomin al internal volume of 
90 cubic feet. Such volume permits a pay load of co mpacted soil 
equivalent to 9,000 lb. 
In an effort to gain more universal usage, we have altered the familiar 
box geometry to permit the containment of a six-pac k of standard 55 



gallon drums. While the aspect ratio varies somewha t from the 
conventional box, we believe the added use benefit to be an important 
consideration.  
The scope of work requires a container design in ST RONG TIGHT and 7A in 
both 12 ga. and 7 ga. carbon steel sheet. The logic  here is to establish 
a design that will permit those who are only able t o produce heavier 
materials to participate in the M-100 program.  
We approached the task on a worst-case basis, selec ting 12 ga. material 
and a 7A test protocol. By building and testing a p rototype in this 
configuration, we are assured that the heavier 7 ga . container will pass 
the 7A tests as well. 
The 7A prototype (Model M-101/7A/12/90) is construc ted with a system of 
internal struts so that it can sustain the vertical  load as required by 
the NTS Waste Acceptance Criteria (120,000 lb. appr ox.) and the 7A drop 
test as required by the Code of Federal Regulations . (See Fig. 1) 
Fig. 1 
If we remove some of the struts from the prototype,  the container is 
reduced to a STRONG TIGHT design capable of sustain ing the NTS vertical 
load requirement but not the 7A drop test. (Model M -101/ST/12/90) (See 
Fig. 2) 
Fig. 2 
At least two of the major sites do not require the NTS static load 
capacity. By removing additional struts from Model 101/ST/12/90, we 
reduce the container to a system that will sustain a vertical load equal 
to five (5) times its gross weight (35,000 lb. appr ox.). Again the 7A 
drop test is not required. (See Fig. 3) 
Fig. 3 
This reverse progression, designing initially to th e 7A standard, permits 
the development of a container family, essentially identical in external 
appearance, applying lesser standards where appropr iate, while protecting 
manufacturing efficiency and economy.  
Four (4) container models have been established as the M-100 series. 
Table I 
Gasket 
The design technique of using a flexible gasket req uires a pull down of 
the gasket sufficient to prevent a leak path. Care must be taken to 
prevent extreme compression such that the gasket ce lls are crushed 
causing the material to loose its resilience (compr ession set). We reason 
that such over compression must be prevented to pro tect the gasket 
material's flexibility.  
The normal array for filled storage containers is t o stack one upon the 
other. Individual site requirements vary from a sta cking load of five (5) 
high at SRS (about 35,000 lb.) to the NTS overburde n requirement of 
120,000 (approx.). Such loading sustained by the lo wer most container may 
severely crush the cells of the gasket if the conta iner design does not 
protect it. If one unstacks the containers for retr ieval, the crushed 
gasket has been rendered ineffective and no longer provides an 
environmental barrier. 
The M-100 container is constructed such that the ve rtical stacking load 
is taken through the cover and the cover bolts and transferred to the box 
wall. The gasket sees no severe compression no matt er what the storage 
conditions may be. 
Fasteners 
Among the criteria used in selecting a closure syst em must be: 



  ease and convenience of use 
  a requirement for no special tools 
  in process opening and closing 
  temporary and permanent closures 
  absence of proprietary design infringement 
  cost 
Bolting is the simplest, most universally accepted method for 
mechanically fastening one or more parts. Simple is  best. The 
Rivnut/Bolted Closure has precedent in container de signs presently in use 
at the DOE sites. Rivnuts (or their equivalent) are  used standardly by 
WIPP in the Standard Waste Box. K-25 has a patented  box which uses a 
series of 38-bolts and Fernald uses a bolted flange  for its 6-drum box. 
To close the container and compress the gasket, one  must do the 
following: 
  beginning at the corners, insert a drift pin thro ugh the cover hole and 
into the threaded Rivnut 
  skip a hole and repeat the process 
  place a bolt in the skipped hole 
  repeat at all corners 
  fill in the gaps  
For temporary or in process closure, one need place  only three or four 
bolts on a side. 
The M-100 container series is designed with an off- set at the upper 
perimeter. Such a system affords the fasteners prot ection during test and 
random shipping events. In addition, the off-set pr ovides space for a 
unique apparatus which can lift the container cover  alone or, with the 
cover in place, the container and its payload. (See  Fig. 4) 
Fig. 4 
Aside from top fastening containers such as the K-2 5 7A box, most 
closures require some space beyond the container wa ll to accommodate the 
closure fittings. The M-100 design permits absolute  side by side, zero 
clearance, storage between boxes. The lifting appar atus which permits 
hoisting from the top of the container obviates the  need for fork lift 
risers. 
Risers 
A compelling case can be made for inexpensive, remo vable or disposable 
fork-lift risers. Conventional, permanent risers pe rmit a void space on 
the order of 4-5 cu. ft. per stored container. A co ntainer without risers 
can be stacked one upon the other with no clearance . For the present, the 
disposal sites require permanently affixed risers. Such risers are part 
of the M-100 designs. We postulate, however, that t he industry will 
ultimately accept the concept of removable or dispo sable risers as its 
standard. 
Burying Money 
The divergent approach to container requirements am ong the several sites 
is curious. We have seen a proliferation of contain er designs with less 
than desirable storage efficiencies - that ratio of  inside volume to 
outside cubic measure. Little attention has been gi ven to void spaces 
created by closure appurtenances and risers. Litera lly all of these void 
spaces can be eliminated through innovative design.  A properly designed 
container may reduce void space in the repository b y 10-12 ft3 per stored 
container. Translating this to dollars at $45.00 pe r ft2 equals $540.00 
in void space - a sum which will more than pay for the container. 



The predominant use of fork lifts as the principle transporter of waste 
containers has necessarily placed limitations upon external container 
design. This fact together with an industry unwilli ngness to accept 
removable, recyclable or disposable risers causes t he storage 
inefficiency to be preserved. 
An absolutely smooth-sided, cubic container with ne ither appurtenances 
nor fork lift risers fitted with a top-lift hoistin g arrangement will 
minimize the money buried with each container. 
An indicator of storage efficiency is the ratio of internal to external 
volume.  
  M-101/7A/12/90 efficiency 93% 
  M-101/ST/12/90 efficiency 95% 
  M-101/ST/12/90/A 97% 
  M-101/ST/7/90 97% 
The Task Force 
To assist with the container definition and to maxi mize the contribution 
of ideas and concerns from the sites, a task force of twenty eight (28) 
people was assembled representing all of the major sites and many of the 
DOE offices. No funding existed for travel and site  visits. With few 
exceptions, all communication with the task force a nd the DOE took place 
via fax or phone. Over time and with the influence of the task force, a 
single design emerged which has the probability of meeting the container 
needs of all the sites. 
The task force contributions in many ways became a study in conflict 
resolution. 
  LMES Oak Ridge required a boxed riser 
  Fermco insisted upon a wide flange beam riser 
  None would agree to a removable or disposable ris er 
  NTS ultimately decided to consider removable rise rs in the next 
revision to the waste acceptance criteria (WAC) 
  LMES strongly suggested that any cover lifting de vice must be capable 
of lifting the container and its contents. This ext remely challenging 
requirement permitted a vast improvement in storage  efficiency, allowing 
containers to be stored one upon the other without fork lift risers. 
  Yet to be resolved is the material thickness issu e. Ten gauge steel is 
the requirement of at least one (1) major site. The  M-100 container is 
constructed of 12 ga. or 7 ga. 
  SRS has an absolute geometry requirement for its low-level waste 
containers. Other sites do not. The M-100 container  continues to be at 
odds with the SRS standard. 
  Three (3) members of the task force represent SRS . Two (2) are in 
active agreement with the M-100 effort, yet SRS has  released a five year 
blanket order agreement (BOA) with no consideration  of the M-100 effort. 
  Much of the waste will ultimately reside at NTS s tored in STRONG TIGHT 
containers. Such containers require a 120,000 lb st acking load 
  A large fraction of the waste will be stored at S RS and LMES in STRONG 
TIGHT containers. Such containers require 35,000 lb  stacking load. 
The disconnects and the discontinuities continue. S uch divergent 
requirements were aired through the M-100 container  task force 
teleconferences. While the M-100 container will not  be "all things to all 
people," we believe it to be sufficiently well cons idered to become the 
industry's standard and satisfy 80% of the containe r requirements. 
The DOE, for its own reasons, selected a small firm  to execute the M-100 
task. Its support and direction have been motivatin g. It is, however, the 



contributions from the task force members at the si tes that has given the 
design its credibility. While the significant task (primary job) of 
gaining consensus remains, the task force approach with its early 
contribution assures a high probability of such agr eement. 
THE CONVERGENCE OF RSM, M-100 AND A DEDICATED FACIL ITY 
The Next Step 
The M-100 container designs have been constructed a nd tested and await 
that first opportunity for a limited "real world" p roduction run. That 
opportunity may come in the form of an arrangement between Fermco and Oak 
Ridge wherein RSM will be shipped to LMES but retur ned to Fernald in the 
form of finished containers to the M-100 design. Th is opportunity will 
provide valuable information regarding fabrication techniques and 
manufacturing cost data. 
If a new product is to be introduced to the market place, the essential 
step after constructing engineering prototypes must  be value analysis; 
that process of evaluation which permits cost reduc tion without 
compromising the design. As the Fernald requirement  evolves, such an 
analysis should be conducted. 
The Pitfalls 
The Department of Energy initiated the Recycle 2000  and the M-100 
programs and has effectively managed them through t he early rocks and 
shoals. Demonstration containers have been made fro m RSM. Recycling 
facilities are underway and the first production or der is in the offing. 
Such is the early progress of which success is born . 
To every up side there is a down side, however. The  down side or pitfall 
in this project's road is apathy, indifference, ine rtia and that attitude 
institutionalized at many sites which says, "We hav e our own program. Our 
containers are different. This is the way we have a lways done it." 
With the advent of RSM as a useful and available ma terial for container 
fabrication and the acceptance of the M-100 design,  it is reasonable to 
consider a fabrication facility dedicated to the ta sk of producing 
containers for the waste remediation effort. Logist ical considerations 
would suggest two facilities: one in the east, prob ably mid-south and one 
in the west. Such facilities will be planned and to oled to provide just-
in-time shipment of M-100 containers from stores of  inventoried 
containers. Since the shell components of the M-100  containers are 
identical (walls, struts, covers, etc.) sub-assembl ies can be fabricated 
well in advance. The M-100 logic provides for the m ultiple use of 
components and a "building block" approach to conta iner fabrication. 
Properly equipped and strategically located, such f acilities can produce 
the ultimate container value. 
CONCLUSION 
We have addressed the issues of radioactive scrap m etal (RSM) as a 
container material, described in detail the emergin g M-100 container 
program and introduced the convergence of RSM, M-10 0 and the dedicated 
facility. 
While a serious effort has been made to include the  sites through task 
force involvement, an early and on-going effort is needed to gain 
acceptance to the point of implementation of the M- 100/RSM containers. 
The compelling logic of the Recycle 2000/M-100/dedi cated facility 
movement requires re-thinking the conventional proc urement cycle, design 
and test cycle, and contractor/vendor interaction. It requires a paradigm 
shift - a new model, a new way of thinking, a colla borative effort which 
shall assure the most efficient use of the governme nt's stores of 



radioactive scrap metal to produce M-100 containers  of high quality and 
the greatest value to the tax payer. 
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ABSTRACT 
The Los Alamos National Laboratory (the Laboratory)  Pollution Prevention 
Program Office sponsored a Value Engineering (VE) w orkshop to evaluate 
recycling options and other pollution prevention an d waste minimization 
(PP/Wmin) practices to incorporate into the decommi ssioning of the Omega 
West Reactor (OWR) at the Laboratory. The VE proces s is an organized, 
systematic approach for evaluating a process or des ign to identify cost 
saving opportunities, or in this application, waste  reduction 
opportunities. This VE workshop was a facilitated p rocess that included 
Department of Energy representatives and a team of specialists in 
pertinent areas, including of decontamination, deco mmissioning, PP/WMin, 
cost estimating, construction, waste management, re cycling. The 
uniqueness of this VE workshop was that it used an interdisciplinary 
approach to focus on PP/WMin practices that could b e included in the OWR 
Decommissioning Project plans and the specification s to provide waste 
reduction. 
The OWR Decommissioning Project is currently in the  planning and 
preliminary assessment phases. Preliminary waste pr ojections were 
estimated, and the Laboratory's Solid Radioactive W aste Management Group 
established a maximum volume of waste from the OWR that will be accepted 
for disposal. The decommissioning of a nuclear faci lity, such as the OWR, 
is expected to generate very large quantities of wa ste, including low-
level radioactive waste (LLW), low-level mixed wast e (LLMW), and 
hazardous waste (HW). Many of these waste materials  (e.g., concrete, 
steel, wood, soil) may have a potential for recover y, recycle, and reuse. 
Because the high cost of waste management and the l imited capacities for 
treatment, storage, and disposal of HW, LLW, and LL MW, all practical 
efforts must be used to reduce the volume of genera ted waste. 
The VE team evaluated the Preliminary Decommissioni ng Project plans and 
recommended specific PP/WMin work practices that ca n be incorporated into 
the final Project plans, operations, and contract s pecifications to 
reduce the volume of generated waste and increase m aterial recovery 
opportunities. The VE team considered decontaminati on, source reduction, 
recycling, and volume reduction techniques and tech nologies that are 
currently available at the Laboratory, within the D epartment of Energy, 
and in the commercial private sector. Emerging tech nologies or research 



and development technologies were not considered. V E workshop results 
included the following: 
  Over 13 recommendations and action items identifi ed 
  Specific PP/WMin practices that can be immediatel y incorporated to 
result in an estimated waste volume reduction of 2, 399 m3 of LLW, 
sanitary waste, and Toxic Substance Control Act was te and save 
approximately $1.17 million in waste management cos ts 
  Potential PP/WMin practices that could reduce an additional 1,251 m3 of 
LLW 
INTRODUCTION 
The Pollution Prevention Program Office (P3O) at th e Los Alamos National 
Laboratory (the Laboratory) pilot tested an effort to integrate 
individuals with pollution prevention and waste min imization (PP/WMin) 
expertise into environmental restoration (ER) and d ecommissioning 
programs. The objective of the integration was to d emonstrate that 
PP/WMin techniques can be (and have been) applied t o the Laboratory's ER 
and decommissioning activities to minimize the volu me of waste that 
requires subsequent treatment, storage, or disposal  and to reduce waste 
management costs. In addition, the effort identifie d potential tools and 
systematic approaches for reducing wastes from ER a nd decommissioning 
activities.  
As part of this effort, a Waste Minimization Value Engineering Workshop 
was conducted to focus on reducing wastes and recyc ling materials from 
the planned decommissioning of the Laboratory's Ome ga West Reactor (OWR). 
The Value Engineering (VE) workshop was sponsored b y the Laboratory's P3O 
and the Department of Energy (DOE) Office of Enviro nmental Management, in 
cooperation with the Laboratory's Environmental Res toration Program, 
Decommissioning Project. Benchmark Environmental Co rporation planned and 
participated as team leader in the workshop; and th e workshop was lead by 
an independent, certified VE facilitator. 
The VE workshop evaluated the preliminary project p lans for the OWR 
Decommissioning Project and recommended over 13 spe cific PP/WMin work 
practices that can be incorporated into the project  plans and 
specifications to reduce the volume of generated wa ste. This paper 
presents the results of the Waste Minimization Valu e Engineering Workshop 
and discusses the use of VE as a tool to minimize t he waste generated 
from future DOE decommissioning projects.  
BACKGROUND 
The Laboratory's Environmental Restoration Program assesses and cleans up 
sites and facilities that have been contaminated fr om past DOE 
activities, including the safe decontamination and decommissioning of 
inactive nuclear facilities. ER activities, in gene ral, and 
decommissioning activities in particular, have the potential to result in 
large quantities of low-level radioactive waste (LL W), low-level mixed 
waste (LLMW), and hazardous waste (HW). There is a challenge to reduce 
(or avoid) waste that will require subsequent treat ment, storage, and 
disposal for several reasons, including limited on- site and off-site 
capacities for waste treatment, storage, and dispos al and the high cost 
of radioactive and hazardous waste management. 
In 1995, the P3O began integrating with the Laborat ory's Decommissioning 
Project Office (DPO) to incorporate waste reduction  practices, where 
appropriate, and to evaluate existing tools or syst ematic approaches for 
incorporating PP/WMin as a standard practice in fut ure projects. Jointly, 
the P3O and the DPO identified VE as a potentially effective tool for 



decommissioning projects to identify and incorporat e PP/WMin practices. 
The OWR Decommissioning Project was selected as a t est case for the VE 
process.  
The OWR Decommissioning Project was selected becaus e it was in the 
planning and preliminary assessment stages and the project was expected 
to generate large quantities of waste, including ra dioactively 
contaminated soil, equipment, building debris, conc rete, scrap metal, and 
personal protective equipment (PPE). It was then pr oposed to conduct a VE 
workshop on the OWR Decommissioning Project that wo uld focus on recycling 
and waste minimization practices that could be inco rporated into the 
project plans and specifications. 
VE WORKSHOP OBJECTIVES 
VE is an organized, systematic approach for evaluat ing a process or 
design to identify cost saving opportunities. The p rocess uses functional 
analysis to challenge the designers, engineers, and  project planners to 
consider alternative approaches that provide the sa me function. VE has 
traditionally been applied to engineering design pr ojects in the 
conceptual, Title I, and Title II phases, and it ha s provided significant 
return-on-investment (ROI) of the costs spent to co nduct the study and 
implement the VE recommendations. 
The VE team included decommissioning representative s, PP/WMin 
representatives, cost estimators, construction spec ialists, 
decontamination specialists, waste management, recy cling specialists, and 
other appropriate technical personnel.  
The primary objective of the VE workshop was to ide ntify and recommend 
specific work practices (e.g.,segregation) and PP/W Min practices that 
could be incorporated into the Decommissioning Proj ect plans and 
operations to reduce the volume of generated waste and increase material 
recovery opportunities. The specific objectives inc luded the following: 
  Identify and prioritize specific decommissioning activities that are 
expected to generate waste 
  Identify recycling opportunities and work practic es that will reduce 
waste or increase material recycling 
  Identify available technology or services needed to implement the 
PP/WMin practice 
  Develop draft language for specifications or proc edures to guide 
implementation of the waste minimization or waste r eduction ideas 
  Develop preliminary cost estimates for the practi ces with the highest 
potential and evaluate, by ROI or other cost analys is, which are the most 
feasible 
  Recommend PP/WMin practices that the OWR Decommis sioning Project should 
implement 
The workshop focused on minimization, decontaminati on, and recycling 
concrete, steel, metals, and soil, which are expect ed to be the highest 
waste volumes. The VE team considered recycling, de contamination, and 
volume reduction techniques and technologies that a re currently available 
at the Laboratory, within the DOE, or in the commer cial private sector. 
Emerging technologies or research and development t echnologies were not 
considered. 
Preliminary documents reviewed by the VE team inclu ded the Preliminary 
Project Plan (1), the Preliminary Characterization Report (2), and the 
Preliminary Waste Management Plan (3). Preliminary waste projections were 
estimated and the Laboratory's Solid Radioactive Wa ste Management group 
established a maximum volume of waste that will be accepted from the OWR. 



Waste acceptance may be contingent on the expansion  of the current on-
site disposal area. 
OWR DECOMMISSIONING PROJECT SUMMARY  
The OWR Facility was originally constructed in 1943  and housed five 
nuclear reactors between 1943 and 1995. The first n uclear reactor was a 
low-power, water-boiler reactor and was the first r eactor in which 
enriched uranium-235 was used as fuel to achieve a self-sustaining 
nuclear reaction. After several conversions, the fi nal water-boiler 
reactor was completely shutdown in 1974 and dismant led in 1989. A 25 kW, 
fast-neutron research reactor, which used plutonium  fuel surrounded by 
mercury coolant, was constructed on-site and brough t to full power in 
1949. This reactor was dismantled in 1954, after di scovery of a fuel 
element failure leading to plutonium contamination of the mercury coolant 
(1, 4). 
The final reactor, the OWR, was built on top of one  of the previous water 
boiler reactor foundations and is still present. Th e OWR is a tank-type 
reactor, which has a full power rating of 8 megawat ts (MW) thermal. The 
reactor is light-water moderated and cooled, and us es aluminum clad, MTR-
type fuel elements. A coolant leak in an undergroun d pipe was identified 
in 1992 and the OWR was shut down. That pipe and an other pipe have since 
been removed. The remaining pipe stubs connected to  the reactor are 
welded shut or capped. The OWR has not operated sin ce discovery of the 
leak (1). 
In 1994 the fuel and all control blades were remove d from the OWR, and 
the OWR was placed in a safe shutdown mode. The rea ctor vessel has been 
drained of all coolant. During defueling operations , the fuel elements 
were inspected and no damage had occurred. 
Decommissioning activities will address the ancilla ry buildings, 
facilities, and equipment; remove the reactor vesse l and biological 
shielding; and survey, decontaminate, and demolish the main building. 
Decommissioning activities will include asbestos ab atement; detailed 
radiation surveys; decommissioning of contaminated components and 
separation of radioactive and nonradioactive materi als; detailed 
radiation survey for material or equipment release;  demolition or 
disposal of material or equipment; and backfill to grade. After 
decommissioning activities are complete, the site w ill be turned over for 
Resource Conservation and Recovery Act facility inv estigation and 
corrective measure activities (1). 
A preliminary characterization was performed in ear ly 1995. The OWR 
characterization is consistent with the operation o f a nuclear reactor 
that used enriched uranium as a fuel. Activation pr oducts, radioactive 
contamination, and primary coolant isotopes include  cobalt-60, nickel-59, 
nickel-63, strontium-90, and cesium-137. Radiologic al contamination 
includes high levels of radioactivity internally lo cated at the fuel 
element grid plate and nearby ports in the reactor tank (i.e., 2600 R/hr, 
primarily activated cobalt-60 in experimental ports ). Contaminated areas 
include the following: reactor tank tops; building roof; concrete-capped 
floor; painted areas (fixed contamination); ion exc hange resin, pumps, 
filters, and piping; primary surge tank; three unde rground storage tanks; 
cooling tower heat exchanger air handling blower an d exhaust stack; and 
building walls and floors (less than 5000 dpm/100 c m2). Contamination 
inside the primary system, lead shielding, and foun dation concrete is 
unknown (2). 



Projected waste generation from the Preliminary Dec ommissioning Project 
plans is shown in Table I. No recycling or waste mi nimization 
requirements were identified for the project specif ications; however, the 
following, ten, very general, PP/WMin practices wer e identified in the 
preliminary plans (3): 
  Conduct routine briefings 
  Segregate wastes to avoid mixing and cross-contam ination 
  Remove contamination and reuse equipment and supp lies 
  Remove visible and radioactive contamination from  disposable items 
before discarding 
  Avoid the use of organic solvents during decontam ination 
  Use drip, spray, squirt bottles or tanks for deco ntamination rinses 
  Use impermeable materials such as plastic liners or mats and drip 
pallets to prevent the spread of contamination 
  Practice contamination avoidance 
  Reduce waste volume 
  Consider waste treatment and recycling operations  
Table I 
VE WORKSHOP ACTIVITIES AND RESULTS 
The steps for planning and conducting the VE worksh op are shown in Fig. 
1. The VE workshop was conducted over three days an d followed a typical 
VE job plan as outlined in Fig. 1. 
Fig. 1 
The VE team developed over 13 recommendations that have a high potential 
for waste reduction and should be included in the D ecommissioning Project 
plans. The recommendations are discussed below. 
  Seven recommendations can be immediately implemen ted that will reduce 
waste generation by an estimated 2,399 m3 (778 m3 o f LLW, 1,621 m3 of 
sanitary waste, and 0.4 m3 of Toxic Substance Contr ol Act (TSCA) waste), 
with an estimated project savings of $1.17 million in avoided waste 
management costs. 
  Two recommendations for radioactively contaminate d concrete could 
potentially avoid 501 to 1,251 m3 of LLW concrete ( saving $0.79 to $1.98 
million in waste management costs). These recommend ations were considered 
to be technically feasible and have very high poten tial for LLW 
reduction; however, they required longer implementa tion and negotiation 
efforts to resolve potential regulatory acceptance barriers. 
  Four recommendations are applicable to reduce or avoid LLW, but are 
nonquantifiable from a waste avoided and cost savin gs perspective.  
 - Dedicate one person with authority to make waste  management, 
minimization, and recycling decisions and to provid e technology direction 
or assistance, as necessary. 
 - Build incentives into the contract for reaching specific source 
reduction, volume reduction, and recycling goals (i .e., contractor keeps 
proceeds from recycle; media-specific incentives an d goals are 
established; bonuses for project managers are provi ded; and waste 
management dollars are given to project up front). 
 - Change Laboratory and DOE rules so that consiste nt interpretation of 
rules is possible throughout projects. For example,  allow free release of 
waste below limits; allow wasteform averaging; allo w the use of 
explosives; set realistic waste acceptance standard s for disposal.  
 - Include specific requirements in project specifi cations in requests 
for proposal. For example, require project-specific  waste minimization 
and salvage plans; disallow disposal of specific re cyclables; require 



volume reduction before waste packaging; specify ho w waste will be 
characterized to meet criteria for disposal.  
The nine quantifiable recommendations are identifie d in Table II. Cost 
savings include only project- related waste disposa l costs; the entire 
cost to the DOE complex was not quantified. 
Table II 
The VE workshop findings and recommendations were p resented to Laboratory 
program managers (i.e.,ER, decommissioning, waste m anagement) and DOE 
representatives. There were no major objections to the recommendations. 
Admittedly, some might be difficult to implement, b ut none were 
identified as entirely unreasonable or impracticabl e. One raised issue 
was that this workshop did not identify any new tec hniques, but only 
identified practices that currently existed at diff erent locations and 
for different on-site projects. The VE team acknowl edged that fact, but 
felt that the information might not have been as qu ickly and effectively 
shared with the OWR Decommissioning Project personn el if left to chance 
and not gained through a formal process like VE. Wi thout such an 
organized formal approach, the pressure of a projec t schedule, other work 
load pressures, and personal agendas often combine to inhibit such 
sharing and application development. 
CONCLUSIONS 
On the basis of the results from the VE workshop an d the management 
briefing, it was concluded that VE is an effective tool for incorporating 
PP/WMin into decommissioning projects. Further, the  VE workshop was 
beneficial to the participants and to the OWR Decom missioning Project. 
However, improvements can be made to the VE worksho p process. The process 
appears to be most effective for large projects (e. g., high waste 
generation, high cost). 
As a PP/WMin tool, the VE process was effective in developing specific 
ideas for reducing waste, including LLW and sanitar y waste, and reducing 
(or avoiding) waste management costs. In addition, the process increased 
awareness of PP/WMin requirements and practices, an d it enhanced 
communication between the Laboratory's decommission ing project and the 
P3O because it provided an opportunity for the inte rested parties to 
influence practices that are integral to their day- to-day 
responsibilities. 
Over 70 percent of the VE team reported that the wo rkshop was valuable, 
and they would recommend using the process again on  a larger-scale with 
respect to waste generation and cost. Over 60 perce nt believed waste 
would actually be reduced as a result of the worksh op's recommendations, 
if implemented; the other participants believed it was too early to 
predict the actual benefits. The cost savings ident ified during the VE 
workshop far exceed the cost of planning and conduc ting the workshop; and 
the cost for implementing the VE recommendations is  expected to provide a 
high ROI in terms of avoided waste management cost to the OWR 
Decommissioning Project. 
Lessons learned from the workshop are summarized be low and should be 
considered in the planning of future VE studies. 
  The process can be streamlined to shorten the len gth of the workshop 
  The process can be combined with existing project  technical review 
milestones or project planning and design meetings 
  Project management commitment is needed to ensure  followup to the 
recommendations developed during the workshop 



  Active participation by all interested parties mu st be encouraged (or 
enforced) 
  More advance notice should be given to participan ts, and complete 
background data should be provided before the VE wo rkshop 
In conclusion, VE can and should be used for large waste volume 
decommissioning projects as a tool to ensure that t he decommissioning 
activities are planned and evaluated with an eye to ward PP/WMin and that 
decisions made with respect to PP/WMin are document ed. 
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ABSTRACT 
MSE Technology Applications, Inc., (MSE) is a Depar tment of Energy (DOE) 
contractor and operates the Western Environmental T echnology Office 
(WETO) for DOE'S Office of Scientific Development ( OSD). 
In this capacity, MSE not only evaluates innovative  technologies for 
application in environmental restoration and pollut ion prevention but 
also actively promotes the transfer of these techno logies to a broad 
spectrum of users. 
The Watervliet Arsenal, located outside Albany, New  York, in the city of 
Watervliet, is a site where several technologies de veloped in the private 
and public sectors are being implemented to prevent  pollution and reduce 
waste generation. 
A description of the technologies will be provided with a discussion of 
the approach used to select and implement the appro priate technology. 
Technologies that will be discussed include: state- of-the-art Coolant 
Management Systems used to clean and recycle coolan ts used in large-scale 
machining operations, application of anaerobic bact eria to reduce 
toxicity of chromium-contaminated waters, and utili zation of a systems 
approach combining technologies from two vendors to  treat chromium-
contaminated water. 
In addition to brief examinations of the three spec ific technologies, the 
approaches used to bring together several diverse p articipants to form an 
effective team and implement technology transfer wi ll be outlined. This 
work is being performed under the DOE Contract numb er DE-AC22-88ID12735 



and is funded by the Department of Defense (DOD) un der the supervision of 
the U.S. Army Corps of Engineers, Construction Engi neering Research 
Laboratory (USA/CERL) with the cooperation and supp ort of the Watervliet 
Arsenal. 
INTRODUCTION 
Background 
In May 1994, MSE Technology Applications, Inc. met with U.S. Army Corps 
of Engineers' Construction Engineering Research Lab oratory (CERL) 
representatives to discuss potential projects for i ndustrial wastestream 
remediation and minimization at the Watervliet Arse nal in Watervliet, New 
York. 
Ten separate pollution control or waste minimizatio n projects have been 
initiated as a result. In the following paper a sum mary of three of the 
technology demonstrations currently in progress wil l be presented. These 
technologies are focused on two of the Arsenal's ma jor waste streams: 1) 
contaminated machine tool coolants; and 2) chromium  contaminated water 
form hard chrome plating operations. 
PROJECTS 
Machine Tool Coolant Recycle. 
Oil based coolants used to cool machine tools frequ ently become 
contaminated with grease and dirt from the componen ts being machined, and 
also with oils that may leak from the machine tools  themselves. 
Additionally, the quality of the coolant can be deg raded by replenishing 
evaporative losses with hard water resulting in poo r quality coolant 
emulsion. The approach to solving this problem in o ne major manufacturing 
area that utilizes a 40,000 liter coolant sump to s upply a number of 
large machine tools was to provide reverse osmosis water for coolant 
preparation and replenishment, and install a system  to remove tramp oils 
from the coolant. 
Chrome Plating Rinse Water Recycle 
Gun tubes manufactured at the Watervliet Arsenal ar e chrome plated in 
large 12 meter deep tanks. Following the plating pr ocess the tubes are 
rinsed in tanks of fresh process water. When the ch rome level in the 
rinse water exceeds approximately 100 mg/l, the con centration is lowered 
by dilution  with the effluent (tank overflow) bein g sent tot the onsite 
industrial waste treatment plant for chrome removal  prior to discharge. 
The pilot scale demonstration evaluated a system co mprised of two 
vendors' technologies for recovery of hexavalent ch rome from the rinse 
water. The system consisted of electrochemical extr action of hexavalent 
chromium, effluent particulate microfiltration and reverse osmosis final 
polishing. 
Treatment of Chromium Wastestreams using Sulfate-Re ducing Bacteria 
The use of sulfate-reducing bacteria to mitigate he xavalent chromium-
contaminated waste water at the Arsenal is also bei ng evaluated. A bench-
scale bioreactor system is being operated and resul ts evaluated at the 
Department of Energy Western Environmental Technolo gy Office (WETO) in 
Butte, Montana. 
TECHNOLOGY EVALUATIONS 
Machine Tool Coolant Recycle 
Coolant in the large (40,000 liter) sump at the Ars enal's Flexible 
Manufacturing area typically becomes contaminated w ith tramp oils and 
bacteria. This coolant must be replaced at least an nually or at times 
more frequently, and the contaminated coolant must be shipped offsite for 
disposal as a special waste. By supplying demineral ized make up water and 



providing a system for removing tramp oils and bact eria, an indefinite 
coolant life is anticipated. 
A reverse osmosis unit was installed in the facilit y to supply 
demineralized make up water and a new batch of cool ant has recently been 
prepared using 20 parts water to 1 part mineral oil . The demonstration is 
continuing to evaluate both the coolant quality and  the effectiveness of 
the tramp oil and bacteria removal system. 
Selection of a coolant recycle system was accomplis hed by developing 
performance specifications and soliciting proposals  from a number of 
vendors. Proposals were evaluated on the basis of c ost and effectiveness 
resulting in selection of a Sanborn Pioneer Coolant  Recycle System.  
The Sanborn Pioneer System was installed in the Fle xible Manufacturing 
area of the Arsenal, and a four-week proof-of-proce ss test was initiated 
on September 15, 1995. During the course of this te st, coolant samples 
were collected and analyzed to evaluate the systems  effectiveness in 
reducing the bacteria count and removing tramp oils  from the coolant.  
Bacteria count was typically reduced from 5.0 X 107  colony forming units/ 
milliliter (cfu/ml) to less than 10 X 103 cfu/ml by  the pasteurization 
process. The bacteria count in the sump was reduced  to a minimum of 9.5 X 
104 cfu/ml, but typically remained in a range of 2 X 105 to 4 X 106 
cfu/ml. 
Initial tramp oil content in the coolant was 4 to 5  percent by volume. 
After 2 weeks of operations, the tramp oil content was reduced to 0.5 
percent. As Fig. 2 illustrates, the tramp oil conte nt then oscillated as 
a series of major hydraulic leaks on machine tools leaked large volumes 
of oil into the sump. 
Chrome Plating Rinse Water Recycle 
The demonstration to treat chromium contaminated ri nse water took place 
at the 120mm Chrome Plating Facility on the Watervl iet Arsenal, 
Watervliet, New York. 
The demonstration evaluated the effectiveness and c ost of hexavalent 
chromium recovery and rinse water effluent treatmen t compared to current 
Watervliet Arsenal methods of handling chrome rinse  water.  
The two vendors involved with the demonstration wer e the Memtek Division 
of Wheelabrator and their Retec Chrome Recovery Sys tem and ZENON 
Environmental Incorporated and their Microfiltratio n/Reverse Osmosis 
Treatment System. The two technologies were connect ed in series to a 2800 
gallon chrome rinse tank for hexavalent chromium re covery, filtration, 
and final polishing. (Fig. 2) The Eltech Retec chro me recovery system 
demonstrated electrochemical extraction of hexavale nt chromium from the 
rinse water. The ZENON Microfiltration (MF) and Rev erse Osmosis (RO) 
units demonstrated effluent particulate microfiltra tion and final 
polishing respectively.  
Seven sample streams were analyzed during the demon stration. The seven 
sample streams were: 
1) RTE (Rinse Tank Effluent): Process water prior t o any treatment 
processes; 
2) CO (Catholyte Outlet): Rinse Tank Effluent after  electrochemical 
treatment in the Retec Cell; 
3) Anolyte Outlet: Electrolyte solution for the Ret ec Cell. Anolyte 
Outlet is recirculated through the Retec Cell and a cts as a heat sink and 
reservoir for the recovered chromium; 
4) MFP (Microfiltration Permeate): Catholyte Outlet  after microfiltration 
treatment; 



5) MFC (Microfiltration Concentrate): Stream contai ning solids from 
Catholyte Outlet Stream; 
6) ROP (Reverse Osmosis Permeate): Polished process  water after reverse 
osmosis treatment; and 
7) ROC (Reverse Osmosis Concentrate): Reject Revers e Osmosis process 
water.  
These streams were sampled, when applicable, on a d aily basis and 
analyzed for Cr, Fe, and Pb. Iron and lead were bel ow instrument 
detection limits on virtually all samples. Bent Lab oratories on the 
Watervliet Arsenal performed all analytical work as sociated with this 
project. 
The three technologies were installed as an end-of- pipe (2) treatment 
"system". Since the treatment technologies represen t two separate 
companies, each treatment was evaluated individuall y wherever possible. 
The effectiveness and maintainability of each unit was evaluated on an 
individual basis. The economic viability of each te chnology was evaluated 
separately and as a part of the entire "system".  
The Retec Cell was successful at removing chromium from the rinse water 
when the power source, rectifier, was supplying a h igh DC amperage to the 
cell and/or the flow through the cell was low (0.5 - 1 gallons per 
minute). Single pass recovery rates of approximatel y 70-99% were observed 
under these conditions. However, these recovery rat es could not be 
maintained for more than a few days. Cleaning the u nit, a 1.5 hour 
procedure, brought single pass recovery rates back up to desirable 
levels. The Retec Cell was simple to use and easy t o maintain. Total 
operational costs for one year are estimated at $7, 500. 
The ZENON Microfiltration Unit could not be evaluat ed for particulate 
microfiltration effectiveness due to delays in rece iving analytical 
results. The microfiltration unit was easy to opera te and maintain and 
total operational costs for the microfiltration uni t for one year are 
estimated at $4,800.  
The ZENON Reverse Osmosis Unit was successful at fi nal polishing of the 
rinse tank effluent. Percent rejection rates of 99%  and an overall 
decrease in the conductivity as illustrated by Fig.  3 of the 2800 gallon 
rinse tank were observed as a result of using this unit. Total 
operational costs for one year for the Reverse Osmo sis unit are estimated 
at $65,000. Ninety three percent of the total opera tional costs of the 
unit are associated with cooling water (4.5 gpm) re quired for operation. 
Fig. 1 
Fig. 2 
Fig. 3 
TREATMENT OF CHROMIUM-CONTAINING WASTESTREAMS USING SULFATE-REDUCING 
BACTERIA 
MSE is performing laboratory-scale experiments to d etermine the 
effectiveness of using Sulfate-Reducing Bacteria (S RB) to reduce Cr(VI) 
concentrations in industrial wastewater. This proje ct is being conducted 
as part of a group of projects being performed at M SE called the 
Department of Defense Construction Engineering Rese arch Laboratory 
Projects (Industrial Waste Stream Pollution Prevent ion Projects) which 
address concerns at the Watervliet Arsenal (WVA) in  Albany, New York.  
The acid wastestream produced at the WVA contains a  significant 
concentration of Cr(VI) (29 mg/L on average). Large ly because Cr(VI) is a 
carcinogenic substance, it is desirable to reduce t he Cr(VI) to Cr(III), 
a much less toxic substance. Presently, WVA is redu cing Cr(VI) to Cr(III) 



in the wastewater by adding sulfuric acid and other  reagents to promote 
the following chemical reaction: 
2CrO42- + 3SO2 + 2H2SO4  Cr(III) + 5SO42- + 2H2O 
The Cr(III) is subsequently precipitated as a hydro xide: however, 
sulfuric acid is an expensive, dangerous reagent. 
Through the laboratory experiments, MSE is evaluati ng the use of SRB to 
treat chromium-containing wastewaters. SRB are natu rally occurring, 
heterotrophic, anaerobic bacteria, which are found in nearly all natural 
environments on earth. Sulfate-reducing bacteria de compose simple organic 
compounds using sulfate as a terminal electron acce ptor, thus producing 
hydrogen sulfide, H2S. The testing is being perform ed within several 
batch bioreactors in a laboratory at the WETO facil ity located in Butte, 
Montana. The bacteria are cultured and injected int o bioreactors 
containing Cr(VI)-containing wastewater and are nou rished with a low-cost 
organic substrate. The H2S needed for the reduction  of Cr(VI) is produced 
by the SRB. The use of biogenically produced H2S is  safer and more cost 
effective than the traditional H2S or sulfuric acid  sources. Cr(VI) is 
reduced through the following chemical reaction: 
3HS- + 6FeSO4 + 4CrO42- + 13H2O + OH-  3S + 6Fe(OH) 3 + 4Cr(OH)3 + 6SO42- 
The primary objective of the laboratory-scale testi ng is to determine if 
SRB are effective in reducing Cr(VI) concentrations  in synthetic 
solutions (initial concentrations varying from 25 t o 55 ppm) and in WVA 
waste streams (initial concentration approximately 25 ppm). The tests 
will also determine if SRB, once established, can w ithstand a sudden 
increase in Cr(VI) concentration (an intervention e vent). 
Secondary objectives of this project are to evaluat e the treatment system 
for technology effectiveness and cost effectiveness . This information 
will allow the project personnel to assess the appl icability of the 
technology for treatment of the WVA wastewater at f ield scale and the 
manner in which the technology should be applied. 
Preliminary experimental results indicate that SRB are capable of 
reducing Cr(VI) to Cr(III). Figure 4 presents Cr(VI ) concentrations over 
time in a reactor with an initial Cr(VI) concentrat ion of 25 ppm. 
Fig. 4 
CONCLUSIONS 
Machine Tool Coolant Recycle 
Initial test results indicate that machine tool coo lant life can be 
extended to at least several years or more, in cont rast to the past 
practice of annual or more frequent change out. Thi s results in an annual 
savings of approximately $21,000 comprised of dispo sal costs ($10,000), 
coolant purchase ($5,000), and labor ($6,000). Ther e are additional less 
tangible benefits including: 1) reduced odor which creates a better work 
environment; 2) reduced incidence of dermatitis amo ng machine operators, 
3) reduced machine maintenance, 4) increased cutter  tool life, and 5) 
improved product quality. Although several years of  documented operating 
experience will be required to fully validate the a bove benefits, all 
results to date strongly suggest significant cost, quality, and 
environmental benefits will be realized through ins tallation and use of 
the coolant recycle system. 
Chrome Plating and Rinse Water Recycle 
The treatment system for recovering chrome and clea ning the chrome-
plating rinse water wastestream was not cost effect ive. Although the 
Retec Cell was effective in removing chrome from th e rinse water, there 
was not sufficient chromium available for recovery to offset the 



electrical costs. The cell would be best utilized t o treat a wastestream 
with significantly higher chromium concentrations t han those in the final 
rinse tank. (<75ppm) 
The microfiltration reverse osmosis units were empl oyed to clean the 
chrome rinse water for either recycle to the final rinse tank or for 
discharge. However, the energy consumption by the t wo units exceeded the 
benefits derived from reduced make up water require ments and reduced 
waste water treatment costs at the existing on-site  industrial waste 
treatment plant. This situation prevails even if th e RO cooling water is 
recycled to the plant process water system. 
Installation and operation of treatment systems tha t do not reduce costs 
relative to existing systems, is not justified unde r current conditions. 
In the event a plant were required to operate as a zero-discharge-
facility (regardless of the cost), then use of micr ofiltration and 
reverse osmosis to clean process water for recycle could be justified. 
Treatment of Chromium-contaminated Wastestreams Usi ng Sulfate-Reducing 
Bacteria 
At the time of this publication, testing and evalua tion of SRB 
effectiveness is still at the laboratory scale, and  a cost-benefit 
analysis has not been performed. 
 
14-4   
PROMOTING A CULTURE CHANGE TOWARD POLLUTION PREVENTION AT THE SAVANNAH 
RIVER SITE 
Charles M. Bryan 
Mary N. Hoganson 
Brown and Root Environmental 
Aiken, South Carolina 
 
Sharon V. Johnson 
U.S. Department of Energy 
Savannah River Site 
ABSTRACT 
The U.S. Department of Energy has established a pil ot team to implement 
pollution prevention activities at the Savannah Riv er Site. Over the past 
year, this pilot team has worked to build a strong foundation for the 
site-wide pollution prevention program. This progra m covers over a 
thousand waste stream at more than one hundred faci lities. The four 
primary building blocks used by the pilot team for initiating its program 
include: 1) developing a site-wide pollution preven tion policy and 
manual; 2) establishing a site-wide pollution preve ntion council; 3) 
successfully integrating pollution prevention crite ria into contracting 
mechanisms; and 4) developing a technical assessmen t guide. While these 
four building blocks represent a strong foundation,  the pilot team has 
much work left to do while it constructs the site-w ide pollution 
prevention program. 
INTRODUCTION 
The Savannah River Site (SRS) was established in 19 50 by the U.S. Atomic 
Energy Commission (subsequently, the U.S. Departmen t of Energy) to 
produce isotopes for national defense and peace-tim e applications. Many 
of the wastes that were generated as a by-product o f performing its 
mission are now stored at a variety of facilities a t SRS. Current 
activities at SRS include storing and treating high -level liquid 
radioactive waste, managing low-level radioactive s olid waste, 



investigating and remediating radioactive, hazardou s and mixed-waste 
sites, producing radioactive isotopes for NASA, and  maintaining nuclear 
weapons. These activities provide an on-going sourc e for the generation 
of both radioactive and non-radioactive waste strea ms. 
SAVANNAH RIVER SITE PILOT POLLUTION PREVENTION  
PILOT TEAM 
Although waste minimization programs have been used  at SRS for several 
years, the U.S. Department of Energy (DOE) has rece ntly developed a 
comprehensive pollution prevention (P2) program for  SRS. Over the past 
year, DOE has taken the responsibility for developi ng and implementing a 
P2 pilot program and creating a team of DOE personn el to manage this 
pilot program. The DOE P2 pilot team defines pollut ion prevention as the 
use of materials, processes, and practices that red uce or eliminate the 
generation and release of pollutants, contaminants,  hazardous substances, 
and wastes into land, water, and air. P2 at SRS inc ludes practices that 
reduce the use of hazardous materials, energy, wate r, and other resources 
along with practices that protect natural resources  through conservation 
or more efficient use. The P2 pilot team is working  toward establishing a 
comprehensive P2 program by implementing cost-effec tive P2 and waste 
minimization strategies. 
One of the primary responsibilities for the P2 pilo t team is addressing 
cross-cutting issues that affect all contractors wo rking at SRS. This 
responsibility will become even more critical as SR S awards its next 
Management and Operations (M&O) contract as a multi -contractor award, 
which means that several contractors will be perfor ming many of the tasks 
currently being performed by a single contractor. I n addition, 
privatization efforts are continuing at SRS, thus a llowing other DOE 
contractors to work at SRS outside of the existing M&O contract. The P2 
pilot team is given the unenviable task of managing  the SRS P2 program 
for all current and future contractors at SRS. The team members, however, 
are in the best position to coordinate and manage s uch a program. The 
structure of the P2 pilot team is presented in Fig.  1. 
Building a Solid Foundation 
The P2 pilot team's first task was building the fra mework for a site-wide 
P2 program. This framework is the foundation for th e site's P2 program. 
The P2 pilot team recognized that a comprehensive P 2 program should be 
strong enough to handle over a thousand waste strea ms from more than one 
hundred facilities, yet it also needs to be flexibl e enough for mission 
changes as well as changes in its primary operation al contract. The 
following are four primary building blocks that the  P2 pilot team used 
for initiating the SRS P2 program: 
  Developing a P2 Policy and Manual 
  Establishing a P2 Council 
  Successfully Integrating P2 Criteria Into Contrac ting Mechanisms 
  Developing a Technical Assessment Guide 
Each of these building blocks will be discussed in the following four 
sections. 
Developing a Pollution Prevention Policy and Manual  
A key aspect of any successful P2 program is a comm itment from top 
management. The P2 pilot team worked directly with the DOE-Savannah River 
(DOE-SR) Manager's office to develop a clear, conci se policy statement 
that can be easily understood and a program manual that can be readily 
implemented by all on-site activities and by all pe rsonnel. The trick was 
making the policy and manual specific enough so tha t all DOE 



organizations were aware of their responsibilities and SRS contractors 
would have a clear idea of DOE's expectations regar ding P2, while leaving 
the details of how to meet these expectations up to  the contractor. The 
primary purpose of the policy statement is to commu nicate the DOE-SR 
Manager's commitment to P2 by establishing a site-w ide program. The 
policy further directs all SRS employees to impleme nt a P2 program using 
the program manual as guidance while complying with  applicable laws, 
regulations, statutes, executive orders, DOE Orders , and DOE policies. 
The program manual identifies roles and responsibil ities for various DOE-
SR organizations. P2 responsibilities apply to all DOE-SR organizations, 
but individual organizations may have different res ponsibilities. Some 
organizations have little or no operational respons ibilities and do not 
generate hazardous waste. These organizations, howe ver, still have P2 
responsibilities for energy conservation and non-ha zardous waste 
recycling. Other organizations have greater respons ibilities due to their 
assigned operations. Table I shows specific respons ibilities for each 
DOE-SR organization. 
Fig. 1 
Table I 
The P2 pilot team developed ten specific objectives  to help define and 
communicate its vision of the SRS P2 program. The f ollowing objectives 
are based on DOE-wide objectives established in the  1994 Pollution 
Prevention/Waste Minimization Crosscut Plan (1) and  DOE Pollution 
Prevention Policy Memorandum (2): 
  Establish, under a central DOE-SR authority, a co mprehensive P2 Program 
complete with the necessary infrastructure to reduc e environmental 
releases to air, surface water, groundwater, and la nd and to conserve 
energy and water in a cost effective manner. 
 - Reduce total releases of toxic chemicals to the environment (including 
off-site transfers for treatment and disposal) to s upport DOE's 
compliance with Executive Order 12856, "Federal Com pliance with Right-to-
Know Laws and Pollution Prevention Requirements" (3 ), which calls for a 
50 percent reduction (DOE-wide) by December 31, 199 9. 
 - Reduce the generation of low-level, high-level, transuranic, 
hazardous, and mixed waste streams each year. Estab lish quantitative, yet 
realistic, source reduction and recycling goals tha t are based on 
appropriate production levels or activity levels. 
 - Reduce low-level waste disposal through source r eduction, recycling, 
and volume reduction to meet annual DOE-SR allocati ons. 
 - Reduce disposal of sanitary waste by using sourc e reduction techniques 
and maximizing the use of existing recycling progra ms. 
  Incorporate P2 into detailed facility-level budge ts and plans, 
including both project-specific and programmatic pl anning documents 
  Establish the necessary infrastructure to support  and promote P2 
activities. The infrastructure will include the fol lowing items: 
 - Waste generation and environmental release basel ines 
 - Material inventory tracking system 
 - Standardized, real-time, computerized tracking s ystem for waste 
generation and environmental releases 
 - Waste manifest system 
 - Waste generator fee system 
 - Life-cycle cost determinations 



  Develop prioritized short- and long-term goals. A chievements are 
facilitated by using a computer-based waste trackin g system that uses 
standardized units and annual milestones. 
  Incorporate P2 into planning, operations, and des ign activities. 
  Perform P2 opportunity assessments. Prioritize po tential options on the 
basis of the most significant P2 potential, technic al feasibility, and 
highest return on investment. 
  Modify procurement practices to promote P2; reduc e the purchase of 
toxic and hazardous materials to the lowest practic al level; incorporate 
the requirements of Executive Order 12843, "Procure ment Requirements and 
Policies for Ozone-Depleting Substances" (4); and i mplement Executive 
Order 12873, "Federal Acquisition, Recycling, and W aste Prevention" (5) 
by using the Federal government's purchasing power to help stimulate the 
market for recycled materials. 
  Integrate P2 into the SRS employee work ethic thr ough training, 
procedures, performance indicators, and incentive p rograms. 
  Develop and maintain a technical information exch ange network for 
technologies, activities, practices, alternative pr ocesses, and chemical 
substitutions that is accessible by all SRS organiz ations and other DOE 
sites. 
  Incorporate P2 plans and activities into SRS publ ic outreach and 
community involvement forums. 
Establishing a Pollution Prevention Council 
Each Assistant Manager has a designated point-of-co ntact representing his 
or her organization on the council. These individua ls participate in 
council meetings to address P2 matters of SRS-wide significance. The DOE-
SR P2 Council is empowered by the DOE-SR Manager to  act as an advising 
body to facilitate the development, coordination, a nd implementation of 
the comprehensive SRS-wide P2 program and policy. T he DOE-SR P2 Council 
was not established to exercise oversight on member  organizations or to 
alter existing Assistant Manager authorities with r espect to P2 
activities under their direction. The ultimate resp onsibility for the SRS 
P2 program remains with the Assistant Manager for E nvironmental 
Restoration and Solid Waste. 
The DOE-SR P2 Council ensures the timely completion  of SRS-wide P2 
activities that are recommended by the DOE-HQ Execu tive Board and such 
other direction as the DOE-HQ Executive Board may p rovide. Council 
members exercise their individual authorities colle ctively as an advising 
body to set P2 priorities, identify resources and e xpertise, monitor 
progress, and resolve issues to ensure the continui ng effectiveness of 
the P2 program. Moreover, council members ensure th at their respective 
organizations fully participate in the SRS P2 progr am. The DOE-SR P2 
Council communicates with the DOE-HQ Executive Boar d through its 
chairman, the DOE-SR Manager, to achieve management  objectives defined by 
the DOE pollution prevention crosscut plan (1). The  DOE-SR P2 Council 
implements all further directions provided by the D OE-HQ Executive Board. 
Council meetings are called by the Chairman and are  held on a regular 
basis. In addition, the Chairman calls special meet ings to discuss and 
resolve stakeholder issues or if the DOE-HQ Executi ve Board requires 
actions on an expedited basis. The council establis hes internal operating 
procedures for conducting meetings and schedules fo r holding meetings. 
The council extends invitations to representatives of other DOE Offices, 
DOE-HQ, other agencies, or industry to attend meeti ngs, when appropriate. 
Successfully Integrating Pollution Prevention Crite ria Into  



Contracting Mechanisms 
Naturally, the P2 program would not be successful w ithout contractor 
support. The P2 pilot team ensures that realistic a nd achievable goals 
are placed into award fee criteria for each evaluat ion period. The M&O 
contractor award fee is the contracting mechanism t hat allows the 
contractor to earn a profit if certain DOE-SR goals  or criteria are met. 
An example of award fee criteria is the documented reduction of low-level 
radioactive solid waste disposal at SRS by ensuring  that no more than 70 
percent of the annually-allocated disposal space is  actually used during 
the year. This award fee criteria will force genera tors to find ways to 
reduce the volume of low-level waste sent for dispo sal and it will 
increase the life span for SRS low-level waste disp osal facilities. 
The P2 pilot team modified the contract with the ex isting M&O contract to 
ensure that affirmative procurement requirements we re being met. 
Affirmative procurement basically uses the buying p ower of the federal 
government to support industries that manufacture p roducts that are made 
with recycled material. Used oil, as an example, ca n be purchased by a 
recycler, recovered, treated, and made available fo r purchase as recycled 
oil. Affirmative procurement authorizes purchasing agents for the federal 
government to gives a preference to those vendors t hat sell oil, for 
example, that has been recycled. Under normal circu mstances, purchasing 
agents are not allowed to give a vendor any type of  preference. By 
modifying the M&O contract, the P2 pilot team gave SRS contractors the 
ability to meet the requirements in Executive Order  12873 (5), which 
identifies a preference for purchasing certain prod ucts made from 
recycled materials. This award fee criteria is a wa y of closing the loop 
on the recycling industry because it creates a mark et for the materials 
that are being recycled in increasing amounts acros s the country. 
In addition, DOE's expectations are further delinea ted in the SRS Annual 
Operating Plan (AOP) and the Program Execution Guid ance (PEG). The award 
fee criteria are evaluated and updated twice per ye ar, while the PEG and 
AOP undergo annual updates. Together, the award fee  criteria, PEG, and 
AOP provide a mechanism for updating both DOE and t he contractors on 
expectations and progress toward achieving SRS's co mprehensive P2 
program. 
Developing a Technical Assessment Guide 
DOE has developed a contractor assessment program t o help DOE evaluate 
contractor progress in implementing the SRS P2 prog ram. A three-year plan 
was developed to evaluate the contractor's implemen tation of the P2 
program. In 1995, the P2 pilot team has performed o ver 30 assessments 
using expertise from several DOE-SR organizations a nd a technical support 
contractor. This teamwork approach is a primary rea son for the successful 
implementation of the comprehensive SRS P2 program to date. DOE has 
identified numerous achievements, especially in was te reduction and 
treatment, and several areas for further developmen t. 
One of the best success stories at SRS is the Exces s and Salvage Program. 
This program diverts waste materials to salvage ven dors, government 
excess material exchanges, government donation prog rams, and public 
auctions. Funds obtained from the sale of salvaged items are provided to 
DOE. The Excess and Salvage Program has more than q uadrupled the amount 
of salvaged waste from fiscal year 1992 to fiscal y ear 1995. Cooperation 
among many SRS organizations is a key element to th e program's success. 
This program is well-known and widely accepted at S RS, so future growth 
is expected. 



CONCLUSION 
In under 12 months, the P2 pilot team has successfu lly built a strong 
foundation for the comprehensive SRS P2 program by developing a site-wide 
policy and manual, assisting with the creation of t he SRS P2 Council, 
integrating P2 program goals and objectives into co ntracting mechanisms, 
and developing and implementing an assessment sched ule. Significant 
activities that are currently being implemented or pursued include a 
waste manifest system, waste generator fees, a subc ontractor waste 
treatment cost allocation system, and generator was te tracking program. 
The pilot team will build on this foundation as it continues to implement 
a comprehensive P2 program at SRS. 
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ABSTRACT 
Lawrence Livermore National Laboratory (LLNL) has d eveloped a portable 
screening system that will recondition radioactivel y contaminated gravel 
in the field. The separation technique employed by this system removes 
dirt, contaminated debris, and other fine particles  from gravel. The 
separation process can be used on gravel or other c omparable material 
ranging in size up to 2.5-cm (1-in.) in diameter. T he particle size of 
dirt and debris removed is variable. For pea gravel , the particles 
removed can vary from 38 mm-1 cm (3/8 in.). 
At LLNL, gravel is used in conjunction with the exp erimental testing of 
explosives to reduce shock wave propagation. The gr avel surrounds the 
experimental device and buffers the energy generate d from the explosion. 
During an explosion, some of the gravel is broken d own into small 
particles and mixed with contaminants. Contaminants  in the used gravel 



originate from metal sheathing and other parts comp rising the 
experimental device. These contaminants may consist  of radionuclides 
(primarily depleted uranium) and metals (e.g., bery llium, copper, and 
zinc) that are considered hazardous by the State of  California when 
disposed. The small particles generated during the explosion mix with the 
gravel and collect in the void space between the gr avel. The removal of 
void spaces increases the aggregate material compre ssive strength and 
reduces the gravel's effectiveness for shock wave r eduction. 
Reconditioning removes the small particles and some  contaminants and 
restores the gravel's effectiveness for shock wave reduction. 
The paper presents the process that conveys contami nated material into 
the screener system, sprays the material with recyc led water or other 
mild cleaning chemicals, and separates the particle s based on size. 
Particles greater than a specified size are dischar ged out of the 
screener separator and recycled back into use, ther eby reducing the 
amount of mixed waste generated and minimizing the need for new gravel. 
An array of smaller particles are discharged into d rums and, if desired, 
reused in other applications. The fines or silt are  flushed out of the 
separator with the water and are removed from the w ater and consolidated 
into a drum with the use of a hydrocyclone separato r and drum decant 
system. Because the water in the spray system is re cycled, minimal makeup 
water is needed. The system monitors pH and total d issolved solids (TDS) 
and, when undesired levels of pH or TDS are reached  or when suspended 
solids could result in clogs, the spray system can be purged and 
refilled. 
INTRODUCTION 
Lawrence Livermore National Laboratory performs exp erimental testing of 
explosives at designated remote locations in an are a called Site 300. An 
experimental device is used for the explosive test.  The construction of 
the experimental device varies, but it usually has a metal sheath and 
often contains depleted uranium, beryllium, copper,  and zinc. 
Experimental devices can also contain lead. The exp erimental testing at 
Site 300 is conducted on gravel pads. The gravel on  the pad is 
approximately 1.3 cm (0.5 in.) in diameter, with th e smallest particles 
being 2 mm in diameter. The gravel is used to reduc e shock wave 
propagation during explosive testing. 
The experimental device is buried with gravel, whic h surrounds it and 
buffers the energy generated from the explosion. Du ring the explosion, 
the gravel is broken down into smaller particles an d mixes with 
contaminants. Contaminants in the used gravel origi nate from metal 
sheathing and other parts comprising the experiment al device. These 
contaminants may consist of radionuclides (primaril y depleted uranium) 
and metals (e.g., beryllium, copper, zinc) that the  State of California 
considers hazardous to dispose of. 
After an explosive test, a higher percentage of the  gravel material is 2 
mm or smaller. These small particles generated duri ng the explosion mix 
with the gravel and reduce its effectiveness for sh ock wave reduction. 
With repeated use of the gravel, a buildup of conta minants and 
radioactivity is deposited on the gravel. When the contaminants are 
beryllium, copper, and zinc, the buildup results in  the potential 
generation of low-level radioactive waste with Cali fornia hazardous 
metals. When the contaminants are lead and chromium , the buildup results 
in the potential generation of Resource Conservatio n and Recovery Act 
(RCRA) mixed waste. See Table I for a listing of th e state and federal 



regulated hazardous metals and their regulatory lev els. To avoid the 
possibility of generating mixed waste after it is u sed, the gravel must 
be removed from the pad and either discarded or rec onditioned. 
To determine whether or not a waste is hazardous, t he State of California 
requires a leach test and/or a total waste analysis  using the California 
Assessment Manual Wet Extraction Test (CAM-WET) for  Soluble Threshold 
Limit Concentration (STLC) and for Total Threshold Limit Concentration 
(TTLC). The STLC is a extraction method that measur es the amount of 
extractable substances in the material. The TTLC pr ovides a total 
analysis of the material by determining which analy tes are present and 
their concentrations. These tests are used instead of the federal 
Toxicity Characteristic Leaching Procedure (TCLP). 
Before we developed the gravel reconditioning metho d, the gravel was 
removed from the gravel pad when it no longer reduc ed shock waves 
effectively and was placed into disposal containers , sampled, and 
analyzed. Depending on the analysis, the waste was disposed of as low-
level radioactive waste or low-level radioactive wa ste with California 
hazardous metals. The contamination had not built-u p enough to consider 
the waste RCRA mixed waste. The amount of gravel re moved averaged around 
4,536kg (10,000 lb) per explosive test, and about 4 ,536 kg (10,000 lb) of 
clean makeup gravel was added to replenish the pad.  
Using our reconditioning method, the small particle s (particles less than 
3.7 mm) and some contamination are removed from the  gravel. Now, up to 
85% of the gravel (3,855 kg or 8,500 lb per test) i s reconditioned and 
placed back into use. About 680 kg (1,500 lb) of cl ean makeup gravel is 
needed to replenish the pad after an explosive test . 
Table I 
TREATABILITY STUDIES 
We performed small-scale treatability studies to de termine if screening 
would be an effective way of reconditioning gravel.  A multitiered bench-
top sieve unit (or screener) with an assortment of screen mesh sizes was 
used in the experiments. 
Dry Screening 
The first experiment was performed on dry gravel to  determine the 
particle distribution of the gravel so that we coul d determine the 
optimal screen size(s) for retaining undersized par ticles. Six screens 
were selected with the sieve mesh ranging from 8 to  400 (i.e., sieve 
openings ranging from 2.8 mm to 0.037 mm). Dirty gr avel was added to the 
top tray and allowed to shake in the sieve unit for  10 minutes. After 
shaking, the amount of gravel in each tray and in t he bottom of the pan 
was calculated. See Table II for results of the tes t. 
Table II 
The design for the gravel reconditioning process ma de use of two screens: 
one screen for removing coarse fines from the grave l and the other for 
removing silt and small fines from the coarse mater ial. Table II 
indicates that particles less than 2 mm account for  4.1% of the total 
gravel. When using a screen with a larger opening ( i.e., No. 8 mesh), 
only a small increase of particles was noted, so we  determined that No. 
10 mesh screen could adequately remove coarse fines  from the gravel. Both 
the No. 200 mesh and No. 325 mesh screens could ade quately remove silt 
and small fines from the coarse material; however, the No.325 mesh screen 
is constructed of fine wires and is very fragile. B ecause the No. 325 
mesh screen tears easily and is expensive ($300 com pared to $186) to 
replace, we decided to use the No. 200 mesh screen.  



Wet Screening 
In the second experiment, we tested wet gravel to d etermine the 
effectiveness of spraying the gravel with water whi le screening and 
calculated the moisture content of the wet gravel r emoved from the unit. 
The sieve unit was adapted with a recirculating wat er system. Only two 
trays (No. 10 mesh and No. 200 mesh screens) were a dded to the sieve 
unit. The dirty gravel was added into the top tray of the sieve unit, the 
water recirculation system was turned on, and the u nit was allowed to 
shake for a specified period of time. After shaking , the amount of gravel 
was calculated in each tray and for the bottom of t he pan. See Table III 
for the wet screening results. 
Table III indicates that particles less than 2 mm a ccount for 9.6% of the 
total gravel. Compared to dry screening (where part icles less than 2 mm 
account for 4.1% of the total gravel), we determine d that wet screening 
is more effective at removing smaller particles fro m the gravel. In 
addition, the amount of water removed from the syst em when the gravel is 
discharged is small. The water makeup rate for both  the top tray and 
middle tray of the wet gravel is 3.8%. 
Table III 
Test for Cleaning Ability 
We also studied how well wet screening could clean.  We performed the wet 
screening operation described earlier several times  using water and twice 
using a nitric acid solution (pH 2) on contaminated  gravel. Samples of 
the gravel in the top tray, middle tray, and bottom  pan were taken and 
analyzed. The test results for gravel washed with w ater are shown in 
Table IV. 
Table IV 
The analyses shown in Table IV are based on the Sta te of California's 
leach test and total waste analysis. The difference s between the Federal 
(TCLP) and the California State (STLC) leaching tes ts are subtle. The 
California State leaching test is more rigorous and , therefore, provides 
us with more conservative results. The differences in these tests are 
summarized in Table V. 
Table V 
The STLC test was performed on the larger pieces of  gravel (particles 
>2.0 mm) to test the effectiveness for reducing lea ching, and the TTLC 
test was performed on the sludge and silt (particle s 2.0 mm) to determine 
the type and concentration of material that was rem oved by the screening 
process. 
Table IV shows that some beryllium, chromium, coppe r, lead, and zinc was 
removed; however, when performing a mass balance on  each contaminant, the 
exact amounts or percentages could not be calculate d with the limited 
number of samples taken. The gravel is heterogeneou s, which made it 
difficult to collect representative samples. Future  samples will be taken 
of the gravel, sludge, silt, and fines. These sampl ing results may help 
us determine how well wet screening cleans the grav el. 
DESIGN REQUIREMENTS 
The full-scale Gravel Reconditioning Unit was desig ned to meet the 
following criteria: 
  A gravel process rate of approximately 5,443 kg ( 12,000 lb) in a 6-hour 
day or 907kg/h (2,000 lb/h) 
  Ability to feed gravel to the screener with a fro nt-end loader if 
conveyors are not used 



  Hopper loading minimized to 2-3 times a day (i.e. , gravel capacity of 
between 1.2-1.8 m3 (42-63 ft3) if a hopper is used)  
  Skid-mounted unit, transportable by a flatbed tru ck, so that it can be 
moved from one gravel pad to another 
  Ability to withstand an outside environment and o utdoor location 
  Portable so that it can be operated in the field on the gravel pad at a 
distance of 30 m (100 ft) from any electrical or wa ter source 
  Easy to operate and requiring minimal set-up, ope rating, and shutdown 
effort 
  No use of an air compressor in its operation 
  LLNL seismic criteria at all times 
  Design and fabrication cost of less than $100,000  for the unit 
  Design, procurement, and fabrication schedule of 7 months 
Design Overview 
The Gravel Reconditioning Unit is a portable skid-m ounted unit used to 
recondition gravel. The gravel reconditioned by the  unit is restored to 
its original size with its original dampening effec tiveness and is placed 
back into use. The Gravel Reconditioning Unit conta ins a feed delivery 
system, screen separator unit, water reservoir, wat er recirculation 
system, rinsate separation system, and control pane l. A layout of the 
gravel reconditioning process is shown in Fig. 1. 
Fig. 1 
Feed Delivery System 
The feed delivery system contains a hopper, slide c ontrol valve, and 
flexible connector. The feed delivery system uses a  front-end loader to 
place the gravel into the hopper. The hopper feeds to the screen 
separator unit that is mounted on the skid. 
For ease in construction, the hopper was designed a s an inverted pyramid 
with a rectangular opening and base. The hopper was  constructed out of 
304 stainless steel with all exposed seams welded. The overall dimensions 
of the Gravel Reconditioning Unit is 1.7 m wide x 2 .4 m long x 2.7 m high 
(5.5 ft x 8 ft x 8.9 ft). 
The bottom opening of the hopper is located directl y over the inlet to 
the screen separator unit. The slide control valve is mounted under the 
hopper and regulates the amount of gravel entering the screen separator 
unit. The slide control valve is a manually operate d slide valve. With a 
little effort, the manual valve can be shut against  a full hopper of 
gravel. 
The flexible connector is mounted at the bottom of the slide valve and is 
connected to the screen separator unit. The connect or is flexible so that 
it can move with the screen separator when it vibra tes and can be lifted 
off easily to change out screens. 
Screen Separator Unit 
The screen separator for the Gravel Reconditioning Unit is a commercial 
unit used for wet classification (i.e., solid class ification in a liquid 
medium). The screen separator is cylindrical, has a  screen diameter of 
0.76 m (30 in.), and is constructed out of stainles s steel. The screen 
separator has two screens and antiblinding features  to dislodge small 
particles from the screen. The sieve mesh for the s creens were originally 
No.10 mesh and No. 200 mesh, but were increased to No.6 (3.7 mm opening) 
mesh and No. 18 (1 mm opening) mesh to allow better  drainage of liquid 
through the screen. 
The screen separator has one inlet at the top of th e screen separator, 
three discharge ports, and a spray system. The spra y system washes the 



gravel as it enters into the screener. To prevent i ncoming gravel from 
damaging the screen, a velocity breaker (strike pla te) was installed on 
the screener lid. The top discharge port is for eff luent gravel 
(particles >3.7 mm), the middle discharge port is f or effluent sludge 
(particles 3.7 mm and >1 mm), and the bottom discha rge port is for the 
effluent silt, fines, and water. The top discharge port discharges clean 
gravel in to a collection container, the middle dis charge port discharges 
the effluent sludge in to a 208-L (55-gallon) waste  drum, the bottom 
discharge port discharges the effluent silt, fines and water into the 
water reservoir. 
The screen separator uses a three-dimensional inert ial vibratory motion 
to separate particles by size. The screen separator  vibrates 
horizontally, vertically, and tangentially. The con trol for gravel flow 
in the unit is adjustable by increasing and/or decr easing the mass of the 
top and bottom eccentric weights and the increasing  or decreasing the 
lead angle of the bottom eccentric weight. Increasi ng the bottom 
eccentric weight increases the vertical component o f motion, increasing 
the top eccentric weight increases the horizontal t hrow and cause 
oversized material to discharge at a faster rate, a nd increasing the lead 
angle of the bottom eccentric weight imparts a spir al motion of the 
particles on the screen. If gravel requires additio nal cleaning, the lead 
angle of the bottom eccentric weight is increased t o keep the gravel on 
the screen longer. 
Water Reservoir 
The silt, fines, and water out of the bottom discha rge flows into a water 
reservoir that is constructed out of stainless stee l, has a total 
capacity of 566 L (150 gal), and an average operati ng volume of 330 L (87 
gal). Makeup water is also introduced in the water reservoir. The 
discharge for the silt solution is at the bottom of  the water reservoir. 
A hinged lid is mounted on top of the reservoir for  easy cleanout. A 
mixer and instrumentation for monitoring pH, conduc tivity, high water 
level, low water level, and high-high water level a re mounted to the 
water reservoir to monitor conditions of the water.  
Water Recirculation System 
The water recirculation system consists of a pump, valves, and piping. 
The system is designed to process the reservoir wat er through the rinsate 
separation system and recirculate it back into the screener separator. 
The system was designed to the maximum flow rate an d pressure 
requirements of the spray nozzles. The pump is desi gned so that it 
doesn't pulsate because pulsating flows cause inter ferences with the 
rinsate separation process. The pump chosen is a mu ltistage centrifugal 
pump. 
The valves and piping are designed to meet high sys tem working pressures 
and constructed out of material that is protected a gainst outdoor 
environments (ultraviolet radiation). The valves an d piping used is 
schedule 80 chlorinated polyvinyl chloride (CPVC). 
In addition to the valves that direct and regulate flow, an over pressure 
relief valve and pump bypass valve was installed to  prevent over 
pressuring the system. A flow meter was also instal led on the water 
recirculation line to monitor the flow rate of the recirculated water. 
Rinsate Separation System 
The rinsate separation system consists of a hydrocy clone separator, 
motor-operated ball valve, purge diffuser, and drum  decant system. The 
rinsate separation system is installed in the water  recirculation system 



to remove silt and fines from the recirculated wate r. The solid-free 
water is discharged out the top of the hydrocyclone  separator and into 
the screen separator. The solids are discharged out  the bottom of the 
hydrocyclone separator and into a 208-L (55-gal) dr um. Liquid from the 
208-L (55-gal) drum is decanted off and gravity fed  into the water 
reservoir. 
The solution pumped from the water reservoir enters  the hydrocyclone 
separator tangentially, which sets up a circular fl ow. The solution is 
then drawn through tangential slots and accelerated  into the separation 
chamber of the hydrocyclone separator. Centrifugal action tosses 
particles heavier than the water to the perimeter o f the separation 
chamber. The particles drop along the perimeter of the cyclone separator 
and settle into the collection chamber. The solid-f ree water is drawn up 
the separator's vortex, up through the separator's outlet, and into the 
screen separator. Due to high system pressures, a p urge diffuser was 
installed on the hydrocyclone separator discharge l ine to prevent 
inadvertent spraying of liquid. 
The drum decant system, which consists of a drum sh roud with baffle plate 
and a discharge line to the water reservoir, is att ached to the 208-L 
(55-gal) drum. The gasketed drum shroud is clamped to the top of the drum 
and allows the water level to raise past the height  of the drum without 
leaking out. As the discharged material (solids and  water) fill the 208-L 
(55-gal) drum, the solid material tends to settle t o the bottom of the 
container while the lighter material remains on the  top. When the water 
reaches the discharge port, the water gravity flows  into the water 
reservoir. The drum decant system minimizes the amo unt of makeup water to 
be added to the system, minimizes the amount of liq uid waste to treat, 
and maximizes the solid holding capacity in the dru m. 
Control Panel 
All controls for the Gravel Reconditioning Unit are  located on a control 
panel. The frequency and duration for purging the h ydrocyclone separator 
are also adjustable from within the panel. The pane l is a NEMA 4 
enclosure, and all controls are weather resistant a nd rated for outdoor 
use. The lights and controls on the control panel a re visible from 
outside the enclosure. A crash button and main disc onnect are also 
mounted on the control panel. 
CONCLUSIONS 
The Gravel Reconditioning Unit is an inexpensive, e asy-to-use, low 
maintenance, portable, and effective way to recondi tion gravel. Applying 
the Gravel Reconditioning technique to the gravel o n the gravel pads at 
Site 300 will reduce the amount of low-level radioa ctive waste, low-level 
radioactive waste with California hazardous metals,  or RCRA mixed waste 
generated. 
The Gravel Reconditioning Unit was designed and fab ricated in 8 months 
for less than $100,000. Testing began in January 19 95 and full production 
cleaning commenced May 1995. Prior to the construct ion of the Gravel 
Reconditioning Unit, gravel from past explosions we re contained in 
disposal boxes to await shipment and disposal. Sinc e the late 1980's, a 
backlog of 142 disposal boxes (644,000 kg) of used gravel have 
accumulated. To date, over 10% (64,400 kg) of the b acklog gravel has been 
reconditioned. 
In an 8-hour period approximately 4,535 kg (10,000 lb.) of gravel is 
processed with up to 85% by weight (or 3,855 kg) of  the large gravel 
being recycled. The remaining 15% of the material i s contained in either 



a disposal box or 208 Liter (55-gallon) drum to awa it shipment and 
disposal. The water reservoir is changed out approx imately once a week, 
due to silt build-up and higher level of contaminan ts in the water. The 
handling and treatment of the waste water generated  by the reconditioning 
process is a routine practice for LLNL. The waste w ater can be treated at 
the Tank Farm and (when analytical results indicate  that it meets 
acceptance criteria) emptied into the LLNL sewer (u ltimately to reach the 
city water reclamation plant). If necessary, the si lt and sludge waste 
generated by the reconditioning process can also be  treated (stabilized) 
at LLNL. 
This gravel reconditioning procedure results in a c ost benefit of 
approximately $42,000 for processing and disposing of the backlog gravel. 
This includes a $1,800/day savings in disposal cost s but, does not 
include savings in costs associated with the procur ement and delivery of 
new gravel. Factoring in the cost of the unit, the savings in treating 
the backlog material is greater than 10%. After the  cost of the unit has 
been realized, the savings increase to greater than  30%. 
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ABSTRACT 
In May of 1994, Lockheed Idaho Technologies Company  (LITCO) in Idaho 
Falls, Idaho and subcontractors began development o f the System Cost 
Model (SCM) application. The SCM estimates life cyc le costs of the entire 
U.S. Department of Energy (DOE) complex for designi ng; constructing; 
operating; and decommissioning treatment, storage, and disposal (TSD) 
facilities for mixed low-level, low-level, and tran suranic waste. The SCM 
uses parametric cost functions to estimate life cyc le costs for various 
treatment, storage, and disposal modules which refl ect planned and 
existing waste management facilities at DOE install ations. In addition, 



SCM can model new TSD facilities based on capacity needs over the program 
life cycle. The user can provide input data (defaul t data is included in 
the SCM) including the volume and nature of waste t o be managed, the time 
period over which the waste is to be managed, and t he configuration of 
the waste management complex (i.e., where each inst allation's generated 
waste will be treated, stored, and disposed). Then the SCM uses 
parametric cost equations to estimate the costs of pre-operations 
(designing), construction, operations and maintenan ce, and 
decommissioning these waste management facilities. The SCM also provides 
transportation costs for DOE wastes. Transportation  costs are provided 
for truck and rail and include transport of contact -handled, remote-
handled, and alpha (transuranic) wastes. 
A complement to the SCM is the System Cost Model - Risk (SCM-R) model, 
which provides relative Environmental, Safety, and Health (ES&H) risk 
information. A relative ES&H risk basis has been de veloped and applied by 
LITCO at the INEL. The risk basis is now being auto mated in the SCM-R to 
facilitate rapid risk analysis of system alternativ es. The added risk 
functionality will allow combined cost and risk eva luation of EM 
alternatives. 
INTRODUCTION 
The System Cost Model (SCM) was designed based on t he cost knowledge 
developed for the Waste Management Programmatic Env ironmental Impact 
Statement (WM PEIS). The WM PEIS demanded that a co nsistent life cycle 
cost system be developed and utilized for cost anal ysis and data input 
for risk assessments and socioeconomic analysis. Th e WM PEIS analyses 
were successfully performed on various waste manage ment alternatives for 
low-level waste (LLW), mixed low-level waste (MLLW) , and transuranic 
waste (TRU). The engineering basis for the SCM was derived from WM PEIS 
technical reports: Waste Management Facilities Cost  Information for Low-
Level Waste (1), Waste Management Facilities Cost I nformation for Mixed 
Low-Level Waste (2), Waste Management Facilities Co st Information for 
Transuranic Waste (3), and Waste Management Facilit ies Cost Information 
for Transportation of Radioactive and Hazardous Mat erial (4). This cost 
information as programmed in the SCM provides DOE w ith a tool to perform 
waste management sensitivity analysis on the Baseli ne Environmental 
Management Report and Technology Development applic ations. 
Sponsors 
Lockheed Idaho Technologies Company's (LITCO's) Tec hnical Support Program 
with contractor assistance from MK-Environmental Se rvices (MKES) 
developed the System Cost Model (SCM) at the reques t of the Department of 
Energy's (DOE's) Office of Waste Management (EM-30) . Further development 
and refinement of the SCM for technology developmen t applications is 
sponsored by the DOE Office of Science and Technolo gy.  
What Is the SCM? 
The SCM estimates life cycle costs of the entire U. S. Department of 
Energy (DOE) complex for designing; constructing; o perating; and 
decommissioning treatment, storage, and disposal (T SD) facilities for 
LLW, MLLW, and TRU (including mixed TRU). The SCM u ses parametric cost 
functions to estimate these life cycle costs. Param etric cost functions 
develop costs for various treatment, storage, and d isposal modules which 
reflect planned and existing facilities at installa tions. In addition, 
SCM can model new facilities based on capacity need s over the program 
life cycle. The user can provide input data (defaul t data is included in 
the SCM) including the volume and nature of waste t o be managed, the time 



period over which the waste is to be managed, and t he configuration of 
the waste management complex (i.e., where each inst allation's generated 
waste will be treated, stored, disposed, and transp orted). Then the SCM 
uses parametric cost equations to estimate the cost s of the following 
program life cycle phases of waste management facil ities. 
Pre-operations__Pre-operations pertain to the studi es and bench scale 
test costs, demonstration costs, and operations bud get funded activities 
(conceptual design, safety assurance documentation,  permitting, 
preparation for operation, and project management).  
Construction costs__Construction costs include titl e I and II design, 
inspection, project management, building constructi on (including indirect 
costs), equipment (including indirect costs), const ruction management, 
and contingency costs related to facility construct ion.  
Operation and Maintenance__Operations and Maintenan ce relates to 
operating labor, utilities, material, maintenance, and other costs 
including reserve and contingency costs. 
Decommissioning__Decommissioning pertains to manpow er, surveillance and 
maintenance, assessment and characterization, envir onmental documentation 
review, operations, closure, and post-closure monit oring.  
Examples of Current Uses for the SCM 
Baseline Environmental Management Report. The SCM h as been used in FY-95 
and FY-96 to support the preparation of the Waste M anagement Portion of 
the Baseline Environmental Management Report (BEMR) . In order to support 
BEMR modeling efforts, the SCM has been calibrated for each of the six 
major DOE sites. The calibration is done so that SC M can simulate the 
BEMR cost estimates for these sites and represent t heir existing and 
planned waste management facilities in the complex- wide BEMR modeling 
activities. DOE then uses the BEMR treatment option  within the SCM to 
conduct sensitivity analysis. 
To increase the accuracy of the model for BEMR anal ysis activities, the 
SCM was calibrated to the baseline plans at the six  major DOE 
installations (i.e., Hanford Site, Idaho National E ngineering Laboratory, 
Los Alamos National Laboratory, Oak Ridge Reservati on, Rocky Flats 
Environmental Technology Site, and the Savannah Riv er Site). These six 
sites represent over 80% of the waste management co sts within the DOE 
complex. The calibration effort included site visit s and intense data 
gathering to: 
  Customize SCM with site-specific input data; 
  Calibrate modeled estimated operation and mainten ance costs to the 
sites cost for existing treatment, storage, and dis posal facilities; 
  Calibrate algorithms for studies and bench scale test, demonstration, 
construction, and operations to the site's assumpti ons for facility 
design, construction, and operations costs; and 
  Develop cost relationships to derive a total site  waste management cost 
(including program management and other site overhe ads) from modeled SCM 
facility costs. 
Technology Development. The SCM will be used in FY- 96 to perform 
technology assessments on thermal and non-thermal t reatment systems. The 
SCM will aid Technology Development in estimating s ystem and sub-system 
cost variations due to: changes in waste streams lo ading, schedules 
(e.g., long-term storage, varying operation periods ), pre-treatment 
requirements (e.g., sorting, characterization, hand ling), waste form 
variations on disposal requirements, and transporta tion (e.g., 
containers, packaging). 



 Examples of the type of analysis that can be perfo rmed using the SCM for 
Technology Development include: 
  Evaluation and comparison of new thermal treatmen t technologies and 
non-thermal (washing) technologies; 
  Comparison of effects from final waste form (e.g. , grout, glass) on 
transportation and disposal costs and risks;  
  Trade-offs between waste storage costs and risks versus improved 
technology performance; 
  Advantages of combined processing of similar wast es (e.g., alpha LLW, 
alpha MLLW, mixed TRU waste); 
  Optimize performance of treatment systems (e.g., reducing treatment 
effluents, reducing sorting and characterization).  
SYSTEM COST MODEL FUNCTIONALITY 
The SCM system architecture enables new features to  be easily added as 
the product matures. A high-level, functional view of SCM architecture is 
shown in Fig. 1. 
Fig. 1 
The SCM architecture illustrates the partitioning o f the model structure 
into three distinct components: Inputs, System, and  Outputs. The Inputs 
define the model parameters that are required to ex ecute calculations of 
the system. The System components consist of the ca lculation engines 
required to produce the desired outputs. The Output  component provides 
the desired screens and reports that contain the re sults from the system 
calculations and provide a record of the input para meters. Each of these 
components are described in more detail in the foll owing sections. 
INPUT INFORMATION  
Data from the five required categories (waste loads , TSD scenarios, site 
schedules, and facility profiles) must be completed  for the program to 
function. It is up to the user's discretion whether  to make any changes 
to the five optional categories (work breakdown str ucture (WBS) scale 
factors, other site costs, cost factors, charge bac ks, and inflation 
factors). Default data for these five optional cate gories has been pre-
loaded into the SCM. 
Waste Load Information 
Matrix categories, also termed waste stream fields,  are categories of 
waste that are distinguishable by their origin, phy sical state or form, 
composition, radioactivity, or a combination of the se characteristics. 
The waste loads in the SCM are identified by 32 uni que matrix categories 
which are consistent with the classification scheme  used in the Mixed 
Waste Inventory Report. The categorization of waste s also allows 
summation of common wastes across waste types (i.e. , LLW, MLLW, TRU). 
Waste loads provide the foundation for the SCM. Fac ility costs are 
calculated from algorithms relating cost to capacit y, and capacity is 
derived from waste loads. Waste loads are required for a given waste type 
(low-level waste, mixed low-level waste, transurani c waste) in order to 
create a specific case. If waste loads are not defi ned for any of the 
waste types, calculations cannot be executed. Waste  loads that are in 
inventory are termed legacy waste. Generated annual  waste contributes to 
the overall waste loads for the SCM case scenario.  
Treatment, Storage, and Disposal Scenarios 
The user defines the destination of waste for treat ment, storage, and 
disposal (TSD) locations by site (onsite, offsite).  The waste can be 
"split" by the 32 waste matrix categories to go to different DOE sites 
for treatment, storage, or disposal. For onsite tre atment, SCM offers 



optional treatment schemes that make use of differe nt technologies aimed 
at meeting various treatment objectives. 
Site Schedules 
Once the quantity of waste and the treatment, stora ge, and disposal 
scenarios have been entered, the SCM allows the use r to edit the 
scheduling of new treatment, storage, and disposal facilities at a site. 
Site schedules can be manipulated for start and sto p dates, and durations 
of major cost elements (e.g., preoperation, constru ction, O&M, D&D). 
Shipping schedules are used to establish when waste  moves from storage to 
treatment. The scheduling information controls stor age requirements and 
will affect the amount and scheduling of costs. 
Facility Profiles 
The SCM's database contains information about the k nown DOE site waste 
management facilities, based on the information ava ilable at the time of 
the release of the SCM application. This informatio n includes capacities, 
operating periods, and any known upgrade costs or O &M costs. The SCM also 
contains information for the modules represented by  the facilities and 
the waste type dedications (what kind of waste the module can process).  
Optional User Input Data 
In addition, the user is allowed to select, enter, or change the 
following data: 
  Offsite DOE treatment unit costs 
  Treatment options for each waste type (e.g., Base  Case, BEMR 
Calibrated, Nonflame,) 
  Transportation (rail/road)  
  Commercial unit costs 
  Existing or planned DOE facility cost information  
  Site-specific cost factors and labor rates 
  Cost escalation factors 
User Input Options 
The model provides a default set of parameters that  SCM users may use to 
select the site, facility, waste type, etc. The sys tem was designed so 
that very little input data is required from the us er. The SCM contains 
and provides the following internal reference data:  
  Cost data based on Waste Management Facility Cost  Information reports; 
  Generic schedule data; 
  Existing and planned/approved facility capacity a nd operating 
parameters (based on latest BEMR); 
  Minimum and maximum scaling factors for parametri c cost/capacity 
equations; 
  Transportation miles and costs/mile; 
  Standard operating parameters (such as years of o perations and 
maintenance);  
  Module flow factors (site-specific processing sch emes). 
Case Changes Can Be Saved 
If the user selects to change the data input elemen ts as defined above, 
the modified data can be saved in scenarios called cases. An SCM user can 
access the saved cases in the future and perform ad ditional 
modifications. The SCM cases can be copied to or fr om different personal 
computers (PCs) via floppy diskettes or a network m edia. The user can 
select different cases and merge these cases into a  single case. 
SYSTEM CAPABILITIES 
The SCM provides the general capability to calculat e the total life cycle 
costs by module for the LLW (alpha, non-alpha, and remote handled), MLLW 



(alpha, non-alpha, and remote-handled), and TRU was te / MTRU waste 
(contact and remote handled). The SCM user can chos e between different 
treatment options for each waste type. The followin g table provide the 
treatment options that SCM supports for the 3 major  waste types. 
Table I 
System Calculations 
The System calculations include the following: 
  Full-time equivalent (FTE) manpower estimates for  each module by WBS 
  Cost and FTE annual and cumulative profiles for t he three selected 
waste types 
  The administrative and support modules are automa tically sized and 
costed 
  Cost by general module/facility type (pre-treatme nt storage, treatment, 
storage, and disposal) 
  Cost by new facilities versus existing facilities  
  Portable treatment or commercial treatment option s 
  Fixed minimum cost of facility modules for waste loads less than the 
defined module capacity range 
  Summation of DOE complex cost roll-ups of all DOE  sites 
  Integrated transportation costs (combination of r oad and rail)  
  Calculations to allow facility capacity versus op erating period 
manipulations 
Unique System Features 
The System also has unique capabilities which allow  waste shedding, which 
allows a site to distribute the same waste stream t o several sites 
including a commercial designation. Disposal sheddi ng also allows the 
generating site to distribute waste treated at one treatment location to 
multiple disposal sites. A user can also designate offsite processing for 
treatment and/or disposal of waste. In past version s, the SCM 
automatically built a new facility that would be de contaminated and 
decommissioned. To more accurately provide full lif e cycle costs, a 
finite lifetime constraint is placed on all new fac ilities (default of 30 
years which can be configured by the user up to 50 years). The SCM 
automatically calculates pre-treatment storage base d on user decisions of 
the earliest construction startdate of new faciliti es and waste 
scheduling. The system also automatically calculate s post-treatment 
storage based on availability of disposal facilitie s. Waste storage or 
disposal costs can also be charged back to the gene rating sites. This 
charge is based on the quantity of waste and either  a calculated unit 
rate or a user-provided unit rate. 
The total life cycle costs for each module are orga nized based on the 
work breakdown structure (WBS) outlined in Table II . 
Table II 
OUTPUT CAPABILITIES 
The SCM provides the following reporting capabiliti es: 
  Prints user-selected case summary or site detail reports; case summary, 
site detail, or case comparison graphs; and case Ga ntt charts. 
  Preview option for viewing reports on the screen before printing 
reports.  
  Data exports into text database, spreadsheet, and  word processing 
format. 
  Present data in tabular and graphical formats (Fi g. 2). 
Fig. 2 
RELATIVE RISK ANALYSIS CAPABILITIES 



The System Cost Model - Risk (SCM-R), a prototype v ersion of the SCM, 
will provide relative Environmental, Safety, and He alth (ES&H) risk 
information. A relative ES&H risk basis has been de veloped and applied by 
LITCO at the INEL. The risk basis is now being auto mated in the SCM-R to 
facilitate rapid risk analysis of system alternativ es. The added risk 
functionality will allow combined cost and risk eva luation of EM 
alternatives. The simplified methodology for ES&H r elative risk is 
composed of the following five elements (5): 
Element 1 - is the characteristics of the waste typ e which is composed of 
quantity of contaminants in the waste type and the specific radio 
toxicity of the radionuclides and/or the specific c hemical toxicity of 
the hazardous chemicals. 
Element 2 - expresses the ease with which the conta minants in the waste 
type could escape confinement as a result of events  or conditions that 
breach the confinement. 
Element 3 - expresses the likelihood, or probabilit y, of loss of waste 
confinement.  
Element 4 - how effectively the released contaminan ts could be moved by 
environmental transport processes (e.g., wind, grou ndwater transport, 
biotic transport) to receptors. 
Element 5 - the presence of human receptors. How fr equently workers would 
be located around the waste type, how many workers would be involved, and 
how closely they would be involved? How many member s of the public are 
located near the waste type, and how close? 
The data inputs for the SCM-R includes several para meters from the cost 
and FTE calculations. These include technology desc riptions, waste forms, 
schedules, transition and rest states, facility cap acities, and DOE site-
specific information. Additional risk parameters ar e included in the SCM-
R to define the waste characteristics (i.e., radiol ogical and hazardous 
profiles), mobility, confinement, stresses, transpo rt, worker and public 
proximity, and time in states. The relative risk wi ll be output from the 
SCM-R on a comparative state basis, and on an annua lized risk basis.  
DELIVERABLE SOFTWARE AND DOCUMENTATION 
Software distribution of the System Cost Model is u nder the control of 
LITCO and the DOE. System modifications and configu ration control are 
closely maintained by the project. New releases of the SCM consist of the 
following: 
 1. SCM Software: The software consists of an execu table version of 
FoxPro which runs stand-alone on an IBM PC (or comp atible) under the 
Microsoft Windows 3.1 environment. 
 2. Product Description: The SCM Product Descriptio n (6) provides the 
current system description of the model capabilitie s. The Product 
Description will be maintained throughout the SCM d evelopment cycle to 
ensure that it is current and accurate. All changes  to this document will 
be done in accordance with the change control proce dures established by 
the WMFCI project manager and LITCO document contro l. 
 3. User's Manual: A user's manual will be develope d to accompany major 
releases of the SCM. The manual will provide a basi c overview of the 
software and user instructions. In addition to the user manual, user 
training and a training presentation may be require d. 
CONCLUSIONS 
This paper has provided a description and overview of the capabilities of 
the System Cost Model and the System Cost Model - R isk. The SCM 
calculates life cycle waste management costs based on waste loads. The 



SCM is loaded with default information that represe nts the latest 
available site-specific data collected in support o f the 1996 BEMR. The 
SCM has been successfully applied to several EM-30 programs. The tool 
will be refined in the future by addition of the re lative risk function 
(SCM-R), and capabilities to provide technology dev elopment analysis. 
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ABSTRACT 
A polymer encapsulation process is being developed at the Rocky Flats 
Environmental Technology Site (RFETS) for treatment  of mixed wastes 
containing high concentrations of salts, which inhi bit the solidification 
reaction of Portland cement based grouts. Encapsula tion using polymers 
forms a suitable matrix for this type of waste by a  micro encapsulation 
of the waste via a homogeneous mixing process of th e polymer and waste. 
Solidification of actual radioactive and mixed wast e in a pilot-scale 
system will be the first large-scale polymer encaps ulation of significant 
quantities of actual mixed waste within the DOE com plex. As part of this 
program, methods are being identified to collect co nsumer waste plastic 
for utilization in the polymer encapsulation of was tes.  



INTRODUCTION 
The need to treat mixed waste (containing both haza rdous and radioactive 
constituents) to meet regulatory requirements is a problem that is common 
to many DOE sites. During their many years of opera tion, Rocky Flats and 
other DOE sites generated mixed wastes that are now  subject to the 
Resource Conservation and Recovery Act Land Disposa l Restrictions (RCRA 
LDR). LDR regulations require that mixed waste be t reated by specific 
technologies or that final waste forms meet specifi c treatment standards 
before they can be considered for disposal at a per mitted hazardous waste 
landfill. Mixed waste must also comply with Departm ent of Transportation 
shipping standards and acceptance criteria specific  to each permitted 
landfill. 
Rocky Flats cannot ship the majority of its mixed w aste off site for 
treatment or disposal because the waste does not me et the regulatory 
requirements. Also, Rocky Flats does not have adequ ate treatment 
facilities in place to produce LDR compliant final waste forms. For these 
reasons, polymer encapsulation, as one of a suite o f treatment 
technologies, is being developed at Rocky Flats. 
Although not as widely used as cementation, polymer  encapsulation offers 
several advantages over cementation, including incr eased waste loading, 
increased waste form durability, and insensitivity to variations in waste 
stream chemistry. Polymer encapsulation is a simple , low temperature 
process that is relatively easy to permit and imple ment. Furthermore, 
waste plastics can be used as the encapsulating med ium. This has cost 
benefits and provides an opportunity to put to bene ficial use material 
that might otherwise be landfilled. 
Since polymer encapsulation can be adapted to handl e commercial low level 
and hazardous waste, Kaiser-Hill has entered into a n agreement with Rust 
Federal Services to commercialize the technology. A s part of the 
agreement, Rust will use resources available throug h its sister company, 
Waste Management, to investigate the economics of c ollecting appropriate 
post consumer plastics for mixed waste treatment. 
TECHNOLOGY DESCRIPTION 
Mixed waste stabilization using polymers is adapted  from existing 
processes widely used in the polymer industry (1-3) . Although the 
application of polymers to mixed waste differs from  private sector 
applications in the areas of product acceptance cri teria and operating 
conditions, the two applications are very similar. All of the equipment 
and supplies are commercially available "off the sh elf."  
Thermoplastic polymers, such as polyethylene, are h eated above their 
melting temperature (110oC), mixed with powdered wa stes, and poured into 
a disposal container, where solidification occurs a s the melt cools. No 
significant chemical interaction occurs between the  waste and the 
polymer. Waste requiring stabilization to meet Toxi city Characteristic 
Leaching Procedure (TCLP) standards is dried and th en encapsulated in 
polyethylene using a commercially available compoun ding extruder. The 
appropriate extruder for this application uses two co-rotating 
intermeshing screws. Electrical resistance heaters in the extruder barrel 
and friction introduced by the rotation of the scre ws melt the 
polyethylene pellets. Dried waste is fed into the e xtruder using a down 
stream side feeder, where the waste encounters molt en polyethylene. 
Kneading blocks and/or pin mixers downstream of the  waste feed port mix 
the waste with the molten polyethylene. A vent port  can be used to remove 
excess moisture and reduce the porosity of the fina l waste form. The 



molten mixture is extruded into the final disposal container, where 
solidification occurs as the mixture cools. 
Rocky Flats also uses thermoplastic extrusion to ma croencapsulate 
radioactive lead and debris wastes. In this case, w aste is placed in a 
basket sized slightly smaller than the disposal con tainer. Molten 
polyethylene is extruded into the disposal containe r, filling the annular 
space between the basket and disposal container as well as voids within 
the waste. 
The treatability studies completed at Rocky Flats i ndicate that waste 
loadings of 30 to 80 weight-percent are possible wi th polyethylene 
extrusion while still producing an LDR compliant wa ste form (4-6). Waste 
loadings of 50 weight-percent are typical for the m ajority of the mixed 
waste tested. Depending on the physical characteris tics of the waste 
stream and the maximum achievable waste loading, vo lume expansion factors 
vary from -0.5 to +1.5. 
Because polyethylene is resistant to most chemicals , polyethylene 
extrusion is a good option for mixed wastes that ar e difficult to 
stabilize using other methods such as cementation o r vitrification. 
Sodium chloride salts, for example, are not soluble  in glass and severely 
inhibit the cement hydration reaction. Since there is no reaction between 
the sodium chloride and the polyethylene, high wast e loading of sodium 
chloride is achievable in polyethylene. Other salts  that are difficult to 
stabilize in cement or glass but that are compatibl e with polyethylene 
extrusion include sodium sulfate, ammonium sulfate,  and sodium nitrate.  
Through its wide usage, the durability of polyethyl ene has been clearly 
demonstrated. Particularly significant is the fact that polyethylene does 
not degrade in municipal landfills. Of concern to r adioactive waste 
forms, however, is the potential for degradation an d hydrogen gas 
generation as a result of radiation-induced reactio ns. An evaluation 
conducted by Rocky Flats concluded that radiolysis effects for low level 
radioactive (<100 nCi/gram) waste streams encapsula ted in polyethylene 
are insignificant (7). In terms of the mechanical p roperties, low level 
waste streams do not have a sufficiently high speci fic activity to 
deliver the 100 megarads required to significantly degrade the 
polyethylene. Hydrogen gas generation is also insig nificant with these 
waste types. Polyethylene extrusion is not a feasib le option for high 
specific activity waste streams due to the potentia l for radiolysis 
effects. This is not an issue, however, for low lev el waste forms. 
Another area of concern evaluated by Rocky Flats wa s the issue of the 
thermal stability of sodium nitrate waste streams e ncapsulated in 
polyethylene (7). Encapsulating sodium nitrate, an oxidizer, with 
polyethylene, an organic, could potentially result in a chemically 
reactive mixture. Such a mixture of fuel and oxidiz er could burn if 
exposed to sufficient thermal energy, and consequen tly release additional 
energy and gases. Experiments conducted to evaluate  the issue of the 
thermal stability of the sodium nitrate/polyethylen e waste form 
conclusively demonstrated that no exothermal reacti on hazards exist. A 
wide variety of tests have been conducted, includin g calorimetry, 
ignition, time-to-explosion, thermal decomposition,  gas evolution, 
detonation, and thermal runaway. None of the experi mental results 
indicate any tendency to detonate or explode, even under wide variations 
in the waste-to-polyethylene ratio. 
Favorable results have been achieved on bench-scale  treatability studies 
and limited cold pilot-scale testing; however, no p ilot-scale tests have 



been conducted to date on polyethylene micro encaps ulation of actual low 
level mixed wastes. This is critical to demonstrati ng the technology's 
performance. Rocky Flats has recently acquired a tw in screw extruder for 
pilot scale testing of large quantities of actual l ow mixed salts, 
sludge, and ash. In conjunction with Rust Federal S ervices, Rocky Flats 
will be conducting extended hot pilot-scale tests u sing this extruder in 
mid-1996. In addition to supporting the pilot-scale  tests, Rust will use 
resources available through its sister company, Was te Management, to 
investigate the economics of collecting appropriate  plastics for mixed 
waste treatment. 
USE OF RECYCLED PLASTICS FOR WASTE ENCAPSULATION 
The ideal plastic for mixed waste treatment would b e readily available, 
chemically resistant, and inexpensive. In order to simplify operations 
and produce an acceptable waste form, the plastic n eeds to have a low 
melt viscosity (melt index greater than 50) and can not contain co-
polymers or plasticizers that would offgas at extru der operating 
temperatures. Rocky Flats has had the most success with low density 
polyethylene (LDPE) and linear low density polyethy lene(LLDPE). High 
density polyethylene (HDPE) is more widely used by industry, but it is 
not appropriate for most Rocky Flats applications b ecause large 
monolithic pours of HDPE tend to shrink and crack u pon cooling. 
LDPE and LLDPE, with the exception of films contain ing copolymers or 
plasticizers, are not currently being recycled in C olorado. Common post-
consumer sources of this material are food containe rs, especially lids. 
The challenge is to collect sufficient quantities o f relatively clean 
material without burdening the recycle vendor with unwanted plastics. 
There are several options for accomplishing this.  
One option is to add LDPE and LLDPE to current curb side collection 
programs. In recent years, recycling has become a s ignificant part of 
waste collection systems throughout the country. "W aste Minimization" 
programs have increased the awareness of homeowners  and corporations of 
the advantages of recycling. As a result, the addit ion of another 
"product" in curbside collection systems would not be extremely 
difficult. The concern of the recycle vendor is tha t, because Rocky Flats 
is the only market for these plastics, too much mat erial will be 
collected. Targeting specific geographic areas, suc h as certain 
neighborhoods, is usually not feasible for large re cycling companies. The 
burden of disposing of additional unwanted plastics  significantly reduces 
the economic viability of this option. 
Another option is to sort the desired plastics from  the material 
currently collected through curbside recycling prog rams. Frequently, 
consumers inadvertently place LDPE or LLDPE contain ers in recycling bins 
specified for HDPE and polyethylene terephalate (PE T) only. The recycler 
must then separate the LDPE, LLDPE, and other unwan ted plastics from the 
HDPE and PET. Currently, plastics other than HDPE a nd PET are discarded. 
The recycle vendor can collect sufficient LDPE and LLDPE from the 
discarded plastics to augment, but not satisfy, Roc ky Flats needs. The 
problem with this option is that processing and tra nsportation of limited 
quantities of post consumer plastics is not economi cally viable. 
Another option is to collect the required plastics from local companies 
willing to collect and/or provide waste plastics to  Rocky Flats as a 
public service. One local grocery chain, for exampl e, already provides 
bins for customers to drop-off recyclable materials . The company would be 
willing to collect LDPE and LLDPE for Rocky Flats T his reduces overall 



product costs to Rocky Flats by eliminating collect ion costs, but 
processing and transportation costs are still an is sue. Processing and 
transportation of the material includes transportat ion from the source to 
a processing plant and from the processing plant to  the point of use. 
Effective processing methods (such as pelletizing t o reduce volume) may 
significantly reduce transportation costs, thereby reducing overall 
product costs to Rocky Flats.  
One large manufacturing company in the region has o ffered to donate waste 
plastics to Rocky Flats for use in mixed waste trea tment. This is 
obviously the best option for Rocky Flats, since it  eliminates product 
costs and the volumes can be easily controlled. Unf ortunately, the 
available plastics are not optimum for Rocky Flats applications, although 
they may be usable. Materials testing still needs t o be completed to 
determine whether the available plastics are suitab le for Rocky Flats 
needs.  
If this material is deemed unsuitable to Rocky Flat s, then the required 
plastics may be collected from companies manufactur ing products such as 
food containers or food lids. This material is sold  as "regrind" and is 
typically clean and readily available. It costs sig nificantly less than 
virgin polyethylenes, but it must be shipped to Col orado from other 
states. Although Rocky Flats is currently using thi s material to satisfy 
existing needs, the preference is to utilize plasti cs that are being 
landfilled in Colorado. 
CONCLUSIONS 
Polymer encapsulation is a good treatment option fo r many mixed wastes, 
especially wastes that are difficult to stabilize u sing cementation or 
vitrification. Some of the advantages include high waste loading, 
excellent waste form durability, and insensitivity to variations in waste 
stream chemistry. Public acceptance of the technolo gy is enhanced because 
waste plastics can be used to treat wastes. 
The appropriate plastics for mixed waste treatment are not currently 
being recycled in Colorado. While this provides the  DOE an opportunity to 
put to beneficial use materials that would otherwis e end up in a 
municipal landfill, it also presents some challenge s. The main challenge 
is to identify collection, processing, and transpor tation methods that 
are economically viable.  
Four options for collecting the appropriate waste p lastics were presented 
in this paper. One of the options, collection of "r egrind" from companies 
that manufacture plastic products, is currently use d at Rocky Flats. This 
option costs significantly less than procurement of  virgin polyethylenes, 
but Colorado does not directly benefit since the wa ste plastics are 
shipped from other states. 
The best overall option is to collect waste plastic s from local companies 
willing to collect and/or provide plastics to Rocky  Flats as a public 
service. This option utilizes plastics that are cur rently being 
landfilled in Colorado while reducing (or eliminati ng) product costs to 
Rocky Flats. 
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ABSTRACT 
Stabilization is a "Best Demonstrated Available Tec hnology" or "BDAT" as 
defined by the Environmental Protection Agency (EPA ) in Title 40, part 
268, of the Code of Federal Regulations (40 CFR 268 ). This technology 
traps toxic contaminants (usually both chemically a nd physically) in a 
matrix so that they do not leach into the environme nt. The typical 
contaminants that are trapped by stabilization are metals (mostly 
transition metals) that exhibit the characteristic of toxicity as defined 
by 40 CFR part 261. Pozzolanic materials have been routinely used in 
stabilization. Portland cement, fly ash-lime mixes,  gypsum cements, and 
clays are some of the most common materials. These materials are used 
because they are inexpensive, easy to use, and effe ctive for wastes 
containing low concentrations of toxic materials. 
In many instances, passing the Toxicity Characteris tic Leaching 
Procedure, TCLP, (i.e., Federal leach test) or the Soluble Toxicity 
Leachate Concentration, STLC, (i.e., CA leach test)  requires high 
concentrations of lime or other caustic material be cause of the nature of 
the leaching media. Both leaching media, California 's and EPA's, have a 
pH of 5.0. The State uses citric acid and sodium ci trate. The EPA uses 
acetic acid and sodium acetate. These media also ca n form ligands that 
provide excellent metal leaching. In several circum stances, due to the 
aggressive nature of the leaching medium, stabilize d wastes will not 
pass. The concentration in the leachate is approxim ately 10 times higher 
for the STLC procedure than the TCLP. 
Additives such as dithiocarbamates and thiocarbonat es, that are pH 
insensitive and provide resistance to ligand format ion, are used in this 
stabilization process. Attapulgite, montmorillonite , and sepiolite clays 
are used because they are forgiving (recipe can be adjusted before the 



matrix hardens) when formulating a stabilization ma trix and they are 
neutral in pH.  
Passing the TCLP and STLC has been achieved for hig hly concentrated 
wastewater treatment sludges by using these clays a nd additives. The most 
frequently used stabilization process consists of a  customized recipe 
involving waste sludge, clay and dithiocarbamate sa lt, mixed with a 
double planetary mixer into a pasty consistency. TC LP and STLC data on 
this waste matrix have shown that the process matri x meets land disposal 
requirements. 
INTRODUCTION 
Stabilization is considered a Best Demonstrated Ava ilable Technology 
(BDAT) by the Environmental Protection Department a nd is the technology 
of choice for passing regulatory leachate tests suc h as the Toxicity 
Characteristic Leaching Procedure (TCLP) and the Ca lifornia Assessment 
Manual Wet Extraction Test for Soluble Toxicity Lea chate Concentration 
(CAM-WET STLC). 
The primary purpose for solidification/stabilizatio n technologies for 
low-level mixed waste is to meet land disposal rest rictions under the 
federal regulations (40 CFR 268). 
To assure that the solidification/stabilization tec hnology is acceptable, 
the processed material must pass the regulatory lea ch tests. The TCLP 
extract concentrations and the STLCs are applied to  California waste when 
the waste is disposed at the Nevada Test Site and a re applied to waste 
constituents which are given in the Constituent Con centrations In Waste 
Extract (CCWE) table (40 CFR 268.41) when the Unive rsal Treatment 
Standards (40 CFR 268.48) apply. The CAM-WET in Cal ifornia is a much more 
aggressive test and applies to many more constituen ts such that frequent 
customization and verification of success is requir ed. 
EPA recognizes that Stabilization is a BDAT. Theref ore stabilized wastes 
do not need to be sampled to verify they meet land disposal restrictions. 
However it is good practice to verify that the wast es pass STLC and 
verification is required by the Nevada Test Site fo r 10% of our wastes. 
Lawrence Livermore National Laboratory's (LLNL's) c urrent work applies to 
wastes exhibiting the characteristic for toxicity a nd bear one or more of 
the EPA codes D004 through D011. California constit uent radioactive 
wastes must also be treated, as a requirement of th e Nevada Test Site, 
prior to disposal. Treatment of California constitu ent wastes, that are 
radioactive also, allows LLNL to develop techniques  necessary to meet the 
universal treatment standards when promulgation req uires treatment of 
underlying constituents for metal characteristic co des. 
Currently, mixed wastes that exhibit the characteri stics of corrosivity 
(D002), low total organic carbon (TOC) ignitability  (D001), or toxicity 
for pesticides (D012 through D017) must be treated for all underlying 
constituents to meet land disposal requirements. Ta ble I summarizes 
threshold limits for metals, EPA codes, and underly ing constituents. 
The waste requiring stabilization at LLNL is filter -aid sludge from 
processing wastewaters generated through various sy stems within the LLNL 
Site. This filter-aid sludge does not exhibit the c haracteristics which 
require LLNL to treat underlying constituents. Howe ver, to dispose of the 
waste at the Nevada Test Site, the State of Califor nia regulations apply 
which require LLNL to pass the STLC. The metals ana lyzed in the STLC are 
the same as the underlying constituents in EPA's Un iversal Treatment 
Standard. Table II gives the metals analyzed and th e CAM-WET threshold 
limit for hazardous waste. 



The differences between the Federal (TCLP) and the California State 
(STLC) leaching tests are subtle but provide substa ntial differences in 
test results. The differences in these tests for th e stabilized wastes 
are summarized in Table III. 
Examination of Table III shows that the California State leaching test is 
more rigorous in all categories but pH and Extracti on Fluid Weight Ratio. 
The citrate buffer has greater soluble ligand forma tion properties than 
does the acetate buffer. Both anions form soluble c omplexes with metals 
but, citrate has much larger formation constants an d can form bidentates 
and tridentates with metals in the presence of hydr ogen (as in a pH of 
5.0). Both buffer strengths are the same for this t ype of waste. Wastes, 
that are not pasty, are ground up to a certain part icle size. The 
particle size for the STLC is 5 times smaller than for the TCLP. This 
provides the STLC with a steeper internal diffusion  gradient. The 
leachate time for STLC is longer so that more conta minants leach out. 
There is twice as much extraction fluid in the Fede ral test but this may 
not be as significant. The more fluid does provide for a larger diffusion 
driving force but, this is not significant for lowe r concentrations 
(parts per million range). 
Table I 
Table II 
Table III 
RAW WASTE CHARACTERIZATION 
The waste to be stabilized originates as aqueous wa ste. The metal 
constituents in the wastes are precipitated predomi nantly with hydroxide 
ion. The waste is then filtered through a rotary-dr um vacuum-filter to 
remove the hydroxide precipitate. The rotary-drum v acuum-filter uses 
diatomaceous earth (filter-aid) to trap the precipi tate. This spent 
sludge is periodically cut from the rotary drum dur ing the aqueous waste 
treatment process. The filter-aid sludge collected is sent to our 
processing building for stabilization. The filter-a id sludge contains 
about 60% water, with the balance of the material b eing diatomaceous 
earth, metal contamination, and often organics, suc h as, oil and carbon. 
The metal contamination in the sludge varies widely  from batch to batch, 
since the waste streams processed are widely varied . Typically one 5 
cubic meter aqueous waste batch will yield one to t wo 0.2 cubic meter 
drums of diatomaceous earth waste. A typical exampl e of the filter-aid 
sludge in a drum that requires stabilization is giv en in Table IV. 
Table IV 
The diatomaceous earth waste itself has little resi stance against either 
the Federal or State leaching test. This is to be e xpected since 
hydroxide precipitates cannot hold up against any m ild acid buffer 
regardless of its ability to form soluble complexes  with metals. Metal 
hydroxide solubilities can be calculated from first  principles using 
hydroxide formation constants, solubility products,  and assuming unity 
for activity coefficients. Cadmium, lead, and zinc appear to be 
completely soluble at a pH of 5. 
Table IV demonstrates the wide variety of metal con stituents found in the 
filter aid sludge. The highest in the subset shown is nickel at 2076 
mg/Kg. Usually the largest concentration of metal c ontamination in the 
waste sludge does not exceed 5,000 mg/Kg. The more concentrated sludges 
at LLNL are from spent plating baths (electro- and electroless plating). 
The waste from spent plating baths seldom contains arsenic, antimony, and 
selenium. These metals usually have to be precipita ted as anion complex 



and ion exchanged prior to filtration because these  metals will not 
hydroxide precipitate. Fortunately, LLNL does not s ee much of this type 
of metal contamination. 
THE CLAY MATRIX USED IN STABILIZATION 
The primary clays used in LLNL's stabilization proc ess are sepiolite, 
montmorillonite, and attapulgite. These clays have defined alumina or 
magnesium oxide-silica layers upon hydration. These  clays were chosen 
because LLNL has worked with these materials in the  past and these 
materials have demonstrated effectiveness in stabil ization against TCLP. 
These clays tend not to increase the total volume o f waste to the extent 
that other clays (e.g., Bentonite clay) do. 
These clays possess the ability to hydrate and adso rb hazardous 
constituents. They form thixotropic fluids when hyd rated and have minimal 
compression strength, but are considered solids fro m a regulatory 
standpoint (they pass EPA SW846 9095, Paint Filter Liquids Test).  
Montmorillonites are impure forms of Al2O34SiO2H2O.  The impurities are 
magnesium, potassium, calcium, titanium, and iron. The clay is an 
expanding type which forms a smectite when hydrated . The structure 
consists of an aluminum hydroxide octahedral in bet ween two sheets of 
silica tetrahedral. The impurities in the structure  are what gives this 
and other clays the ability to hold cations in plac e or "sorb" them. The 
metal impurities which replace silica (and in some instances the alumina 
octahedral) make the clay become deficient in posit ive charge. This 
causes the lattice to have a net negative charge an d thus have the 
ability to "sorb" cations. During the formation of the clay, cationic 
impurities disrupt the clay matrix by replacing the  alumina ions. This is 
most profound when the two aligning tetrahedral (ab ove and below the 
octahedral) have substituted alumina for other meta l oxides. In the case 
of this clay. the replacement cations have a less p ositive charge than 
the alumina. This results in a net negative charge in the clay lattice. 
The hydration reaction in its simplest view is give n below. 
Al2O34SiO2H2O + 2H2O  2[SiO2Al(OH3)SiO2] 
Attapulgites and Sepiolites have a similar behavior  to Montmorillonite 
except that the structures are different. Attapulgi te and Sepiolite are 
not just alumina sandwiched between silica. They ha ve ribbon-like 
structure in which alternating twists in the ribbon  are silica and metal 
oxides. The structure is stable and replacement of the metal oxides is 
less evident than in montmorillonite. This gives le ss adsorption capacity 
but does provide a lower expansion upon hydration. The chemical 
composition of Attapulgite and Sepiolite is given b elow. 
 Attapulgite: (Mg)5Si8O20(OH)2(OH2)44H2O 
 Sepiolite: (Mg)9Si12O30(OH)6(OH2)46H2O 
These formula are based on Nagy and Bradley model a nd are discussed in 
"The Chemistry of Clay Minerals", Charles E. Weaver , Elsevier, New York, 
1975. These clays do contain aluminum as impurity b ut at a much lower 
composition than magnesium. 
pH INSENSITIVE ADDITIVES 
Since pH, complex formation, and diffusion are the primary driving forces 
for leaching in these two tests (TCLP, STLC), it is  important to focus as 
much as one can on effective limitation to these ph enomena. Molecular 
diffusion, although modeled in many situations and scenarios (sometimes 
very complexly), is small. Arguably, the diffusion of interest is between 
two solid phases, a successfully precipitated metal  that is physisorbed 
to an active site, diffusing through a layer of cla y. This is orders of 



magnitude smaller than solid-liquid phase diffusion . Complex formation 
between the citrate and metal is relatively small. The formation 
constants of the bidentates and tridentates are ord ers of magnitude 
smaller that most inorganic solubility products. Ac etate salt formation 
is even smaller still. Hydroxide precipitates do no t hold up well against 
these mild acid buffers. The use of pH insensitive additives is required 
when high concentrations of metals are found in the  sludge. There are 
many marketed precipitating agents under a variety of names. They are 
usually sold for waste water treatment. The primary  non-hydroxide 
chemicals sold for precipitation are iron and sodiu m sulfide, 
thiocarbamate, and thiocarbonate. These chemicals a re all relatively pH 
insensitive but still work better in alkaline solut ions. The solubility 
products of sulfide or sulfur bearing organic salts  are all much lower 
than hydroxides. Care must be taken in using these materials because they 
are toxic in their own right. 
THE MIXING EQUIPMENT 
The mixer used in this process is a double planetar y open paddle mixer. 
It is a "change-can" mixing device which uses a sta ndard 55-gallon (0.2 
cubic meter) drum as the mixing vessel or change-ca n. Its power source is 
a 15 horsepower (11200 Watt) totally enclosed fan c ooled (TEFC) motor 
operating at 1800 revolutions per minute. The motor  shaft is connected to 
a worm that reduces speed by 40:1. The worm gear is  attached to a shaft 
that is itself attached to a flat circular gear. Th is gear engages two 
gears attached to each other, floating freely about  the center shaft. 
These two gears each have a shaft attached to an op en paddle. The central 
shaft turns clockwise, spinning the two opposing ge ars and their paddles 
counterclockwise. As the two paddles spin countercl ockwise about their 
own axis, they spin together clockwise about the ce nter gear. Thus each 
paddle behaves as a planet spinning on axis, rotati ng around the sun 
(center gear). All three gears are approximately th e same size and thus 
spin at about 45 revolutions per minute. This would  appear slow (less 
than 1 revolution per second) if you did not see th ree motions occurring 
at once. 
This mixing action is needed because the clay and d iatomaceous earth 
mixture is a thixotropic pseudoplastic. It has extr emely high viscosity 
until a high shear is applied and, it is a free sta nding monolith when it 
is not being forced to move. Low speed high shear m ixing is more 
appropriate for this type of material than is high speed low shear 
mixing. 
PROCESS DESCRIPTION 
The process has been implemented using water that i s already contained in 
the diatomaceous earth. The amount of stabilizer ad ded was calculated to 
solidify the water in the sludge, not the entire we ight of the sludge. 
Much of the preliminary product was too soupy due t o water additions or 
due to not knowing how much water was in the sludge . Now, the first step 
before stabilization begins is a moisture determina tion. This is 
performed in a standard laboratory oven at approxim ately 600C and 600 
grams of waste. The average moisture content is abo ut 55% but it varies 
between 33% and 80% depending on the aqueous waste treated. The amount of 
clay added to the waste is determined by using the following formula: 
 M = (0.6)(X)(Z) 
 M = mass of clay to add 
 X = mass fraction of water in the waste 
 Z = mass of waste sludge 



This formula gives a consistent, stiff matrix. It a llows for easy 
cleaning of the equipment because the clay matrix s ticks to itself much 
more than to the open paddles. It also proves not t o readily dehydrate 
when sealed in a drum to cure. 
Additives are used when metal concentrations are to o high to just use the 
clay. In many instances clay alone provides little fixation. Table V 
shows the original raw material concentrations of m etals with the STLC 
values after stabilization. A fair comparison can b e made if one takes 
the STLC value, multiplies the value by 10 (this is  the dilution caused 
by the citrate buffer), then multiples by the ratio  of stabilized net 
mass to mass balance net mass. As one can see, fixa tion does not occur in 
many cases and dilution is the main effect (values for zinc demonstrate 
this in Table V). Figure 1 shows a good way to pres ent data to 
demonstrate the fixation of a metal constituent. Th e total constituent 
mass is calculated, then the percentage of the amou nt of metal leached is 
calculated. A direct comparison of the amount leach ed in the original 
waste form and the stabilized waste form can then b e made. 
Table V 
PROCESS ANALYSIS 
Figure 1 shows the results of stabilization with cl ay only. For many 
metals at moderate concentrations, fixation with cl ay is adequate to 
perform the fixation. Cadmium and cobalt show an or der of magnitude 
reduction in leachate concentration upon stabilizat ion with clay only. 
Nickel shows greater than one order of magnitude re duction and copper 
shows varying reduction in leachate concentration u p to two orders of 
magnitude. 
If the waste sludge contains greater than a few hun dred grams of the 
metals mentioned above or contains metals such as c hromium, molybdenum, 
vanadium, and zinc, additives are required to perfo rm the stabilization 
successfully. Additives were first added at stoichi ometric ratios plus 
10% excess. This proved unsuccessful. Often stabili zation was not 
successful unless 100 times stoichiometry was used.  Currently, 12% by 
weight of waste is used and only dithiocarbamate (D TC) has been 
successful at this concentration. 
Fig. 1 
LLNL found that the sequence of stabilization is ve ry important and that 
two mixing stages are needed. First, the pH insensi tive precipitating 
agent is added, the waste sludge and additive are a llowed to mix. The 
mixing continues for two to five minutes. The waste  and additive are well 
mixed at this point and the reprecipitation has occ urred. Next the clay 
is added and mixed. This locks the reprecipitated m etals in the media and 
physisorbs it and any other materials still free in  the matrix. 
Figure 2 below shows a similar chart for stabilized  wastes using 
dithiocarbamate. In every case except for barium, f ixation has occurred. 
There was essentially no detection of nickel or sil ver in the leachate of 
stabilized wastes. This clay and dithiocarbamate sh owed very low leachate 
fractions for metals accept for arsenic which does not readily 
precipitate with DTC and usually exists in anionic form in wastewaters. 
Nevertheless, some reduction in leaching was observ ed. 
Figure 3 shows the decrease in leachate concentrati on with the addition 
of DTC. The decrease is dramatic when the DTC addit ive is between 3% and 
12% by weight of raw waste. These wastes originally  had 3200 mg/Kg 
Nickel, 745 mg/Kg Copper, 429 mg/Kg Zinc. Leachate concentrations for 



these wastes after stabilization with clay and dith iocarbamate were less 
than 1 mg/L; all stabilized wastes passed the TCLP and STLC. 
Fig. 2 
Fig. 3 
CONCLUSION 
In many cases the use of clay alone can fix metal c onstituents in a waste 
form. In other cases, fixation must be augmented. U sing clay alone when 
metal concentrations are high will not fixate metal s enough to pass the 
STLC. The pH insensitive additives, such as dithioc arbamate or other 
sulfide bearing compounds, may need to be used. Wit hout the use of pH 
insensitive additives, metal salts become available  to the leaching fluid 
because the interaction of the clay and the metal h ydroxide is weak. With 
the salts available and at a pH of 5.0, metal hydro xide dissolves into 
the bulk extractant in the form of citrate or aceta te salts and salt 
complexes. The addition of DTC at concentrations be tween 6 and 12% of the 
raw waste precipitate metals so that the clay matri x passes the STLC. 
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ABSTRACT 
According to the data developed for the Proposed Si te Treatment Plans, 
the U.S.Department of Energy (DOE) mixed low-level and mixed transuranic 
waste inventory was estimated at 230,000m3 and embo died in approximately 
2,000 waste streams. Many of these streams are uniq ue and may require new 
technologies to facilitate compliance with Resource  Conservation and 
Recovery Act disposal requirements. Because most wa ste streams are 
unique, a demonstration of the selected technologie s is justified. 
Evaluation of commercially available or innovative technologies in a 
treatability study is a cost-effective method of pr oviding a 
demonstration of the technology and supporting deci sions on technology 
selection. 
This paper summarizes a document being prepared by the Mixed Waste Focus 
Area of the DOE Office of Science and Technology (E M-50). The document 
will provide DOE waste managers with a list of comm ercial firms (and 
universities) that have mixed-waste treatability st udy capabilities and 
with the specifics regarding the technologies avail able at those 
facilities. In addition, the document will provide a short summary of key 
points of the relevant regulations affecting treata bility studies and 
will compile recommendations for successfully condu cting an off-site 
treatability study.  
Interim results of the supplier survey are tabulate d in this paper. The 
tabulation demonstrates that treatment technologies  in 17 of the U.S. 
Environmental Protection Agency's technology catego ries are available at 



commercial facilities. These technologies include s traightforward 
application of standard technologies, such as pyrol ysis, as well as 
proprietary technologies developed specifically for  mixed waste. The 
paper also discusses the key points of the manageme nt of commercial 
mixed-waste treatability studies. 
INTRODUCTION 
Treatability studies represent a ready vehicle for U.S.Department of 
Energy (DOE) waste managers to evaluate and demonst rate both available 
and innovative treatment technologies on mixed-wast e streams. The 
U.S.Environmental Protection Agency's (EPA) Resourc e Conservation and 
Recovery Act (RCRA) regulations (Title 40, Code of Federal Regulations, 
Part 261 and following) exempt limited volumes of w aste from treatment in 
fully permitted facilities for the purposes of tech nology screening and 
process data compilation. In most states, up to 1,0 00 kg of hazardous 
waste and up to 10,000 kg of media contaminated wit h hazardous waste can 
be treated under the RCRA treatability study exempt ion. The Toxic 
Substances Control Act (TSCA) regulations are less specific on this point 
but recognize the need.  
COMMERCIAL MIXED-WASTE TREATABILITY STUDY SUPPLIERS 
To provide a service to DOE's waste managers, the M ixed Waste Focus Area 
(MWFA) of the DOE Office of Science and Technology (EM-50) is undertaking 
a survey to identify firms with current capability in the treatment of 
mixed waste at the treatability study scale. The su rvey has compiled 
candidate firms from three sources of information. The EPA's Vendor 
Information System for Innovative Treatment Technol ogies (VISITT) 
database was queried for firms with a background in  the treatment of both 
hazardous and radioactive waste. The DOE Tech-Con d atabase, resident at 
Argonne National Laboratory, was also reviewed. Fin ally, Lockheed Martin 
Idaho Technologies published an announcement in the  Commerce Business 
Daily to identify any new sources.  
Over 100 firms were identified from these three sou rces, and a 
representative from the MWFA contacted all firms by  phone to determine 
whether they have current capability and interest i n participating in the 
survey. Subsequently, the interested firms were sen t questionnaires to 
characterize their capability and history in mixed- waste treatability 
studies. Contact information of some firms was not correct, and those 
leads were deleted from further consideration. To i dentify and confirm 
each firm's specific capability, the questionnaire asked for the 
following: 
  Name of facility and facility contact 
  Technologies available through that firm 
  Waste matrices/hazardous constituents treated by that firm 
  Copies of radioactive material licenses (to ident ify curie limits in 
acceptance) 
  Relevant other limits of their waste acceptance c riteria 
  Demonstration unit capacity 
  Treatability study history  
  Lists of publications or technical papers present ed on the results of 
that firm's treatability studies. 
Information from the survey forms has been received , and pertinent 
information has been compiled into a database. At t his time, the survey 
results are considered "work in progress," as a num ber of firms failed to 
respond and some responses raise questions. In addi tion, the MWFA intends 



to categorize the companies into several groups aft er detailed review of 
the questionnaires. 
Table I presents the information received (to date)  according to the 
general treatment technology category available fro m the firms. It also 
lists the firms in each technology category along w ith their contact 
names and phone numbers. This table was compiled di rectly from the 
questionnaire results with limited validation. 
Table Ia 
Table Ib 
Table Ic 
Table Id 
Table Ie 
DOE facilities interested in complete questionnaire  responses should 
contact the MWFA at the Idaho National Engineering Laboratory in Idaho 
Falls, Idaho. 
The following conclusions result from the data pres ented: 
  Eighty-two processes are available in 17 of the E PA's general 
technology categories. 
  Responses have included both waste management and  environmental 
restoration technologies. 
  At least three different categories of firms resp onded to the 
questionnaire. A limited number have current capabi lity for mixed-waste 
treatability studies in existing processing systems  with U.S. Nuclear 
Regulatory Commission (NRC) (or state) permits for radioactive materials 
and have either treatability study capability or fu ll RCRA operating 
permits. A second group of respondents has technolo gies available, but 
mixed-waste treatability studies are available at p ermitted facilities 
owned by others. A third group identified technolog ies but made no 
indication of mixed-waste treatability study capabi lity. 
  Several firms expect an NRC or state radioactive materials license very 
soon. 
  Many firms responded positively to the telephone screen but did not 
return the completed questionnaire.  
  Radioactive license limits are typically radionuc lide-specific, but 
total curie possession as high as 10 is available. 
  Two commercial suppliers identified the ability t o accept plutonium in 
gram quantities. 
Prior to issuance of the report from the MWFA, seve ral additional checks 
will be made. Data will be presented to identify th e firms by category: 
those with fully permitted facilities, those with a  technology and access 
to fully permitted facilities, and those with a tec hnology only. Note 
that the MWFA requested copies of relevant permits and licenses. This 
information will be used to confirm capabilities, w here appropriate. In 
addition, each firm will have an opportunity to cor rect or expand on 
information presented. After these data checks, the  supplier data are 
expected to be considered complete for publishing. 
TREATABILITY STUDY MANAGEMENT ISSUES 
The MWFA document also provides recommendations for  conducting mixed-
waste treatability studies. This information was co mpiled from several 
EPA guidance manuals and discussions with DOE waste  managers who have 
contracted for off-site treatability studies as wel l as from reports 
generated within DOE. The document discusses the is sues in detail. The 
following are some key points taken from the discus sion: 



 The document generally advises that each of DOE's waste streams is in 
some fashion unique, and a quick confirmation of th e applicability of a 
technology is excellent insurance against process f ailure. 
  Several of the EPA guidance documents (1, 2, 3, 4 , 5) address the 
development of the overall project objectives. Gene rally speaking, the 
level of data quality should be adjusted to reflect  whether the 
treatability study is a simple screening test or on e that is performed to 
develop complete process design data. 
  The availability of commercial suppliers of a tec hnology and 
treatability study can significantly affect cost. I n particular, the 
availability of an existing pilot plant can offer a  significant cost and 
schedule advantage. 
  Residues disposition should be carefully consider ed. Generally, the 
residues from a treatability study are subjected to  a hazardous waste 
determination, and it is important that the origina l generator not be 
required to perform additional treatment on the res idues. 
  Jolley et al. (6) recommends a readiness review t o ensure that all 
contractual, regulatory, and health and safety issu es be considered prior 
to conducting the test. 
  At least one run of a treatability study should b e observed to ensure 
compliance with the test plan. 
  A management process for approving quick changes in the treatability 
study should be implemented. Frequently, project ch anges may be warranted 
based on interim results, and a rapid change approv al expedites the 
treatability study completion. 
TREATABILITY STUDY REGULATORY FRAMEWORK 
DOE mixed-waste treatability studies, conducted in accordance with the 
RCRA, are potentially subject to numerous other nat ional and state 
regulations, as well as to various DOE Orders. Trea tability studies 
dealing with environmental restoration wastes gener ated at sites 
regulated under the Comprehensive Environmental Res ponse, Compensation, 
and Liability Act (CERCLA) will be subject to CERCL A requirements. If the 
treatability study involves polychlorinated bipheny ls, the requirements 
of the TSCA will apply. If the study is conducted a t a commercial 
treatability study laboratory or treatment facility , the facility must 
have a received radioactive materials license from the NRC. Waste samples 
transported to off-site facilities by common carrie rs must meet packaging 
requirements of RCRA, the NRC, and the U.S. Departm ent of Transportation. 
DOE Orders on the management of a commercial facili ty will also apply. 
The DOE is also responsible for complying with the provisions of the 
National Environmental Policy Act. 
The MWFA document will discuss each of these regula tory frameworks 
separately and will summarize pertinent issues to b e addressed. 
CONCLUSION 
Treatability studies represent a viable option for demonstrating 
available and innovative technologies on DOE mixed wastes. The MWFA will 
continue to collect information from treatability s tudy firms, analyze 
the data, and verify capabilities before publishing  the results. Interim 
results from the survey indicate that there are a n umber of commercial 
and university suppliers who can currently demonstr ate technologies in 
their own licensed facilities, and there are many o ther technology owners 
with access to facilities with the appropriate perm its and licenses. 
REFERENCES 



1. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Data Qual ity Objectives for 
Remedial Response Activities," EPA/540/g-87/003, En vironmental Protection 
Agency (1987). 
2. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Guide for  Conducting 
Treatability Studies Under CERCLA: Soil Vapor Extra ction," EPA/540/2-
91/019a, Environmental Protection Agency (September  1991a). 
3. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Guide for  Conducting 
Treatability Studies Under CERCLA: Soil Washing," E PA/540/2-91/020a, 
Environmental Protection Agency (September 1991b). 
4. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Guide for  Conducting 
Treatability Studies Under CERCLA: Solvent Extracti on," EPA/540/R-
92/016a, Environmental Protection Agency (August 19 92). 
5. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Guide for  Conducting 
Treatability Studies under CERCLA," EPA.540R-92/071 A, EPA Office of Solid 
Waste and Emergency Response (October 1992). 
6. R.L. JOLLEY, M.I. MORRIS, and S.P.N. SINGH, "Gui dance Manual for 
Conducting Technology Development Activities," ORNL /TM-11848, Oak Ridge 
National Laboratory (December 1991). 
 
15-10   
PRELIMINARY TREATABILITY STUDIES  
FOR POLYETHYLENE ENCAPSULATION OF INEL LOW-LEVEL MIXED WASTES 
P.R. Lageraaen 
B.R. Patel 
P.D. Kalb 
Brookhaven National Laboratory 
Upton, New York 11973  
 
D.R. Tyson 
G.L. Schwendiman 
Idaho National Engineering Laboratory 
Idaho Falls, Idaho 83415 
ABSTRACT 
Preliminary treatability studies were performed dur ing fiscal year 1995 
(FY95) at Brookhaven National Laboratory (BNL) for polyethylene 
encapsulation of low-level mixed wastes from Idaho National Engineering 
Laboratory (INEL). Treatability work included therm al screening and/or 
processibility testing to determine the applicabili ty of polyethylene 
encapsulation for solidification of priority wastes  identified by INEL. 
Seven candidate wastes were selected and investigat ed during this study. 
However, for purposes of this paper and to provide a thorough review of 
the experimental method, processing results will on ly be presented for 
the highest priority INEL waste; Eutectic Salts (IN EL ID#SMC-507). 
Thermal screening was conducted by Differential Sca nning Calorimetry for 
this waste to assess the thermal stability under pr etreatment and 
polyethylene processing conditions. Processibility testing to determine 
whether the waste is amenable to extrusion processi ng included monitoring 
feed consistency, extruder output consistency, wast e product homogeneity, 
and waste form performance. A nominal waste loading  was selected and 
successfully processed for a eutectic salt surrogat e as well as an actual 
eutectic salt mixed waste sample. Both surrogate an d mixed waste sample 
waste forms showed marked improvement in lead leach ability during 
Toxicity Characteristic Leach Procedure (TCLP) test ing and were below 



levels specified by the Environmental Protection Ag ency (EPA) under the 
Resource Conservation and Recovery Act (RCRA). 
INTRODUCTION 
Treatability studies for polyethylene encapsulation  of Idaho National 
Engineering Laboratory (INEL) low-level mixed waste s were conducted at 
the Brookhaven National Laboratory (BNL) Environmen tal & Waste Technology 
Center.(1) The Technical Programs Unit, part of the  Waste Management 
Division of Lockheed Idaho Technologies Company (LI TCO), is investigating 
the use of polyethylene for waste encapsulation in an effort to develop 
mixed waste treatment alternatives. BNL has develop ed the extrusion-based 
polyethylene encapsulation process as an effective waste solidification 
technology and has demonstrated applicability to a wide range of 
hazardous, low-level radioactive and mixed wastes. 
Treatability work was performed on seven INEL ident ified priority 
candidate wastes and included thermal screening and /or processibility 
testing. The processing results will be presented i n this paper only for 
the highest priority INEL waste stream so that a th orough review of the 
process and the experimental method may be given. T he seven wastes, 
generated during ongoing processing and maintenance  operations or one-
time cleanup operations, have been physically and c hemically 
characterized at INEL. Based on the characterizatio n data, surrogates 
were prepared for each waste stream that closely re sembled the actual 
wastes in chemical and physical form. For three was te streams, including 
the one discussed in this paper, actual mixed waste  samples were 
processed for confirmation and proof of technique. 
The candidate wastes are classified as mixed wastes  due to the presence 
of radionuclides and heavy metals or organics. The seven candidate wastes 
in order of priority are shown in Table I. The orde r of priority for this 
list was determined based on the volume of the wast e and the currently 
available treatment options for each waste. The top  three wastes are 
generated by ongoing activities and therefore are t he highest priority. 
Of these, ion exchange resins and activated carbon may be treated at the 
INEL Waste Experimental Reduction Facility (WERF) m ixed waste 
incinerator, but treatment alternatives for the eut ectic salt waste 
stream are more limited.  
Treatability work for each waste involved thermal s creening by Thermal 
Gravimetric Analysis (TGA) or Differential Scanning  Calorimetry (DSC) and 
processibility testing including any required waste  pretreatment. Thermal 
screening was used to identify wastes containing co mpounds that may be 
volatile at either the thermal pretreatment or extr usion processing 
conditions (120-150C), or to identify wastes that m ay undergo a phase 
transition at thermal processing conditions. A surr ogate was used during 
thermal screening testing. Processibility testing t o determine whether 
the waste is amenable to extrusion processing inclu ded monitoring 
material feed, processing consistency, waste produc t homogeneity and 
waste form performance. A nominal waste loading was  selected and 
processed successfully for a eutectic salt surrogat e as well as an actual 
eutectic salt mixed waste sample. Processing parame ters were not 
optimized within the scope of this study since the primary focus of this 
preliminary effort was to simply establish whether these wastes were 
amenable to polyethylene encapsulation. 
Table I 
BACKGROUND 
Waste Description 



Treatability work was conducted on a surrogate of t he eutectic salt waste 
and on a sample of the actual INEL priority mixed w aste. This waste 
stream is also known as Carbonate Eutectic Salt or more recently as 
Cartecsal. The waste description as provided by INE L is shown in Table 
II. It is a lead (Pb) contaminated salt mixture rou ghly comprised of 60 
weight percent potassium carbonate, 30 weight perce nt lithium carbonate, 
and 10 weight percent sodium carbonate. Characteriz ation conducted at 
INEL indicated that the salt mixture was a fine pow der with TCLP analysis 
indicating a lead concentration between 4.8-5.8 mg/ l. There are currently 
approximately 29 drums of this waste being stored a t INEL. 
Table II 
Polyethylene Encapsulation Process Description 
Polyethylene is an inert, low permeability, thermop lastic material that 
is highly resistant to chemical attack, microbial d egradation and 
radiation damage.(2) The polyethylene micro-encapsu lation process 
selected for eutectic salts is a solidification tec hnology utilizing 
polyethylene to solidify waste particles within a p olymer matrix. This is 
accomplished by heating polyethylene above its melt ing point (120-150C), 
then mixing the molten polyethylene with the waste.  Solidification of the 
encapsulated matrix is assured upon cooling and is independent of the 
chemical nature of the waste materials. The BNL pol yethylene 
encapsulation process uses a versatile, industry-te sted single-screw 
plastics extruder. A schematic of the microencapsul ation process is shown 
in Fig. 1. Dry waste and polyethylene are continuou sly fed to the 
extruder by individual dynamic feeders and accurate ly metered to maintain 
a constant waste loading. The feeders are either vo lumetric, designed to 
meter a constant volume of material at a given spee d setting, or 
volumetric feeders retrofitted to a computer-contro lled loss-in-weight 
system. Within the extruder, a variable speed screw  mixes the molten 
polyethylene with the waste material and pumps the homogeneous mixture 
through a die directly into a waste container. The processing temperature 
is controlled through five independent extruder zon es and a separate die 
zone. For optimization, the temperature profile can  be tailored for 
different polymer and waste combinations. 
Pretreatment is often required of wastes to make th em amenable to 
extrusion processing with polyethylene. The degree of pretreatment is 
specified by the chemical and physical characterist ics of the untreated 
waste. For successful microencapsulation and to ach ieve optimum mixing 
and product/processing consistency, wastes should b e dry (less than 2% 
moisture) and have a nominal particle size distribu tion of 50-2000 mm. 
The particle size range may exceed these limits but  successful 
processibility is dependent on the material feeders , extruder and type of 
screw(s) employed, extruder die configuration, and waste product 
performance considerations (e.g., leachability). La rger particles that 
may be processed from an engineering standpoint can  reduce the 
effectiveness of microencapsulation which relies on  the coating of 
individual waste particles. Thus, for any given was te, the larger the 
particle size, the greater the surface area of unen capsulated waste, and 
the greater the potential for leaching. 
Fig. 1 
TREATABILITY STUDY 
Surrogate Preparation 
The eutectic salt surrogate was prepared according to the composition 
data provided by INEL. As mentioned, the waste is p rimarily comprised of 



the salts potassium carbonate, lithium carbonate an d sodium carbonate. 
Potassium and sodium carbonate are available as hyd rated compounds. 
Potassium carbonate can be in an anhydrous or sesqu ihydrate (K2CO31H2O) 
form. Sodium carbonate can be anhydrous or monohydr ate (Na2CO3H2O). 
Lithium carbonate (Li2CO3) does not complex with wa ter. The compound form 
of the salts in the actual eutectic salt mixed wast e is not known. For 
thermal screening, the surrogate was prepared witho ut lead using reagent 
grade hydrated salts. Technical grade anhydrous car bonate salts were used 
for surrogate preparation for processibility confir mation testing. For 
treatability testing, the surrogates were spiked wi th lead at a 
concentration prescribed by the INEL characterizati on data, as shown in 
Table II, that indicted a maximum lead concentratio n of 5.8 mg/l from 
TCLP results. Accounting for a 20:1 dilution, a TCL P concentration of 5.8 
mg/l is equivalent to 116 ppm in the waste. Thus, t he surrogate was 
spiked with 120 ppm lead in the form of lead chlori de. 
Thermal Screening 
Thermal screening of the eutectic salt surrogate wa s conducted using a 
Shimadzu DSC-50 Differential Scanning Calorimeter t o determine if waters 
of hydrations would evolve from the salts at the th ermal processing 
conditions expected during polyethylene encapsulati on (120-150C). For DSC 
analysis, samples weighing approximately 20 mg were  heated in the 
presence of nitrogen from ambient to 150C at 3C/min  and held for 40 
minutes. A slow heating rate (1-5C/min) is suggeste d by the manufacturer 
for observing phase changes due to free or bound wa ter evolution. Each 
individual carbonate salt and the homogeneous mixtu re were tested under 
these conditions. The DSC results, plots of energy (mW) versus time 
(min), revealed endothermic peaks representing the evolution of bound 
water for potassium carbonate sesquihydrate and sod ium carbonate 
monohydrate. Figure 2 is a DSC plot that clearly sh ows the evolution of 
the water of hydration from sodium carbonate monohy drate. The heating 
profile can also be discerned on this plot. Similar  plots were obtained 
for potassium carbonate sesquihydrate and the eutec tic salt surrogate. 
The eutectic salt surrogate showed an endothermic p eak since it is 
comprised of the hydrated potassium and sodium carb onate salts. However, 
lithium carbonate (nonhydrous) did not reveal any p hase change for the 
same heating profile, as expected. 
To support and verify DSC results as well as determ ine the moisture 
content of the salts, three replicate samples of th e eutectic salt 
surrogate were dried using a Sartorius Moisture Ana lyzer. Each test was 
conducted for 30 minutes at 150C. This is the extre me temperature that 
would be encountered during encapsulation processin g and is longer than 
the approximate 10 minutes residence time in an ext ruder barrel that the 
waste would be exposed to during processing. A mass /mole balance was 
performed in order to determine if the weight loss corresponded to the 
quantity of bound water in the surrogate containing  the hydrated salts. 
The mean weight loss from the three replicate sampl es of the eutectic 
salt surrogate was 11.6  0.27 percent. On a molar b asis, hydrated water 
represents 16.4 weight percent of the compound pota ssium carbonate 
sesquihydrate (K2CO31H2O) and 14.5 weight percent o f the compound sodium 
carbonate monohydrate (Na2CO3H2O). The weight perce nt of water in the 
eutectic salt surrogate is calculated by multiplyin g these percent 
numbers by their respective composition percents in  the surrogate (i.e., 
0.6 * 16.4 + 0.10 * 14.5) and is equal to 11.3 perc ent. This number is in 
close agreement with the weight loss observed on th e moisture analyzer. 



Based on these results in conjunction with the DSC results, it can be 
assumed that if the salts comprising the actual eut ectic salt mixed waste 
are hydrated, all waters of hydration will evolve a t the temperature 
required for extrusion processing. Therefore, pretr eatment of the waste 
by drying should be performed prior to extrusion pr ocessing. 
Fig. 2 
Processibility 
Processibility testing of the non-radioactive eutec tic salt waste 
surrogate was conducted using a vented, 38 mm (1.5 in.) single-screw 
extruder. The vent port used along with a carbon tr ap and vacuum pump 
removed any volatiles (e.g., moisture) that may hav e evolved during 
processing. The INEL mixed waste eutectic salt was processed using a 32 
mm (1.25 in.) single-screw extruder contained in an  enclosed HEPA 
filtered process facility. Feeding of the mixed was tes was accomplished 
through dry material volumetric feeders, and throug h volumetric feeders 
retrofitted to a loss-in-weight computer controlled  system for the waste 
surrogates. The standard volumetric feeders were ca librated with the 
eutectic salt mixed waste and with low-density poly ethylene pellets 
(Chevron 1409). Calibration curves were generated b y recording the feeder 
output (in weight) at different feeder screw speed settings (percent of 
full speed). Five replicates were taken at a minimu m of three separate 
feeder speed settings. The loss-in-weight feed syst em consisted of a 
master feed controller and two slave controllers (o ne for waste and one 
for polyethylene). Feeding was accomplished by simp ly entering the 
desired total feed rate as well as a recipe for the  waste loading 
(percentage of waste compared to percentage of poly ethylene) into the 
computer controllers.  
Extrusion processing for the surrogate and for the mixed waste sample was 
conducted at a waste loading of 50 weight percent a nd at a screw speed of 
25 rpm. These are not optimized nor maximum process ing parameters but 
rather a conservative starting point that, based on  previous experience 
with waste with similar physical properties, can be  readily achieved. 
Processibility testing with the surrogate included fabricating right 
cylindrical specimens for compressive strength test ing, taking periodic 
grab samples for density analysis (to monitor waste  product homogeneity), 
and timed one minute samples for processing consist ency. Ten replicates 
were made of each sample for statistical analysis. The densities of the 
grab samples were determined by weighing each grab sample and using a 
multipycnometer to determine their volumes. Right c ylindrical pellets 
with a maximum dimension of nine millimeters were a lso formulated with 
the lead-spiked surrogate to monitor lead leachabil ity from waste forms 
by TCLP testing. Processibility testing with the ac tual eutectic salt 
mixed waste was limited to confirmation processing while fabricating 
waste form pellets for TCLP testing. Nearly all of the mixed waste sample 
received from INEL was used for this task. 
Processing of the eutectic salt surrogate was succe ssful. Table III 
summarizes the extruder output rate and is represen tative of the 
processing consistency. The mean output rate at a s crew speed of 25 rpm 
was 77.30  2.00 g/min (95% confidence interval). Th e small percent error 
of 2.58% is an excellent reflection on how well the  material processed. 
Generally, materials that vary in output rate as mu ch as 15-20% can still 
be successfully processed. Feeding and metering of the eutectic salt 
surrogate was also smooth and consistent. The waste  form densities which 
were calculated from the grab samples taken during processibility testing 



are shown in Table IV. The mean density for waste f orms containing 50 wt% 
eutectic salt surrogate was 1.35  0.01 g/cm3. The s mall density 
deviations between replicate samples and the low 1. 1% error are an 
indication of the high degree of homogeneity in the  waste product. 
Table III 
Table IV 
Waste Form Performance 
Eutectic salt waste form specimens were compression  tested in accordance 
with ASTM D-695, "Compressive Properties of Rigid P lastics."(3) The waste 
form specimens, nominal 5.1 cm (2 in.) by 10.2 cm ( 4 in.) right 
cylinders, were turned on a lathe to ensure flat su rfaces on the top and 
bottom then compressed at a constant loading rate o f 1.0  0.5 mm/min 
until the waste form failed or the load within the samples no longer 
increased with continued loading. The recorded comp ressive strengths for 
the ten replicates are shown in Table V. The maximu m compressive strength 
of the waste forms averaged 1.56x104  248 kPa (2260   36 psi). The maximum 
compressive strength for these waste forms is simil ar to other 
polyethylene final waste forms and is well above th e NRC waste form 
compressive strength requirement of 414 kPa (60 psi ). 
Table V 
The leachability of lead from eutectic salt surroga te and actual mixed 
waste eutectic salt waste forms was conducted in ac cordance with 40 CFR 
261--Identification and Listing of Hazardous Wastes , Appendix II--
Toxicity Characteristic Leaching Procedure.(4) The TCLP is an 18 hour 
extraction of 100 g of sample in 2000 g of a buffer ed leachant. The 
leachant or extraction fluid is selected based on a  pre-test which 
determines the pH and the buffering capacity of the  sample. An extraction 
fluid with a pH of 2.88 is used for samples with go od buffering capacity 
and pHs above five otherwise an extraction fluid wi th a pH of 4.93 is 
used. Test samples are agitated in an end-over-end fashion for 30  2 rpm 
for the test duration. On completion, the solutions  are filtered into 
approximately 100 ml aliquots using a 0.6-0.8 micro n glass fiber filter. 
During this study, the concentration of lead in the  aliquots was 
determined by Inductively Coupled Plasma Spectrosco py (ICP) for the 
nonradioactive surrogate (spiked with 120 ppm lead)  and by Hach UV-
Spectroscopy for the mixed waste sample. For both T CLP tests, 
encapsulated waste forms were compared with the unt reated samples which 
served as baselines. 
TCLP results are summarized in Table VI. All tested  samples were within 
the RCRA limit of 5 mg/l for lead concentration. Th e concentration of 
lead in the encapsulated surrogate (spiked with 120  ppm lead) leachate 
was undetectable based on two replicate ICP Spectro scopy analyses, 
compared with concentrations of 4.1 and 4.2 mg/l fo r the untreated 
surrogate. The detection limit of the ICP Spectrome ter for lead is 0.14 
mg/l. A marked improvement in leachability was also  seen in samples of 
the encapsulated eutectic salt mixed waste. Based o n HACH UV-
Spectroscopy, the baseline or untreated mixed waste  sample leached to a 
lead concentration of 4.1 mg/l compared to 1.8 mg/l  for the encapsulated 
mixed waste samples. Although the current maximum a llowable TCLP 
concentration for lead is 5.0 mg/l, the EPA has rec ently proposed 
reducing the allowable concentrations for most Toxi city Characteristic 
(TC) metals. The new proposed standard for lead is 0.37 mg/l. The 
polyethylene encapsulated surrogate would pass thes e new limits but the 
encapsulated mixed waste sample with a value of 1.8  mg/l would be above 



the proposed acceptable limit. To meet the new lowe r limit, process 
optimization would need to be performed as well as possibly adding 
chemical stabilizers during solidification. 
Table VI 
CONCLUSIONS 
Processing of the eutectic salts was successful. Th is waste is amenable 
to stabilization by polyethylene microencapsulation . Due to the limited 
scope of this study, processing parameters were not  optimized. At a waste 
loading of 50 weight percent the leachability of en capsulated waste forms 
was effectively reduced below current RCRA limits. Higher waste loadings 
should be achievable from a processing standpoint a nd based on the 
successful waste form testing results achieved to d ate. Thermal screening 
showed that potassium and sodium carbonate may cont ain waters of 
hydration that would require pretreatment drying to  prevent 
volatilization during extrusion processing. Additio nal processibility 
work on this waste stream would enable optimization  of processing 
variables and maximize waste loading potential. 
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ABSTRACT 
The 1992 Oak Ridge Reservation FFCA listed a number  of mixed wastes, 
subject to LDR, for which no treatment method had b een identified, and 
required DOE to develop strategies for treatment an d ultimate disposal of 
those wastes. Thermal Desorption and soil washing a re two emerging 
commercial technologies that have typically been us ed for removing 



hazardous organics and heavy metals from contaminat ed soils, sediments 
and sludges that are similar to many of these waste s.  
This paper presents the results of a program to dem onstrate that these 
technologies can remove both organics, uranium and mercury from a mixed 
waste from the DOE Y-12 facility in Oak Ridge. TN. This mixed waste 
sediment from the plant storm sewer system containe d mercury, uranium and 
PCBs. Leachable mercury exceeded TCLP and LDR crite ria. This program 
included bench- and pilot-scale testing of thermal desorption technology. 
This study also included testing of a soil washing process using physical 
separation and carbonate extraction to remove urani um. The pilot-scale 
testing was supported by DOE and EPA through the SI TE Emerging Technology 
Program.  
Results of the bench-scale testing of the thermal d esorption technology 
showed that total mercury could be reduced to 120 p pm by treatment at 
600oC, which is at the high end of the temperature range for typical 
thermal desorption systems. Leachable (TCLP) mercur y was less than 50 ppb 
and PCBs were below 2 ppm. Mercury removal in the p ilot-scale thermal 
desorption system was not as high, most likely due to kinetic effects of 
mercury oxide compound decomposition or inadequate flow of purge gas in 
the thermal desorber tube. Treated soil from the pi lot test did pass TCLP 
for mercury. The pilot-scale thermal desorption tre atment was effective 
in removing PCBs. The testing also provided informa tion on the 
characteristics and quantities of residuals from th e thermal desorption 
process. The soil washing process resulted in remov al of roughly 50% of 
the uranium from the sediments and the carbonate ex traction was only 
marginally effective, indicating that the thermal t reatment converted 
uranyl compounds to less soluble species. This prog ram demonstrated that 
thermal desorption was an effective technology for treating this material 
to meet waste acceptance criteria for ultimate disp osal at a commercial 
facility. 
INTRODUCTION 
This project included both bench and pilot-scale te sting of the following 
technologies; thermal desorption, soil washing usin g physical separation, 
and chelant extraction. While bench scale testing r equired less than 10 
kilograms of soil, almost 1,000 kilograms were used  for the pilot-scale 
work. The soil for these tests was obtained from th e Department of 
Energy's Y-12 facility, located in Oak Ridge, TN. a nd operated by Martin 
Marietta Corporation. This material contained hazar dous organics, heavy 
metals, and radionuclides. 
The primary goal of the bench scale tests was to id entify optimum 
operating conditions and performance for the variou s treatment 
technologies. The pilot scale tests then provided a dditional performance 
and scale-up data needed for evaluation of the pote ntial for full scale 
application of these technologies. This paper prese nts the results of 
these studies. 
Waste Characteristics 
The Y-12 Storm Sewer Sediment waste was generated d uring a clean-up and 
upgrade of the storm sewer system of the DOE Y-12 f acility in Oak Ridge, 
Tennessee. It consisted of sand and silt that had c ollected in the plant 
storm sewer lines and contained hazardous organics,  heavy metals, and 
radionuclides. IT received four 55-gallon drums of the waste at the IT 
Environmental Technology Development Center in Oak Ridge, TN. The 
material was mixed and homogenized before analysis and testing. Average 
mercury content in the storm sewer sediment was 22, 750 mg/kg. Total 



activity of the sample was 9,000 pico-curies per gr am for total uranium. 
The initial PCB concentration of the sample was 149  mg/kg. 
Treatability Study Objectives 
The primary purpose of the treatability study was t o demonstrate that the 
thermal desorption and soil washing process could m eet the performance 
requirements for removal/reduction of PCBs and merc ury from the storm 
sewer sediments. The performance requirements or tr eatment criteria for 
the waste were 12 mg/kg total mercury, 2 mg/kg PCBs  and 0.2 mg/liter 
leachable mercury, as measured by the TCLP. The 12 mg/kg treatment 
standard for total mercury was a risk based level f or disposal in an on-
site landfill. Alternate treatment criteria, based on disposal at an off-
site permitted radioactive mixed waste facility, re quired that the 
material meet the LDR total mercury limit of 260 mg /kg and also meet the 
TCLP and 2 mg/kg PCB limits. 
A secondary treatment objective was to remove the u ranium from the 
sediments so that they could be managed as a non-ra dioactive material. 
This study was also designed to generate limited da ta on the fate of the 
mercury, PCBs and uranium during thermal treatment and on other 
contaminants in the residuals from the off-gas trea tment system. 
BENCH-SCALE THERMAL DESORPTION TESTING 
Bench-scale thermal tests were performed to confirm  the effect of primary 
treatment variables (time and temperature) on the r eduction of mercury 
and hazardous organics. The tests also enabled an a ssessment of the 
characteristics of the residuals collected from the  off-gas, an important 
factor for the preparation of the pilot tests. The bench thermal 
treatment program included screening tests in the t ube furnace apparatus 
and tests in the rotary thermal apparatus (RTA).  
The tube furnace tests were conducted in a 1-inch d iameter by 16-inch 
quartz tube placed in an electric furnace. The purg e gas was treated with 
a chilled condenser and sulfur impregnated carbon. Three different purge 
gases (air, nitrogen, and steam) were tested for me rcury removal. Based 
on IT's previous experience, two separate treatment  temperatures of 450C 
and 550C were selected with treatment times of 10, 15, and 20 minutes. 
Additional screening tests were conducted using the  tray test apparatus 
and a muffle furnace. These tests were conducted to  rapidly screen an 
expanded range of treatment conditions. Based on th e results of the tube 
furnace analysis, temperatures of 550C, 600C, 650C,  and 700C were tested 
at a treatment time of 10 minutes. In addition to t hese tests, treatment 
times of 10, 20, 40, 60, and 90 minutes were tested  at a 550C 
temperature.  
The results of the tube tests show that the total m ercury concentrations 
were readily reduced to 50 to 100 mg/kg. These resu lts also show that 
different atmospheres (the three different purge ga ses) had no 
significant effect on the mercury levels in the tre ated soil. The TCLP 
analyses show leachable mercury was reduced to belo w 0.011 mg/Liter. In 
the system's purge gas condenser, elemental mercury  was collected. As for 
the organics, PCB concentrations were typically bel ow 1 mg/kg. These 
results met the LDR criteria of 260 mg/kg total mer cury, but not the risk 
based level of 12 mg/kg necessary for an on-site la ndfill.  
A series of tray tests at higher temperatures and k nown treatment times 
were conducted in order to try and meet the 12 mg/k g total mercury 
criteria. The treated soil from the tray tests cont ains concentrations of 
total mercury between 70 and 115 mg/kg. The more ag gressive treatment 
conditions did not consistently result in lower mer cury levels. As the 



test temperature was increased, the mercury concent rations were reduced 
in the treated soil. The test at the highest temper ature (700C, 10 
minutes RT) did produce the lowest mercury number a t 72 mg/kg. However, 
the results of the varying treatment times were not  consistent. The 
longer contact times at temperature did not provide  any significant 
benefit. 
The third phase of the bench, thermal treatment pro gram was the RTA 
analysis. The RTA is a bench-scale system, basicall y a small, batch kiln, 
capable of treating up to 1 kg of soil. The RTA pro vides scaleable data 
for the pilot test conditions. The off-gas was trea ted by chilled 
impinger scrubbers and sulfur impregnated carbon. T wo duplicate runs were 
conducted at two sets of treatment conditions. The first set of 
conditions required a temperature of 600C, with a t ime of 10 minutes at 
temperature, and an air purge at a rate 1.8 liters per minute. The second 
set of conditions had a temperature of 350C, with a  time of 10 minutes at 
temperature, and a steam purge at a rate 3.0 liters  per minute.  
The first set of conditions (600C, 10 minutes RT, a ir purge) reduced the 
PCBs and leachable (TCLP) mercury levels to below d etection limits. The 
total mercury concentrations of the treated soil we re 141 and 82 mg/kg 
for the duplicate runs. The second set of condition s (350C, 10 minutes 
RT, steam purge) resulted in residual PCB concentra tions of 2.5 and 3.2 
mg/kg for the duplicate runs. The total mercury in the treated soil was 
3700 and 4100 mg/kg, but the leachable mercury was below the detection 
limit of 0.002 mg/liter.  
PILOT-SCALE THERMAL DESORPTION TESTING PROGRAM 
After the bench-scale desorption test results had b een evaluated, 
approximately 1000 lbs. of contaminated soil were t hermally treated at 
600C with a 10 minute retention time. The primary g oal for the pilot-
scale operations was to provide performance and sca le-up data for full 
scale application and to provide sufficient materia l for soil washing and 
water treatment studies 
Pilot System Description 
IT's pilot-scale thermal desorber is an indirectly heated, rotary tube 
calciner (desorber) unit employing a continuous fee d and a multistage 
off-gas treatment system. The pilot system has in p ast studies given 
comparable results to bench-scale tests. The therma l desorber is a pilot 
calciner that consists of a continuously rotating t ube partially enclosed 
with a gas-fired furnace shell. The tube, construct ed of Castalloy H-H, 
has a 16.5-cm (6 and 1/2-inch) internal diameter an d is 4.3 m (14 feet) 
long; the heated section is 2.3 m (6 feet, 8 inches ) long. Small flights 
are placed at intervals within this tube to provide  soil agitation. A 
stationary thermowell extends from the discharge en d into the tube with 
six thermocouples to monitor the soil temperature a nd three to monitor 
the gas temperature along the tube length. The tube  can be rotated at 
speeds from 1.5 to 16 rpm and also can be inclined to adjust the flow 
rate of solids. Typically, a 2- to 3-degree slope i s used. 
The soil bed volume in the desorber depends on the material flow 
characteristics, the desorber inclination and rotat ional speed, and, 
particularly on the diameter of the "dam" or retain ing ring at the 
discharge end. The soil residence time is a functio n of the soil bed 
volume and the soil feed rate. The soil feed rate i s controlled by the 
rotational speed of a feed screw conveyor. Retentio n time tests were 
conducted to determine the slope and rotational spe ed of the desorber 
tube required to promote flow of the soil through t he tube at the feed 



rate. Solids discharging from the separator while o perating at steady-
state are weighed on a digital electronic scale to enable determination 
of the soil feed rate. 
The furnace is a refractory-lined chamber with 14 e qually spaced burners 
controlled by a standard burner control system with  appropriate safety 
features. Propane was used as the fuel. Burner firi ng rate is manually 
controlled to give the desired soil temperature pro file. The desorber is 
rated at 337,000 kilojoules per hour (kJ/hr) (320,0 00 British thermal 
units per hour [Btu/hr]) maximum heat duty. The max imum heat that can be 
transferred to material in the desorber tube is est imated to be 105,000 
kJ/hr (100,000 Btu/hr). This value depends primaril y on the temperature 
gradient between the soil being processed and the f urnace temperature. 
The discharge end section of the desorber tube is e nclosed by the air 
cooler casing. Cooling of solids within the tube at  the discharge end is 
increased by forced air circulation through the air  cooler casing. Soil 
exits the desorber tube through a gas plenum/transi tion section and a 
rotary air-lock valve into a metal receiver can. A sight glass on the 
discharge plenum of the desorber allows the soil fl ow to be visually 
monitored.  
Purge gas is introduced at a low flow rate (0.057 c ubic meters per minute 
[m3/min] [2 actual cubic feet per minute, at the so il discharge end to 
help flush desorbed contaminant vapors and to maint ain the proper 
atmosphere for the treatment process. The off-gas w hich flows from a 
plenum at the soil feed end of the desorber contain ing the purge gas, 
volatilized contaminants and water, and some partic ulates, was 
transferred through a short electrically-heated, in sulated duct to the 
off-gas treatment system. 
The off-gas treatment system was comprised of the f ollowing components: 
  A hot cyclone removes a majority of entrained par ticulates 
  A quench, spray scrubber is 15.4 cm (6 inches) in  diameter and 1.2 m (4 
feet) tall. A demister pad is located at the top of  the scrubber to 
minimize entrainment of water droplets. The scrubbe r liquid is collected 
in a tank and recirculated by a pump through a set of bag filters and 
through a heat exchanger cooled by a packaged refri geration system. 
Caustic is added to the scrubber liquid prior to op eration to 
control/maintain the pH to alkaline or neutral. 
  A wet electrostatic precipitator (WESP) captures very fine particulates 
and aerosols. 
  A chilled, noncontact condenser reduces the moist ure content of the 
scrubbed gas and removes condensable organic vapors . The condensate is 
collected in a receiver. 
  A mist eliminator (Brinks) removes any remaining entrained droplets. 
  A HEPA filter removes any residual particles. 
  A two-stage carbon adsorber removes residual orga nic vapors and mercury 
vapors. 
  An induced-draft fan draws off-gas from the desor ber and creates a 
slight negative pressure throughout the system. 
The outlet (vent) gas from the off-gas treatment sy stem is discharged to 
the atmosphere through a roof vent. The desorber sy stem operates at a 
slight negative pressure to prevent fugitive emissi ons. The negative 
pressure is maintained by using a small blower to p ull the gases through 
the desorber and off-gas treatment system. A dry te st meter and rotometer 
measure the vent gas flowrate and volume during a t est period. 
Pilot-Scale Thermal Desorption Results 



The treatment raised the soil pH from 8.8 to 9.1 wh ile the treated solids 
contained no moisture. The following data provides the results for PCBs 
removal. 
Table I 
Approximately 99.6 percent of the Aroclor-1254 and 99.9 percent of the 
Aroclor-1260 compounds were removed. Concentrations  of 220,000 mg/kg and 
390,000 mg/kg for the two respective Aroclors were present in the bag 
filter solids. 
The table below provides mercury results for the th ermal treatment. 
Table II 
The feed soil composite sample had a total concentr ation of 22,750 mg/kg 
and a TCLP value of 3.1 mg/kg. The treated soil com posite contained 1,175 
mg/kg, providing a 95 percent reduction, with a TCL P value of 0.032 
mg/kg. Mercury was also recovered in the various pr ocess residual 
streams, with the bag filter solids having the high est concentration at 
57,300 mg/kg and the scrubber liquid containing 171  mg/kg.  
The following table lists the semi-volatiles found in the residual 
scrubber liquid solution. 
Table III 
Finally, the next table provides isotopic uranium a nd gross alpha/beta 
results for the feed soil, the treated soil, and th e scrubber liquid.  
Table IV 
SOIL WASHING 
Soil Washing is an ex-situ, water-based process tha t employs chemical and 
physical extraction and separation processes to rem ove organic, 
inorganic, and radioactive contaminants from soil. It is usually employed 
as a pretreatment process in the reduction of the v olume of feedstock for 
other remediation processes. The contaminated soil is excavated and 
staged, pretreated to remove oversized material, an d washed with water 
and, possibly, other cleaning agents to separate an d segregate the 
contaminants. The process recovers a clean soil fra ction and concentrates 
the contaminants in another soil portion.  
The principal advantage of soil washing lies in its  ability to 
concentrate contaminants in a residual soil as a pr etreatment step, 
facilitating the application of other remediation p rocesses. In reducing 
the volume of soil that must be treated, soil washi ng can reduce the 
overall cost. Soil washing performance is highly se nsitive to site 
conditions. The process is most effective when appl ied to soils and 
sediments containing large proportions of sand and gravel and is less 
ineffective, or more costly when applied to soils h aving a high silt and 
clay content.  
Bench-Scale Soil Washing Operations 
Soil washing operations were performed to remove ra dionuclides, 
specifically uranium and thorium, from the thermall y treated soil. The 
soil washing methods tested included gravimetric se paration (sieving, 
flotation, and heavy liquid analysis) and chelant e xtraction. This phase 
of the study was separated into four separate tasks ; 1) an initial 
particle size characterization, 2) bench-scale phys ical 
treatment/gravimetric separation, 3) bench-scale ch elant extraction, and 
4) pilot-scale flotation/chelant extraction. The "a s received" soil 
sample was initially separated into 5 different siz e fractions (plus 2mm, 
2mm-1mm, 1mm- 150mm, 150mm- 53mm, and minus 53mm) a nd each of these 
fractions were individually analyzed for mercury, u ranium, and thorium. 



This provided a distribution of the contaminants fo r each particle size 
fraction.  
Heavy liquid separation was then used to characteri ze the presence of 
radionuclides (material with a specific gravity hig her than soil) from 
the soil in two different size fractions; the coars e sand fraction (plus 
150 mm) and the fine sand/silt/clay fraction (minus  150 mm). These 
fractions were determined based on the results of t he characterization. 
Thegravimetric analysis uses a tetrabromoethane/met hanol liquid media 
with a density of 2.8, which is between that of soi l and heavy metal 
fragments. The soil floats on the liquid and is sep arated from the 
contaminated sink fraction.  
A series of bench-scale chelant extractions were th en performed trying 
carbonate/bi-carbonate, citric acid, and EDTA solut ions, at varying 
concentrations, pH values, temperatures, and reacti on times. Peroxide was 
also added to some of the extractions to try and ch ange the uranium to 
the hexavalent form, thereby making the uranium mor e amenable to 
chelation. Approximately 50-g aliquots of coarse so il were reacted with 
each extractant in a 10:1 weight to weight (wt:wt) ratio of extracting 
solution to soil. At the conclusion of the reaction  time, each soil 
slurry was filtered to separate the spent extractin g solution from the 
soil solids. The spent extractant was collected for  analysis. The soil 
solids on the filter (filter cake) were reslurried with 200 mL of 
deionized water and filtered. This was to reduce th e residual extractant 
concentration and remove additional uranium remaini ng in the filter cake. 
The rinsate solution and extracted soil solids were  collected separately 
for analysis. 
Bench-Scale Soil Washing Results 
The results of the initial particle size characteri zation for the soil 
showed that each of the five size fractions were an alyzed for mercury, 
uranium, and thorium. These results clearly show th at a majority of the 
contamination is present in the soil fines (minus # 150). This fraction 
only represents approximately 28.4 percent of the t otal mass. By removing 
the soil fines, the average concentration of uraniu m can be decreased 
from 18,000 mg/kg to 12,000 mg/kg, a 33 percent red uction. The thermal 
treatment had previously removed 95 percent of the mercury concentration 
and lowered the PCBs level to below 100 mg/kg. Grav imetric separation 
provided a 48 percent reduction in activity for the  coarse solids (plus 
150 mm) while creating a highly contaminated fracti on which was only 6.4 
percent of the original mass. 
The following data presents a series of bench-scale , chelant extractions 
performed using sodium carbonate, sodium bicarbonat e, EDTA, citric acid, 
and peroxide. A single sulfuric acid extraction was  also tested.  
Table V 
The 0.2 M EDTA, 4 hrs., pH 8.5 extraction provided the best results for a 
chelant removing approximately 58 percent of the ur anium. The sulfuric 
acid removed over 90 percent, leaving 737 ppm of ur anium in the soil. The 
0.8 M carbonate/bi-carbonate extraction removed app roximately 42 percent 
of the uranium. This result was close to the result s provided by the EDTA 
extractions. Residual water treatment is much simpl er with carbonate 
fluids, therefore, the carbonate extractions were p referred for the pilot 
study. The experiments with the peroxide did not se em to significantly 
improve the extraction.  
Pilot-Scale Soil Washing Operations 



From the characterization data and the heavy liquid  analysis, a 
separation based on flotation was determined to be the best approach for 
pilot-scale treatment. A flotation column was const ructed to separate the 
fine fraction (minus 150 mm) from the coarse fracti on (plus 150 mm). A 4-
inch diameter by 10 ft PVC, schedule #40 pipe was u sed. A 3-inch thick 
porous plug was placed in the bottom of the column with a PVC cap and 
served as a distribution plate. A 3/4-inch water ho se fitting was then 
placed on the side of the column, 1-inch below the top of the porous 
plug. A second 3/4-inch hose fitting was placed on the side of the 
column, 8-feet above the porous plug. The soil was charged through the 
top of the column and the appropriate flow rate for  the water was 
activated.  
The flotation column acted basically as a hindered settling classifier. 
Hindered settling uses a rising current of water, i ntroduced at the 
bottom of the vessel to expand the soil into a stat e of teeter. In this 
teetered state, the soil grains will classify thems elves so the coarse 
grains will report to the bottom of the column and the finer particles 
will be dispersed to the top of the column. The flo w rate for the column 
was determined from Stokes settling law formulas. T he column flotation 
provided two process residuals, a fine soil slurry and a coarse soil 
fraction. The fines were allowed to settle and the water was decanted. 
The fines were labeled settled fines, and the water , flotation water. The 
coarse soil fraction was treated further by chelant  extraction.  
Using the data gathered from the bench-scale chelan t extractions, a 
pilot-scale extraction was performed on 12 lbs. of the coarse soil in a 
20 gallon reactor. The 20-gallon reactor was constr ucted of Carpenter 20, 
a high chrome, high nickel, stainless steel. The re actor was equipped 
with a with a 1 Hp, 1800 rpm Pfaudler drive and a c ustom fabricated 
agitator. The impeller supplied by Chemineer was de signed to ensure 
proper mixing of the soil slurry. Soil was charged through a 4-inch 
nozzle on the reactor cover. After the extraction, the soil was allowed 
to settle, and the aqueous layers were removed usin g an M-2 diaphragm 
pump and a 1/4-inch teflon, liquid withdrawal tube.  
It was determined that a series of two 0.1 M carbon ate/bi-carbonate 
extractions would be performed for the pilot-scale,  chelant extraction. 
The coarse soil was charged to a 20 gallon reactor with 15 gallons of the 
0.1 M solution. The soil was reacted for 2 hours, t he extractant was 
removed, another 0.1 M solution was added, the soil  was reacted for 
another 2 hours, and then the extract solution was removed. The soil was 
then rinsed and slurried with wash water twice, and  the washed solids 
were collected. This wash water contained a large n umber of fines. These 
washed fines were filtered and analyzed separately.  
Pilot-Scale Soil Washing Results 
At the conclusion of the pilot-scale thermal treatm ent and soil washing 
stages, a total of five process streams were presen t. Their descriptions 
are listed below: 
  Flotation Water : water used to remove the fines from the soil 
  Settled Fines : fines decanted from the flotation  water 
  Extract Solution : the combined carbonate/bi-carb onate solutions 
  Washed Solids : coarse, extracted and washed soli ds 
  Washed Fines : fine solids decanted from the extr action wash water 
All five of the residual process streams, as well a s the chemically 
extracted, non-washed solids, were analyzed for the  following parameters: 
Table VI 



 CONCLUSIONS 
The data from the thermal desorption testing showed  several unexpected 
results. Thermal treatment, at temperatures readily  achievable by 
commercial thermal desorption systems, could not me et the 12 mg/kg 
treatment goal for onsite landfill of the Y-12 stor m sewer sediments. The 
results of the bench-scale testing showed that trea tment at 600C resulted 
in a residual mercury level of 80 to 140 mg/kg. Thi s does meet the LDR 
criteria of 260 mg/kg. Unfortunately the pilot run did not duplicate this 
performance. The results of the RTA and the pilot-s cale desorber have 
been very comparable in previous testing on PCBs, P AHs and on soil 
containing lower levels (100 to 200 mg/kg) of mercu ry. On this waste, 
while the PCB results of the RTA and pilot desorber  were comparable, the 
treated sediments from the pilot run contained 1175  mg/kg of total 
mercury instead of the 100 to 150 mg/kg that were e xpected. This 
difference is probably due to inadequate purge gas flow in the pilot 
desorber. The treated sediments contained 0.032 mg/ liter of TCLP mercury 
which is high compared to the RTA results, even whe n compared to the 350C 
test. The 350C RTA test showed less than 0.002 mg/l iter of TCLP mercury 
in a treated sediment that contained over 3500 mg/k g of mercury. This 
implies that leachable mercury species (elemental m ercury or mercury 
oxide) are left in the treated sediments from the p ilot run at a ratio 
higher than in the RTA run. Since these species are  volatile at the 
treatment temperatures, they are probably left in t he soil due to 
inadequate purge gas flow. In the RTA, which operat es on a batch cycle, 
the purge gas is a little hotter than in the pilot desorber and there is 
no potential for 'reflux' of mercury from the cold (feed) end of the tube 
to the treated soil end.  
The soil washing and soil characterization results were not unexpected. 
All soil fractions, fines to coarse, were contamina ted to a high degree, 
although the fines did contain higher levels of ura nium than the coarse 
fractions. While the physical treatment by attritio n scrubbing and 
gravimetric separation did lower uranium concentrat ions, the initial 
activity of this waste was too high for these treat ments to achieve the 
treatment goal of 15 pCi/g. The chelant extractions  were also not fully 
effective on this waste. The thermal treatment prob ably converts the 
uranium to the less soluble reduced uranite form. T he thermal desorption 
treatment is not incineration and the atmosphere in  the desorber tube is 
oxygen starved or pyrolytic. The size separation or  fines removal using 
the hindered settling or flotation column was effec tive in reducing the 
mercury concentration in the coarse fraction to bel ow the LDR criteria. 
While the thermal desorption process alone was expe cted to provide 
adequate mercury removal, the test showed that the combined treatment did 
produce a treated coarse fraction that met criteria  for disposal at a 
commercial radioactive waste facility. This treated  waste met LDR and 
TCLP criteria for mercury and the TSCA PCB limit. A dditional testing is 
needed to determine if thermal treatment operating conditions can be 
modified to result in a treated soil that passes LD R mercury criteria 
without the additional soil washing step. 
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ABSTRACT 
DETOXSM is a cocatalyzed wet oxidation process bein g developed as an 
alternative to combustive processes for the treatme nt of hazardous and 
mixed wastes. An effort is now in progress to fabri cate and test a 
modular prototype unit capable of oxidizing 25. kg/ hr of organic 
material. The prototype unit will be demonstrated a t Savannah River Site 
(SRS) and at Weldon Spring Site Remedial Action Pro ject (WSSRAP). 
There are many low level and mixed wastes in the US  Department of Energy 
(DOE) complex, as well as the public sector, which are organic in nature, 
or which contain hazardous organic compounds, and c an be treated using 
DETOXSM as an alternative to combustion and other h igh temperature 
processes. Waste types to be considered were obtain ed from the mixed 
waste data bases and other sources maintained by th e Department of 
Energy, in consultation with the demonstration site s and the Mixed Waste 
Focus Area. 
Once waste types and surrogates for the demonstrati on were chosen, 
estimates were made of the emissions from the proto type unit when 
processing these materials. National Environmental Policy Act (NEPA) 
documentation was prepared and submitted. Environme ntal approval for the 
demonstration effort at SRS was approached through a waste water 
treatment unit approval. For waste treatment at WSS RAP (a CERCLA site) 
the substantive requirements for a RCRA Part B perm it must be met. A 
sampling schedule was prepared for emissions from t he prototype unit and 
the oxidation solution, and reviewed by the primary  stakeholders in the 
demonstration. 
Operational safety has been approached through mode ling studies, 
flammability studies, HAZOP of the prototype unit, a Process Hazards 
Review conducted by SRS, preparation of Operating a nd Safety Manuals, 
preparation of Safe Operating Procedures for site r eview, and specialized 
training of the personnel who will be operating the  unit.  
BACKGROUND 
DETOXSM is a catalyzed wet oxidation process which uses iron ions and 
homogeneous cocatalysts in an acidic aqueous soluti on. (1) Organic 
components of waste materials are oxidized in a sti rred tank reactor at 
temperatures of 400. - 473. K and corresponding pre ssures of 100. to 800. 
kPa (atmospheric pressure to approximately 100. psi g). Organic compounds 
are oxidized to carbon dioxide, water, and other si mple products, e.g., 
HCl for chlorinated compounds. Non-volatile inorgan ic materials are 



either dissolved into the oxidation solution or lef t as inert and/or 
produced solids suspended in the oxidation solution . 
The DETOXSM process is being developed as an altern ative treatment for 
mixed, TRU, and low level wastes in the US Departme nt of Energy (DOE) 
complex with funding from DOE EM-50 through the DOE  Morgantown Energy 
Technology Center and from the DOE Mixed Waste Focu s Area. Demonstration 
sites are the Savannah River Site (SRS) and the Wel don Spring Site 
Remedial Action Project (WSSRAP). A prototype unit capable of oxidizing 
25. kg/hr (dry weight, organic material) is being f abricated. The 
prototype unit will be capable of feeding both liqu id and solid wastes, 
and of removing inert and produced solids from the oxidation solution 
during operation. The oxidation solution will be re duced to residue at 
the conclusion of a treatment campaign and stabiliz ed for disposal. 
Shakedown tests and treatment of hazardous wastes/s urrogates will be 
conducted at SRS, after which the unit will be tran sported to WSSRAP for 
treatment of low level mixed wastes. 
In order to obtain as much value as possible from t he demonstration 
effort, it was highly desirable to include represen tatives of many waste 
types in the DOE complex which could be treated wit h the technology. It 
was also necessary to obtain exclusions, approvals,  and/or permits to 
operate the prototype unit in compliance with all a pplicable 
environmental regulations. Lastly, regardless of wh ether the prototype 
unit is found to operate effectively, it must be op erated safely during 
the demonstration effort. These three areas: applic ation, environmental 
compliance, and safety, are crucial to the demonstr ation of any waste 
treatment technology. 
REPRESENTATIVE WASTE TYPES 
The choice of waste types or surrogates to be treat ed in the 
demonstration was not trivial, since they had to be  suitable for 
treatment by the process, available, suitable for t he environmental 
permitting requirements of the demonstration, and r epresentative of 
wastes in the DOE complex and elsewhere. 
Common wastes suitable for treatment by the DETOXSM  process are 
contaminated aqueous solutions, oils, solvents, com bustible solids, 
organic sludges, soft debris, and excess chemicals.  Water solutions, 
although of large volume in many instances, have le ss concentration of 
contaminants than many pure organic wastes, thus it  was felt that pure 
organic compounds would be a more rigorous test of the DETOXSM process. 
This did not, however, eliminate treatment of aqueo us streams in the 
demonstration. 
A variety of matrices and contaminants are listed i n the DOE mixed waste 
data bases (2,3), but representatives of these wast es may or may not be 
available for technology demonstration purposes at a particular site. At 
SRS, the selection of actual wastes available for t reatment studies is 
limited. In many instances, waste surrogates will b e used at SRS instead 
of actual wastes. Standard surrogate formulations f or DOE wastes have 
been defined. (4,6) There are some advantages to th e use of waste 
surrogates, namely, they are more well characterize d than typical wastes, 
they can be prepared as a standard mixture which ca n allow more direct 
comparison of different processes, process limits c an be more accurately 
defined, and they are not considered hazardous wast es for regulatory 
purposes. Disadvantages of surrogates are that they  must be prepared, 
they are not actual wastes, and their preparation c osts can be high. At 
WSSRAP, a good selection of wastes are available fo r treatment, including 



solvents, oils, sludges, combustible solids, aqueou s solutions, soft 
debris, and excess chemicals. 
Waste or surrogate types also had to be treatable w ithin the permitting 
arena of the host sites. For example, it would be e xtremely difficult, if 
not impossible, to obtain permission to treat liste d wastes or materials 
containing radionuclides during the demonstration a t SRS. Surrogates will 
be used instead.  
A final critical consideration is whether the waste s or waste surrogates 
are considered representative of waste types across  the DOE complex. The 
most value is obtained from the demonstration when more representative 
materials are treated. Under guidance from METC, th e MWFA, and 
representatives from SRS, WSSRAP, and other DOE sit es, the list of wastes 
and waste surrogates proposed for the demonstration  was reviewed and 
matched against lists of mixed wastes and "hard-to- treat" wastes in the 
DOE complex. As a result of the review, an aqueous waste stream was added 
at SRS and the surrogate solids treated at SRS will  be spiked with 
hazardous organic compounds. 
Table I lists the waste surrogates and wastes to be  treated in the 
demonstration. 
Table I 
ESTIMATED EMISSIONS 
Delphi has estimated emissions from the prototype u nit based on the waste 
surrogates and wastes to be treated, expected opera tional parameters for 
the prototype unit, literature values for vapor pre ssures, and the 
results of bench scale continuous oxidation studies . 
HCl is the primary hazardous species in gaseous emi ssions from the 
prototype. Based on analyses of the product water f rom the bench scale 
continuous oxidation studies, there are also estima ted to be principally 
three hazardous volatile organic compounds in the g aseous emissions from 
the prototype. Worst case calculations of emissions  of these species 
under normal operating conditions gave the values s hown in Table II. With 
an emissions stack height of 4.9 m (16. ft) or high er, none of the 
emissions values exceeded the regulatory requiremen ts at either of the 
two demonstration sites. The organic compounds were  well below regulatory 
concern levels. HCl emission was the controlling fa ctor. 
Table II 
Levels of organic compounds in the product water fr om the prototype was 
the other primary environmental concern. Based on a nalyses of the product 
water from the bench scale continuous oxidation stu dies, estimates were 
made of the concentrations of organic compounds in the product water from 
each type of waste or waste surrogate to be treated  at SRS. The full 
estimates are too extensive to be presented in this  paper, but can be 
summarized by the volume of product water and the t otal amount of organic 
compounds estimated to be in the product water. The se values are given in 
Table III. 
Table III 
The third type of emission from the DETOXSM unit is  inert and produced 
solids. In the demonstration, some inert solids wil l be contained in the 
waste surrogates and wastes, but by far the largest  volume of solids will 
be ferric phosphate produced from the oxidation of tributyl phosphate 
(TBP). TBP is an excellent simulant for wastes cont aining a large 
proportion of inert material, since for every weigh t of TBP oxidized 
approximately 60.% by weight ferric phosphate solid s will be produced. 
Thousands of kilograms of inert/produced solids (mo stly ferric phosphate) 



will be filtered from the DETOXSM solution and rins ed during the 
demonstration, and this will provide valuable opera tional data on the 
unit's filtration system. The inert/produced solids  are anticipated to be 
non-hazardous at SRS and low level radioactive at W SSRAP. At WSSRAP, the 
inert/produced solids will be treated by chemical 
solidification/stabilization before placement in th e on-site disposal 
cell.  
The other solid residue produced from the DETOXSM p rocess is the DETOXSM 
solution residue. It is anticipated that the soluti on will be converted 
to solid form three times during the demonstration effort (once at SRS 
and twice at WSSRAP), each time resulting in 200. -  250. kg of ferric 
oxide solid containing the soluble inorganic compou nds (including most of 
the toxic and radioactive metals) from the wastes w hich have been 
treated. An estimated 90,000. kg of wastes and wast e surrogates will have 
been treated during the demonstration. The DETOXSM solution solid residue 
will be disposed of as hazardous waste at SRS, and treated by chemical 
solidification/stabilization for on-site disposal a t WSSRAP. 
PERMITTING ISSUES 
Exclusions, approvals, and permits to operate the p rototype unit in the 
demonstration are vital. Environmental regulations are complex and 
restricting in many instances for demonstration of new technologies. An 
example of this is the definition of the entire SRS  as a "facility" for 
the purposes of the RCRA Treatability Studies Exemp tion. This ruling 
restricts the entire 30,000 acre site to a maximum of 250. kg/day waste 
treatment under TSE. One must be thorough in defini ng the regulatory 
situation at contemplated demonstration sites. As a  project at a 
government facility, the demonstration must also be  compliant with NEPA, 
which has required submitting information on the de monstration effort and 
its potential environmental impacts. 
NEPA documentation was submitted to SRS as per the site Environmental 
Evaluation Checklist. WSSRAP determined that the de monstration was 
covered by existing NEPA documentation at their sit e. At each site the 
demonstration effort falls under a NEPA categorical  exclusion. 
At SRS, the regulatory path chosen was through the pre-treatment 
scenarios of the Clean Water Act, with approval of the prototype unit as 
an industrial wastewater treatment unit. It also wo uld have been 
possible, although much more complex, to obtain a R CRA RD&D permit for 
the unit. Approval required submission of detailed water emissions 
estimates as described above, as well as a descript ion of the process, 
the prototype unit, the demonstration site, spill c ontainment measures, 
and the wastes and surrogates to be treated. Estima ted air emissions from 
the prototype unit are well below State of South Ca rolina limits for 
toxic air emissions. Solid hazardous residues from the process will be 
disposed of in accordance with the requirements of the South Carolina 
hazardous waste management regulations. 
At WSSRAP, a CERCLA site, the substantive requireme nts of a RCRA Part B 
permit must be met, although a formal permit is not  required. Delphi has 
obtained a determination from EPA that the DETOXSM unit is permittable 
under RCRA as a miscellaneous thermal treatment sys tem (Subpart X 
requirements). Estimated air emissions have been su bmitted to the State 
of Missouri Department of Natural Resources (MDNR) and air dispersion 
modeling of the emissions from the demonstration un it was conducted by 
Argonne National Laboratory for WSSRAP. A prelimina ry determination has 
been obtained from MDNR that no air emissions permi t will be necessary 



for the unit if it operates within estimated emissi ons parameters. 
Product water from the prototype unit will be pumpe d to WSSRAP's 
wastewater treatment facility, whose permit covers chemical treatment 
effluents. Solid residues from the process will be treated by chemical 
solidification/stabilization at WSSRAP's on-site fa cility and placed in 
an on-site disposal cell as per the WSSRAP Record o f Decision (ROD). 
OPERATIONAL SAFETY 
Safe operation of the prototype is vital to the suc cess of the 
demonstration effort, and various safety evaluation  procedures are 
mandated by DOE. 
The prototype unit design process has included a fo rmal HAZOP with 
participation of representatives from the two demon stration sites. The 
HAZOP process first identifies the causes and conse quences of non-
standard operational conditions (high or low temper atures, pressures, 
flows, etc.), identifies existing design features w hich will alleviate 
the consequences, and then makes recommendations as  to additional design 
features and operational procedures needed to furth er minimize 
consequences. 
In addition to the HAZOP, SRS is conducting a Proce ss Hazards Review 
(PHR) for the demonstration. The PHR is similar to a Safety Analysis 
Report (SAR), in that it will review all aspects of  the demonstration 
effort from delivery and installation of the protot ype unit, through 
shakedown and treatment operations, to final prepar ation, loading, and 
removal of the prototype unit from the site. The na ture of the 
demonstration and size of the prototype unit do not  warrant performance 
of a full SA. 
Materials of construction have been an important co mponent of prototype 
safety. It has been found, through materials compat ibility testing and 
through operational testing in the bench scale cont inuous oxidation 
reactor, that tantalum has excellent compatibility with the DETOXSM 
process solution and its vapors. A tantalum-lined r eaction vessel was 
operated for over 400. hours in the bench scale app aratus with no visible 
corrosion.(7) Materials tests performed at the Colo rado School of Mines 
with the DETOXSM solution have shown very low corro sion rates for 
tantalum.(8) It is also known that titanium is some what compatible with 
the DETOXSM solution, but will not survive long exp osures. Thus, parts of 
the prototype unit exposed to hot liquid DETOXSM so lution are being 
constructed of tantalum-lined titanium. This provid es, in effect, double 
containment for the process solution. Sensors betwe en the tantalum lining 
and titanium shell will detect any breach of the ta ntalum lining. If a 
breach occurs, the titanium shell will contain the DETOXSM solution while 
it is cooled and removed so that the breach can be repaired. 
The combination of organic compounds and oxygen in the DETOXSM reaction 
vessel results in flammability/explosivity safety c oncerns. A 
flammability limits study has been conducted by Del phi and Sandia 
National Laboratories to determine the flammable li mits of organic 
compounds and oxygen under the conditions of the DE TOXSM reaction vessel. 
An example of experimental runs is given in Fig. 1.  The "nose" of the 
graph is the defined flammability limit. Numerous e xperimental runs have 
determined that, for volatile organic compounds, no  flammability is 
possible below approximately 5.% by volume oxygen c oncentration in the 
headspace of the reaction vessel. This has defined a strict operating 
limit for oxygen concentration in the primary react ion vessel during 
operation of the unit. 



Fig. 1 
Dynamic simulations of the prototype unit have been  conducted by the 
Chemical and Nuclear Engineering Department of the University of New 
Mexico. The simulations have identified the critica l control aspects of 
the prototype unit. Key to safe operation of the pr ocess is control of 
the oxygen feed rate. Recommendations were made for  various control 
interlocks, for positioning a fast-response oxygen sensor at the gas 
outlet from the primary reaction vessel with immedi ate oxygen feed shut 
off on a sensor reading of 1.% or higher, and for n itrogen blanketing the 
primary reaction vessel at start up. Also found to be a potential problem 
scenario was sudden loss of the cooling system. Los s of cooling would 
result in heat rise in the primary reaction vessel,  reaching the design 
temperature of the vessel in about 13. minutes. Fro m results of the bench 
scale continuous oxidation studies, shutting off th e agitator will 
decrease the reaction rate of organic material in t he reaction vessel by 
approximately an order of magnitude, which will slo w resulting heat rise 
by approximately an order of magnitude and give app roximately 2. hours 
before the reaction vessel's design temperature is reached. Stopping 
oxygen flow will also limit heat rise, since there is only about 1. 
hour's worth of ferric iron available to oxidize th e organic in the 
vessel if it is not being regenerated. Thus, a comb ination of stopping 
the oxygen supply and the agitator should result in  safe operation even 
in the event of total cooling system loss. As a eme rgency backup, the 
prototype has been designed with a quench tank of w ater which can be 
emptied into the primary reaction vessel to quench the oxidation 
reaction. 
The Operating Manual for the prototype unit will co nsist of a description 
of the DETOXSM process and the prototype unit inclu ding mass balances for 
typical feeds, normal operating inventories, heat l oads, and utilities, a 
description of the control system and control philo sophy including alarm 
and automatic shut down conditions, safety features  of the unit including 
personal protective equipment, routine precautions during unit operation, 
and location of safety equipment, the operating pro cedures including 
start up, steady state operation, upset conditions,  and shut down, 
emergency procedures cross-referenced to alarm cond itions with a "quick 
reference" chart, routine maintenance and calibrati on procedures, 
specifications of all parts, and an index to the ma nual. 
An Environmental Safety and Health (ES&H) Manual is  essential for any 
operations at the demonstration sites. The existing  site ES&H document 
will be followed during the demonstration, which wi ll provide compliance 
with DOE and OSHA rules and regulations. A Spill Pr evention, Control, and 
Countermeasures (SPCC) procedure is required as per  the requirements of 
40CFR 112. Guidelines for preparing the SPCC are gi ven in 40CFR 112.7. 
Some modification of the existing site Emergency Re sponse Plan may be 
necessary to cover operation of the prototype unit.  Existing radiation 
safety procedures will be followed at the WSSRAP. A t WSSRAP, Safe Work 
Plans are required for on-site operations. The Safe  Work Plan provides a 
description of the work to be done, the crew, equip ment, a safety, 
health, and environmental risk assessment, preventi ve measures, any 
subtier contractors, a permit checklist, designatio n of Delphi's site 
safety representative, and the work crew signatures  and date. 
Training is an vital component for insuring safe op eration of the 
prototype unit. In addition to basic training in sa fety awareness and 
proper use of personal protective equipment, all on -site operators will 



have an accredited 40. hour HAZWOPR (emergency resp onse) training course, 
and will be trained and certified in operation of t he prototype unit as 
per OSHA Process Safety Management requirements. Th e process safety 
training will include typical operating procedures including normal start 
up and shut down, and emergency procedures includin g emergency shut down. 
The sites will provide operators with other necessa ry site-specific 
training. At SRS this will include RCRA and OSHA aw areness, benzene 
training, mercury training, and hazardous energy sa fety training 
(including lock-out, tag-out procedures). At WSSRAP , radiation safety 
training will be added to the training regimen. 
SUMMARY 
Demonstration of the DETOXSM process for treatment of mixed wastes will 
be conducted with a modular prototype unit having a n estimated throughput 
of 25. kg/hr (dry weight, organic material) of wast e. The demonstration 
will take place at Savannah River Site and at the W eldon Spring Site 
Remedial Action Project. Wastes and waste surrogate s for the 
demonstration have been chosen based on suitability , availability, 
regulatory requirements, and representativeness. Em issions and secondary 
wastes from the prototype unit have been estimated based on the wastes 
and waste surrogates to be treated. Environmental e xclusions, approvals, 
and/or permits are being obtained. Safe operation o f the prototype during 
the demonstration is being aided by safety reviews,  ES&H procedures, 
emergency procedures, safe operating procedures, an d operator training. 
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AN INNOVATIVE PROCESS FOR CONTAINING TOXIC EMISSION S WHILE THERMALLY 
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ABSTRACT 
The proposed innovative process for containing toxi c emissions while 
thermally treating mixed waste is also designed to minimize waste 
handling for a board spectrum of solid and liquid f eedstocks being 
processed separately or commingled in various shape s and sizes. Any 
potential toxic emissions present in the feedstocks  or generated during 
treatment will be contained or recycled for further  treatment. Two types 
of products will be produced: 1) industrial-grade c ommodities, and 2) 
solid products suitable for proper packaging for tr ansportation and 
disposition. 
The system is comprised of a series of technologies  currently used in 
industry for throughputs which exceed current U.S. Department of Energy 
site-specific processing requirements. The use of a  rotary kiln operating 
in series with a high temperature vitrification uni t eliminates the 
inherent weaknesses of each unit operation. Consequ ently, a wider array 
of feedstocks can be processed more effectively wit h less energy being 
consumed. 
Three additional unit operations have been added to  offset the recognized 
limitations of existing off-gas cleaning systems: c ondensation, 
absorption, and membrane separation. Economic and o perating 
considerations provide the incentives for utilizing  enriched oxygen 
rather than combustion air. Cooled off-gases are us ed to replace the 
cooling effects of the nitrogen in the combustion a ir. The utilization of 
enriched oxygen coupled with off-gas recycling redu ces the off-gases 
subjected to further treatment by 85%. 
REGULATORY BACKGROUND 
The environmental statutes and policies which most directly influence the 
selection of the subject technologies emanate from three environmental 
acts passed by Congress in 1990. In sum these three  actsthe Clean Air Act 
Amendments of 1990 (CAAA), the Federal Facilities C ompliance Agreement 
(FFCA) [PL102-39(b)], and the Pollution Prevention Act of 1990 (PPA) (42 
U.S.C. 13101)redirected a portion of the U.S. Envir onmental Protection 
Agency's (EPA's) regulatory activities, expanded th e scope of the 
existing environmental statutes and policies, and r equired federal 
facilities to conform to all applicable environment al statutes and 
policies. 
Prior to 1990, the National Emission Standards for Hazardous Air 
Pollutants (NESHAPs) were used to establish air emi ssion standards. This 
scheme became inoperable during the late 1980s when  emissions standards 
were being established for compounds for which no r isk assessment data 
was available and which could not be identified or qualified in the 
effluents from hazardous waste incinerators. Conseq uently, analytic 
results were inconclusive, and it was not possible to establish emission 
standards which could be enforced. As a result, Con gress amended the 
Clean Air Act of 1970 (CAA) by abandoning this regu latory scheme. The new 
regulatory scheme installed was based upon "technol ogy alternatives." 
Congress directed EPA to establish maximum achievab le control technology 



(MACT) standards on an industrial sector basis sche dule to be completed 
by 1998. 
It is clear that the CAAA has no direct bearing on federal facilities. 
Historically, most federal facilities had sovereign  immunity whereby 
federal agencies were not required to follow either  the federal or state 
laws due to the potential conflict between mission and compliance. The 
concept of sovereign immunity was sufficiently broa d to prohibit one 
federal agency from forcing another federal agency to comply with federal 
statutes and policies. During the 1980s, Congress c ontinued to empower 
state and local environmental agencies to act as th e primary control 
mechanisms for federal environmental programs which  could not be enforced 
at federal facilities. In a specific attempt to cur tail sovereign 
immunity, Congress passed the FFCA which requires f ederal facilities to 
comply with all federal, state, and local solid and  hazardous waste 
management requirements in the same manner and to t he same extent as any 
agency subject to the Resources Conservation and Re covery Act of 1976 
(RCRA). Also in 1990, Congress passed the PPA which , among other things, 
modified and cross-referenced the CAA, Clean Water Act of 1972 (CWA), and 
RCRA to develop greater continuity among environmen tal statutes. Section 
6501 (42 U.S.C. 13101)(b) states: 
The Congress hereby declares it to be the national policy of the United 
States that pollution should be prevented or reduce d at the source 
whenever feasible; pollution that cannot be prevent ed should be recycled 
in an environmentally safe manner, whenever feasibl e; pollution that 
cannot be prevented or recycled should be treated i n an  environmentally 
safe manner whenever feasible; and disposal or othe r release into the 
environment should be employed only as a last resor t and should be 
conducted in an environmentally safe manner. 
This policy statement is consistent with the MACT o bjectives defined in 
the CAAA and defines the parameters for the propose d processing 
specifications. The only technical data used in thi s assessment were the 
data acquired from EPA-sanctioned studies conducted  on hazardous wastes 
thermal treatment configurations. The detailed resu lts of this broad 
assessment of hazardous waste incinerators have bee n presented elsewhere 
(1,2). 
TECHNICAL BACKGROUND 
Thermal treatment hazardous waste process specifica tions are determined 
by waste characterization and applicable regulation s. During the last 
several decades, waste characterization requisites have been relatively 
constant while specifications for emissions have in creased thirtyfold. 
Most recently, Congress has directed EPA to define MACT standards for 
some 20 waste characterization categories [Standard  Industrial 
Classification (SIC) sectors]. Owners/operators are  responsible for 
implementing MACT even if EPA does not comply with the congressional 
mandate in a timely manner. 
The theoretically achievable emission limits for MA CT standards approach 
zero for all three general emission regulatory cate gories: gross 
particulate matter, dioxin-like particulate matter,  and ash leachability. 
Rotary kiln configurations were designated by EPA a s the best 
demonstrated available technology (BDAT) for the tr eatment of hazardous 
waste during the early 1980s. Many of the configura tions will not be able 
to qualify as MACT due to the inability to satisfy proposed standards for 
the dioxin-like particulate matter and ash leachabi lity categories. BDAT 
hazardous waste treatment configurations will not q ualify for mixed waste 



MACT in most situations primarily due to the antici pated ash leachability 
criteria. There are interlocking technical relation ships between ash 
leachability and gross and dioxin-like particulate matter; therefore, 
caution should be used in technically addressing th ese regulatory 
classifications independently. Much of the innovati ve technology 
recommended is complementary to one another as well  as to an existing 
BDAT hazardous waste processing configuration. 
Recently, EPA released a draft version of the Combu stion Emissions 
Technical Resource Document (CETRED), which contain s the initial 
technical analysis concerning emissions of dioxin/f urans and particulate 
matter from certain types of devices which burn haz ardous wastes (3). 
CETRED represents the first preliminary step in the  development of 
technical standards governing emissions from hazard ous waste combustors. 
Herein, the recommended approach utilized is to ide ntify the best 12% (or 
best five sources, whichever is greater) and then d etermine the 
technology utilized to achieve the low emissions. T hese data are relevant 
since they potentially represent the lower bounds f or the new MACT 
standards. CETRED displays a cumulative distributio n of the hazardous 
waste industry gross particulate matter emissions. The critical values 
for the top 12% and median selected as representati ve of MACT are present 
in Table I. 
Table I 
These data imply that if the new gross particulate matter standards were 
set at the maximum emission rate for the top 12%, i t would be necessary 
for the median emitter to reduce its emission rate threefold to tenfold 
to meet the new standards. Also, these data suggest  that the unit 
operation selected for gross particulate matter rem oval should be capable 
of obtaining the maximum emission value for the med ian emitter before a 
dioxin-like particulate matter removal system is em ployed downstream 
since higher gross particulate matter values will r educe the 
effectiveness of the dioxin-like particulate matter  removal system. 
PROCESS OVERVIEW 
The development criteria selected for the conceptua l design of a MACT 
process which contains toxic emissions while therma lly treating mixed 
waste are as follows: 
1. Reduce the volume of flue gas generated. 
2. Reduce the quantity of toxic emissions present i n the flue gases 
generated. 
3. Release only clean inert ingredients (industrial -grade carbon dioxide 
and nitrogen) from the system. 
4. Recycle any potentially toxic substances not des troyed in the 
treatment process along with a small fraction of th e uncleaned inert 
ingredients, including the water produced during tr eatment. 
5. Produce a solid waste form that will not exceed the Toxicity 
Characteristic Leaching Procedure specifications, w ill satisfy nuclear 
waste product consistency tests, and will be in a f orm suitable for 
transportation and final disposition. 
6. Minimize waste characterization, material handli ng and energy 
consumption. 
7. Maximize operating flexibility and reliability w hile processing a 
nominal 30,000 tons/year through proven technology.  
The baseline process configuration was a BDAT hazar dous waste processing 
system consisting of a two-stage combustion system and an air pollution 
control system (APCS) (i.e., the K-25 TSCA Incinera tor). This basic 



process configuration was enhanced with a vitrifier  to satisfy ash 
leaching requirements and with an extended toxic em ission control system 
which contains the toxic substances and cleans the inert gases. Figure 1, 
Extended Toxic Emission Containment System, depicts  the integrated 
process schematic. A BDAT hazardous waste processin g configuration is 
shown on the left side of the schematic. The comple mentary extended toxic 
emission control scheme is reflected on the right s ide of the schematic.  
The proposed process utilizes oxygen, rather than a ir, as an oxidant. 
Oxygen utilization coupled with flue gas recycling reduces the stack 
emissions by 85%; thus, the extended toxic emission  containment system 
needs to process only 15% of the normal flow rate ( See Ref. 2 for 
details). 
EFFECTIVE THERMAL TREATMENT 
EPA designated rotary kiln technology as BDAT in th e early 1980s after 
conducting field tests on eight full-scale commerci al incinerators to 
validate the proposed trial burn analytic procedure s. By definition, they 
are pre-RCRA incinerators. These emission results w ere reported by 
Trenholm, Gorman and Jungclaus (4). The significant  average emission 
results were 1) destruction and removal efficiency (DRE) = 99.99%; 2) 
hydrogen chloride (HCl) = 99% removed; and 3) parti culate matter = 180 
mg/dry standard cubic meter (dscm) [0.08 grains/dry  standard cubic foot 
(dscf)] released. In 1990 Oberacker reported simila r average emission 
results obtained from 14 of the early trial burns ( 5). There are at least 
four polychlorinated biphenyl (PCB) incinerators op erating in the United 
States. These incinerators must obtain a DRE greate r than 99.9999%. 
Oxygen-enriched burners provide similar DREs (6). A t the time of 
Oberacker's report, organic DREs were the primary c oncern, and with DREs 
greater than 99.99% the overall flue gas risk relat ed evaluations were 
better than an acceptable health related incidence ratio of 1:106. 
During the mid-1980s, metal emissions in the flue g as, the bottom ash and 
the fly ash became a concern. Also, organic emissio ns in the bottom and 
fly ash were subjected to a more critical surveilla nce. One industrywide 
survey sponsored by EPA produced typical results (7 ). Some 43 organic 
priority pollutants were tested for in the solids r esidues from hazardous 
waste incinerators. Levels of organic priority poll utants were found in 
all solid residues, with the total quantity present  varying between 10 
ppm and 2000 ppm. Similar organic results were foun d in other studies 
while conducting metal analysis on the same residue s (7,8). In these 
studies, ten metals were tested for, and some combi nations of metals were 
found in all residues. The total quantities of thes e metals varied 
between 365 ppm and 44,763 ppm. When these organic and metal emission 
levels were integrated into the requisite risk eval uations via ash 
leachate migrating to groundwater, the overall risk  evaluations produced 
health related incidence ratios between 1:105 and 1 :106. To many, these 
health related incidence ratios represented an unac ceptable risk. 
Although EPA designated stabilization as BDAT for w aste metal treatment, 
it was quickly demonstrated that vitrification prod uced a more 
homogeneous, nonleachable product. As a consequence s, much development 
work was performed to demonstrate that the vitrifie r should replace the 
rotary kiln as BDAT for hazardous waste thermal tre atment. This mode of 
operation was not universally successful due to the  increased material 
handling/preparation complexities introduced into t he overall process, 
coupled with a severe reduction in the types of was tes which could be 
economically processed. The proposed process elimin ates these processing 



complexities and retains the desirable operating fl exibility features 
associated with rotary kiln operations. This is acc omplished by operating 
the rotary kiln and the vitrifier in tandem as show n in Fig. 2, 
Traditional vs. Novel Thermal Treatment Configurati on. 
Figure 2 shows that the modifications to a BDAT rot ary kiln process 
required for tandem operations with a vitrifier are  straightforward. 
Unless large quantities of relatively dry, low Brit ish thermal unit (Btu) 
solids are being used as feedstock, the vitrifier c an be located in the 
space utilized by the ash conveyers in an existing BDAT configuration. 
The proposed innovative thermal treatment process i nvolves modifying the 
operating philosophy because the thermal treatment process is being 
converted from a two-stage to a three-stage process . This transition 
requires the kiln to be sized and operated differen tly. Traditionally, in 
the two-stage thermal treatment process, a kiln has  been sized to achieve 
maximum heat transfer, which in turn provides the m aximum treatment 
volume and throughput at the expense of several par ameters currently 
recognized as severe toxic emission generation and containment 
constraints. In the innovative three-stage thermal treatment process, the 
major function of the kiln is to separate the waste  into two phases: 
solids and vapors. Most of the thermal treatment re actions will be 
conducted in the other two reactors. Further, the p hase separation 
activity must be conducted in such a manner as to m inimize particulate 
carryover because it has been demonstrated that the  presence of mineral 
particulate matter interferes with completing desir able reactions 
downstream which are associated with the eliminatio n and separation of 
dioxin-like and radioactive particulate matter. In sum, in the innovative 
three-stage thermal treatment process, the major pu rpose of the rotary 
kiln is twofold: 1) to prepare the feedstock for th e other two thermal 
reactors and 2) to provide adequate operating flexi bility to offset the 
inherent weakness in the existing waste characteriz ation methodology. 
Both of these objectives can be achieved at lower o perating temperatures. 
With the proposed three-stage thermal treatment con figuration, the normal 
exit gas temperature will be in the 1200F-1400F tem perature range. 
Another important feature is the manner in which he at is introduced into 
the rotary kiln. Traditionally, heat was introduced  through a burner on 
the front face of the kiln in a manner to obtain ma ximum heat transfer. 
Due to the basic kiln configuration, bed burning an d high water content 
in the feedstock, temperature differentials greater  than 800F were 
routinely observed. These extreme temperature diffe rentials are an 
indication of uneven heat transfer, which in turn c reates unsteady state 
thermal reactions. During such transient periods, e xcessive particulate 
matter is conveyed into the flue gases, and the sol id residence time may 
not be sufficient to volatize all organics present.  The proposed process 
utilizes a staged cyclonic heat transfer device to ensure effective heat 
transfer, to provide steady state thermal reactions , and to minimize gas 
conveyance of mineral particulate matter out of the  kiln. Figure 3, 
Staged Cyclonic Heat Transfer Device, shows this ap paratus. The staging 
concept provides operating flexibility to adjust fo r feedstock variations 
not detected in the waste characterization. The use  of multiple burners 
allows the use of high turbulent velocities which a re necessary to obtain 
the homogeneous mixtures required to obtain high DR Es with minimal bed 
disruption. Minimal bed disruption produces minimal  gas conveyance of 
mineral particulate matter. The utilization of the staged cyclonic heat 
transfer device allows most of the combustion react ions to occur near the 



top of the kiln. By introducing the oxidant perpend icular to the 
direction of the natural draft, a slight cyclonic e ffect is introduced 
whereby the flue gases, nearly deplete of oxygen, t ransverse the top of 
the bed carrying a thin layer of exposed solid part icles to the hot 
refractory wall opposite the solid bed which does n ot lie at the bottom 
of the rotating cylinder. This cyclonic action incr eases solid bed 
burnout efficiencies, yet it is not sufficiently se vere to create 
significant increases in airborne particulate matte r which could be a 
carrier of substances that interfere with the destr uction of dioxin-like 
compounds. 
From the previous discussion, it is possible to obs erve that combustion 
criteria are no longer prominent for sizing and ope rating the rotary 
kiln. Rather, the sizing and operating requisites e manate more from 
direct drying and calcination criteria. This mode o f operation is 
preferred because it reduces particulate carryover,  minimizes transient 
gas flows, allows for a less vigorous waste charact erization, and 
provides a larger operating envelope. 
When the hot solids are fed directly into the vitri fier, two forms of 
energy conservation are utilized: 1) the heat conte nt residing in the 
solids is immediately utilized, and 2) the vapors a re not unnecessarily 
elevated to superheated conditions before being coo led to ambient 
conditions. Further, since the hot solids are fed b y gravity into the 
vitrifier, material handling equipment is not requi red, and workers are 
not exposed to hot intermediate hazardous waste pro ducts. All of these 
activities enhance the primary objective for utiliz ing the vitrifierto 
produce a nonleachable stable ash. The prospects fo r metal refining are 
not precluded. In all cases, the ensuing product(s)  can be produced in a 
form suitable for transportation and final disposit ion. 
EXTENDED TOXIC EMISSION CONTAINMENT SYSTEM 
The primary purpose of the extended toxic emission containment system 
(ETECS) is to contain dioxin-like particulate emiss ions. The primary 
purpose of the BDAT APCS is to remove the gross par ticulate matter. There 
are numerous types of APCSs in service. Table I, Gr oss Particulate 
Matter, shows the spectrum of their on-stream perfo rmance. In part, APCS 
performance is a function of the particular configu ration in service and 
the manner in which it is operated. Waste compositi on is a common 
component impacting the performance of all APCSs. T he two most critical 
parameters are the amount of particulate to be remo ved (grain loading) 
and the particle size distribution. As indicated in  the thermal treatment 
discussion, the manner in which the thermal treatme nt reactors are 
operated impacts both the amount of particulate mat ter conveyed in the 
off-gases and the corresponding particle size distr ibution as well. A 
more complete discussion of these relationships can  be found in Ref. 9. 
The most sensitive design and operating parameter i s the amount of 
particulate matter present in the feedstock, which is less than 1 micron. 
All of the traditional APCS configurations begin to  experience a loss in 
collection efficiency in this particle size range. Further, the 
collection efficiency drops dramatically when the p articulate matter is 
less than 0.5 micron. most of the dioxin-like parti cles are less than 
0.01 micron; therefore, different unit operations m ust be used to contain 
these particles. From a design viewpoint, there wil l be particles present 
in the ETECS influent in the range between 0.0001 a nd 1 micron which must 
be separated for reprocessing. It is imperative tha t an APCS is operating 
upstream of the ETECS to remove most of the particu late matter greater 



than 0.5 micron. The primary reason for distinguish ing between gross and 
dioxin-like particulate is to draw attention to the  following facts: 1) 
different processing principles must be applied to separate and contain 
the particles in these two distinct particle size r anges, and 2) the 
larger particles must be removed before an attempt is made to remove the 
smaller particles. 
Fig. 1 
Fig. 2 
Fig. 3 
The right side of Fig. 1 shows the ETECS. Because o xygen and flue gas 
recycle are incorporated into the overall design, t he gas flow to the 
ETECS is only 15% of the gas flow through the therm al treatment reactors 
and the APCS. The nominal composition of the gas fl ow to the ETECS of 
water vapor (36%), carbon dioxide (40%), nitrogen ( 16%), oxygen (8%), and 
sundry trace substances (less than 0.1%). The proce ssing objective of the 
ETECS is to clean and release substantial quantitie s of industrial-grade 
nitrogen and carbon dioxide. All other substances w ill be recycled to the 
most appropriate location in the process. The ETECS  is comprised of three 
different unit operations operating in series: cond ensation, absorption, 
and membrane separation. All of these unit operatio ns are used throughout 
industry at greater throughputs and in more corrosi ve environments; 
however, they have not been used in the proposed se quence. 
Condensation is utilized as the first stage in the ETECS to remove the 
water vapor, which represents over one-third of the  influent to the 
ETECS. Equally important, a significant fraction of  the particulate 
matter will be removed when the water is condensed since a portion of 
this particulate matter will be physically or chemi cally bound to this 
water. Another fraction of the particulate matter w ill become 
encapsulated during the condensation process. In ad dition to flow 
reduction, condensation is very effective in removi ng particle sizes in 
the 0.01-1 micron range. Periodic excessive quantit ies of particles in 
this size range could reduce the long-term effectiv eness of the 
absorption and membrane separation processes. Such transient conditions 
have minimal impact on the condensation process. 
Absorption is the second unit operation in the ETEC S. Its primary use is 
to clean and remove the carbon dioxide, which repre sents nearly two-
thirds of the remaining off-gases. An organic solve nt is used to absorb 
the carbon dioxide. The organic solvent will also a bsorb and adsorb trace 
amounts of particulate matter which is removed duri ng the regeneration 
step. This portion of the process is not reflected on the process 
schematic since only small periodic flows are invol ved. After the clean 
carbon dioxide is separated from the solvent, it is  sampled and analyzed 
prior to release. Should the product not meet the r equired 
specifications, it will be reprocessed. 
It should be noted that membrane separation technol ogy can be used to 
clean carbon dioxide as well. Absorption was select ed as the second 
cleaning stage after condensation because absorptio n is more effective in 
the presence of oversized particles, where particle s greater than 0.005 
micron are considered to be "oversized." Also, trac e amounts of acid 
gases may be present periodically. Although some of  these constituents 
have a particle size less than 0.005 micron, they c ould have a long-term 
deleterious effect on certain types of membranes. O ver the long term, 
these constituents can be processed more effectivel y in an absorption 
system. 



The third unit operation in the ETECS is membrane s eparation, which has 
several applications all with small throughputs of relatively clean 
material. The primary application is to separate th e clean nitrogen from 
the absorber off-gases, which are then recycled. Th e absorber off-gases 
represent about 14% of the influent to the ETECS. A bout one-third of 
these off-gases will be recycled after the nitrogen  is separated from 
these off-gases. The clean nitrogen will be sampled  and analyzed prior to 
release. All nitrogen products not meeting specific ation will be 
recycled. 
Membrane separation is a complementary technology w hich is sized 
according to particle inlet concentration, particle  size distribution, 
and desired particle outlet concentration. Table II , Membrane Material vs 
Particle Size Distribution Range, shows the nominal  particle size range 
for three common categories of membrane materials. 
Table II 
There is an overlap reflected in these particle siz e ranges because 
separation efficiency is not constant over the enti re range. 
Membrane separation units consist of a cascade of c ommon components 
arranged to provide the desired effluent(s). The mo st basic element in a 
membrane separation unit is the bundle of membrane material wrapped 
around a tube in multilayers separated by spacers. Several of these tube 
bundles are placed within a steel tube and capped. The caps contain three 
openings: feed, permeate (the material passing thro ugh the membrane), and 
retentate (the material contained by the membrane).  These cylinders are 
then arranged in a myriad of configurations to achi eve the desired 
concentrations in the streams to be cleaned. Fig. 4 , Typical Membrane 
Cylinder Configurations, shows examples of the mann er in which these 
cylinders are commonly arranged. There can be multi ple cylinders in a 
staged configuration. Normally, all cylinders in a multiple-cylinder 
stage contain the same type of membrane material. O n occasion, different 
material may be used in different states. Figure 4c  shows the 
configuration used to separate the nitrogen from th e other recyclable 
substances. Multiple recyclable streams are shown s ince all substances 
may not go to the same treatment reactor. 
Fig. 4 
SUMMARY 
The successful containment of toxic emissions while  thermally treating 
mixed waste emanates from the utilization of three thermal reactors in 
series coupled with oxygen utilization and flue gas  recycling. This mode 
of operation reduces the gaseous effluents by 85%. The ensuing reduction 
in the quantities of flue gases emitted makes it ec onomically affordable 
to use proven technologies to clean these effluents  to environmentally 
acceptable levels. 
The incremental capital cost for making these propo sed enhancements to a 
traditional BDAT configuration is estimated to be l ess than 20% of the 
traditional BDAT plant site cost. The major increas e in operating cost 
will be reflected in the power cost required to vit rify the solids and 
pressurize the residual flue gases for processing i n the extended toxic 
emission containment systems. A reasonable estimate  of these operating 
costs is the cost of 1.25 MW/ton of solids processe d. 
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ABSTRACT 
Hazardous waste operating permits issued under the Resource Conservation 
and Recovery Act (RCRA) often impose requirements, typically by reference 
to the original permit application, that specific c omponents and 
equipment be used. Consequently, changing these ite ms, even for the 
purpose of routine maintenance, may first require t hat the owner/operator 
request a potentially time-consuming and costly per mit modification. 
However, the owner/operator may demonstrate that a modification is not 
required because the planned changes are "functiona lly equivalent," as 
defined by RCRA, to the original specifications emb odied by the permit. 
The Controlled-Air Incinerator at Los Alamos Nation al Laboratory is 
scheduled for maintenance and improvements that inv olve replacement of 
components. The incinerator's carbon adsorption uni t/high efficiency 
particulate air filtration system, in particular, w as redesigned to 
improve reliability and minimize maintenance. A stu dy was performed to 
determine whether the redesigned unit would qualify  as functionally 
equivalent to the original component. In performing  this study, the 



following steps were taken: a) the key performance factors were 
identified; b) performance data describing the exis ting unit were 
obtained; c) performance of both the existing and r edesigned units was 
simulated; and d) the performance data were compare d to ascertain whether 
the components could qualify as functionally equiva lent. 
In this case, the key performance data included gas  residence time and 
distribution of flow over the activated carbon. Bec ause both units were 
custom designed and fabricated, a simple comparison  of manufacturers' 
specifications was impossible. Therefore, numerical  simulation of each 
unit design was performed using the TEMPEST thermal -hydraulic computer 
code to model isothermal hydrodynamic performance u nder steady-state 
conditions. The results of residence time calculati ons from the model 
were coupled with flow proportion and sampled using  a Monte Carlo-style 
simulation to derive distributions that describe th e predicted residence 
times. The results showed that the redesigned unit,  although physically 
different in many aspects, is equivalent in perform ance to the existing 
unit, thereby obviating the need to seek a permit m odification. By using 
this approach to demonstrate the functional equival ency of the redesigned 
unit, it is estimated that $1 million allocated to perform a trial burn 
was saved. 
INTRODUCTION 
The Los Alamos National Laboratory's (LANL's) Contr olled-Air Incinerator 
(CAI) has recently undergone maintenance and improv ements that involved 
replacement of components. The CAI carbon adsorptio n unit, in particular, 
was redesigned to improve reliability and minimize maintenance 
requirements. This study compared the hydrodynamic performance of the 
existing activated carbon adsorption unit/high effi ciency particulate air 
(HEPA) filtration system (the system) and the propo sed upgrade of the 
system. The purpose was to determine whether the ch anges can be 
considered "functionally equivalent" pursuant to re gulations promulgated 
under the Resource Conservation and Recovery Act (R CRA) at 40 CFR 270.2 
(1).  
The CAI was originally intended to process small am ounts of waste for 
research purposes only, so the specifications for t he materials of 
construction did not consider the rigors and stress es of continuous 
operation, particularly those relating to corrosion . The existing carbon 
adsorption unit is constructed of low-carbon steel,  a corrosion-prone 
material. Also, the angle of the carbon bed is thou ght to inhibit 
efficient filling of the bed with carbon and allows  carbon particles to 
escape through the screen, which may encourage brid ging of the media. 
In order to maintain the current operational parame ters and minimize the 
potential for a major RCRA permit modification, as discussed below, the 
proposed unit design is based on the same primary d esign criterion as the 
existing unit, namely, a gas-carbon contact time of  0.5 second. This 
criterion is based on Nuclear Power Plant Air Clean ing Units/Components, 
Section 5.2.2, "Adsorber Design," which requires th at for the removal of 
gaseous iodine the minimum residence time of a gas stream in an adsorbent 
be 0.25 second (2). The current unit is designed to  a minimum residence 
time of 0.5 second because a safety factor of 2.0 w as used in the 
original design. 
REGULATORY CONSIDERATIONS 
To burn hazardous and mixed radioactive waste, the CAI must operate under 
the provisions of LANL's Hazardous Waste Facility P ermit issued by the 
New Mexico Environment Department (NMED) (3). Under  RCRA, any proposed 



changes to a permitted facility must be evaluated t o determine whether 
the changes require a modification to the permit. T he requirement for a 
permit modification and its magnitude, or "Class," are determined using 
specific criteria. The general criteria that define  the modification 
class are specified in 40 CFR 270.42(d)(2) as follo ws: 
i) Class 1 modifications apply to minor changes tha t keep the permit 
current with routine changes to the facility or its  operation. These 
changes do not substantially alter the permit condi tions or reduce the 
capacity of the facility to protect human health an d the environment. In 
the case of Class 1 modifications, the Director may  require prior 
approval. 
ii) Class 2 modifications apply to changes that are  necessary to enable a 
permittee to respond, in a timely manner, to,  
A) Common variations in the types and quantities of  the wastes managed 
under the facility permit, 
B) Technological advancements, and 
C) Changes necessary to comply with new regulations , where these changes 
can be implemented without substantially changing t he design 
specifications or management practices in the permi t. 
iii) Class 3 modifications substantially alter the facility or its 
operation (1). 
Each class requires a different level of response f rom the permittee and 
different levels of public involvement, Class 3 mod ifications being the 
most rigorous.The carbon adsorption unit is not spe cifically described in 
LANL's permit as it is currently written (3). There fore, a physical 
change to this particular apparatus does not automa tically require a 
modification to the permit unless the NMED determin es that it causes or 
justifies a change to the permit conditions(40CFR 2 70.41(a)(1)) (1). The 
only permit condition that applies to the carbon ad sorption unit is a 
requirement to replace the spent carbon; this requi rement will still be 
met after the proposed unit is installed. 
The primary concern of CAI staff was the potential for the upgrade to 
require a Class 3 permit modification, as specified  in Appendix I to 
270.42, item L(3). 
Modification of an incinerator, boiler, or industri al furnace unit by 
changing the internal size or geometry of the prima ry or secondary 
combustion units, by adding a primary or secondary combustion unit, by 
substantially changing the design of any component used to remove 
HCl/Cl2, metals, or particulate from the combustion  gases, or by changing 
other features of the incinerator, boiler, or indus trial furnace that 
could affect its capability to meet the regulatory performance 
standards.... [This is a Class 3 modification]. (1)  (emphasis added) 
The carbon adsorption unit is designed to remove ra dioactive isotopes of 
iodine, which is neither a particulate nor a metal.  Hydrogen chloride 
(HCl) and chlorine (Cl2) are removed in the venturi  scrubber and the 
absorber column, respectively. The unit may contrib ute to the removal of 
organic compounds, but its capacity in this regard has never been 
assessed, except through the overall destruction an d removal efficiency 
(DRE) established for the entire CAI during the tri al burn. That is the 
root of the problem for the CAI, because the last p art of the citation 
above describes any change that could affect the ab ility to meet 
performance standards.  
However, if the facility can demonstrate that the u pgraded equipment is 
functionally equivalent to the equipment that it re places, there is no 



longer a basis for assuming that the change would a ffect performance. 
Functionally equivalent components are defined in t he regulations as 
follows: 
 Functionally equivalent component means a componen t that performs the 
same function or measure and which meets or exceeds  the performance 
specification of another component (40 CFR 270.2). 
In fact, upgrading with functionally equivalent com ponents is a specific 
type of Class 1 modification listed in Appendix I o f Part 270: 
 Equipment replacement or upgrading with functional ly equivalent 
components [is a Class 1 modification] (1). 
To better define the circumstances that constitute this type of 
modification, the EPA stated in the preamble to the  revised 40 CFR Part 
270 that: 
 Under Item A(3), permittees are able to make routi ne equipment 
replacements that are necessary for the continued o peration of the 
facility ... (however) some permit conditions may i nadvertently create 
restrictions by incorporating portions of the Part B permit application 
by reference. For example, if a permit incorporates  a design drawing by 
reference which specifies a particular piece of equ ipment ... then to 
replace the item with anything other than the origi nal model might 
require a permit modification. Such an item may not  be available ... or 
the permittee may prefer to replace it with an impr oved version ... 
Therefore, if it is necessary to include design dra wings in permits, the 
permit condition should also allow minor deviations  from the design 
without a permit modification (although the Directo r may want to have the 
permittee send the revised design to the Agency to maintain a current 
file on the facility) (53FR 37924-37925, September 28, 1988) (4).  
 Therefore, Item A(3) in the Appendix provides that  equipment replacement 
or upgrading with functionally equivalent component s is a Class 1 change 
(53 FR 37924, September 28, 1988) (4). (emphasis ad ded) 
It is clear, then, that if the proposed change to t he design of the 
carbon adsorption unit could be demonstrated to be a replacement with a 
functionally equivalent component, it would not req uire a modification to 
the existing permit and at worst would have to foll ow the procedures for 
completing a Class 1 modification.  
For the CAI, the difficulty arises from the unique nature of each unit's 
design. Under normal circumstances, manufacturer's performance data or 
other specifications could be used to demonstrate f unctional equivalency. 
However, because each unit was custom designed for application in the 
CAI, this was not possible. Instead, the existing a nd proposed unit 
designs were modeled using numerical simulation to perform a relative 
comparison of performance. 
NUMERICAL SIMULATION 
The time that moving gas resides within a process u nit, or any delineated 
portion thereof, can be referred to as the gas resi dence time. For the 
system being analyzed, treatment of the offgas occu rs when it is in 
contact with the adsorption medium, which is granul ar activated carbon. 
This leads to the conclusion that gas residence tim e within the carbon 
bed is the primary criterion for comparison between  competing designs. 
Also of importance is the relative distribution of gas flow or flow 
proportion over and across the carbon bed. For the purposes of this 
analysis, flow proportion was defined as the fracti on of the total gas 
flow moving through the unit at any given time, and  was calculated by 
dividing the flow in a unit cell by the total flow.  Values of gas 



residence time and flow proportion cannot be calcul ated directly. Rather, 
numerical simulations were performed that provided gas velocities and 
pressure drops throughout the internal volumes of b oth unit designs. The 
gas velocities and their distributions resulting fr om these simulations 
were then used to calculate gas residence time and flow proportion. These 
parameters were compared using a Monte Carlo-style sampling technique to 
determine the relative steady-state hydrodynamic pe rformance of the two 
designs, which enabled the determination of functio nal equivalency. 
The hydrodynamic behavior of the two unit designs w as modeled using 
several numerical simulations developed with the TE MPEST thermal 
hydraulic computer code (5). The models simulated t he physical 
configuration and operation of the two designs unde r actual operating 
conditions. Physical configuration data were taken from drawings of the 
two designs (6,7,8,9). Typical operating conditions  and additional 
information on the operation of the CAI were taken from a report produced 
by T.K. Thompson, Inc. (10)and various data transmi ttals from CAI 
personnel. Operational data were also available fro m the CAI RCRA trial 
burn, conducted in 1989, which described operating conditions in the 
existing unit (10,11). 
Several assumptions were necessary to complete the calculation of the gas 
residence times and flow proportions. The primary a ssumptions are listed 
below. 
  Gas residence time is equivalent to treatment cap acity. 
  Gas residence time distributions correspond to th e numerical simulation 
predictions of flow. 
  The effects of nonuniform flow distribution are a ccounted for by using 
flow proportion as the measure of probability that the gas will achieve a 
particular residence time. 
  Minimum residence time is equal to the minimum ga s flow path length 
divided by the gas velocity component orthogonal to  the carbon bed 
screen. 
  Minimum gas flow path length is defined by the sh ortest path across the 
carbon bed (i.e., the carbon bed thickness). 
  Carbon bed cells in the region of the mid-axial b arrier in the proposed 
cylindrical design can be ignored because of the la ck of significant 
radial flow and the subsequent overestimation of ga s residence time. 
The results of the numerical simulation of the hydr odynamic performance 
of the existing and proposed unit designs, in the f orm of flow and 
relative pressure distributions, are shown in Figs.  1 and 2. 
Fig. 1 
Fig. 2 
FUNCTIONAL EQUIVALENCY DETERMINATION 
As mentioned previously, a statistical technique wa s employed to 
determine the distribution of residence times for t he proposed and 
existing unit designs. Volumetric flow proportion w as used as a measure 
of probability to characterize the residence time d istribution for each 
unit. Monte Carlo-style simulations (i.e., random s ampling of the 
distributions) were used to statistically describe the distributions. 
Flow proportion was used in the analysis to describ e the frequency of 
occurrence of residence times in each unit. The pro portions of flow at a 
given residence time were summed across all spatial  elements in the 
carbon bed models and used to describe a probabilit y density function for 
the distribution of residence times for each unit d esign. Because of its 
cylindrical, double-pass design, the approach used to determine the 



distribution of total residence time for the propos ed unit was more 
complex than for the existing unit. The distributio ns of residence times 
for the top and bottom halves of the unit were samp led separately and 
then summed. This approach is predicated on the ass umption that the 
residence times in the top and bottom halves of the  proposed unit design 
are independent.  
Figures 3 and 4 illustrate the distribution or prob ability of gas 
residence times for the existing and proposed unit designs. Analysis of 
these distributions indicated that the proposed uni t has a significantly 
greater proportion of flow that exceeds the 0.5 sec ond requirement than 
the existing unit. The distributions also indicated  that the volumetric 
flow of gas was better distributed in the proposed unit, thus offering 
potentially more efficient usage of carbon and a la rger margin of safety 
for contaminant breakthrough. Based on the numerica l simulations and 
subsequent analysis, the proposed design was determ ined to be 
functionally equivalent to the existing carbon adso rber unit in the CAI. 
Fig. 3 
Fig. 4 
CONCLUSION 
Because of the unique design and application of the  carbon adsorber, 
manufacturer's performance data or other specificat ions could not be used 
to demonstrate functional equivalency. This necessi tated a numerical 
simulation of the relative hydrodynamic performance  of each design. The 
results of this simulation coupled with a statistic al simulation 
technique provided the data necessary to determine that the proposed unit 
design was indeed functionally equivalent to the ex isting design. The 
approach used in this case successfully avoided the  need for a 
potentially time-consuming and costly modification of the facility's 
hazardous waste operating permit. It is estimated t hat approximately $1 
million was saved by avoiding a trial burn to evalu ate the proposed 
unit's performance. This approach, in effect, sets a precedence for 
application at other permitted units to meet the co mpliance requirements 
of RCRA while minimizing costs and potential delays . 
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ABSTRACT 
The lease of a comprehensive suite of radiometric a ssay systems is 
proposed as an attractive option for meeting the mo nitoring requirements 
of short-term decommissioning or waste retrieval op erations. The merits 
of leasing are that a cost effective, guaranteed, h igh quality service is 
provided using state-of-the-art technology operated  by skilled technical 
personnel. A suite of instruments have been develop ed as a result of 
significant operational experience which are capabl e of meeting the full 
range of the monitoring needs of decommissioning op erations from planning 
through execution to final removal and characteriza tion of the waste. 
These instruments have several common design featur es such as 
transportability, ease of decontamination etc., whi ch make short-term 
leasing a viable option. 
INTRODUCTION 
Meeting the increasingly stringent requirements for  characterization and 
assay of radioactive waste materials (e.g. from dec ommissioning 
operations) requires the use of sophisticated and c omplex radiometric 
monitoring systems. In many cases the plant operato r has a continuing, 
long-term need for such monitoring systems and this  need is best met by 
the conventional approach of purchase and operation  by his own personnel. 
Where the requirement for the monitoring system is short-term, however, 
the operator may see little value in ownership and still less in 
providing the trained manpower. 
BNFL Instruments Ltd. (BIL) and Pajarito Scientific  Corporation (PSC), 
two wholly owned subsidiaries of the BNFL group of companies, have 
developed a solution to this problem which involves  the lease of a 
comprehensive suite of highly mobile monitoring sys tems supported by 
skilled technical personnel. This approach offers a  high quality, low 
risk service to the customer which will help to pla n decommissioning 
operations and will meet all the relevant regulator y requirements. The 



radiometric systems are all based on state-of-the-a rt technology and are 
designed to meet all the customers monitoring needs  from initial survey 
of gamma "hotspots" and in-situ measurement of resi dual fissile material 
within the plant through to accurate assay of the f inal packaged waste 
materials. 
OPERATIONAL EXPERIENCE 
The operational experience which has led to the abi lity to provide this 
service includes the decommissioning in recent year s of three redundant 
plutonium (MOX) facilities at the Sellafield reproc essing plant in 
Cumbria, UK. The three facilities were a co-precipi tation plant, a dry 
granulation plant and a fast reactor fuel fabricati on plant. The MOX fuel 
from these facilities had plutonium enrichments of up to ~30% PuO2. In 
total some 60 individual Pu contaminated gloveboxes  and vessels have been 
removed from these facilities and processed as TRU waste. As part of this 
extensive programme, decommissioning managers and e ngineers have worked 
closely with members of BIL to formulate an integra ted dismantling and 
NDA monitoring strategy. This has resulted in the d evelopment of a 
"family" of radiometric systems aimed at providing cost effective, simple 
and accurate measurements of TRU waste to meet the decommissioning 
manager's needs. The overall decommissioning/NDA st rategy and the 
radiometric instruments used to make this strategy possible are shown in 
Fig. 1. 
All of these instrument systems have several featur es in common which 
ensure that they will function correctly for prolon ged periods in a plant 
environment and that after completing a programme o f monitoring they can 
easily be relocated and used for subsequent project s. For example, where 
the entire instrument is not readily transportable,  modular construction 
has been used to allow for easy relocation. All the  instruments are plant 
ruggedised (i.e. designed to withstand a certain le vel of rough 
treatment), are sealed wherever possible and have s urfaces which allow 
for easy decontamination. Specific attention has be en paid to preventing 
electrical noise problems e.g. through the use of R FI-screened detector 
cables and automatic data quality checking. The ins truments all 
incorporate periodic self check features (which typ ically involve 
measurement of a standard source) to ensure the cor rect functioning of 
the instrument. All the assay type instruments prov ide "most probable" Pu 
mass values which can be used for material accounta ncy purposes and 
"worst case" values which are used for criticality control and are 
calculated by adding the total measurement errors ( i.e. statistical 
counting uncertainties and systematic error compone nts) to the "most 
probable" value. 
Fig. 1 
PRE-DECOMMISSIONING PLANNING 
The overall decommissioning strategy for Pu plants usually involves first 
removing waste from within the process gloveboxes a nd vessels, then 
removing the gloveboxes themselves and finally remo ving any remaining 
contaminated areas of floors and walls within the b uilding. This strategy 
requires good planning prior to the commencement of  decommissioning 
operations. Remote identification and quantificatio n of radiation hot-
spots in gloveboxes allows clean-up teams to effect ively target these 
areas for early decontamination, resulting in an ov erall minimization in 
dose uptake throughout the decommissioning programm e. BIL's easily 
transportable RADSCAN 600 system has been specifica lly designed to 



achieve this task by combining real-time visual and  radiometric surveys 
of individual gloveboxes or entire process lines. 
The RADSCAN 600 system (Fig. 2) consists of a CsI ( Tl) scintillation 
detector and photodiode, with a tungsten collimator  (which gives angular 
resolutions between 2 and 9), which is mounted so a s to have the same 
field of view as a high definition colour CCD camer a. The scanning head 
in which the detector and camera are mounted is sea led to IP65 in order 
to aid decontamination using a water jet. The syste m has a remote 
workstation with a colour monitor and VCR for viewi ng and recording 
RADSCAN surveys and a PC which controls the operati on of the system 
including the pan and tilt of the scanning head. 
From its deployment tripod the RADSCAN system provi des real time 2D 
mapping of the spatial distribution of radioactive material in vessels 
and gloveboxes. A 3D map of radiation hotspots with in a glovebox can be 
obtained by applying a triangulation process to the  results of scans 
taken from two different locations. 
Fig. 2 
The location of residual quantities of plutonium of  the order of tens of 
grams have been identified within redundant glovebo xes using the RADSCAN 
system and the triangulation technique. Intrinsic p hotodiode noise means 
that the RADSCAN system is inappropriate for the de tection of radiation 
below approximately 100keV. Development work is cur rently underway to 
improve the instrument's performance in this energy  range hence allowing, 
for example, 60keV radiation from 241Am to be detec ted. 
INITIAL ASSAY OF WASTE REMOVED FROM GLOVEBOXES 
Following the location of significant residual plut onium hold-up, the 
decommissioning teams target these areas for clean- up and remove the 
residual plutonium via bagging ports. TRU waste rem oved from gloveboxes 
in this fashion can then be rapidly assayed for nuc lear safety purposes 
by the TRU-D measurement system (Fig. 3), a mobile instrument which is 
specially designed to monitor small, packaged waste  items. The TRU-D 
system is a self contained, stand alone instrument system in which all 
the components (e.g. assay compartment, detectors, cables, electronics 
and user interface) have been integrated into a sin gle mobile unit 
(dimensions 1.65m high x 0.71m wide x 1.55m long) w hich moves under the 
power of its own internal battery. 
The TRU-D system is normally configured to determin e the Pu mass via a 
total neutron counting measurement so that assay ti mes are minimised (5 
minutes or less). However this technique may give i naccurate results if 
the isotopic or chemical composition of the Pu is n ot known. In such 
cases the TRU-D system can be configured to perform  the Pu assay using 
the Neutron Coincidence Counting (NCC) technique an d to incorporate High 
Resolution Gamma Spectroscopy (HRGS) using a Hyper Pure Ge detector. The 
Pu isotopic composition can be determined form the recorded gamma 
spectrum through the use of BIL developed and teste d algorithms or 
through the use of the MGA code (1). 
The combination of these two techniques (NCC & HRGS ) results in a Pu 
assay which is independent of the plutonium isotopi c or chemical 
composition. With the TRU-D system configured to pe rform a combined NCC 
and HRGS assay, total measurement errors of below 2 0% are usually 
achieved for samples containing a few grams of Pu. 
Fig. 3 
IN-SITU ASSAY OF GLOVEBOXES AND VESSELS 



In-situ assay of the residual plutonium content of gloveboxes and vessels 
prior to removal and size reduction is necessary to  satisfy criticality 
safety requirements and to provide projectplanning information. 
Considerable experience has been gained in performi ng such measurements 
(more than 60 in-situ glovebox measurements have be en taken) and has led 
to the development of a unique and versatile instru ment system called 
DISPIM (Decommissioning In-Situ Plutonium Inventory  Monitoring) 
specifically for such tasks. 
The DISPIM system (Fig. 4) incorporates of a number  of individual neutron 
counting modules which consist of two 3He detectors  encased in a block of 
polyethylene (approximate dimensions 1200mm x 200mm  x 110mm). The modules 
are deployed around the accessible faces of the glo vebox on mobile stands 
which have been designed for maximum stability (in order to satisfy plant 
safety requirements) and easy dismantling and reloc ation. The system 
electronics and data recording facilities are house d in a remote sealed 
cubicle to prevent contamination of these component s. 
The configuration of the DISPIM system (i.e. the nu mber of detector 
modules used and their relative positions) will var y from item to item 
depending on size and accessibility. Objects rangin g in size from 200 
litre drums to large process vessels (say 3m x 3m x  3m) can be assayed. 
Once the system is in position a standardisation ch eck (using a small 
neutron source) is performed on all the detector mo dules to ensure their 
correct functioning before the measurement is condu cted. 
Fig. 4 
The total Pu content of each glovebox is obtained b y combining the 
results of a Neutron Coincidence Count (NCC) from t he DISPIM system with 
Pu isotopic composition data which is either known or measured using a 
HRGS system and Pu isotopic composition algorithms.  This measurement of 
the plutonium content is independent of the Pu isot opic and chemical 
composition. 
The usual method of calibrating the DISPIM system i s based upon "posting" 
a 252Cf source of known activity into the glovebox once all the detection 
modules are in position. If entry into the glovebox  is not possible then 
the calibration can be performed either by reproduc ing the measurement 
geometry in free space or through the use of radiat ion transport 
modelling. Corrections which are required in order to account for the 
contribution to the observed neutron coincidence co unt from 
spontaneouslyfissioning material in neighbouring gl oveboxes are also 
determined at this stage. 
Calibrations based on the most likely locations of any residual Pu 
(obtained from information from the RADSCAN 600 sys tem or from process 
knowledge or operator experience etc.) are used to determine the "most 
probable" Pu mass, whereas the "worst case" or crit icality control Pu 
mass value is obtained by assuming the most pessimi stic measurement 
conditions. 
Measurement times for the DISPIM system are typical ly of the order of a 
few hours and total measurement errors of below 50%  (or significantly 
less if the residual Pu locations are known) are us ually achieved for Pu 
masses of approximately 10 - 20 grams. 
SIZE REDUCTION AND DRUM PACKING 
Once the individual gloveboxes have been shown to b e belowcriticality 
safety limits, they are usually size reduced and pa cked into 200 litre 
drums. An alternative option is simply to load the gloveboxes directly 
into a box (or crate) for interim storage. 



If size reduction is the chosen option, it is perfo rmed using a variety 
of cutting techniques within a specially constructe d working area known 
as an RMC (removable modular containment). To ensur e compliance with the 
nuclear safety requirements of drum filling, a "pie ce" monitor is used to 
assay the size reduced waste "pieces" before they a re loaded into storage 
drums. The "piece" monitor (Fig. 5) is designed aro und an instrument 
bulge in the RMC and therefore remains outside the high contamination 
area. Each glovebox "piece" is placed in the instru ment bulge by 
personnel within the RMC for assay of the fissile m aterial. A running 
total is kept of the fissile mass of all the waste items consigned to 
each individual waste drum. The "piece" monitor aut omatically requests a 
new drum if the addition of a waste piece would rai se the total fissile 
content of the drum currently being filled above th e defined nuclear 
safety limit. 
Fig. 5 
As with the TRU-D and DISPIM systems, the "piece" m onitor determines Pu 
masses through the combination of results from a NC C system and an HRGS 
system. If required, the gamma spectrum recorded by  the HRGS system can 
also be used to determine the Pu : U ratio and U en richment figure. 
Another optional feature of the system will warn of  the presence of PuF4, 
a factor which can cause a significant increase in measurement errors. 
Once the presence of PuF4 has been identified, the measured Pu mass and 
its associated error value can be reassessed.  
The "piece" monitor uses a short assay time (typica lly 5 minutes) in 
order to maximise the efficiency of the size reduct ion and drum packing 
operations. Total measurement errors of less than 1 5% are usually 
obtained for Pu masses of the order of a few grams.  Several such "piece" 
monitors have already been supplied to Decommission ing Unit at Sellafield 
and they have been usedextensively in decommissioni ng operations. 
ACCURATE DRUM ASSAY PRIOR TO INTERIM STORAGE 
The total fissile mass values provided by the "piec e" monitor satisfy 
nuclear safety requirements for the movement of dru ms of TRU waste. This 
allows the drums to be transported from the buildin g in which they were 
generated, for a final accurate assay before interi m storage. This final 
drum assay is performed by a mobile system whose pu rpose is to provide a 
highly sensitive, versatile, non destructive measur ement for the 
characterisation of radioactive constituents in low  level and transuranic 
waste. The system consists of an Imaging Passive Ac tive Neutron Counter 
(IPAN) supplemented by high resolution Gamma Energy  Analysis (GEA). 
Active mode neutron analysis uses a pulsed Zetatron  source (108 
neutrons/second) and the Differential Die Away (DDA ) measurement 
technique to assay fissionable materials in the was te such as 235U and 
239Pu. Passive mode neutron analysis determines the  content of 
spontaneously fissioning isotopes such as 240Pu or 244Cm. For both active 
and passive neutron measurements, 3He detectors arr angedin a 4p 
configuration are used for neutron detection. Passi ve and active mode 
neutron imaging analysis identifies and corrects fo r inhomogeneities in 
the spatial location of fissioning constituents. Au tomatic correction for 
matrix composition and neutron multiplicity analysi s augment assay 
accuracy. 
A single 20% efficient high purity germanium detect or is used for the GEA 
measurement to identify and quantify gamma emitting  radionuclides and to 
determine Pu isotopic composition. This analysis is  equipped with peak 
search and strip algorithms, a library of peak cent roids and activities, 



statistical precision analysis and corrections for the energy dependence 
of the detector efficiency. 
Each assay is accompanied by advanced systematic er ror correcting 
algorithms, gamma-ray and neutron diagnostic packag es and automatic data 
quality checking. IPAN/GEA systems are capable of p erforming assays in 
the range between milligrams and hundreds of grams of 235U or total Pu in 
55 gallon or 85 gallon (overpack) drums. This range  permits 
discrimination at 10 nCi/g for nearly all low level  waste matrix 
categories and assures safeguards measurement requi rements are met for 
drums with higher fissile contents. IPAN/GEA system s are operationally 
proven and comply with applicable waste disposal re gulations. An easy-to-
use operator interface is managed from a Microsoft Windows platform. 
The measurement system is housed in a custom built 13' x 10' wide x 40' 
long reinforced semi trailer (Fig. 6) equipped with  shock and vibration 
isolators. When outfitted with drum loading and con veyor apparatus, the 
total weight of the trailer is 35,000 lbs. An air c onditioned control 
room houses measurement electronic modules and comp uters. This room is 
isolated from the measurement system section to red uce radiological 
exposure to operators. 
Fig. 6 
CONCLUSION 
As a result of substantial operational experience a  wide range of 
radiometric monitoring equipment is now available t o support the 
decommissioning of redundant Pu facilities. All of the monitoring systems 
have a proven track record of exceptional performan ce in an industrial 
plant environment. The development of these instrum ents which has 
occurred as a result this operational experience ha s led to a capability 
to offer the use of these systems as a service as w ell as a product. The 
instrument systems are all transportable, robust, v ersatile and designed 
for easy decontamination. BIL and PSC personnel hav e gained extensive 
knowledge and experience in the operation of instru mentation in support 
of decommissioning operations. These factors combin e to make the lease of 
instrument systems, supported by skilled technical personnel, a 
guaranteed high quality, low risk service, which wi ll be very attractive 
for short-term decommissioning/waste retrieval oper ations. 
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ABSTRACT 
In compliance with the Federal Facilities Complianc e Agreement, Los 
Alamos National Laboratory (LANL) is striving to sh ip its low-level mixed 
waste (LLMW) off site for treatment and disposal. I n order to ship LLMW 



off site to a commercial facility, LANL must reques t exemption from the 
Department of Energy Order 5820.2A, Radioactive Was te Management, 
requirement that LLMW be shipped only to Department  of Energy facilities. 
Because the process of obtaining the required infor mation and approvals 
for a mixed waste shipment campaign can be very exp ensive, time 
consuming, and frustrating, a well-planned program is necessary to ensure 
that the elements for the exemption request package  are completed 
successfully the first time. LANL is developing a p rogram that is cost-
effective, quality-driven, and compliance-based. Th is program, partially 
described in LANL's Low-Level Mixed Waste Off-Site Treatment and Disposal 
Management Plan (currently in draft form), encompas ses selecting a 
qualified analytical laboratory, developing a quali ty project-specific 
sampling plan, properly sampling liquid and solid w astes, validating 
analytical data, documenting the waste characteriza tion and decision 
processes, and maintaining quality records. The pro ducts of the program 
are containers of waste that meet the off-site faci lity's waste 
acceptance criteria, a quality exemption request pa ckage, documentation 
supporting waste characterization, and overall qual ity assurance for the 
process. Documentation of the decision process prov ides substantiation 
for containers of waste remaining on site, thus dem onstrating a good 
faith effort to comply with the Federal Facilities Compliance Agreement 
and state agreements. 
The program consists of elements that are common to  all shipment 
campaigns, can be customized from templates, and ar e unique for each 
individual shipment. The majority of the effort is accomplished with the 
first off-site shipment. This program provides guid ance for achieving a 
successful shipment campaign, is flexible to allow for customization to 
each waste stream, and can be revised based on less ons learned with each 
campaign. 
The primary goal of the program is to provide an av enue for documenting 
decisions, procedures, and data pertinent to charac terizing waste and 
preparing it for off-site treatment or disposal. Ea ch shipment may 
require that certain elements of the program be rev ised, but the overall 
quality and consistency of each shipment will be as sured. As LANL 
continues to develop this program, each LLMW shipme nt campaign provides 
new avenues for improvement. 
INTRODUCTION 
Until recently, treatment technologies and disposal  capacities for low-
level mixed waste (LLMW) generated at a Department of Energy (DOE) 
facility did not exist, requiring that all LLMW gen erated atLos Alamos 
National Laboratory (LANL) be placed in storage. Be cause of the recent 
developments in treatment technologies and disposal  capacities, LLMW can 
now be shipped off site from LANL for treatment and  disposal. Each off-
site treatment, storage, and disposal facility (TSD F) has its own waste 
acceptance criteria (WAC) that must be met before t he waste is shipped. 
To ship LLMW to any off-site TSDF, LANL must ensure  that the waste meets 
these criteria. This requires obtaining accurate ch aracterization 
information for the waste and certifying that the w aste meets the waste 
management requirements of DOE Order 5820.2A, Radio active Waste 
Management (1). To ship to a commercial facility, L ANL must obtain an 
exemption from the DOE Order 5820.2A requirement th at LLMW be shipped 
only to DOE facilities. 
The most accurate characterization information for a waste stream is 
usually provided by sampling the waste and obtainin g analytical data for 



specified analytes. Sampling operations require str ict compliance with 
quality assurance (QA) criteria to ensure the follo wing: each collected 
sample is representative of the original waste stre am, the analytical 
data provide a high level of confidence regarding t he precision and 
accuracy of the waste stream constituents, and data  quality objectives 
(DQOs) are met. The draft Low-Level Mixed Waste Off -Site Treatment and 
Disposal Management Plan (the Plan) being developed  by LANL is quality-
driven and compliance-based and provides procedures  that ensure a quality 
program for sampling, characterizing, and shipping LLMW off site (2). 
The Plan encompasses selecting a qualified analytic al laboratory; 
developing a quality project-specific sampling plan ; properly sampling 
liquid and solid wastes; validating analytical data ; and maintaining 
quality records. Implementation of the Plan provide s documentation of 
decision processes, sampling strategies and procedu res, deviations from 
established protocols, and data pertinent to the qu ality of the program. 
The goal of the Plan is to provide the waste certif ication official with 
a complete project package that demonstrates a qual ity program and 
manifests a high confidence level for the waste cha racterization data 
required to meet DOE requirements and the TSDF's WA C. 
Although DOE Order 5820.2A is the regulatory driver  for the exemption 
package documentation, this program focuses on esta blishing a process for 
obtaining and documenting accurate and complete was te characterization 
information, which is beneficial to all waste manag ement activities. 
Therefore, even waste management activities not aff ected by DOE Order 
5820.2A benefit from this program. 
ELEMENTS OF THE PROGRAM 
This program consists of the following elements: 
  The DOE facility's waste management database 
  A project database for the data being compiled 
  A project-specific sampling plan 
  A TSDF WAC checklist 
  An analytical laboratory evaluation form 
  An analytical data validation form 
  A checklist based on DOE Order 5820.2A exemption request instructions 
  The DOE exemption request package (ERP) 
The majority of these elements can be developed at the outset of the 
program and used each time a shipment of waste is b eing prepared. For 
those elements that are shipment-specific, template s can be developed 
initially and customized to each shipment as it is being prepared. 
Common Elements 
The following elements of the program are common to  all off-site 
shipments of LLMW and can be developed at the outse t of the program. 
  The waste management database 
  A project database 
  A checklist of the TSDF WAC 
  An analytical laboratory evaluation form 
  A form to document the validation of analytical d ata 
  A checklist based on DOE Order 5820.2A exemption request instructions 
The waste management database is the database used by the DOE facility to 
track its waste. To support this program, the datab ase should have the 
ability to generate reports based on a key word sea rch, the key word 
being the waste stream identifier or description. T he generated report 
should provide container numbers and characterizati on information for the 
waste identified for off-site shipment. 



The project database provides the quality record fo r the entire program, 
including the rationale for decisions made. Once th is database has been 
formatted, data entry is all that is required for e ach off-site shipment 
of LLMW. This database can consist of fields for th e following 
information: 
  Unique record number identifying the shipment (ea ch shipment of waste 
constitutes its own database record) 
  Name, address, and telephone number of the TSDF t o which the waste is 
being shipped 
  Waste stream identifier (the basis for the waste selected for shipment) 
  Project-specific sampling plan document number 
  Analytical laboratory selected 
  Container numbers, with access to the following s ubfields 
-  Rationale for eliminating containers 
-  Containers selected for sampling and analysis 
-  Analytical results 
  Characterization information for each container 
  Compliance of each container with TSDF WAC, with access to a subfield 
for any details or explanations 
  Comments pertaining to the program process 
When identifying a TSDF available for the selected waste stream, it is 
important to obtain the most current WAC document a pplicable to the 
specified waste stream. The WAC is developed into a  checklist, which is 
used to determine if each waste stream meets the WA C. Each checklist for 
different TSDFs can be formatted into the project d atabase as a 
subroutine that is called up as applicable. Once th e WAC checklists are 
developed, they are used for each shipment of waste  to the specified 
TSDF. Revisions to the checklists are necessary onl y as the TSDF revises 
its WAC. 
Selecting an analytical laboratory for sample analy sis requires an 
evaluation of the available laboratories to determi ne which one is best 
suited for and capable of performing the necessary analyses. An 
evaluation form is developed using the criteria est ablished in 10 CFR 
830.120, "Quality Assurance Requirements," (3) the Environmental 
Protection Agency's (EPA's) Test Methods for Evalua ting Solid Waste, 
Physical/Chemical Methods (SW-846) (4), and the Han dbook for Analytical 
Quality Control in Radioanalytical Laboratories (5) . The TSDF may also 
mandate its own requirements for the analytical lab oratory, which must be 
taken into account when developing the evaluation c riteria. These 
requirements can be developed as an attachment to t he template created 
from the regulatory criteria. 
To ensure that analytical data is of acceptable qua lity, it must be 
validated against established acceptance criteria. A data evaluation form 
is developed once for all analytical data. Specific  sections of the form 
that do not apply to the data being validated can b e marked "not 
applicable;" thereby eliminating the need to create  new forms for each 
type of data. The criteria for data validation are based on the 
analytical method used, the analyte of interest, ac ceptable ranges for 
quality control (QC) sample results, and establishe d DQOs. Specific 
validation criteria are obtained from EPA's SW-846.  
Finally, to facilitate the preparation of a DOE ERP , a checklist based on 
DOE Order 5820.2A exemption request instructions is  developed. This 
checklist can be developed by one DOE facility and shared with others. A 
selection of the elements of this checklist is prov ided below. Each 



element is identified as being either common to all  shipments (common), 
able to be customized from a template (template), o r needing to be 
developed for each unique shipment (unique). 
  Waste characterization program description (commo n) 
  Waste certification program description (common) 
  Waste moratorium implementation program descripti on (common) 
  Method(s) used to characterize the waste (templat e) 
  Comparison of DOE Order 5820.2A requirements with  the criteria used by 
the agencies regulating the TSDF (template) 
  Options considered and cost estimates for these o ptions, indicating 
that off-site treatment or disposal is optimal (tem plate) 
  Description of waste types (unique) 
  Detailed waste characterization of the waste to b e shipped (unique) 
Template Elements 
Templates can be developed for the following elemen ts: 
  Project-specific sampling plan 
  Certain DOE ERP information 
Developing a template involves generating an outlin e of the information 
required, providing the common information, and pro viding guidelines for 
developing the waste-specific information. Developi ng and using template 
information minimizes the need to recreate informat ion common to all 
shipments of LLMW and to research requirements for information specific 
to each shipment, thereby facilitating the rapid st aging of waste for 
shipment and optimizing cost effectiveness. 
A project-specific sampling plan documents the spec ific sampling 
operations involved with obtaining representative s amples from the 
selected waste containers for analysis. An outline for a sampling plan 
consists of the following elements: 
  Sampling strategy and method used to ensure that the samples collected 
represent the originating waste stream 
  Specific sampling protocol 
  QA/QC requirements specific to sampling operation s 
  Health and safety concerns unique to each waste s tream 
  Roles and responsibilities of the personnel invol ved with the sampling 
operation 
  Sample container and volume requirements 
  Sample preservation methods 
  Sample packaging requirements 
  Sample shipping requirements, if applicable 
  DQOs 
Most of these elements can be taken from template i nformation and 
customized to the specific sampling operation based  on the waste stream. 
For example, sampling strategies and preservation t echniques are provided 
in EPA's SW-846, generic sampling procedures can be  developed to 
encompass most types of waste, and QA/QC requiremen ts and DQOs should be 
consistent for all sampling operations. However, ea ch of these elements, 
especially the sampling strategy, must be adapted t o the characteristics 
of the waste being sampled. The sample container an d volume requirements 
are based on the analytes of interest and the TSDF WAC; therefore, they 
need to be developed specifically for each sampling  plan. Finally, 
although certain health and safety concerns are com mon to all sampling 
operations, specific concerns based on the characte ristics of the waste 
being sampled must also be addressed. 



Certain information required in a DOE ERP can be de veloped once and 
inserted into each ERP. For example, a description of the DOE facility's 
waste characterization program and waste certificat ion program would 
change little over time. Therefore, these descripti ons can be prepared at 
the outset of the first DOE ERP and copied into eac h one after that. The 
information describing the TSDF and its licenses, p ermits, and operating 
record can also be developed once and inserted into  other DOE ERPs for 
waste being shipped to that particular TSDF. 
PROCESS OF THE PROGRAM 
A simplified flow diagram illustrating the program is provided in Fig. 1, 
which demonstrates that documentation occurs at eac h step within the 
program. This figure illustrates the skeleton of th e program, with the 
details being provided in this report and customize d as necessary for 
each DOE facility. 
Fig. 1 
The development of the DOE ERP parallels the prepar ation of the actual 
waste for off-site shipment. Much of the DOE ERP, s uch as descriptions of 
the DOE facility's waste characterization and certi fication programs and 
a forecast of mixed waste shipment campaigns, can b e developed from 
template information. Other information required fo r the ERP, such as the 
characterization of the specific waste being shippe d, is obtained through 
implementation of the Plan. The checklist of DOE Or der 5820.2A exemption 
request instructions facilitates preparing the ERP in parallel with 
characterizing the waste. 
The characterization program involves the following  steps. These steps 
assume that the common elements and templates have been developed before 
beginning the process. The DOE ERP is prepared para llel to this process. 
1. Select the category of waste stream for off-site  treatment or disposal 
and enter it into the project database. 
2. Identify key words describing the waste stream s elected (e.g., 
chemical names, regulatory classifications, and che mical categories) that 
can be used to search the waste management database . 
3. Query the waste management database to identify the containers of 
waste applicable to the chosen waste stream. 
4. Enter the selected container numbers into the pr oject database. 
5. If, at any time throughout this process, contain ers of waste are 
withdrawn from consideration, document the rational e in the project 
database. 
6. Review all available characterization informatio n (i.e., hard copy and 
electronic) for the selected containers. 
7. Enter the characterization information into the project database for 
each container. 
8. Using the information available, complete the ap plicable TSDF WAC 
checklist for each container and enter the informat ion into the project 
database. 
9. Identify the containers that cannot conform to t he TSDF's WAC and 
enter the reason in the project database subfield. Remove these 
containers from consideration for shipment. 
10. Identify the analytical parameters required by the TSDF's WAC and 
enter them into the project database. 
11. Based on the project-specific sampling plan and  TSDF requirements, 
and following a documented sampling protocol, colle ct samples of waste 
from selected containers. Enter the sampling plan a nd sampling protocol 



document numbers and the containers selected for sa mpling in the project 
database. 
12. Maintain chain of custody for the samples by co mplying with a 
documented chain-of-custody procedure. 
13. Maintain all records and logbooks for the sampl ing activity in the 
project files according to a documented records man agement procedure. 
14. Define the analytical parameters and analytes o f interest for each 
sample for the analytical laboratory. 
15. Validate the analytical results received, compl eting the data 
validation documentation and entering the results i n the project 
database. 
16. Complete the TSDF WAC checklist based on the va lidated analytical 
results and enter the results in the project databa se. 
17. Complete the DOE ERP. 
18. Ensure that the waste is packaged according to TSDF and Department of 
Transportation requirements. 
19. Upon obtaining the TSDF's and DOE's approval, s hip the waste to the 
TSDF. 
20. Review the project file to ensure that it is co mplete. 
SUCCESSFUL IMPLEMENTATION OF THE PROGRAM 
LANL successfully shipped 15 55-gallon drums of liq uid scintillation 
fluid to Diversified Scientific Services, Incorpora ted, (DSSI) in 
Tennessee for treatment and disposal. Preparation o f this shipment 
provided guidance for and insight into developing t he program described 
in this paper. The lessons learned from this shipme nt campaign are also 
serving to enhance the productivity, efficiency, an d flawlessness of the 
LLMW off-site shipment program. 
DOE has reviewed and approved without comment the E RP for 1602 cubic feet 
of solvent-contaminated soil. This waste stream is being reviewed by 
Envirocare of Utah, and LANL expects to receive Env irocare approval. LANL 
is also anticipating DOE approval to ship to DSSI o ver 100 55-gallon 
drums of isopropyl alcohol waste and scintillation vial fluid waste by 
March, 1996. Using this program as a guide to the t hought process, LANL 
intends to complete the disposal of the following r adioactively 
contaminated waste streams, pending sampling, chara cterization, DOE 
approval, and acceptance at Envirocare: 
  Soil with heavy metals in June, 1996 
  Lead blankets in July, 1996 
  Activated and inseparable wastes in August, 1996 
As lessons are learned from different waste streams , the program is 
adapted. Throughout the process, LANL is gaining a better understanding 
as to how to solve problems that arise with each sh ipment. The 
resolutions to these problems are incorporated into  the program. Finally, 
this program allows each person responsible for pre paring a waste stream 
for off-site shipment to understand the process and  ensure quality 
management for each shipment. 
The success of this program allows LANL to expediti ously and cost-
consciously ship LLMW off site and to demonstrate a  reasonable and good 
faith effort to comply with New Mexico Compliance O rder and FFCA. Because 
of LANL's successful implementation of this program , DOE has recognized 
the value added of the program and has subsequently  increased funding to 
all expeditious shipments of LLMW. This has allowed  LANL to expand the 
number of personnel from one person at program ince ption to a current 
number of over 10 subject matter experts who compri se the program core 



competency group. This core competency group also u tilizes the expertise 
of other LANL groups in the areas of transportation , waste profiling, 
sampling, document and database research, and ackno wledges the efforts of 
DOE to ensure overall program success. 
COST ANALYSIS 
Although a direct analysis of cost savings resultin g from the 
implementation of this program cannot be conducted because of the infancy 
of the program, indirect savings in level of effort  can be seen. LANL 
expended 16 months of effort to prepare the soils f or shipment to 
Envirocare. Upon implementation of this program, ho wever, it took only 
nine months of effort to ship the scintillation flu ids off site for 
disposal. As LANL continues to improve the program,  the effort will 
become streamlined and a routine operation. 
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ABSTRACT 
Evaluations of gas stream compositions and products  of incomplete waste 
conversion are valuable for screening and controlli ng remediation 
processes. In this work, the effluent from a pilot scale plasma torch 
processing a surrogate waste has been analyzed by c onventional gas 
analyzers, gas chromatography, GC/MS and FTIR spect roscopy. Initial 
studies on the use of on-line Air ICP are discussed  along with 
development efforts for an instrument capable of qu antifying 



polychlorinated organics (PCB's dioxins) on-line. R esults from the 
surrogate processing studies indicate a reduced oxy gen gas stream along 
with the presence of NOCI. The formation of NOCI (f rom the HCI arising 
from PVC destruction and the NO generated from the plasma torch) is 
accompanied by the liberation of chlorine, The HCl,  NOCI and CI2 
represent acorrosive gas stream and attention is ne eded in the design of 
APCD systems for plasma torch units. Results from t he on-line Air ICP 
indicated the presence of copper which was not a co mponent of the 
surrogate feed and has been traced to the torch ele ctrode. GC/MS 
experiments using surrogate waste spiked with hexac hlorobenzene indicated 
a DRE of at least 99.99%. The results obtained thus  far indicate the 
instruments employed for the measurements should be  suitable for routine 
analysis and may find application in torch facility  controls. 
INTRODUCTION 
Plasma torches and joule-heated melters are two tec hnologies which have 
been selected for mixed waste stream remediation de monstrations by the U. 
S. Department of Energy. The high temperatures gene rated in the furnaces 
of these units permit the formation of a glass whic h is expected to 
contain the radioactive material along with metals from the waste. The 
processes realize a volume reduction and provide a means for separation 
and packaging of the glass.  
Some of the current efforts at the Diagnostic Instr umentation and 
Analysis Laboratory center on the analysis and furt her development of 
plasma torch technologies. This work includes the e valuation of 
operational factors related to torch electrode life , the establishment of 
instrumentation for characterization of process par ameters (gas and 
surface temperatures, velocities and turbulence lev els), and the 
characterization of gas stream effluents which coul d include permanent, 
inorganic, and organic gases, trace organics (PCB's , PCDF's and PCDD's), 
heavy metals, and particulates. Control schemes int egrating the signals 
from the various monitors and process instrumentati on are under 
development. Details of the integrated plasma torch  development program 
are presented in a companion paper submitted to thi s conference (1). 
The work described here concerns the characterizati on of gas streams 
arising from plasma torch processing of a surrogate  waste. Factors 
affecting torch operation including torch gas, powe r, and stand-off have 
been investigated. Measurements were performed usin g conventional gas 
analyzers, gas chromatography (GC), GC/Mass Spectro scopy (GC/MS), on-line 
and extractive Fourier transform infrared (FTIR) sp ectroscopy, and 
inductively coupled plasma spectroscopy (Air-ICP). The instruments 
provide a detailed analysis of the gas stream compo sition at various 
locations of the DIAL plasma torch facility. In tur n, this information is 
critical for selecting the proper operating envelop es of the torch and 
air pollution control devices and for understanding  the reactions 
occurring within and downstream of the primary torc h furnace. The 
instruments described in this work, when combined i n an integrated 
approach, represent a comprehensive means for the r apid and on-line 
characterization of gases, organics, polychlorinate d organics and heavy 
metals arising from plasma torch operations.  
Two major instrumental development efforts are also  discussed. One 
concerns the use of an advanced MS/MS technique for  the rapid on-line 
determination of target organic compounds (PCB's, P CDF's, and PCDD's) 
while the other method will allow for the quantific ation of a number of 



trace metals at, or below, current regulatory level s. The advanced ICP 
work may also find application as an air pollution control device. 
EXPERIMENTAL 
All of the experiments were performed on the DIAL p lasma torch facility 
(1). The system consists of a 250 kW plasma torch o perated either with 
air or nitrogen as the torch gas. Powers investigat ed ranged from 80-190 
kW. The exhaust from the torch furnace was routed t o the DIAL combustion 
test stand facility and then to a scrubber and stac k. Details of the 
plasma torch system are discussed in Ref. 1. 
Experiments were performed with and without a surro gate mixed waste feed 
which contained poly(vinyl chloride), glass beads, pecan shell flour, 
perlite (a volcanic glass) and iron powder each at a percentage of 12.8 % 
by weight. Alumina, aluminum, Portland cement, acti vated carbon, and 
metal chlorides made up the balance. Percentages by  weight were 19.6 for 
carbon, 8.8 for oxygen, 7.14 for chlorine, and 1.67  for hydrogen. Inert 
material comprised 63% by weight of the feed with t he balance metals. 
Preparation of the feed as briquettes has been desc ribed (2). A number of 
different molecules may result from the destruction  of PVC. In order to 
estimate destruction and removal efficiencies by GC /MS, some of the 
briquettes were spiked with hexachlorobenzene (HCB) . 
Sampling and optical penetrations are located on th e torch furnace, on 
the transition section 8 between the furnace and th e test stand, and at 
various locations along the test channel. All measu rements were taken 
upstream of the APCD systems. Samples for the conve ntional gas analyzers 
were taken from a location on the transition sectio n meters downstream of 
the furnace. Samples for analysis by gas chromatogr aphy were collected at 
the same location as that for the conventional CO2,  CO, NOx, SOx and O2 
measurements. The gas chromatograph was configured to utilize both FID 
(Flame Ionization Detection) and TCD (Thermal Condu ctivity Detection) 
capabilities through use of two ten-port gas sampli ng valves. Permanent 
gases were analyzed using a Molsieve 5A column with  the TCD while the 
halogenated hydrocarbons were analyzed using a DB-6 24 column with the 
FID. 
FTIR measurements were performed either in an emiss ion or an absorption 
mode. Emission spectra were collected at a port loc ation approximately 1 
m downstream of the furnace and gas samples were ro uted from the facility 
penetration 2 m downstream of the torch. Details of  the FTIR measurements 
have been reported previously (3). 
Samples for GC/MS analysis were collected within th e test stand channel 
(approximately 12 m from the furnace). HCB spiking levels of 10 and 25 mg 
were employed. Samples were collected cryogenically  with collection times 
ranging from ten to twenty minutes. The volumetric flow rate through the 
sampling train was calibrated using a mass flow met er and glass wool was 
used to retain particulates. Samples collected thro ughout the series of 
experiments were acidic (HCl and HNO3), and varied in appearance. Sample 
workup involved a residue quality extraction protoc ol. GC/MS data were 
obtained on two instruments; one configured with a quadrupole ion 
trapsuitable for MS/MS experiments and the second, a quadrupole MS, 
capable of both positive and negative chemical ioni zation (PICI and 
NICI).  
On-line detection of metals present in the offgas s tream from the plasma 
torch (and most exhaust stacks) is a difficult prob lem using a standard 
argon ICP as the emission or ion source. Argon plas mas are rapidly 
quenched by the introduction of a molecular gas aer osol flow. The 



standard sampling procedure involves filtering the gas stream, followed 
by dissolution of the captured metals and analysis in the laboratory. The 
turn-around time may be in terms of days rather tha n seconds.  
One solution to this problem is the use of a molecu lar gas ICP. The 
principle advantage of such a system includes the a bility to provide 
real-time sampling of an offgas stream. In addition , the increased 
thermal conductivity within a molecular plasma resu lts in improved 
decomposition of refractory particles and increased  plasma tolerance of 
high sample loading. AES work performed by Barnes &  Meyers (1,2) in 1985 
demonstrated the technique's viability (4,5). More recently, with the 
advent of the Clean Air Act, a need to provide an o nline metal emission 
monitor for molecular gas streams has been establis hed. Baldwin et al. 
re-evaluated the air-ICP and in the process, demons trated markedly 
improved detection limits (6). The elimination of t he requirement for 
argon significantly reduces the operating costs. Th e disadvantages of 
such a system include the need for higher input pow ers (2.5 to 3.5 kW @ 
27.12 MHz), lower excitational energies (max. ~12 e V for air as compared 
to 15.7 eV for argon) and the presence of a much mo re complex molecular 
spectral background.  
An evaluation and optimization of the Air ICP as an  emission monitor is 
in progress in these laboratories. This work includ es optimizing the 
system with respect to the ICP operating parameters  (input power, 
flowrate, sample introduction) and investigating sp ectral line selection, 
spectral interferences and matrix effects. The work  is performed using an 
argon ICP modified to operate on air with emission detection using 
monochromaters, photomultiplier tubes and/or a CCD array. 
The sampling of the exhaust gases by the Air-ICP is  designed to occur 
after the HEPA filters, large particles having alre ady been removed. 
During the preliminary experiments, the aerosol flo w is introduced into 
the Air-ICP using a heated-head diaphragm pump 15 m  from the torch 
facility. Several experiments were undertaken by sa mpling directly using 
a slipstream from the offgas with a filter being us ed to remove larger 
particles. As mentioned above, the increased therma l conductivity within 
a molecular plasma yields improved decomposition of  refractory particles 
and increases the plasma tolerance for high sample loading. To take 
advantage of this and explore the use of the Air-IC P as a secondary 
combustor, the operation of the Air-ICP under direc t sample loading 
(prior to filtering) is being evaluated. 
RESULTS 
Plasma torch experiments were conducted using air a nd nitrogen as the 
plasma gas. The results presented below correspond to operation of the 
torch with air. Sampleswere collected at intervals corresponding to the 
injection of briquettes or to a change in torch ope rating power. A 
comparison of gas composition as measured through g as chromatography (GC) 
and through gas analyzers (GAS) is presented in Fig . 1. Detailed data are 
given in Table I. The samples for GC and GAS analys is were obtained at 
the same location downstream of the plasma torch. D iscrete samples for GC 
analysis were collected over an interval of two min utes in 1 liter Tedlar 
sample bags. Collection was initiated as soon as th e on-line gas analyzer 
began registering a change in composition. For the on-line gas analyzers, 
the composition was obtained at 13 second intervals . The results for each 
gas analyzer, obtained during the collection of the  discrete samples, 
were averaged and these values are presented for co mparison with GC 
results. Of interest are the oxygen concentrations,  which are reduced as 



compared to normal air, and the levels of carbon mo noxide. The lack of 
detectable carbon monoxide indicates that conversio n of the organics in 
the surrogate feed are very nearly complete. The re duction in oxygen 
concentrations correlates to formation of CO2, and of NO, NO2, and other 
species. Agreement between the carbon dioxide resul ts for the two 
analysis techniques is excellent. For oxygen, a sys tematic deviation 
between the GC and gas analyzer results is noted. T his discrepancy may be 
a result of acid gases present in the plasma efflue nt which affect the 
performance of the oxygen gas analyzer. The presenc e of PVC can result in 
the formation of hydrogen chloride and chlorine gas , (see below) both of 
which are very corrosive. Quantification of these s pecies through gas 
chromatography is currently under investigation.  
Fig. 1 
Table I 
FTIR studies have been performed across the duct le aving the plasma torch 
furnace and in an extractive configuration with a f olded path cell 
configured for a path length of 75 m. Figure 2 repr esents an absorption 
spectrum from the extraction measurements. In addit ion to CO2, NO, NO2, 
and HCl, the molecules HNO2 and NOCl (nitrosyl chlo ride) were also 
observed. NOCl was also found in the in-situ experi ments and the source 
of this molecule has been traced to the reaction 
4NO + 4HCl --> 2NOCl + 2H2O + Cl2 + N2 
where the HCl is the principle transformation produ ct from the poly(vinyl 
chloride) contained in the surrogate feed. The form ation of NOCl is 
accompanied by the liberation of chlorine and furth er efforts in these 
laboratories are being directed at the fate and rem oval of these 
corrosive materials. A preliminary identification o f the levels of 
chlorine in the plasma effluent has been conducted using color detector 
tubes. The presence of chlorine has implications in  the use of secondary 
combustion. Specifically, the operation of a fuel-f ired burner with an 
added chlorine source may lead to the formation of additional chlorinated 
organics.  
Fig. 2 
GC/MS experiments have been performed on samples co llected during 
briquette injection and with spiked briquettes cont aining 
hexachlorobenzene. At the operating conditions test ed, analysis of the 
raw surrogate material did not reveal the presence of polychlorinated 
biphenyls, polychlorinated dibenzo furans and polyc hlorinated 
dibenzodioxins. Qualitative analysis of samples col lected with the spiked 
feed revealed that not all of the hexachlorobenzene  was destroyed. Figure 
3 shows a typical full scan electron ionization (EI ) spectrum. The base 
peak at m/z 284 and the isotopic pattern associated  with this peak 
represent six chlorine atoms, therefore characteriz ing the presence of 
HCB in the off-gas stream. 
Fig. 3 
The intensity of the m/z peak at 284 in the reconst ructed ion 
chromatogram indicated a low level of HCB in the sa mple. This peak 
intensity is consistent with that of a nanogram (or  less) of HCB injected 
on a GC column. Assuming complete quantitative trap ping and extraction of 
the material, a destruction efficiency of at least greater than 99.99% 
for HCB occurs. Sampling conditions are anticipated  to be less than ideal 
owing to the complicated sample matrix; consequentl y, the destruction 
efficiency (relative to the amounts of HCB present)  could be slightly 
greater than that mentioned above.  



In several experiments a compound was observed with  spectra consistent 
with pentachlorinated biphenyls; however, correlati on to the torch 
conditions proved difficult. Potential problems inc lude those due to 
sampling and subsequent sample workup along with me mory effects in the 
torch and manifold. Future work will concentrate on  improving 
quantification, correlation of operational paramete rs to destruction 
efficiencies and sampling at different locations to  determine if the 
distribution of analytes is consistent in the waste  stream.  
Over twenty years effort have been expended on opti mizing the argon ICP 
to reach its present sensitivity. Very little of th is essential work has 
been done on the Air-ICP. An air plasma is not only  chemically reactive 
but the background spectrum contains complex molecu lar contributions 
absent from noble gas plasmas. This later artifact requires a careful re-
evaluation of the selection criteria used to optimi ze the detection 
limits of the elements of interest. At present, res earch is being 
directed at the calibration of the instrument for u se as an emission 
monitor of toxic metals. For example, the DIAL torc h facility is 
processing feed that contains cesium, cadmium, lead , chromium, cerium, 
and nickel. The Air-ICP is being configured for the  analysis using a 
slipstream and system optimization is in progress. Preliminary data (Fig. 
4) demonstrate the presence of sodium plus copper f rom the torch 
electrode. On line analysis would then permit the a ssessment of electrode 
wear. In addition, the molecular spectra are compli cated with the 
addition of contributions from other molecules (i.e ., CN). Future work 
will focus on spectral line selection, calibration and improved 
quantification. 
Fig. 4 
INSTRUMENTATION DEVELOPMENT 
The determination of trace organic molecules and me tals is currently 
possible only through the extraction of a sample fr om the gas stream 
followed by analysis in the laboratory. Such inform ation, while an 
average description of the process emissions at a g iven point in time, 
may not reflect rapid changes in the effluent and c orrelation to facility 
operations is delayed. Two projects are currently u nderway at DIAL which 
are anticipated to provide low limits of detection for large chlorinated 
organics and formetals in an on-line and rapid (<4 minutes) way. 
An advanced MS/MS system is under development which  should allow the 
quantification of large organic molecules (polychlo rinated biphenyls, 
dioxins, etc.). The instrument is comprised of a mo lecular beam 
interface, a laser ionization source, and an orthog onal quadrupole ion 
trap housed in a six way cross vacuum chamber. A ca pillary tube and 
skimmer cone are mounted in a differentially pumped  region and used to 
produce a continuous defined molecular beam. SIMION 6, an electrostatic 
modeling program, was used to design the source reg ion and lens stack 
necessary to direct ions into the orthogonal trap ( 7). The fourth 
harmonic of a Nd:YAG laser (266 nm) is used for mul tiphoton ionization of 
target compounds. The ion trap is controlled by a c ommercial electronics 
unit which also controls data acquisition. Resonant  MS/MS capabilities 
(available in the control unit) will be used to enh ance analytical 
specificity and sensitivity. 
Additional efforts with the Air-ICP include the dev elopment of a 
fieldable system and application of the unit as a d ownstream pollution 
control device. A major drawback with the use of an  Air-ICP for on-line 
monitoring of heavy metals has been the capital cos t as well as the bulk 



of the power supply. Air-ICP power requirements are  on the order of 2.5-
3.5 kW and have typically been beyond the capabilit ies of solid-state RF 
generators. DIAL has funded the development of a so lid-state 3.5 kW 27.12 
MHz RF generator and matching system. The unit will  be rack mountable and 
will weigh 60 kg which is approximately 1/10 the we ight of a standard 
generator. Air is supplied by a portable compressor  thereby freeing the 
system from the supply requirements of the standard  ICP.  
As mentioned, different detection methods are also being explored. For 
complicated matrices it is sometimes necessary to e mploy high resolution 
monochromators of up to 1.5 meters in focal length.  Ideally, for a 
fieldable system, the resolution of the monochromat or is desired but the 
size is cumbersome. Baldwin has developed a fiberop tic interferometer 
which is expected to provide the resolution of a 1. 5 m unit in a 0.5 m 
package (8). A protoype system is being developed a nd will be interfaced 
to the Air-ICP. 
Another aspect of the Air-ICP work is the potential  use of this system as 
a secondary combustor for the off-gas from a plasma  torch. Plasma torch 
units typically operate at very low flow rates as c ompared to combustion-
driven technologies. As an example, the 250 kW plas ma torch used in this 
work normally operates in a range from 225-500 lite rs/min. (8-18 cfm). 
The addition of the large flow rates from a convent ional secondary 
combustor may have many drawbacks including the fac t that considerable 
amounts of additional mass are placed into the syst em. Reactions of the 
burner fuel with molecular chlorine and HCl may act ually increase the 
chlorinated organics in the effluent An additional thermal load and added 
costs are also associated with using burner fuel. A n air plasma has 
significantly increased thermal conductivity over a n argon plasma. This, 
together with the presence of dissociated oxygen an d nitrogen, makes the 
plasma very chemically-reactive. The ICP can rapidl y destroy 
anyhydrocarbons without the introduction of the lar ge quantities of 
additional gas and energy supplied by the propane b urners. In addition, 
it may be possible to, by the addition of selected gases (e.g. hydrogen), 
control the plasma chemistry thereby reducing furth er the reaction end 
products. 
CONCLUSIONS 
Analysis of the effluent from a pilot-scale plasma torch processing a 
surrogate mixed-waste have indicated that the princ iple products of 
destruction are CO2, NO2, NO, and HCl. In most case s only low or trace 
concentrations of CO were found indicating complete  conversion of the 
organics in the feed to CO2. FTIR emission and abso rption experiments 
have indicated that the NO from the plasma can reac t with the HCl 
(liberated from the PVC) to produce Nitrosyl Chlori de. Although NOCl can 
be easily scrubbed from the gas stream the generati on of Cl2 accompanies 
this reaction. Problems may be encountered with dow nstream systems which 
are not designed for removal and handling of the co rrosive gas stream. 
GC/MS experiments with added hexachlorobenzene have  indicated destruction 
and removal efficiencies close to 99.99 %. Further studies are planned 
concerning various torch operating envelopes and di fferent feed 
compositions and rates. Preliminary results demonst rate that the Air-ICP 
has an excellent future as a toxic metal emission m onitor. However, it 
must be noted that considerable work remains in cha racterizing and 
optimizing the system. The use of the Air-ICP as a secondary combustor 
may have advantages other than merely reducing the thermal loading and 



similar associated costs. If so, this may substanti ally reduce problems 
in downstream treatment. Further studies are planne d. 
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ABSTRACT 
Rocky Flats Environmental Technology Site and other  DOE sites have large 
volumes of low-level mixed waste (LLMW) in powdered  forms, which must be 
processed into stable waste forms suitable for long -term storage. 
Polyethylene microencapsulation, in which the waste  is thoroughly mixed 
with molten polyethylene and extruded into containe rs, is the first LLMW 
stabilization process that can be monitored in real -time to avoid 
processing errors and provide regulators with proof -of-proper-processing 
documentation. Monitoring compatibility and the sma ller, lighter, more 
economical, inert polyethylene waste form results i n significant 
advantages over cementation and grout based matrice s, which are prone to 



chemical interaction with the waste. The monitor is  a noncontact device 
that acquires the midinfrared spectrum of the proce ss stream via emission 
spectroscopy. The stream composition is then derive d from the spectrum 
using partial-least-squares techniques. Monitor ope ration is insensitive 
to the thickness of the process stream and to its s urface morphology. The 
monitor has been demonstrated on polyethylene micro encapsulation lines 
processing nitrate-salt LLMW and its surrogate, mol ten salt oxidation 
LLMW and its surrogate, and flyash. Typically, the monitor achieves a 
standard error of prediction of less than 1% by wei ght with an analysis 
time of less than 20 seconds. 
INTRODUCTION 
The DOE complex has large volumes of low-level mixe d waste (LLMW) in 
powdered forms, such as salts and flyash, which mus t be converted into 
stable waste forms prior to long-term storage. Poly ethylene 
microencapsulation is a waste immobilization proces s that produces a 
smaller and lighter final waste form than the cemen tation processes 
presently in use.(1, 2) Microencapsulation also avo ids the chemical 
interactions with the waste that create cure proble ms for cementation.(2) 
Polyethylene microencapsulation is well suited for on-line monitoring 
that ensures the processed waste meets specificatio ns required by 
regulators without experiencing costly processing e rrors. 
The on-line monitor being developed for microencaps ulation processing 
provides a continuous, real-time, quantitative reco rd of the waste-
loading concentration in the polyethylene matrix. T his allows the process 
operators to better maintain the waste loading and processing conditions 
at optimum. They can also use the monitor analysis in developing 
treatment protocols for specific wastes. The immedi ate analysis shows the 
operators how the processing parameters affect the properties of the 
final waste form. In addition, the monitor log can assist in waste 
certification and act as an archival record of the waste composition. The 
monitor uses transient infrared spectroscopy (TIRS)  to perform its 
analysis. TIRS is a noncontact method for acquiring  the midinfrared 
spectrum of a moving stream of solid or viscous-liq uid material. The 
stream composition is then derived from the spectru m using partial least 
squares analysis. Typically, the monitor determines  the waste loading 
every 15 to 20 seconds with an accuracy of less tha n 1% by weight. 
The monitor has been demonstrated on process lines encapsulating nitrate-
salt LLMW and its surrogate (sodium nitrate),(1, 3,  4) flyash, and 
molten-salt-oxidation LLMW and its surrogate (a mix ture of sodium 
carbonate and sodium chloride). Demonstration analy ses done at Rocky 
Flats Environmental Technology Site on nitrate-salt  LLMW and on flyash 
are discussed in this paper. 
TIRS TECHNOLOGY 
TIRS has been developed as a general molecular-anal ysis on-line monitor 
for use on process streams of solid and viscous-liq uid materials. It has 
been demonstrated on a wide variety of moving mater ials, both in the 
laboratory (5, 6) and on process lines.(3) Figure 1  schematically shows 
how the TIRS monitor is set up on a waste-processin g line.(4) The molten 
stream of polyethylene-encapsulated waste flows thr ough the field of view 
of an infrared spectrometer. The molten stream, by virtue of its elevated 
temperature, strongly radiates in the midinfrared p art of the spectrum, 
which the spectrometer observes. This bulk emission  is a blackbody 
spectrum; it consists of emission at all wavelength s, and its intensity 
varies slowly with wavelength, following Planck's L aw. This blackbody 



spectrum is indicative of the temperature of the st ream, but it is not 
useful in analyzing the stream composition. Spectro scopic analysis relies 
on the fact that sufficiently thin or dilute sample s will absorb, emit, 
or reflect only those wavelengths that strongly int eract with the 
molecules of the sample. The spectrum resulting fro m this interaction 
consists of a set of sharp features, called bands, that are 
characteristic of the particular molecules in the s ample. The blackbody 
spectrum from the stream lacks these sharp features  because the stream is 
too thick and optically opaque. 
Fig. 1 
The TIRS monitor avoids this blackbody problem asso ciated with a thick, 
opaque process stream by focusing on only a thin su rface layer of the 
stream. The TIRS monitor trains a small jet of room -temperature air onto 
the surface of the process stream as it flows throu gh the spectrometer 
field of view. This cools a thin layer of the strea m at its surface. This 
surface layer no longer emits infrared radiation st rongly because of its 
reduced temperature, but the infrared spectrometer still observes 
infrared radiation from the rest of the process str eam. This radiation 
must pass through the cooled layer to reach the spe ctrometer, and the 
cooled layer absorbs some of it. The cooled layer i s sufficiently thin 
that it absorbs only at its characteristic bands. T he spectrometer 
therefore observes the smooth blackbody emission sp ectrum of the stream 
bulk with the sharply structured transmission spect rum of the cooled 
layer superimposed on it. The process-stream analys is is based on the 
transmission spectrum. 
For the analyses discussed here, a Bomem MB 100 FTI R spectrometer fitted 
with a mercury-cadmium-telluride detector was the i nfrared spectrometer 
around which the TIRS monitor was built.(3, 4) The TIRS cooling-jet 
nozzle was a length of 0.6 mm inner-diameter stainl ess-steeltubing aimed 
at the process stream and carrying a 1.6 L/min flow  of room-temperature 
air. The partial least squares analysis of the data  was done with Spectra 
Calc PLSplus (Galactic Industries).A TIRS monitor c an also be used when 
the process stream is not at an elevated temperatur e. For cool process 
streams, a TIRS monitor uses a hot-gas jet to produ ce a heated, thin, 
surface layer.(3, 5) The structured emission from t he thin layer can then 
be analyzed in the same manner as the structured tr ansmission spectrum of 
the cooled layer produced when a cooling jet is use d. Early work on 
applying TIRS to polyethylene encapsulation examine d both cooling-jet and 
heating-jet versions.(3, 4) Both versions gave good  quality analyses, but 
the cooling version is simpler and slightly more st able, so it was 
selected for the applications discussed here. 
DATA TREATMENT 
Spectra acquired by the TIRS monitor are "single be am," that is, they are 
the raw signal intensities observed as a function o f wavenumber. Usually 
in spectroscopy, such single-beam spectra are "norm alized" by ratioing 
them against a reference single-beam spectrum so as  to remove any 
wavenumber-dependent variation in the spectrometer response. In TIRS, 
this normalizing also removes the Planck's Law rise  and fall of signal 
intensity with wavenumber that is characteristic of  thermal emission. 
Figure 2, discussed below, shows both the single-be am and normalized 
versions of a spectrum. The analyses discussed here  are based on 
normalized spectra. The reference spectra used were  blackbody emission 
spectra observed from the process stream when the T IRS cooling jet was 
turned off. It should be noted that the analysis ca n be done based on 



single-beam spectra, but normalization can often re sult in improved 
accuracy. 
Partial least squares is used to derive the stream composition from the 
spectra.(7) The partial-least-squares method calibr ates the monitor by 
building a model from a training set of spectra. Fo r the work reported 
here, the monitor acquired the training-set spectra  while the waste 
processor is held at a series of stream composition s with other process 
parameters (e.g., stream temperature and flow rate)  held strictly fixed. 
More readily applied methods of acquiring the train ing-set data are being 
developed. A prediction as to how good the resultin g calibration model 
will be is the Standard Error of Prediction (SEP) p roduced by single-
elimination cross validation. In a single-eliminati on cross validation, 
one of the training-set spectra is removed and a ca libration is developed 
using only the remaining members of the set. The co mposition of the 
excluded member is then determined from this calibr ation. The excluded 
member is then put back in, a second member is take n out, a new 
calibration is developed, and the second member is analyzed. This process 
is repeated until all members of the training set h ave been excluded and 
analyzed. SEP is the root mean square of the deviat ions of the analyses 
from the known sample compositions. Once the calibr ation model is built, 
analysis of an unknown spectrum is very fast (under  1 second), so partial 
least squares is very compatible with real-time ana lysis. 
DEMONSTRATION ANALYSES 
Figure 2 shows spectra from demonstrations at Rocky  Flats on two 
different processed-waste streams. The spectra in t he top panel of the 
figure are from a molten stream of nitrate-salt LLM W in polyethylene. The 
two spectra labeled With Jet and Without Jet are si ngle-beam spectra of a 
stream containing 55% by weight LLMW. The Without J et spectrum is the 
spontaneous blackbody-like thermal emission spectru m of the stream 
observed with the TIRS cooling jet turned off. The With Jet spectrum is 
the TIRS spectrum observed by aiming the jet onto t he stream. The overall 
rise and fall in intensity of these spectra follow Planck's Law for 
thermal emission, but the drop off at low wavenumbe rs is augmented by 
decreasing detector sensitivity. The sharp structur e between 1300 and 
1900 cm-1 are absorptions by water vapor in the air  between the process 
stream and the spectrometer. Similarly, the feature s between 2300 and 
2400 cm-1 and the one sharp feature at 667 cm-1 com e from carbon dioxide 
in the air. The lower intensity of the With Jet spe ctrum compared to the 
Without Jet spectrum indicates the lower temperatur e of the process 
stream surface resulting from the cooling jet. The With Jet spectrum also 
has the features from the transmission spectrum of the cooled surface 
layer, but they are small and do not immediately ca tch the eye. 
Fig. 2 
Normalization makes the transmission features obvio us by removing the 
Planck's Law intensity variations and the water and  carbon dioxide 
absorptions. Division of the With Jet spectrum by t he Without Jet 
spectrum results in the normalized 55% Waste spectr um in Fig. 2. The 35% 
Waste spectrum is a normalized spectrum at a differ ent stream composition 
included for comparison (and offset to avoid overla p). All of the 
features in the normalized spectra can be assigned as absorptions by 
either the LLMW or the polyethylene (except for som e noise above 3000 cm-
1). Polyethylene produces the strong bands at 2850 and 2910 cm-1 and the 
moderate band at 720 cm-1, as well as other absorpt ions at 1300, 1360 and 
1460 cm-1 that are covered up by LLMW bands (but ar e visible in the 



spectra in the lower panel of Fig. 2). The remainin g bands all arise from 
the LLMW. The intensities of all bands within a spe ctrum are dependent on 
noncompositional parameters such as stream temperat ure, but the relative 
sizes of the LLMW and polyethylene features indicat e the stream 
composition. The polyethylene bands decrease relati ve to the LLMW bands 
in going from 35% to 55% waste. 
The lower panel of Fig. 2 shows (offset to avoid ov erlap) normalized 
spectra of a stream of polyethylene-encapsulated fl yash at the indicated 
compositions (% by weight flyash). All of the featu res in the 0% Flyash 
spectrum come from polyethylene, except for noise a bove 3000 cm-1. Flyash 
has a single, broad absorption between 600 and 1600  cm-1 that grows with 
increasing flyash concentration as the polyethylene  bands shrink. 
Fig. 3 
Figure 3 shows the results from a single-eliminatio n cross validation on 
six spectra of encapsulated nitrate-salt LLMW (incl uding those in Fig. 
2). The TIRS-predicted waste loadings are plotted a gainst the actual 
waste loadings, and the linear-regression line for the points is shown. 
The ideal result would be a regression line that ex actly bisects the plot 
(i.e., identical predicted and actual values). The real line comes very 
close to this. The SEP for the cross validation is 0.64% by weight, 
demonstrating an accurate TIRS analysis. Fig. 4 sho ws a single-
elimination cross validation of 21 spectra of encap sulated flyash 
(including those in Fig. 2). As in Fig. 3, the TIRS  predictions are 
plotted against the actual values (open circles) an d a linear-regression 
line is included. The SEP is 0.84% by weight. In ad dition, the analyses 
from a set of "unknowns" not included in the cross validation are marked 
by triangles. 
Fig. 4 
CONCLUSION 
The TIRS monitor provides accurate, real-time analy sis of the composition 
of polyethylene-encapsulated waste streams. The TIR S monitor is a 
noncontact device that acquires the midinfrared spe ctrum of the moving 
process stream. It has been demonstrated on DOE pro cess lines 
encapsulating nitrate-salt LLMW and its surrogate, molten salt oxidation 
LLMW and its surrogate, and flyash. On nitrate-salt  LLMW and flyash, the 
specific demonstrations discussed in this paper, th e monitor achieved a 
standard error of prediction of better than 1% by w eight with an analysis 
time of less than 15 seconds. 
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ABSTRACT 
A method for analyzing small samples of mixed waste s (MW) by a new 
invention known as the laser driven thermal reactor  (LDTR) is presented. 
The processes of pyrolysis, volatilization, combust ion, and thermal 
decomposition can be studied. The LDTR allows one t o measure the kinetic 
parameters of these processes. Also, compositional analysis of gas phase 
products by gas chromatography can be realized usin g the LDTR. As an 
application of this technique, the volatilization o f radionuclides, as 
indicated by b and g radioactivity of gaseous efflu ents, and residual 
activity of solid residues will be determined. It i s also shown how a 
LDTR-based thermal analysis of a solid residue of M W under different 
heating rates will provide quantitative information  about its stability 
and the existence of trace organics. In conclusion,  it is shown that the 
LDTR represents a valuable test device for characte rization of waste 
destruction processes. 
INTRODUCTION 
The purpose of the Laser Driven Thermal Reactor (LD TR) (1-3,7) is to 
measure the thermal parameters of processes for the  destruction of 
organic and mixed wastes to enable one to develop m athematical models of 
the processes with numerical parameters. The models , in turn, permit one 
to determine optimal parameters for the thermal tre atment of the wastes 
in large-scale systems. Because the LDTR requires o nly small samples 
(~10-3g), it is particularly useful in analyzing th e thermal treatment of 
low level radioactive organic compounds. Further, t hrough the measurement 
of the radioactivity of gaseous products and of the  solid residues of the 
LDTR, it is possible to optimize systems for the tr eatment of such 
wastes. 
A general schematic of the LDTR is given in Fig.1. Two hemispheres 
fabricated from copper foil form a spherical reacto r, within which the 
waste sample, supported by a substrate, is located.  The reactor is 
irradiated by cw YAG laser beams from two sides and  is heated up rapidly 
to a temperature of 1000 K. The rate of heating can  reach up to several 



hundred degree Kelvin per second. Temperatures on t he surface of the 
reactor vary by no more than 100 K. The sample temp erature rises rapidly 
with increases in reactor temperature. Exothermal o r endothermal 
processes of the sample at high temperatures lead t o an additional 
increase or decrease of the temperature of the samp le and substrate. The 
time dependencies of the reactor and sample tempera tures permit one to 
determine the parameters for the thermal treatment of the sample.  
Along with a determination of the thermal parameter s of the process, the 
gaseous products are analyzed. In addition, the sam ple weight is 
determined before and after the process. All of thi s permits one to 
describe the process in the form of a mathematical model with numerical 
parameters.  
Fig. 1 
AN ILLUSTRATION OF THE LDTR METHOD 
To provide an example of the determination of therm al parameters by the 
LDTR method, let us consider a one-stage process. T he specific heat 
release (the energy released per unit mass of the s ample), Q = Iq(T)dt, 
is the principal parameter of interest, and shall b e derived. We assume 
that a sample is complex substance and consist of c ombustible (e.t. 
organics) and non-combustible parts. For a determin ation of the 
parameters of interest, it is necessary to analyze temperature evolution 
dependence of the reactor and of the sample with su bstrate. This method 
assumes that the temperatures of both the sample an d substrate are the 
same during the process, as well as uniform through out these substances. 
Therefore, this method is valid for slow processes with typical 
completion times exceeding 0.01 s.  
Then the equation in terms of the temperature T of the sample with 
substrate may be expressed by the heat balance: 
Eq. 1 
where Tr is the reactor temperature, cp is the spec ific heat of the 
sample with substrate, m is the total mass, P(Tr) i s the rate at which 
heat is transferred from the reactor to the sample with substrate, and 
R(T) is the rate of heat loss from the sample with substrate. At 
equilibrium, a certain sample temperature T corresp onds to each reactor 
temperature Tr , requiring the condition, 
Eq. 2 
During the course of heating, the sample temperatur e will differ from its 
equilibrium temperature because of transient respon se to heat transport. 
We will give below a method for determining the equ ilibrium sample 
temperature from two measurements.  
Let the reactor temperature Tr be constant, and the  sample temperature be 
T, which will differ from its ultimate equilibrium value To. Then the 
process of sample temperature evolution is given by  the equation: 
Eq. 3 
where t is the temperature dependent relaxation tim e to the equilibrium, 
which may be defined in any infinitesimal time inte rval as: 
Eq. 4 
On a basis of two measurements, for the temperature s of reactor, and for 
the substrate with the sample, one can determine th e equilibrium 
temperature To and relaxation time of the system. T hey are given by 
formulas: 
Eq. 5 
Eq. 6 



where T1 and T2 are sample temperatures for two dif ferent heating rates 1 
and 2 which result in these temperatures and (dT/dt )1, (dT/dt)2 are their 
derivatives. Determining the parameter t allows us to analyze exothermic 
chemical processes. This parameter can be determine d not only by the 
measurement of delay in the sample temperature rise  during heating of a 
reactor, but also by another method: the sample can  be heated by laser 
radiation separately at the constant reactor temper ature, and then t is 
measured directly as the relaxation time of the sam ple temperature. The 
instrumentation for measuring T is shown on Fig. 1.  
Thus we have the following equation for the sample temperature, derived 
from the Eq. 1 heat balance, with expression of R(T ): 
Eq. 7 
Here cp', m' are the specific heat capacity and mas s of the combustible 
part of the sample, respectively, and q is the spec ific heat release rate 
of the process. This equation allows one to determi ne the specific 
parameters of combustion on the basis of measuremen t of the heat release 
of the process. In particular, if the mass of combu stible part is small 
compared to the sample mass m' m and it's consumed in the course of the 
process, we have the following set of equations whi ch describe the heat 
process, from Eq. 7:  
Eq. 8 
Eq. 9 
where Q = q(t)dt is the specific heat release of th e combustibles. From 
this, the algorithm of the treatment of measurement s follows. We then 
have these equations: 
Eq. 10 
Eq. 11 
where DT = Tf -Ti, and Ti, Tf are the sample temper atures at the 
beginning and the end of the process, respectively.  Since Dm is the 
change of the combustibles mass, Eq.11 permits one to determine Q, the 
specific heat release of the combustibles. Then fro m Eq. 9 one can 
determine m'(t), and Eq. 9 gives the value of the s pecific heat release 
rate 
Eq. 12 
This methodology pertains to one-stage processes. C omparing values of 
q(t) at different rates of heating, one can determi ne the validity of a 
model of a one-stage process in a concrete case, an d also determine the 
accuracy of numerical experimental data.  
The method has two requirements for reliability and  accuracy. First, the 
position of the substrate inside the reactor must b e the same in 
different experiments. Secondly, although the tempe rature can be varied 
over the reactor surface, this distribution must be  the same in different 
heat regimes. Measurements of temperature at one po int on the surface of 
the reactor can be sufficient to verify the second requirement, and can 
be used for comparison with the temperature evoluti on with and without a 
sample. The degree to which these requirements are violated determines 
the accuracy of the method. Note that heating of th e reactor can be made 
not only by laser, but also by electrical heating o f the reactor in the 
analysis of metallurgical processes. However, the l aser-based method of 
heating offers some advantages over electrical heat ing, including higher 
heating rate, better controllability, and direct de termination of heat 
loss.  
EXAMPLES OF ANALYZED PROCESSES 



Below we consider some processes which are analogou s to thermal treatment 
of wastes and which were analyzed by the above meth od. Organic wastes can 
consist of a mixture of various organic compounds, and variations in the 
content of components of this mixture can require c hanges in the optimal 
parameters of the phenomenological thermal processe s. Therefore, for 
optimization of the process of treating a given mix ture, it is necessary 
to determine numerical parameters of the process sp ecifically for this 
waste. However, the qualitative character of the pr ocess is the same for 
different wastes. Therefore, first let us consider the general 
peculiarities of the thermal treatment of wastes. T here are two forms of 
wastes for thermal treatment. In the first case, th ere is inhomogeneous 
mixture of individual particles and, in the other c ase, there is liquid 
waste.  
In the first case the total waste volume takes part  in combustion, and a 
suitable model for this process is the combustion o f a porous or powdery 
organic substance. Let us take activated coal as a model for this 
process. Different components of a waste are burned  at different 
temperatures and the thermal process can proceed fo r them in different 
ways. Indeed, combustion of organic volatile matter  (VM) which takes 
place at low temperatures, is accompanied by vapori zation of these 
components. The competition of these processes is s uch that at high 
temperatures, combustion of the VM proceeds quickly , while at low 
temperatures they can volatize and leave the reacto r without combustion. 
Thus the probability of combustion of volatile matt er in a reactor 
depends on the rate of heating and the size of the combustion region. 
Within the framework of this method, the value of t his probability can be 
calculated for certain parameters of the thermal re actor.  
Let us consider these processes in the case of ther mal treatment of an 
activated coal in oxygen or air, which is a model f or combustion of solid 
organic wastes consisting of small organic particle s. One can separate 
the combustion of a VM and of the main solid residu e. This process 
proceeds according to this scheme (1,2): 
Eq. 13 
Thus a part of a coal VM can be vaporized and does not partake in the 
combustion process inside a coal. It becomes a fact or in the heat release 
inside a coal and influences the temperature. Clear ly, the greater the 
gas pressure and temperature, the more likely it is  that combustion takes 
place inside a coal.  
Let us introduce the probability Pcom that combusti on of a VM proceeds 
inside a coal and the probability Pout of a leakage  of a VM outside a 
coal. We have  
Eq. 14a 
and the ratio of these values is approximated by th e Arrhenius law: 
Eq. 14b 
Parameters of this formula and conditions of measur ement are given in 
Table I and this function is represented in Fig. 2 for the activated coal 
for two different oxygen pressures. If the oxygen p ressure or the sample 
temperature are high enough, the chemical process g oes according to the 
first mechanism (13). The parameters of this proces s - the specific 
chemical energy Q and the specific power of the pro cess q(T) - are given 
in Table II for the combustion of an activated coal . 
Fig. 2 
Table I 
Table II 



Let us analyze the process of the combustion of a c oal VM. It is 
described by 5 parameters that can be used if this process proceeds in a 
certain system. For example, if coal particles are burned out in a 
special energy facility, these parameters permit on e to choose optimal 
conditions for this facility. From the data in Tabl es I, II, one can 
assume that parameters of the chemical process depe nd on the size of coal 
particles. The data show a strong dependency on the  type of a coal, which 
can be accounted for in the estimation of optimal c onditions of an energy 
facility. For example, if we change a type of coal in an energy reactor, 
the optimal conditions inside also change. Thus, it  is necessary to 
obtain parameters of the chemical process for a giv en type of coal, 
providing an opportunity to evaluate the optimal co nditions for this 
reactor.  
The formation of gaseous components is of importanc e for the thermal 
treatment of organic compounds, both in the interme diate stage of the 
process, and as final oxidation products. As an exa mple of such 
measurements, we can consider combustion of an acti vated coal in ozone, 
which is absorbed by coal. Accepting products of th is process to be CO 
and CO2, assume the concentration of these compound s to be dependent only 
on the absorption temperature T. Figure 3 shows thi s dependence, obtained 
on the basis of chromatographic measurements (6). T hese data are included 
in the model of the process. 
Fig. 3 
As a model of the thermal treatment of liquid organ ic materials , the 
process of heavy fuel oil (HFO) combustion was anal yzed. The first stage 
of this process is transformation of a liquid fuel to a gas which 
proceeds according to scheme: 
Eq. 15 
This measurement gives the specific absorption ener gy 0.7  0.1 kJ/g, 
corresponding to n = 7-10. The second stage of the combustion process 
leads to combustion of 30  10 % of the fuel under t he conditions 
considered. The rate constant of the process in the  temperature range750 
- 1300 K and oxygen pressure range 4 - 23 kPa is ap proximated by the 
formula  
Eq. 16 
where q is expressed in W/g, p is the oxygen pressu re in kPa and x = 1.4  
0.3.  
The above data demonstrate abilities of the LDTR me thod. Note that along 
with parameters of the chemical process, this metho d permits one to 
obtain thermal parameters of a sample (the heat cap acity, radiative 
parameters) which are of interest in the calculatio ns of the processes 
considered. Some examples of this capability were d emonstrated in (7). 
CONCLUSION 
Thus the LDTR method allows one to determine parame ters for the thermal 
treatment of any organic materials. These parameter s can be used for 
optimization of processes involving multiple reacti ons of organic wastes. 
Moreover, if the content of organic components in a  waste changes from 
one stage to another of an industrial process, it i s useful to make such 
measurements prior to large-scale implementation. B ecause such 
measurements may be automated and can be interfaced  with computer 
programs for control and optimization of these proc esses, this approach 
can lead to cleaner and more effective technologies  for the thermal 
treatment of wastes.  
REFERENCES  



1. A. NAZARIAN, V.G. PLYUKHIN, B.M.SMIRNOV, in: Che mistry of Plasma, 
ed.,B.M.Smirnov V.13.p.207,1987.  
2. A. NAZARIAN, V.G.PLYUKHIN, B.M.SMIRNOV, Doklady Akademii Nauk SSSR 
279,687(1984) 
3. A. NAZARIAN, V.G.PLYUKHIN, B.M.SMIRNOV, Thermal Processes of 
Interaction between Ozone and Activated Coal. Prepr int of Thermophysics 
Institute N121, Novosibirsk 1985.  
4. G.YU.GRIGOR'EV, S.B.DOROFEEV, B.M.SMIRNOV, Khimi cheskaya Fizika 
3,603(1984) 
5. G.YU.GRIGOR'EV, S.B.DOROFEEV, KUVSHINOV B.N., B. M.SMIRNOV, Fizika 
Goreniya I Vzryiva 20(N 5),3(1984)  
6. V.G.PLYUKHIN, B.M.SMIRNOV, Doklady Akademii Nauk  SSSR 287,836(1986)  
7. A. NAZARIAN, B.M.SMIRNOV, Teplophys.Vysokhikh Te mperatur 29,1032(1991) 
 
15-27   
WASTE MINIMIZATION APPLICATIONS  
FOR ENVIRONMENTAL RESTORATION AT THE  
NEVADA TEST SITE 
Debbie Krogbin 
GeoTrans, Inc. 
4330 S. Valley View, #114 
Las Vegas, NV 89103 
 
Terre Maize 
IT Corporation 
4330 S. Valley View, #114 
Las Vegas, NV 89103 
 
Angela P. Colarusso 
U.S. Department of Energy 
Nevada Operations Office 
P.O. Box 98581 
Las Vegas, NV 89193-8518 
ABSTRACT 
Traditionally, waste minimization has been applied to process line 
applications, but not to clean-up operations, such as environmental 
restoration (ER) and decontamination and decommissi oning (D&D) 
operations. Because the purpose of ER and D&D activ ities is, essentially, 
to generate waste, waste minimization was thought n ot to apply. In 1994, 
the U.S. Department of Energy provided limited fund ing to a pilot project 
at the Nevada Test Site to determine whether tradit ional waste reduction 
techniques, such as pollution prevention opportunit y assessments, could 
be applied to ER and D&D projects. The purpose of t he pilot was to 
demonstrate that there are many repeatable elements  in ER and D&D 
activities; therefore, traditional waste reduction techniques could be 
applied. In addition, tools such as up-front planni ng, regulatory 
negotiations, employee awareness campaigns, and inv olvement of pollution 
prevention personnel in all phases of a project, ca n be used to greatly 
reduce the amount of secondary waste generated by E R and D&D projects. 
Legacy waste can also be reduced through recycling or reusing building 
materials, planning for waste minimization in selec tion of treatment and 
characterization technologies, and negotiating clea n-up levels. The 
success of the program has led to additional fundin g to study other 
methods of applying waste minimization and pollutio n prevention to ER and 



D&D projects. To date, five pollution prevention op portunity assessments 
have been completed for Nevada ER projects, and ove r 30 tons of scrap 
metal have been recycled from clean-up operations a t the Tonopah Test 
Range. 
INTRODUCTION 
In November 1989, the Secretary of Energy establish ed the Office of 
Environmental Restoration and Waste Management (EM)  to improve the 
management of remediation, waste management, and fa cility decommissioning 
by consolidating these missions into one office. In  Nevada, Environmental 
Restoration (ER) activities are under the auspices of the Environmental 
Restoration Division (ERD) and involve activities a t the Nevada Test Site 
(NTS), Tonopah Test Range (TTR), and sites in centr al Nevada, Colorado, 
Mississippi, Alaska, and New Mexico.  
The NTS is a Federally-controlled facility located 105 kilometers (65 
miles) northwest of Las Vegas. The NTS occupies 3,5 10 square kilometers 
(1,350 square miles). From 1951 until 1992, the NTS  has been the location 
for numerous above- and below-ground nuclear tests.  These tests and their 
associated operations have contaminated certain are as of the NTS with 
various radioactive and hazardous materials. 
The ER Project field activities at the Nevada Test Site (NTS) include 
decontamination and decommissioning of various faci lities, and 
characterization of a variety of industrial sites, including ordnance 
detonation areas; unexploded ordnance sites; unline d surface 
impoundments, injection wells, and underground stor age tanks; and the 
deep aquifer beneath the NTS.  
WASTE MINIMIZATION APPLIED TO ENVIRONMENTAL RESTORATION ACTIVITIES 
The pollution prevention awareness campaign, which includes an employee 
awareness and incentive program, has been the sourc e of many ideas that 
have been incorporated into ER activities. For exam ple, at a project 
which involved detonation of small cluster bombs, a n employee suggested 
that cardboard tubing be used instead of polyvinyl chloride (PVC) pipe. 
The cardboard leaves behind no potentially hazardou s waste residue, 
eliminating the need to sample for PVC degradation productions. At the 
clean-up of an historic landfill at the TTR, staff worked closely with 
recycling companies and were successful in recyclin g over 30 tons of 
scrap metal (1). Employees have also suggested rins ing and reusing 
plastic bottles that contain bromide standards; pre viously, these bottles 
were thrown in the trash after one use. Another emp loyee suggestion 
resulted in the reuse of laboratory standards for m easuring pH in the 
field. Other employee suggestions included using on ly recycled paper, 
establishing an office recycling program for alumin um cans and paper, and 
turning off lights and computers at the end of the day. These suggestions 
result in awards such as polo shirts and car sun sh ades bearing the 
campaign logo. Employees also participate in a vari ety of community 
outreach activities involving waste reduction such as a beach clean-up at 
Lake Mead, restoration of an area formerly used for  desert dumping, and 
working with Scouts on environmental merit badge pr ojects. While these 
suggestions and community outreach activities do no t directly impact 
field activities, they help keep employees aware of  the importance of 
resource conservation. 
Waste minimization has been an integral part of the  up-front planning for 
all ER field activities. Part of the up-front plann ing process includes 
involving waste minimization experts during develop ment of site 
characterization plans and field procedures. Throug h the involvement of 



waste minimization staff, procedures were changed s o that decontamination 
of sampling equipment is accomplished using no regu lated decontamination 
solvents; thereby avoiding generation of hazardous or mixed waste. The 
up-front planning also includes working closely wit h regulators to 
determine the proposed action and clean-up levels a nd regulatory 
strategies for managing investigation-derived waste . Future land use 
negotiations may lead to a lesser need for clean-up  and characterization. 
Regulatory strategies can also be negotiated. For e xample, the 
Underground Test Area (UGTA) Subproject involves ch aracterization of the 
deep aquifer beneath the NTS and produces millions of gallons of fluid in 
the form of groundwater and drilling fluids. At wel ls where radioactive 
contamination is not present, the fluid is managed as industrial effluent 
under the Nevada Water Pollution Control Act (simil ar to Safe Drinking 
Water and Clean Water Acts), which allow for discha rge of the fluid into 
unlined infiltration areas as long as fluid quality  objectives are met. 
If fluids do not meet fluid quality objectives, the y are allowed to 
evaporate in lined sumps at the wellsite. The remai ning uncontaminated 
solids are managed as industrial waste and left on site; contaminated 
solids are transported to an appropriate waste mana gement facility (2).  
Waste minimization is also accomplished through app lication of pollution 
prevention opportunity assessments (PPOAs). During FY 1994, the U.S. 
Department of Energy provided limited funding to pi lot PPOAs for the 
Nevada ER Project. The UGTA Subproject was selected  because it is a long-
term project (projected to span 20 years) and has m any repeatable 
elements. The aquifer beneath the NTS is thousands of feet deep; during 
drilling, millions of gallons of fluid are generate d. If contaminated 
with radioactive or hazardous constituents, the sol ids must be managed as 
radioactive or hazardous waste. Students from the l ocal community college 
were employed to form the core PPOA team, with dril ling program and waste 
minimization staff assisting as technical experts. The PPOA investigation 
found a method to separate and reuse drilling addit ives (3).  
 Because of the success of the pilot PPOA program, additional funding was 
obtained in FY 1995 and additional college students  were employed to 
conduct PPOAs of other ER activities, such as field  sampling and 
decommissioning. These students are employed as par t of a cooperative 
internship with the local university's Environmenta l Studies Program. 
Students receive classroom credit for job experienc e.  
During 1995, five PPOAs were completed and four mor e are underway during 
1996. These PPOAs included: four for buildings asso ciated with 
decommissioning activities; one for compaction of r adioactively-
contaminated trash; one for life cycle costs of con crete recycling; and 
three for industrial sites scheduled for characteri zation and 
remediation. The PPOAs for the decommissioning acti vities include 
examining costs versus benefits of 1) recycling var ious building 
materials and appurtenances, 2) decontamination ver sus disposal as 
radioactive waste, and 3) innovative decontaminatio n technologies. The 
initial PPOA conducted for a building slated for de molition resulted in 
segregation of building materials and chipping radi oactive "hot spots" 
off of the concrete walls and floors. This allowed the majority of the 
concrete to be treated as reusable material or indu strial trash rather 
than radioactive waste. The PPOAs for the industria l sites include 
examination of various characterization and remedia l technologies that 
may reduce waste generation. For example, one PPOA examined various 
drilling techniques for determining the extent and magnitude of a 



hydrocarbon plume. Characterization techniques exam ined included the cone 
penetrometer, the SEAMIST System, and conventional drilling. Another PPOA 
examined various alternatives that could be used to  remediate a 
hydrocarbon plume, such as vapor extraction and bio remediation.  
Upcoming waste minimization projects include develo pment of a training 
video focusing on ER applications for waste minimiz ation. The training 
video will be nationally distributed in late 1996 a nd will explain how 
waste minimization tools can be applied to ER activ ities. The basis for 
this video will be the DOE Headquarters' Guidance D ocument for 
application of pollution prevention to ER projects and information 
gathered from various DOE sites as to how they appl y pollution prevention 
tools to their projects. All ER characterization an d remediation plans 
are now required to include a PPOA as part of the p lan. Waste 
minimization staff are part of the project team for  each characterization 
and remediation activity and work closely with proj ect staff to determine 
the amount and direction of research required to ex amine pollution 
prevention opportunities. 
SUMMARY 
Up-front planning is the most important tool in app lying pollution 
prevention and waste minimization to ER activities.  It is imperative that 
waste minimization concepts be included in site cha racterization plans 
and procedures. By including waste minimization int o the early stages of 
a project, opportunities to prevent pollution and m inimize waste can be 
identified and benefit the entire project. Understa nding issues such as 
whether decontamination is cost effective for certa in building materials 
or which treatment technologies are the most cost-e ffective and 
environmentally beneficial can help guide character ization plans and 
activities by ensuring that adequate data are gathe red in one sampling 
event. Negotiating clean-up and action levels with regulators can also 
lead to minimized characterization and remediation,  thereby reducing cost 
and waste. PPOAs are a viable technique for conduct ing cost/benefit 
analyses of ER activities. The PPOA technique helps  ensure that decisions 
are thoroughly documented and can help form the gro undwork for 
restoration technology application decisions.  
Previously, pollution prevention and waste minimiza tion techniques were 
not routinely applied to ER activities; the focus o f ER is usually to 
generate waste through site clean-up. However, thro ugh activities such as 
the PPOAs conducted at the Nevada Test Site, pollut ion prevention and 
waste minimization are now seen as the keys to the future in reducing 
costs and liability for the DOE. 
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ABSTRACT 
Current budget planning strategy within the Departm ent of Energy 
emphasizes risk reduction potential as a basis for prioritizing 
expenditures within the complex. To implement such a strategy, a 
consistent methodology must be available for estima ting health risk to 
workers as a result of project activity. This repor t provides a 
comprehensive methodology for considering worker ri sk in the evaluation 
of project risk reduction potential. An example com parison of alternative 
projects to remediate surface impoundments containi ng radionuclides and 
hazardous chemicals at the Oak Ridge National Labor atory is used to 
illustrate the methodology. 
Results of this example evaluation clearly indicate  that the choice of a 
preferred environmental management alternative can be affected by 
considering worker risk. In particular, the result of "net valuing" 
potentially achievable reductions in long term envi ronmental risk against 
incurred worker risk tends to support a conclusion that less complex 
remediation alternatives have a higher net risk red uction value. 
INTRODUCTION 
Prioritization of Projects Using Risk Based Cost Be nefit 
DOE field operations are currently documenting an i ntegrated risk based 
prioritization of proposed activities in support of  a complex wide risk 
based budgeting process. The intent of the integrat ed risk based cost 
benefit process is to establish a comprehensive and  consistent knowledge 
base of information for each activity related to en vironmental management 
in the complex. Examples of activities include a di versity of DOE 
expenditures such as remediation projects, waste st abilization efforts, 
and surveillance actions. A consistent risk based c ost benefit 
methodology requires the capability to evaluate ach ievable reduction in 
environmental risk over time, projected cost over t ime of an activity, 
cost per unit of risk reduction, measures of the po tential importance and 
impact of assumptions and uncertainties, and other measures which address 
important activity values not included in the prima ry cost benefit 
measure, such as progress toward overall cleanup go als, impact on 
stakeholder perceptions, and projected land use sce narios. 
An infrastructure to supply these necessary element s of a cost benefit 
methodology addresses the intent of DOE's original Report to Congressa on 
risk based prioritization, yet it bespeaks a need f or a technical process 
which goes beyond the current methodology for Risk Data Sheets.b It 
includes: 
  an independently defined database of quantitative  risk information on 
environmental risks and accrued worker risks, 
  standardizing criteria which address inherent pro blems of estimating 
risk using documents of varying rigor and age, 
  consistent assumptions and criteria for consideri ng land use impacts, 
  an independent and consistently applied set assum ptions and uncertainty 
characterizations for risk estimates, 



  an independent methodology and database for estim ating costs including 
cost of compliance, site overhead, and public perce ption management. 
Role of Involved Worker Risk in Valuing Risk Reduct ion 
A common source of error in establishing risk based  budget priorities 
stems from the way in which risk reduction is estim ated. For example, a 
common practice, in appraising the value of remedia tion activity, is to 
derive estimates of reducible environmental risk us ing fate and transport 
models with data from site characterization efforts . What is effectively 
assessed is an upper bound for achievable reduction s in risk to the 
public as a result of actions which remove or immob ilize radioactive and 
chemically hazardous materials. In other words, ris k reduction potential 
is characterized almost entirely by the inventories  at risk, the 
phenomenology of release, and the available pathway s to man. When 
environmental risk projections are compared across multiple proposed 
projects or alternative remedies, the resulting "co mparative" risk 
assessment, an indicator of project value and there fore priority, is 
based primarily on the physical characteristics of the sites and the long 
term hazards. 
In effect, environmental risk reduction, a measure of the risk associated 
with "doing nothing" neglects the potential risk of  "doing something", 
namely the risk to workers and the public as a resu lt of an activity (or 
worker risk). Worker risk measures the inherent ris k of implementing a 
project or remedy, the potential for excess cancers  due to exposure due 
to radioactive materials and hazardous chemicals, a nd for fatalities due 
to industrial hazards. 
As late as the publication of the Draft Report to C ongress, estimates of 
worker risk were not commonly included in risk base d evaluations of 
activities. This oversight may be a vestige of thin king which posits that 
there is an "implied consent" on the part of govern ment contractor 
employees to accept risks over and above those invo lving the population 
as a whole, or that risks to workers are eliminated  entirely through 
design considerations, worker protection, and opera tional precautions. 
Problems arise when these assumptions are invoked i n estimating the value 
of remediation activity. 
  Involved workers (those who could be presumed to consent to excess 
risks) represent only a part of the population of p ersons potentially 
exposed to increased risks. Implied consent is less  reasonable for 
collocated workers (on a site but not associated wi th ongoing project 
efforts), and is inapplicable for members of the pu blic who might be 
exposed to accidents (especially where transportati on is a key element of 
a proposed remedy). 
  Recent class action suits against DOE and its con tractors by 
organizations representing employees and former emp loyees indicate a much 
lower tolerance for job related risks and less of a  willingness to 
support previous covenants regarding "accepted" on the job risks. 
Neighbors and the media, in general, rarely disting uish between workers 
at a facility and an "innocent" public. 
It has been noted in the Report to Congress that wo rker risk can have a 
significant impact on the net achievable risk reduc tion and therefore the 
net value of a specific project or proposed remedy.  It is well recognized 
that much of the contaminated land and facilities a t DOE sites cannot be 
returned to public use without an investment in fun ds which is not 
affordable to this societyc. Worker risk is a poten tially significant 



impact on achievable risk reduction which must be c onsidered in risk 
based budget allocations. 
Attributes of a Worker Risk Evaluation Approach 
Worker risk refers, specifically, to additional sho rt term health risk 
posed to involved workers at a facility, collocated  workers at a site, 
and the public by normal operations and possible op erational accidents 
which may occur during facility construction, opera tion, or 
deconstruction. Key attributes of an effective work er risk evaluation 
include comprehensiveness (the capability of identi fying all potential 
sources of risk), differentiability (the capability  to prioritize hazards 
on the basis of potential risk significance), and q uantifiability (the 
capability to bound the residual risk of health imp acts as a function of 
operation scenario). Functional requirements for a consistent and 
comprehensive worker risk methodology include: 
  a comprehensive basis for identifying potentially  significant accident 
hazards and accidental exposure scenarios for most major industrial and 
transportation activities involved in the managemen t of wastes and in the 
remediation of contaminated sites, a capability to differentiate 
"residual"exposure hazards (which exist even after the implementation of 
administrative controls and personnel protection re quirements from 
hazards to unaware and unprotected populations, 
  a quantitative basis for comparing risks of accid ents and chronic 
exposures in DOE activities with those in other haz ardous industries, 
  at least a qualitative basis for estimating the p otential impact of 
additional investments in protection, training, and  conduct of operations 
on estimated worker risks. 
The effects of human exposure to ionizing radiation  have been well 
documented in the DOE complexd. It has often been s tated that our 
knowledge of radioactive material hazards exceeds t hat of most other 
sources of risk in the environment. Data on industr ial accidents and 
hazardous chemicals is not as highly developed. Alt hough industrial 
accident events are routinely reported, until recen tly it has not been 
feasible to estimate risks from industrial hazards and hazardous 
chemicals as a function of time of exposure with an y degree of 
consistency. Recent efforts to improve the quality of available 
industrial risk information provide a basis for nor malizing such 
information in worker risk evaluations. 
TECHNICAL APPROACH AND ANALYSIS 
Description of Site and Facilities 
A set of four contaminated ponds at Oak Ridge Natio nal Laboratory contain 
sediments, sludges, and waters contaminated with ra dioactive and 
hazardous constituents. Although two of the impound ments are small and 
only lightly contaminated, two impoundments form a principal source of 
environmental risk at the site. One impoundment, in  particular is not 
isolated from ground water and the continued integr ity of its containment 
(a dike) is questionable. 
Cleanup of the impoundments is a high priority comm itment for the 
continuing cleanup program at ORNL. Since the impou ndments represent the 
major source of contamination in that portion of th e site, their cleanup 
would make render the local area stabilized and its  facilities useful 
under some land use scenarios without further clean up actions. Cleanup of 
the impoundments should be a part of a cost effecti ve budget optimization 
strategy at ORNL. 



Six alternative approaches have been developed for remediating the 
impoundments. Table I, taken from information in th e RI/FS (1), 
summarizes some key attributes of each alternative.  Table II summarizes, 
in a qualitative sense, some of the risk-based cost  benefit 
characteristics for each alternative. Clearly, work er risk could be a key 
differentiator in the process of evaluating alterna tives. 
Table Ia 
Table Ib 
Table II 
Scope of Worker Risk Review 
The worker risk evaluation considers a full range o f activities and 
hazards which could result in additional risk as a result of accidents 
and residual chronic exposures. Since persons other  than workers can be 
impacted by risk producing events, the term worker risk is not strictly 
descriptive. However, it is used in here for consis tency. Also, in some 
cases, design choices and technology to implement a lternative remedial 
actions are not fully defined at this time. The wor ker risk evaluation is 
not intended to be a rigorous review of safety issu es for each 
alternative. A rigorous safety assurance review con sistent with DOE 
5480.23 and attendant orders would be required for implementation of any 
of the alternatives. 
The comprehensive set of activities which implement  each alternative 
action roughly correspond to an operation which, to  one extent or 
another, involves permanent modification of the loc al area. As a 
convenient nomenclature, therefore, the term facili ty describes each 
alternative. Total risk to workers and the public f rom facility 
operations is accrued over all phases of facility " life". For a typical 
DOE facility, this includes the periods of construc tion, operation, and 
deconstruction / decommissioning. For the facilitie s described in the six 
cleanup options, two separate phases of activity ca n be defined; 1) 
construction, and 2) implementation of long term mo nitoring and control 
measures. 
For a worker risk evaluation it is useful to consid er three sources of 
hazards, industrial accidents, exposure to radioact ive and hazardous 
materials during normal operations, and exposure to  radioactive or 
hazardous release accidents. 
During the processes of facility construction and o peration, personnel 
involved in the activities can be injured or killed  in industrial 
accidents. Some of the activities would be typical of large civil 
construction efforts involving the movement of soil s and rock, installing 
various kinds of structures and barriers, and repla cement of materials. 
Other activities could involve pumping and treating  of materials more 
akin to industrial or mining activities. Still othe r activities involve 
transportation of materials around the site, to adj acent government 
controlled areas, or to remote places. 
Heavy construction activities pose risks mainly to involved workers. Pump 
and treat activities pose risks mainly to involved workers or collocated 
workers in nearby facilities. Transportation activi ties pose risks to 
involved workers (such as drivers), collocated work ers within the ORNL, 
and the public along transportation routes. 
During the processes of facility construction and o peration, personnel 
involved in the activities will be exposed to radio active and hazardous 
materials. DOE imposes a variety of radiological co ntrols on its 
operations to reduce additional risks associated wi th exposure to 



radioactive materials. These include designed in ba rriers, use of 
protective gear, and the imposition of exposure lim its for personnel. DOE 
implements equivalent controls for hazardous materi als. These controls 
effectively minimize the additional risk of radioac tive exposure, but 
they do not eliminate it entirely. Expressed over a  population of 
involved workers, exposure to radiation and hazardo us materials will have 
the effect of increased likelihoods of cancer. 
During the processes of facility construction and o peration, personnel 
involved in the activities may be exposed to radioa ctive and hazardous 
materials as a result of radiological accidents. Ex amples of accidents 
include spills, fires, and natural catastrophes whi ch result in failures 
of barriers and / or increased mobility for radioac tive and hazardous 
materials. 
Radiological health effects from accidents may resu lt from direct 
exposure to gamma radiation or as a result of inhal ing or ingesting 
various radioactive materials. Health impacts from exposure to hazardous 
materials can result from ingestion or inhalation. Due to the high 
radioactive inventories in some impoundments, it is  conceivable that 
immediate of prompt fatal exposures could occur. Ho wever, due the lack of 
driving energies of release for the radioactive mat erials and the limited 
amounts of material being processed at any time pro vide no credible basis 
for early fatalities. Rather the types of exposures  involved would 
produce an increased likelihood of cancers in an ex posed population. 
Accidents may be initiated by operational errors (s uch as operator 
errors), equipment failures, or natural events. A t ypical set of 
initiating events considered in SARs is shown in Ta ble III. Due to the 
nature of the facilities used in the cleanup and th e limited potential 
for operating events only a small portion of these initiating events are 
credible. 
A subset of the six alternatives, defined in Tables  I and II, are 
currently under active consideration for implementa tion and planning 
purposes. These alternatives 2,3, and 5 were chosen  for a worker risk 
evaluation. Table IV provides a review of applicabl e sources of risk for 
each of the reviewed alternatives, based on descrip tions of major 
activities associated with construction and long te rm monitoring of 
facilities defined in Ref. 1. Sources of credible r isk in Table IV are 
reviewed with the methodology defined in the next s ection. 
Table III 
Table IV 
Methodology and Analysis 
This section provides methodology and analytical co nsiderations for 
developing estimates of worker risk. Due to the pre liminary nature of 
available design information on alternative cleanup  facilities, the 
methods used are not rigorous in nature. However, m ethodology is 
sufficiently comprehensive to provide an understand ing of the type of 
risks involved and their relative magnitude with re spect to existing long 
term environmental risks. 
Methodology and Analysis for Estimating Industrial Accident Risk 
The potential for fatalities to result from industr ial accidents can be 
evaluated using OSHA information on industrial acti vities similar to 
those defined for each of the cleanup alternatives.  Activities involved 
in the alternative cleanup approaches include dirt and rock removal and 
replacement, construction of liners, caps and other  structures, pumping 
and treating wastes, and transportation of material s. The Journal of Risk 



Analysise provides an information base for evaluati ng industrial 
accidents during large scale remediation actions. T he industrial accident 
data base includes fatality rates per hour of expos ure for various types 
of involved worker descriptions (from OSHA sources)  and estimates of the 
number of hours of exposure for a well defined reme diation activity. 
Fatality rates in the industrial data review are us ed in this preliminary 
evaluation since they were reviewed for use in a si milarly defined 
remediation effort. Exposure hours for various type s of personnel were 
modified based on a comparison of the activities as sociated with each of 
the reviewed alternatives vs activities described f or the alternatives in 
the industrial data review. 
Estimating times of exposure based on comparisons w ith industrial 
accident data sources is given in Table V. Table V also summarizes an 
alternate approach to estimating exposure hours in which data used to 
construct initial cost estimates for each alternati vef are used to define 
hours of exposure for various personnel types. Tabl e V indicates that the 
exposure hours calculated with the different method s may differ 
significantly, those calculated using cost data bei ng far more 
conservative. 
Table V 
Methodology and Analysis for Risk of Exposure to Ra dioactivity During 
Normal Operations 
In a sense, DOE radiological controls and allowable  doses are developed 
from the standpoint of restricting additional cance r risk for a 
population of workers to be less than one in ten th ousand (1.0E-4). 
However, data available on the ORNL ER alternatives  affords the 
opportunity to develop a better information source on radiological 
exposure, a source which can later be used for cost  benefit evaluations 
of various enforced "burnout" levels. 
For the evaluation of worker risk due normal exposu re, it is assumed that 
workers are protected from the inhalation pathways through the use of 
respirators (possibly with the addition of protecti ve clothing if 
particulate loadings or chemically hazardous materi als are high enough to 
warrant it). It is also assumed that no protection against gamma 
radiation is afforded other than by controlling the  time of exposure. A 
simple one dimensional exposure model assumes that:  
  worker doses from normal operations are a result of direct gamma 
radiation exposure, 
  most of the radioactive inventory is in currently  in contaminated 
sediments at the bottom of the impoundments, 
  the major inventory of concern for direct gamma e xposure is Cs137, 
  most of the exposure occurs during brief periods when a shallow layer 
of water is all that shields workers from contamina ted sediments. 
Table VI provides inventories of radioactive and ch emically hazardous 
materials for each of the four impoundments. Exposu re times for workers 
involved in less shielded activities are estimated using ORNL cost data. 
An estimate of the increased risk of cancer for the  population of exposed 
personnel is estimated using commonly accepted dose  conversion factors 
for involved workers such as ICRP (footnote e). 
Table VI 
Methodology and Analysis for Risk Due to Radioactiv e / Hazardous Chemical 
Release Accidents 
A comprehensive systems assessment of potential rad ioactive release 
accidents was not feasible for this worker risk eva luation. Much of the 



design information needed to conduct such an evalua tion is not yet 
available, and the resulting accuracy is not needed  for a preliminary 
comparison of alternatives. Most of the information  for this worker risk 
evaluation has been extrapolated from reviews of sa fety analyses reports 
for similar facilities at other sites. This is not to imply that safety 
assurance evaluations for the impoundments need not  be any more rigorous 
or thorough in its approach. One impoundment in par ticular qualifies as a 
Hazard Category 2 facility, and under the graded ap proach criteria in DOE 
STD 1027-93, all of the remediation alternatives wo uld require a detailed 
safety assurance evaluation to meet DOE 5480.23 sta ndards. 
For facilities of the type being considered for rem ediation alternatives, 
several events can be identified which illustrate t he potential for 
accidental exposures of involved workers, collocate d workers, and the 
public to increased levels of radioactive or chemic ally hazardous 
materials: 
  a large facility fire due to an equipment failure , operational error, 
or other catastrophic occurrence in the system for pumping, dewatering, 
and treating waste slurries which results in releas e and dispersal of 
part or all of the available inventory; 
  a natural catastrophe such as a tornado or flood which directly affects 
the integrity of the SIOU and its facilities during  a phase of 
construction when sediments can be disperse relativ ely easily; 
  an event in which long term institutional control s are ignored and a 
capped area or consolidation cell is penetrated. 
The frequency of a major facility fire has been est imated using 
commercial nuclear industry and Department of Energ y experience and an 
event sequence model for the frequency of a major r elease (Fig. 1). Table 
VII provides a summary of fire frequency data used in the evaluation of a 
major fire frequency. The frequency for a tornado i n the local region is 
estimated from available weather data and an event sequence model for 
frequency of a major release (Fig. 2). 
Fig. 1 
Fig. 2 
Table VII 
A major flood , which overwhelms containments of th e impoundments and 
causes a sudden release of water and sediments to l ocal waterways is not 
considered part of the total risk associated with e ach of the projects, 
primarily because the vulnerability to flood induce d release would exist 
with or without the remediation effort. However, si nce it is part of the 
spectrum of unanticipated events which can cause ad ditional risk to the 
community, the frequency of a major flood induced r elease is estimated 
using an event sequence model (Fig. 3), assuming fa ilure in a greater 
than 100 year flood. 
The frequency of a failure of institutional control s is estimated using 
SAR data for a buried waste facility and an event s equence model for 
frequency of a major exposure to nearby personnel ( Fig. 4). 
Accident risk is estimated from accident frequency information using the 
following process: 
  It is assumed that the period of active construct ion is one year and 
that an accident which results in a release of nucl ear material would 
occur during this time. The exception is an intrusi on on buried waste. 
For intrusion on buried waste, the period in which the sediments pose a 
significant health hazard and the SIOU is a control led access area, is 
used. 



  Dose to receptors is estimated using the amount o f material available 
for release in an accident (Ia), and the fractional  release of material 
at the point of the accident (Ra), to produce dose to an individual at 
the point of receptor (Di) in the algorithm 
 f[Ia * Ra] = Di 
The functional relationship in the algorithm is est imated for the fire 
and tornado events using RSAC 5 to determine downwi nd dose at the 
receptor (in Rem). For the intrusion event, dose in formation is developed 
using occupational exposure information with elimin ation of shielding 
assumed. 
  Risk is estimated by estimating dose to an expose d population Pe from 
the relationship 
Di * Pe = Dp 
and a conversion between dose and likelihood of can cer induced fatality 
(5E-4 fatality / Rem for exposed members of the pub lic, and 4E-4 for 
exposed workers). For the flood event, dose is infe rred from No Action 
risk data summarized in Ref. 1, with equivalent dos es estimated using 
dose conversion factors for public exposure. 
Fig. 3 
Fig. 4 
Results of Worker Risk Evaluation  
Results of the worker risk evaluation are developed  using the information 
and assumptions of Section II. These results are su mmarized in the 
following sections. In order to generate a consiste nt comparison, the 
results of Ref. 1 are interpreted in a fashion whic h can be compared with 
worker risk information. 
Industrial Accident Risk 
Table VIII provides a summary of the risk of indust rial accidents to 
workers, collocated workers, and the public for the  three alternative 
remediation projects. Since vulnerability of the pu blic is limited to 
conditions where offsite transportation occurs and none of the 
alternatives involve offsite transportation, all in dustrial accident risk 
given in Table VIII is to accrued by workers involv ed in the remediation 
efforts. Table VIII estimates are made using costin g data for the ER 
alternatives (3) and fatality frequency data (2). 
Table VIII 
Risk of Occupational Radiation Exposure During Norm al Operations 
Risk to involved workers from occupational exposure  to radiation during 
the construction process is estimated in Table IX. Table IX provides 
estimates of dose to involved workers from gamma ra diation sources during 
periods where shielding may be minimal. These estim ates utilize dose 
rates from one dimensional exposure models using a hypothetical worker 
performing tasks at the closest point to the sedime nt layer. These 
estimates also use exposure time data derived from remediation 
alternative cost information (3). 
Table IX 
Risk Due to Accidents Involving Release of Nuclear of Chemically 
Hazardous Materials 
Risk from accidents involving a release of radioact ive materials is 
estimated in Tables X, Xa and Xb. Table X provides a base case 
calculation using best information derived from all  sources. Table Xa 
provides a sensitivity calculation appropriate for estimating the nuclear 
accident contribution from Alternative 2. Table Xb provides similar 
information for Alternatives 3 and 5. Notably, in T ables Xa and Xb, flood 



caused release is not summarized as part of the acc ident contribution to 
worker risk. 
Table X 
Table Xa 
Table Xb 
Achievable and Net Risk Reduction 
Table XIa summarizes in the potential reduction in risk achieved by 
applying the risk data in Ref. 1 to a population of  persons along each of 
the nearby waterways. Notably, an assumption is mad e that a specific 
percent % of the population (1% in the base case) i s exposed to 
radioactive contamination over a lifetime. 
Table XIb integrates information from the worker ri sk evaluation with 
information on reducible risk in Table XIa. Results  are presented as a 
net risk reduction which could be expected if each of the subset of Ref. 
1 alternatives were selected for implementation. 
Table XIa  
Table XIb 
Table XIc  
Table XId 
CONCLUSIONS AND RECOMMENDATIONS 
Table XIb provides a comparison between risk estima tes for worker risk 
and risk estimates for achievable reductions in ris k, establishing a net 
expected risk reduction for each ER alternative. Re sults of the worker 
risk evaluation are as follows: 
  The sum of worker risks are small when compared w ith the achievable 
reduction in risk which can be made by implementing  each of the proposed 
alternatives. In all cases the expected differentia l is an order of 
magnitude or more. 
  The net benefit associated with each of the alter natives is equal,. 
Thus the choice of which alternative to implement c an only be made on the 
basis of expected cost or other factors such as unc ertainty in cost, 
stakeholder preference, and land use issues. 
Several recommendations, if implemented, would impr ove, validate, and 
extend the results of this preliminary worker risk evaluation. 
  Risk information from the remedial investigation should be 
systematically reviewed with less bounding assumpti ons regarding the 
level of risk posed by existing conditions. A syste matic appraisal of 
populations potentially affected by leakage from ex isting impoundments 
should also be performed. The sensitivity data in T able XIc and XId 
indicated that a smaller estimate of population exp osed to the risk of 
slowly leaking contamination would dramatically aff ect the overall value 
of the cleanup as well as the relative choice of al ternatives. 
  Involved worker risk, particularly accident risk should be more 
systematically evaluated to assure comprehensivenes s of the accident 
scenario identification process (This information w ould not be wasted 
since SARs and other documents using the same infor mation base could be 
generated in a more cost effective manner at a late r date). Also, 
realistic assumptions used to assess the potential for releases from 
energetic accidents, and the potential for populati ons of persons to be 
exposed to accidental releases. Finally, hazardous chemical releases were 
not estimated for this report since the makeup of i mpoundment inventories 
and postulated release scenarios did not indicate a  significant potential 
for generating a health effect producing release. T his assumption should 
be verified. 



  Net risk information compiled in this study shoul d be integrated with 
cost information and other factors which could affe ct the overall cost 
benefit of each alternative using uncertainty distr ibutions and an 
appropriate propagation technique. 
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ABSTRACT 
Rocky Mountain Remediation Services, L.L.C. (RMRS),  jointly formed by 
Morrison Knudsen Corporation and BNFL Inc., provide s international 
experience in the nuclear, environmental, waste man agement, 
decontamination and decommissioning (D&D) , and pro ject management 
industry. The company is currently the environmenta l restoration, waste 
management, and D&D subcontractor for Kaiser-Hill C ompany at the Rocky 
Flats Environmental Technology Site (RFETS). RMRS o ffers unique solutions 
and state-of-the-art technology to assist in resolv ing the issues that 
face industries today. 
RMRS has been working on methods to improve cost sa vings recognized at 
RFETS, through application of unique technologies a nd process 
engineering. RMRS prepared and is implementing a st rategy that focused on 
identifying an approach to improve cost savings in current wastewater 
treatment systems and to define a low-cost, safe an d versatile wastewater 
treatment system for the future. Development of thi s strategy was 
targeted by Department of Energy (DOE) Headquarters , DOE Rocky Flats 
Field Office and Kaiser-Hill as a "Project Breakthr ough" where old 
concepts were thrown out the door and the project g oals and objectives 
were developed from the ground up. The objectives o f the strategy 
developed in a project break through session with D OE included lower 
lifecycle costs, shutdown of one of two buildings a t RFETS, Building 374 
or Building 774, reduced government capital investm ent, and support of 
site closure program goals, identified as the site' s Accelerated Site 
Action Plan (ASAP). The recommended option allows f or removal of water 
treatment functions from Building 374, the existing  process wastewater 
treatment facility. This option affords the lowest capital cost, lowest 
unit operating cost, lowest technical management ri sk, greatest support 
of ASAP phasing and provides the greatest flexibili ty for design with 
unforeseen future needs. 
The recommended alternative provides for substantia l near-term cost and 
technological advantages over the present operating  baseline and planned 
capital improvement program. The total estimated ca pital expenditures for 
the recommended alternative is $6.8 million which i s considerably less 
than the current capital funding level of approxima tely $65 million for 



full upgrades to Building 374. In addition, the rec ommended alternative 
saves approximately $6.1 million per year in operat ing costs. Accelerated 
program implementation will produce the desired imp rovements as specified 
by the key objectives, and will release capital and  operating funds for 
investment in the site's higher risk reduction acti vities, supporting 
ASAP programs. 
RMRS and Kaiser-Hill recommended, and DOE concurred , that as a result of 
the project's low Net Present Value and financial a nd technical rate of 
return, the preferred recommendation be implemented  through a single 
consolidated project. A single consolidated project  will allow for direct 
focus across multiple functional programs (i.e., Op erations, Permitting, 
Environmental, etc.) assuring schedule and cost com pliance. RMRS also 
recommended that the Project Implementation Plan be  prepared to support 
Fixed Price and Fixed Unit Price contracting terms as a means of assuring 
the following: 
  Accelerated schedule implementation; 
  Competitive project cost; 
  Government/commercial risk sharing; and 
  Reduced government capital investment. 
BACKGROUND 
RFETS is a government-owned, contractor-operated fa cility which is a part 
of the nationwide DOE nuclear weapons production co mplex. Prior to 1989, 
the primary mission of the site was the continual p roduction of 
components for nuclear weapons. Production activiti es included 
metalworking, fabrication and component assembly, p lutonium recovery and 
purification, and associated quality control functi ons ensuring the 
technical performance of the weapons' components. T he plant was built in 
1951 and began operations in 1952. In 1989, as a re sult of a changing 
international political climate, the decision was m ade by the United 
States government to discontinue production of comp onents for nuclear 
weapons at Rocky Flats. Rocky Flats has undergone a  transition from a 
weapons production facility to an environmental res toration and waste 
management site. The current mission of the site is  to manage waste and 
material, clean up and convert RFETS to beneficial use in a manner that 
is safe, environmentally and socially responsible, physically secure and 
cost-effective. 
The need for an integrated waste water management s trategy was driven by 
the following: 
  the need to reduce routine facility operating cos ts, to provide 
financing of risk reduction activities, and to prov ide support to site 
closure activities requiring accelerated waste wate r treatment to support 
deactivation and decommissioning activities over a 10-year period. 
  major near-term facility improvements would be ne cessary to keep 
existing wastewater treatment facilities operationa l to support 
deactivation and decommissioning activities. 
  negotiations on regulatory relief from overly res trictive stream 
standards and defining necessary and sufficient sta ndards will impact the 
requirements for waste water treatment. 
  changes in site mission from a weapons production  mission to waste 
management, environmental clean-up and conversion t o beneficial use have 
dramatically shifted the requirements for wastewate r treatment. 
PURPOSE AND OBJECTIVES 
RFETS will continue to produce diverse wastewater s treams as it completes 
its mission of environmental restoration, D&D, and waste management. This 



study included the integration of previous wastewat er management 
strategies into one overall strategy and the provis ion for cost-effective 
treatment of all wastewater to be produced at the s ite. Alternatives 
developed in the study were designed to support the  ASAP site closure 
concept. 
The primary objective of this document was to devel op and document the 
basis of this strategy and to develop short- and lo ng-term implementation 
plans. To achieve the primary objective, the follow ing supporting 
objectives were identified. 
  The strategy must integrate multiple focused wast ewater management 
strategies already in place or in preparation into one overall strategy. 
  The strategy must evaluate the routing and treatm ent of wastewater 
streams based on composition and regulatory require ments rather than the 
point of generation. 
  The strategy must ensure that adequate capacity i s provided for all 
wastewater treatment over the foreseeable future.  
  The strategy will be integrated into the RFETS Wa ter Management Plan. 
  The strategy must contain information on the iden tity and 
characteristics of all known wastewater sources and  conveyance methods on 
the site. This will allow for identification of was te segregation and 
minimization opportunities. In addition, impacts of  wastewater stream 
elimination on the balance of the wastewater to be treated can be 
evaluated. 
  The strategy must identify which wastewater treat ment facilities 
currently in operation can be cost-effective compon ents in an overall 
strategy. 
Development of the strategy considered all current and anticipated 
sources of wastewater potentially requiring treatme nt. This included 
wastewater from domestic use, building process oper ations, facility 
deactivation, facility decontamination and decommis sioning, and 
environmental restoration. Excluding domestic waste water, the largest 
sources of wastewater in terms of average annual vo lume projected for the 
future include the Interceptor Trench System (ITS) (3.5 million gallons 
per year), the Building 566 laundry (1.3 million ga llons per year), and 
environmental restoration activities, primarily gro undwater (up to 6.5 
million gallons per year). The actual volume of env ironmental restoration 
water could decrease dramatically depending upon fi nal agreements on 
cleanup levels. Facility deactivation will also pro duce the most highly 
contaminated wastewater, although volumes will be l ow in comparison to 
the total of the other major sources (greater than 1 million gallons per 
year). Deactivation wastewater production will also  peak fairly rapidly 
and then begin to decline, and will only be produce d over the next one to 
five years. Characteristics and estimated volumes o f future process 
wastewater sources are shown in Fig. 1. 
Fig. 1 
Development of the strategy also considered the cap acities and 
capabilities of existing treatment facilities at Bu ilding 374, Building 
774, Building 995 (the Sanitary Treatment Plant (ST P)), and the Site 
Treatment Facility (treatment of water generated fr om environmental 
restoration activities). 
ALTERNATIVES EVALUATED 
Four alternatives were identified for wastewater tr eatment. These 
alternatives support achievement of the ASAP site c losure goal, and 
include the following: 



 Alternative 1 - Minimum Building 374 upgrades; 
 Alternative 2 - Building 374 Liquid Waste Treatmen t Facility upgrades; 
 Alternative 3 - Building 374 Waste system Evaporat or upgrades; and 
 Alternative 4 - Building 374 Elimination 
These alternatives were subjected to a technical an d cost effectiveness 
evaluation and a sensitivity analysis, and a final selection made. 
Alternative 4 (see schematics in Figs. 2 and 3) was  selected as the 
recommended alternative for the following reasons: 
  It is the only alternative capable of supporting an early closure of 
Building 374 and can also support closure of buildi ng 771/774, 
  It has the lowest overall life cycle cost of doll ars and capital cost 
dollars of the ten-year alternatives, 
  It has low risk of delay in implementation becaus e of relatively low 
capital funding requirements; 
  It is ranked high technically due primarily to mi nimization of waste 
and overall flexibility in addressing changes in wa stewater 
characteristics, and 
  It is the best alternative to support achievement  of the ASAP closure 
goals. 
Fig. 2 
Fig. 3 
The estimated costs of the recommended alternative is summarized below: 
DOE Capital Investment $6,800,000 
Average O&M Costs $8,100,000 
These costs demonstrate the following savings over current operations: 
  The total estimated capital expenditures for the recommended 
alternatives is $6.8 million, which is considerably  lower than the 
current capital funding level of approximately $65 million for full 
upgrades to Building 374. 
  The current operating budget of Building 374 is a pproximately $9.3 
million. If operations of the Sitewide Treatment Fa cility and waste 
disposal are added, this cost increases to approxim ately $14.2 million. 
The recommended alternative saves approximately $6. 1 million. 
  An overall life cycle cost curve for the recommen ded alternative is 
illustrated in Fig. 4. 
Fig. 4 
IMPLEMENTATION 
Implementation of the strategy was approved by DOE in November, 1995 and 
alternative treatment technologies have been evalua ted and a Conceptual 
Design Report subsequently prepared. The conceptual  design includes the 
following features.  
  Building 374 will be closed in FY 97 and a new te mporary treatment 
facility (TTF) will be designed and constructed to treat wastewater from 
building operations, deactivation, and decontaminat ion and 
decommissioning. This facility will be located near  Building 374 to take 
advantage of existing collection and support system s. Either leased or 
modular equipment will be utilized in the facility as the operational 
life of the facility will be less than ten years. 
  Regulatory relief has been sought on the existing  plutonium standard 
for discharges from the TTF facility. This relief i s based on raising the 
plutonium level from the current site specific stan dard to the Statewide 
plutonium standard for up to five years while tanks  are drained and 
pipelines are flushed during initial D&D activities . Review of historic 
records shows that the proposed increase in stream loading would only 



double the loading over levels discharged in the la st five years but 
would not be a risk to human health or the environm ent. This temporary 
modification, currently being negotiated with the r egulatory agencies 
would save approximately $73 million in capital and  operating costs which 
could be redirected to higher priority risk reducti on activities. 
  Liquids produced from deactivation activities in Building 371 will be 
treated for initial reduction of radionuclide and m etal concentrations in 
the caustic waste treatment system to be installed in Building 371. 
Treated effluent from this process could then be tr eated in the Building 
774 carrier precipitation process for additional ra dionuclide removal. 
The supernatant wastewater from both Buildings 371 and 774 will then be 
treated for further reduction of radionuclides and metals in the new 
temporary facility replacing Building 374. 
  The general approach to handling of deactivation wastewater is shown 
schematically on Fig. 3. Liquids produced from deac tivation activities in 
Building 771 will be treated for initial reduction of radionuclide and 
metal concentrations in the oxalate precipitation p rocess and hydroxide 
precipitation process located in Building 771. Addi tional treatment of 
the effluent from these processes plus other miscel laneous liquids 
produced in Building 771 and 774 will be treated in  the carrier 
precipitation process in Building 774.  
  A temporary sludge immobilization system (TSIS) i s being designed to 
treat sludges currently stored in Building 374 and Building 774, and for 
sludges produced by the Building 774 carrier precip itation process. TSIS 
is a mobile system that can be reassembled elsewher e on-site or offsite 
to treat other sludges or waste forms. 
  Regulatory relief on nitrate and uranium limits h as been sought to 
allow for direct discharge of ITS wastewater. This relief is based on 
removing the water supply use classification from W alnut Creek but 
leaving the agricultural use classification, thereb y allowing for 
compliance with nitrate standards (based on no risk  to human health or 
the environment for nitrates) and use of statistica l methods to prove 
that uranium levels were below background concentra tions. These actions 
are estimated to save $20 million dollars over a te n year period. Recent 
meetings with regulatory agencies and Stakeholders on regulatory relief 
have been positive and it appears that all parties will now request the 
Colorado Water Quality Control Commission to revise  the stream standards. 
  Characterization of Building 566 laundry wastewat er has been conducted 
to verify that discharge to the STP can take place and this stream has 
subsequently been eliminated from Building 374. 
  RMRS has worked with DOE and Kaiser-Hill to obtai n variances from DOE 
Orders and Plant Standards in the application of ne cessary and sufficient 
standards in engineering, installation and operatio n, thereby producing 
substantial capital and operating cost reduction wh ile allowing for 
commercial equivalent practices. 
CONTRACTING/FINANCING APPROACH 
The Kaiser-Hill team has committed to performance-b ased contracting with 
an evolution toward commercialized fixed-price cont racting. In addition, 
the ASAP necessitates a projectized approach to pro viding improved near-
term treatment services in conjunction with lower b uilding and routine 
operating costs, supporting funding of high priorit y risk reduction 
activities. As a result, RMRS looked at several opt ions to expedite the 
contracting approach, including using commercialize d contracting and both 
cost plus fixed fee and fixed unit price contractin g strategies.  



A typical cost plus fixed fee approach would requir e the government to 
pay for design and installation of the facility and  capitalization of the 
equipment without an assurance that the plant would  perform. In addition, 
the government would own the building, and with the  approach proposed by 
ASAP, this is in contradiction to taking the site d own. 
The approach that RMRS proposes is a fixed price se rvices contract, 
whereby RMRS provides equipment and the services as sociated with that 
equipment. 
FUTURE PLANNING AND INTEGRATION 
The schedule for implementation of this strategy fo r the recommended 
alternative is presented in Fig. 5. 
Fig. 5 
CONCLUSIONS 
Kaiser-Hill and RMRS have committed to accelerated closure of RFETS 
buildings as a means of substantial cost savings to  the government. 
Implementation of the Integrated Wastewater Managem ent Strategy is in 
keeping with this philosophy as it allows for early  closure of Building 
374, thereby allowing funds to be reallocated for o ther site closure 
activities. Assuming that accelerated funding is av ailable and a design-
build approach to procurement approved, Building 37 4 can be closed in FY 
1997. The driver for this date is the completion of  the design and 
construction of the new facilities. Given the servi ces contract approach, 
an acceleration of 12 to 24 months is anticipated./  
Lessons learned from this DOE breakthrough project are applicable to 
other DOE and DOD facilities. 
Revisiting existing baseline operations may show th at substantial near-
term cost savings can be realized and these funds c an then be redirected 
for other activities. Alternate contracting strateg ies may also reduce 
required government capital investment and lead to sharing of risk 
between the government and contractors. There is al so a need to reassess 
existing cleanup levels to see if there is a good r isk basis for 
negotiating changes to standards to reduce operatin g costs. 
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ABSTRACT 
The U.S. Department of Energy National Transuranic Program has provided 
funding to the Oak Ridge National Laboratory (ORNL)  to use a private 
vendor to gas sample and analyze for hazardous cons tituents regulated 
under the Resource Conservation and Recovery Act (R CRA) and other gases 
in some of their existing contact-handled (CH) tran suranic (TRU) waste 
inventory. The project is intended to demonstrate t he feasibility of 
using private industry and existing mobile Fourier Transform Infrared 



Spectroscopy technology for gas analysis. The S.M. Stoller Corporation 
and the Entropy Corporation have teamed together to  propose the use of an 
existing mobile laboratory technique that is accura te, rapid and that 
provides the advantage of "at-line" analysis on sit e to the ORNL. The two 
companies propose to sample and analyze the headspa ce gas from 500 drums 
at ORNL that contain CH TRU waste. Currently, there  is no contract 
awarded to the Stoller/Entropy team from ORNL to pa rticipate in this 
project. 
INTRODUCTION 
The U.S. Department of Energy (DOE) has constructed  the Waste Isolation 
Pilot Plant (WIPP), a deep geological repository, i n southeastern New 
Mexico as a research and development facility inten ded to demonstrate 
methods for the safe disposal of transuranic (TRU) wastes generated from 
defense-related programs. TRU waste is defined in D OE Order 5820.2A as ". 
. . waste that is contaminated with alpha-emitting transuranium 
radionuclides with half-lives greater than 20 years  and concentrations 
greater than 100 nCi/gram of waste at the time of a ssay" (1). A 
transuranium radionuclide is further defined in DOE  Order 5820.2A as any 
element having an atomic number greater than 92. TR Uwastes may be 
classified as contact-handled (CH) or remote-handle d (RH), depending on 
surface radiation levels. TRU waste packages having  an external surface 
dose rate of less than 200 mrem/h are classified as  CH TRU waste, while 
those greater than or equal to 200 mrem/h are class ified as RH TRU waste. 
The U.S. Environmental Protection Agency (EPA) gran ted WIPP a conditional 
no-migration determination (NMD) that requires DOE to characterize 
nonradioactive hazardous constituents and other gas es contained in TRU 
waste, prior to delivery to the WIPP site (2). Thes e constituents, 
regulated under the Resource Conservation and Recov ery Act (RCRA) 
codified under Part 40 of the Code of Federal Regul ations Section 268 (40 
CFR 268), can be characterized by obtaining a gas s ample from the 
headspace found under the lids of 55-gal drums cont aining TRU waste. 
Adequate characterization data must be collected fr om all DOE sites on 
their TRU waste intended for disposal at WIPP. 
As part of the DOE program to promote technology de velopment, 
demonstration, and utilization of private industry,  this project will 
implement existing technology used by private vendo rs and adapt the 
methodology to fit the needs of the TRU Waste Chara cterization Program at 
DOE. This project will demonstrate that a private v endor can perform gas 
sampling and analysis activities using Fourier Tran sform Infrared 
Spectroscopy (FTIR) as the analytical technology. P rior to demonstration 
of the technology, a template of documents required  to perform this 
operation at DOE sites will be developed for the Ca rlbad Area Office 
National TRU Program (3). Objectives of the FTIR ga s sampling and 
analysis project are as follows: 
  Develop a gas sample analysis project at the Oak Ridge National 
Laboratory (ORNL) that would provide the National T RU Program and the TRU 
Waste Characterization Program with an "Eastern Sit e" capability to 
analyze gas samples in accordance with the WIPP TRU  Waste Quality 
Assurance Program Plan (QAPP) (3); 
  Obtain TRU waste characterization data for the De partment of Energy 
Carlsbad Area Office to assist in preparation of th e WIPP Compliance 
Package (2); 
  Demonstrate rapid and cost-effective gas sampling  and analysis of DOE 
TRU waste headspace gas using a mobile FTIR laborat ory; and 



  Demonstrate private sector capability to support characterization of 
TRU waste. 
FOURIER TRANSFORM INFRARED SPECTROSCOPY TECHNOLOGY  
FTIR is an analytical technique used in research an d analytical 
laboratories. In recent years, FTIR has been applie d to process control, 
emission measurement, and gas analysis applications . Most gas molecules 
absorb infrared radiation in recognizable and quant ifiable pattern. 
Therefore, it is possible to measure multiple compo unds simultaneously in 
gas samples because of the resolution and spectral range of FTIR 
spectrometer systems (4). 
Currently, analyses are performed by gas chromatogr aphy and gas 
chromatography/mass spectrometry, which require a g as sample collection 
device and an analytical laboratory and, consequent ly, delay 
determination of the gas concentrations. The abilit y to do "at-line" 
analysis would reduce the necessary sample handling  and the cost of 
analysis of each gas sample. 
Parallel efforts have been conducted by two entitie s of the U.S. 
government for different applications of FTIR techn ology. The EPA has 
funded research in the detection and monitoring of hazardous air 
pollutants (HAPs) regulated under the Title III of the 1990 Clear Air Act 
Amendments at stationary source emissions, and the DOE has funded 
research in the development and evaluation of metho ds for the analysis of 
RCRA constituents in the gaseous headspace of TRU w aste drums. 
Since 1989, Entropy's Research Division has been de veloping Extractive 
FTIR spectroscopy technology for Air Emissions Test ing in research funded 
by EPA. The method involves transporting the gas sa mple of interest to a 
gas cell for analysis. Entropy has demonstrated FTI R accuracy and 
precision by performing EPA Method 301Validations f or over 30 HAPs (4). 
Since 1992, Entropy has developed a library of FTIR  reference spectra for 
over 100 HAPs, FTIR specific QA/QC procedures as de tailed in the EPA-
accepted FTIR Protocol Document, and a fully-equipp ed mobile FTIR 
laboratory. Field testing using a mobile FTIR labor atory to analyze 
various source categories of on-site emissions has been performed at 
numerous industrial sites since May 1992. 
The NMD requires that a representative waste drum h eadspace gas sample be 
collected for analysis. The Idaho National Engineer ing Laboratory (INEL) 
has been involved in the development and evaluation  of methods for the 
analysis of RCRA constituents in the gaseous head s pace of CH TRU waste 
drums. INEL initiated a two-phase study (5) to asse ss the feasibility of 
using FTIR for the analysis of volatile organic com pounds (VOCs) in waste 
drum headspace in fiscal year 1993. 
PROJECT ACTIVITIES 
Much of the CH TRU waste stored at ORNL is suspecte d to contain hazardous 
VOCs regulated under RCRA that must be characterize d through container 
headspace gas sampling and analysis. ORNL, however,  has no capability to 
conduct gas sampling and analysis of TRU waste drum s. The S.M. Stoller 
Corporation and Entropy Incorporated have teamed to gether to propose the 
use of an existing mobile laboratory technique that  is accurate, rapid, 
and provides the advantage of real-time analysis on  site to ORNL. The two 
companies propose to sample and analyze the headspa ce gas from 500 drums 
at ORNL that contain CH TRU waste. In the teaming a greement, Stoller will 
act as the primary subcontractor to ORNL, and Entro py will be a 
subcontractor to Stoller, when a contract is awarde d by ORNL. The team, 
referred to as Stoller/Entropy, proposes to act as a subcontract to 



Lockheed Martin Energy Systems, inc., (LMES) the pr ime management and 
operations (M&O) contractor for ORNL. LMES operates  ORNL for the 
Department of Energy Oak Ridge Operations Office (D OE-ORO). 
Entropy Incorporated was previously contracted by t he EPA to provide 
research and development for the sampling and analy sis of stack 
emissions. Entropy has developed quantitative gas p hase FTIR techniques 
and has created a validated measurement method acce pted by the EPA. The 
Stoller Corporation provides technical consultation  services to DOE field 
offices and DOE generator/storage site M&O contract ors in the area of 
radioactive waste management. 
This project will be limited to gas sampling and an alyzing for RCRA 
regulated constituents and other gases in relativel y low-risk drums. Low-
risk drums are defined as having very low surface d ose rates, typically 
less than 50 millirem/hour, that will not require v enting (because a vent 
filter is already installed). 
Utilization of low-risk drums will eliminate the ne ed for an explosion-
proof vessel required to install a filter in unvent ed drums that may 
contain a flammable mixture of gases. The project w ill be conducted in 
three phases. Phase I will consist of the developme nt of documentation 
and modification of existing equipment. Phase II wi ll consist of 
transporting the FTIR laboratory to the site and co nducting the gas 
sample and analysis activities. Phase III will cons ist of project 
closeout, writing a final report with lessons learn ed, and submitting a 
template of documents to DOE. 
Strategy 
DOE-ORO and LMES will oversee all activities associ ated with the FTIR Gas 
Sampling and Analysis Demonstration Project. LMES w ill also provide 
support by assisting in the site selection, partici pating in the 
Operational Readiness Process and document review a ctivities, and 
retrieving TRU waste drums to provide adequate thro ughput during gas 
sampling and analysis operations. Stoller/Entropy w ill conduct required 
preparation activities, perform the gas sampling an d analysis, and 
conclude the project in accordance with the project  management plan. 
Within the subcontractor teaming agreement, Stoller  will prepare all 
required documentation necessary to gain access to ORNL. Major Stoller 
responsibilities will include developing all the do cumentation needed to 
satisfy environmental, safety, health, operations, quality assurance, and 
project management requirements and leading the per formance of the 
Operational Readiness Process. Entropy will furnish  their existing FTIR 
mobile gas sampling and analysis laboratory, work w ith Stoller to 
complete equipment modifications and additions, and  develop maintenance 
plans and procedures to adapt the laboratory for TR U waste application. 
Entropy will also provide any technical and operati ons support needed to 
apply the FTIR technology properly. 
Phase I Activities 
The first task will be to complete all the document ation required to gain 
access to the ORNL site. Phase I will "pave the roa d" for other private 
vendors requesting to characterize or process TRU w aste on DOE sites. The 
documents prepared will provide DOE with a "templat e" of typical issues 
and concerns at DOE operating sites. It will also c over document 
preparation and the steps to be followed by private  vendors.  
The Fiscal Year 1996 activities will include develo ping documentation, 
conducting a Operational Readiness Process, and com pleting the needed 
equipment modifications required to allow a commerc ial vendor access to 



the ORNL site. These activities initially will invo lve the identification 
of a suitable location on the ORNL site where the s ampling activities 
will be conducted. Site selection will be based on interviews with 
appropriate Waste Management and Operations personn el and the assessment 
of applicable information of the available sites. T he site selection will 
then be incorporated into the gas sampling program management plan, which 
will provide information on the cost and schedule o f the activities 
associated with this project. 
Plans to be developed that implement specific requi rements and provide 
guidance on the conduct of operations include a Gas  Sampling and Analysis 
Quality Assurance Project Plan, a Health and Safety  Plan, a Project 
Management Plan, a Waste Management Plan, and a Sam pling and Analysis 
Plan. Standard Operating Procedures, Testing and Ca libration Procedures, 
and Emergency Procedures will also be developed. Th e procedures currently 
used by Entropy for emissions testing will require revision to implement 
the requirements specified for the FTIR Headspace M ethod and the quality 
assurance/quality control specifications in the QAP P and approved by the 
EPA Office of Solid Waste. 
Activities conducted in parallel to document develo pment will include a 
Safety Evaluation that involves review of the selec ted facility safety 
documentation to determine whether an unreviewed sa fety question exists. 
In addition, the Operational Readiness Process will  have to be conducted 
and involve Entropy, Stoller, ORNL Waste Management , and DOE Oak Ridge. 
Because Entropy's mobile FTIR laboratory was origin ally constructed to 
provide FTIR emissions testing at industrial facili ties under an EPA 
protocol, some minor modifications and additions ar e required to allow 
gas sampling of TRU wastes packaged in drums. These  changes are described 
below. 
The FTIR Method Development will include the revisi on of existing 
procedures or the development of new procedures to address the 
requirements for calibration and performance testin g. Analytical software 
will be obtained to ensure consistency with the INE L method used to 
develop an automated analysis system for headspace gases. Finally, 
reference spectra obtained by the INEL will be obta ined and assessed for 
application to Entropy-owned equipment. 
The modified mobile FTIR laboratory will contain al l the necessary 
equipment for on-site measurements, including sampl ing and sample 
conditioning systems, on-board diesel electrical ge nerators, a climate 
control system, an air compressor, and a purge air generator. The gas 
sampling equipment is mounted on an on-board table that is specially 
designed to dampen vibrations. The detection equipm ent will include an 
in-line FTIR spectrometer for measuring the concent ration of various VOCs 
and a residual gas analyzer (RGA) for measuring hyd rogen gas 
concentration. Other peripheral sampling equipment will include a vacuum 
pump for drawing samples, a downstream constant air  monitor (CAM) for 
alpha radiation detection, a SUMMA canister for col lecting test samples, 
interconnecting sample lines, and a personal comput er system for data 
collection, analysis, and reporting. 
FTIR Equipment Modification will require the purcha se and installation of 
a low-volume FTIR gas cell. The smaller cell is req uired because of the 
smaller volumes of gases collected from a 55-gal dr um as compared to 
emissions collected from stacks. Due to the limitat ions of the FTIR in 
identifying and quantifying homonuclear diatomic ga ses such as hydrogen, 
an RGA will have to be installed in the mobile labo ratory. Data 



acquisition software will also be developed to allo w logging both FTIR 
and RGA data together. 
Phase II Activities 
The modified mobile FTIR laboratory will be transpo rted to the sampling 
location, which has been tentatively identified as an asphalt pad just 
adjacent to Building 7879. To support the operation , a temporary shelter 
will be erected to provide a weather-protected area  for temporarily 
staging the TRU waste drums that will be sampled. T he drums will be 
retrieved from Building 7879 by LMES personnel and placed in the staging 
enclosure at the beginning of each work day. Stolle r/Entropy plans to 
sample 12 drums per day and to maintain no addition al waste in the 
staging area at any time. At the close of each work  day, LMES will return 
all TRU waste drums from the staging area to their designated storage 
location in Building 7879. 
Before beginning the gas sampling procedure, a TRU waste drum is 
interfaced to the glovebox to seal off the sample a rea and prevent the 
potential release of radioactive particulate to the  environment. The 
glovebox (Fig. 1) is equipped with a sample-line pe netration containing a 
permanently installed high-efficiency particulate a ir (HEPA) filter, two 
glove ports, a transfer port, and a separate HEPA f ilter vent. The 
sampling technician places the required tools (an a djustable wrench and 
new filter) inside the glovebox using the installed  transfer port. The 
drum and glovebox assembly are positioned adjacent to the mobile FTIR 
laboratory and linked together with a detachable sa mple line. The 
sampling technician will gain access to the drum he adspace via the 
carbon-composite vent filter installed in the drum lid. This is 
accomplished by the following activities. 
  A hole is drilled through the stainless steel cov er of the filter using 
the permanently mounted drill press in the glovebox . 
  The sample probe (Fig. 2) is inserted through the  underlying carbon-
composite filter media. 
  A sample is subsequently drawn by vacuum into the  truck-mounted FTIR 
equipment for real-time analysis.  
Fig. 1 
Fig. 2 
 Following sample analysis, the probe is retracted from the drum internal 
headspace. Then the filter is removed and replaced.  
  The attendant health physics technician (HPT) sme ars the old drum 
filter, drill bit, sample probe, drum lid, and wren ch for possible 
contamination. Provided these are radiologically cl ean, the drum is 
removed from the glovebox and returned to the stagi ng area. 
  In the unlikely event of contamination, sampling activities will be 
terminated and surveys will be conducted to determi ne the extent of the 
contamination spread. Trained personnel and procedu res will be in place 
to take the necessary actions to mitigate this or o ther potential off-
normal events. 
A second technician will operate the FTIR sampling equipment as the 
sample is drawn and analyzed as described below. Th e FTIR and RGA 
sampling equipment is fully automated and operated by personal computer 
via a programmable controller. 
  The technician will purge the system using nitrog en, to ensure that no 
moisture or gas contaminants are present. 
  Prior to extracting the headspace gas sample, the  technician will 
evacuate the sampling equipment and verify that the  system is leak-tight. 



  The sample is then drawn into the FTIR and RGA mo dules and analyzed for 
29 different VOCs and for hydrogen concentration. 
  Following the analysis, a data package is saved o n computer diskette 
and a hard copy is printed. 
Several radiological controls will be implemented d uring the entire TRU 
waste gas sampling process. These include the follo wing: 
  Stoller/Entropy will verify that the inner waste contents of each drum 
sampled are adequately bagged and sealed by reviewi ng previously recorded 
real-time radiography videotapes.  
  Stoller/Entropy will use a sealed glovebox during  the sampling 
operation and will survey all tools, filters, and o ther materials before 
they are removed from the glovebox environment.  
  Stoller/Entropy will install a HEPA filter at the  glovebox sample inlet 
and will use a CAM at the outlet of the sample line  to monitor for 
potential releases. 
  Stoller/Entropy will provide project funding thro ugh LMES to support 
full-time HPT coverage during drum retrieval and sa mpling activities and 
will ensure that all operating technicians have rec eived LevelI Radiation 
Worker Training and respirator fit tests. 
  Stoller/Entropy will operate with ORNL-approved p rocedures only and 
will comply with all applicable site-specific radio logical controls. 
Stoller/Entropy will also conduct an As-Low-As-Reas onably-Achievable 
(ALARA) Evaluation. All candidate drums will be sur veyed before sampling 
to ensure that ALARA goals will not be exceeded and  that personnel 
exposure to penetrating radiation will be minimized . Drums with higher 
surface radiation levels that might result in expos ures in excess of 
ALARA goals will be sampled on a case-by-case basis  only and special 
precautionary measures will be used. 
Phase III Activities 
The activities in this phase will include closing o ut the project and 
compiling a final report. The final report will inc lude lessons learned 
and document templates. The templates will provide general guidance as to 
the information to be included for implementation a t other DOE 
generator/storage sites. 
CONCLUSION 
In summary, funding has been provided by the DOE Na tional TRU Program to 
demonstrate the feasibility of sampling and analyzi ng the headspace gas 
for RCRA-hazardous constituents and other gases fro m 55-gal drums 
containing CH TRU waste. The project utilizes an in novative approach 
combining the use of private vendors, mobile techno logy, and FTIR 
technology for analyzing gases regulated under RCRA . The mobile FTIR 
laboratory will require minimum modifications to th e equipment thereby 
reducing costs that are associated with the purchas e of a new system. The 
proposed project may grant the Stoller/Entropy team  a subcontract with 
LMES to conduct the gas sample and analysis activit ies on 500 of the 
vented 55-gal drums containing CH TRU waste at ORNL  by the end of fiscal 
year 1996. 
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ABSTRACT 
Quantum-Catalytic Extraction Processing (Quantum-CE P) uses a molten metal 
bath, as both a solvent and catalyst, to convert fe eds to their elemental 
constituents, and through select reactant addition,  form valuable 
products. Work with U.S. Department of Energy's low  level radioactive and 
mixed waste streams has verified the ability of Qua ntum-CEP to dissolve 
the wastes and partition the radionuclide contamina nts to target phases 
of the system and to destroy any organic contaminan ts in the waste, 
converting them to valuable synthesis gas. 
M4 Environmenta, LP, a limited partnership between Lockheed Martin Corp. 
And Molten Metal Technology, Inc. Has built and com missioned a small-
scale processing/demonstration facility in Oak Ridg e, Tenn., which has 
begun processing DOE mixed wastes in a privatized m ode. This paper, in 
addition to discussing the technical achievements o f Quantum-CEP, reviews 
the design, technical capabilities, and initial pro cessing data of this 
first-of-a-kind commercial facility. 
INTRODUCTION 
Quantum-Catalytic Extraction Processing (Quantum-CE P) uses a molten metal 
bath, as both a solvent and catalyst, to convert fe eds to their elemental 
constituents, and through select reactant addition,  form valuable 
products. Tests have been carried out to demonstrat e the applicability of 
Quantum-CEP to the processing of the U.S. Departmen t of Energy's low 
level radioactive and mixed waste streams. The thre e-year project has 
focused on contaminated scrap metal, and includes o ptimization for 
liquids, soils, sludges, combustible and inorganic debris. Specific 
program objectives included demonstrated recycling of ferrous and non-
ferrous metals, immobilization of radionuclides, de struction of hazardous 
organics, recovery of volatile metals, and conceptu al design of a 
Quantum-CEP facility for contaminated scrap metal i n the DOE inventory.  
Experiments have verified the ability of Quantum-CE P to dissolve the 
wastes and partition the radionuclide contaminants to targeted phases of 
the system (the durable ceramic phase in the case o f uranium) and to 



destroy any organic contaminants in the waste, conv erting them to 
valuable synthesis gas. Using EPA Method TO-14, pri ncipal organic 
hazardous constituents (POHCs) were not detected to  below ppb levels in 
the synthesis gas product corresponding to destruct ion removal 
efficiencies (DREs)  99.9999%. NOx and SOx were not  detected at lower 
detection limits of 3 and 1 ppm respectively. Dioxi ns and furans were 
non-detectable at the targeted regulatory standard of 0.1 ng/Nm3 TEQ 
using a modified EPA Method 23. POHCs were non- det ectable in any of the 
condensed phase products at several orders of magni tude below EPA land 
disposal restriction limits (EPA Methods 8260 and 8 270). Simultaneous to 
this conversion efficiency, >90% of the feed was re covered as 
commercially-viable products as certified by the Ma ssachusetts Department 
of Environmental Protection for a broad range of in organic, organo- 
metallic, and chlorinated organic waste feeds. All condensed phase 
products were shown to pass EPA toxic characteristi c leach procedure 
(TCLP) and synthesized glasses containing high conc entrations of halogens 
(e.g., up to 10% Cl) surpassed high level nuclear w astes in PCT analyses. 
In parallel to this development effort, partitionin g of multiple 
radionuclides has been performed with major radionu clides including 235U, 
60Co, 134Cs, 136Cs, 137Cs, 65Zn, 54Mn, 51Cr, 55Fe, 59Ni, and 141Ce. For 
example, uranium and cerium were successfully parti tioned from the metal 
phase to the ceramic phase to demonstrate the decon tamination of scrap 
metal. No uranium or cerium were detected in the de contaminated metal 
product (lower detection limit 0.1 ppm), which had an initial contaminant 
concentration of >1,000 ppm. For low level wastes c ontaining volatile 
radionuclides (e.g., Zn, Cs), bench scale gas phase  decontamination 
factors (DFs) >105 were achieved (analytically limi ted at intermediate 
point in gas handling train) corresponding to comme rcial designs with DFs 
>107. Hence the efficacy of targeting a radionuclid e to a desired product 
phase to achieve maximum volume reduction and/or re covery of valuable 
products has been confirmed. 
M4 Environmental, LP, a limited partnership between  Lockheed Martin Corp. 
and Molten Metal Technology, Inc. has built and com missioned a small-
scale processing/demonstration facility in Oak Ridg e, TN, which has begun 
to process DOE mixed wastes in a privatized mode. I nitial target streams 
include sludges and gaseous diffusion plant wastes. . 
TECHNOLOGY DESCRIPTION 
Catalytic Extraction Processing (CEP) is a propriet ary technology that 
allows waste materials of a wide range of chemical and physical forms to 
be processed leading to decontamination and resourc e recovery. For 
processing of radioactive and mixed waste streams, CEP permits both 
complete destruction of hazardous contaminants and controlled 
partitioning of radionuclides in a single step. Thi s leads to the 
potential formation of one or more decontaminated p roduct phases (fuel 
gas and/or metal alloys), as well as volume reducti on and concentration 
of radionuclides in a stable condensed phase for fi nal disposal. A 
typical CEP unit consists of a feed preparation sys tem, the Catalytic 
Processing Unit (CPU) or the reactor holding the mo lten metal, followed 
by a gas handling and recovery train. Upon injectio n into the metal bath, 
feed materials dissociate into their elemental cons tituents aided by the 
catalytic and solvating properties of the liquid me tal. Select addition 
of co-reactants or manipulation of operating condit ions, together with 
the thermodynamically controlled reaction pathways,  enables synthesis of 
products and/or partitioning of compounds into the desired phases. 



 The CEP process can be conceptually divided into t wo stages: 
  Catalytic dissociation and dissolution: The catal ytic effect of the 
molten metal bath causes complex compounds in the f eed to be dissociated 
into their elements, which readily dissolve in the metal bath. These 
soluble elements form dissolved intermediates.  
  Product synthesis/partitioning: Through the addit ion of select co-
reactants or by controlling operating conditions, t he dissolved elemental 
intermediates can be reacted to form desired produc ts or made to 
partition to the desired phases. These reactions ar e driven by 
thermodynamic forces and solution equilibria. 
The solubility of carbon in iron is key to CEP's pr ocessing of organic 
and organo- metallic feeds. Specifically, carbon fr om the dissociation of 
organic compounds in the feeds, readily dissolves m aintaining a 
homogeneous reducing environment in the molten meta l solvent for a large 
number of compounds including carbon dioxide, sulfu r dioxide, water and a 
wide range of metal oxides. The reducing strength o f dissolved carbon 
provides CEP the flexibility to recycle organics to  synthesis gas, 
recover metals and inorganics such as halides, sulf ur and phosphorus, and 
separate and concentrate transuranic compounds. 
As outlined above, the molten metal bath in the CEP  system ensures 
dissociation of the feed into 'singular' elemental intermediates. The 
partitioning of feed components and the synthesis o f products of value is 
dependent on manipulating the reaction pathways of the dissolved 
elemental intermediates. Potential reaction pathway s are controlled by 
reaction thermodynamics. 
Metal Recovery 
A significant advantage of CEP technology is its ab ility to recover and 
recycle metals from organo-metallic feeds. Consider  an organo-metallic 
feed dissociating into its elemental constituents ( e.g., C, H, M, where M 
is the metal) upon injection into the CEP reactor. Both the carbon and 
the metal will readily dissolve in the molten metal  solvent. If oxygen is 
added as a co-reactant, two reaction pathways are p ossible: 
 2C + M + O2(g)  2CO(g) + M       (1) 
 C + x M + y O2(g)  MxO2y + C      (2) 
Investigation of the free energies of formation ind icates which systems 
will proceed with formation of carbon monoxide (rea ction pathway (A)) and 
which systems will proceed with formation of the me tal oxide (reaction 
pathway (B)). Specifically, carbon monoxide formati on is favored in 
systems containing metals such as nickel, cobalt an d copper whose free 
energy of oxidation is higher than that of carbon. These metals can be 
recovered as alloys in the iron solvent. Metals wit h a free energy of 
oxidation lower than that of carbon (e.g., aluminum , calcium) will form 
oxides and partition into the ceramic phase. Certai n metals can either be 
recovered as metal alloys or as oxides in the ceram ic phase depending on 
the operating conditions. For example, magnesium is  reduced by carbon at 
elevated temperatures (T1800C, P=l atm). However, a t elevated pressures, 
magnesium oxide reduction by carbon, will not be fa vored. 
Halogen Recovery 
Under the Resource Conservation and Recovery Act (R CRA), chlorinated 
organic compounds of concern include the primary or ganic hazardous 
constituents (POHCs) in the waste. Carbon tetrachlo ride, chloroform, 
para-dichloro benzene, perchloroethylene, tetrachlo roethane, 1,1,1-
trichloroethane, trichloroethylene, methyl chloride , polyvinyl chloride 



(PVC), and polychlorinated biphenyls (PCBs) and all  their intermediates 
and derivatives are among the common organic chlori nated compounds. 
CEP technology can recover and recycle halogens fro m halogenated organic 
and inorganic feed streams without the formation of  undesired by-products 
(e.g., chlorophenols, dioxins and furans). In order  to demonstrate the 
recovery and recycling of halides in the CEP system , consider the case of 
a chlorinated organic feed stream. On injection int o the molten metal 
bath, the feed will dissociate into dissolved eleme ntal intermediates. 
Chlorine can be recovered and recycled as either a metal chloride or 
hydrogen chloride, or as chlorine gas in the absenc e of hydrogen. When a 
ceramic layer is introduced during CEP operation, t hermodynamic control 
predicts predominant retention of chlorine in the c eramic phase under 
optimized conditions. 
The two reaction pathways are: 
  Formation of Metal Chloride: Calcium, in the form  of calcium oxide, 
added to the molten iron bath will form calcium chl oride. The 
effectiveness of calcium as a chloride scrubbing ag ent is demonstrated by 
the Gibbs Free Energy of formation of common chlori des as a function of 
temperature diagram, shown in Fig. 1. Calcium chlor ide is volatile under 
CEP operating conditions and will distribute itself  in the gas product 
phase where it can be cooled and separated from the  other gaseous 
components as a condensed solid. However, by manipu lating the ceramic 
phase composition, the metal halide can be prevente d from distributing 
into the gaseous phase. 
  Formation of Hydrogen Chloride: In the absence of  calcium, both 
hydrogen chloride and ferrous chloride will be form ed as the free energy 
of formation for both compounds is of the same orde r of magnitude (Fig. 
1). If CEP is operated at temperatures of 1500C, th e ferrous chloride 
will volatilize and be recovered as a condensed sol id in the gaseous 
stream. If the CEP is operated at lower temperature s (1000C) ferrous 
chloride can be recovered as a liquid in the vitreo us phase.  
Fig. 1  
Partitioning of chlorides in a metal/gas/ceramic ph ase system, however, 
must take into consideration the effects of mass tr ansfer issues within 
the ceramic phase. Even though the free energy of r eaction can be treated 
as a true measure of the driving force for the reac tion, mass transfer 
issues can limit the extent of the reaction such th at thermodynamic 
equilibrium is not achieved. In the case of chlorid e processing with a 
metal/CaO-Al2O3-SiO2 ceramic phase, the formation o f 'CaCl2' in the 
ceramic phase is not only dependent on the activiti es of the 
constituents, but also influenced by ceramic phase viscosity, reaction-
rate, and residence time of the gas in the ceramic phase. CaO-Al2O3-SiO2 
systems are of primary interest to MMT and have bee n extensively studied 
and optimized for potential capture of chlorides as  CaCl2. 
The CEP flexibility in recovering halogens is a maj or advantage given the 
technical difficulties and expense associated with processing halogen-
containing waste streams in typical open flame comb ustion processes such 
as incineration. Halogen containing compounds tend to suppress combustion 
and are often characterized as non-combustible. The refore, incineration 
of these chemicals can result in incomplete combust ion leading to 
formation of highly toxic compounds. The free radic al chemistry that 
occurs during combustion produces radical intermedi ates which can react 
to produce dioxins and furans. 
Transuranic Recovery 



An important advantage of the CEP technology is tha t it can separate and 
concentrate radioactive compounds from complex cont aminated feeds while 
also recovering and recycling the non-radioactive c omponents of the feed. 
This attribute of CEP has important implications in  the decontamination 
of radioactive sites as well as the decommissioning  of nuclear weapons 
and the byproducts of their manufacture. This impli es that radioactively-
contaminated components from DOE sites can be separ ated, highly 
concentrated and immobilized in a small volume that  can be safely 
disposed of. Furthermore, feed components such as r educible metals (e.g., 
nickel, chromium, manganese) can be recovered as al loys while hazardous 
organic components can be effectively converted to a stable final form.  
Table I shows that the Gibbs Free Energies of reduc tion by carbon of 
transuranic oxides are positive indicating that the  reactions are not 
thermodynamically favored. It is this oxide stabili ty that provides a 
mechanism for the partitioning of these radioactive  species into the 
ceramic phase. Data collected from the literature d emonstrates the 
partitioning of transuranic components from the met al to the vitreous 
phase. Specifically, residual concentrations rangin g from 0.05 ppm to 2 
ppm of such radioactive components were achieved by  others using 
diffusion of oxidizing, vitreous-forming agents to partition the 
radioactive components. 
Table I 
Experimental Feed Conversion Demonstrations 
The processing and conversion of organic, organo-me tallic and inorganic 
compounds in mixed waste streams into stable materi als has been 
demonstrated theoretically in the discussion above.  In addition to the 
theoretical analysis, MMT has collected extensive e xperimental data in 
bench-scale and pilot plant units and in commercial -scale metallurgical 
systems. The experimental data validates the theore tical predictions and 
confirms CEP's capabilities to generate high qualit y products.  
The physical chemistry of CEP, specifically, the so lution equilibria and 
the formation of a 'singular' dissolved intermediat e in the reaction 
pathway, ensures that complete dissociation of feed  streams occurs and 
that product synthesis and recycling can be control led and manipulated. 
Therefore, the molten metal, acting as a homogeneou s catalyst and solvent 
with high chemical inertia, renders CEP a highly fl exible and robust 
recycling technology. 
Targeted Partitioning to Durable, Stable Form 
Previously published studies have demonstrated the ability to partition 
radioactive components, such as uranium and plutoni um, from the metal 
phase into a vitreous phase via melt refining. Resi dual concentrations 
ranging from 0.05 ppm to 2 ppm were achieved using diffusion of 
oxidizing, vitreous-forming agents to partition the  radioactive 
components. Successful partitioning to less than 10  nCi/g levels 
(approximately < 0.1 ppm) has been demonstrated for  uranium- and 
plutonium-contaminated metals. CEP offers the poten tial for superior 
performance, as the techniques involved in melt ref ining are completely 
incorporated and enhanced in CEP technology. Specif ically, CEP 
incorporates active radionuclide partitioning throu gh select co-reactant 
additions (e.g., oxygen) and enhanced mass transfer  (e.g., convection), 
while melt refining is based upon 'passive' diffusi on-based partitioning. 
MMT designed a series of bench-scale experiments us ing radioactive 
surrogate materials to demonstrate the oxidation an d partitioning of 
radionuclides between the metal and vitreous phases  and to identify and 



optimize the effect of operating conditions on part itioning. The bench-
scale experiments were followed by experiments on p ilot- and 
demonstration-scale systems. Hafnium was selected a s a radioactive 
surrogate due to its similarities in thermodynamic behavior (Fig. 3) and 
physical properties (Table II) to uranium. Zirconiu m, although similar to 
uranium in the thermodynamic properties, was not ch osen as the primary 
surrogate material because of its significantly low er density. Following 
experiments with surrogates, actual radionuclides w ere successfully 
processed in CEP to confirm earlier results. 
The experimental design parameters evaluated were m etal system, gas 
environment and ceramic phase composition. Radioact ive surrogate 
partitioning was measured using neutron activation analysis (NAA) for 
non-destructive trace analysis. The hafnium LDL was  0.2ppm in iron and 
2ppm in nickel. X-ray fluorescence (XRF) was used f or analysis of the 
vitreous phase composition. Metal samples were take n at different 
positions in the metal bath to ensure uniform decon tamination. The 
contract objective was to demonstrate uniform metal  decontamination above 
98%. In addition, backscattered electron imaging an d X- ray analysis were 
used to investigate the nature of the capture and s tabilization of the 
radionuclide surrogate in the vitreous phase. 
Fig. 2 
Table II 
Average decontamination of the metal samples were > 99% and exceeded the 
contract's 98% objective in all experimental trials . The calculated 
decontamination factors were analytically limited w ith no radioactive 
surrogate detected in the metals. Table III summari zes the results. V1 
refers to aluminosilicate vitreous compositions whi le V2 refers to 
borosilicate vitreous compositions. 
Table III 
Samples taken at different positions in the metal b ath demonstrated 
uniform distribution of any trace amounts of hafniu m across the metal 
(Fig. 3 and Fig. 5). This indicates that radioisoto pe transport to and 
incorporation in the oxide phase is very efficient under CEP operating 
conditions. 
Fig. 3  
Fig. 4 
Ceramic samples were analyzed using backscatter ele ctron imaging to 
identify the nature of the radionuclide capture and  stabilization in the 
ceramic phase. This work indicated that operating c onditions and vitreous 
phase composition can affect radionuclide capture a nd stabilization. 
Figure 6 shows the backscatter image of a vitreous sample which has 
separated into hafnium rich and hafnium poor region s. This is in contrast 
to the vitreous sample shown in Fig. 7, where hafni um is uniformly 
distributed. CEP conditions have been identified to  achieve this desired 
vitreous radionuclide capture and stabilization mec hanism. 
Fig. 5  
Fig. 6  
Processing of RCRA Contaminants 
CEP has been demonstrated on a range of RCRA-listed  wastes as well as 
characteristic and RCRA-like surrogate material (Ta ble IV) including 
high-molecular weight aromatics, chlorinated organi cs, organically-bound 
nitrogen species (isocyanates), plastics, and organ ometallics. The 
technology's environmental performance has been dem onstrated during 
actual waste processing to meet and surpass current  and proposed 



regulatory standards. Specifically, DREs >99.9999% were achieved for 
principle organic hazardous constituents (POHCs). N Ox and SOx were not 
detected in the product gases to detection limits o f 3 ppm. Condensed 
phase non-leachable products, both ceramic and meta l phases, of 
marketable composition were generated. Dioxins were  not detected to the 
targeted regulatory limit of 0.1 ng 2,3,7,8 TCDD TE Q/Nm3. 
Currently the effectiveness of hazardous waste trea tment technologies is 
regulated by the EPA, by measuring the concentratio n of hazardous 
materials in the after-process wastewater and non-w astewater. All 
processes have to ensure that organic constituent c oncentrations in 
individual wastewater and non- wastewater streams a re lower than the 
regulated limits set by EPA. CEP demonstrations sur pass the current 
limits even when compared with the Best Demonstrate d Available Technology 
(BDAT). CEP was recently approved by EPA (on Octobe r 24, 1994) as a non-
combustion technical equivalent (BDAT) for eight RC RA-listed isocyanate 
waste codes (K027) for which incineration had previ ously been mandated as 
the commercially available BDAT technology. 
The environmental performance of CEP has also been demonstrated on 
chlorinated waste streams, containing some of the m ost difficult to 
destroy hazardous constituents. The results of demo nstration-scale 
processing of RCRA-listed waste F024 (chlorinated a liphatics) indicated 
that hazardous organic constituents in the feed wer e not detected in 
ceramic, metal and scrubber water, thereby surpassi ng the BDAT standards 
for all effluent streams (Table V). Destruction Rem oval Efficiency (DRE) 
on multiple organic hazardous constituents exceeded  99.9999%, which 
surpassed the current regulations mandating DREs >9 9.99% (Table VI). 
Trace constituents were not detected to the targete d regulatory limit of 
0.1 ng/Nm3 TEQ. 
Table IV 
Table V 
Table VI 
CEP reaction pathways, combined with the uniform an d highly reducing 
environment maintained over a wide range of operati ng conditions, 
preclude the formation of dioxins, furans and other  undesirable by-
products. Research suggests that all of the followi ng conditions must be 
present to promote the formation of dioxins: excess  free O2 (10-3 atm 
partial pressure), the presence of aromatic precurs ors, sufficient 
residence time in the temperature range around 300C  (572F), and the 
presence of heterogeneous catalytic surfaces (e.g.,  
particulates).iii,iv,v,vi These essential condition s for formation of 
dioxins are either inherently absent or can be mini mized through 
appropriate design and operation of the CEP system.   
Extremely low oxygen concentrations in the CEP off- gas will inhibit the 
formation of dioxins. Oxygen partial pressure is co ntinuously monitored 
in the prototype demonstration unit and is not dete cted. Thermodynamic 
evaluation of CEP reaction scenarios shows that par tial pressures of O2 
can approach 10-15 atm. 
CEP solution chemistry can ensure that all species pass through a 
dissolved intermediate and preclude the formation o f aromatic precursors. 
Table IV shows that Destruction and Removal Efficie ncies (DREs) are 
greater than 99.9999% for chlorinated plastics (PVC  and polystyrene) and 
chlorinated solvents. 
Delisting 



CEP has been demonstrated on a range of RCRA-listed  wastes as well as 
characteristic and RCRA-like surrogate material (Ta ble IV) including 
high-molecular weight aromatics, chlorinated organi cs, organically-bound 
nitrogen species, plastics, and organometallics. CE P's ability to provide 
complete destruction of the hazardous constituents while maintaining high 
regulatory integrity has been proven. Due to the un ique set of 
regulations governing the processing of RCRA-listed  materials, the 
disposal of a stable final form containing radionuc lides but not 
exhibiting any RCRA characteristics would benefit f rom delisting. 
Delisting would provide increased flexibility in te rms of disposal 
destination and cost.  
A delisting petition has been prepared based on exp erimental data 
generated from pilot plant and demonstration-scale testing. The delisting 
petition is an upfront application for a generic de listing of the ceramic 
phase generated from CEP systems. Five representati ve mixed waste streams 
have been selected for delisting: 
  Organic sludges: e.g.,ORR MWIR 3090 (F001-F002 so lvents, F006 
electroplating waste); INEL ID-EGG-158:3 
  Inorganic sludges: e.g., ORR MWIR 3004 (F006 elec troplating waste); 
INEL ID- EGG-102:7 (toxic organic and metals with m ercury) 
  Soils and sediments: e.g., ORR MWIR 3151 (Pb, Hg) ; INEL ID-EGG-141:990 
  Combustible debris: e.g., ORR MWIR 2028 (F003); I NEL ID-EGG-114:337 
  Scrap metals: e.g., INEL ID-EGG-132:20  
The experimental results presented in support of th e delisting petition 
included feed materials characterization, ceramic e lemental composition, 
ceramic hazardous characteristics evaluation, toxic ity characteristics 
leachability procedures (TCLP) testing, and hazardo us organic 
constituents concentration in the ceramic phase.  
 For a waste to be successfully delisted, the petit ion must demonstrate 
that the waste: 
  does not meet the criteria for which it was liste d 
  does not exhibit any hazardous waste characterist ics 
  does not exhibit any additional factors including  additional 
constituents which may cause the waste to be a haza rdous waste 
In preparing the delisting petition, MMT has follow ed the requirements 
for delisting petitions set forth in 40 CFR 260.20 and 260.22, as well as 
in relevant EPA guidance (such as the guidance manu al for petitions to 
delist hazardous waste (EPA/530-R-93-007, March 199 3)). These regulations 
and guidance specify the administrative information , waste 
characterization and waste management history, proc ess information, waste 
sampling and analysis information, and ground water  monitoring 
information that must be included in the delisting petition. 
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ABSTRACT 
Vortec has successfully completed the detail design  of a high throughput 
glass melter for the DOE "Innovative Fossil Fuel Fi red Vitrification 
Technology for Soil Remediation" for demonstration program. 
The principal objective of the program is to demons trate the ability of 
the Vortec Cyclone Melting System (CMS) to remediat e DOE contaminated 
soils, mixed wastes and other waste forms containin g RCRA hazardous 
materials, low levels of radionuclides, and tSCA (P CB) containing wastes. 
The demonstration program will verify the ability o f this vitrification 
process to produce a chemically stable glass final waste form which 
passes both TCLP and PCT quality control requiremen ts, while meeting all 
federal and state emission control regulations. The  demonstration system 
is designed to process 36-72 ton/day of as-received  drummed or bulk 
wastes. 
Contruction will begin in mid 1996 with the testing  to be accomplished in 
the first quarter of 1997.  The demonstration testi ng will be conducted 
at the DOE Gaseous Diffusion Plant in Paducah, KY. 
This paper presents a description of the program, e quipment, and testing 
accomplished to date. 
INTRODUCTION 
The objective of this DOE demonstration program is to validate the 
performance and operation of the Vortec Cyclone Mel ting System (CMS) for 
processing of LLW contaminated soils found at DOE s ites. This DOE 
vitrification demonstration project has successfull y progressed through 
the first two phases. Phase 1 consisted of pilot sc ale testing with 
surrogate wastes and the conceptual design of a pro cess plant operating 
at a generic DOE site. During Phase 2, a site speci fic design was 
developed for the processing of LLW soils contamina ted with TSCA organics 
and RCRA metal contaminants. Phase 3 will consist o f construction of a 
scale demonstration plant at the DOE-Paducah Gaseou s Diffusion Plant 
located in Paducah, KY.  
The overall system includes the capability to shred  entire drums and drum 
packs containing soil, concrete, plastics and PCB's . This enhanced 
processing capability will substantially expand the  total DOE waste 
remediation applications of the technology. 
A total of seven soil vitrification trials of simul ated waste soils 
containing radionuclide surrogates were conducted d uring Phase 2 at 
Vortec's pilot scale vitrification plant located at  the University of 
Pittsburgh Advanced Research Center (UPARC) in Harm arville, PA. The 
sampling of the effluent and influent streams taken  during the tests 
confirmed that virtually all of the refractory radi onuclides were 
retained in the glass and would not leach to the en vironmentas confirmed 
by both Product Consistency Tests (PCT) and Toxicit y Characteristic 
Leaching Procedure (TCLP) testing. The organic cont aminants, anthracene, 
1-2 dichlorobenzene, and naphelene, was destroyed d uring testing with a 
Destruction and Removal Efficiency (DRE) of at leas t 99.99%. Semi-
volatile RCRA metal surrogates were captured by the  Air Pollution Control 
(APC) system, and data on the amount and the chemic al composition of the 
particulate were established for use in the APC sys tem design. 
PROGRAM OBJECTIVES  
The principal objective of the METC/Vortec program is to demonstrate the 
ability of the Vortec 36-72 ton per day vitrificati on system to remediate 
DOE contaminated mixed waste and other waste forms,  contaminated with 



both hazardous materials and low levels of radionuc lides and PCB, by 
producing glass which passes TCLP and PCT.  
 The following other objectives will be met during the program: 
1. Determine the glass chemistry requirements to ac hieve effective 
vitrification of contaminated soils. 
2. Determine expected feedstock particle size distr ibution and the glass 
flux requirements. 
3. Determine the Destruction Removal Efficiency (DR E) for organic 
contaminants. 
4. Establish the characterization of the off-gas so  that valid designs 
and cost estimates can be made. 
5. Establish the cost of a fully integrated waste v itrification system 
with a 36-72 TPD capacity .  
6. Conduct start-up, shake-down, and feasibility de monstrations using the 
fully integrated plant. 
BACKGROUND INFORMATION 
The Department of Energy's goal to clean-up its nuc lear complex requires 
the development of innovative technologies to conve rt soils contaminated 
by hazardous and/or radioactive wastes to forms whi ch can be readily 
disposed in accordance with current waste disposal methods. These 
technologies must be able to: accomplish this task with minimum public 
and occupational health risks, with minimum environ mental risks, and in a 
timely and economical manner; transform the hazardo us and/or radioactive 
waste into a form which has long-term stability to prevent migration of 
RCRA metals and radionuclides; not present any majo r obstacles to its own 
safe decontamination and decommissioning; and must have long term 
stability.  
After four years of design evolution under various DOE and EPA programs, 
the melter is operational at the UPARC test facilit y. Vortec's system has 
demonstrated the production of glass and the vitrif ication of a variety 
of feedstocks including EPA surrogate soils, spent pot liners (K-088) 
wastes, coal fired boiler ash, sewage sludge ash, a uto shredder residue 
ash, municipal solid waste incinerator ash, metal p lating sludges, 
fiberglass waste with organic contaminants, dusts c ontaining heavy metals 
and organic materials, and electronic industry wast es. 
The unique features of the CMS technology make it a  particularly cost-
effective process for vitrification. Benefits with respect to DOE's needs 
are: 
 1. Long-term immobilization of heavy metals, toxic inorganics, and 
radionuclides.  
 2. Effectively oxidize and destroy organic contami nants.  
 3. Flexibility in processing solid wastes with sub stantial variations of 
feedstock composition.  
 4. Ability to oxidize and vitrify waste materials introduced as 
slurries. Vortec has demonstrated the ability to vi trify Hanford low 
level tank waste simulant with a water content of a pproximately 70% 
liquid and 30% solids.  
 5. A sealed process which can be operated at negat ive pressure to 
prevent leakage of contaminated gases. 
 6. A small physical size which is transportable an d modular to reduce 
the decommissioning and disposal costs of the proce ss equipment. 
 7. Life cycle cost lower than other existing vitri fication processes. In 
commercial applications, a 72 TPD process unit typi cally has total 
processing costs in the range of $50 - $100 per ton  of material 



processed. Radionuclide and PCB contamination incre ases the per-ton cost 
somewhat. Vortec estimates that the processing cost s of low level waste 
with mixtures of TSCA or RCRA wastes at Paducah wil l be in the range of 
$50 to $200 per barrel for the Paducah drummed wast es. In comparison, of 
the types of wastes to be processed, other competin g remediation 
technologies have estimated processing costs in the  range of $500 to 
$1000 per barrel for drummed wastes.  
Process Description 
The primary components of the vitrification system are a counter-rotating 
vortex (CRV) heater and a cyclone melter. An artist 's rendering of the 
concept is shown in Fig. 1. A unique feature of the  process is the rapid 
suspension heating and oxidation of feedstock mater ials in the CRV prior 
to the physical and chemical melting processes whic h occur within the 
cyclone melter. The use of the Vortec CRV in conjun ction with a cyclone 
melter distinguishes the Vortec melting technology from other types of 
cyclone systems. In the CMS process, granular glass -forming ingredients 
and other feedstocks are introduced into the top re gion of the CRV along 
with fuel and air. As a result of the intense count er-rotating vortex 
mixing, it is possible to achieve stable combustion  in the presence of 
large quantities of inert particulate matter (solid s-to-gas mass ratios 
on the order of 1:1). Both convection and radiation  heat transfer 
mechanisms contribute to the rapid heating of the f eedstock materials 
within the CRV. Any organic contaminants in the fee dstocks are also 
effectively oxidized.  
Fig. 1 
The melted product formed in the cyclone melter, an d the off-gas, exit 
through the cyclone melter and enter a separator-re servoir (not shown in 
the figure) where the liquid exits the reservoir th rough a bottom or side 
tap, and the off-gas exhausts through an air prehea ting and pollution 
control system.  
The off-gas exiting the separator-reservoir is trea ted in an air 
pollution control system prior to being exhausted o ut the stack. As a 
result of the high thermal efficiency of the Vortec  melter, the off-gas 
flow rates are relatively modest. Because the tempe rature and composition 
of the vitrified product can be closely controlled,  the amount of process 
fuming (volatile carryover) can also be minimized. 
The average gas-solids suspension temperature leavi ng the CRV is 
typically on the order of 2000F to 2700F. The proce ss temperatures in the 
cyclone melter are typically in the range of 2000F to 3000F. The NOx 
emissions have been found to be substantially lower  than those which 
occur in conventional cyclone systems. Excess air l evels are typically in 
the range of 5 to 20% depending on the composition of the feedstock being 
processed. The pilot system has demonstrated NOx em issions of less than 4 
pounds per ton of vitrified product, meeting the Ca lifornia emission 
standard for glass melting furnacescurrently the mo st stringent in the 
United States.  
Heat rates demonstrated by the Vortec pilot scale f acility typically 
ranged between 3.5 and 6 million Btu/ton at a glass  production rate of 15 
TPD. This heat rate is 50% to 80% lower than heat r ates for conventional 
gas-fired glass melting at similar capacity. The sa vings are due to more 
efficient heating of the glass ingredients and lowe r structural heat 
losses. The melter can also accommodate the use of a variety of fuels, 
such as oil and coal-derived fuels, and even organi c waste materials.  



The system has demonstrated uncontrolled emissions levels of less than 
0.5% of feed materials which did not contain low te mperature volatiles, 
such as utility flyash. For materials containing he avy metals and other 
volatiles, such as MSWI flyash and fiberglass waste , the uncontrolled 
emissions levels have typically been in the range f rom 1% to 4%.  
RESULTS 
Vortec has successfully completed the verification testing and final 
baseline plant design required in Phase 2 of this p rogram, and will 
continue the development, construction, and operati on of the 
Demonstration Plant during Phase 3. Vortec is devel oping the technology 
to commercial readiness, and will meet all public, occupational, and 
environmental health and safety requirements for re mediation technology. 
Commercial offerings of the technology, in plant si zes up to 200 TPD, 
have been made during the last year. 
Test Program-Phase 2 Results Summary  
A total of seven soil vitrification trials were con ducted at Vortec's 
pilot plant during Phase 2 of the program. The obje ctives of the pilot 
testing were to demonstrate the effective vitrifica tion of low level 
waste streams (soil) with the characteristics and c ompositions found at 
DOE-Hanford and DOE-Paducah; evaluate the melting p erformance with this 
material, that is, the feedstock composition and vi scosity relationship; 
define the expected range of flue gas emissions; op timize the system 
operating parameters for the waste by determining t he effect of 
temperature on the melting performance and on the c apture rate of the 
surrogate contaminants in the vitrified product; an d to determine the PCB 
destruction efficiency of the CMS.  
The first set of trials used a surrogate soil compo sition representing 
the contaminated soil found at DOE's Hanford site. These tests evaluated 
the melting performance and expected range of flue gas emissions from the 
system when processing the Hanford surrogate soil f eedstocks which 
consisted of a synthetic soil spiked with surrogate  heavy metal and 
radionuclide contaminants. Success was measured by the ability of the 
melter to produce a fully-reacted vitrified product  which passed both the 
Toxicity Characteristic Leaching Procedure (TCLP) a nd the Product 
Consistency Testing (PCT). Samples of all effluent streams were analyzed 
to establish the partitioning of the heavy metal an d radionuclide 
surrogates. These tests determined the effect of te mperature on the 
melting performance and confirmed the capture rates  of the surrogate 
heavy metal and radionuclide contaminants in the vi trified product. 
Analyses of the off-gas were conducted to establish  the design 
specification for the air pollution control system.   
Five additional vitrification trials were also cond ucted using surrogate 
contaminated soil representative of the soil found at the DOE-Paducah 
site. The surrogate soil feedstock used consisted o f a synthetic soil 
modeled on the data received from DOE-Paducah from their low level waste 
inventory. Samples of all effluent streams were ana lyzed to establish the 
partitioning of the heavy metal and radionuclide su rrogates. Flue gas 
samples were also analyzed for PCB's. 
The glass analysis was conducted on the collected s amples by Corning 
Engineering Laboratory Services (CELS), and the TCL P testing was 
conducted by Blue Marsh Laboratories (BML). The TCL P analysis indicated 
that the TCLP extract contained very little measura ble quantities of 
metals and in all cases were significantly below EP A TCLP limits. PCT 
test results indicated a Na-normalized leach rate o f 0.0032 to 0.015 



grams of glass/square-meter/day. The PCT specificat ion for nuclear 
glasses is a Na-normalized leach rate of no greater  than 1.0 grams of 
glass/square-meter/day. These results indicate that  the glass produced is 
approximately 2 orders of magnitude better in retai ning radionuclides 
than the conventional environmental assessment glas ses. 
The best data available from DOE-Paducah indicated that the low level 
waste stream (soil) contained small amounts of orga nic materials and 
small amounts of heavy metals, uranium, and plutoni um. Since the worst 
organic material to remediate is the PCB, 1, 2 dich lorobenzene was used 
as an organic surrogate at a concentration approxim ately of 1000 PPM, a 
concentration well beyond what is expected in the a ctual low-level waste 
stream. Each test focused on establishing the DRE f or its chemical 
compound. As with the tests with the Hanford soils,  the DRE results were 
at least 99.99%. 
In addition, Cerium was included at 500 PPM as a su rrogate for uranium or 
plutonium, and the semi-volatile RCRA metals lead a nd cadmium were also 
included. Vortec has demonstrated that approximatel y 95% to 100% of the 
non-volatile RCRA metals report to the glass.  
Design Program-Integrated Demonstration Plant  
 The major system requirements for the Demonstratio n Plant are as 
follows: 
 1. Targeted waste stream is 55 gallon drums of con taminated soils 
containing debris such as concrete, tramp metal, wo od and plastics.  
 2. The process will be capable of processing waste  containing 
radionuclides, TSCA, and RCRA contaminants.  
 3. Waste streams with up to 30% moisture at a nomi nal processing 
capacity of drummed waste of 160 drums per day.  
 4. The plant will be transportable and modular all owing use at multiple 
DOE sites and/or multiple locations at a single sit e. 
 5. The Demonstration Plant will be capable of proc essing a wide variety 
of physical and chemical waste forms throughout the  DOE complex. The 
wastes include soils, sediments, and/or sludges con taminated with 
hazardous wastes and low-level radioactive wastes. Both volatile 
(Technetium) and nonvolatile (Uranium, Neptunium, T horium, and Plutonium) 
radionuclides may be present in the soil waste stre am. The eight heavy 
metals regulated by 40 CFR 261.24 are also present in the soil. Organic 
materials that can result in Hazardous Air Pollutan ts regulated by State 
of Kentucky 401 KAR 63.022 are also present in sele cted waste streams. 
Optional waste streams may include but are not limi ted to: personnel 
protective equipment (PPE), HEPA filters, treated s crubber / ESP water 
particulate and spent ion exchange materials. 
 6. The system will produce a glass frit, a chemica lly stable and reduced 
volume final waste form, that will pass the Toxicit y Characteristic 
Leaching Procedure. The Air Pollution Control (APC)  system will be 
required to meet DOE/EPA and the State of Kentucky standards for the 
removal of hazardous material and radionuclides.  
 7. A wastewater treatment process will remove radi onuclides and other 
solids from process water and these solids will be recycled through the 
melting system. 
 8. The vitrified product generated will be dispose d on-site or at an 
approved DOE site.  
A system flow diagram is shown in Fig. 2, and an is ometric drawing of the 
plant arrangement in shown in Fig. 3. The demonstra tion plant has been 



designed as a transportable and modular system; tha t is, the individual, 
skid  
Fig. 2 
Fig. 3 
mounted components of the process have the capabili ty to be transported 
by truck, without special permits, to the site, ere cted, and when 
operation is complete, dismantled, decontaminated, loaded back onto 
trucks, and hauled off-site.  
To demonstrate the effectiveness of the technology,  400 hours of start-up 
and functional testing are planned, followed by a 3 0-day period of nearly 
continuous testing. During operation, contaminated soil is transported by 
DOE in 55 gallon drums from the DOE-PGDP storage ar ea to the 
vitrification facility. There is always at least a three day supply of 
the material in the storage area. Soil samples coll ected prior to the 30 
day demonstration test will be used to determine th e batch composition.  
The process of vitrifying the soil begins in the Fe ed Preparation 
Subsystem. It consists of 1) transportation of drum s to the drum shredder 
for introduction to the feed preparation system; an d 2) a drying and 
screening operation to assure that the material has  the proper moisture 
content and size. Upon receipt, the drums are empti ed into a drum 
shredder using a conventional fork lift truck with standard drum holding 
fixture. To preclude the escape of dust particles w hen dumping or 
transporting the soil, all the conveying systems wi ll be designed with an 
enclosure and operate under negative pressure. In a ddition, all hoppers 
and transfer points (dumping points) will also be e nclosed and will be 
under negative pressure. The dust laden air from th ese devices will pass 
through a dust collector for particle removal. Soli ds collected in the 
dust collector will be transported back into the sy stem. Discharge from 
the dust collector will pass through a parallel pas s HEPA filter system. 
The sized and dried soil is transported to a storag e silo. Glass making 
additives are mixed with the soil. Additives (limes tone and soda ash) are 
used to aid in glass forming, obtain the proper gla ss properties, or 
modify the temperature-viscosity curve. The blendin g system consists of 
storage silos and pneumatic feed system for the del ivery of the soil and 
additives to a blend tank. Batch mixing precedes fe eding into the Cyclone 
Melting System. 
The CMS equipment components consist of a counter-r otating vortex (CRV) 
oxidizer/heater, a cyclone melter (CM), a separator /reservoir, and a 
recuperator heat recovery unit. The prepared feedst ock is introduced into 
the CRV oxidizer/heater through injectors located a t the top of the CRV 
and the glass product and the off-gases exit the CM  through a tangential 
exit channel and enter a separator/reservoir. 
The separator/reservoir separates the off-gas from the melted material 
and provides an interface with a vitrified product handling system. The 
off-gas exits through an exhaust port which is the interface for the 
recuperator. The recuperator utilizes the waste hea t to preheat air going 
to the melter. Molten glass flows out the separator /reservoir to the 
Vitrified Product Handling System. The molten glass  from the melter will 
be water quenched to produce a cullet approximately  1/8" in average size. 
The cullet will be transported by conveyor to B-25 boxes, that when full, 
will be moved to an area for pick-up and disposal b y the DOE-Paducah. 
The Air Pollution Control System (APCS) will consis t of a wet 
electrostatic precipitator (WESP) system for partic ulate collection 
preceded by a venturi scrubber. The scrubber will r emove large 



particulate as well as serve the function of reduci ng the off-gas 
temperature. After removal of particles in the WESP , the temperature of 
the off-gas is raised in an off-gas heater prior to  entering the HEPA 
filter for removal of fine particles. Redundant HEP A filters are used to 
facilitate maintenance. The off-gas exits the HEPA filters and flows to 
the exhaust stack. The APC system also includes a w aste water treatment 
system to remove radionuclides from the process wat er used in the venturi 
scrubber and WESP. This system consists of a clarif ier, a filter press, 
sand filter, ion exchange unit, and various pumps a nd tanks. Process 
water from the WESP flows through a wastewater tank , a chemical 
precipitation tank for chrome removal, and on to a clarifier. The solids 
from the clarifier, which contain some contaminants  not captured in the 
glass, are dewatered in a filter press and are retu rned to the Feed 
Preparation System. Radionuclides are removed by fi rst filtering the 
supernate water in a sand bed. The solids are remov ed periodically from 
the sand bed by back flushing with the treated wate r, and the backwash is 
reintroduced into the clarifier. Radionuclides are removed through ion 
exchange treatment. The treated effluent is stored in a holding tank for 
reuse as quench water within the quencher/venturi s crubber. 
The Instrumentation and Control System consists of the sensors, 
electronics, instrumentation, computers, and progra mmable logic 
controllers (PLC) to control the process in real ti me, gather data for 
analysis on system and equipment performance, and m onitor process off-
gas. The system is capable of being shut down in em ergency situations in 
a controlled manner using the auxiliary power unit and structured logic.  
SCHEDULE 
Vortec has completed Phases 1 and 2 of a three phas e program to design, 
construct, and demonstrate the effectiveness of the  CMS technology at 
remediating contaminated soils. The ability of the CMS to vitrify soils 
similar to the soil found at DOE-Paducah was demons trated. The vitrified 
product passed TCLP as well as PCT for leachability  of and durability. In 
addition, the final design of a 36-72 TPD demonstra tion plant to process 
contaminated soil is completed. Phase 3 will carry out the construction 
of the plant and conduct the 30 days of demonstrati on testing. Figure 4 
represents the tentative schedule for Phase 3.  
Fig. 4 
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ABSTRACT 
DOE Fernald is nearing completion of a project obje ctive to treat legacy 
mixed waste for shipment and disposal to the Nevada  Test Site (NTS). In 
pursuing this challenging objective, DOE-Fernald an d the site cleanup 
contractor, Fernald Environmental Restoration Manag ement Corporation 
(FERMCO), have defined the requirements and purchas ed the fixed-price 
services of a private waste treatment subcontractor . The subcontractor 
has mobilized and initiated stabilization of the mi xed waste. The 
subcontractor is a team consisting of Perma-Fix Env ironmental Services, 
Inc. (Perma-Fix), and Performance Development Corpo ration (PDC). 
The mixed waste at Fernald was generated during ura nium processing 
operations and remedial actions at the DOE facility . This waste is 
classified as both low-level radioactive and hazard ous, which requires 
treatment prior to disposal at NTS. The Mobile Mixe d Waste Stabilization 
Project is using the Perma-Fix Process to chemicall y stabilize and 
solidify approximately 1,850 drums of waste. Chemic al hazards of the 
targeted project waste are soluble heavy metals inc luding lead, barium, 
and chromium (EPA waste codes D004 - D011). 
Following processing by the Perma-Fix team, success ful treatment of the 
waste is verified by an NTS approved laboratory usi ng the toxicity 
characteristic leaching procedure (TCLP). The treat ed waste no longer 
exhibits the hazardous characteristic and will be s hipped in metal boxes 
as solid grout monoliths to DOE's NTS Facility for disposal as low-level 
radioactive waste. 
Under the Federal Facility Compliance Act (FFCAct),  FERMCO has developed 
a Site Treatment Plan (STP) that specifies a prefer red option for each of 
several mixed waste streams at Fernald. This projec t meets the 
requirements for mobile stabilization as Fernald's preferred option in 
the STP. By implementing the STP at the Fernald Sit e, FERMCO has taken 
the lead role in complying with the requirements of  the FFCAct. 
A number of lessons have been generated by this bol d new approach to 
cleaning up DOE's waste inventories. This paper wil l capture many of the 
lessons learned on this project in promoting what w e believe is a 
promising strategy for site clean-up that is faster , safer, and cheaper 
than many competing options. The key features of th e project include 
mobile on-site treatment, fixed-price contracting, and integrated 
teamwork among Perma-Fix, FERMCO, and DOE FERNALD p articipants. 
INTRODUCTION 
The objective of the Mobile Mixed Waste Stabilizati on Project is to 
safely treat approximately 1850 drums of characteri stic mixed low-level 
radioactive waste (LLRW) currently being stored at Fernald. These wastes 
have been characterized as containing waste constit uents regulated under 
EPA waste codes D004 through D011. The wastes will be treated at Fernald 
and sent to the NTS for disposal using Best Demonst rated Available 
Technology (BDAT) to meet RCRA Land Disposal Restri ctions (LDR) and NTS 
waste acceptance criteria (WAC) established under t he Nevada Test Site - 
Defense Waste Acceptance Criteria, Certification, a nd Transfer 
Requirements (NVO-325, Rev. 1). BDAT will be accomp lished using a cement 
based stabilization/solidification process that ren ders toxic heavy 



metals and radionuclides insoluble by precipitation , and locks them in a 
grout matrix. 
On-site waste treatment services are being accompli shed by personnel from 
Perma-Fix and PDC working in conjunction with DOE F ernald and FERMCO 
personnel. 
WASTE STREAMS 
The 1850 drums of legacy mixed waste have been in s torage in RCRA-
permitted warehouses at Fernald. The drums of mixed  waste have been 
grouped and categorized using Material Evaluation F orm procedures 
developed by FERMCO. For many of the drums, Real Ti me Radiography (RTR) 
was used for identifying drum contents. This proced ure uses x-ray 
technology to view the contents of a container, and  to determine the 
physical properties of the waste such as presence o f free liquid, 
particle size, and internal container capacity. The  1850 drums have been 
divided into six general waste categories: 
1. Grit Blast residues - approx 905 
2. Solidified furnace salts - approx. 145 drums 
3. Sump cakes - approx. 465 drums 
4. Construction rubble - approx. 40 drums 
5. Miscellaneous trash - approx. 25 drums  
6. Miscellaneous (1-5) additional waste - approx. 3 00 drums 
STABILIZATION PROCESS 
The waste treatment process employed in stabilizing  Fernald waste is a 
production process based on optimal staging of inco ming waste containers, 
screening and sorting the larger fraction, removing  incompatible 
material, size reducing the larger fraction, and re distributing the 
reduced material with original container material. Treatment consists of 
mixing chemical reagents to precipitate soluble hea vy metals, pozzolans, 
and fresh or contaminated water to create a slurry that is poured in 
metal boxes supplied by FERMCO. Figure 1 is a block  flow diagram of the 
Mobile Mixed Waste Stabilization process. Figure 2 is a schematic 
illustrating how materials handling is accomplished .  
Fig. 1 
Fig. 2a 
Fig. 2b 
STABILIZATION UNIT 
The mobile treatment unit includes the following en gineered facility and 
equipment and are depicted in Fig. 3 - Equipment La yout:  
  1. Incoming waste staging area 
  2. Deheading and inspection station 
  3. Screen hopper 
  4. Sorting table 
  5. Shredder 
  6. Mixers 
  7. Contaminated water holding tank 
  8. Liquid reagent tank 
  9. HEPA filtration units 
10. Cement silo 
11. Empty drum staging area 
12. Decanting and curing area 
13. Tented soaking area 
Fig. 3 
RESULTS 



As of January 31, 1996, 905 drums of grit blast hav e been successfully 
treated and are being prepared for shipment and dis posal at NTS. Another 
145 drums of solidified furnace salts have been tre ated and are awaiting 
the results of confirmation sampling by TCLP. The p roject had planned to 
process an average of 35 drums per work day. To dat e, processing results 
have varied significantly, some days have included no processing due to 
equipment maintenance or staging efforts, and many days have seen 
processing rates of 50 to 65 drums. Our best effort s have sustained 
better than 10 drums per operating hour. The projec t is planned to 
complete processing of the contract goal inventory by March 20, 1996. 
Based on our results to date, this is attainable. 
LESSONS LEARNED FROM THE PROJECT 
The lessons learned as the result of this very succ essful project include 
the following: 
  On-site treatment by a private subcontractor is a chievable 
There are doubts within DOE and prime contractor ra nks that it is 
possible to bring private subcontractors on site, h ave them live by DOE 
rules, work with the site labor force, manage any k ind of schedule, or 
control costs. This project has demonstrated each o f these concepts to be 
false. For the Mobile Mixed Waste Stabilization Pro ject, we entered into 
a fixed- price contract and prepared project-specif ic plans acceptable to 
the Ohio EPA, US EPA, and DOE in less than 60 days.  This documentation 
included a CERCLA Work Plan, Health & Safety Plan, Quality Assurance 
Plan, Process Control Plan, project procedures, and  Processing Area 
drawings. After Ohio EPA and US EPA approval, Perma -Fix mobilized the 
processing equipment, performed pre-operational tes ting, and successfully 
responded to an independent Operational Readiness A ssessment 
demonstrating compliance with DOE requirements. Thi s was also done in 
less than 60 days. When elements of the contract we re found inconsistent 
with a pre-existing agreement, Perma-Fix worked out  arrangements to allow 
appropriate participation of site workers. This act ion enhanced site 
response and created a teamwork atmosphere among pr oject workers. The 
project is nearing completion. Treatment and dispos al costs are low 
compared to off-site alternatives. There have been no price increases to 
the subcontract. Major portions of the site's mixed  waste have been 
treated to greatly reduce public risk prior to ship ment on the open 
highways. 
  DOE site labor force can work with private contra ctors if concerns are 
considered and resolved before operations begin, an d cooperatively 
managed during the project 
After the project began, FERMCO discovered that ele ments of Perma-Fix's 
work scope conflicted with the pre-existing labor a greement. Perma-Fix 
renegotiated project activities with FERMCO such th at Fernald Atomic 
Trades and Labor Council (FAT&LC) union members had  an expanding role in 
project activities. There had been considerable con cern at the beginning 
of the project that it would be hard to manage the schedule in this way, 
but all schedules have been met to date. 
  Technology is only as important as a good plan, c ompetent personnel, 
constant communication, and cooperation 
There is considerable opinion that stabilization is  a low-tech 
technology, not robust enough to attack DOE's mixed  waste problems. Our 
experience has demonstrated that stabilization does  work on a fairly 
broad range of waste types, can be mobilized and em ployed quickly, has a 
great deal of operational experience, has equipment  and project costs 



that are much better understood, is very amenable t o small batches for 
handling the wide variety of waste types, can be pe rformed inside 
currently existing facilities, and is much less cos tly than many of the 
more exotic technologies crowding the national head lines. 
One of the lessons learned on this project has been  the relative 
importance of technology compared to other project challenges. With 
adequate experience and due care, making a solid th at passes TCLP is not 
that difficult. The challenge is in planning and ex ecuting project 
activities with sufficient detail to satisfy projec t regulators. These 
include overviewers from: quality assurance and hea lth & safety, FERMCO 
project, DOE, Ohio EPA and US EPA, and NTS. Any pro ject that is 
inadequately prepared to deal with this bigger chal lenge runs a much 
higher risk of failure. 
  Use waste to treat waste 
Stabilization requires the addition of a number of non-waste materials 
during treatment of the waste. These include water,  pozzolans, chemicals 
used to precipitate contaminants, and mixing. Some waste products can be 
used in this process. For the Mobile Mixed Waste St abilization Project, 
the water balance was managed to allow for the reus e of waste water. 
Additionally, we identified and were able to use su rplus chemicals that 
were waiting for disposition on the Fernald site. T hese chemicals were 
used in waste processing for precipitating contamin ants. The project also 
processed much of the solid waste generated during operations with the 
legacy waste stream. These actions support the wast e minimization/ 
pollution preventative initiatives driven by both E PA and DOE. 
  Limit government liability with low cost commerci ally available 
equipment 
One of the major risks of treating mixed waste, on site or off site, is 
the potential for the processing equipment to becom e contaminated, and 
failure to decontaminate causing the government to become the owner of 
some used contaminated equipment. This situation ca n and has happened 
many times. The lowest-risk way of limiting governm ent liability is for 
contractors to propose and use as much simple, inex pensive, and 
commercially available equipment as possible, consi dering the minimum 
volume of equipment subject to waste disposal. Also  design of equipment 
must address decontamination ability. 
  Small batch capability provides control features not available in 
continuous feed processes and is better suited to t he many "cats and 
dogs" that exist in legacy wastes 
Most of the money and the press in waste treatment has been spent on 
concepts using continuous processing equipment desi gned for the enormous 
volume of mixed waste to be treated. The problem wi th most large 
processes is that they generally work best on homog eneous and/or well 
characterized material. Much of the waste that has been identified at 
different DOE sites is far from homogeneous. Waste stream characteristics 
are rarely known well enough for continuous flow pr ocesses to respond to 
variations in the waste. Expensive automated system s can seldom manage 
highly variable waste streams, as well as trained a nd experienced 
operators can manage them. Stabilization is one of the few existing 
technologies offering the needed body of experience . When continuous 
processes are forced to deal with such varied mater ial, it is often 
necessary to resort to batching. The equipment is u sually not designed 
for batch operation. Batching in processes designed  for continuous flow 
is achievable, but quite expensive compared to simp ler options. 



  Small business can do the job 
Another myth often believed by people in this busin ess is that only major 
corporations are viable to attempt this type of pro ject. The false 
impressions include having a larger talent pool to draw upon, deeper 
pockets if there is a problem, a more relevant expe rience base, an 
ability to impress the regulators and a skeptical p ublic, and a better 
capability to deal with problems. The Mobile Mixed Waste Stabilization 
Project has employed the services of Perma-Fix and PDC, both small 
businesses. They have performed well. There have be en many challenges for 
both companies on a number of occasions. Their seni or managements have 
participated fully. Basically there is a lot more a t stake with these two 
small businesses than there would have been with la rge businesses and the 
net effect has been an extremely responsive project  organization. Our 
aggressive schedule would not likely have been met except for this level 
of attention. 
  On-site CERCLA treatment can be faster, safer, an d cheaper than off-
site RCRA Treatment, Storage, and Disposal (TSD) Fa cilities 
Many DOE sites have concluded that the only viable alternative is to send 
mixed waste off site to RCRA TSD facilities that al so have NRC licenses. 
The problem has been that this includes a very smal l group of companies, 
with technologies having narrow application, diffic ult prerequisites, and 
considerable expense. Off-site treatment generally requires repackaging 
into DOT approved containers. Repackaging can be ve ry expensive. Handling 
and monitoring of waste prior to disposal is also a  major operating cost. 
The Fernald Mobile Mixed Waste Stabilization Projec t has been performed 
as a CERCLA removal action, allowing on-site treatm ent with mobile 
equipment without either a RCRA part B permit or a Radioactive Material 
license. While the project was authorized by the Oh io EPA and the US EPA 
under CERCLA, the project Work Plan addressed all s ubstantive 
requirements of a RCRA part B permit and was actual ly reviewed by the 
RCRA group within Ohio EPA and US EPA. This efficie ncy has allowed 
schedules to be moved forward and permitting expens e to be avoided. The 
greatest enhancement is the ability to stabilize wa ste at the source, 
greatly reducing health & safety risk prior to ship ment on the open 
highways. This type of project also allows much gre ater control of the 
treatment process which is appropriate considering generator liability. 
On-site treatment also allows better response to de aling with any 
abnormal situations related to characterization, fi tness for treatment, 
container degradation and identity, and sampling. B y estimate, the life-
cycle cost of this project, compared to known off-s ite possibilities, is 
much less.  
  Demonstrate subcontractor ability to comply with DOE requirements with 
an Operational Readiness Assessment 
One of the challenges of the Mobile Mixed Waste Sta bilization Project has 
been addressing the impression that private treatme nt companies will not 
be able to work under DOE rules. For this project, we demonstrated 
compliance with DOE requirements by subjecting the project to an 
independent Operational Readiness Assessment (ORA).  These ORAs are by 
nature quite a challenge for participants on all si des of the assessment, 
but acceptable findings and a recommendation to pro ceed do much to 
bolster DOE confidence that contractors can perform  safely as advertised. 
  Develop planning documents to level 5 detail to a void regulatory delays 
The Mobile Mixed Waste Stabilization Project is pur suing an aggressive 
schedule and has relied on prompt attention by regu lating bodies on 



several occasions. One of our approaches to minimiz ing review cycles and 
potential delays has been to provide extraordinary detail about our plans 
for the project, right up front, to Ohio EPA and US  EPA to minimize their 
asking for more detail later. Initially, we develop ed a work breakdown 
structure expanded down to level 5 activities. We t hen defined our plan 
of action and schedule down to this level. The chal lenge in doing this 
was keeping our aggressive schedule while developin g this level of 
detail.  
The contract was issued to Perma-Fix on May 30, 199 5. The contract 
schedule called for delivery of planning deliverabl es to FERMCO by July 
5, 1995. In the following 3 weeks, as a result of t eamwork between Perma-
Fix, FERMCO, and DOE, the project submitted a Work Plan to Ohio EPA and 
US EPA. This plan was conditionally approved withou t revision on 
September 28, 1995.  
DOE and FERMCO have spent a great deal of energy in  keeping Ohio EPA and 
US EPA abreast of upcoming activities, and they hav e been 
characteristically prompt in approving clean-up and  removal actions. 
  Prepare good waste characterization including amp le sampling, traceable 
documentation, and real time radiography to get goo d fixed-price 
quotations and regulatory buy-in to proposed plans 
DOE has been working on an initiative to increase f ixed-price contracting 
in an effort to improve cost performance on the nat ions tax base. The 
problem is getting fixed-price quotations for waste  treatment services on 
the basis of process knowledge accrued under the se curity of the cold 
war. Proceeding on the basis of this approach is fa irly unrealistic. 
Equally important is securing regulatory buy-in to planned activities 
rooted in a firm knowledge about the contaminants o f concern. Extensive 
characterization is required providing significant tangible evidence of 
the nature and extent of contaminants in the waste stream. The approach 
we took on the Mobile Mixed Waste Stabilization Pro ject was to perform 
ample confirmatory sampling compared to process kno wledge, prepare RTR 
films on a large population of the waste drums cons idered, and prepare a 
strategy for waste grouping that is traceable to co ntainer ID, sampling 
data, RTR, and process knowledge data. 
  Rumors of waste swell related to solidification h ave been greatly 
exaggerated 
There is information that suggests that waste swell  due to the addition 
of pozzolans to hazardous, mixed, and radioactive w aste streams can be as 
much as 100% to 200%. These figures, as assumptions , have been used to 
estimate the disposed life-cycle cost of stabilizat ion to be greater than 
other more complex technologies. Our experience on the Mobile Mixed Waste 
Stabilization Project has demonstrated waste swell less than 15% as a 
result of existing void space and overpacks in the incoming waste drums. 
There are situations that would result in waste swe ll in multiples of 
original volume, but our project results challenge some life-cycle cost 
claims that are being made. A key consideration is the compressive 
strength desired. Producing a low strength grout mi nimizes volumetric 
swell due to added reagents. 
  Carefully select Source Evaluation Board (SEB) to  level playing field 
for proposals 
Evaluation criteria are usually established by the SEB to provide equal 
evaluation for all proposers. However, there is sti ll a normal bias for 
the known, the big, and the powerful. This is perfe ctly logical in the 
sense that if they are big and powerful they must b e doing things right, 



have a talented work force, and have faced and solv ed many problems. 
However, in an attempt to support small business pa rticipation, DOE has 
set goals for subcontracting with small business. T his suggests SEB's 
need to be equipped with more knowledge about propo sers than is available 
in the Wall Street Journal and special interest tra de publications. Major 
corporations were included in an unrestricted compe tition for this 
important project. However, a small business was se lected and has 
performed quite well. 
  Evaluate subcontractor ability to decontaminate a nd remove equipment at 
contract completion 
In general, the extent of the government's liabilit y for a project such 
as the Mobile Mixed Waste Stabilization Project is the price of services, 
plus the fair market value of contaminated equipmen t. This cost is 
perhaps complicated by the disposal cost of equipme nt as radioactive or 
mixed waste. With this in mind there are a few thin gs that contractors 
can do that can have the enhancing effect of limiti ng the government's 
risk. These are keeping the treatment scheme no mor e complicated than 
necessary, using as much simple and commercially av ailable equipment as 
possible, keeping any disposal volume as small as p ossible, bolstering 
your proposal with a plan for decontamination, and generally describing 
corporate plans for released equipment after projec t completion.  
  Have DOE's contractor provide HEPA ventilation me eting subcontractors 
needs because of DOE safety rules. 
There are a number of practices and validation test s used on DOE sites 
that are not generally available to the private sec tor. For the Mobile 
Mixed Waste Stabilization Project, we intended for the selected 
subcontractor to size and provide HEPA ventilation adequate for the 
project. After the units were purchased, delivered,  and ductwork 
installation was underway, we discovered that site practice required di-
octyl-phthalate (DOP) testing by DOE in Oak Ridge f or each filter element 
used. Given the schedule constraints we faced, this  was not possible. The 
site had a number of surplus HEPA filtration units with in-stock filters 
which met the requirements. In the end, FERMCO prov ided the needed HEPA 
units meeting subcontractor requirements. Given sit e rules for 
monitoring, filter change, sampling, record keeping , and filter testing, 
it makes more sense for DOE's contractor to support  this requirement 
rather than passing it on to subcontractors. 
  Consider weight, handling, and disposal criteria of the disposal 
facility in selection of waste containers 
For the Mobile Mixed Waste Stabilization Project, F ERMCO selected and 
purchased white metal boxes. These boxes are roughl y half as high as 
conventional B-25 boxes, are made with an integral skid for fork truck 
handling, and are designed for maximum load-bearing  requirements based on 
an empty container. These containers weigh approxim ately 6000 pounds when 
filled with the solid waste form. These features ha ve been chosen to 
satisfy the waste acceptance criteria of the NTS. 
  Integrating participation of subcontractors in we ekly project meetings 
with site interface groups 
Early after award of the project subcontract, Perma -fix began attending 
the weekly project meetings. The result was that mu ch planning and other 
project information was made available to site grou ps earlier, and by the 
time equipment started showing up, Perma-fix was we ll integrated into the 
site team and could address and resolve issues with  the site groups 



involved. Meeting the project's schedule would not have been possible 
otherwise. 
  Select a subcontractor who demonstrates an abilit y to live and operate 
within DOE's "culture" 
When the SEB evaluated submitted bids for the Mobil e Mixed Waste 
Stabilization Project, most of the bidders could de monstrate that they 
had stabilized hazardous or radioactive waste. What  became impressive to 
the SEB were proposals that demonstrated they under stood and could 
operate within DOE's culture of security, site acce ss, directives, 
standards, guides, and procedures. Perma-Fix demons trated this capability 
by partnering the project with PDC, a company havin g extensive experience 
in DOE culture. PDC has a very strong and successfu l background working 
with contractors in support of DOE initiatives. Per ma-Fix and PDC 
composed a project team that identified needed proj ect positions and 
personnel from both companies. The proposed project  team had demonstrated 
qualifications and experience to perform project fu nctions on a DOE site. 
  Integrate the disposal site early in the process identifying their 
needs and implementing systems to meet them (i.e., a Process Control 
Plan, Nuclear Quality Assurance Program, ample docu mentation, and 
traceability) 
Mixed waste treatment has a limited purpose unless there is a subsequent 
strategy to dispose of the treated waste. For DOE w aste, there is not a 
less expensive option than acceptable disposal at t he Nevada Test Site. 
NTS was developed and operated to handle radioactiv e waste, not mixed 
waste. A fairly new version of the NTS Waste Accept ance Criteria (NVO-325 
Rev. 1) allows disposal of mixed waste where the ha zardous characteristic 
has been removed. Until now, this feature has not b een extensively used 
and operating practices at NTS are still in the dev elopmental phase. 
The key to paving the way for NTS acceptance of Fer nald mixed waste has 
been to develop a site program for characterizing, identifying, 
containerizing, confirmation sampling, documenting and transporting waste 
products acceptable to NTS. For FERMCO's subcontrac tor, Perma-Fix, this 
included preparation of a Process Control Plan, dem onstration of a 
Nuclear Quality Assurance Program, and a project-sp ecific Sampling Plan 
responsive to FERMCO's agreement with NTS.  
In conjunction with the Mobile Mixed Waste Stabiliz ation Project, FERMCO 
has focused on keeping NTS abreast of project plans , conducted Fernald 
site visits for NTS participants, worked through cl osure of NTS audit 
findings, and supported NTS inquiries for mixed was te treatment. These 
actions have paved the way for disposal of the proj ects treated mixed 
waste at the NTS facility. 
  Keep in close contact with regulators (i.e., DOE,  Ohio EPA, US EPA, and 
NTS) 
None of the responsive behavior that has been demon strated by DOE, Ohio 
EPA, US EPA, and NTS would have been possible witho ut an informational 
network that allowed these participants to keep up with project plans and 
schedules. Having information available and flowing  has contributed to 
creating team work among DOE, FERMCO, Perma-Fix, Oh io EPA, US EPA, and 
NTS participants. 
  Plan for a realistic schedule considering the lim itations of the site 
infrastructure 
Contractors might make big claims about how much wa ste per unit time they 
have processed on superfund sites, but none of that  really matters for a 
DOE on-site treatment. Many site groups interface w ith project 



activities, and sooner or later site infrastructure  is going to limit 
processing capability. For this project, the Reques t for Proposal defined 
what the desired daily processing rate would be. Ev en so, several 
proposals were submitted on the basis of much great er processing ability. 
  Temper the zeal to mix waste streams to minimize volume with the need 
to have traceability of the waste and accountabilit y of Special Nuclear 
Material (SNM) 
DOE Orders require FERMCO to retain accountability of SNM on site. For 
the Mobile Mixed Waste Stabilization Project accoun tability, this has 
meant that we devise a scheme to track isotopic bal ances of SNM in 
project waste streams prior to, during, and after p rocessing by Perma-
Fix. This need has driven the procedural systems de veloped for the 
project, and information taken and managed at vario us stages during 
treatment operations. 
The complexity of this task caused us to carefully define and understand 
the waste contents programed for different treatmen t episodes. We also 
decided not to mix some waste streams that could ha ve further minimized 
the final disposed volume. 
  Start with the easier material first  
The waste streams in the Fernald Mobile Mixed Waste  Stabilization Project 
had considerable variation. Some were expected to b e more difficult to 
successfully stabilize than others. There was a str ong temptation to 
require the processing of the most-difficult-to-tre at waste stream first 
to allow the maximum of time for the toughest chall enge. We wisely chose 
however, to start with the waste stream expected to  provide the minimum 
challenge for treatment. This allowed the best poss ible set of conditions 
for the project team to get: 1) all equipment funct ioning properly, 2) 
all organizational and process interfaces defined, 3) all project 
procedures improved, 4) operating data, 5) on-line air monitoring 
established, and 6) personal protective equipment e valuated. 
  Closely work the interface with the Federal Facil ity Compliance Act 
In the early project planning stage, there was a co ncerted effort to 
identify and recognize the participants and stakeho lders in the project 
under the Fernald Federal Facilities Agreement. The  master plan for the 
project was established recognizing the interfaces and coordination 
necessary to satisfy site needs and commitments. Th e pre-planning and 
close coordination of project services with site co mmitments proved very 
effective in minimizing stops and starts and promot ing project 
integration and efficiency. 
CONCLUSION 
We believe that the Fernald Mixed Waste Stabilizati on Project 
demonstrates that technically challenging mixed was te treatment projects 
can be successfully performed on DOE sites, within the DOE culture, by 
small business commercial waste treatment contracto rs. To be successful, 
the small business team must combine extensive wast e treatment knowledge 
and experience with DOE site know-how. The successf ul small business team 
must be willing to adapt to the formalized operatio nal environment of a 
DOE site, while the site prime contractor and DOE s ite office must 
recognize and capitalize on the innovative approach es from the commercial 
sector. 
This project has shown that stabilization/solidific ation processes have 
many performance advantages over competing technolo gies when dealing with 
waste streams having highly variable chemical and p hysical properties, 
such as DOE site legacy mixed wastes. This project has provided evidence 



that waste volume increases commonly attributed to cement-based waste 
stabilization processes are greatly exaggerated. Wa ste management 
planning decisions based on assumptions of 100 to 2 00 percent swell 
should be critically reviewed. DOE may be able to g reatly reduce final 
treatment costs and speed up legacy waste treatment  and disposal 
schedules by taking advantage of this inexpensive a nd proven technology. 
For highly variable wastes, the judgment of properl y trained, supervised, 
and experienced operators can be a better recipe fo r success than multi-
million dollar automated machines. 
 
15-35   
MOBILE SYSTEMS - A CHEAPER AND FASTER METHOD OF WASTE CHARACTERIZATION 
John F. Suermann 
Donald E. Watkins 
U.S. Department of Energy 
National TRU Program 
Carlsbad Area Office 
Carlsbad, NM 88220 
 
William J. McInroy 
S. M. Stoller Corporation 
Carlsbad, NM 88220 
William W. Weston 
Westinghouse Electric Corporation 
ES&H 
Waste Isolation Division 
Carlsbad, NM 88221 
ABSTRACT 
A mobile waste characterization systems analysis wa s performed by the 
Carlsbad Area Office National Transuranic Program, Department of Energy 
(DOE). The analysis identified and evaluated mobile  system parameters 
required for input to a National TRU Waste System M odel-a computer 
simulation specifically designed to evaluate option s related to the 
characterization and transportation the of transura nic (TRU) waste from 
generator site locations throughout the DOE complex  to final disposal at 
the Waste Isolation Pilot Plant (WIPP). Numerical e stimates of these 
parameters were obtained from a sampling of mobile waste characterization 
systems currently available for lease or purchase w ithin the DOE complex 
and the private sector. The analysis addressed the utility and 
feasibility of mobile systems to characterize conta ct-handled (CH) and 
remote-handled (RH) TRU waste stored in a variety o f containers including 
drums and boxes. Two baseline mobile system configu rations were 
identified as necessary and sufficient to address t he transportation and 
disposal of CH-TRU waste. Preliminary results obtai ned from a spreadsheet 
analysis indicated cost savings could be realized w hen these baseline 
mobile systems are used in conjunction with fixed w aste characterization 
facilities. 
INTRODUCTION 
Evolving regulatory requirements, a shrinking budge t, and a desire to 
accelerate schedules have resulted in the DOE's exa mination of 
alternative resources to supplement its current was te characterization 
capabilities. The utilization of mobile and/or port able waste 
characterization systems is one of these alternativ es. Mobile systems are 
self contained and self sufficient units capable of  independent field 



operation. Portable systems require the host site t o provide some support 
functions consisting of containment facilities and/ or utilities. 
Mobile/portable systems offer the option of providi ng supplemental 
assistance to major sites having limited fixed syst em capability and/or 
major support as in the case of small quantity site s (SQSs) having little 
or no waste characterization capability. When compa red to fixed systems, 
mobile/portable systems offer several advantages in cluding their mobility 
(ideally suited for field operations at major sites  and/or transportation 
to numerous small quantity sites), modular design ( capable of being 
easily reconfigured to address changing conditions and requirements), 
reduced capital costs (suitable for facilitating sm all business 
privatization of services), and reduced time betwee n placement of a 
purchase order and system delivery. 
WASTE CHARACTERIZATION METHODOLOGIES 
The methodologies approved by the TRU Waste Charact erization Quality 
Assurance Program Plan (QAPP) to address the requir ements for disposal at 
the WIPP include: 
  Nondestructive assay (NDA) 
  Nondestructive examination (NDE) 
  Headspace gas sampling and analysis 
  Visual Examination 
  Homogeneous waste sampling and analysis 
A subset of these methodologies is considered neces sary and sufficient to 
address the waste characterization requirements for  transportation 
between generator/storage sites. This subset consis ts of: 
  NDA 
  NDE 
  Headspace gas sampling and analysis. 
WASTE CHARACTERIZATION SYSTEMS 
For purposes of configuring the smallest core assem bly of mobile waste 
characterization systems, the three methodologies i dentified above as 
necessary and sufficient for meeting the requiremen ts for transportation 
are the preferred candidates. This core assembly of  three mobile systems 
is referred to in the systems analysis as the basel ine transportation 
configuration (BTC) or baseline transportation flee t. The larger core 
assembly of mobile waste characterization systems, which includes the 
necessary and sufficient characterization methodolo gies for purposes of 
disposal, includes all five of the methodologies li sted above. This core 
assembly of five mobile systems is referred to in t he systems analysis as 
the baseline disposal configuration (BDC) or baseli ne disposal fleet. 
In recognition of the variability of the waste matr ices and the variety 
of packaging types (drums, boxes) used to contain T RU waste, several 
additional systems have been identified to support the baseline 
transportation and disposal waste characterization core assemblies. These 
supporting or secondary systems provide the followi ng functions: 
  Drum venting and filter insertion 
  TRUPACT-II loading/unloading 
  Data integration and compression 
  Box repackaging 
  Size reduction (compaction, shredding) 
To illustrate the flexibility in tailoring an assem bly of mobile systems 
to address a specific problem, consider the example  where a SQS desires 
to dispose of its CH-TRU waste contained in non-ven ted 55-gallon drums. 
Assuming all elements of its certification program have been approved, 



the preferred mobile waste characterization system configuration in this 
case would consist of the BDC in addition to a drum  venting and filter 
insertion system plus the TRUPACT-II mobile loading  unit-a minimum of 
seven trailers to facilitate transport and disposal  of the waste at the 
WIPP. (Note: The TRUPACT-II is a TRU waste shipping  package.) If instead, 
it was deemed necessary to ship the waste to a majo r site for purposes of 
treating the waste to meet the WIPP waste acceptanc e criteria (WAC), the 
preferred waste characterization configuration woul d consist of the BTC 
in addition to the two ancillary systems used in th e preceding scenario - 
a minimum of five trailers to facilitate transport to a site other than 
the WIPP. 
Fixed System Capabilities 
Information pertaining to the generator/storage sit es and their waste 
characterization resources was obtained from severa l draft documents 
including the CH-TRU Waste Management Data Packages  (August 1995), the 
CH-TRU Waste Characterization System Analysis (Augu st 1995), and the RH-
TRU Waste Facility Characterization Capability Asse ssment (August 1995). 
This data provides a compendium of information for each CH-TRU and RH-TRU 
waste management activity at the generator/storage sites. 
A review of the above listed resources shows that o nly three sites 
currently possess the entire suite of five methodol ogies to characterize 
CH-TRU waste contained in 55-gallon drums. These si tes include the Idaho 
National Engineering Laboratory (INEL), the Los Ala mos National 
Laboratory (LANL), and the Rocky Flats Environmenta l Technology Site 
(RFETS). From a DOE complex wide standpoint, there is presently a limited 
capacity to perform waste characterization to ensur e a sufficient 
quantity of certified CH-TRU waste will be staged a nd ready for disposal 
upon the opening of the WIPP in 1998. 
Analysis of the collected data shows that no site w ithin the DOE complex 
is presently capable of characterizing (using all f ive methodologies) CH-
TRU waste contained in boxes. This result prompts t he question of whether 
it is more efficient and effective to repackage all  the boxed waste into 
drums or build the prerequisite fixed and/or mobile  box waste 
characterization systems. Data analysis also disclo ses skid-mounted waste 
characterization systems, designed especially for o peration within hot 
cells, offers an option for using portable systems to complement the 
existing and planned RH-TRU waste characterization capabilities site 
wide. Lastly, preliminary data received from a surv ey of SQSs indicate 
little or no capability to characterize waste for e ither transportation 
or disposal purposes. 
Prompted in part by the gaps in the generator sites ' capabilities to 
characterize waste for purposes of transportation a nd disposal, a need to 
evaluate alternatives for ensuring a sufficient flo w of certifiable waste 
to the WIPP for disposal in the near term became ap parent. As will be 
shown, the use of mobile waste characterization sys tems capable of 
addressing CH-TRU waste contained in 55-gallon drum s offers the most 
cost-effective and time-efficient methods for chara cterizing the waste at 
the generator/storage sites in the near term. 
Mobile System Capabilities (CH-TRU Waste) 
The mobile system parameters required for input to the National TRU Waste 
System Model include the following quantities: 
  Fielding time 
  Throughput 
  Capital cost 



  Operating cost 
  Maintenance cost 
  Set-up/breakdown time 
  Life cycle 
Numerical estimates of these parameters were obtain ed from both the 
commercial and government sectors via a survey. The  accompanying Table 
summarizes the results of that survey. Except for m obile box repackaging 
systems, all 13 of the mobile systems identified in  the Table are 
available for purchase and/or lease and are capable  of addressing the 
characterization of CH-TRU waste contained in 55-ga llon drums. 
In some instances the numbers obtained from the sur vey participants 
represent best estimates. Those mobile system param eters having the 
greatest variability relative to fixed system param eters include fielding 
times and capital costs. The following points of cl arification are 
provided regarding the tabulated data: 
  All operating costs pertain exclusively to the mo bile system and 
neglect all site-related functions, including overs ight authority, 
certification authority, training, waste transporta tion (from storage to 
staging area), health physics, radiation safety, sa feguards, etc. The 
role of site personnel in the operation of the syst em is determined by 
several factors. These factors include whether unio n involvement is 
mandated, whether cognizant engineers are required for data 
interpretation, and whether the waste characterizat ion methodology is 
intrusive or nonintrusive. 
  Capital costs do not encompass ancillary document ation, including a 
health and safety plan, sampling and analysis plan,  standard operating 
procedures, National Environmental Policy Act (NEPA ) documentation, 
Safety Analysis Report (SAR), Quality Assurance Pro ject Plans (QAPjPs), 
etc. 
  The majority of the mobile systems addressed in t he table are not 
available off the shelf; rather, these systems are built on an as-needed 
basis. Consequently, manufacturing costs are best e stimates due to 
limited production experience. The costs associated  with field deployment 
of the systems are a function of several variables,  including the number 
of operating personnel, anticipated maintenance and  repair costs, 
transportation costs, rate of amortization on inves tment, training, 
calibration, etc. 
  Not included in the set-up and breakdown times ar e other factors that 
add significantly to the time required for accessin g or departing a 
generator site. These factors include system inspec tion, decontamination 
(if applicable), administrative processing, approva ls, etc. 
  The identified drum venting system uses an enclos ure that completely 
surrounds the drum. 
  Data integration and compression are a consequenc e of the large volume 
of data associated with digital techniques typicall y used in NDA and NDE 
applications. Data fusion techniques using artifici al intelligence serve 
to emphasize the need for a dedicated data integrat ion and compression 
system. 
  Mobile box repackaging systems, although feasible  in principle, are not 
practical due to the large trailer size required fo r housing the glove 
box. The use of tandem (side-by-side) trailers has potential liability 
due to the risk of contamination when coupling and uncoupling the two 
systems. 



  A decontamination unit is required if the mobile systems are to be self 
contained and capable of responding to a contaminat ion occurrence. 
Other data in the Table requiring edification are t he quoted processing 
rates for several of the mobile systems. In particu lar the processing 
rate for the radiometric examination system needs t o be qualified. For 
clarity, examples of radiometric examination includ e real time 
radiography (RTR), digital radiography (DR), and co mputed tomography 
(CT). Although RTR is the most prevalent method emp loyed throughout the 
DOE complex, other methodologies are emerging and f inding application at 
several of the generator sites. 
Table I 
Digital radiography has been incorporated in the Wa ste Receiving and 
Process facility at Hanford, and CT is being explor ed for use at the 
INEL. An examination of these varied methodologies and their associated 
operating procedures shows that a wide range of thr oughputs are feasible 
depending on several assumptions-the most important  being the waste form 
under interrogation. In brief, there is no single v alue for throughput 
that is representative of the varied methodologies and waste forms found 
across the DOE complex. Resolution of this problem is best achieved by 
bounding the throughput, at least in the case of ND E and NDA. The other 
waste characterization methodologies and their asso ciated throughputs 
reported in the Table are considered reasonable bas ed on previous field 
experience. 
For NDE systems, the lower bound, upper bound, and mean throughputs are 
estimated to be as follows: 
  Lower bound 4 minutes per drum (using DR) 
  Upper bound 2 hours per drum (using CT @ 2 mm per  slice and assuming a 
full drum) 
  Mean = 20 minutes per drum (using RTR and assumin g a full drum) 
For NDA (gamma-ray and neutron) systems, the throug hput is a function of 
the waste matrix and counting statistics (signal-to -noise ratio). 
Consequently, only the mean throughput rates are li sted in the Table. 
Using the data contained in this Table as input to the National TRU Waste 
System Model, output resulting from the computer si mulations will provide 
information on a variety of system configurations a s measured against 
related waste work-off schedules, costs, and throug hput rates. Using 
various serial and parallel combinations of fixed a nd mobile systems, it 
is possible to arrive at the optimum TRU waste syst em configuration. 
In comparison to stationary systems, which may take  twelve or more years 
between concept and final construction of new facil ities, the time to 
field mobile systems is relatively short. Capital c osts are also modest 
in comparison with stationary systems. Processing r ates for mobile and 
fixed systems are about the same, depending on the assumptions made. 
Mobile System Capabilities (RH-TRU Waste) 
Limited experience exists in the arena of RH-TRU wa ste characterization. 
This situation is due in part to the fact that qual ity assurance 
objectives (QAOs) are still in the process of being  defined for RH-TRU 
waste data measurements. Without knowing a priori t hese performance 
requirements, it is impossible to design and develo p new instrumentation 
or processes to characterize this waste category. C onsequently, when 
polling potential suppliers to identify their capab ilities for developing 
systems able to characterize RH-TRU waste, their re sponses usually return 
as a question (e.g., "What do you want?"). 



The minimum generic requirements for RH-TRU waste c haracterization 
include the following: 
  Dedicated/controlled areas and laboratories (eith er hot cells, special 
facilities, or remote field locations) 
  Robotics (designed to interface with each of the waste characterization 
methodologies). Waste handling involving 55-gallon drums and sample 
handling involving core specimens necessitate the n eed for two or more 
unique robot systems 
  Shielding (to be provided by either hot cells, po rtable constructions, 
or natural [earth] constructions) 
  Dedicated systems (the requirements for the use o f dedicated/controlled 
areas, laboratories, and the use of shielding neces sitate the use of two 
independent sets of waste characterization systems to address CH-TRU and 
RH-TRU waste) 
Present commercially available technology using DR and/or CT facilitate 
the NDE of RH-TRU waste. Features such as backgroun d subtraction allow 
for the enhancement of the signal-to-noise ratio wh en working within 
intense background radiation fields. Image processi ng and enhancement can 
be used to provide automated pattern recognition of  objects using a 
stored library of attributes associated with a set of preselected 
objects. Penetration of shielded containers is not a problem when a 
linear accelerator is used in place of the standard  X-ray generators. In 
principle, NDE can be used for the characterization  of RH-TRU waste, 
whether shielded or unshielded, up to the 1000 rem/ hr limit allowed by 
the WIPP WAC. Although practical experience already  exists in the NDE of 
fuel rod elements and tank waste core samples havin g extremely high dose 
rates, the application of NDE technology to RH-TRU waste has not been 
demonstrated. A technology demonstration to show th at RH canisters and 
casks can be examined nondestructively constitutes the first step in 
validating the application of NDE to RH-TRU waste. 
Though presently not one of the approved waste char acterization methods 
listed in the QAPP, the use of X-ray CT also provid es an alternative for 
performing visual examination of RH-TRU waste. This  approach avoids the 
costly and time-consuming process of using a hot ce ll for unpackaging, 
inspecting, and repackaging of the waste. Image rec onstruction using CT 
data has been demonstrated capable of identifying o bjects as small as a 
dime when buried within a simulated waste matrix co nsisting of portland 
cement. 
In the case of the radioassay of RH-TRU waste, many  of the problems 
identified as germane to CH-TRU waste will also app ly to RH-TRU waste 
(i.e., nonideal matrix and source distributions in addition to self-
absorption, self-shielding, and matrix shielding). The increased 
background radiation fields, however, will only ser ve to further 
complicate the measurement of RH-TRU waste. Discuss ions with NDA 
instrument developers and the review of published p apers indicate the 
method of choice in the presence of high gamma fiel ds (usually from 
fission and activation products) is one that uses n eutron detection. Even 
this approach, however, has limitations as determin ed by the helium-3 
tubes used in the process. Above 1 rem/hr, the perf ormance of these tubes 
is no longer reliable. This value is a factor of 10 00 below the upper 
allowed dose rate for RH-TRU waste. Ongoing researc h and development is 
expected to extend the operating limits of the tube s to 100 rem/hr within 
the next few years. In summary, the greatest risk i n the process of 
characterizing RH-TRU waste appears to be the abili ty of NDA to comply 



with applicable QAOs-assuming they are similar to t he QAOs used for CH-
TRU waste. 
CONCLUSIONS 
This analysis has shown the feasibility of using mo bile systems to 
characterize CH-TRU waste contained in 55-gallon dr ums for purposes of 
transportation and disposal. The application of mob ile systems to 
characterize boxed CH-TRU waste, although feasible in principle, is not 
practical based on the multitude of box sizes emplo yed and the associated 
limitations of scale in performing NDA. Portable sy stems have application 
to RH-TRU waste due to the preference that all wast e characterization 
measurements be performed within hot cells. Other l imiting factors to RH-
TRU waste characterization includes NDA.  
With the opening of the WIPP rapidly approaching, t his analysis has 
demonstrated the need for the establishment of a Na tional Mobile Waste 
Characterization Program. The initial function of t his program would be 
to identify the preferred method(s) for acquiring t hese systems 
(purchase, lease, or service contract), prepare sol icitations, evaluate 
solicitations, make awards, and oversee the manufac turing of the systems. 
Before any mobile or portable waste characterizatio n systems can be used 
in conducting a campaign across the DOE complex, su fficient time must be 
allotted for the systems to go through a rigorous e nvironmental, safety, 
and health evaluation to identify all regulatory re quirements. One such 
evaluation has already been performed by the LANL, and the results of 
that investigation constitute the first step in con structing a generic 
template for this process. 
The data and results obtained by this analysis will  be fed into the 
National TRU Waste System Model. Output from this m odel is expected to 
result in the identification of the optimum fixed/m obile system 
configuration(s) for the development of a comprehen sive waste 
characterization strategy and reveal alternative op portunities for 
reducing cost and compressing the schedule for the preparation and flow 
of TRU waste. 
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ABSTRACT 
The development of a low-level radioactive waste (L LRW) disposal facility 
requires that a performance assessment be done to e nsure that the effect 
of the LLRW on the surrounding environment is withi n regulatory limits. 
One of these assessments is the evaluation of the l ong-term performance 
assessment which typically includes the time frame from approximately 
when the facility stops receiving waste to a time i n the distant future. 
This long-term performance assessment is usually do minated by a 
groundwater transport pathway. Because a typical LL RW disposal facility 
will contain in excess of 100 radionuclides that ne ed to evaluated, a 
detailed groundwater transport evaluation of all th e radionuclides in the 
LLRW disposal facility can be quite cumbersome. A s ystematic screening 
methodology is developed that considers the radionu clide half-life, 
daughter products, and partition coefficient betwee n soil and water. The 
result for the site evaluated is that only 15 radio nuclides (including 
daughter products) remain that require detailed gro undwater transport 
evaluation. In addition, an inventory limit can be proposed on only 7 
radionuclides and have confidence that the dose fro m the long term 
performance assessment will remain within regulator y limits.  
INTRODUCTION 
The licensing of a low-level radioactive waste (LLR W) disposal facility 
requires that a performance assessment be done to e nsure that the effect 
of the LLRW on the surrounding environment is withi n regulatory limits. 
One of these assessments is the evaluation of the l ong-term performance 
assessment which typically includes the time frame from approximately 
when the facility stops receiving waste to a time i n the distant future. 
The time in the distant future has been taken to be  a period long enough 
that other large scale environmental effects could occur, such as weather 
variations and associated glaciations, and the envi ronmental effect of 
the LLRW would be insignificant in comparison. 
The long term performance assessment is typically i nitiated by evaluating 
the waste stream that is expected to be received at  the facility. 
Evaluation of this waste stream typically results i n excess of 100 
radionuclides being present. A detailed evaluation of this large number 
of radionuclides can be quite cumbersome. In additi on, the evaluation 
usually finds that only a small number of the radio nuclides make a 
significant contribution to the performance assessm ent. During 
performance assessments, a number of the radionucli des are often 
evaluated individually and eliminated from further consideration. This 
paper presents a systematic criteria and methodolog y for determining the 
radionuclides that make a significant contribution to the long-term 
performance assessment of a LLRW disposal facility.  Table I at the end of 
the paper provides an example matrix for a limited number of nuclides 
that can be used for this systematic screening.  
Table I 
SOURCE TERM 
In order to evaluate the environmental effect of th e LLRW disposal 
facility, an estimate of the waste to be received m ust be evaluated. A 
reasonable estimate of the future waste stream may be determined by 
evaluating the historical waste stream in the regio n the disposal 
facility is to serve. This information is readily a vailable from the U. 
S. D.O.E. National Low-Level Waste Management Progr am, Manifest 
Information System (MIMS) that retains all commerci al LLRW shipping 
manifest information. The information includes the radionuclides, 



activity, and volume of LLRW shipped by waste gener ator, by state the 
generator is in, and by year of shipment. (The iden tity of the waste 
generator is not readily available because generato rs are labeled only by 
identification number.) Reports are readily availab le from MIMS for the 
states and time periods of interest. 
The Central Interstate Compact (CIC) LLRW disposal project obtained 
radionuclide, activity, and volume information from  MIMS for the 7 year 
period from 1986 through and including 1992 for was te shipped from the 
five states within the CIC region. This information  was averaged over the 
seven years to obtain an average annual average tot al volume and activity 
by radionuclide shipped for disposal. This annual a ctivity by 
radionuclide is input to a computer code (SOURCE2) that solves the 
bateman equations and determines the 30 year facili ty inventory including 
daughter products. 
The average waste volume during this 7 year period was approximately 
87,000 ft3/y, which would produce approximately 2.6  million ft3 in 30 
years if waste generation remained at this average value. The design 
basis for the facility is 5 million cubic feet, the refore, the 30 year 
radionuclide activity from MIMS and SOURCE2 was mul tiplied by the factor 
of 5/2.6 = 1.9 to provide a 5 million ft3 equivalen t inventory in 30 
years of operation. 
EVALUATION OF GROUNDWATER TRANSPORT 
The long-term performance assessment of a LLRW disp osal site usually 
requires an evaluation of groundwater transport bec ause when a site is 
properly closed this groundwater pathway is one of the few credible ones 
that remains. In order to evaluate the effect from groundwater transport 
of radionuclides, the disposal site must be well ch aracterized and 
include a model of groundwater flow in the region, a local model of 
groundwater flow beneath the disposal site, and reg ional meteorology. 
These models are matched against each other to arri ve at appropriate 
boundary conditions. The model should also include a description of the 
geological strata at the site that is usually obtai ned from borings. The 
application of these models will produce a groundwa ter transport time to 
the site boundary. This time duration is important because the ingestion 
of water from a well that is drilled at the site bo undary often dominates 
the dose assessment for the long-term performance. 
The evaluation groundwater transport at the CIC sit e yields a mean 
transport time to the site boundary of 1420 years, and a bounding case 
transport time (conservatively assuming rainfall pe rsists at a near 
record value and a corresponding high water table) of 240 years. The 
bounding case transport time of 240 years is used i n the evaluation to 
provide confidence that a conservative analysis has  been performed.  
ESTABLISHING CUTOFF CRITERIA BASED ON HALF-LIFE 
Many radionuclides in a LLRW disposal facility have  a half life that is 
sufficiently short that they will decay to an insig nificant quantity 
prior to reaching the site boundary. An initial est imate of a 10 year 
life was chosen as being the minimum half life that  would make a 
contribution to the dose. For a radionuclide with a  10 year half life, 
and a site boundary travel time of 1420 years or 14 2 half lives, the 
activity in the original inventory would decrease b y a factor of 2142, or 
approximately 2E-43 of the original inventory remai ns. For the bounding 
case travel time of 240 years, the 10-year half-lif e represents 24 half-
lives, or a decrease in the original inventory by a  factor of 224 , or 
approximately 6E-8 of the original inventory remain s. The remaining 



inventory fraction from both of these travel times is sufficiently small 
that one can confidently predict that there will be  an insignificant 
contribution from radionuclides with a half-life of  10 years or less, and 
they can be eliminated from further evaluation.  
EVALUATION OF RETARDATION OF RADIONUCLIDES BASED ON Kd 
An evaluation of the groundwater travel time to the  site boundary was 
provided above. This is the time period for the gro undwater and chemicals 
and radionuclides that remain dissolved in the wate r to reach the site 
boundary. However, many chemicals interact with the  soil that the 
groundwater travels through and the result is a ret ardation in the 
transport of the radionuclides. The time period in which it takes a 
particular chemical or radionuclide to move through  soil is determined by 
multiplying the groundwater travel time to the site  boundary times a 
retardation factor. The chemical parameter that is used to evaluate the 
retardation factor is called the distribution coeff icient, Kd, and is 
related to the retardation by the following express ion. 
 Ri = 1 + Kdi * bulk densityj /porosityj 
where R is the retardation factor, Kd is the distri bution coefficient, 
the subscript I indicates the chemical of interest and j indicates the 
material that the chemical is traveling through. 
Values of the bulk density and the porosity of the soil can be obtained 
from site specific measurements. Kd values can also  be obtained from site 
specific measurements, or may be obtained from prev ious tabulations such 
as are provided in Ref. 1. 
An example of the application of this methodology i s provided below using 
cobalt as a LLRW nuclide and soil properties from t he CIC site. From Ref. 
1, the Kd of cobalt in clay is 550cm3/gm. A conserv ative evaluation of 
the CIC soil properties provides for a bulk density  of 1.533 gm/cm3 and a 
porosity of 0.4, or a ratio of bulk density to poro sity of 3.83 gm/cm3. 
This ratio times the Kd of 550 cm3/gm yields 2107, and the addition of 
the constant 1 is clearly insignificant. The result  is that cobalt 
released into the groundwater and traveling through  clay will arrive at 
the site boundary 2107 times the groundwater travel  time to the site 
boundary. The conservative bounding travel time to the site boundary is 
240 years, therefore the cobalt may be expected to reach the site 
boundary after 506,000 years under these conditions . 
ESTABLISHING A CUTOFF CRITERIA BASED ON Kd  
The methodology described above can also be used to  back calculate a Kd 
that correlates to a particular travel time to the site boundary. The 
travel time is taken to be a period long enough tha t other large scale 
environmental effects could occur, such as weather variations and 
associated glaciations, and the environmental effec t of the LLRW would be 
insignificant in comparison. A time duration of 10, 000 years fits this 
criteria. 
Given the soil conditions at the site and a limitin g travel time of 
10,000 years, it is then possible to derive a limit  on the Kd above which 
the radionuclides will not reach the site boundary in 10,00 years. The 
retardation factor is 10,000/240 = 41.7. Rearrangin g the expression for 
Kd above, and taking the constant 1 as an insignifi cant contributor, the 
result is  
Kd  = R / (bulk density/porosity) 
  = 41.7/(3.83)  
  = 11 



Therefore, one can establish a limiting Kd value of  11, and radionuclides 
with a Kd of greater than this value are not be exp ected to reach the 
site boundary within 10,000 years even under the co nservative bounding 
conditions that would produce a 240 year groundwate r travel time to the 
site boundary.  
CONSIDERATION OF DAUGHTER PRODUCTS 
An additional consideration that must be made is th e contribution 
daughter products may make to the radionuclide conc entration at the site 
boundary well. Daughter products are a different ch emical species than 
the parent and therefore the Kd consequent transpor t properties would be 
different from the parent. These daughter products are treated in two 
different fashions. If the parent - daughter relati on is not part of a 
continuing decay chain, and the half life of both r adionuclides is short 
(10 years or less), neither the parent nor daughter  will make a 
significant contribution at the site boundary. An e xample of this is 
zirconium-95. This radionuclide has a 64-day half-l ife and has a daughter 
product that is niobium-95, which has a half-life o f 35 days. 
If the daughters are part of a longer decay chain, the chain is reviewed 
more carefully. If the parent and all daughters in the chain have a large 
Kd (>11), the radionuclides do not make a significa nt contribution for 
the same reason that other radionuclides are elimin ated on the basis of 
Kd. If one of the daughters has a small Kd (<11), t hen this daughter and 
all subsequent decay daughters are included in the evaluation. The 
subsequent daughters are included because they coul d arrive at the site 
boundary by being transported by a small Kd parent.   
SUMMARY OF REMAINING RADIONUCLIDES 
For the CIC project, the only radionuclides that re main after performing 
screening elimination described above are hydrogen- 3, carbon-14, 
strontium-90, yttrium-90, technetium-99, iodine-129 , americium-241 (and 
daughters neptunium-237, palladium-233, uranium-233 , thorium-229, radium-
225, actinium-225, francium-221, astatine-217, bism uth-213, polonium-213, 
thallium-209, and lead-209), and americium-243 (and  daughter neptunium-
239).  
It is interesting to note that of these radionuclid es, hydrogen-3, 
carbon-14, technetium-99, and iodine-129 are requir ed to be listed on the 
shipment manifest in accordance with 10CFR20 Append ix F. Although common 
literature values (1) of Kd for strontium and ameri cium would eliminate 
these radionuclides, a site specific measurement in dicated that Kd for 
these radionuclides may be within the criteria and therefore they were 
retained. The strontium-90 daughter, yttrium-90, is  retained because of 
the possibility of being transported by strontium-9 0. The americium 
daughters were retained because of the possibility of being transported 
by the parent americium. 
A review of the inventory and dose effects indicate d that the 
contribution from actinium-225 is negligible, and t herefore contribution 
from the nuclides francium-221, astatine-217, bismu th-213, polonium-213, 
thallium-209, and lead-209 is also negligible. Ther efore, these 
radionuclides were not evaluated further. 
A long term performance assessment can then be perf ormed using the 
inventory for these 15 radionuclides. 
This methodology provides a systematic approach to determine a set of 
radionuclides that can be used in performing a long -term performance 
assessment. The approach greatly simplifies the act ual evaluation of the 
dose assessment by justifiably reducing the number of radionuclides for 



which a dose assessment needs to be performed. By r estricting the dose 
assessment to the contributing radionuclides, resou rces are appropriately 
focused on evaluating and understanding the dose co ntribution from these 
significant contributors. 
An additional use that can be made of the methodolo gy and subsequent dose 
assessment is to determine a maximum radionuclide i nventory that can be 
disposed and remain within regulatory limits. Of th e 15 remaining 
radionuclides, one is a daughter of strontium-90, s ix are daughters of 
americium-241, and one is a daughter of americium-2 43. Because the 
inventory of the daughters is determined by the inv entory of the parents, 
the inventory limit need only be established for th e parents. Therefore, 
an inventory limit could be established for only se ven radionuclides 
(hydrogen-3, carbon-14, strontium-90, technitium-99 , iodine-129, 
americium-241, and americium-243) and have confiden ce about the resulting 
dose assessment. One could arbitrarily allocate a 1  mrem/yr dose to each 
of the seven radionuclides (including dose contribu tion from daughters) 
and then determine the radionuclide inventory in th e LLRW disposal 
facility that would create this 1 mrem for each of these seven 
controlling radionuclides. This calculated inventor y for the seven 
controlling radionuclides will result in a dose tha t is well within the 
regulatory limit of 25 mrem/yr.  
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ABSTRACT 
Since disposal of low level radioactive waste from nuclear power plants 
in Japan began in 1992, the operation is proceeding  favorably and 
approximately 50,000 of 200  -drums of waste have b een disposed of in the 
Rokkasho Disposal Center up to May 1995. 
The burial facility of the Rokkasho Disposal Center  is equipped with a 
double cover soil layer. One is a bentonite/soil mi xture that is less 
permeable than the surrounding soil and is installe d at the side and the 
top of the burial pits against water permeation. Th e other is ordinary 
soil that is placed over the layer of the bentonite /soil mixture. 
The Radioactive Waste Management Center has carried  out a large scale 
tracer test for both layers under contract with the  Science and 
Technology Agency from 1991 to 1995. 



A large scale experimental facility equipped with t he double cover soil 
layer, which is some meters wide and some meters lo ng, was applied to 
this tracer test for the purpose of evaluating the performance of these 
natural soil barriers on restraining the migration of radionuclides. The 
following results were obtained by this test and th e safety of the burial 
disposal was confirmed. 
1. For ordinary soil cover, the following RFs (Reta rdation Factor) of 
imitative (nonradioactive) nuclides were calculated  from the experimental 
data in the case of the 40 cm/day of groundwater ve locity, and those 
convinced us that ordinary soil cover also has a ce rtain barrier 
function. 
  RD of SR=67, RF of Co=121, Rf of Cs=107 
2. Bentonite/soil mixture, which consisted of 10wt%  bentonite and 90wt% 
sandy soil, reduced the velocity of groundwater to 1/1300 compared with 
that in the ordinary soil cover layer. 
3. The behavior of radionuclides for long term was evaluated by using 
experimental data, and the following analytical res ults showed clearly 
the effectiveness of the bentonite/soil mixture. 
a. In the case of the installation of the bentonite /soil mixture, 
migration of short-lived radionuclides such as Co-6 0 could be restrained 
remarkably and they would disappear by radiation de crement before release 
from the burial facility. 
b. The maximum release rate of long-lived radionucl ides such as Nb-94 or 
I-129 would be reduced by the factor of 1/1000 to 1 /10000 and the time at 
the maximum release rate would also be delayed to 4 0,000 years for Nb-94 
and 400 years for I-129 by installation of the bent onite/soil mixture. 
BACKGROUND 
Since disposal of low level radioactive waste from nuclear power plants 
in Japan began in 1992, the operation is proceeding  favorably and 
approximately 50,000 of 200  -drums of waste have b een disposed of in the 
Rokkasho Disposal Center up to May 1995. 
One of the technical criteria in Japanese Regulatio ns respecting disposal 
of low level radioactive waste established that a d isposal facility 
should be covered with sand and/or soil, which is l ess permeable than the 
surrounding soil. In accordance with this criterion , the burial facility 
of the Rokkasho Disposal Center is equipped with a double cover soil 
layer. One is a bentonite/soil mixture layer (herei nafter "B/S mixture 
layer") that is less permeable than the surrounding  soil and is installed 
at the side and the top of the burial pits against water permeation. The 
other is an ordinary soil layer that is placed over  the layer of 
bentonite/soil mixture. Many disposal facilities of  LLW in the world also 
have developed similar methods to inhibit water per meation to the 
facility and to restrain the migration of radioacti ve nuclides.  
The Radioactive Waste Management Center in Japan ha s carried out a large 
scale tracer test for both layers (bentonite/soil m ixture layer and 
ordinary soil layer) in the outdoor concrete vaults  under contract with 
the Science and Technology Agency from 1991 to 1995 . 
The purpose of this tracer test is summarized in th e three points that 
follow: 
  to confirm that the bentonite/soil mixture layer has better ability to 
reduce the velocity of groundwater than the ordinar y soil layer, 
  to testify that both layers could restrain the mi gration of 
radionuclides, 



  to demonstrate the performance of a natural soil barrier and the safety 
of the disposal facility for the local government a nd dwellers in the 
vicinity of the disposal site. 
EXPERIMENTAL METHOD 
Experimental Facility 
A large scale experimental facility equipped with a  double cover soil 
layer was constructed for tracer tests. This facili ty has two concrete 
vaults. One for the test of the bentonite/soil mixt ure layer has a 6 m 
width, 4 m length and 7 m depth (Fig. 1a). The othe r for the test of the 
ordinary soil layer has a 6 m width, 6 m length and  6 m depth (Fig. 1b). 
Each vault was equipped with an intake and discharg e water tank for 
giving a groundwater flow. Artificial precipitation  equipment was 
installed at the top of each vault. 
Fig. 1 
Tracers 
Table I shows the kinds of tracers and additive con centration. The 
injection of all tracers in a lump sum including br omine (Br-: tracer of 
water) was applied for the test of the bentonite/so il mixture layer. In 
the test of the ordinary soil layer, a constant and  continuous injection 
was applied. 
Experimental Condition 
The specification of each soil layer and the experi mental conditions are 
summarized in Table II. In the test of the ordinary  soil layer, prior to 
the tracer test of imitative nuclides, bromine was injected singly to 
measure the velocity of groundwater. 
Table I 
Table II 
EXPERIMENTAL RESULTS 
The Velocity of Groundwater 
The velocity of groundwater of each soil layer meas ured by the tracer 
test of bromine and by flow meter is summarized in Table III. By these 
experimental data, it was confirmed that the B/S mi xture layer reduced 
the velocity of groundwater to 1/960~1/1300 compare d with that in the 
ordinary soil layer. 
Table III 
Migration of Imitative Nuclides 
  Concentration in Groundwater 
One tracer test using imitative nuclides in the ben tonite/soil mixture 
layer was carried out for 908 days. In this test no  imitative nuclides 
were detected at the two monitoring points which ar e 0.5 m and 1 m 
distance from the injection pipe. 
The other tracer test using imitative nuclides in t he ordinary soil layer 
was carried out for 797 days. In this test obvious migration of all 
imitative nuclides was observed, especially iodine and strontium, which 
were detected at the farthest monitoring well (No. 5 well 4.0 m from the 
injection point)(Fig. 1b). This means some of these  tracers may go out to 
the discharge water tank through the ordinary soil layer. Though cobalt 
and cesium were also detected at the monitoring wel l, which are 0.5 m and 
1 m from the injection point, the migration distanc e of these tracers was 
remarkably shorter than that of strontium. 
Surface Concentration on Soil Layer 
Four vertical cross sections describing the surface  concentration 
contours of imitative nuclides in the B/S mixture l ayer are shown in Fig. 
2. All imitative nuclides injected remained within the region of a  few 



centimeters from the injection pipe. This small mig ration distance was 
probably caused by the molecular diffusion of the t racer not by 
groundwater flow. 
Three horizontal and three vertical cross sections describing the surface 
concentration contours of imitative nuclides in ord inary soil layer are 
shown in Fig. 3 and Fig. 4, respectively. And chara cteristics data 
summarizing the migration of the three imitative nu clides (Co, Cs, Sr) 
are summarized in Table IV. From Table IV obvious m igration of these 
imitative nuclides was recognized. On the other han d, we confirmed that 
Co, Cs, Sr were absorbed on the surface of the soil  in high concentration 
and their migration in the ordinary soil layer was certainly restrained. 
This result convinced us that the ordinary soil lay er also had a certain 
barrier function. 
Fig. 2 
Fig. 3 
Fig. 4 
Table IV 
Discussion about Mass Balance 
Table V shows the mass balance of the three imitati ve nuclides in both 
soil layers. In these tracer tests, favoritable mas s balance was 
obtained. It means that each tracer test had been c arried out 
successfully and the concentration of the imitative  nuclides in the water 
and on the soil was measured correctly. 
Table V 
Long-Term Evaluation of the Effect of the Bentonite /Sand Mixture Layer 
We predicted the migration of radionuclides near th e disposal facility, 
and assessed the effect of the B/S mixture layer as  natural barriers. 
Condition 
As to shape and dimension of the disposal facility,  the only parameters 
necessary to calculate are assumed, and we evaluate d the effect of the 
B/S mixture by comparing the time dependence of the  normalized fluxes for 
the following two cases, whose models are shown in Fig. 5 
  case-1: with the B/S mixture layer 
  case-2: without the B/S mixture layer 
Fig. 5 
Normalized flux (hereinafter 'NF') is defined by Eq . 1, so its dimension 
is meter/second ( = (Bq/s/m2)/(Bq/m3)). 
Eq. 1 
We compared each flux at a downstream distance of t wo meters from the end 
of the disposal facility because that point is the border of the B/S 
mixture layer and the ordinary cover soil for case- 1. Calculation is 
implemented for five radionuclides (Co-60, Cs-137, Sr-90, Nb-94 and I-
129) and by using one-dimensional mass migration co de that takes account 
of radioactive decay.  Those radionuclides are assu med to be reduced by 
disintegration and release from the disposal facili ty. In the B/S mixture 
layer, migration by diffusion is predominant. 
Parameters 
Parameters for migration prediction, which are main ly gained by 
complemental laboratory tests, are shown in Table V I. In addition, 
groundwater velocity in the normal cover soil gaine d by the field 
validation test is so fast that we assume two value s in the calculation 
prediction: one is an experimental value and the ot her is two orders 
lower. 
Table VI 



Results 
Calculation results, shown in Fig. 6 except for Co- 60 are as follows. 
Co-60: Since water flow is very low in the B/S mixt ure layer because of 
diffusion predominant in the area, those nuclides w hose half lives are 
lower than several years such as Co-60 decay  to a negligible order 
during migration in the B/S mixture layer in case-1 . 
Cs-137: Those nuclides whose half lives are tens of  years but whose Kd's 
are large enough such as Cs-137 decay to a negligib le order by the 
sorption function of the B/S mixture layer at the e valuation point in 
case-1. 
Fig. 6 
Sr-90 and Nb-94: For such nuclides that have the fo llowing 
characteristics, the effect of the B/S mixture laye r establishment is 
expected if the groundwater velocity in the ordinar y cover soil is 
typical for repository site condition. 
a. whose half lives are several tens of years and w hose Kd's are not so 
 large such as Sr-90 
b. whose half lives are very long but whose Kd's ar e large enough such 
 as Nb-94 
I-129: Nuclides of very long half life and small Kd  such as I-129 are all 
released from the facility within a finite period i n the case of "without 
the B/S mixture layer (case-2)" where the flow rate  is the larger, so NF 
of case-1 (with the B/S mixture layer) is greater t han that of case-2 
after that time as a calculation result. We interpr et that the effect of 
the B/S mixture layer establishment is expected bec ause the absolute 
value is small enough if the water velocity in the normal cover soil 
layer is typical for a repository site condition. 
In the case of short-half-life nuclides, the releas e rate out of the B/S 
mixture layer is reduced drastically because of the  reduction of the flow 
rate and the sorption property by the B/S mixture l ayer. In the case of 
long-half-life nuclides, the establishment of the B /S mixture layer is 
suggested to be effective from the point of Normali zed Flux, if the 
groundwater velocity in the cover soil is typical f or a site condition of 
shallow land disposal. 
CONCLUSION 
1. For ordinary soil cover, the following RFs (Reta rdation Factor) of 
imitative (non-radioactive) nuclides were calculate d from the 
experimental data in the case of the 40 cm/day of g roundwater velocity, 
and those convinced us that the ordinary soil cover  also has a certain 
barrier function. 
  Rf of Sr=67, Rf of Co=121, Rf of Cs=107 
2. The B/S (Bentonite/soil mixture layer), which co nsisted of 10wt% 
bentonite and 90wt% sandy soil, reduced the velocit y of the groundwater 
to 1/1300 compared with that in the ordinary soil c over layer. 
3. The behavior of radionuclides for long term was evaluated by using 
experimental data, and the following analytical res ults showed clearly 
the effectiveness of the B/S mixture layer. 
a. In case of the installation of the bentonite/soi l mixture, migration 
of short-lived radio-nuclides such as Co-60 could b e restrained 
remarkably and they would disappear by radiation de crement before release 
from the burial facility. 
b. The maximum release rate of long-lived radionucl ides such as Nb-94 or 
I-129 would be reduced by a factor of 1/1000 to 1/1 0000 by the 
installation of a bentonite/soil mixture, and the t ime at the maximum 



release rate would be also delayed, compared with t he case of no 
bentonite/soil mixture, to 40,000 years for Nb-94 a nd 400 years for I-
129. 
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ABSTRACT 
Carbon-14 is an important radionuclide to retain in  waste repositories 
and away from the environment. It has all the chara cteristics of a 
problematic radionuclide: long half-life; high mobi lity in most 
environments; high biological incorporation; and fo r some wastes, 
relatively high inventory. In Canadian CANDU power reactor systems, much 
of the 14C that is produced is captured and retaine d in various 
wasteforms. In previous studies, disposal in a deep  plutonic-rock vault 
was assessed to be suitable for 14C in fuel wastes.  Different disposal 
concepts were assessed for low- and intermediate-le vel wastes (L&ILW), 
and these included cementitious matrices and a carb onate rock formation. 
These concepts for L&ILW proved useful in a generic  sense, although in 
stochastic simulations there were situations where average releases were 
higher than our target. Data were sparse for severa l features of the 
assessment, and these data needs are described.  
INTRODUCTION 
Of the many radionuclides in radioactive waste, 14C  is unique because of 
a combination of important features. It has a long half-life. In many 
geochemical settings it behaves as a gas or as an a nion, both with high 
mobility. It becomes chemically indistinguishable f rom the 12C in all 
life forms, and so is easily absorbed into biota in cluding humans. At the 
same time, there is good potential to isolate 14C i n durable wasteforms 
and repositories to keep it away from the surface, biosphere environment. 
In the Canadian radioactive waste disposal programs , 14C is dealt with in 
a number of ways that are estimated to lead to low or negligible doses. 
This report summarizes the concepts evaluated to da te, with emphasis on 
low- and intermediate-level waste (L&ILW). The resu lts presented here for 
L&ILW are preliminary, and should be interpreted as  a scoping analysis 
only. Various assessment methodologies will be used  before an assessment 
is considered complete, and this paper deals only w ith one, key, 
modelling approach. 
CANADIAN DISPOSAL CONCEPTS 
Canada has over 20 operating CANDU reactors, and al l the waste is in 
interim storage awaiting final disposal. Several co ncepts for disposal 
facilities have been advanced. For nuclear fuel was te, the concept itself 
is now being formally evaluated by Federal agencies  before there is any 
action taken toward siting. The nuclear fuel waste (NFW) disposal concept 
is for a disposal of aged but intact fuel bundles i n corrosion-resistant 
metal (titanium or copper) containers. The containe rs are emplaced in 
clay-based buffer and backfill in disposal rooms mi ned into plutonic rock 
500 to 1000m underground. The concept has been asse ssed (1) and is now 
under review, with hearings pending. If successful,  a facility could be 
built in time for start-up in 2025. Documentation o f the NFW disposal 
concept is complete and widely available (1, 2, 3, 4, 5), and so the 



brief description of assessment results described h ere is only to show 
the relative effectiveness of various 14C retardati on processes. 
Disposal plans for L&ILW are at an even earlier sta ge: we are seeking and 
comparing concepts. Two concepts for L&ILW have bee n assessed to date, 
and several more assessments are underway. The docu mentation of the 
assessment results (6, 7) emphasizes the preliminar y nature of these 
assessments and concepts. 
The two concepts for disposal of L&ILW discussed he re are disposal in 
glacial till, and disposal in carbonate rock. The c onceptual till 
facility has a near-surface vault, and was deemed s uitable only for low-
level waste (LLW). This does include some 14C. The vault in till is 
constructed of reinforced, low-permeability concret e and is backfilled 
with porous concrete. The conceptual carbonate rock  vault is at 150-m 
depth and was assessed for both LLW and intermediat e-level waste (ILW), 
and contains substantial amounts of 14C. The vault consists of mined-rock 
rooms backfilled with porous concrete. Once a succe ssful concept has been 
identified and approved, a disposal facility or fac ilities could be built 
in time for start-up in 2015.  
WASTE STREAMS AND INVENTORIES 
The NFW is expected to contain 5.0 x 107 Bq 14C per  kg uranium, with a 
total inventory in the vault of 8.1 x 1015 Bq 14C ( 2.2x105Ci). This 14C 
will be present in the UO2 grains, with less than 0 .1% in the grain 
boundaries and other gaps in the fuel bundle (1). T he LLW assessed for 
the till vault is expected to contain 1.1x 107 Bq 1 4C (3.0x10-4Ci), all 
in readily leachable forms. The L&ILW assessed for the carbonate rock 
vault is expected to contain 1.1 x 1016 Bq 14C (3.0 x105Ci) immobilized as 
calcite, 2.8x1015Bq (7.6x104Ci) 14C in metal compon ents where the 14C 
will be released on corrosion of the metal, and 4.2 x1012Bq (110Ci) 14C in 
high density concrete. 
ASSESSMENT MODELS 
The assessment models, used as part of the overall concept assessments, 
are quite detailed and are structured in three part s: vault, geosphere 
and biosphere. The combined models start with infor mation about waste 
inventory and system properties and output dose est imates for humans and 
other biota with time after closure of the vault. T hese models are 
controlled through the executive SYstems Variabilit y Analysis Code 
(SYVAC). Most parameter inputs are specified by pro bability density 
functions (PDFs) that described the most likely val ues, the variation 
about these values, and the upper and lower truncat ion limits. Parameters 
may also be statistically correlated, using a simpl e correlation 
coefficient. The SYVAC executive can operate the mo dels in a 
probabilistic mode, where values are chosen randoml y based on the PDFs, 
or in a deterministic mode. The deterministic mode used most often is one 
where the median values for each parameter is used.  These are called 
median-values runs in this report. 
When the models are operated in a probabilistic, Mo nte Carlo mode, they 
are run many times with many independent suites of parameter values. 
Typically >1000 runs are made to obtain meaningful probabilistic results. 
Although the dose estimates conform to a strongly s kewed frequency 
distribution, the summation of interest to the regu lator (8) is the 
arithmetic mean of these dose estimates. 
RETARDATION AND DOSE-ATTENUATION PROCESSES IMPORTANT FOR 14C 
In the NFW concept, a corrosion resistant container , a diffusion barrier 
adjacent to the waste containers and a long path le ngth through the 



plutonic geosphere to the biosphere are the major r etardation features 
important to isolation of 14C. Geochemical retardat ion by processes such 
as sorption or isotopic exchange were assumed to be  nil (9).  
In the biosphere for both the NFW and L&ILW assessm ents, several 
processes built into the models contribute to dose attenuation (10, 11). 
A key one is an upper dose cutoff based on assumpti ons about specific 
activity in the geosphere. The 14C emerging into th e biosphere from the 
geosphere will undergo isotopic exchange with 12C a long the path. This is 
expected to be a massive dilution, especially in th e biosphere, but it is 
difficult to model because the rate of mixing canno t be specified in a 
realistic yet conservative way. However, one defens ible series of 
assumptions is that isotopic dilution is essentiall y irreversible, so 
that dilution that occurs at the discharge from the  geosphere will be 
manifest throughout the biosphere. In fact, it will  be augmented in the 
biosphere. The isotopic dilution in the geosphere i s computed using the 
estimated 14C concentration in groundwater entering  a bedrock well and 
the observed inorganic 12C concentration in groundw ater at depths typical 
of bedrock wells. The values of the 12C concentrati on in groundwater are 
assigned using a PDF. The resulting isotopic ratio is then used to 
calculate a dose to humans and to other biota, assu ming the same isotopic 
ratio throughout their bodies. The dose conversion factor is 2.5x10-7 Sv 
a-1 per Bq kg-1 soft tissue. The resulting dose est imate is assumed to be 
the highest dose that could happen, and implies tha t people and other 
biota derived all of their tissue C from the geosph ere. Obviously, much 
really comes from the atmosphere. 
The geosphere upper dose cutoff is used as a check of dose estimates 
derived through classical transfer parameter models  (12). The lower dose 
of the two calculated in each run is used, and cont ributes to the 
arithmetic mean dose from all of the probabilistic runs. Sheppard et al. 
(11) describe the 14C biosphere model and the under lying parameter values 
in detail. Specific activity modelling is used in o ther parts of the 
biosphere model as well (5, 6), most notably for th e soil-to-plant 
transfer of 14C. 
For LLW disposal in till, wasteform degradation doe s not slow the release 
of 14C: it was assumed to be fully available for le aching once the vault 
barrier is breached. The 14C was moderately sorbed in the vault backfill 
concrete. The concrete will react with any aqueous 14C to form calcite 
reaction products, and this will further retard 14C  migration (13). 
Isotopic exchange was not included in the present a ssessment. Once 14C is 
released from the vault, the configuration of the t ill disposal vault was 
such that groundwater flow was vertically downward through the vault and 
underlying till and into a carbonate rock formation  underneath. Flow was 
then lateral towards a lake. Geochemical retardatio n was modelled in the 
carbonate geosphere. However, even here the retarda tion was set to nil in 
10% of the runs to account for chemical species of 14C that may not be 
retarded by the carbonate rock. 
For ILW, the wasteforms were an additional barrier,  and the most 
important for controlling 14C migration. The 14C in  metal matrices was 
released by corrosion of the metals. Most of the in ventory of 14C is in 
cementitious wasteforms because here it will reside  as calcite, which has 
been shown to be quite effective in attenuation of 14C (13). Laboratory 
experiments have demonstrated that the release of 1 4C from the calcite 
matrix is solubility-limited congruent release with  no net dissolution of 
the calcite matrix. The geochemical aging of the co ncrete was also 



modelled using the CHEQMATE code (14), and the resu lts indicated that 
although pH decreased with aging, the original calc ite remained stable 
and only a limited amount of 14C was released by is otopic exchange with 
inorganic C in groundwater. Once 14C was released f rom the vault, a long 
path length through a carbonate geosphere was model led, with geochemical 
retardation in the carbonate rock in 90% of the run s. 
RESULTS OF ASSESSMENT 
The full assessment of the NFW concept embodied sev eral approaches, only 
one of which was the running of the SYVAC simulatio ns. Only SYVAC results 
are presented here. 
The dose from the median-values runs and the mean d ose from the 
probabilistic runs for the NFW concept were dominat ed by 129I, with 14C 
and 36Cl as the next most important radionuclides. The peak dose from 14C 
was 1.4x10-8Sva-1 at 4.0x104a. All doses were well below the regulatory 
criterion. The dominant pathway for exposure of hum ans to 14C (and 129I 
and 36Cl) was through irrigation of contaminated we ll water onto 
agricultural/gardensoils (2). The ratio of peak ann ual dose to humans per 
unit of 14C in the inventory was 1.7x10-24Sva-1 per  Bq in inventory. 
The LLW vault in till was assigned a relatively sma ll inventory of 14C, 
and 14C was the eleventh highest dose-contributing radionuclide, with a 
peak dose in the median-values run of 2.5x10-10 Sv a-1 at 2.2 x 104 a. No 
radionuclides in this assessment gave unacceptable doses (Fig. 1), and 
the top dose contributor was 99Tc. For 14C, the rat io of peak annual dose 
to humans per unit of 14C in the inventory was 2.3x 10-17Sva-1 per Bq in 
inventory. 
The L&ILW vault in the carbonate rock is considered  the major disposal 
facility for 14C, and the inventory here is the hig hest of the three 
conceptual facilities. In the median-values simulat ions, the top dose 
contributor was 36Cl, giving 1.3x10-5Sv a-1 at 4.4x  102 a (Fig. 2). The 
14C in the calcite wasteform was the fourteenth hig hest contributor, 
giving 1.3x10-10Sv a-1 at 7.2x 104 a. This dose fro m 14C is both low and 
delayed because of the attenuation in the vault. Fo r 14C in the median-
values runs, the ratio of peak annual dose to human s per unit of 14C in 
the inventory was 1.2x10-26Sva-1 per Bq in inventor y. This ratio is two 
orders of magnitude lower than that for the NFW, wh ere the physical 
barriers were substantially greater. This indicates  the importance of the 
geochemical barriers in the cementitious wasteforms  and geological 
settings of the L&ILW concept. 
The effect of geochemical retardation is well illus trated by the 
probabilistic runs. The median dose with time from these runs was 
dominated by 14C (Fig. 3), even though 14C was not an important 
contributor in the median-values runs. The peak mea n dose was 7.0x10-
5Sva-1 and occurred very early after closure of the  vault. The reason 14C 
was important to mean dose and not to the median-va lues dose is that in 
the probabilistic simulations, the full range of po ssible parameter 
values was chosen. As an example, this included ~10 % of the runs where 
the geochemical retardation mechanisms for 14C in t he geosphere were 
nullified (Fig. 4). This is considered a very unlik ely situation. 
However, the results of the probabilistic runs show  how important it is 
to quantify these processes. An unacceptable outcom e would result if the 
geochemical retardation mechanisms were less effect ive than expected.  
Fig. 1 
Fig. 2 
Fig. 3 



Fig. 4 
FUTURE DEVELOPMENTS FOR L&ILW 
The retardation of 14C in geological materials must  be well known. 
Sheppard et al. (15) reported solid/liquid partitio n coefficients, Kd or 
Rd, of 8 to 85 L kg-1 in carbonate minerals and soi ls, but zero values in 
clays. Clearly, host rock and, especially, cementit ious backfill are 
indeed important to the isolation of 14C from the e nvironment (16). More 
work is needed to ensure that the chemical species of 14C that may leave 
a vault are inorganic or are retarded to the same e xtent as inorganic 
species. 
Degradation of the cementitious vault and the subse quent release of 14C 
are critical processes. Much of the information her e must be based on 
geochemical models, but there is potential for impo rtant analogue studies 
such as the Maqarin site in Jordan (17). 
Several other concepts for disposal of L&ILW will b e assessed, one 
including a large concrete silo in a deep geologic vault, and another 
including co-disposal or co-siting with NFW disposa l. 
CONCLUSIONS 
Carbon-14 is actively accumulated in the operation of nuclear power 
reactors in Canada. The inventories are substantial , and may be divided 
among three waste disposal facilities. The NFW faci lity will contain 
about a third of the 14C, and although it is not in  a high-pH 
environment, it achieves effective isolation throug h container 
durability, substantial diffusion barriers and dept h of vault. The LLW 
vault will have only a modest inventory of 14C, and  the conceptual 
facility analyzed was effective in isolating the 14 C. The L&ILW facility 
will have about two-thirds of the total 14C dispose d waste, and the 
concept analyzed was successful when the cementitio us vault and carbonate 
geosphere provided the expected attenuation of 14C.  However, when these 
barriers were not as effective as expected, the 14C  did result in 
estimated doses above our target. More work is requ ired to gain assurance 
that the retardation of 14C in the cementitious vau lt and carbonate 
geosphere for the L&ILW repository are effective. 
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ABSTRACT 
The characterization of a waste package, consists i n determining its 
specific properties. 
For FRANCE, this involves ANDRA specifications, the  Basic Safety Rules 
(les Rgles Fondamentales de Sret - RFS) of the Nucl ear Safety Direction 
(Ministry of Industry). 
INTRODUCTION 
The characterization of a waste package consists of  determining its 
specific properties. 
In the characterization of nuclear waste, we restri ct ourselves to the 
acquisition of characteristics which have to be kno wn in order to obtain 
agreement on near surface disposal and to evaluate safety in temporary 
and permanent storage conditions. 
OBJECTIVES OF WASTE CHARACTERIZATION AND CHARACTERIZATION TYPES 
Five main objectives are looked for when performing  a characterization 
test. The tests are intended to: 
  guarantee the mechanical properties of the waste form and the matrix, 
  test the durability of the physical and mechanica l properties of the 
waste for the disposal duration, 
  evaluate the behavior of radionuclides in the was te and the long-term 
waste-matrix interaction, 
  calculate the loss rate by isotope leaching, 
  compare the results with specifications, and rule s specified by the 
Authorities and Safety notices 
For FRANCE, this involves ANDRA specifications, the  basic Safety Rules 
(les Rgles Fondamentales de Sret-RFS) of the Nuclea r Safety Direction 
(Ministry of Industry). 
Several types of characterization are necessary to cover all knowledge 
useful for storage and disposal of radioactive wast e. 
There are three main types of characterization : 
  characterization of packages and materials, 
  behavioral studies, 
  long-term behavioral studies. 
Characterization of Packages and Materials  
This type of characterization can be defined as the  acquisition of the 
characteristics of a coating, a package or a materi al in its initial 
state. This type of characterization is carried out  in three steps : 
  characterization of the waste itself, 
  pre-characterization of the material and the matr ix, 
  characterization of the finished product (the pac kage intended for 
storage or disposal). 
Characterization of the Waste 
 This is defined as acquisition of data necessary f or : 
  producing the waste package, 



  classification for its activity and its destinati on : 
 - (class FA-MA-HA), 
 - (class or ), 
 - (destination : surface disposal, temporary stora ge before repository 
in a geological disposal), 
  analysis of basic safety and its entry into the a pproval file. 
Pre-Characterization (process and coating) 
This is the essential stage for the evaluation of t he quality of an 
embedding process resulting from all the pre-produc tion steps 
(formulation, reference tests, terminal tests, sens itivity test, etc). 
Tests for this stage are carried out using referenc e materials. 
Two types of objective are involved : 
  a comparison of the various performances of the c onditioning process 
(embedding rate, formulation, etc), 
  a demonstration that the embedding, the packaging , and the finished 
products satisfy standards and specifications in fo rce. 
This step normally results in the production of a p ackaging specification 
and the production of nominal specifications for th e waste form. 
Characterization of the Finished Product 
This stage involves three types of investigation : 
  examination of the intrinsic characteristics of p ackagings and 
embeddings, 
  checking the durability of these characteristics (degradability, 
confinement, etc), 
  define the influence of variations of the various  process parameters 
(sensitivity tests) in order to guarantee the quali ty of the waste 
formcoated material. 
Characteristics and acceptance criteria for the fin ished product are 
examined with in chapter 2 of this document. 
Long-term Behavior 
This type of characterization is defined as the acq uisition of data for 
mechanisms dealing with slowly evolving phenomena. Two approaches can be 
used : 
  the behavior of natural counterparts, 
  the thermodynamic definition of slow phenomena. 
The final result that is expected to be obtained fr om this last 
characterization stage consists of changing from "h igh bound" type 
modelling to a modelling system based on extrapolat ionon the Long Term of 
results required by way of short term experiments. 
PACKAGE APPROVAL: SPECIFICATIONS, PROCEDURES AND ACCEPTABILITY CRITERIA 
Inspection of the current situation in countries de veloping nuclear 
energy shows that most countries base approval of w aste packages on three 
main data items: 
  specifications produced by the authorities, 
  procedures produced by approved laboratories and organizations, 
  acceptability criteria or quality criteria which should lead to the 
respect of specifications. 
Although the organization of waste-related responsi bilities and therefore 
the specifications issued by the various authoritie s vary between 
countries, all have established some characterizati on procedures and 
acceptability criteria for waste packages. 
Procedures - Technical Sheets 



In France, approval of the waste package is announc ed after inspection of 
experimental results and tests in accordance with t he minimum 
characterization program defined by ANDRA. 
This minimum program affects the three selected act ivity levels and the 
two classes of waste packages (homogeneous-heteroge neous). Tests and 
checks are classified into four categories : 
  physical characteristics, 
  mechanical characteristics, 
  confinement properties, 
  stability-degradability (maintenance of confineme nt properties). 
In order obtain an harmonization of tests required for the approval file, 
the Confinement Checking and Evaluation Office (Bur eau d'Evaluation et de 
Contrle des Confinements - BECC) has published a se t of technical forms 
codifying a general method of executing these tests . 
A block diagram has been produced by the Waste and Effluents Management 
for the approval procedure . Figure 1 summarizes th e global routing of an 
approval circuit and specifies the role of each par ticipant for wastes 
which can be delivered to ANDRA on a surface site. 
Fig. 1 
ANDRA approval of waste packages requires the produ ction of the following 
documents: 
  evaluation of activity contained in the waste, 
  description of the production process for the pac kage containing the 
waste, 
  quality assurance program for the implementation of the package 
production process as described in the process desc ription, 
  package characterization test report (technical c haracterization 
files). 
The characterization test report assumes that the p roducer has previously 
submitted a draft characterization test program to ANDRA. When this draft 
has been accepted by ANDRA, it then becomes the cha racterization 
procedure, containing a description of the checks a nd tests to be carried 
out. 
Therefore, the creation of a test requires the foll owing definitions 
(Table I): 
  the number of samples, 
  the size and characteristics, 
  the test procedure, 
  the results to be provided, 
  the test report. 
All reports for all tests described in the protocol  must then be checked 
and used to produce a tests summary report, or a ch aracterization 
technical file which is forwarded, as already state d, to ANDRA by the 
producer. 
The procedure for measuring the initial activity of  raw waste and 
packages which meets ANDRA's requirement for the mo nitoring of the 
activity stored on the site in order to respect the  radiological capacity 
of the site for each radionuclides is very importan t. 
Consequently, waste activity measurement (raw or wa ste form) is one of 
the most important criteria. Characterization there fore requires the 
implementation of an adapted measurement scheme for  each waste or coating 
type. 



Each type of waste has its own measurement planning  for taking 
measurements and for monitoring the procedure so as  to satisfy safety 
authority requirements. 
The main procedure for coatings is shown in Table I II. This table clearly 
shows the two recommended types of measurements : 
  non-destructive measurements : 
gamma scanning spectrometry for the evaluation of t he uniformity of the 
distribution wastes and radionuclides within encaps ulation. This technics 
is applied on samples cores taken from a package an d on drums of 
homogeneous waste:  
tomography for non-destructive examination methods are particularly 
useful in the characterization of radioactive waste s. Radiographic 
examinations combined with tomodensitometric examin ations using gamma ray 
photon source make it possible to carry out exhaust ive testing of the 
physical homogeneity of a low or medium activity wa ste package in 
preliminary characterization, quality control of th e produced packages 
and expertise 
  destructive measurements with the various related  determinations. 
Finally, to complete the execution of these measure ments, Table IV 
defines the essential elements which must appear in  the test report 
intended for the producer in order to prepare the s ummary report for all 
the tests, as required by the final management auth ority (ANDRA for 
FRANCE). 
Table I 
Table II 
Table III 
Table IV 
Package Acceptability Criteria 
For FRANCE, characterization deals only with condit ioning and package 
quality criteria. These are listed in the minimum c haracterization 
program defined by ANDRA as recalled in section  Pr ocedures - Technical 
sheets 
In view of the available characterization results f or various matrices 
enclosing various types of waste, the BECC establis hed a summary of 
packaging qualities, as a function of the main para meters. 
Three types of parameters were used for this summar y (Table II) : 
  quality of the conditioning-quality of package (R FS + ANDRA 
specifications), 
  implementation and feasibility, 
  control. 
An evaluation was made for each type of parameter, matrix and waste type 
(homogenous - heterogeneous) based on the acquired characterization 
results. 
CONCLUSION 
For several years now, research on raw or condition ed waste 
characterization has been carried out in France, in  particular those 
aspects concerning : 
  legislation, 
  regulations, 
  standardization of methods and techniques, 
  laboratory and test hall equipment. 
The BECC provides the main communication link betwe en the waste producer, 
ANDRA and the CEA which can perform all services re lated to tests and 
corresponding measurements, either as part of its o wn research and 



development program. CEA resources, methods, labora tory and test halls, 
now form a characterization system adapted to each waste or packaging 
type to which a quality assurance program is applie d. 
BECC manufacturing experience enables it to give co rrect advice to the 
waste producer and any nuclear material safety unit , both on the 
selection of packaging and test procedures, and on equipment and the 
selection of characterization materials or the orga nization to be set up. 
In particular, we can provide the following service s : 
  qualitative or quantitative analysis of radionucl ides present in 
already packaged waste (including badly packaged ev aluation of the main 
physico-mechanical and confinement characteristics) , 
  technical assistance for the characterization of packages including : 
 - developing specific technical test forms accordi ng to the customer, 
 - establishing characterization coordination units  and training 
corresponding personnel, 
 - transferring basic elements for the implementati on of a quality 
assurance program for package characterization, 
 - establishing basic characterization method and p ackaging expertise 
planning, 
  technical assistance with the design and construc tion of 
characterization laboratories. 
To conclude, we would like to emphasize that the ob jective of the various 
units in charge of characterization is to supply te chnical assistance in 
view of the harmonious development of waste approva l files and the 
development of test techniques to improve knowledge  of the intrinsic 
characteristics of packages waste. Above all, the f ramework in which 
these characterization activities are carried out m ust respect the 
special features of this characterization, which is  at the very interface 
of the various radioactive waste management partner s : safety 
authorities, waste management (ANDRA), waste produc ers, and the managers 
of research and development programs. 
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ABSTRACT 
The US Department of Energy (DOE), in cooperation w ith the New York State 
Energy Research and Development Authority (NYSERDA) , has managed the West 
Valley Demonstration Project (WVDP) since 1982, as prescribed by 
Congressional Act. One provision of the Act stated that nuclear high-
level waste remaining from reprocessing operations at the West Valley, NY 
site was to be solidified into a safe, durable, and  storable product. 
Vitrification was selected as the method to best ac complish this charter. 
As the site readies for production of radioactive g lass canisters 
beginning in 1996, the DOE has been successful in i ts management of the 
clean-up mission. The DOE has taken this Project fr om its developmental 
stage to vitrification readiness by adopting severa l practices to ensure 
the scheduled completion of radioactive operations.  From the onset of the 
Project, the DOE has been a strong proponent of ove rsight by the US 



Nuclear Regulatory Commission (NRC) and other exter nal agencies. This 
practice has led to the up-front identification and  resolution of 
concerns relative to worker and facility safety, lo ng before they become 
an issue during actual operations. Delegation of au thority has been 
transferred from DOE Headquarters to increase respo nsibilities at the 
lowest level. From the very beginning, an open door  policy was instituted 
between the site and the general public, media, and  stakeholders; making 
our programs and progress accessible for everyone. Regularly scheduled 
meetings are used to inform the public of pending s ite issues. 
Cooperative relationships have been established bet ween DOE approval 
units for such items as Safety Analysis Reports, wa ste specification and 
qualification issues, and Operational Readiness Rev iews (ORR). Technology 
that has been developed and refined during the Proj ect's five-year 
nonradioactive test program has been transferred in  the form of lessons 
learned to other government-owned operations in sim ilar pursuits. 
The WVDP's continued success through all stages of operation adds benefit 
to the DOE. Technologies developed at the WVDP have  been applied to other 
DOE sites, and other DOE sites' technologies have b een adaptable to the 
WVDP, thus playing an important role in reducing co sts in government-
managed operations. Research and development costs for proven engineering 
designs are minimized when the final designs are sh ared by the DOE's 
Savannah River, Hanford, Oak Ridge, and Idaho Falls  sites. The exemplary 
safety record exhibited during construction, testin g, and start-up 
activities at the Project has also been a direct co ntribution to schedule 
accomplishments.  
This paper describes highlights of the vitrificatio n process, the 
cooperative efforts involved in making this Project  a success, the 
lessons learned during the evolution from research and development 
through construction and start-up, successful techn ology transfer, and 
the benefits to be gained by the rest of the DOE co mplex. 
PROJECT HISTORY 
The WVDP located in West Valley, NY is the site of a former nuclear fuel 
reprocessing plant. From 1966 to 1972, reprocessing  operations at the 
West Valley facility generated high-level radioacti ve acid PUREX waste, 
THOREX waste, and contaminated condensate. These wa stes were stored in 
separate underground tanks at the West Valley site.  Neutralization of the 
PUREX waste resulted in precipitation of some mater ials that formed a 
sludge at the bottom of one of the high-level waste  tanks. When 
processing of nuclear fuels was terminated and the facility was closed, 
these radioactive liquids/sludge remained in the ta nks for the New York 
State government to manage. 
In October 1980, the US Congress passed the West Va lley Demonstration 
Project Act which directed the DOE to safely dispos e of the high-level 
radioactive wastes left at the site by transforming  these wastes into 
forms suitable for storage and transfer to a federa l repository. The Act 
further directed the DOE to clean and close the fac ilities used and 
dispose of the low-level and transuranic wastes gen erated during Project 
operations. 
In 1981, the DOE selected West Valley Nuclear Servi ces, Inc. (WVNS) as 
their prime contractor. DOE and WVNS assumed operat ional control of the 
site in 1982. Project funding comes from both the D OE (90 percent) and 
NYSERDA (10 percent). A 1981 photo of the site appe ars in Fig. 1. 
Fig. 1 
HIGH-LEVEL AND LOW-LEVEL WASTE PROCESSING 



By 1988, high-level radioactive waste processing ha d begun. In the high-
level waste tank, the waste had separated into two layers: a clear liquid 
above a heavy layer of precipitated particles or sl udge. Solidification 
of these separate layers required processing in two  stages. The liquid 
portion or supernatant was sent through a synthetic  clay material that 
removed 99.9 percent of the radioactive materials. The resulting low-
level waste, containing salts and sulfates, was con centrated and blended 
with cement and stored in a shielded, above-ground cell. Supernatant 
processing was completed in 1990 with a total produ ction of about 10,000 
cement drums.  
Mixing pumps were then installed in the high-level waste tank to mobilize 
the sludge for washing. Washing included the additi on of process water to 
the tank to dissolve the salts and sulfates. The wa sh water was processed 
through the same liquid treatment system as the low -level waste and 
produced another 9,800 cement drums. Three washes o f the sludge were 
performed, readying the mixture for vitrification o perations. 
From 1984 to 1989, the WVDP operated a full-scale g lass production test 
facility. This nonradioactive Functional and Checko ut Testing of Systems 
(FACTS Testing) determined the correct component co nfigurations and 
confirmed the glass recipe to be used during radioa ctive operations. 
Conversion of this test facility for radioactive pr ocessing was completed 
in late 1994. Functional checkout, precommissioning  testing, and 
commissioning testing of vitrification systems were  completed in mid-
1995. Several integrated operations runs were also executed to confirm 
proper performance of utility systems, operator act ions, alarm responses, 
and remote equipment operation. 
The vitrification process itself entails first comb ining all of the 
radioactive constituents into one tank prior to tra nsferring the mixture 
to the Vitrification Facility. The washed sludge or  slurry, the 
radioactive synthetic clay material from supernatan t processing, and the 
THOREX waste was combined into the high-level waste  tank. In the 
Vitrification Facility, the waste stream will be co mbined with glass-
forming chemicals, concentrated, and fed to 52-ton ceramic melter. The 
melter will heat the mixture of glass formers and r adioactive waste to 
1150oC, and the resultant molten glass will be pour ed into stainless 
steel canisters. Approximately 300 canisters will b e produced during this 
radioactive campaign and stored on site. All solidi fication operations 
and transfers will be performed remotely. Refer to Fig. 2 for a drawing 
of the vitrification facilities. 
Radioactive tie-ins between the Waste Tank Farm pip ing and the high-level 
waste transfer trenches leading to and from the Vit rification Facility 
began in November 1995. Actual radioactive glass pr oduction is scheduled 
to begin June 1996. 
Fig. 2 
SAFETY 
The WVDP operates under one singular tenet: there i s nothing more 
important than personal safety. From the onset of t he Project, safety in 
the workplace has been stressed through the continu ing education of 
ourselves and our subcontractors. Safety programs, such as Conduct of 
Operations, Voluntary Protection Program, Radiation  Safety Training, 
Behavior-based Safety Training, and numerous other site-wide programs, 
have led to the development of a comprehensive safe ty culture 
encompassing all site workers alike. The work force  has been given the 
individual authority to stop any activity that migh t jeopardize a 



person's well-being. To develop a stronger safety a wareness among the 
many construction subcontractors for the vitrificat ion facilities, safety 
field engineers were hired to walk down areas prior  to and during 
construction to determine potential safety hazards and correct them 
before injuries could occur.  
Additionally, a WVDP Conduct of Operations manual w as developed 
specifically to augment DOE Order 5480.19, "Conduct  of Operations 
Requirements for DOE Facilities." The WVDP manual o utlines adherence to 
best management practices for every site activity i ncluding 
communications, logkeeping, operations turnover, eq uipment labeling, lock 
and tag, postings, and housekeeping.  
According to the Bureau of Labor Statistics, the To tal Recordable Case 
Rate (TRC) for all types of construction across ind ustry is 12.2 (1). 
This figure is derived by taking the number of acci dents, multiplying 
that by 200,000 hours, and dividing the result by t he number of hours 
worked. In actuality, the case rate is representati ve of the number of 
OSHA-recordable injuries per 200,000 manhours, or t he number of accidents 
per 100 full-time employees. 
The TRC for all types of construction across DOE si tes, including their 
contractors, is 6.8. For lump sum construction (the  type of construction 
contracted at the WVDP), the TRC rises to 7.5. For comparison, the WVDP 
has maintained a TRC significantly lower than both private industry and 
DOE site averages. For construction of all the faci lities necessary for 
radioactive glass production between January 1984 a nd December 1995, the 
TRC was 3.56. This figure is indicative of only 58 OSHA-recordable 
accidents in approximately 2,358,469 construction m anhours worked over a 
period of almost 11 years. The Lost Work Day Case R ate (LWDC) figures for 
the site are also well below commercial and DOE ave rages, with the WVDP 
case rate for 1994 being 1.48 in comparison to the private industry rate 
of 5.5 and the DOE sites' rate of 3.6 for the same year. For all 
construction activities performed during 1995, the LWDC rate fell even 
lower to 0.59.  
OPEN DOOR POLICY 
At the time the DOE assumed management of the WVDP,  the site was 
primarily closed to the media and public. Expectedl y, media coverage was 
negative and activities occurring at the site were viewed somewhat with 
suspicion by stakeholders and surrounding neighbors . To remedy this 
condition, the DOE quickly adopted an Open Door Pol icy, inviting the 
public and media on site for briefings and tours to  outline site 
characteristics and proposed clean-up activities. A dditionally, a yearly 
Open House and regularly scheduled meetings were in itiated so the public, 
local media, and government officials could tour th e site and partake in 
numerous educational exhibits designed to explain w aste processing 
operations. Attendance at the Project's Open House has averaged about 
1,500 people per year (see Fig. 3). During 1995, th e WVDP's Community 
Relations Department responded to over 200 inquirie s, conducted 
approximately 60 site tours, and made about 50 off- site presentations to 
educational groups, technical societies, and instit utions. The DOE and 
NYSERDA have also made general Project information available to the 
public and placed environmental documents in readin g rooms located 
throughout the Western New York area.  
This new, open communication policy between the DOE  and its stakeholders 
has been greeted by both positive media coverage an d increased public 
awareness of the site's radiological activities, th ereby creating a 



better understanding of future waste disposal and s ite closure 
activities. In February 1996, the site's draft Envi ronmental Impact 
Statement (EIS), required by the National Environme ntal Policy Act, was 
issued for a six-month public review and comment pe riod. This EIS 
document, developed jointly by DOE and NYSERDA, det ails five years of 
site characterization information and evaluates a f ull range of 
alternatives for Project completion and site manage ment. A Record of 
Decision by DOE and NYSERDA with regard to which al ternative is the best 
site closure and management method will be complete d after public review 
and comment. 
Fig. 3 
PROJECT MANAGEMENT 
DOE management of the WVDP has shifted from a long- term Cost-Plus-Award-
Fee contract to a yearly performance-based contract . This type of 
contract, negotiated for the WVDP in 1995, outlines  mutually developed 
milestones that represent a fairly accurate estimat ion of achievable 
goals by specific completion dates. These types of milestones carry added 
or reduced monetary incentives dependent upon early , on-time, or late 
completion of the milestone.  
Performance indicators are similarly used to gauge the monthly progress 
of support activities for such items as, As Low As Reasonably Achievable 
(ALARA), LWDC, Occupational Safety Violations, Clot hing and Skin 
Contaminations, Procurements, Waste Minimization, e tc. Indicators also 
carry incentives for maintaining budgets under esta blished limits.  
Performance-based contracts provide a clearer plan to follow for each 
year's activities. Milestones and performance indic ators have focused the 
Project in its entirety on critical path events for  radioactive 
vitrification operations, out-year environmental as pects, and long-term 
waste stabilization efforts. The prior subjectivity  of a full cost-plus-
award-fee contract has been eliminated and replaced  with increased 
contractor accountability and measurable contract p erformance. For the 
WVDP, all 1995 milestones were completed on time wi th the majority of 
performance indicators accomplished within set boun daries. 
EXTERNAL AGENCY OVERSIGHT 
In the Project's early stages, the DOE recognized t he benefits of 
inviting external agencies to provide oversight of upcoming radiological 
operations. Audit groups, technical review groups, and nuclear energy 
associations were given access to engineering calcu lations, drawings, and 
reports in order to independently determine the ade quacy of seismic 
construction, radiation shielding, the Waste Form C ompliance Plan, and 
the Waste Form Qualification Report. Regular site v isits by the NRC 
established positive communication between the part ies resulting in 
useful and prudent design modifications to the Vitr ification Facility. 
NRC representatives were also brought in to evaluat e the Safety Analysis 
Report for Vitrification Operations and High-Level Waste Interim Storage. 
Additional support was enlisted from a joint Techni cal Review Group, 
comprised of 35 individuals from DOE, private and c ommercial industry, 
and the NRC to verify safety analysis report accura cy and completeness. 
TECHNOLOGY TRANSFER 
Technology transferred and lessons learned, shared among DOE sites, have 
served to improve our operations and reduce costs b y minimizing redundant 
research, development, and testing activities. The WVDP has benefitted 
from Pacific Northwest Labs' (PNL) glass technology , ceramic melter, and 
canister turntable designs. PNL also developed the titanium-treated 



zeolite used in the WVDP's ion exchange process for  separating 
radioactive elements from the chemical content of t he high-level 
radioactive waste tank. From the DOE's Hanford site , the WVDP has adapted 
their hot cell, window and cell penetration, and re mote handling tool 
designs. Hanford also fabricated all of the WVDP's Waste Tank Farm and 
In-cell remotely removable connecting pipes or jump ers. From the DOE's 
Savannah River site, closed-circuit television came ra designs and 
nondestructive waste tank examination methods were transferred and 
utilized. WVDP modified and is using a remotely ope rated canister 
transfer cart design developed at the DOE's Oak Rid ge facility. 
Industrial lighting for radioactive cells was revis ed and installed in 
the WVDP's Vitrification Facility from designs deve loped by the DOE's 
Idaho site. 
Technology developed for use at the WVDP has simila rly been made 
available to other DOE locations. Ceramic melter op erating information 
and instructional programs have been given to the S avannah River Defense 
Waste Processing Facility (DWPF). The DWPF also rec eived from the WVDP 
infrared level detection technology used for determ ining the radioactive 
glass level inside a stainless steel canister and D istributed Control 
System programming parameters and instructions. The  DOE's Hanford site 
was the recipient of waste tank mobilization pump d esigns, pump operating 
information, and proven liquid waste pretreatment t echnologies.  
Recently, through the WVDP's Invention Disclosure P rogram, a device for 
bolt fastening/capturing and a device for removing entrained condensate 
from horizontal pipe have been published by the US Patent Office and made 
available by the DOE for licensing to the private s ector. Several other 
DOE-funded inventions, developed for use at the WVD P, will be available 
in the near future for transfer to general industry  through publication 
by the US Patent Office and licensing agreements wi th the DOE.  
DOE APPROVAL UNITS 
In keeping with current approaches to transfer appr oval authority from 
DOE-Headquarters to units more familiar with and ac cessible to the WVDP, 
several document approvals were transferred from hi gher DOE offices. Two 
prominent examples of this strategy include: approv al authority for the 
Safety Analysis Report for Vitrification Operations  and High-Level Waste 
Interim Storage was transferred from DOE-Headquarte rs to DOE-Ohio; and 
approval of the Vitrification Operational Readiness  Review Plan of Action 
was transferred from the Secretary of Energy to the  Assistant Secretary 
for Environmental Management.  
In both instances, transferring approval authority from higher levels 
within the DOE resulted in a more accurate determin ation of each 
document's validity and served to expedite review c ycle times.  
BENEFITS OF THE WVDP TO THE DOE COMPLEX 
Clean-up operations at the West Valley site and str ategies developed for 
use in this site's restoration have contributed to the overall 
environmental recovery mission of the DOE. What has  been learned on a 
site-wide level; from waste remediation efforts, te sting activities, 
safety programs, and waste minimization practices; is applicable to other 
DOE facilities and may serve to reduce costs and im prove implementation 
schedules for these programs elsewhere. By the DOE' s establishment of a 
total safety culture, the WVDP has been able to red uce lost work days for 
all personnel to levels lower than general industry  and DOE averages. 
Subsequently, costs for interrupted work due to acc idental injuries have 
been decreased.  



CONCLUSIONS 
Today, the WVDP stands on the verge of being one of  the first jointly 
operated (DOE/NYSERDA), high-level radioactive wast e vitrification 
facilities to operate in the United States. Solidif ication of radioactive 
waste into a stable, durable form is scheduled to c ommence in June 1996 
and conclude in October 1998, with a total producti on of about 300 
canisters. Canistered waste will remain on site in interim storage until 
a federal repository is designated. A photo of the WVDP as it appears 
today is shown in Fig. 4.  
Our past success has been predicated on commitment to management 
involvement, worker safety, external agency oversig ht, open communication 
with stakeholders and the public, and technology tr ansfer. Our continued 
success will build upon these fundamentals and prop ortionately expand to 
include new, innovative management techniques desig ned to correspond with 
the DOE's strategic alignment to focus energies on contract reforms and 
more prudent use of taxpayer dollars. 
Fig. 4 
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ABSTRACT 
The Vitrification Facility at the West Valley Demon stration Project 
(WVDP), West Valley, NY will be used to solidify re sidual high-level 
waste that was previously generated by an on-site n uclear fuel 
reprocessing plant. The Vitrification Facility has been constructed and 
radioactive operations are scheduled to commence in  1996. The facility, 
including both the pretreatment and vitrification p rocesses, are 
described in this paper. 
INTRODUCTION 
By a Congressional Act in 1980, the West Valley Dem onstration Project was 
created to, among other things, solidify the high-l evel radioactive waste 
that resulted from the former nuclear fuel reproces sing plant operations. 
Using existing and newly constructed facilities, vi trification and 
related systems were designed and installed to acco mplish this Project 
mission.  
Initial liquid pretreatment operations, completed i n 1995, resulted in 
the decontamination of 6,400 cubic ft3 of liquid hi gh-level waste and the 
production of 19,877 drums of cemented low-level wa ste. The Vitrification 
Facility is expected to produce about 300 stainless  steel canisters 0.61 
m in diameter by 3.05 m tall filled with the high-l evel waste 
encapsulated in borosilicate glass. The vitrificati on system uses a 
joule-heated melter that produces glass at a rate u p to 30 kg/hr. The 
canisters will be stored on site until a federal re pository is 
designated. 
The paper describes the processes used for high-lev el waste pretreatment 
and vitrification, and the methods used to mix and combine the waste in 
one high-level waste tank prior to vitrification. T he entire 



Vitrification Facility is described and includes th e vitrification remote 
process cell, vitrification process equipment, Cold  Chemical Facility, 
Canister Storage Cell, computerized Distributed Con trol System (DCS) that 
monitors processing operations, and melter off-gas treatment system. 
Lessons learned throughout the Project are discusse d.  
PRETREATMENT AND VITRIFICATION PROCESS 
Wastes of varying composition and radioactivity lev els were stored in 
separate underground tanks at the West Valley, NY s ite. Tanks 8D-1 and 
8D-2 are duplicate carbon steel tanks, approximatel y 21.3 m in diameter 
and 8.23 m in height. Tank 8D-2 contained about 2,4 20 m3 of neutralized 
PUREX waste, 170 m3 of that amount consisting of sl udge. Tank 8D-1 was 
used as a spare for Tank 8D-2; condensate from Tank  8D-2's ventilation 
system gravity-drained to Tank 8D-1. Tanks 8D-3 and  8D-4 are also 
duplicate tanks made of stainless steel, and are ap proximately 3.7 m in 
diameter and 4.8 m in height. Tank 8D-4 contained a pproximately 35 m3 of 
THOREX nitric acid waste. Tank 8D-3 was originally used as a spare.  
The neutralized PUREX waste stored in Tank 8D-2 req uired separate 
treatment methods for the liquid (supernatant) top layer and bottom 
sludge layer. The supernatant layer was decanted th rough zeolite-filled, 
ion-exchange columns suspended in Tank 8D-1 to remo ve cesium. The 
resulting decontaminated liquid was mixed with ceme nt and solidified into 
about 10,000 square drums. The drums are stored abo ve ground in a 
shielded cell on site.  
Process water was then added to Tank 8D-2 to wash t he sludge of 
crystallized salts and sulfates. Large pumps were i nserted through risers 
in the tank to mobilize the sludge and mix it with the process water. 
Heavy particles were left to settle and the wash wa ter was again decanted 
through the ion-exchange columns and solidified int o cement. Two sludge 
washes were performed. Sodium hydroxide was next ad ded to Tank 8D-2 to 
neutralize the incoming THOREX waste transferred fr om Tank 8D-4. Another 
wash was performed after THOREX transfer and neutra lization to remove 
excess sulfates. These sludge washes resulted in th e production of 
another 9,877 drums of cemented low-level waste.  
Spent zeolite dumped in the bottom of Tank 8D-1 was  passed through a 
grinder and returned to Tank 8D-2. 
For high-level waste processing the radioactive slu rry in Tank 8D-2 will 
be transferred to the Vitrification Facility for so lidification in 
borosilicate glass. Slurry will exit the Tank Farm area via double-walled 
piping inside a concrete underground trench. Once i nside the 
Vitrification Facility, the waste stream will be mi xed with glass-forming 
chemicals delivered from the Cold Chemical Building , concentrated, and 
fed to a 52-ton ceramic melter. The melter will hea t the mixture to 
1150oC bonding the glass-forming chemicals to the w aste. This molten 
mixture will then be poured into stainless steel ca nisters, remotely 
transferred to a lid welding station, a decontamina tion station, and 
positioned on a transfer cart for transport to the High-Level Waste 
Interim Storage Facility. Approximately 300 caniste rs will be produced 
during the Vitrification campaign and stored on sit e until a federal 
repository is ready to accept the waste. A diagram depicting low-level 
and high-level waste processing appears in Fig. 1. 
Fig. 1 
DESCRIPTION OF VITRIFICATION FACILITIES 
Vitrification Cell 



Radioactive glass production to specific requiremen ts can only be 
accomplished by the integrated operation of numerou s components, systems, 
and facilities. A brief description of the vitrific ation facilities and 
major components follows: 
The Vitrification Cell holds the majority of the vi trification process 
equipment. The cell is a shielded, seismically desi gned, confinement 
boundary with interior dimensions of approximately 10.37 m (34 ft) by 
16.6 m (53 ft) long by 13.11 m (43 ft) high. Cell w alls are four foot-
thick reinforced concrete and consist of prefabrica ted wall modules 
placed between previously cast-in-place concrete co lumns. Modules are 
constructed of a structural framework to support in ternal piping and 
penetrations for six shield windows and utility acc ess. A solid stainless 
steel plate faces the radioactive cell interior. Th e modules were 
installed and filled with concrete, which formed th e nonradioactive side 
of the finished module. A total of seven wall modul es were installed and 
welded together to form an integral structure that serves as a 
radiological and seismic barrier. The cell floor is  at elevation 100.00' 
or grade level, and the cell exterior roof is at el evation 145.00'. There 
are no intermediate floors in the Vitrification Cel l. Surrounding the 
cell are three floors of operating aisles equipped with instrument racks, 
to control the delivery of cell services, and suppo rting utility rooms.  
Structurally, the cell was designed to withstand a design basis 
earthquake equivalent to a ground acceleration of 0 .1g horizontal load, 
with a vertical component equal to two-thirds of th e horizontal 
acceleration, and a design basis tornado based on d etailed analysis of 
tornado occurrences in Western New York State.  
Cell Components 
Installed in the Vitrification Cell are the primary  process tanks 
including a Concentrator Feed Makeup Tank and a Mel ter Feed Hold Tank. A 
52-ton ceramic melter, Submerged Bed Scrubber, four -position canister 
turntable, canister cooling rack, canister lid weld ing station, 
decontamination station, and one of two off-gas sys tems also reside in 
the cell. The process tanks heat and concentrate th e glass-forming 
chemicals, delivered from the Cold Chemical Buildin g, and the waste 
delivered from the Waste Tank Farm prior to transfe r into the melter. The 
melter is a stainless steel, water-jacketed box com plete with corrosion-
resistant interior and separate chambers for glass melting and glass 
pouring. Various types of thermal-resistant refract ory brick line the 
melter interior. Joule heating of the slurry is per formed by three 
metallic electrodes with regulating current. The ca nister turntable 
rotates empty canisters to a position beneath the m elter pour spout and 
filled canisters to cooling positions. Viewing the glass pour level of 
the canister is performed by an out-of-cell-located  infrared level 
detection system. The Submerged Bed Scrubber, desig ned to quench and 
scrub off-gas particulate from the melter, has the ability to circulate 
and remove entrapped liquids and solids to avoid bu ildup in the scrubber 
bed. The In-cell Off-gas System consisting of prehe aters, HEPA filters, 
and mist eliminators removes the bulk of radioactiv e particulate from the 
off-gas stream. The lid welder remotely welds stain less steel lids onto 
filled canisters prior to decontamination activitie s. The Decontamination 
Station is used to submerge each filled and capped canister in a nitric 
acid-cerium (+4) solution to etch off a thin (3-5 m icron) layer of the 
canister's exterior which may contain submicron par ticles of fixed 
contaminants. A recent photo of the Vitrification C ell appears in Fig. 2. 



Fig. 2 
Cell components are accessible via a crane system c omprised of a 4.5-ton 
process crane, a 25-ton backup crane, an impact wre nch, a bridge trolley 
and rails. Most major components in the cell are re motely removable using 
only crane-mounted equipment. Utility services to c omponents are hooked 
up to in-cell components by crane-removable jumpers . High-dexterity jobs 
such as glass shard sampling are performed using ma nipulators. Floor 
rails enable the movement of a remotely operated ca nister transfer cart 
in and out of the cell through a large shield door.  Viewing of cell 
operations and canister movement is accomplished by  closed-circuit 
television.  
Adjacent Shielded Structures 
South of the Vitrification Cell is a shielded trans fer tunnel, a sort of 
air lock with shield doors on either end, used to s eparate the cell 
atmosphere from the former plant's Equipment Decont amination Room (EDR). 
Located above the tunnel is the Crane Maintenance R oom (CMR) and Crane 
Maintenance Room Operating Aisle (CMROA). The CMR w ill be used to service 
the cell cranes. South of the EDR is a former chemi cal process cell that 
will be used as the High-level Waste Interim Storag e (HLWIS) Facility for 
approximately 300 canisters. The transfer cart will  travel on floor rails 
between these facilities. Figure 3 outlines the can ister travel path from 
the Vitrification Cell to the High-level Waste Inte rim Storage Facility. 
Interior dimensions of the transfer tunnel are 4.88  m (16 ft) wide by 
9.68 m (31 ft) long. A hatch in the ceiling of the tunnel allows for 
removal of inoperative equipment into the CMR. The tunnel has concrete 
walls and a sloped floor lined with 304L stainless steel to allow for 
decontamination. HVAC systems will maintain a negat ive pressure on the 
tunnel and direct the flow of contaminated air into  the Vitrification 
Cell. A closed-circuit television camera mounted on  the tunnel wall 
provides remote viewing capabilities. 
The EDR was also part of the original plant and req uired considerable 
decontamination prior to use. This room will be use d as an entry port 
from the Load-in Building for empty canisters, tran sfer cart maintenance, 
and recharging the cart's battery pack. The cell's concrete interior is 
epoxy coated and has dimensions of approximately 8. 75 m (29 ft) wide by 
13.33 m (43.7 ft) long by 7.62 m (25 ft) high. The walls are 
approximately 0.91 m (3 ft) thick reinforced concre te and the floor is 
0.36 m (14 in) thick concrete. A ceiling hatch open s to the Chemical 
Crane Room located above for additional crane maint enance.  
Storage of stainless steel canisters will be south of the EDR in the 
former Chemical Process Cell of the main fuel repro cessing plant. The 
HLWIS Facility is a shielded cell 28 m (92 ft) long  by 6.70 m (22 ft) 
wide by 13 m (43 ft) high. Walls are 1.75 m (5 ft 9  in.) thick and the 
ceiling is approximately 1.52 m (5 ft) thick. Four shield windows permit 
viewing of the cell interior from the outside viewi ng aisle. The transfer 
cart enters the facility through another shield doo r. Individual 
canisters will be unloaded from the cart, by a 16-t on crane with grapple 
attachment, into storage racks. An additional crane  also resides in the 
cell. A total of 11 storage racks, with a capacity of 36 canisters each, 
were installed in a two-tiered, interlocking system . Cranes requiring 
maintenance can be brought into the Chemical Crane Room located above the 
EDR. The cell has two closed-circuit television cam eras for viewing 
unloading operations. 
Load-in Building  



The Load-in Building is located west of the EDR and  will be used as the 
primary access for moving empty canisters into and filled canisters out 
of the Vitrification Cell. The building's concrete base mat and steel 
structures are designed to withstand a design basis  earthquake of 0.1g. 
The floor is at grade elevation 100', and the roof rises to elevation 
153'. A 15-ton crane provides canister and equipmen t transfer 
capabilities. Provisions have been made for a 50-to n crane to accommodate 
future load-out of the filled canisters into transp ortation casks.  
Canisters are loaded from the Load-in Building to t he EDR horizontally by 
conveyor. A removable shield plug blocks the entry port into the EDR. 
When the shield plug is removed, canisters can ente r the EDR (see Fig. 
3). A tipping fixture uprights the canisters for pl acement onto a 
transfer cart. An area of the Load-in Building will  also be used as a 
chemical staging area for nonradioactive chemicals used in melter feed 
preparation.  
Fig. 3 
Secondary Filter Room  
The Secondary Filter Room, south and adjacent to th e Vitrification Cell, 
houses two large filter units that provide filterin g of the air exhausted 
from the Vitrification Facility. The room is a rein forced concrete 
structure with approximate dimensions of 6.70 m (22  ft) wide by 9.76 m 
(32 ft) long by 6.70 m (22 ft) high. Walls are rein forced concrete and 
vary in thickness from 0.61 m (2 ft) to 1.22 m (4 f t). An additional 4.27 
m (14 ft) by 4.88 m (16 ft) area can be used for th e maintenance of 
equipment.  
Diesel Generator Room  
The Diesel Generator Room, west and adjacent to the  Secondary Filter 
Room, houses a 600 kW generator, switchgear, distri bution cabling, and 
controls to provide backup power to selected loads in the event of a 
temporary or extended power outage. The room is des igned to withstand the 
site's Design Basis Tornado and Design Basis Earthq uake. Its dimensions 
are 12.20 m (40 ft) by 8.23 m (27 ft). Floor elevat ion is at grade level 
and the roof elevation is 111.50'. 
01-14 Building 
The four-story 01-14 Building was part of the origi nal plant and reused 
as part of the vitrification facilities in keeping with the Project's 
objective to use existing buildings as much as prac tical. Off-gases 
produced from operation of the melter contain radio active and 
nonradioactive components. The off-gases are treate d by the scrubbing and 
filtration systems for removal in excess of 99.99 p ercent of the 
radioactive particulates. Subsequently, the off-gas es are treated in the 
NOx Abatement System, that is designed to remove 91  percent of the oxides 
of nitrogen prior to exiting the Main Plant stack. The area used for 
vitrification-related off-gas components is 21.34 m  (70 ft) by 9.15 m (30 
ft) by 18.29 m (60 ft) high. 
The 01-14 Building also houses the Cement Solidific ation System (CSS) 
that used to produce low-level cemented waste drums  during earlier 
processing activities. 
Vitrification Main Control Room 
The Vitrification Main Control Room is located at e levation 114.6' of the 
Vitrification Facility. The computer area floor is raised to elevation 
117.5' to accommodate cable access and routing. Ref er to Fig. 4 for a 
photo of the Vitrification Main Control Room. The r oom is sealed for fire 
protection and access is only permitted by card rea der. The control room 



has two operator stations each with Distributed Con trol System monitors, 
Infrared Level Detection monitors for canister leve l detection, closed-
circuit television monitors, and keyboards. HVAC mo nitoring panels, fire 
protection monitoring panels, and various other fac ility and utility 
indicators are located next to the operator station s. The shift engineer 
and shift supervisor stations are located on the up per level of the 
Vitrification Main Control Room. The shift engineer 's station is equipped 
with a duplicate Distributed Control System monitor , Infrared Level 
Detection monitor, and closed-circuit television sc reens. The shift 
supervisor's station has the same equipment with th e exception of the 
Infrared Level Detection monitor. Laser printers, V AX terminals, 
telephones, radios, and supporting system documenta tion are also present 
on both sides of the Vitrification Main Control Roo m.  
Fig. 4 
 Distributed Control System  
The data collection and control system for the vitr ification process is a 
computerized system called the Distributed Control System (DCS). The 
system has four redundant work stations and is base d in the Main Control 
Room of the Vitrification Facility. The DCS allows for monitoring, 
control, and supervision of vitrification processes . Control of process 
equipment can also be accomplished from remote cont rol panels located in 
operating aisles adjacent to the Vitrification Cell . Data collection and 
control functions are performed for the: Cold Chemi cal Building; In-cell 
and Ex-cell Off-gas Systems; Ammonia Supply and NOx  Analyzers; HVAC; 
Sludge Mobilization System; Cooling and Utility Wat er Systems; Steam; 
Utility and Instrument Air Systems; Canister Turnta ble; Waste Header and 
Vessel Vent Systems; Primary Vitrification Process System; Canister 
Decontamination; and Electrical Backup Systems. 
Computer monitors display control functions in grap hical form along with 
key operating parameters such as vessel levels, tem peratures, valve 
positions, pressures, and flows presented in real t ime. Process inputs 
are audibly and visually alarmed. Certain functions  such as set point 
changes have restricted access and electronic permi ssives are used to 
coordinate activities prior to implementation.  
The DCS power panel is fed from an uninterruptible power supply that is a 
self-contained battery power source with diesel gen erator backup. 
Vitrification Facility HVAC System and Consideratio ns  
HVAC zones in the Vitrification Facility are mainta ined by barriers such 
as walls, aisleways, and doors. The walls, aisleway s, and doors prevent 
the spread of contamination between rooms. Differen tial pressure ranges 
are maintained with reference to atmosphere or adja cent zones throughout 
the facility. Zone I designated areas are those tha t may contain 
radioactive materials during normal operations. The  Vitrification Cell, 
Transfer Tunnel, and Crane Maintenance Room are exa mples of Zone I areas. 
Zone II designates operating areas and other potent ially contaminated 
areas surrounding Zone I. The EDR, Chemical Crane R oom, and Load-in 
Building are examples of Zone II areas. Zone III HV AC areas are expected 
to be free of contamination. Ex-cell aisleways and the Control Room are 
examples of Zone III areas. Air flow is directed fr om Zone III designated 
areas into Zone II areas and from Zone II into Zone  I, or from areas of 
lesser contamination potential into areas of higher  contamination 
potential.  
The HVAC System is comprised of a filtered air supp ly and exhaust, in-
cell coolers, exhaust fans, Diesel Generator Room v entilation, Chiller 



Equipment Room ventilation, a stairway pressurizati on system, HVAC 
Control Room supply and exhaust control dampers, el ectric unit heaters, 
the Chilled Water System, and Cold Chemical Buildin g heating and 
ventilating. System criteria, as discussed above, i s to maintain the 
release of radioactivity and airborne particulate b elow design limits. 
CONCLUSION 
Construction of the vitrification facilities was co mpleted in 1995. 
Precommissioning and commissioning testing of compo nents, and the 
functional checkout of systems were completed in ea rly 1995. Performance 
testing of systems to Test Instruction Procedures w as completed in 
December 1995. Integrated operations runs with a se lected combination of 
systems began in September 1995 and are scheduled t o be completed in May 
1996. Preliminary preparations for radioactive tie- ins between the Waste 
Tank Farm and the vitrification facilities were ini tiated in November 
1995; actual tie-ins are scheduled to be completed in April 1996.  
Vitrification of high-level waste is expected to be gin in June 1996 with 
the pouring of the first production radioactive gla ss canister. 
Approximately 300 canisters will be produced during  the expected two and 
one-half year long vitrification campaign.  
Successful high-level radioactive waste solidificat ion into borosilicate 
glass will be a significant milestone for the US De partment of Energy, 
West Valley Demonstration Project, New York State E nergy Research and 
Development Authority, and West Valley Nuclear Serv ices, Co., Inc.  
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ABSTRACT 
The West Valley Demonstration Project (WVDP) has co mpleted the 
pretreatment of the high-level radioactive waste (H LW) prior to the start 
of waste vitrification. The HLW originated from two  million liters of 
plutonium/uranium extraction (PUREX) and thorium ex traction (THOREX) 
wastes remaining from Nuclear Fuel Services (NFS) c ommercial and defense 
nuclear fuel reprocessing operations at the Western  New York Nuclear 
Service Center (WNYNSC) from 1966 to 1972. The pret reatment process and 
subsequent vitrification of the HLW were authorized  in 1980 by passage of 
the WVDP Act. This gave the U. S. Department of Ene rgy (DOE) the 
responsibility to conduct a HLW management project at the WNYNSC to 
demonstrate viable decontamination and decommission ing techniques and 
stabilize the HLW stored on the site from prior rep rocessing operations. 
HLW pretreatment operations, utilizing existing fac ilities to the maximum 
practical extent, were conducted to separate the ra dioactive portion of 
the waste from the salts found in the waste to mini mize the quantity of 
vitrified waste that will be produced. The pretreat ment process removed 
cesium as well as other radionuclides from the liqu id wastes and captured 
these radioactive materials onto zeolites. The deco ntaminated salt 
solutions were volume-reduced and then mixed with p ortland cement and 
other admixtures. Approximately 19,900 square, 270- liter drums were 
filled with the cement-wastes produced from the pre treatment process. 
These drums are being stored in a shielded facility  on the site until 
their final disposition is determined. 



Over 6.4 million liters of liquid HLW were processe d through the 
pretreatment system. PUREX supernatant was processe d first, followed by 
two PUREX sludge wash solutions. A third wash of PU REX/THOREX sludge was 
then processed after the neutralized THOREX waste w as mixed with the 
PUREX waste. Approximately 6.6 million curies of ra dioactive cesium-137 
in the HLW liquid were removed and retained on 65,3 00 kg of zeolites. 
With pretreatment complete, the zeolite material ha s been mobilized, 
size-reduced, and blended with the PUREX and THOREX  sludges in a single 
feed tank that will supply HLW slurry to the Vitrif ication Facility. 
INTRODUCTION 
Approximately two million liters of liquid HLW were  produced by NFS in 
the reprocessing of commercial and defense nuclear fuel from 1966 to 1972 
at the WNYNSC in West Valley, NY. The wastes consis ted of alkaline PUREX 
sludge and supernatant, and a small quantity of aci dic THOREX liquid. 
The PUREX waste was generated from reprocessing 640  metric tons of 
uranium oxide fuel to recover both uranium and plut onium. Sodium 
hydroxide was added to neutralize this acidic waste  for safe storage in 
the 2.8 million liter, underground carbon steel sto rage tank, designated 
Tank 8D-2. Neutralization and concentration of the tank's contents caused 
insoluble hydroxides and other salts, notably sodiu m sulfate (Na2SO4), to 
precipitate out of the liquid supernatant and form sludge layers in the 
bottom of Tank 8D-2. Both hard and soft sludge laye rs were found to exist 
through sampling programs (1). Prior to the initiat ion of HLW 
pretreatment, approximately 100,000 kg of sludge (S p.Gr.=3.3) and two 
million liters of supernatant (Sp.Gr.=1.32) were co ntained in Tank 8D-2. 
The major chemical and radionuclide constituents ar e listed in Tables I 
and II, respectively. 
Table I 
Table II 
THOREX waste liquid was produced by reprocessing on e core of mixed 
uranium-thorium fuel from the Indian Point No. 1 Nu clear Plant. This 
acidic HLW was stored in a 50,000 liter, undergroun d, stainless steel 
storage tank, identified as Tank 8D-4. Approximatel y 31,000 liters 
(Sp.Gr.=1.84) of this waste, having the chemical co mposition shown in 
Table III and the major radionuclide content presen ted in Table IV, were 
present at the beginning of HLW pretreatment. 
Table III 
Table IV 
PRETREATMENT PROCESS 
Early in the Project, it was decided to pretreat th e liquid HLW. This was 
necessary to remove those salts which have a detrim ental effect on the 
final vitrified HLW form, notably sodium sulfate. W ithout pretreatment, 
the quantity of vitrified waste would have increase d by at least tenfold 
to maintain the sulfate at acceptable levels in the  glass. 
Various pretreatment methods were studied and evalu ated with the 
assistance of Battelle PNL, EBASCO, and others. Eva luation criteria 
included: process decontamination performance; equi pment and process 
complexity; impacts on the vitrification system and  the Liquid Waste 
Treatment System (LWTS), which volume-reduces the d econtaminated HLW 
liquid; and safety and environmental considerations . The use of an 
inorganic/zeolite ion exchange process received the  top ranking and was 
selected as the reference pretreatment technology ( 2). 
INTEGRATED RADWASTE TREATMENT SYSTEM 



The Integrated Radwaste Treatment System (IRTS) was  specified to carry 
out the HLW pretreatment utilizing four separate su bsystems: Supernatant 
Treatment System (STS), Liquid Waste Treatment Syst em (LWTS), Cement 
Solidification System (CSS), and Drum Cell (DC). Th ese subsystems were 
constructed using existing facilities and equipment  whenever possible to 
minimize Project costs. The STS uses zeolite to sep arate the highly 
radioactive constituents in the HLW from the salt s olution. The 
decontaminated salt solution is volume-reduced in t he LWTS by evaporation 
to a concentration of 20 to 40 wt% Total Dissolved Solids (TDS), suitable 
for solidification with portland cement. The CSS mi xes the decontaminated 
liquid concentrate with portland cement and other a dmixtures and remotely 
fills 270-liter square drums with cement-waste disc harged from a high-
shear mixer. These drums are remotely loaded onto a  shielded, overland 
truck transporter that delivers up to eight drums a t a time to the 
remotely operated DC. At the DC the drums are autom atically off-loaded 
and placed into a compact storage array inside a sh ield structure 
enclosed by a weather shelter. 
Supernatant Treatment System Facility Description 
A simplified process flow diagram of the STS is sho wn in Fig. 1. 
Supernatant, and then later sludge wash, are transf erred from Tank 8D-2, 
the 2.8 million liter underground HLW carbon steel storage tank, to the 
STS by a submersible vertical turbine pump (50-G-00 1) suspended in the 
tank. The pump has a floating suction to minimize t he potential for 
sludge pickup and it is supported from the vault ro of. Optional 
filtration (50-F-001) is provided to prevent proces s contamination by 
removing sludge particles suspended in the supernat ant or sludge wash. 
The filter is capable of being pulsed and blown bac k with compressed air 
to clean the accumulated particles from the porous tube filtering 
surface. 
The 6,400 liter Supernatant Feed Tank (50-D-001) se rves as a surge tank 
for intermediate collecting and feeding of supernat ant to the ion 
exchange columns. Supernatant, which is ready for i on exchange 
processing, is transferred from Supernatant Feed Ta nk 50-D-001 through 
Supernatant Cooler 50-E-001 by a canned centrifugal  pump (50-G-002) at a 
rate of 8 to 30 lpm. The supernatant is cooled to l ess than 12C to 
improve the cesium removal efficiency and then is p umped downflow through 
three or four ion exchange columns (50-C-001, 50-C- 002, 50-C-003, and 50-
C-004) in series. Each ion exchange column contains  1,700 liters (1,630 
kg) of zeolite. 
Lab analysis is performed to determine the cesium l oading in each ion 
exchange column. When the first column is fully loa ded (saturated with 
cesium), supernatant processing is stopped. All col umns are then flushed 
with demineralized water and the system is placed i n recirculation 
through the second, third, and fourth ion exchange columns for the 
remainder of the shutdown to cool the column conten ts. The fully loaded 
zeolite in the first or lead column is then sluiced  to the bottom of Tank 
8D-1 with process water and is filled with fresh ze olite before the 
column goes back on-line in the last or polishing p osition. The loaded 
zeolite is temporarily stored under corrosion-inhib ited water in Tank 8D-
1 at approximately 50C until it is combined with th e HLW sludge in Tank 
8D-2 and delivered to the vitrification system. 
Following ion exchange, the decontaminated supernat ant is filtered 
through a sand filter to remove any suspended zeoli te fines. The filtered 
and decontaminated supernatant is then transferred to existing 



underground spare THOREX Waste Tank 8D-3. This tank  has a working volume 
of 34,100 liters for STS processing and serves as b oth an intermediate 
storage tank and as a sampling tank. Sample analyse s are performed to 
verify the cesium concentration and decontamination  factor of each batch 
of decontaminated supernatant that is produced. Dec ontaminated 
supernatant is transferred to the LWTS from Tank 8D -3 in batches for 
volume reduction by evaporation. 
Fig. 1 
Liquid Waste Treatment System 
The function of the LWTS is to reduce the volume of  the liquid waste by 
boiling off excess water in a steam-fired evaporato r/reboiler, which is 
run in thermosyphon mode. The major components of t he system are located 
within the Main Process Building of the formal nucl ear fuel reprocessing 
facility (3). 
Decontaminated waste from the STS effluent tank is batch-transferred by a 
submerged, vertical turbine pump installed in Tank 8D-3 and an in-line 
booster pump to the 57,000 liter evaporator feed ta nk. 
After sampling, the waste is slowly pumped at flow rates up to 40 
liters/minute to the high-efficiency evaporator whe re the liquid is 
concentrated as desired for future solidification i n cement, typically 
from 20 to 40 wt% TDS. 
The distillate from the condenser is processed thro ugh a zeolite ion 
exchange column to remove cesium and strontium. Thi s liquid effluent is 
then sent to the site's Liquid Waste Treatment Faci lity (LLWTF) for 
additional treatment prior to discharge to the envi ronment. Gaseous 
effluents from the evaporation process are collecte d by the Vessel Off-
gas (VOG) system, HEPA filtered, and then discharge d through the Main 
Plant stack.  
The concentrates produced in the evaporator are pum ped through a water-
cooled heat exchanger and fed to Tanks 5D-15A1 or 5 D-15A2, having 
capacities of 19,000 and 38,000 liters, respectivel y. The concentrates 
are then batch-pumped to the 1,900 liter Waste Disp ensing Vessel in the 
CSS. Instrumentation placed at strategic points thr oughout the system 
allow the process parameters to be monitored from t he LWTS Control Room 
in real time. Feed and product tanks are sampled to  ensure that the 
liquid waste stream is within process parameters. T ypical activities of 
the concentrated liquid waste range from 0.01 to 0. 5 mCi/ml cesium-137, 
with an upper design limit of 50 mCi/ml. 
Cement Solidification System 
The fully automated CSS receives concentrated liqui d radioactive mixed 
waste and produces stabilized cement-waste which me ets 10CFR61 criteria 
for low-level waste. The radioactive portions of th e system are contained 
in the shielded confines of the 01-14 Building, whi ch housed the acid 
recovery system during prior fuel reprocessing oper ations. A storage and 
transfer system provides silo storage for 70 cu. me ters of the 
cement/calcium nitrate blend. This material is pneu matically conveyed 
into the 01-14 Building where a weight feeder batch es it to the cement 
mixer (4). 
Liquid waste is stored in the Waste Dispensing Vess el and recirculated 
through the piping system with a positive displacem ent pump to maintain a 
homogeneous mixture. Process control systems monito r, limit, and meter 
the liquid waste, additives, and the portland cemen t/calcium nitrate 
blend into a high-shear mixer. A data acquisition s ystem records the 
weight of each additive, bar-coded drum number, and  other process 



information for record-keeping. After mixing, the c ement waste is 
discharged into a 270-liter, polyethylene-lined squ are drum. Two mixer 
batches are required to fill each drum. The drum fi ll neck is then 
remotely capped and the drums move on roller convey ors to a remote 
smearing station. After cleanliness is verified, th e drums are 
automatically sequenced onto the shielded, truck tr ansporter which hauls 
up to eight drums at a time to the DC. 
The CSS facility was designed for fully automatic p rocessing of drums 
having radiation fields up to 1 R/hr at contact. Du e to required 
maintenance activities, ALARA (As Low As Reasonably  Achievable) typically 
limits operations to 100 mR/hr per drum, which is e asily maintained by 
the excellent decontamination provided by the STS. 
Drum Cell 
The DC serves as a storage facility for the cement- waste produced by the 
IRTS, pending approval of the Environmental Impact Statement (EIS) and 
the Record of Decision (ROD) for final site closure . The facility was 
designed and constructed so that it can be converte d to an above-grade 
tumulus disposal facility. 
The facility consists of 50 cm thick concrete shiel d walls around a small 
drum unloading area and a 15 m wide by 105 m long b y 4.6 m high drum 
storage area. A larger, sheet metal, weather struct ure encloses the 
shielded areas and also houses the Control Room and  a crane maintenance 
area. The facility was originally designed to store  17,700 270-liter 
drums of cement-waste, stored 9 layers high (5). Up grades to the remote 
drum lifter and other hardware/software modificatio ns have expanded the 
drum capacity to 11 layers high, with a capacity of  21,200 drums. 
Operations within the DC are fully automated. Drums  are sequenced off the 
transporter onto a roller conveyor system that empl oys a bar code scanner 
to record the drum number into the data base, upend s the drum on its 
side, and then tips the drum on its side edge. The remotely operated 
crane picks up each drum from the top and bottom ed ges and places it into 
the drum storage array, keeping the lower activity drums on top to 
provide shielding. The global X,Y,Z coordinates of each drum are logged 
into the data base, along with its serial number, f or documentation and 
potential retrievability. 
IRTS OPERATION 
Supernatant Processing 
The IRTS was operated from May, 1988 until November , 1990 processing 2.34 
million liters of PUREX supernatant having cesium-1 37 concentrations 
ranging from 1,100 to 2,800 Ci/ml. Approximately 5. 20 million curies of 
cesium-137 at a decontamination effectiveness of ov er 99.99% were removed 
from this liquid and adsorbed on 42,500kg of UOP IO NSIVR IE-96 zeolite, 
which was stored under liquid in Tank 8D-1. The dec ontaminated 
supernatant, concentrated to a nominal 40% TDS, was  solidified into 
10,393 270-liter square drums. The cesium-137 activ ity in these drums 
totalled 302 curies. Through various test programs,  this cement-waste has 
been shown to meet all U.S. Nuclear Regulatory Comm ission (NRC) 
requirements for a stabilized low-level radioactive  waste form (6). 
Additional test programs also demonstrated that hea vy metals contained in 
the liquid waste; primarily barium, cadmium, chromi um, mercury, and 
selenium; are immobilized so that the solid waste i s classified as 
Resource Conservation and Recovery Act (RCRA) nonha zardous. These drums 
are currently stored on site in the DC. 
Sludge Washing 



After completing laboratory simulation tests, prepa rations, and 
operational readiness reviews; both internal and DO E/NRC; the PUREX 
sludge in Tank 8D-2 was washed from October, 1991 t o January, 1992. 
Washing consisted of adding a sodium hydroxide solu tion and additional 
water to increase the alkalinity of the liquid wast e from an indicated pH 
of 10 to a pH of 12.5. This was done in conjunction  with sequential 
operation and lowering of the five 150-hp mobilizat ion pumps in the HLW 
tank to thoroughly mix the contents. This washing p rocess dissolved the 
hard layer of sludge present in the tank, solubiliz ed sulfate and other 
undissolved salts present in the sludge, and mixed the interstitial 
liquid trapped in the sludge with the wash solution . The alkalinity 
increase precipitated plutonium and uranium compoun ds formed so that 
these concentrations in the sludge wash were reduce d by factors of 10 and 
20, respectively. This was desirable since much mor e of these long-lived 
radionuclides would be vitrified with the sludge an d not carried through 
to the cement-waste product. 
Sludge Wash No. 1 Processing 
Sludge wash no. 1 processing through the IRTS began  in April, 1992 and 
finished in May, 1994. Over 1.55 million liters of the sludge wash no. 1 
solution containing 910,000 curies of cesium-137 wi th concentrations 
between 520 and 850 Ci/ml were decontaminated using  UOP IONSIVR IE-96 and 
TIE-96 zeolites. The TIE-96 zeolite was developed j ointly by Battelle 
PNL, UOP, and West Valley Nuclear Services (WVNS), with its first 
commercial use at the WVDP during sludge wash no. 1  processing through 
the STS. In addition to cesium, the TIE-96 zeolite removes plutonium and 
strontium with typical decontamination factors of 1 0 to 100. By using 
this new zeolite, the amounts of these long-lived r adionuclides that are 
solidified in cement-waste are minimized and the qu antities vitrified are 
maximized. Six-thousand five-hundred kilograms of t he TIE-96 zeolite and 
4,900 kg of IE-96 zeolite were used during sludge w ash no. 1 processing. 
The cesium activity passing through into the cement  waste was 201 curies. 
Two new stabilized cement-waste forms were develope d to solidify the new 
waste stream to newly revised NRC stability require ments. Portland Type V 
cement was used in one of the waste forms, instead of the Type I cement, 
to resist the impact of the increased sulfate conte nt in the sludge wash 
and to increase the waste concentration from a nomi nal 20 wt% TDS to 30 
wt% TDS. Approximately 7,280 270-liter square drums  of cement-waste were 
produced from the decontaminated sludge wash no. 1 concentrate: 4,160 
with Type I and 3,120 with Type V portland cement. Both waste forms were 
developed to meet applicable U.S. Environmental Pro tection Agency (EPA) 
and New York State Department of Environmental Cons ervation (NYSDEC) 
regulations for immobilization of heavy metals and the updated stability 
requirements contained in the 1991 NRC Branch Techn ical Position on Waste 
Form. Nearly all of the sludge wash cement-waste pr oduced meets 10CFR61 
criteria for a Class A low-level waste due to three  factors: 1) 
precipitation of the plutonium in the alkaline slud ge wash 2) plutonium 
and strontium removal provided by the TIE-96 zeolit e and 3) the slightly 
lower waste concentration employed to adequately pr oduce a stabilized 
cement waste with the much higher sulfate levels an d limit precipitation 
of solids in the LWTS evaporator. 
Sludge Wash No. 2 and Processing 
A second sludge wash of the PUREX sludge was prefor med during May and 
June, 1994 to further reduce the amount of sulfates  in the HLW prior to 
vitrification. As with the first sludge wash, sodiu m hydroxide and water 



were added to Tank 8D-2 while the mobilization pump s mixed the contents 
of the tank. Following the second wash, the wash so lution was again 
processed through the IRTS from June to August, 199 4. Approximately 1.35 
million liters of wash no. 2 solution, containing 1 26,000 curies of 
cesium-137 at a concentration of 100 mCi/ml, were d econtaminated in the 
STS with both types of UOP zeolites used earlier. O nly 1,600 kg of 
zeolite were used during this processing. The cesiu m activity passing 
into the 750 drums of cement waste produced from th e decontaminated 
sludge wash concentrate was limited to 21 curies. A ll drums meet 10CFR61 
criteria for a Class A LLW. 
THOREX Transfer and Neutralization 
Following the completion of sludge washing, final p reparations were made 
to complete the installation of the HLW Transfer Sy stem which links all 
three HLW tanks and the Vitrification Facility toge ther with double-
contained piping run in underground concrete trench es and pits. Vertical, 
turbine-type transfer pumps were installed in Tanks  8D-1, 8D-2, and 8D-4. 
Readiness assessments for the THOREX transfer and n eutralization, THOREX-
wash processing, and zeolite transfer were conducte d by both WVNS and 
DOE, with oversight by the NRC. Tank 8D-2 was prepa red for the acidic 
THOREX addition during November and December, 1994 by increasing its 
alkalinity with sodium hydroxide to approximately a  pH of 13. Corrosion 
probes and a NOx monitor were employed to monitor a nd limit tank 
corrosion during the THOREX addition. Dilution air was added into the HLW 
tank vapor region to also minimize corrosion during  the transfers. 
The acidic THOREX was transferred from Tank 8D-4 to  Tank 8D-2 and 
neutralized during January, 1995. The THOREX was br ought over in three 
separate transfers. A first transfer of 18,000 lite rs, a second transfer 
of 38,600 liters of THOREX with water added to redu ce its corrosion 
potential in Tank 8D-2, and a third transfer of 21, 100 liters of a second 
THOREX dilution. In total, 98% of the THOREX waste was removed from Tank 
8D-4 with the remainder left in the tank heel. The NOx monitor and 
corrosion probes in Tank 8D-2 indicated no signific ant increase in 
corrosion rate during the neutralization process. F ollowing 
neutralization, sodium nitrite was added to Tank 8D -2 to minimize pitting 
corrosion that could result from the large amount o f nitrates in the 
THOREX. 
THOREX/PUREX Wash Processing 
After mixing the contents of Tank 8D-2: washed PURE X sludge, sludge wash, 
THOREX precipitates, and THOREX solubles; the liqui d THOREX/PUREX wash 
was processed through the IRTS. From January to May , 1995, 1.19 million 
liters of the THOREX/PUREX wash solution, containin g 300,000 curies of 
cesium-137 at a 250 Ci/ml concentration, were decon taminated using 1,600 
kg of UOP IE-96 and 1,600 kg of TIE-96 zeolite. The  decontaminated 
THOREX/PUREX wash was concentrated to 20 to 29 wt% TDS in preparation for 
solidification in cement. 
A new Type V portland cement-waste form for the THO REX/PUREX wash was 
developed and tested. Test data indicated that the waste form immobilizes 
the heavy metals; specifically barium, cadmium, chr omium, mercury, 
selenium, and silver; so that the waste is classifi ed as RCRA 
nonhazardous. Additional qualification tests were p erformed to 
demonstrate that the resulting cement-waste meets N RC requirements for 
LLW stability. Actual post-production waste analyse s indicated that 
nearly all of the drums of solidified THOREX/PUREX wash meet 10CFR61 
criteria for Class A LLW. This is attributed again to the effectiveness 



of the alkaline wash of Tank 8D-2 to precipitate pl utonium and the 
adsorption capability of the UOP TIE-96 zeolite in removing strontium and 
plutonium from the wash solution, in addition to ce sium removal. 
Approximately 1,450 270-liter drums containing 46 c uries of cesium-137 
were produced from the decontaminated THOREX/PUREX wash concentrates, 
bringing the total number of drums stored on site i n the DC to 
approximately 19,900. 
Zeolite Mobilization and Transfer 
The last pretreatment operation has been ongoing at  the WVDP from July, 
1995 to January, 1996. The 65,300 kg of zeolite sto red in spare HLW Tank 
8D-1 have been mobilized with five 150-hp mixing pu mps installed in the 
tank. Once fluidized, the zeolite slurry was pumped  from Tank 8D-1 
through an in-line grinder that size-reduced the 20  to 50 mesh (840 to 
300 microns) zeolite size to approximately 50 micro ns or less before the 
slurry was added into Tank 8D-2 and mixed with the PUREX and THOREX 
sludge. Once a zeolite transfer was completed, Tank  8D-2 liquid was then 
decanted back to Tank 8D-1 to aid in mobilizing and  transferring the next 
batch of zeolite slurry to Tank 8D-2. Fifteen zeoli te transfers have been 
accomplished with an estimated removal of 85-91% of  the original zeolite 
stored in Tank 8D-1. To accomplish this, over 14 mi llion liters of 
zeolite slurry have been transferred from Tank 8D-1  to Tank 8D-2. The 
amount of zeolite transferred has been estimated by  the use of radiation 
probes placed along the transfer piping within the trench and video 
inspections of the heel remaining in Tank 8D-1. The  amount of zeolite 
removed from Tank 8D-1 greatly exceeds the required  quantity to begin HLW 
vitrification. Although zeolite mobilization and tr ansfer are complete, 
additional flushes of Tank 8D-1 are scheduled to be  performed in parallel 
with HLW vitrification to further remove zeolite fr om the tank heel. 
SUMMARY AND CONCLUSIONS 
The WVDP has completed its high-level radioactive w aste pretreatment 
program begun in 1988. The pretreatment process con sisted of four 
distinct phases: PUREX supernatant processing, slud ge washing, THOREX 
waste neutralization and washing, and zeolite mobil ization and transfer. 
Pretreatment of the HLW was specified to separate t he majority of the 
radioactive species from the nonradioactive salts, specifically those of 
sulfate, in order to reduce the total volume of HLW  glass. 
The pretreatment process for the first three phases  was similar. The HLW 
supernatant from the PUREX waste, sludge washing, a nd neutralized THOREX 
waste was processed through the STS where the cesiu m-137, and later the 
plutonium and strontium-90, radionuclides were adso rbed onto the zeolite. 
This system effectively removed these radionuclides , thereby providing 
decontamination factors of at least 1,000 for cesiu m-137 and 
approximately 10 to 100 for plutonium and strontium -90. The spent zeolite 
was stored in a spare HLW tank until later in the p retreatment process. 
The resulting decontaminated salt solutions were th en volume-reduced by a 
steam-fed evaporator in the LWTS. The concentrated,  radioactive mixed 
waste was blended with portland cements and special  additives in the CSS 
that employed high-shear cement mixers. Specially c onstructed 270-liter 
square drums were filled with the cement-waste that  met the NRC 
stabilization criteria for Class B and C LLW, as we ll as the EPA and 
NYSDEC Toxicity Characteristic Leaching Procedure ( TCLP) requirements for 
heavy metals. Approximately 19,900 drums of four di fferent stabilized 
cement-waste recipes; each meeting 10CFR61 criteria  for Class A, B, or C 



LLW; have been produced and are currently stored in  the remotely operated 
DC awaiting final disposition. Table V presents IRT S processing totals. 
Table V 
The last pretreatment phase consisted of mobilizing  approximately 85-91% 
of the 63,300 kg of zeolite stored under water in t he spare HLW tank, 
size-reducing the particles from the original 570 m  size (20 to 50 mesh) 
to less than 50 m, and transferring the slurry into  the original HLW tank 
containing the washed sludges. The size-reduced zeo lites have been 
blended with the sludges to form a homogenous HLW f eed for the 
Vitrification Facility. The projected composition o f the resulting HLW 
liquid phase is shown in Table VI. 
Table VI 
Many challenges presented themselves during the pre treatment of the HLW 
which led to the development of major technical inn ovations, including: 
  Development of cement-wastes that met increasingl y more stringent 
stabilization requirements. 
  First use of square drums to minimize the size of  the Drum Cell. 
  Design, fabrication, and use of specialized remot e tooling to repair 
process equipment within HLW tanks where radiation fields range over 
1,000 R/hr. 
  Development, commercialization, and use of the UO P IONSIVR TIE-96 
zeolite that removes plutonium and strontium, as we ll as cesium. This 
allowed production of a LLW cement-waste having muc h lower concentrations 
of these radionuclides. 
  The use of fully remote drum handling and bar cod e tracking systems in 
the CSS and Drum Cell. 
  Safely neutralizing the acidic THOREX waste in th e primary carbon steel 
HLW tank using in-tank corrosion probes and a NOx a nalyzer to monitor the 
process and ensure minimal corrosion. 
  Increasing the capacity of the existing Drum Cell  from 17,700 to 21,200 
drums by modifying hardware and software systems. 
  Removal of the zeolite from the spare HLW tank af ter up to seven years 
of storage in an alkaline environment. 
Through innovative engineering and disciplined pret reatment operations, 
these and other challenges have been met and soluti ons achieved. Over 6.6 
million curies of cesium-137 were removed from the HLW liquid and 
adsorbed onto the zeolite. The original two million  liters of PUREX waste 
and 31,000 liters of THOREX waste have been process ed to produce a slurry 
of approximately 1.1 million liters that contains w ashed sludge and size-
reduced zeolite. The decontaminated salt solutions produced 19,900 cement 
drums, collectively containing 570 curies, for an a verage cesium removal 
efficiency of over 99.99%. 
The WVDP Pretreatment Program has been completed an d the accomplishments 
over the last seven years illustrate that HLW proce ssing can be safely 
and successfully managed. In addition, the pretreat ment processing is a 
success in that the WVDP cement-wastes have met com mercial NRC 
stabilization requirements, and the heavy metals in  the wastes have been 
immobilized below EPA and NYSDEC TCLP limits, produ cing RCRA nonhazardous 
wastes. 
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ABSTRACT 
The West Valley Demonstration Project (WVDP) has de signed, built, tested, 
and operated a process for vitrifying high-level ra dioactive waste (HLW) 
in borosilicate glass. Components, systems, and fac ilities were designed 
to take advantage of commercial nuclear experience,  control cost and 
schedule, maximize utilization of existing faciliti es and systems, and 
integrate functional requirements with the Project mission to vitrify the 
HLW as safely, quickly, and cost effectively as pos sible. 
Unique design features which were developed for ove rcoming constraints 
that could have impacted the success of the Project  are discussed. Among 
these constraints were limited space, the utilizati on of existing 
facilities, short operating life, cost minimization , and conversion from 
a pilot plant test facility to a remotely operated radioactive production 
facility. 
BACKGROUND 
At the WVDP, final preparations are underway for so lidification of high-
level radioactive waste (HLW) into borosilicate gla ss in the 
Vitrification Facility. The fundamental functional requirements for the 
WVDP Vitrification Project are comparable to those for vitrification 
projects at Savannah River's Defense Waste Processi ng Facility (DWPF), 
Japan's Tokai Vitrification Facility, and England's  Sellafield site. 
However, differences in radioactive waste compositi on, operating 
schedules, budget constraints, facility size, and r euse of existing 
facilities, when combined with the ingenuity and cr eativity of design 
engineers, have resulted in the creation of many un ique design features 
at the WVDP Vitrification Project. This paper descr ibes a few of these 
unique design features. 
VITRIFICATION FACILITY 
It is often said that "Necessity is the Mother of I nvention." In this 
regard, the Vitrification Facility provides fertile  grounds for the 
growing and harvesting of fresh new ideas. Constrai nts placed on the 
design by a process that must be remotely operated,  coupled with a number 
of diverse tasks that are involved in the productio n of vitrified HLW, 



require the design engineer to develop innovative s olutions to meet a 
wide variety of functional requirements.  
The structure of the Vitrification Facility present s a case in point. 
Constructed in 1984 as a test stand for hands-on te sting of vitrification 
equipment components, it was designed to be convert ed into a shielded, 
remotely operated facility for solidifying highly r adioactive waste in 
borosilicate glass. The conversion process was star ted in 1989, after 
five years of nonradioactive testing. As part of th is conversion, seven 
wall modules, which include all piping and electric al penetrations, were 
fabricated by an off-site vendor. The wall modules varied in size, with 
the typical module measuring 4.7 m wide by 7.1 m hi gh by 1.2 m thick. 
Wall modules were installed into the Vitrification Facility using the 
same 25-ton overhead bridge crane that is being use d for remotely 
operating the vitrification process. Using the insi de stainless steel 
liner of the wall module as a concrete form, plasti cized concrete mix was 
then pumped into the wall modules for shielding. 
The use of these module units permitted testing of the melter in 
conjunction with the conversion of the Component Te st Stand (CTS) into 
the Vitrification Facility shielded structure. In a ddition, accurate 
location of penetrations could be assured to suppor t the fabrication of 
remote connection pipes or jumpers. This approach r educed the overall 
construction schedule by over six months. 
Beyond the Vitrification Facility itself, there are  a number of unique 
design features associated with the vitrification p rocess equipment. A 
sampling of these unique design features follows: 
Canister Lid Welder 
The purpose of the canister lid welder is to achiev e leak-tight canister 
closure after the canister is filled with HLW glass . A process called 
pulsed Gas Tungsten Arc Welding is used to weld the  16-inch diameter lid 
onto the canister without the use of filler metal. The welding machine, 
which is typically used for fully automated welding  in the automotive 
industry, was adapted for remote operations in the WVDP Vitrification 
Facility (see Fig. 1). The effects of varying the p rimary process 
parameters of current, voltage, and travel time wer e characterized during 
early developmental testing by welding lids onto ca nisters or canister 
mockups and then hydrostatically burst-testing the canisters. Five welded 
canisters that were dropped from a height of 7 mete rs at Battelle Pacific 
Northwest Laboratory successfully passed subsequent  helium leak testing. 
Different remote tools have been developed for aidi ng the canister lid 
weld process. One of these tools, the flange condit ioning tool, consists 
of an end mill and a wire brush, both of which are mounted on a carriage 
assembly. The flange conditioning tool can be used to clean the weld 
surface, perform local excavation for repair of non conforming welds, or 
mill a groove for welding on a secondary canister l id, if a satisfactory 
weld of a primary lid is not possible. 
Fig. 1 
Evacuated Canister 
The purpose of the evacuated canister is to allow t he remote removal of 
radioactive molten glass from the melter during a p lanned melter 
shutdown. An L-shaped stainless steel dip tube (fou r inches in diameter), 
sealed at one end with an aluminum plug, is inserte d into the molten 
glass in the melter. The aluminum plug melts after 3 to 8 minutes and the 
molten glass is then sucked into the canister by va cuum. The evacuated 
canister fills to approximately 85 percent full in 15 minutes with molten 



glass that is initially at a temperature of 1150C. Surface temperatures 
on the outside of the evacuated canister approach 9 00C during the filling 
operation. A photo of the evacuated canister appear s in Fig. 2. 
Fig. 2 
Slurry-fed Ceramic Melter 
High-level waste slurry is fed to the ceramic melte r where it is first 
dried and calcined and then gradually mixed with mo lten borosilicate 
glass. Slurry-fed ceramic melters at DWPF; Tokai, J apan; Karlsrhue, 
Germany; and PAMELA in Belgium all have refractory- lined melting cavities 
that are joule-heated. However, these melters diffe r in the method of 
pouring glass (side versus bottom), number and type  of pipe penetrations, 
method of power/temperature control, and method of viewing the melter 
cavity. 
The first WVDP melter used during cold testing had Inconel pipe nozzles. 
Due to corrosion experienced during testing, cerami c (alumina) liners 
were added to the current melter design. During fun ctional checkout, 
these liners cracked due to a combination of physic al stresses, thermal 
shock, and thermal expansion. They were subsequentl y replaced with a 
second, redundant Inconel liner that employs a pass ive air purge to sweep 
corrosive gasses away from the Inconel melter pipe nozzles.  
Viewing the inside of the melter is important whene ver feeding slurry. 
The melter viewing system, which is functionally si milar to a periscope, 
is used to determine the extent the molten glass po ol is covered by a 
floating island of drying slurry and calcined solid s called a "cold cap." 
Adjustments of slurry feed rate are made based on t he size of the cold 
cap. A similar device is used to view the glass dur ing pours from the 
melter into each canister. Based on watching the or ientation of the glass 
pour stream on their TV monitors, operators can mak e adjustments in the 
rate of glass pouring and, if necessary, terminate an off-normal pour. 
Figure 3 shows the melter viewing system. 
Another method used to control glass height in the canister is an 
Infrared Level Detection System. This system indire ctly monitors infrared 
emissions from a thermally hot canister during and immediately after 
glass pouring. This same system has also been adapt ed for use at the DWPF 
based on successful test results at the WVDP. 
Fig. 3 
Off-gas Treatment 
Originally designed as a passive scrubber for venti ng reactor 
containments, the Submerged Bed Scrubber has been a dapted for use in the 
WVDP Vitrification Facility. Hot gasses from the me lter are introduced 
below a bed packed with spherical ceramic beads. Th e hot gases are 
immediately quenched (cooled) by the scrubber solut ion. As the remaining 
noncombustible gasses rise, they also cause the scr ubber solution to rise 
by an air-lift type effect. The emerging scrubber s olution overflows into 
a collection tank and recirculates by gravity back to the packed bed. 
Accumulated solids are periodically removed by crea ting a swirling action 
and then jetting the solids back to the front end o f the vitrification 
process for recycling to the melter. 
Various oxides of nitrogen (NOx) are produced as th e solids in the melter 
feed decompose in the melter. Although radioactive contamination in the 
off-gas is effectively removed by multiple stages o f scrubbing and 
filtration, including the Submerged Bed Scrubber, t he nonradioactive NOx 
gases still remain. As a final step in off-gas trea tment, the NOx is 
reacted with ammonia at a temperature of 400C in th e presence of a 



catalyst to form harmless nitrogen and water vapor.  Two parallel, 
redundant NOx reactors were installed in an existin g shielded facility to 
reduce Project costs. The removal efficiency of the  NOx reactors, based 
on actual operating conditions, exceeds 90 percent and fully meets 
regulatory requirements. 
Remote Handling 
Operating and maintaining the vitrification process  equipment using only 
cranehooks, impact wrenches, and a limited number o f manipulators 
presents many opportunities for custom-designing eq uipment to perform 
highly specialized tasks. 
The Vitrification Facility has an "extra pair of ha nds," the Telerobotic 
Manipulator or In-cell Robot, that will be used in a support role to 
assist the cranes, impact wrenches, and manipulator s in remotely 
repairing and decontaminating equipment. The In-cel l Robot consists of a 
stainless steel torso housing on a hydraulic power unit and two 6-1/2 
foot-long titanium arms. A photo of the robot appea rs in Fig. 4. The 
robot is deployed in the Vitrification Cell using t he overhead bridge 
crane. The robot's gripper jaw hands can be exchang ed with a drill motor 
or other end effectors. An umbilical cable attaches  the robot to the 
control panel located outside the shielded cell. Mo vements by the 
operator are duplicated by the robot's correspondin g arms/hands. 
Movements can also be preprogrammed into the comput er, saved, and then 
repeated. 
Fig. 4 
Canister Decontamination 
The exterior of the stainless steel canisters requi re decontamination 
prior to shipment to a federal repository. The cani ster decontamination 
system at the WVDP uses a dilute solution of nitric  acid and cerium (+4) 
nitrate to chemically etch the exterior surface of the filled and sealed 
canisters. Laboratory and full-scale testing of thi s unique system has 
confirmed the effectiveness of the chemical reactio ns in removing a 
predictable amount of the canister's surface, along  with any embedded 
surface contamination. The amount of material remov ed from the canister 
surface is controlled by altering the amount of cer ium (+4) in the 
initial volume of decontamination solution. 
While the cerium (+4) decontamination solution, fol lowed by an acid rinse 
with 0.5 molar nitric acid, was effective in removi ng 3 to 5 microns of 
the surface material and completing the cleaning pr ocess, consistent 
cleaning of the canister dished-bottom was not init ially accomplished. By 
modifying the surface finish on the bottom of the c anisters, acceptable 
cleaning was obtained based on both appearance and a slight increase in 
the amount of material loss. 
Canister Transfer 
Selecting the site for the location of the Vitrific ation Facility was 
relatively straight forward. It lies in close proxi mity to the HLW Tank 
Farm and aligns with the existing plant's Chemical Process Cell (CPC) 
where canisters of vitrified HLW will be stored. A shielded tunnel 
connects the Vitrification Facility and the existin g plant. But, there 
remained the question, how are canisters of vitrifi ed HLW transported 
from the Vitrification Facility into the CPC? Both the Vitrification 
Facility and the CPC are remotely operated canyons.  That is, they are 
equipped with remotely operated overhead cranes. On e logical alternative 
considered was to extend the crane rails from the V itrification Facility 
into the CPC. However, separation distance (22.86 m ), space constraints, 



and the prohibitive cost of extending the Vitrifica tion Cell shield walls 
ruled out this option. A shielded cask transport tr uck, similar to that 
designed for use at the DWPF, was also considered b ut ruled out based on 
cost factors. Ultimately, a radio-controlled, trans fer cart was designed, 
fabricated, and tested for the transfer of canister s of vitrified HLW 
from the Vitrification Facility to the CPC, as well  as for transferring 
empty canisters into the Vitrification Facility. 
The transfer cart is designed to move a load of fou r filled canisters 
with a combined weight of over 10 tons from the Vit rification Facility to 
the CPC. Additional provisions for handling loads u p to 25 tons are 
provided by trailer carts to handle vessels and loa d test weights. The 
transfer cart travels a rail system that connects w ith the existing rail 
system in the CPC. The transfer cart's movement is interlocked with the 
operation of three separate shield doors to assure that the transfer cart 
cannot be moved when the shield doors are being ope rated and vice versa. 
The cart is battery-powered with no trailing umbili cals. The battery pack 
is automatically recharged, without removing it fro m the cart, as the 
transfer cart passes through the charging location.  The transfer cart 
electrical/control system is modularized for ease o f remote changeout. 
Canister Load-in 
The Canister Load-in Facility was designed to intro duce clean, empty 
canisters into the Vitrification Facility. Clean ca nisters are removed 
from a custom-designed cargo trailer with pull-out storage racks. They 
are then placed horizontally on a roller conveyor a nd manually pushed 
through an opening in the shield wall. As the canis ter passes through the 
shield wall, it engages a tipper device. The canist er is slowly uprighted 
from a horizontal to a vertical position. The rate of motion of the 
canister in the tipper is mechanically controlled b y counterweights and 
pneumatic cylinders. After the canister is uprighte d, a 10-ton overhead 
crane picks up the empty canister and places it in the transfer cart. 
High-level Waste Interim Storage 
The High-level Waste Interim Storage (HLWIS) Facili ty, formerly called 
the CPC, was part of the original reprocessing plan t. It has been 
redesigned and retrofitted for temporary storage of  the estimated 300 
canisters of vitrified HLW that will be produced in  the Vitrification 
Facility. On-site interim storage of the vitrified HLW is necessary until 
the designation of a federal repository. The HLWIS Facility provides 
significant radiation shielding and cooling to main tain the centerline 
temperature of the borosilicate glass in the canist ers below the 
repository limit of 400C. A systematic study was pe rformed to evaluate 
the options for HLW interim storage and identify a cost effective 
alternative that meets WVDP's needs and requirement s. Cost estimates for 
designing and constructing a new shielded storage f acility were compared 
with the costs of upgrading operations and maintena nce of the existing 
plant buildings. The CPC meets technical requiremen ts for radiation 
protection, remote handling, transfer of filled can isters into the CPC, 
and eventual shipment of canisters. Adapting the CP C for interim storage 
of vitrified HLW canisters was a cost effective and  technically feasible 
alternative for the WVDP. 
Twenty-two canister rack storage modules and 1 cool er support module were 
fabricated at an off-site vendor. Each canister sto rage rack, consisting 
of a bottom module and top module, is 6.09 m long, 1.52 m wide, 5.18 m 
high and weighs approximately 8.5 metric tons. The racks were 
preassembled off site to assure that they could be remotely installed in 



the CPC. After preparations in the CPC were complet ed, the modules were 
moved into the CPC on a cart and remotely stacked t wo-high using a 16-ton 
overhead crane. All of the racks were remotely join ed, after placement, 
with high-strength pins using a specially designed impact wrench attached 
to the power manipulator tubes to form a continuous  structure. 
Each HLW glass canister initially gives off approxi mately 300 watts of 
decay heat. The canister storage rack modules are d esigned to facilitate 
passive cooling of the canisters through natural co nvection to maintain 
the glass centerline temperature below 400C. The si des of the racks are 
open and vent holes are cut underneath each caniste r's storage location. 
As an alternative, two cooler modules are also inst alled in the CPC. 
These cooler modules are designed to force cool air  throughout the 
canister rack assembly to cool the canisters and en sure a uniform 
temperature distribution in the CPC. 
A 16-ton overhead crane is used to remotely remove canisters from the 
transfer cart and install the canisters in the cani ster storage racks. To 
allow recovery from a failed crane hoist, a Load Lo wering Device was 
designed and fabricated. This device allows a canis ter to be safely 
lowered in the event the hoist becomes inoperative.  The Load Lowering 
Device works entirely on mechanical principles. The re are no electric 
control devices. The rate of descent of the caniste r is governed by a 
gear reducer coupled to a fan blade. As the caniste r descends, the fan 
rotates. The resistance the fan blade encounters in  moving the air 
governs the fan speed which, in turn, controls the rate of canister 
descent. 
CONCLUSION 
Radioactive vitrification operations are scheduled to begin in June 1996, 
with the entire production campaign scheduled to la st about two and one-
half years. All functions of the components and fac ilities directly 
related to glass production will be performed remot ely. The features 
discussed in this paper are just a few examples of the unique designs 
developed to integrate these converted facilities f or radioactive 
operations and canistered waste storage. 
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ABSTRACT 
Vitrification technology to immobilize the High-lev el Wastes (HLW) in a 
stable and nondispersible form has been successfull y demonstrated, using 



nonradioactive waste simulants, at the West Valley Demonstration Project 
(WVDP). This conclusion is based on a five-year tes t campaign, using 
prototypes of the major, full-scale process vessels  and components 
planned for use during radioactive operations, and smaller scale 
flowsheet experiments. This experience provides hig h confidence that the 
radioactive glass production demonstration will be safely completed. 
A series of potential waste-form compositions, base d on borosilicate 
glass formulations, were tested against the Departm ent of Energy Office 
of Environmental Management Waste Form Acceptance P roduct Specifications 
(EM-WAPS). (1) Based on the results of these tests,  a target composition 
(termed Ref. 6) was selected for the radioactive vi trification campaign. 
This composition meets all of the acceptance requir ements for eventual 
disposal in a deep, geologic repository.  
This paper discusses the bases for the selection of  the target glass 
composition and the verification that the process f lowsheet produces an 
acceptable product. The data are based on both the full-scale tests, that 
produced approximately 150,000 kg of glass during 3 7 individual tests 
using simulated high-level waste, and small melter experiments. The one-
eighth scale vitrification system was operated for eight months to 
further enhance understanding of the process chemis try, develop a feed 
make-up strategy and establish redox controls for t he melter.  
INTRODUCTION 
Vitrification technology, ranging from the waste-fo rm composition to the 
equipment needed to produce canistered waste forms,  has been developed 
and tested for immobilization of the HLW stored at the West Valley 
Demonstration Project (WVDP). This waste was genera ted by the commercial 
reprocessing of 640 tonnes of reactor fuel at the W estern New York 
Nuclear Services Center.(2) At the inception of the  WVDP, two wastes were 
stored in underground tanks. The majority, 2,300 m3 , was neutralized 
PUREX waste. Another 40 m3 of partially processed T HOREX waste was also 
stored. The PUREX waste was washed to minimize the sodium and sulfate 
salts to be vitrified.(3) The original PUREX supern atant and wash 
solutions were decontaminated using a zeolite ion-e xchange process to 
retain the cesium. Presently, the PUREX, THOREX and  zeolite wastes have 
been combined, ready for vitrification. 
As the previtrification waste treatment activities progressed, the 
facilities and equipment needed to solidify the was te in glass were 
installed.(4) In parallel, a borosilicate glass mat rix, tailored for deep 
geologic disposal of the West Valley Site wastes, w as developed and 
tested. The glass waste-form development and nonrad ioactive vitrification 
process demonstration activities are described in t his paper. 
WASTE-FORM DEVELOPMENT 
As discussed above, the WVDP high-level wastes have  been pretreated and 
combined, forming a single stream to be vitrified. The estimated 
composition of the individual wastes and the blende d stream are shown in 
Table I. In addition to waste chemistry, the radion uclide content has 
also been characterized. The estimated activity of the combined wastes, 
decayed to a 1996 basis, is listed in Table II. The se waste composition 
and activity data were the basis for developing a g lass matrix to 
immobilize the West Valley HLW. 
Table I 
Table II 
Two sets of glass properties formed the acceptance criteria as the waste-
form composition evolved: the waste glass had to be  processed using 



demonstrated technology and it must have high leach  resistance as 
measured by the Product Consistency Test (PCT) prot ocol. (5) The 
processability criterion required that the waste fo rm be produced in a 
joule-heated melter using Inconela electrodes. This  implies an oxidizing 
glass melted at a maximum average temperature of 11 50C.  
To assure that the glass was consistent with this t echnology, viscosity, 
electrical resistivity and liquidus temperature lim its were established. 
These glass property limitations are shown in Table  III.  
Table III 
To achieve the second glass development measure, PC T performance, the 
candidate waste glass leach rate must be lower than  a glass standard. 
More specifically, the target glass composition per formance has to be 
statistically demonstrated to be superior to the EA 6 glass using the PCT. 
This performance criterion is stipulated by the EM- WAPS. (1) In order to 
assure a high quality waste form, this criterion wa s internally increased 
to require the glass to exhibit stable, low leach r ate performance for a 
period of at least 28 days rather that the seven da y period specified by 
the PCT procedure. 
Using these waste-form composition selection criter ia, a series of 
reference glasses evolved, (7) as shown in Table IV . The Ref. 6 glass 
formulation was ultimately selected as the final wa ste form using the 
criteria discussed previously. The measured process ing characteristics of 
the Ref. 6 composition are listed in Table III. The  major chemical 
additions needed to convert the blended HLW into th e Ref. 6 waste-form 
are listed in Table I. 
Table IV 
VITRIFICATION PROCESS DESCRIPTION 
The vitrification process can be separated into thr ee phases: tailoring 
the waste slurry by adding glass-forming chemicals to achieve the desired 
composition, melting the waste slurry and casting t he glass into 
canisters, and closing the canistered waste-forms. The overall process is 
shown in Fig. 1 and each of these phases are discus sed in this section. 
Fig. 1 
The initial step in the vitrification process is pu mping a batch of waste 
slurry from the storage tank to the Concentrator Fe ed Makeup Tank (CFMT) 
in the Vitrification Facility. Approximately 100 ba tch transfers will be 
required to process the HLW inventory. At the CFMT,  the waste is sampled 
and concentrated by evaporating water from the slur ry. Chemicals are 
added to the CFMT, based on the waste sample analys is results, to adjust 
the waste slurry to the Ref. 6 glass composition. F ollowing confirmation 
that the desired slurry chemistry has been achieved , the slurried melter 
feed will be transferred to the Melter Feed Hold Ta nk (MFHT).  
The second phase is initiated by pumping the waste slurry from the MFHT 
to the melter. At the melter, the remaining water i s evaporated from the 
slurry and the waste fuses with the glass-forming c hemicals producing the 
Ref. 6 product. Molten glass is periodically poured  from the melter into 
3 m tall by 0.6 m diameter stainless steel canister s. After the glass 
solidifies, the canisters are routed for closure, d econtamination and on-
site storage. 
In the final process stage, the canisters are close d by welding a lid 
over the top opening. The welding technique is an a utomated, autogenous, 
pulsed gas tungsten arc welding process. (8) Follow ing a visual quality 
verification inspection of the closure weld, the ca nisters will be 
decontaminated using a acidic, cerium-based, chemic al oxidation 



procedure. (9) After decontamination, the canistere d waste-forms will be 
stored on site until they can be shipped off site t o a Federal Facility 
for storage or disposal. 
VITRIFICATION PROCESS TESTING 
The WVDP vitrification process testing has been per formed at scales 
ranging from full-sized production equipment to exa mine the interaction 
between the various unit operations, to bench-top p rocedures for studying 
process chemistry and waste-form performance issues . This section 
summarizes several of the test programs needed to d evelop the 
vitrification flowsheet or generate waste acceptanc e data required by the 
Department of Energy (DOE).  
The full-scale vitrification process was tested usi ng nonradioactive, 
simulated wastes at the West Valley Site from 1984 to 1989. (10) This 
testing developed the operating parameters and gene rated the waste-form 
acceptance data required by the DOE Office of Civil ian Radioactive Waste 
Management. (11) The full-scale campaign, summarize d in Table V, 
represents a significant step in the understanding of HLW vitrification 
processes. In fact, the quantity of glass melted du ring this testing 
represents approximately one-third of the total was te glass production 
planned during radioactive demonstration. The later  stages of this 
testing sequence demonstrated that the Vitrificatio n System consistently 
produces canistered waste-forms with predictable ch emistry and 
properties. This was a milestone toward establishin g that the radioactive 
waste glass product will meet or exceed all of the DOE acceptance 
criteria and was key to enabling the WVDP to be the  first site to obtain 
DOE acceptance of its Waste Form Qualification Repo rt (WQR) in August, 
1995. As the WQR presents the data needed to demons trate compliance with 
the DOE waste-form acceptance requirements, its com pletion is one of the 
most important accomplishments in the progression t oward authorization 
for the radioactive demonstration campaign. 
Table V 
The full-scale testing also confirmed that controll ing the oxidation 
state of the melt pool is an important process para meter for wastes 
containing multivalent elements. The oxidation stat e in the melt is 
inferred by measuring the ratio of ferrous to ferri c ions in the glass. 
If the melt becomes too oxidizing (Fe+2/Fe+3  0.01) , a stable foam layer 
develops at the glass surface, diminishing the glas s production rate. 
Alternatively, if the glass becomes overly reduced (Fe+2/Fe+3 > 1), 
electrically conductive phases precipitate from the  glass that interfere 
with the electrical current flow within the glass p ool.  
To avoid these extremes, a desired operating range of 0.05  Fe+2/Fe+3  
0.5 was established to achieve optimum processing c onditions. As there is 
no on-line method for determining this ratio under radioactive operating 
conditions, a function was developed to relate the glass oxidation state 
to the concentrations of the oxidizing and reducing  species in the melter 
feed slurry.(12) This function, termed the Index of  Feed Oxidation (IFO), 
is defined as: 
Eq. 1 
where [NO3] is the feed concentration of nitrates, f is the slurry solids 
fraction and [TOC] is the feed concentration of tot al organic carbon. The 
correlation between the IFO and the logarithm of th e iron ratio data 
measured during the full-scale campaign is shown in  Fig. 2. 
Fig. 2 



Nonradioactive waste glass melting operations resum ed in early 1995, 
using a one-eighth scale melter, to augment the tra ining of the 
radioactive campaign operating staff. One objective  of these tests was to 
confirm the IFO functional response using an update d simulated waste. 
These tests showed that the glass oxidation state r esponded more rapidly 
to IFO changes than before, as shown in Fig. 2. The  difference was traced 
to the presence of nitrite salts in the revised was te simulant. The 
nitrite salts are now included in the simulated was te to reflect the 
decision to add sodium nitrite as a waste tank corr osion inhibitor. Using 
the revised iron ratio response curve, and accounti ng for differences 
observed previously between the full-scale and mini -melter systems (13), 
a target IFO value of 3.0 was selected for the full -scale Vitrification 
Facility startup tests. This IFO value has consiste ntly produced glass 
with a Fe+2/Fe+3 ratio of 0.1 to 0.15, which is wel l within the desired 
oxidation state range. 
Laboratory experience has shown that both reducing the oxidation state of 
waste glasses or slowly cooling them can affect the  PCT measurement. 
Crucible tests were performed with Ref. 6 glass to verify that neither of 
these variables significantly affect the PCT result s, relative to the EA 
glass standard. Results from PCT testing of Ref. 6 glass, reduced to an 
iron ratio of 0.3, and heat-treated for extended pe riods at 800, 700 and 
600C are listed in Table VI. The actual canister ce nterline temperatures 
are in the 800C temperature range for less than a h our, the 700C range 
for approximately three hours and the 600C range fo r five hours. These 
heat treatments produce less than 4.5 volume percen t crystals in the 
glass, as measured by x-ray diffraction. The table clearly shows that 
these processes have only a minor effect on the PCT  response of the Ref. 
6 glass with respect to the EA glass acceptability standard. 
Table VI 
The PCT testing described thus far was performed us ing the correct glass 
chemical formulation, generally with nonradioactive  isotopes of the 
elements. Given the vitreous nature of glasses, pot ential damage to the 
waste-form matrix from radiation exposure is not ex pected to impact the 
PCT performance. To enable the DOE to perform relev ant glass performance 
studies with the actual WVDP waste-form, WVDP waste  samples have been 
melted to form Ref. 6 glass at the Pacific Northwes t Laboratory Materials 
Characterization Center. This glass will be shipped  to the Argonne 
National Laboratory for inclusion in their long-ter m glass performance 
testing program. 
CONCLUSION 
In summary, we have successfully demonstrated the p erformance of the 
technology and process for transforming simulated w aste slurry into a 
canistered, borosilicate glass waste-form. Based on  the one-eighth scale 
melter data, the IFO of 3.0 was determined to be an  optimum condition for 
melter operation. This determination was confirmed using the full-scale 
system during Vitrification System startup testing.   
The WVDP testing has also shown that the target gla ss composition, Ref. 
6, meets all of the acceptance requirements for a g eologic repository. 
Crystallization remains low in this formulation und er very slow cooling 
conditions and this minor devitrification does not affect waste-form 
leachability. The PCT leaching data on the target g lass are almost an 
order of magnitude lower than the DOE acceptance st andard specified in 
the WAPS. Under all process conditions, the viscosi ty and electrical 
resistivity of the glass is within the processing r ange and has been 



shown to provide adequate melting and production ra tes in the full-scale 
production melter. 
This data has enabled official DOE acceptance of th e WVDP Waste 
Qualification Report. Following successful completi on of the Operational 
Readiness Review Process, the West Valley Vitrifica tion System will 
initiate fully radioactive operations. 
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ABSTRACT 
The West Valley Demonstration Project (WVDP) vitrif ication start-up 
effort, like other start-up efforts, transformed ma ny challenges into 
success stories. An integrated schedule, in conjunc tion with regular 
meetings to resolve issues, kept the start-up effor t on track. The use of 
summary tables greatly facilitated overviews of the  test program and 
enhanced its credibility. The WVDP used operators t o perform the testing. 
This was the right decision for the WVDP due to the  high degree of 
finesse required to operate the Vitrification Facil ity. The WVDP 
committed early in the test program to perform arou nd-the-clock testing. 
This was a great way to jump start the test program . Portions of testing 
and construction were performed in parallel. Up fro nt planning to 
facilitate parallel construction and testing was pr oven to be effective 
at the WVDP. 
INTRODUCTION 
The initial operation of major equipment and system s is always a 
challenge and the integration of systems to result in a fully operational 
facility is usually an even greater challenge. This  paper will not dwell 
on the challenges of start-up; it will, however, pr esent information with 
regard to the WVDP vitrification start-up program. Hopefully, readers can 
utilize this information to emulate some of the pro cesses that went well 
at the WVDP. Specific solutions to problems will be  presented. Start-up 
management will be discussed as well as the testing  documentation. 
Finally, a critique of the key decisions will also be presented. 
SPECIFIC PROBLEMS AND SOLUTIONS 
This section reviews specific solutions to problems  at the WVDP.  
Melter Dry-out Improvements 
Prior to heating up a ceramic melter, the refractor y must be "baked" free 
of moisture. The previous WVDP melter was "baked" b y flowing steam 
through the cooling jacket of the melter. The bakin g process for the 
current WVDP melter was substantially improved. The  new process injected 
hot/dry air into the main melter cavity. This sound s like a minor 
difference, but it resulted in a 50% schedule impro vement for the dry out 
-- a savings of two precious weeks in the schedule.  
Like the Word "Temporary" 
Commencing the start-up program as early as possibl e requires an 
evaluation of the cost and time for temporary equip ment versus waiting 
for the permanent equipment. The WVDP discovered se veral opportunities in 
which substantial testing progress could be made wi th simple temporary 
measures. A very basic, temporary blower was used t o simulate the 
permanent Off-gas blowers months before the permane nt Off-gas blowers 
were ready for operation. The temporary blower prov ided the same flow 
rate and negative pressure as the permanent Off-gas  blowers; therefore, 
the temporary blower was sufficient to commission t he In-cell Off-gas 
equipment, verify tank-to-tank transfers at the des ign negative 
pressures, perform initial slurry testing, verify t urntable in-leakage, 
and commission melter vacuum controls. This saved o ver a month in the 
schedule. Some small, temporary programs were used to check 
instrumentation and electrical inputs and outputs v ery early in the 
program. Load banks were used to checkout much of t he electrical power 
system early in the program. For example, the start -up heater power 
system, discharge heater power system, main melter power supply, Off-gas 
heaters, and diesel generator were all commissioned  early using load 
banks. 



Alarm Management During Testing 
One of the great challenges of start-up is to provi de operators with 
accurate, relevant information. Obviously, alarm ma nagement is a very 
important part of the challenge. If left unchecked,  nuisance alarms can 
easily deter proper response to important alarms. T he WVDP implemented a 
program to inhibit alarms for nonoperating systems that utilized the 
control system's delete feature, as appropriate, an d conditionalized 
alarms to the maximum extent practical. These effor ts maintained the 
alarms in the Control Room at a level that permitte d proper response. 
Inhibiting alarms was cautiously implemented. The e stablishment of 
correct criteria for obtaining permission to inhibi t an alarm or group of 
alarms, mandating a daily review of all inhibited a larms, and properly 
using temporary plant modification procedures resul ts in a safe, sound 
program. 
Using the control system's delete feature was appro ached with even more 
caution than inhibiting alarms; but once the featur e is properly 
understood, it makes perfect sense. The easiest way  to explain the delete 
feature is with an example. Say, a pump fails and a  low-pressure alarm 
results. The operator acknowledges the alarm and ma kes the appropriate 
alarm response. Upon investigation, the operator di scovers that the pump 
requires repair. The operator then initiates the de lete feature for the 
low-pressure alarm. The alarm will automatically be  reset when an 
acceptable pressure is sensed in the system or, in other words, when the 
pump is fixed and is operational. 
Conditionalizing alarms is activating alarms in acc ordance with the 
operating status of the primary component in the sy stem. For example, if 
the HVAC fans are shut down, there will be a low-pr essure differential 
across the filters. The purpose of this alarm is to  indicate potential 
problems with the filter. At zero flow through the filters, the pressure 
differential will always be zero. Therefore, the al arm would be of no 
value and should not distract the operator from oth er important 
information. 
Through much of the test program, the WVDP was able  to manage alarms to a 
degree that a day's (24 hours) listing of alarms wa s less than a page. 
Level Detection in a Slurry 
This problem was actually solved during an earlier melter testing period 
at the WVDP. Current testing verified that the solu tion was and remains a 
good one for an age-old problem. The engineers invo lved in solving this 
problem researched many sophisticated level-detecti on devices before 
settling on a simple device. The level-detection in struments in the 
slurry tanks at the WVDP are bubblers. As might be expected, the major 
problem with bubblers in a thick slurry is that the y become plugged. The 
solution is simple: unplug them while they are easy  to unplug. The WVDP 
bubblers are serviced with air, water, and steam bl owdown capability. The 
air and water blowdowns are automatically performed  at predetermined 
frequencies. Steam is available when more aggressiv e cleaning is 
required. 
Managing a Short-term Hazardous Waste Stream 
In the WVDP vitrification system, the waste is conc entrated (boiled) 
prior to glassmaking operations. The 15,000 liters of condensate produced 
during each batch of waste will be directed to the installed, low-level 
waste treatment system once radioactive system tie- ins are made. During 
testing, this condensate needed to be collected and  disposed of using an 
alternative method. Even though the fluid was conde nsate, it was 



characterized as hazardous wastebased upon pH and t he potential for 
hazardous metals. The first step in implementing th e alternative method 
for waste handling was to modify an existing tent s o that it could 
accommodate two 30,000-liter tanker truck trailers.  A working tanker and 
two spares were determined to be necessary due to t he aggressive testing 
schedule and the need to ship out waste as soon as possible. An 
inflatable berm was purchased and installed, and a temporary delivery 
system was designed, installed, and connected to th e tankers. The company 
that provided the tankers was also a waste disposal  company; therefore, 
the contract was written to include provisions for them to transfer the 
contents to another tanker for off-site shipment. T his solution was 
simple and quickly implemented, and just as simple and quick to 
decommission. 
Progressive Levels of Difficulty 
Progressing from simple tasks to more difficult tas ks is a basic 
practice. It worked so well at the WVDP that it is worth discussing. We 
have heard over and over again, learn to walk befor e you run. The WVDP 
test program adapted this philosophy and started wi th the basics, then 
progressed to increasingly difficult operations. Ca librations, component 
testing, and commissioning of utilities led to syst em testing with water 
and control system testing. Once systems passed the  water testing, 
testing with slurry was initiated. After slurry tes ting was completed, 
integrated testing was initiated. Simple, but effec tive! 
MANAGEMENT SYSTEMS 
Agility is one of the key words for success in the '90s. The need for 
agility was realized throughout the start-up effort  at the WVDP. Just 
about the time a new strategy was implemented and s tarting to work 
smoothly, circumstances required that it be thrown out for an even newer 
strategy. Strategies required changing as the Facil ity ownership 
transitioned from construction to testing and chang ed again as Facility 
ownership transitioned from testing to operations. 
The initial start-up efforts were performed by a sm all engineering group. 
This group had previously supported full-scale melt er testing. Several 
test engineers were hired from U.S. Navy programs t o supplement this 
small group. This single group directed the start-u p testing of the 
Sludge Mobilization System (THOREX transfer and zeo lite transfer were 
accomplished using this system) and vitrification's  Cold Chemical 
Facility. As the start-up effort began to grow, the  testing organization 
was then substantially strengthened with the additi on of managers, 
engineers, and operators from other areas of the si te. This enhanced 
organization performed water testing, slurry testin g, melter start-up, 
Ex-cell Off-gas system testing, HVAC testing, and i ntegrated operations. 
A few changes were made internally to this organiza tion to support 
changing needs. These changes were generally made a s the needs for field 
engineering versus the needs for producing testing paperwork changed. 
The design organization spearheaded significant mod ification efforts 
during this period. The testing/operations organiza tions supported the 
design organization's efforts with a team of engine ers to facilitate 
lock-and-tag support and a team of engineers devote d to work group 
coordination. The majority of the modification work  was performed by a 
time-and-materials contractor, though smaller, spec ialized contracts were 
written to handle several of the unique modificatio ns. 
One of the major tools used by the WVDP management team was coordination 
meetings. The meetings, in general, had very specif ic objectives and 



appeared or disappeared as needed. Most of the meet ings had a tie-back to 
the integrated schedule. In fact, my opinion is tha t the stronger the 
connection between the meeting and the integrated s chedule, the more 
effective the meeting. The following discussion wil l timeline the key 
meetings. The WVDPstart-up effort can be divided in to four major periods. 
They are: 
1. Heavy construction, light testing 
2. Heavy testing 
3. Transition to operations 
4. Operations proficiency, cell closure, hot tie-in s. 
During the heavy construction, light testing period , a Plan-of-the-Day 
meeting and a Weekly Production meeting were the ma jor meetings used by 
WVDP management to monitor and plan the start-up ac tivities. The 
activities statused in the Plan-of-the-Day meeting were the activities 
from the integrated schedule due to be completed in  the near term. The 
Weekly Production meeting looked ahead several week s to identify and 
resolve items with unacceptable schedule float. The  integrated schedule 
was updated weekly in support of the Weekly Product ion meeting. A weekly 
testing/operations interface meeting was also held to maintain a monthly 
testing plan. A senior and middle management meetin g was held twice a 
week to facilitate resolutions to tough issues. Thi s meeting was 
affectionately called the Barrier Busters meeting. 
The heavy testing period required the formation of one additional 
meeting. A Preplan-of-the-Day meeting was developed  to capture the 
overnight testing activities, plant status, items r equiring repair, and 
to status construction interfaces. Also, the weekly  testing/operations 
interface meeting transitioned into a daily constru ction, maintenance, 
operations, and testing interface meeting. This mee ting gathered 
information to develop the worksheet for the next 2 4-hour period. 
Activities were listed in order of priority. Activi ties listed in this 
meeting were only those items requiring operator ac tion. That is, testing 
and lock-and-tag activities. Construction submitted  service requests 
during this meeting as the initiator to any operati ons activity required 
to support the construction activity. Test engineer ing support in the 
field was increased by a factor of four during this  period to provide the 
required level of technical knowledge and to facili tate prompt 
resolutions to problems. 
The transition-to-operations period continued in al l the aforementioned 
meetings with the exception of the Weekly Productio n meeting. Changes 
occurred too rapidly for a weekly meeting to be ben eficial; therefore, 
weekly meetings, such as the Weekly Production Meet ing, were cancelled. 
Also, the Preplan-of-the-Day meeting was transition ed from a testing 
meeting to an operations meeting. An integrated ope rations run plan has 
become the controlling document for plant operation s. 
As this paper is being prepared, the transition-to- operations period is 
ending. Some activities of the operations proficien cy, cell closure, and 
hot tie-ins period have started. A run plan will co ntinue to control the 
operation of the plant. Longer range planning meeti ngs are resuming. 
In summary, the management tools transitioned from longer term during 
heavy construction and the initial testing efforts,  to very short term 
during heavy testing, and then back to longer term for the operators' 
proficiency, cell closure, and hot tie-ins period. In other words, as the 
predictability of events decreased, the speed in wh ich the organization 
addressed potential delays increased. For example, the number of 



technical people in the field increased substantial ly during heavy 
testing. The time at which technical support was ne eded could not be 
predicted and the area of the plant which required technical support 
could not be predicted; therefore 24 hour-a-day tec hnical support for all 
areas of the plant was provided. 
TESTING DOCUMENTATION 
System description documents were written for all t he major vitrification 
systems. Included as part of these documents were t he system/component 
test requirements. Test Instruction Procedures (TIP s) were written, based 
upon system description requirements, to direct and  complete each 
performance test. The WVDP was aware of the fact th at the test program 
required a high degree of credibility and outside r eviewers would want 
some assurance that: all of the test requirements s pecified by the system 
description documents were met; the data from the t ests were reviewed by 
the test engineer, system's engineer, and the Joint  Test Committee; and 
all test results were found to be acceptable. To he lp achieve this 
credibility objective, the start-up test organizati on required a test 
results table be included at the end of each TIP. T his table lists the 
test requirements, test results, name of the test e ngineer, name of the 
system engineer, and Joint Test Committee concurren ce that the test 
results were satisfactory. Taking the credibility o bjective a step 
further, the start-up test organization developed a  matrix that listed 
all the test requirements, the TIPs, and the dates that the TIP results 
tables were approved by the Joint Test Committee. A ll personnel assigned 
to review the test program were provided copies of the testing matrix and 
any test results tables as were requested. The star t-up test program was 
found to be satisfactory by all of the reviewers. 
HINDSIGHT IS 20/20 
The following decisions were key to the success of the WVDP start-up 
program: 
A. Using the WVDP operators to perform start-up tes ting. 
B. Starting 24-hours-a-day, 7-days-a-week testing, even with a cushion of 
over one month of float in the schedule. 
C. Testing in parallel with construction. 
This section presents a critique of these decisions . 
The major obstacle with using the WVDP operators fo r testing was that 
they were required to perform two critical prioriti es essentially 
simultaneously: training and testing. Testing is so  demanding that 
tolerating delays due to Operations personnel perfo rming training 
objectives becomes very difficult. On the other han d, it was apparent 
that the experience that Operations personnel gaine d during testing and 
by working through some of the testing problems was  very valuable. 
Training cannot be complete until operators can dem onstrate that they are 
proficient using complete and accurate operating pr ocedures. Complete and 
accurate operating procedures, however, are not alw ays available until 
system testing is complete and the procedure has be en validated using the 
actual system. Therefore, a very strong argument ca n be made for testing 
with a contractor and then training the operators o n a working machine 
with actual working documents. The missing part of the discussion, so 
far, is the finesse items: manipulator, crane, and Distributed Control 
System (DCS) operations. Productivity and efficienc y on these items 
require more than a few pass-throughs under ideal o r close-to-ideal 
conditions. Based on the WVDP start-up experience, start-up of a facility 
that does not require a lot of finesse to test and operate could be 



effectively performed by a contractor. A facility, like the WVDP 
Vitrification Facility, which requires a lot of fin esse should be tested 
and operated initially by the Operations personnel assigned to the 
facility. 
Early in the WVDP test program, Operations announce d a commitment to 
transform to around-the-clock shift coverage. Initi ally, start-up test 
engineering was concerned about this decision. How could our engineers 
support that much testing in the field when the nee d for test procedure 
writers was at a maximum? Could enough test paper b e produced fast enough 
to avoid the phrase, "We're waiting on paper?" Test  engineering started 
sprinting; that is, the cycle time for writing and reviewing test 
procedures was cut in half. This set the pace for t he test program. What 
a way to jump start a program! 
Performing work in parallel is one of the most comm on strategies for 
shortening a schedule. Also, allowances must be mad e to let Construction 
fix things during testing. Therefore, construction and testing must be 
performed in parallel and the only question remaini ng is how to 
accomplish both effectively. My answer to this ques tion is that planning 
for parallel construction and testing needs to star t at a project's 
conceptual design phase. At the WVDP, the sequencin g of the Cold Chemical 
Facility, the main Vitrification Facility, and the Ex-cell Off-gas system 
facilitated parallel testing and construction activ ities. All projects 
fight to control the seemingly never-ending need fo r change and the 
management of punchlist items. The WVDP formed a mi ddle management group 
to control changes. This group evaluated all change s to baseline 
documents against specific criteria and any change that did not meet the 
criteria was either cancelled or sent back for reev aluation. 
CONCLUSION 
Base the management of start-up activities on a goo d integrated schedule. 
Provide an easy method for reviewers to review your  test program. Provide 
a fast pacesetter for your test program. Innovative  minds will find a way 
to keep up. Facilitate parallel construction and te sting at the 
conceptual design stage. And, finally, if your faci lity requires a great 
deal of finesse to operate, heavily involve the ope rators in start-up 
activities. 
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ABSTRACT 
The goal of the Federal government's policy for the  management of 
radioactive waste from its nuclear materials and we apon programs was, and 
is, to protect the health and safety of those worki ng in these programs, 
the members of the public and the environment. What  has changed since the 
days of the Manhattan Project are the specific tech nical solutions 
pursued, the implementation schedules and the proje cted cost to the 
American taxpayer. Although some of these changes a re due to non-
technical and political issues, many have been the result of knowledge 
gained from research and development programs, scie ntific over-optimism, 



and an unrealistic appreciation of the cost and sch edule impacts of 
required stakeholder involvement.  
The fundamental policy goal established at the outs et of this activity, 
namely the protection of people and the environment  from the real and 
potentially harmful effects of these materials, is still valid. But the 
challenge that faces the U. S. government, and all who are committed to 
the technically sound solution of this national pro blem, is to see that 
its implementation continues to be based on good sc ience and sound public 
policy. This will only be possible if we work patie ntly, and 
relentlessly, with those in our government who bear  the program 
responsibility and all other stakeholders, reservin g our passion for the 
attainment of the goal, not for any particular solu tion, facility or 
schedule. 
This goal of this paper is to review the developmen t of waste management 
policy from the early days of the Atomic Energy Com mission to the 
present. The current generation of policy makers, a nd their critics, will 
be greatly aided in their tasks if they have a gene ral understanding of 
what events have occurred over the past half centur y which have led us to 
the current situation. 
The past fifty years have clearly demonstrated that  it has been far 
easier to get agreement on general policies than to  get political and 
public agreement to actually implement the resultin g permanent solution. 
This has apparently been true because policy is an internal decision 
within the government/technical community while imp lementation is an 
external decision involving many more players and i s often more heavily 
influenced by non-technical factors.  
OVERVIEW 
The need to protect people and the environment from  the potentially 
harmful effects of the products of nuclear developm ent was recognized 
from the outset of the nuclear age. In the earliest  days of the Manhattan 
Engineering District (commonly known as the Manhatt an Project), and the 
basic research and development activities which pre ceded it, the 
scientists and engineers gained a healthy appreciat ion of the hazards 
inherent in what they were doing and applied what t hey believe were 
prudent management policies, based on the best info rmation available to 
them. With the limited amount of available informat ion expanding rapidly, 
and with the pressures of the political, military a nd security aspects of 
the nuclear program ever present, they did an excel lent job. 
With the creation of the Atomic Energy Commission ( AEC) in 1946, and the 
end of the frenetic wartime rush to develop the ato mic bomb, a conscious, 
serious attempt was made to establish an effective policy basis and 
specific implementation plans for the management of  the growing volume 
and diversified spectrum of wastes being disposed o f or being placed into 
engineered storage. The "Cold War" period did not b ring the hoped for 
period of calm. Instead, it brought a continuation of a sense of urgency 
to the programs responsible for developing nuclear weapons, peaceful uses 
of atomic energy, and other applications of a rapid ly growing nuclear 
technology to the AEC, the Energy Research and Deve lopment Administration 
(ERDA) and the Department of Energy (DOE). 
These agencies were also responsible for continuing  and improving the 
waste management programs started earlier. Their ta sks became more 
difficult as the volume and variety of waste steadi ly grew, and the 
public interest in their work and public expectatio ns similarly 
increased. Over the past fifty years, and especiall y in the past few, 



much more previously classified information has bee n released to the 
public. During World War II and throughout the Cold  War period, almost 
all information related to nuclear weapon productio n was closely guarded 
and certain waste management data fell into this ca tegory.  
The various agencies created and recreated internal  organizations 
specifically charged with the responsibility to est ablish sound policies 
and effective programs to carry these policies out (Fig. 1). Each 
reorganization was intended to better focus the gro wing level of 
resources, both in number of personnel and funding,  to speed the program 
along and to improve the safety and efficiency of t he activities. The 
agencies also had to implement bureaucratic procedu res, arising from 
Congressional actions to assure that environmental,  safety and health 
aspects were given adequate consideration in policy  and programmatic 
decisions, and also to take into account and respon d to the concerns and 
interests of potentially affected stakeholders. 
Fig. 1 
It is of little benefit to anyone to now attempt to  judge past actions by 
the current state of knowledge of the health, safet y and environmental 
impacts arising from the management of these wastes  and other nuclear 
materials. If judging is the aim, then conclusions must be reached based 
on what was known at the time decisions were made. The goal of this paper 
is to review the development of waste management po licy from the early 
days of the AEC to the present state of affairs wit hin the DOE. This 
paper will briefly discuss the policy which was est ablished by the AEC, 
ERDA or DOE and comment on the context in which it was established. 
Primary attention will be placed on the management of high-level waste 
(HLW), but transuranic (TRU) and low-level waste (L LW) management will 
also be discussed. The formal definitions of these waste types are shown 
on Fig. 2. 
Fig. 2 
The discussion will not be complete, that is a task  of genuinely 
Herculean proportion. Additionally, it is not of gr eat interest or import 
to ongoing public discussions of what is currently planned by the DOE. 
What is needed by the current generation of policy makers, critics and 
other commentors is a more general understanding of  what has transpired 
in the U.S. waste management policy world over the past fifty years.  
Reference will be made to selected AEC, ERDA, and D OE documents which 
chronicle the development of waste management polic y throughout the past 
fifty years. Hopefully, this discussion will promot e a better 
understanding of the policy evolution that has occu rred and put it into 
context, so the government, public and private sect ors can rationally 
approach the creation of future policy. It must be clearly understood 
that policy and the means of implementing it are su bject to a constantly 
expanding information base and impacted by change. Public policy and 
implementation methods must be subjected to periodi c re-examination and 
all involved groups must retain an open mind about changes which reflect 
the latest and best information available. 
WASTE MANAGEMENT UNDER THE AEC 
The policy and related implementation decisions con cerning HLW were first 
made by the AEC and, before its establishment in 19 46, by the Manhattan 
Project. In the very beginning in 1942 there were f ew detailed health and 
safety requirements, but the HLW was clearly recogn ized as being 
extremely hazardous and the program took what was, at that time, 
considered to be a very safe approach. A few exampl es are the 



establishment in 1950 of the "as low as reasonably achievable" principle, 
the setting of specific exposure limits for normal operations, and the 
decision to store rather than to immediately dispos e of the most 
potentially dangerous liquid waste streams.  
HLW was also seen as a valuable resource, due to th e amounts of valuable 
uranium and plutonium contained in it. The waste wa s stored as a 
neutralized or basic solution in underground steel tanks, normally 
located within concrete vaults, with what were then  considered to be 
appropriate environmental safeguards. This was the practice that was 
followed as the Hanford and Savannah River faciliti es were developed. In 
the 1960's the Idaho facility initiated stainless s teel tank storage of 
acidified HLW, processing it into a solid form, and  storage in large 
steel bins within concrete structures.  
Research and development programs were started to f ocus advanced waste 
processing approaches to move from interim storage in buried tanks or 
bins to an approved final disposal facility. Within  the interim storage 
programs at the several sites, designs progressed f rom single shell tanks 
to increasingly more secure versions (e.g. cup and saucer designs) 
leading to the current double shell tanks designs. 
The AEC was assisted in its waste management progra m from 1955 to 1965 by 
the Committee on Geologic Aspects of Radioactive Wa ste Disposal of the 
National Academy of Sciences - National Research Co uncil (NAS-NRC). The 
NAS-NRC served as advisors to the AEC's Division of  Reactor Development 
and Technology (RDT), which was responsible for the  AEC's commercial 
nuclear power program. The NAS-NRC's responsibiliti es were the geologic 
aspects of RDT's R&D program; however, they broaden ed their charter and 
considered all aspects of ground disposal of radioa ctive waste and drew 
conclusions on overall waste management practices. 
In May 1968, the General Accounting Office (GAO) re viewed the AEC's HLW 
program (1) and concluded that the AEC "needed to d evote more vigorous 
attention to advancing the technology required to p ermit long-term 
storage at its Richland and Savannah River sites." GAO also suggested 
that the AEC establish a Headquarters office vested  with the 
responsibility for policy making and overseeing rad ioactive waste 
management activities. Such an office was establish ed in the Spring of 
1970, and has continued through many reorganization s to this day in both 
the Nuclear Regulatory Commission (NRC) and the DOE . 
AEC policy recognized from the outset that the prac tices for handling HLW 
need not be uniform at all sites. This policy was c onfirmed by a Task 
Force established by the AEC General Manager in 196 8. That Task Force's 
conclusions, which were subsequently approved by th e Commission, stated 
that, in view of the differing nature and status of  the programs, there 
was no need for uniformity between programs at AEC installations and 
those prescribed at the commercial facilities that were licensed by the 
AEC (2).  
High-Level Waste (HLW) 
The AEC defined HLW by reference to its origin (i.e . liquid waste from 
the processing of irradiated spent fuel, solid wast e derived from those 
liquids, irradiated spent fuel which won't be proce ssed, or materials 
with an equivalent hazard potential). This "genetic " definition of HLW, 
based on the process by which it was created, has e ffectively continued 
to the present time. This waste was normally genera ted at AEC facilities 
during the chemical reprocessing of irradiated prod uction reactor fuel in 
order to recover the weapon grade materials and unu sed uranium. Similar 



waste was also generated by the processing of comme rcial reactor fuel to 
recovery unused uranium for recycling back into the  commercial fuel 
cycle. The volume of HLW generated and placed in st orage grew during the 
peak Cold War years and then decreased and has effe ctively stopped. We 
are now left to contend with this backlog or "legac y" waste. 
The basic 1968 AEC policy (2) for managing HLW was "... that all liquid 
high-level radioactive waste should be suitably con tained with adequate 
provision for control or recovery in the event of l eaks or accidental 
spillage." It should be noted that this policy has not materially changed 
in almost thirty years. The AEC policy further stat ed that "Storage of 
such wastes as liquid in storage tanks shall not be  regarded either as 
disposal or as an acceptable practice for long-term  handling; rather, 
waste management programs should provide for either  a) reduction of such 
wastes to solid form for long-term storage, or b) t ransfer of such wastes 
to long-term storage in deep underground locations,  either approach to 
provide high assurance of isolation of wastes from the biosphere, be 
resistant to credible internal or external forces, and not be dependent 
upon mechanical cooling methods. Unless the Commiss ion authorizes an 
exception, such long-term storage methods should no t preclude removal of 
the wastes from such long-term storage locations fo r relocation should 
such ever become necessary or desirable." 
The GAO reviewed the AEC program again in 1971 and concluded "Although 
AEC has assigned a high priority to radioactive was te management 
problems, GAO believes that the level of effort giv en to these programs 
should be increased in view of their extraordinaril y complex 
characteristics. The problems and delays being expe rienced are 
attributable primarily to a need for definitive tec hnology and such 
matters as the relative merits of alternative pract ices and proposals for 
interim and long-term storage." 
These policies and planned implementation programs were contained in the 
1973 Plan for the Management of AEC Generated Radio active Waste (3). The 
plan guided the field offices in updating their ind ividual waste 
management plans and their budget requests to imple ment the policies and 
planned programs defined in it. In addition to the policies discussed 
above (conversion to a solid form and isolation fro m the environment 
under all credible accident conditions with minimal  reliance on perpetual 
maintenance and surveillance) the plan also establi shed policies on the 
interim storage of liquid HLW in engineered storage  systems, the 
requirement of retrievability, the need for spare t ankage in case of 
leaks, and the need to reduce the volume in storage . 
Low Level Waste (LLW) 
The AEC defined low level waste (LLW) as basically all radioactive waste 
that didn't fit under the HLW definition (a definit ion by exception). Its 
disposal was to be by shallow land burial in a faci lity and geology which 
would isolate it from the general environment for i ts hazardous lifetime, 
assumed to be about 300 years. The facility was to be either on Federal 
or State owned property. Initially, the AEC accepte d the small volume of 
LLW that was generated by the fledgling commercial nuclear industry. 
Starting in the early 1960s the AEC (and later the NRC) licensed six 
commercial low level waste disposal sites across th e country, and the AEC 
even sent some of its waste to these sites. In the late 1970s ERDA 
stopped using the commercial sites and directed all  ERDA LLW to its own 
disposal sites. 
Transuranic (TRU) Waste 



In 1970 the AEC defined Transuranic (TRU) waste, a new class of waste 
which required special management considerations. T hey defined TRU waste 
as LLW contaminated with long lived transuranic iso topes (primarily of 
plutonium and americium) at or above a 10 nanocurie s per gram level. The 
primary isotope of interest was Plutonium-239 which  had an approximately 
24,000 year half life. The AEC directed that TRU wa ste should be packaged 
and stored for a minimum 20 year period in a retrie vable manner for later 
disposal in a geologic repository which would isola te it from the 
environment over its hazardous lifetime. 
WASTE MANAGEMENT UNDER ERDA 
When ERDA was established by the Energy Reorganizat ion Act of 1974, it 
assumed responsibility for the AEC's waste manageme nt policies and 
programs not given to the NRC, which was created at  the same time. It 
continued the AEC policies and programs, but now wi th the increasing 
involvement of the Environmental Protection Agency (EPA) and the public, 
following implementation of the National Environmen tal Policy Act (NEPA) 
in 1970. NEPA required a much greater degree of ope nness and the 
disclosure of many aspects of waste management plan s and operations which 
previously had been classified or closely controlle d.  
Major advances were made in the 1970's in implement ing the programs for 
improving interim storage of HLW and the desired tr ansition to the 
geologic disposal of stabilized, volume reduced HLW . NEPA-required 
documents were issued by each of the major ERDA sit es detailing their 
specific plans. In 1976 ERDA issued "Alternatives f or Managing Wastes 
from Reactors and Post-Fission Operations in the LW R Fuel Cycle" (4) 
which led to many fruitful technical and policy dis cussions, conferences 
and symposia. 
High-Level Waste 
No significant changes were made in either the poli cy or the routine 
implementation practices for HLW under ERDA. Progre ss was made in 
improving the safety of the tank stored waste throu gh programs to reduce 
the volume and mobility of the waste by removal and  evaporation of 
liquids and the isolation of the tanks to prevent t he accidental addition 
of more liquids. Confirmed and suspected instances of tank leakage were 
dealt with and questionable tanks were emptied of r emovable waste. 
Additional double shell tanks were built and all ne wly generated wastes, 
and wastes removed from unsound tanks were routed t o them for safe 
storage. 
Low Level Waste 
No significant changes were made in the definition of LLW or ERDA's 
management practices, but closer, cooperative ties were developed between 
ERDA's LLW operations and those of the commercial s ector. In the 1960s 
and 1970s, both ERDA and the NRC, along with the EP A, supported the Waste 
Management Task Force of the Conference of Radiatio n Control Program 
Directors, a group of state officials responsible f or regulation or 
oversight of the six commercial low level waste dis posal sites. They 
provided a forum in which the states could benefit from the exchange of 
information from the experiences of the AEC and ERD A in LLW disposal 
since the Manhattan Project. 
Transuranic Waste 
Studies were made under ERDA to investigate and res ubstantiate the 
threshold concentration level of transuranium isoto pes in waste which 
defined it as TRU waste. After an extensive technic al review, the 
concentration level was changed from 10 to 100 nano curies per gram and 



the formal definition change was issued by DOE in 1 981. The management of 
TRU waste, along with commercial HLW, was discussed  at length by ERDA in 
1974 in WASH-1539, "Management of Commercial High-L evel and Transuranium-
Contaminated Radioactive Waste", a document that wa s widely reviewed and 
commented on by the technical community, industry a nd the public (5). 
Previous site-specific waste management activities certainly interested 
those communities and citizens in the immediate vic inity of the AEC/ERDA 
sites. However, these national programs (especially  the nation-wide 
search for geologic repository sites which gained i ncreased momentum in 
the middle 1970's) developed a broader audience of stakeholders 
interested in the ERDA's policies and programs for the long-term 
management of its still growing inventory of long-l ived radioactive 
waste. 
It was during the ERDA era (and the early days of t he DOE) that the 
radioactive waste management program was broadened to include hazardous 
waste, and the complex problem of "mixed waste" fir st arose. Mixed waste 
is waste containing both radioactive materials (reg ulated under the 
Atomic Energy Act) and hazardous materials (regulat ed under the Resource 
Conservation and Recovery Act). ERDA was self-regul ating for the 
radioactive component, but subject to regulation by  the Environmental 
Protection Agency (or individual states) for the ha zardous component. The 
jurisdictional issues associated with dual regulato ry situation with 
mixed waste are still being sorted out. 
WASTE MANAGEMENT UNDER DOE 
In 1977, the Federal government again reorganized i tself and formed the 
DOE. The search for a permanent organizational home , with the 
responsibility for establishing and executing DOE's  waste management 
program, finally led in 1989 to the creation of DOE 's Office of 
Environmental Restoration and Waste Management, lat er renamed the Office 
of Environmental Management (EM). The many attempts  to document DOE's 
policies and plans to the public and other Stakehol ders led to the 
creation of the annual Five-Year Plan, Site Specifi c Plans and Activity 
Data Sheets. The annual update to the Five-Year Pla n has since been 
replaced by the Baseline Environmental Management R eport (BEMR). 
DOE also formed the Office of Civilian Radioactive Waste Management (RW) 
which was given the responsibility for the establis hment of a disposal 
facility for HLW and spent fuel from the commercial  sector. Eventually, 
the disposal facility will also accept DOE immobili zed HLW. The RW 
program will be covered in detail in other papers. 
During the same time period, the growing influence of the EPA and states, 
which had regulatory powers over some DOE operation s, became major 
factors in the selection and implementation of the DOE waste management 
program. Under DOE, and earlier under ERDA, lawsuit s became a popular 
enforcement tool and often led to government commit ments to specific acts 
and remedy implementation schedules. The 1980 Compr ehensive Environmental 
Response, Compensation and Liability Act (CERCLA), the 1984 Resource 
Conservation and Recovery Act (RCRA), and the 1992 Federal Facility 
Compliance Act (FFCA) are examples of legislation w hich have often been 
the foci for actions against ERDA and DOE by EPA, t he States and others 
groups and individuals.  
DOE's response to these pressures has been to devot e a much greater level 
of attention (and funding) being devoted to opennes s and proactive 
communications with stakeholders. DOE's attempts to  understand and 
respond to the concerns of its critics, and the bud get restrictions that 



have developed as the EM program has matured, have contributed to some 
delays in implementation.  
THE CURRENT SITUATION 
After fifty years of dealing with radioactive waste  management, these are 
the basic policies: 
 HLW:  The 1968 AEC policy (i.e. safe interim stora ge, volume 
   reduced and immobilized waste form, leading to g eologic 
   disposal) is the basis for DOE's program. 
 TRU:   The 1970 AEC policy (i.e. retrievable stora ge leading to 
    geologic disposal) is the basis for DOE's progr am. 
 LLW:   The AEC policy (i.e. near surface disposal in geologic media 
   which prevents the transport of waste to the gen eral 
   environment, for its hazardous lifetime, on Fede ral or state 
   land) is the basis for DOE's program. 
The expected implementation dates for the geologic disposal of HLW and 
TRU waste have slipped significantly from the days of the AEC to the 
present and the estimated costs have grown enormous ly. 1996 should see 
the initial operations of two HLW vitrification pla nts at Savannah River 
and West Valley. The date for the opening of a geol ogic repository is 
another question, with perhaps as many political as  technical issues 
involved. No one in 1960 would have believed the am ount of money spent in 
the last 35 years to address the HLW disposal probl em, and it's not 
finished yet. 
The schedule for the geologic disposal of the gover nment's TRU waste has 
also slipped and the estimated cost also continues to grow. The Waste 
Isolation Pilot Plant (WIPP) has yet to receive its  first waste and may 
have to re-mine some of the underground space due t o the schedule. No 
government officials now pledge to stay on the job until WIPP opens, as 
some did in the past. This is not said to criticize , but as a caution to 
all on underestimating society's inertia when it co mes to making 
profound, long lasting decisions, such as the sitin g and operation of 
geologic disposal facilities for TRU waste which wi ll long outlive the 
decision-makers. 
The policy of permanently disposing of long-lived w aste garners support 
from practically all reviewers. The decision to act ually implement 
"permanent" solutions may cause many to pause and r elook at these 
implementation plans. While everyone can understand , and to a small 
degree condone, this philosophy, eventually society  must find the courage 
to act. If the policy is valid, society must not sh irk from implementing 
it. The permanent geologic disposal policy is techn ically sound and also 
sound from a public policy perspective. It is now c learly time to move 
ahead and support the steps necessary to implement it. Forty years of R&D 
have increased our knowledge of how the waste and t he environment will 
perform, and recent experience has shown us how to assure that 
responsible dialogue is conducted with the affected  stakeholders. 
BUDGET GROWTH AND SCHEDULE SLIPPAGE 
In the 1974-1976 period two ERDA Task Forces were v ery instrumental in 
establishing a renewed interest in the entire waste  management program 
issue. One led to the issuance of ERDA-33 "Nuclear Fuel Cycle", which 
resulted in bringing all aspects of the commercial nuclear fuel cycle 
under one organization head with the establishment of the Division of 
Nuclear Fuel Cycle and Production. The other led to  the issuance of ERDA-
48 "A National Plan for Energy Research, Developmen t and Demonstration", 
which was required by the act which established ERD A and the NRC. This 



report explicitly stated the urgency for resolution  of radioactive waste 
management policies and practices for the commercia l nuclear fuel cycle. 
The management of commercial wastes will be address ed by other papers at 
this conference. 
The chronicling of the growth of the budget allocat ed to implement 
Federal policy for the management of its radioactiv e waste is not the 
primary purpose of this paper, but it is interestin g to note what 
happened to the waste management budget in just the  last twenty years. As 
discussed previously, very little has actually chan ged in the policies. 
What has happened has been an enormous attempt to i mplement both improved 
interim measures like storage and waste stabilizati on, conduct necessary 
R&D, and to initiate final disposal. 
Twenty years is a good period to choose for this co mparison. In 1976 a 
series of large, public meetings were held by ERDA to discuss the range 
of disposal options then thought to be worthy of co nsideration (including 
continental U.S. geologic options, sub-seabed dispo sal, ice cap disposal 
and even disposal in space). Several technical soci eties, such as the 
AIChE, the ACS and the ANS held topical meetings on  various technical 
aspects of radioactive waste management at that tim e.  
The FY 1976 waste management budget totaled $30.6M ($18.6M for ERDA waste 
and $12.0M for commercial waste). The FY 1977 budge t represented an 
enormous increase to $90.3M ($30.3M for ERDA waste and $60.0M for 
commercial waste); almost a tripling of the budget in one year. The FY 
1996 budget represents an almost one hundred fold i ncrease. The FY 1976 
budgets included funding for extensive R&D programs . The development 
program for four HLW processing technologies were t o be completed between 
1979 and 1981 and the resulting technologies were t o be ready for 
commercial application between 1983 and 1985. In th e HLW terminal storage 
program (now known as the Yucca Mountain Program), the site for the first 
of several pilot plants was to be selected by 1978 and begin operation by 
1984. In the terminal storage for TRU waste (the WI PP program), the site 
was to be selected by 1977 and operations started b y 1983. 
Hindsight tells us that the technical issues facing  both the Defense and 
the Commercial programs were underestimated and ade quate thought was not 
given to how society was going to satisfy the valid  interests of the many 
individuals and groups that these policies would to uch. The ensuing 
twenty years has clarified the primary technical is sues, and time has 
also helped develop an understanding of the value o f openness and the 
rights of our citizenry. 
CONCLUDING THOUGHTS 
The technical policies and broad program goals for the long-term 
management of the waste from the Nation's nuclear w eapon production and 
energy development activities have remained essenti ally constant for over 
thirty years. The plans for implementing those poli cies (i.e. the 
establishment of long-term disposal or storage faci lities) have, 
unfortunately, languished and had tremendous increa ses in their estimated 
costs. 1996 will finally see two major advances in implementation of the 
program to dispose of HLW, the initiation of radioa ctive operations at 
the West Valley and Savannah River HLW vitrificatio n plants. While a 
clear path or an early resolution to the commercial  repository situation 
is not readily apparent, our Nation looks for stead y movement leading to 
the start of waste receipts at the Waste Isolation Pilot Plant yet this 
decade. 



What has been learned from the past fifty years of establishing and 
implementing policy is that it is far easier to obt ain general agreement 
on what we want to do, than it is to obtain agreeme nt on how to do it. 
The former decision is reached primarily on the bas is of fact, good 
science and technical judgment. The latter decision  has broader criteria 
to contend with than policy establishment. For the most part, policy is 
established within the system; decisions on impleme ntation are made in 
the real world. Program leaders must recognize the fact that in addition 
to environmental criteria, valid criteria relating to economic, social, 
cultural and political factors will have an oftenti mes controlling role 
to play. Sensitivity to these criteria will better prepare all of us to 
assist decision-makers in moving the system from co nsidering 
implementation to actually doing it.  
REFERENCES 
1. Observations Concerning the Management of High-L evel Waste Material, 
the Controller General of the United States, May 29 , 1968. 
2. Report of Task Force on AEC Operational radioact ive Waste Management, 
AEC 180/43, August 12, 1968. 
3. PITTMAN, F. K., Plan for the Management of AEC-G enerated radioactive 
Wastes, USAEC Report WASH 1202, January 1972. 
4. Alternatives for Managing Wastes from Reactors a nd Post-Fission 
Operations in the LWR Fuel Cycle, ERDA 76-43, May 1 976. 
5. WASH-1539, Draft Environmental Impact Statement - Management of 
Commercial High-Level and Transuranium-Contaminated  Radioactive Waste, 
1974 
 
18-2   
RADIOACTIVE WASTE MANAGEMENT IN THE U.S. - 1950-197 0  
AN OVERVIEW OF THE AEC PROGRAM AND R&D HIGHLIGHTS  
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ABSTRACT 
After World War II, the "new world of atomic energy " and the development 
of peaceful uses of the atom were assigned to the n ewly formed Atomic 
Energy Commission (AEC). During the period of 1947- 1970, one of the major 
AEC programs involved the development of nuclear po wer reactors under the 
Division of Reactor Development (DRD). A small grou p of sanitary 
engineers and scientists was formed within DRD to a ssist in the siting 
and operation of power reactors and the development  of the Commission's R 
& D program in radioactive waste management and rel ated environmental 
research. 
During this period, numerous low-level waste (LLW) treatment systems were 
studied and used at AEC sites, with closely monitor ed discharges of 
liquid, solid, and gaseous effluents to the environ ment. During the 
1960's, extensive laboratory and pilot plant studie s were carried out at 
Oak Ridge and Hanford on advanced LLW treatment sys tems such as 
scavenging-precipitation ion exchange, foam separat ion, steam stripping, 
filtration, two-stage ion exchange, electrodeioniza tion, water recycle, 
and asphalt solidification. Some of these systems h ave been used at 
commercial nuclear power stations. By the end of 19 69, more than 20 years 
of high-level waste (HLW) tank storage experience h ad shown it to be a 
practicable means of interim handling. During 1950- 1970, an extensive HLW 
solidification R&D program was carried out at 5 AEC  sites; the program 
culminated during 1964-1972 with the installation o f an engineering scale 



Waste Solidification Engineering Prototype (WSEP) a t Hanford. Three 
processes (the ORNL pot-calciner; the BNWL spray ca lciner-melter, and the 
BNL phosphate glass system) were demonstrated with full-scale 
radioactivity. Design concepts for a 5 tonne/day co mmercial reprocessing 
plant were developed for industrial application. Gr ound disposal research 
(1957-1970) for liquid and solid HLW was carried ou t in 1) bedded salt 
formations in Kansas; 2) impermeable bedrock at the  Savannah River Plant; 
and 3) deep permeable formations (3,000-12,000 feet ) containing connate 
brine. 
INTRODUCTION  
The nature of radioactivity as a potential hazard t o man and his 
environment and the importance of satisfactory effl uent control were 
recognized when the atomic energy program was conce ived under the 
auspices of the Manhattan Engineer District in 1942 . After World War II 
and the formation of the Atomic Energy Commission ( AEC) in 1946, the 
initial AEC programs in radioactive waste managemen t and related 
environmental research and development were planned  and carried out under 
the Division of Engineering, which later became the  Division of Reactor 
Development (DRD). The early programs, commencing i n 1947, were 
formulated in the Sanitary Engineering Section (SES ), under the direction 
and leadership of Mr. Arthur Gorman and Dr. Joseph Lieberman, Sanitary 
Engineers, with the author joining the program in 1 957. Many exciting 
aspects of the program occurred during the 1960's. Because of time and 
space limitations, only highlights of radwaste acti vities across AEC for 
the 1950-70 period will be presented. Excerpts from  the "author's 
archives", i.e., numerous papers, speeches, interna l reports, and book 
chapters which were authored or co-authored during this time, form the 
major basis for this paper. The history of the 1947 -1970 time frame 
provides an excellent foundation for the succeeding  quarter century 
(1970-1995), when we consider where we are now, or where we should be.  
EARLY DEVELOPMENTS (~1947-60)  
We start our historical trek along "nostalgia trail " by noting that 
sanitary engineering activities in the early AEC da ys focused on three 
major areas: 1) radioactive waste handling and disp osal, 2) water supply, 
and 3) environmental concerns. The following activi ties were directly 
related to all AEC operations, including the develo pment of a new nuclear 
energy industry through commercial enterprises:  
  Siting: An important aspect of the early program was the function of 
technical consultation in the selection of sites fo r nuclear energy 
facilities at AEC and industrial sites. In the 1950 's and 1960's, the 
sanitary engineering staff established working rela tionships through 
comprehensive, cooperative interagency programs wit h the U.S. Geological 
Survey (USGS), the U.S. Weather Bureau (USWB), the U.S. Coast and 
Geodetic Survey (C&GS), the Bureau of Mines (BuM), the U.S. Public Health 
Service (USPHS), the Corps of Engineers, and the Fi sh and Wildlife 
Service (USF&WS). The experience and technology of specialists in these 
agencies were combined with AEC and DRD staff in th e selection of 
suitable sites for all types of nuclear installatio ns such as reactors, 
chemical processing plants, research laboratories, etc. Example sites 
included the National Reactor Testing Station (NRTS ); the Savannah River 
Plant (SRP); the Experimental Gas Cooled Reactor at  Oak Ridge (EGCR); and 
the West Valley, NY, Chemical Processing Plant. A s pecial note is made of 
the geologic and hydrologic programs which were con ducted by the USGS. 
These studies provided essential geohydrologic data  and reports as 



required for the location, design, construction, an d operation of all AEC 
facilities. The siting and satisfactory operation o f these installations 
required quantitative data and knowledge also on th e seismology and 
meteorology of the proposed site area.  
The environmental scientists from the agencies note d above were assigned 
to various AEC sites and the DRD Environmental & Sa nitary Engineering 
Branch (ESEB, formerly SES) to aid in the data coll ection required in the 
assessment of the transport, diffusion, and behavio r of radionuclides in 
the hydrosphere, lithosphere, and atmosphere. Throu gh the 1950's, this 
expertise was used in the evaluation of proposed co mmercial reactor 
sites, their waste handling systems, and all other environmental aspects. 
Preliminary and final safety analysis reports were reviewed for the 
Advisory Committee on Reactor Safeguards (ACRS), pr ior to licensing the 
construction and operation of electric utility powe r reactor facilities.  
  Early R&D: The initial phases of the DRD-ESEB rad waste R&D program are 
summarized in Fig. 1. In the early 1950's, the prog ram consisted of 
approximately 20 projects with universities, federa l agencies and AEC 
sites. The possibility of using biologic treatment methods to remove low 
levels of radioactivity, such as the trickling filt er and activated 
sludge processes, used in municipal and industrial waste treatment, was 
studied at several universities. Even at this time,  a major portion of 
the program was directed at the high level waste (H LW) problem. 
 As also shown in the figure, satisfactory working relationships had been 
established with several river advisory boards, suc h as the Ohio River 
Valley Water Sanitation Commission, the Mohawk Rive r Advisory Group, the 
Savannah River Advisory Board, the Columbia River A dvisory Group and the 
New England Interstate Water and Pollution Control Commission. These 
groups were primarily concerned with atomic energy installations located 
on streams within their jurisdiction and with liqui d waste effluents 
discharged to these streams. It was the policy of A EC, and a function of 
the DRD-ESEB program, to provide these groups with design and operating 
information on the waste handling facilities at AEC  installations, and 
the associated monitoring, for assuring that water quality was not being 
deleteriously affected. In addition, the R&D progra m was guided in its 
development by consultation with the top scientists  and engineers in the 
U.S., mainly through interaction with several divis ions of the National 
Academy of Sciences (NAS), the National Committee o n Radiation Protection 
(NCRP), and the American Standards Association (ASA ). 
   Program Objectives: In the 1950's, to assure tha t nuclear energy 
operations would not affect the health and safety o f the public and its 
environment, the AEC-DRD radioactive waste manageme nt R&D program 
followed three major objectives:  
 1) Develop practical systems for the safe handling  and ultimate disposal 
of gaseous, liquid and solid wastes with emphasis o n waste emanating from 
chemical processing plants and certain types of rea ctors;  
Fig. 1 
 2) Evaluate quantitatively dilution and/or concent ration factors in 
nature in order to determine the degree of treatmen t actually required 
prior to release of effluents to the ground, atmosp here or surface 
waterways, thus taking into account a proper econom ic advantage of these 
environmental factors;  
 3) Obtain increased knowledge of the fundamental p henomena and processes 
involved in disposal of radioactive and toxic waste s to achieve more 
efficient and economical methods. Although the basi c principles of 



radioactive effluent control and environmental and public health 
protection in the nuclear industry were similar to those which applied to 
other chemical or heavy industries, there was one s ignificant difference 
between this industry and others. From its inceptio n, the nuclear 
industry was acutely aware of the potential hazardo us effect of its 
wastes and focused detailed attention on these prob lems. Waste management 
in all atomic energy operations must control radiat ion hazards not only 
during operations but also after the waste products  are discharged to the 
environment.  
  Radioactive Effluent Control Operations: Three ba sic approaches were 
used:  
 1) Dilute and disperse was used only with low-haza rd-potential wastes, 
in which the radioactivity could be reduced to acce ptable levels (either 
directly or following treatment) by dilution in nat ure--air or water. 
Quantitative physical, chemical, and biological dat a were obtained 
continually on such things as dispersion phenomena and reconcentration 
factors, demonstrating the validity of this approac h without compromising 
health and safety standards. I cannot over stress t he favorable siting 
characteristics of large controlled areas and low p opulation densities, 
which permitted safe development of the nuclear ene rgy industry within 
the AEC complex. The procedure has not been used in  commercial electric 
power reactor effluent control.  
 2) Concentrate and contain is used for HLW origina ting from chemical 
processing of irradiated reactor fuel. The radioact ivity was concentrated 
by volume reduction and then confined or isolated i n a controlled area 
such as specially designed underground storage tank s, away from man and 
his natural resources. Containment is essential for  HLW because small 
volumes would require excessive amounts of environm ental dilution.  
 3) Delay and decay was used to discharge certain k inds of liquid wastes 
to the ground at suitable locations. Soil holdup or  exchange capacity is 
used in this concept. Either direct discharge to th e environment or 
discharge after conventional treatment were used.  
 In establishing engineering or operational criteri a for satisfactory 
waste management systems, detailed quantitative con sideration was always 
given to:  
  The specific nature and quantity of radioactive w astes being handled.  
  The characteristics of the receiving environment.   
  The interaction between the two.  
  The basic radiation protection guides or standard s, as established by 
the Federal Radiation Council (FRC) or the National  Council on Radiation 
Protection and Measurements (NCRP). I cannot overem phasize that these 
guides or standards were the overall "driving force ".  
  Early Liquid Waste Management: Early development work centered on the 
handling and disposal of high volume, liquid low le vel wastes (LLW), 
airborne particulate wastes and evaluation of the e ffects of 
radioactivity in these wastes on public water suppl ies and domestic waste 
treatment facilities. Sources of liquid LLW include d reactor cooling 
systems, laboratories, hospitals, fuel fabrication,  laundering, and other 
operations.  
Conventional liquid waste treatment systems were st udied and used at the 
AEC sites during the 1950's. These included sedimen tation in baffled 
tanks, seepage ponds, evaporation, decay storage, c o- precipitation, ion 
exchange, and direct discharge to nature without pr etreatment; the type 
of treatment required depended upon the character o f waste involved and 



the environmental conditions at the site. Examples of this latter 
operation were liquid waste discharges from Knolls Atomic Power 
Laboratory (KAPL) to the Mohawk River, the Pressuri zed Water Reactor 
(PWR) at Shippingport, PA, and the Savannah River P lant near Aiken, South 
Carolina. In the late 1950's, the USPHS carried out  detailed monitoring 
studies below each of these plants to determine the  fate of specific 
nuclides discharged in these effluents. These compr ehensive studies 
included the uptake of activity by suspended and co lloidal material, by 
bottom silts, by aquatic organisms, and by fish and  plant life--all were 
assessed to assure that no environmental radiation hazards existed.  
In ground disposal operations, the "delay and decay " approach to effluent 
control was extensively used for large volume, LLW at most AEC sites. For 
example, large government installations located in isolated or remote 
areas such as Hanford, Washington, or the National Reactor Testing 
Station (NRTS) in Idaho, were able to operate safel y under less 
restrictive effluent standards than could be utiliz ed by smaller 
facilities in urban areas. Various ground disposal systems included 
retention basins, cribs, swamps, trenches, seepage pits, and an injection 
well at NRTS. Extensive monitoring systems ranging from over 30 wells at 
NRTS to over 200 wells on the Hanford reservation w ere used to determine 
the distribution and migration of radionuclides in the lithosphere and to 
assure that the safe capacity of the environment wa s not exceeded. The 
USGS, with specific competency in radio-geohydrolog y, cooperated with on-
site scientists and engineers in developing the saf e parameters needed 
for carrying out these operations.  
  Early Land Burial: One of the more important oper ating problems, during 
the 1950's, involved the satisfactory disposal of s olid radioactive 
wastes. Activity levels varied from a few times bac kground to levels 
requiring remote handling or shielding. Conventiona l sanitary landfill 
procedures similar to municipal refuse disposal wer e used. Burial of such 
wastes were done at sea and in established burial a reas at large AEC 
production and research sites. During the 1950's, l and burial areas were 
operated at Oak Ridge, Savannah River, Idaho, Los A lamos, and Hanford. 
Large installations such as KAPL, Argonne National Laboratory (ANL), and 
Mound Laboratory, Miamisburg, Ohio, all shipped pac kaged solid wastes to 
Oak Ridge for disposal. Westinghouse Atomic Power D evelopment (WAPD) at 
Bettis Field, Pittsburgh, PA, and Brookhaven Nation al Laboratory (BNL) 
disposed of their solid packaged wastes off the Atl antic Coast through 
arrangements with the U.S. Navy.  
 With the end of the 1950's, there was an increasin g need by both AEC 
contractor and licensee operations for establishmen t of a regional land 
burial area in the northeastern United States. In D ecember, 1959, a 
decision was made that regional disposal sites othe r than the existing 
AEC installations could be established, as required , on state or Federal 
Government owned land. As we leave the 1950's, it i s noted that 
geohydrologic surveys were being conducted in sever al areas of the 
country for selection of additional burial ground(s ). It was hoped that 
this facility would become a commercial operation, since it was believed 
that this was one area where industrial participati on was feasible and 
desirable.  
  Early Sea Disposal: Sea disposal of small quantit ies of radioactivity 
had been accomplished since 1946 through arrangemen ts with the U.S. Navy 
off both the Atlantic and Pacific Coasts. Monitorin g investigations of 
both the Atlantic and Pacific disposal areas reveal ed no readily 



detectable radioactivity from the above operations.  Because of increased 
interest by both waste disposers and regulatory age ncies, the Committee 
on Oceanography of the National Academy of Sciences  (NAS) at the request 
of the AEC, identified a number of inshore disposal  areas off the 
Atlantic and Gulf Coasts. A similar survey of the P acific Coast sea 
disposal areas was made during 1959.  
  Early Airborne Waste Management: In regard to air borne particulate 
material, it was discovered early that conventional  dust control 
equipment could not meet the extremely small permis sible concentrations 
of various nuclides in the atmosphere. An important  milestone in the air 
cleaning field was the successful development of a high efficiency 
filter, capable of routinely removing 99.95% of par ticles 0.3 microns in 
diameter, and placing the unit into commercial prod uction. Another 
notable achievement in the air cleaning field was t he development of a 
silver nitrate packed tower unit which was capable of removing iodine131 
from gas streams; satisfactory plant operation was obtained with 
efficiencies greater than 99.99%.  
 In related work, the scientific achievements of th e U.S. Weather Bureau 
are recognized; this group investigated meteorologi c parameters such as 
atmospheric diffusion and transport in quantitative  terms at all major 
AEC operating sites; these data were used in the ov er-all design of 
gaseous effluent facilities, i.e. stack height and location, and also for 
nuclear safety assessments under normal and acciden tal operating 
conditions. Their contribution of "Meteorology and Atomic Energy" in 1954 
was a textbook for environmental and radiological s afety evaluations. 
  Tank Storage & Early HLW R&D: By the end of 1959,  approximately 65 
million gallons of HLW from the chemical processing  of irradiated fuel 
were being safely stored in underground carbon stee l or stainless steel 
tanks at Hanford, SRP, and NRTS. Because of inheren t limitations on long-
term tank storage as an ultimate disposal system, t he AEC-DRD program 
began investigating, in the early 1950's, the conve rsion of high-level 
liquid wastes to a solid form. Laboratory investiga tions began in 1955 at 
ANL and later at the Idaho Chemical Processing Plan t (ICPP) on a heated 
fluidized bed technique for conversion of aluminum nitrate wastes (from 
aqueous processing of uranium-aluminum alloy fuels)  to an oxide form. At 
the end of the 50's, a prototype pilot plant was in stalled at ICPP to 
test the process on a large scale. In another pione ering effort, BNL 
studied the fixation of liquid wastes in solids by adsorbing the 
radioactivity from the liquid onto montmorillonite clay. The actual 
fixation of fission products in the clay mineral wa s accomplished by 
heating the clay to about 1700oF.  
  Early Deep Underground Disposal R&D: The AEC grou nd disposal R&D 
program received its initial stimulus in September,  1955, when a 
committee of geologists and geophysicists was estab lished by the National 
Academy of Sciences-National Research Council. The AEC requested this 
group to study the possibilities of disposing of HL W on land and to 
indicate what research was needed to determine feas ibility. Similarly, 
during 1957-58, the American Petroleum Institute (A PI) was requested to 
review the problems of deep well disposal and to su ggest specific 
approaches to the problem. This study would guide r esearch, development 
and field testing operations required for the estab lishment of a safe and 
economical high-level liquid waste disposal process . In 1958, the 
American Association of Petroleum Geologists (AAPG)  responded to a 
request from the AEC to assist in the evaluation of  geologic basins as 



possible sites for the safe subsurface disposal of radioactive wastes. 
These three consultations with NAS, API and AAPG (1 955-58) provided the 
support for AEC-DRD to carry out extensive laborato ry and engineering 
field demonstration studies in the 1960's on 1) sal t formations; and 2) 
deep permeable and impermeable formations. This R&D  will be discussed 
further in the second half of this paper.  
  1959 JCAE Hearings: At this point, note that the planning and conduct 
of the radwaste R&D program was under a continuing review and assessment 
by the Joint Congressional Committee on Atomic Ener gy (JCAE), several 
committees of the NAS and various national radiatio n protection groups. 
Perhaps the most comprehensive set of hearings held  on any one facet of 
the atomic energy program were the ones held during  January, February, 
and July 1959, on Industrial Radioactive Waste Disp osal. The author had 
the pleasure of working with JCAE staff in the orga nizing and conduct of 
these hearings. Over 150 experts in all phases of r adioactive waste 
management presented oral and written testimony for  these hearings. 
Representatives from all major AEC production, reac tor development and 
laboratory research installations, universities, el ectric power, coal and 
oil industries, the NAS, National Council on Radiat ion Protection and 
Measurements, various government agencies such as t he USWB, USGS, and the 
USPHS, and several state health departments all par ticipated in the 
hearings. About 3200 pages of hearing record descri bed and discussed all 
aspects of 1) radioactive waste management operatio ns, 2) research and 
development on waste treatment and disposal and ass ociated environmental 
studies in meteorology, geology, hydrology, and oce anography, 3) the 
future problem, including estimates of the magnitud e and economics, 4) 
federal and state activities in regulating waste di sposal, and 5) 
international activities in this area. Among the sa lient conclusions 
reached as a result of the exhaustive JCAE hearings  were:  
 1) Radioactive waste management practices had not resulted in any 
harmful effects on the public, its environment or i ts resources.  
 2) The general problem of radioactive waste need n ot retard the future 
development of the nuclear energy industry with ful l protection of the 
public health and safety.  
EXPANDED PROGRAM (1960-70)  
The Congressional Hearings provided a "springboard"  for an expanded R&D 
program during the 1960's. A number of laboratory r esearch projects 
advanced to an engineering scale and several ground  disposal projects 
reached the field demonstration phase. There were s o many exciting things 
happening in the 1960's, that I will only highlight  some of the 
operational and R&D achievements in both AEC produc tion and research 
facilities, and the emerging nuclear power industry  (1957-70).  
Operational 
  New LLW and Intermediate Level Waste (ILW) Facili ties: 1) New alpha 
waste treatment facility at Los Alamos Scientific L aboratory (LASL), 
(1962); 2) new LLW treatment plant for ANL (1964); 3) new LLW treatment 
plant for Oak Ridge National Laboratory (1964); 4) new storage tanks and 
evaporator facilities for the treatment of ILW from  Oak Ridge National 
Laboratory (ORNL) (1966); 5) new hydraulic fracturi ng plant at ORNL for 
disposal of evaporator slurries and ILW sludges, a culmination of the 
successful R&D program (1966). This technique, whic h was obtained from 
the petroleum industry, received extensive developm ent at ORNL during the 
early 1960's. The method consisted of injecting a w aste-cement-clay 
mixture under high pressure into impermeable geolog ic formations (like 



Conasauga Shale at Oak Ridge) where it solidified i n the form of a thin 
horizontal sheet. With the advice of the NAS, the t echnique was applied 
in a different geologic setting during the 1969-70 time period; the 
project was carried out as a joint effort with ORNL  and USGS working with 
the state of New York at the Nuclear Fuels Services  (NFS) Chemical 
Processing Plant site in West Valley, NY.  
  Land Burial: The 1960 decade was marked by the en trance of commercial 
industry into land burial operations, i.e., industr ial services were 
initiated for the collection, packaging, transport,  and disposal of low-
hazard-potential solid wastes. Two interim land bur ial sites, one at Oak 
Ridge and the other at NRTS, were established pendi ng the later 
designation of permanent regional sites to serve va rious parts of the 
country. During the period from 1960-63, the AEC ca rried out an "interim 
land burial program" during which time the radioact ive waste burial 
grounds at Oak Ridge and the NRTS were made availab le. In the three years 
during which the interim land burial program was in  operation, over 7 
million cubic feet of solid radioactive wastes were  disposed of by land 
burial.  
 In August, 1963, the AEC withdrew from its interim  low-level waste 
burial program for licensees, based upon the availa bility of commercial 
burial sites at Beatty, NV, and Morehead, KY. In No vember, 1963, NFS 
established a LLW disposal facility near West Valle y, NY. Other 
commercial burial grounds were established in 1965 and 1967 at Richland, 
WA, and Sheffield, IL, respectively. In April, 1971 , a sixth commercial 
land burial ground was established by Chem-Nuclear Services, Inc., in 
Barnwell County, SC. 
  Sea Disposal: In the early period of atomic energ y development in the 
U.S. (1946-62), the AEC disposed of small quantitie s of solid, packaged 
wastes at designated locations in the Atlantic and Pacific Oceans. With 
the advent of commercial land burial operations in the early 1960's, a 
steady decline of sea disposal occurred. Because of  the availability of 
commercial land burial services of low-level radioa ctive waste materials, 
the AEC requested all of its contractors in 1963 to  evaluate the 
economics of both disposal methods for their specif ic operation. With 
approximately 3/4 of a sea disposal container volum e required for 
concrete ballast to assure its sinking to the 1,000  fathom depth in the 
ocean, it was determined that land disposal economi cs would eliminate sea 
disposal operations.  
  Incineration: The disposal of low-level combustib le solid waste by 
incineration was practiced at various AEC and power  reactor facilities 
during 1955-70, although not as extensively as at f oreign atomic energy 
installations. As a waste disposal method in the U. S., it had to compete 
with compression, baling, and shipment of solid was te off-site for land 
burial. In general, incineration systems used by AE C sites failed to 
provide the desired performance and were costly to maintain. Extensive 
developmental efforts were carried out at the Harva rd Air Cleaning 
Laboratory, ANL, KAPL, BuM, and the Army Nuclear De fense Laboratory. 
Experience with experimental and operating field in stallations revealed 
problems in combustion, air cleaning, and corrosion --all which required 
careful study and control in order to achieve satis factory operating 
results. At that time, incinerators were operated a t the Rocky Flats and 
Hanford plants for recovery of plutonium from burna ble scrap.  
  First HLW Solidifier: The Waste Calcining Facilit y at the NRTS became 
the world's first plant-scale facility for converti ng actual high-level 



radioactive wastes to a safer, solid form (December , 1963). The plant 
satisfactorily operated for the rest of the 1960's;  it was shut down for 
about one year while additional solids storage bins  were constructed.  
  Power Reactor Waste Management: While power react or waste management 
systems (1957-1970) differed from one plant to anot her, they included 
decay hold-up tanks, evaporators, ion exchange unit s, steam stripping, 
catalytic recombination of hydrogen and oxygen, fix ation of solids and 
liquids in concrete, incineration, baling, and liqu id and gas filtration. 
In many cases, large waste volumes were processed b y storing the material 
for a period of time to permit decay of radioactivi ty, and by dilution of 
the effluents with condenser cooling water prior to  discharge from the 
plant site. Very small amounts of radioactive mater ial which remained 
were permitted under AEC regulations to be released  in liquid and gaseous 
effluents after careful monitoring.  
 In order to evaluate the waste management experien ce of civilian nuclear 
power plants, Oak Ridge National Laboratory, as an integral part of the 
AEC's effluent control R&D program, conducted a sur vey of these practices 
and operating experience during the period of 1960- 67. All plants had 
operated well within their operating limits, and ge nerally, at a small 
fraction (less than 5%) of radiation protection sta ndards. It was seen 
that the management of radioactive wastes produced at nuclear power 
stations had not been a major factor in influencing  the early development 
and growth of nuclear power.  
Research and Development 
 Some of the more exciting R&D efforts in the 1960' s are identified in 
the following:  
  LLW Treatment: Programs involving the development , testing, and 
application of improved systems for the handling, t reatment, and disposal 
of low and intermediate level wastes received exten sive efforts during 
the 1960's. For purposes of this discussion, a low level effluent is 
arbitrarily defined as one requiring a decontaminat ion factor (DF) in the 
range from 10 to 103, and an intermediate level eff luent as one requiring 
a DF in the range from 103 to 105. At ORNL and Hanf ord, extensive 
laboratory and pilot plant studies were carried out  on advanced waste 
water treatment systems such as scavenging-precipit ation ion exchange, 
foam separation, steam stripping, filtration, two-s tage ion exchange, 
electrodeionization, water recycle, and asphalt sol idification. DF's of 
several thousand were obtained for strontium and ce sium in these systems 
and the average activity concentrations in the vari ous process effluents 
were only a few per cent of accepted health and saf ety standards. Parts 
of this technology were used in the design of comme rcial power reactor 
and future fuel reprocessing waste management facil ities.  
  Stream Studies: Supporting stream studies on the Clinch River below Oak 
Ridge and the Columbia River below Hanford were con ducted as an adjunct 
to the LLW treatment R&D program. During the 1960 d ecade, the program 
developed quantitative data and knowledge on disper sal phenomena, 
reconcentration factors, biological uptake, etc., t o assist in the 
evaluation of waste discharge systems below AEC sit es. In its 
environmental pollution R&D programs, the AEC pione ered the use of a 
"team approach", e.g. on the Clinch River, the comb ined engineering and 
scientific competencies of ORNL, the U.S. Geologica l Survey, the 
Tennessee Valley Authority, the Tennessee State Dep artment of Public 
Health, and the Tennessee State Game and Fish Commi ssion were all 
integrated into a cooperative river study program. In the 1960's, 



additional comprehensive environmental assessments were made of stream 
conditions in the Savannah River below SRP, and the  Mohawk River below 
KAPL.  
  Meteorologic Research: In another environmental a rea, the USWB, now the 
Environmental Science Services Administration (ESSA ), under interagency 
agreement with DRD, expanded its meteorologic studi es on atmospheric 
transport and diffusion as it applied to the safe d isposal of radioactive 
effluents to the atmosphere. ESSA scientists conduc ted on-site research 
in the vicinity of Oak Ridge, NRTS and BNL. Atmosph eric transport and 
diffusion data were used in environmental monitorin g of these sites and 
also in reactor safety assessments. A new volume of  "Meteorology and 
Atomic Energy"--1968 replaced the original publicat ion of 1954, and 
updated the knowledge and techniques used in the es timation of downwind 
atmospheric transport and diffusion.  
 At this point, it is appropriate to summarize brie fly the ground 
disposal research conducted in the 1960's, as recom mended by the National 
Academy of Sciences in 1957. They are: 1) Disposal in salt; 2) Excavation 
in impermeable formations; and 3) Deep permeable fo rmations (3,000-12,000 
feet) containing connate brine.  
  Disposal in Salt: In response to the NAS suggesti on, a major part of 
the AEC ground disposal R&D program during the 1960 's was directed at 
establishing the suitability of using underground s alt formations for the 
disposal of high-level solidified radioactive waste . Bedded salt 
formations were chosen as the most optimum disposal  media because of 
their unique geologic characteristics. Salt formati ons are dry, 
impervious to water, and not associated with usable  groundwater sources. 
Because of its plasticity, fractures in salt seal o r close rapidly. 
Deposits of rock salt underlie some 400,000 square miles of the United 
States and may represent some of the few naturally occurring dry 
environments in the eastern part of the country. Ex tensive laboratory 
investigations at ORNL and field studies in the Car ey Salt Mine, 
Hutchinson, KS, were most promising. Project Salt V ault (a demonstration 
disposal of high-level radioactive solids in a Lyon s, KS, bedded salt 
mine, using Engineering Test Reactor fuel assemblie s in lieu of actual 
solidified waste) successfully demonstrated waste-h andling equipment and 
techniques similar to those required in an actual d isposal operation 
(1965-67). This part of the "salt disposal story" e nds at the end of 
1969, with ORNL preparing a preliminary design for an operating salt 
disposal facility, which would handle HLW solids to  be generated in the 
reprocessing of irradiated reactor fuels during the  mid-1970's.  
  Deep Impermeable Formations: Research on the use of deep impermeable 
formations for the ultimate storage or disposal of HLW was extensively 
studied at the AEC's Savannah River Plant (SRP) dur ing 1961-63. An 
intensive exploratory drilling program was conducte d to determine the 
hydraulic and physical characteristics of the basem ent rock and the 
overlying aquifer as well as the compatibility of t he rock with the waste 
to be stored. Results of the overall comprehensive study program were 
reviewed by the NAS Committee on Geologic Aspects o f R/A Waste Disposal 
and outside consultants. Their recommendation was t o seek Congressional 
funding in FY '70 for an exploratory drilling progr am to provide field 
verification testing and final engineering design; while the concept 
appeared technically and environmentally sound, it was canceled after 
contact between the governor of South Carolina and the U.S. JCAE.  



  Deep Well Injection: The third geologic concept i nvolving deep well 
injection was first suggested by the NAS (1957) and  the API (1958). The 
API group studied the problems associated with deep  well disposal of HLW 
to determine whether the techniques used for oil-fi eld brine disposal 
might be adapted to R/A waste disposal. At this tim e, the injection of 
liquid HLW was suggested as an alternative to solid ification and 
transport of the solid waste containers to an off-s ite underground 
disposal site. Of course, a suitable deep well (a c onfined, thick, 
permeable sandstone in an area of no actual or pote ntial oil production) 
was conceived as part of the siting criteria for co mmercial fuel 
reprocessing plant(s). With the success of the soli dification program (in 
the 1960's), the deep well injection approach was d iscarded; however, 
there were some thoughts that the concept might hav e application to the 
larger-volume LLW streams which also would emanate from commercial 
reprocessing plants. 
 By the end of 1969, more than 20 years of continue d tank storage 
experience had shown it to be a practicable means o f interim handling. 
Over 80 million gallons of radioactive solutions an d sludges were stored 
in nearly 200 underground tanks throughout the AEC complex. Although 
corrosion data indicated expected tank life-times o f 40 to 50 years, 
there were reported instances of tank failure, all in carbon steel 
systems at Hanford and Savannah River. Stress-corro sion cracking and/or 
thermal stress of the reinforced concrete structure s were established as 
causes of these tank leakages, and these factors we re taken into account 
in improved design and construction of new interim tank storage. While 
tank storage practices were successful in preventin g significant 
quantities of radioactive materials from escaping t o the environment, 
these operations required continual surveillance an d tank replacement. 
This need for surveillance, as well as the necessit y of transfer of 
liquid waste from tank to tank over periods of hund reds of years, were 
compelling factors for the HLW solidification and d eep underground 
storage programs in the 1960's.  
  HLW Solidification R&D: With the support of the J CAE in 1959, several 
processes for conversion of liquid waste to thermal ly and radiolytically 
stable solids were investigated. These processes in cluded the use of 
fluidized beds (ANL & NRTS), a rotary ball kiln at BNL, ceramic sponges 
at LASL, heated pots at ORNL, and radiant heated sp ray columns at Pacific 
Northwest Laboratory (PNL). The addition of glass-f orming materials, such 
as phosphoric acid, lead oxide, sodium tetraborate,  etc., for the purpose 
of providing a relatively non-leachable final produ ct was also 
intensively studied. The fluidized bed, pot, spray,  and phosphate glass 
processes underwent extensive engineering developme nt during the 1960's. 
Detailed descriptions of these processes are provid ed in the references. 
The Waste Calcining Facility (WCF) at NRTS demonstr ated the use of the 
fluidized bed process during the period of 1963-70 (as noted earlier), 
principally on waste from the processing of test re actor fuels.  
The highlight of the DRD-ESEB HLW solidification R& D program in the 
1950's and 60's was the design, construction and op eration of a Waste 
Solidification Engineering Prototype (WSEP) plant a t the Hanford 
Battelle-Northwest Laboratories (BNWL). The enginee ring-scale technology 
for solidification of HLW from power reactor fuel r eprocessing using the 
ORNL pot calciner; the BNWL spray calciner-melter; and the BNL phosphate 
glass system was demonstrated during 1966-72. Thirt y-three demonstration 
runs were completed on the three processes; more th an 50 million curies 



of radionuclides were processed and collected in 6,  8, and 12-inch 
diameter containers. Results from WSEP were used to  develop design 
concepts for a 5 tonne/day commercial reprocessing plant and waste 
management economics for application of the WSEP so lidifiers in 
industrial plants. An overall comparison of the WSE P type solidification 
processes indicated an apparent slight preference f or the spray 
solidification process over pot calcination, with t he phosphate glass 
process having a fewer number of advantages for the  cases studied.  
  Long Range Evaluation Studies: During the 1960's,  the DRD effluent 
control R&D program utilized ORNL for conducting de tailed engineering, 
economic, and safety evaluation studies to aid the AEC in its planning of 
future waste-management programs. In these studies,  the objective was to 
evaluate the economics and hazards associated with the treatment of HLW 
and their storage in ultimate disposal sites as par t of a nuclear power 
economy. These studies indicated that a series of o perations consisting 
of interim liquid storage for five years, solidific ation, interim solid 
storage on-site for an additional five years, follo wed by shipment of the 
waste and disposal in a salt formation, could be ca rried out for 
approximately 0.03-.05 mills/kwh. It was not expect ed that the costs for 
waste management, including perpetual storage in a federal repository, 
would be a significant factor in either the fuel cy cle or over-all costs 
of nuclear power (estimated as less than 1 percent of total power cost).  
  New HLW Regulatory Policy: As culmination of the R&D program of the 
1950's and 1960's, note that in 1969-70, significan t policy and 
regulatory changes occurred in the overall AEC regu latory program. Waste 
treatment and disposal technology which was develop ed through the DRD 
research, development and demonstration programs du ring the 1960's, was 
utilized as a basis for the establishment of new wa ste management 
policies and revised regulatory procedures. The pla nning and orderly 
development of this technology was considered most timely, since we were 
entering a period in our nation's development which  was termed by many as 
a decade for "environmental action". Protection of the environment had 
become a major political concern. This resulted in numerous Congressional 
hearings, including the comprehensive hearings by t he Joint Committee on 
Atomic Energy on the Environmental Effects of Produ cing Electric Power, 
which were held in late '69 and early '70. 
 Prior to these regulatory changes, AEC staff, with  assistance from major 
contractors such as ORNL, PNL, DuPont, Atlantic Ric hfield, and the Idaho 
Nuclear Corporation conducted an intensive study in  1968-69 to determine 
the needs and bases for establishing a siting polic y for commercial fuel 
reprocessing plants and related waste management fa cilities. General 
guidance on the handling of liquid HLW inventories at the plant, the 
conversion of HLW to a solid form, and transfer of these solids to a 
federally owned and controlled repository were desc ribed in the AEC 
regulatory policy statement of November 14, 1970 (A ppendix F). With the 
continued growth of nuclear power and indications o f substantial 
industrial interest in the construction of fuel rep rocessing plants, both 
contributed to a general feeling of optimism that t he fruits of 20 years 
of R&D would be realized with the operation of a HL W solidification unit 
and underground repository by the mid-1970's.  
FINAL REFLECTIONS 
As we conclude our trek down "memory lane", I would  like to share some 
reflections with you. The 1950's and 60's were exci ting times in the 
nuclear energy field, in general, but even more so in the radwaste R&D 



area. New technology was being created and demonstr ated, and it was most 
satisfying to be a small part of it. But on the "ot her side of the coin"-
-it has been most discouraging to not see the appli cation of fully 
engineered HLW solidification technology, integrate d with the first HLW 
repository. With the establishment of a HLW reposit ory resisted by 
political opposition (the NIMBY syndrome), the past  25 years have been a 
major disappointment. At long last, plant-scale HLW  solidification 
systems at West Valley and SRP are scheduled to go "hot" in early '96. 
However, the "dream" of seeing a full scale HLW und erground repository in 
operation in Nevada or elsewhere may never be reali zed in my lifetime. 
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ABSTRACT 
Since the end of World War II, the development of n uclear waste 
management policy and regulation has been influence d by social and 
political events. Our use of nuclear materials duri ng the 1940's was 
greatly influenced by World War II and the need to develop weapons. The 
nuclear establishment was primarily mission oriente d - developing weapons 
to protect us from a perceived threat. Post war pol itical priorities were 
focused on making the world a safer place; nuclear weapons development 
was seen as a key element of protection from a perc eived future threat. 
Social priorities emphasized physical and emotional  recovery from the 
war, security, and prosperity. Nuclear waste manage ment, for the past 50 
years, has reflected changing social needs and poli tical situations. 
Post-war protectionism, escalating cold war, rising  environmental 
awareness, economic prosperity and recessions, rapi d technology 
development, increased public awareness and partici pation in political 
processes have all affected national waste manageme nt policies and 
practices and our ability to effectively and effici ently manage 
radioactive waste. In some programs, the result has  been implementation 
of responsible decisions that protect public health  and the environment. 
Other programs are still struggling. In the 1990s, the challenge remains 
to develop solutions that acknowledge social, econo mic, and political 
influences and provide flexibility to accommodate t hese changing factors.  
REGULATORY BEGINNINGS 
After World War II, legislation was developed that started our national 
policy toward atomic energy and eventually the mana gement of nuclear 
waste. On August 1, 1946, the Atomic Energy Act was  signed into law by 
President Harry S. Truman. This law gave the federa l government exclusive 
authority over the development and application of a tomic energy and 
provided for federal control over regulating the us e of radioactive 
materials. The Atomic Energy Commission (AEC) was e stablished to fulfill 
this authority. Within this Act, Congress also crea ted the Joint 
Committee on Atomic Energy to provide Congressional  oversight over the 
operations of the AEC for non-classified aspects of  the program. 
Even during these early days of operations, certain  concerns were raised 
about waste management practices, especially at Han ford where high level 
liquid waste was being stored in tanks. Reactor coo ling water passed 
directly into the Columbia River and other liquids were discharged 
directly into pits (cribs) and allowed to percolate  into the soil and 
eventually into the Columbia River. In 1948, the AE C s Advisory Committee 
on Nuclear Safety noted these practices would lead to long-term 
contamination and should be discontinued. The AEC h owever, indicated that 
no money was available to explore other disposal me thods. 



During this early period the AEC adopted health and  safety codes and 
standards. In June 1949, the AEC issued AEC Bulleti n GM-133 which 
instructed its operations to comply with standards developed by the 
National Committee on Radiation Protection (NCRP) w ith respect to 
radiation exposure. The NCRP was actually founded i n 1928 as part of the 
National Bureau of Standards and was originally kno wn as the Advisory 
Committee on X-ray and Radium Protection. In 1946, the name was changed 
to the NCRP to reflect its expanded scope work. 
In September 1949, the National Bureau of Standards  issued Handbook 42 
which set forth a maximum whole body dose standard of 300 mrem per week. 
On an annual basis this is the equivalent of a whol e body dose of 15,600 
mrem per year. 
The 1950's brought an eventual lowering of the perm issible doses from 
radiation, but not until 1958. On June 29, 1951, th e National Bureau of 
Standards issued Handbook 47, which restated the 30 0 mrem per week 
radiation dose standard. On March 20, 1953, the Nat ional Bureau of 
Standards issued Handbook 52, which discussed not o nly permissible 
amounts of radio isotopes in the body, but in air a nd water as well. This 
standard continued the guideline of 300 mrem per we ek of radiation 
exposure. In September 1954, National Bureau of Sta ndards Handbook 59 
continued the same 300 mrem per week radiation expo sure standard. Of 
significance in Handbook 59 was its discussion of n on-occupational doses. 
Specifically, it required that, with respect to non -occupational exposure 
of minors, no minor was to receive radiation at a w eekly rate higher than 
one-tenth the respective basic permissible weekly d oses for critical 
organs. However, no changes were made with respect to the standard for 
non-occupational exposures to adults. 
The 300 mrem per week standard was in place until 1 958 when the AEC 
published the AEC Manual Chapter 0524. This manual set forth a new 
standard for radiation exposure for members of the general public, i.e., 
non-occupational exposure. This new non-occupationa l standard was 
significantly lower than the permitted occupational  exposures, and set at 
500 mrem per year for whole body exposure and 1,500  mrem per year for 
specific organ exposures.  
In the 1950's two pieces of legislation were signif icant, the Atomic 
Energy Act of 1954 and its Amendment in 1957, incor porating the Price 
Anderson Act. The Atomic Energy Act of 1954 re-auth orized the AEC and 
government control over atomic energy activities. T his Act also 
reestablished authority for protecting the health a nd safety of the 
public. At this time, significant interest in comme rcial generating of 
electrical power fueled by the peaceful atom was de veloping. This 
commercial development required large-scale uranium  exploration and 
mining. In Colorado and other western states, this mined ore was milled 
and enriched to provide fuel for the new reactors. The potential for 
accidents and liability for their occurrence became  evident. Mining and 
milling operators, as well as nuclear plant operato rs pushed forward with 
legislation to protect their interests. The 1957 Pr ice Anderson Act 
amendment to the Atomic Energy Act of 1954 provided  for liability and 
compensation in the event of a nuclear accident, sh ould it be 
transportation or operations related. It was specif ically designed to 
protect the nuclear industry should an accident occ ur that was so large 
as to threaten the future of nuclear power.  
The AEC was largely self regulating, especially on the classified side, 
and on a learning curve in waste management. Ocean dumping of low level 



waste was common practice, as was trench burial. Us ually the low-level 
waste was categorized according to hazard levels an d packaged accordingly 
before it was placed in the trenches. High level wa ste was found to be 
more difficult to contain in some instances, especi ally during the 
separation experiments with plutonium at the nation al laboratories. 
Several accidents at some of these facilities cause d off site releases to 
the environment. The AEC maintained limited environ mental monitoring, 
primarily of effluents and health testing procedure s to maintain 
compliance with the standards. These monitoring pro cedures usually took 
the form of specific AEC Orders.  
During the 1960's the Cuban Blockade, Vietnam War a nd the Civil Rights 
movements largely distracted government administrat ions from nuclear 
activities. Antiwar sentiments were the focus of so cial issues; weapons 
testing and reactor building continued with little public opposition or 
awareness. The need to regulate the building of rea ctors dominated 
regulatory development work. Disposal of spent fuel  was not yet an issue 
because the industry planned to reprocess its fuel.  However during the 
late 1960's plans to dispose of high-level wastes f rom reprocessing 
emerged with the studies of the Lyons Kansas Projec t Salt Vault. Other 
nuclear activities continued under the Swords to Pl owshares project, 
where large potential storage caverns were excavate d in salt domes by 
nuclear detonations. 
RISING ENVIRONMENTAL AWARENESS 
During the late 1960's the environmental movement g ained momentum and 
signaled the beginning of public involvement in was te management issues. 
Passage of the National Environmental Policy Act in  1969 required that 
federal government actions undergo thorough environ mental review and that 
the public participate in the review process. NEPA mandated that all 
federal agencies consider the impacts to the enviro nment that their 
actions may incur. The Council on Environmental Qua lity (CEQ), 
established to implement NEPA, promulgated regulati ons that defined 
environment in its broadest sense to include physic al, biological, and 
human components. It also required a thorough evalu ation of alternatives, 
coordination and consultation with other agencies, and public 
participation in the review and decision making pro cess. 
In the 1970's a number of events strengthened the e nvironmental movement. 
The 1976 Resource Conservation and Recovery Act add ressed the widespread 
problem of contamination resulting from municipal s olid and hazardous 
waste. This act established a broad policy that gov ernments and industry 
alike must minimize the amount of waste they produc e and find 
environmentally safer ways to store and dispose of wastes.In 1974, the 
need for independent regulation of AEC activities l ed to its 
reorganization into the Energy Research and Develop ment Agency (ERDA) and 
the formation of the US Nuclear Regulatory Commissi on (NRC). The NRC was 
responsible for developing and enforcing regulation s for ensuring the 
public health and safety from all of the Atomic Ene rgy Act activities. 
The US Department of Transportation was given the r esponsibility for 
developing and implementing safety standards dealin g with transportation 
of nuclear materials. This 1974 reorganization last ed three years, until 
1977, when ERDA became known as the US Department o f Energy.  
Several events in the late 1970's influenced public  opinion of nuclear 
power and subsequent waste management policies and practices. The film 
China Syndrome and in its wake, the accident at Thr ee Mile Island 
heightened public awareness and fear of nuclear ene rgy and the potential 



consequences of nuclear accidents. Another factor w as President Carter's 
1978 decision not to pursue development of commerci al nuclear fuel 
technology or permit construction of commercial fas t breeder reactors, a 
component of the existing nuclear fuel reprocessing  program. This 
decision was based primarily on nuclear proliferati on fear and fueled 
public fears of the potential for nuclear war and d evastation. Carter's 
decision also resulted in different and more immedi ate needs for fuel 
storage and disposal facilities. Disposal efforts n ow had to be directed 
toward spent rather than reprocessed fuel. Power pl ant operators were 
forced to take a serious look at storage options fo r spent fuel. Several 
states passed legislation banning further developme nt of nuclear power 
until the disposal problems could be solved. 
In terms of low-level waste, states became aware of  practices that had 
resulted in groundwater and soil pollution at sever al disposal 
facilities. By 1978, only three commercial low-leve l waste disposal sites 
remained in operation. These three sites were to re ceive all the nations 
commercial low-level waste resulting not only from nuclear power plants, 
but also from medical and industrial sources. The g overnors of these 
three states gave notice they were going to either close their sites in 
the near future, or cut down on the quantities of w aste that they would 
be accepting. In this atmosphere of concern, Congre ss began considering 
legislation to deal with the radioactive waste disp osal problems. With 
these evident changes, the NRC set about looking at  criteria for deep 
geologic disposal of spent fuel, and land burial of  low-level waste, even 
in the absence of legislation.  
CONGRESSIONAL ACTION 
In the 1980's, Congress passed several key laws whi ch reflected the need 
for better management of our nuclear waste streams.  The first was the 
Low-Level Radioactive Waste Policy Act of 1980. Und er this law, each 
state was given the responsibility for ensuring ade quate disposal 
capacity for waste generated within their borders. The act encouraged 
states to form compact agreements so that joint reg ional disposal 
facilities could be developed. States could also re ceive authority to 
regulate these facilities from the NRC as Agreement  States. States were 
also given the ability to have a role in the regula tion of transportation 
of nuclear waste. The 1980 Act laid out a time tabl e for developing 
disposal capacity. This time table proved unworkabl e and the Act was 
subsequently amended in 1985 and again in 1987, to give states more time 
to provide such facilities. However, strict time sc hedules and penalties 
also were delineated.  
By 1982, nine interstate compacts agreements to sit e low-level disposal 
facilities had been ratified by Congress. In Decemb er of 1982, the NRC 
promulgated 10CFR61, Licensing Requirements for Lan d Disposal of 
Radioactive Waste, which set the technical requirem ents for the newly 
formed compacts' siting efforts. Shortly afterward however, public 
distrust of land disposal techniques led to recogni tion that this out of 
sight, out of mind philosophy was not publicly acce ptable. This public 
opinion steered disposal practices to above ground or above grade 
facilities, where this waste could be more easily m onitored. This 
attitude led to the revision of 10CFR61 to provide guidance on siting 
above ground and above grade facilities. 
The Nuclear Waste Policy Act of 1982 (NWPA) incited  intense public 
debate, especially in states that appeared promisin g for hosting disposal 
facilities, such as Nevada and Washington. Until th en, there had been no 



legislation governing the search for technically an d scientifically 
suitable sites for the disposal or storage of civil ian high-level waste 
or spent fuel (League of Women Voters, 1993. The NW PA laid out several 
policies:  
  A high priority was given to waste disposal. Sche dules for repository 
development and operations were delineated for two repositories, one in 
the east and one in the west. This provision was ca refully negotiated by 
governors of western states, who felt that it was u nfair to put all of 
the waste in the west when most of the waste was ge nerated in the more 
industrial east. 
  Interim storage was to be permitted on a limited basis. Schedules were 
developed for siting and constructing a monitored r etrievable storage 
(MRS) facility. 
  Interactions between the states, local government s, Indian tribes were 
defined. These interactions included such things as  financial assistance 
to states to review activities defined by this act for health and safety 
and environmental impacts and rights to information . It also provided 
veto authority to the host state. 
  Specific federal agency functions were defined; t he DOE was to be the 
repository developer, the US Environmental Protecti on Agency (EPA) was to 
set health standards, and the NRC was to implement the EPA standards and 
promulgate regulations on repository siting, operat ions and closure. 
Rulemaking 
In February 1981, the NRC issued their proposed rul e, 10CFR60, Disposal 
of High-Level Radioactive Wastes in Geologic Reposi tories and final rule 
in June of 1983, in consultation with the EPA. 
In May 1984, the EPA issued their proposed rule, 40 CFR191, Environmental 
Standards for the Management and Disposal of Spent Nuclear Fuel, High-
Level and Transuranic Radioactive Wastes. This prop osed rule established 
release limits and dose requirements for deep geolo gic disposal of these 
wastes for two principal stages: the period of mana gement and operations 
and the period after waste disposal had been comple ted. The EPA finalized 
this rule in September of 1985. Once this rule was finalized, the NRC had 
to then issue conforming amendments to 10CFR60, whi ch was done in June of 
1986. 
10CFR60 and its conforming amendments established p rocedures and 
technical criteria for disposal of high-level waste  in a geologic 
repository. These technical criteria were sometimes  quite specific 
(subsystem performance requirements), yet attempted  to give the Applicant 
(DOE) flexibility to develop the repository to meet  the overall EPA 
standard. 
In 1984, court challenges brought about a stricter adherence to 
environmental standards by the DOE when the Legal E nvironment Assistance 
Foundation and the Natural Resources Defense Counci l brought suit against 
the DOE. The law suit challenged the DOE's right to  set and enforce their 
own regulations. The court found the DOE in violati on of environmental 
standards and ruled that federal environmental laws , and certain state 
and local laws also apply to weapons production act ivities. This action 
led to more public scrutiny of DOE weapons faciliti es. In 1989, the DOE 
announced that cleanup and compliance with environm ental laws would have 
a higher priority within the DOE. The office of Env ironmental Restoration 
and Waste Management was created to handle this res ponsibility. 
Other laws such as the Clean Air Act and the Clean Water Act heightened 
public understanding of the contamination problems faced by the nuclear 



and hazardous waste industries. These industries be came the focus of 
environmentalist actions. Generally environmental s tandards became more 
strict and prescriptive. 
NWPA Amendments 
Concerned with the escalating costs of finding a re pository site for 
spent fuel and high level wastes, Congress passed t he Nuclear Waste 
Policy Act Amendments Act of 1987. This Act revised  some of the policies 
which were established in the 1982 Act including: 
  Congress directed the DOE to abandon all sites un der consideration 
except Yucca Mountain in Nevada. The DOE was to cha racterize this site in 
order to determine its suitability as a repository and to postpone 
consideration of a second repository. 
  Siting, construction and operation of a MRS was a uthorized and the 
Office of the Nuclear Waste Negotiator was created to identify, in 
participation with a state or tribal government, a MRS host. 
  External technical oversight was increased throug h the Nuclear Waste 
Technical Review Board, by onsite oversight by the host states and local 
governments, and by increased local government part icipation.  
The action of dropping all other sites except Yucca  Mountain lead to 
confrontation with the State of Nevada. Additionall y in 1987, the 
existing EPA standard 40CFR191 was remanded and the  EPA was ordered to 
reconsider the disposal provisions and consistency with other existing 
laws. 
PUBLIC PARTICIPATION 
The 1970s and 1980s saw an increase in public invol vement in government 
actions and decisions. Social activism during the V iet Nam War, increased 
distrust of government as a result of Watergate, an d disclosures of 
health and safety issues associated with hazardous waste disposal 
practices stimulated a public demand for opportunit ies to participate in 
government decision-making. Environmental legislati on, led by the NEPA, 
responded by requiring that federal agencies consid er and incorporate 
public input in the environmental review process. O ther environmental 
legislation also included provisions for public inv olvement and 
implementation of community relations programs. It was primarily through 
the NEPA process that citizens became involved in n uclear waste 
management issues. Initially, this public involveme nt took the form of 
review and comment on environmental documentation, such as the Statutory 
Environmental Assessments under the Office of Nucle ar Waste Isolation 
Program. Public hearings on the environmental docum entation, required 
under NEPA, were most often contentious and, in fac t, the format of such 
hearings promoted an adversarial relationship. Ther e was little evidence 
that public comments affected decision-making and t he "decide-announce-
defend" process most often prevailed. This attitude  increased public 
distrust and led to formation of well organized, we ll funded and active 
public interest groups. Federal agencies struggled to respond orienting 
activities toward public information and education,  providing fact sheets 
and newsletters and holding public informational me eting in local 
communities. "Educating the public" became the prim ary focus of these 
efforts and the unspoken attitude was "then they wi ll understand."  
CHANGES IN THE 1990s 
The 1990's has brought a new attitude. With remedia tion costs escalating, 
an uncertain economy, an increasing federal deficit  and political 
pressure to balance the budget, prioritization was required. The thinking 
has switched from prescriptive to risk-based standa rds. Awareness that 



current environmental policies may restrict our tec hnological future has 
emerged with a concerted effort to revamp our envir onmental and nuclear 
waste policy laws and subsequent regulation. Likewi se, the Yucca Mountain 
project costs were also escalating. With the existi ng standard remanded 
and DOE claiming the strictness of the standards fo r this predicament, 
the DOE subsequently requested the National Academy  of Sciences to look 
at the existing standards for waste disposal and to  determine if a risk 
based standard, specific for Yucca Mountain would b e desirable. The 
Academy did question the existing standards in term s of length of time 
the facility should be regulated and in terms of po pulation dose. These 
results will now be considered by the EPA to determ ine if a new standard 
will be promulgated and if so, will lead to further  conforming 
regulations for the NRC for 10CFR60. 
Long term effects of low-level waste are also being  examined by the 
states. This work could lead to changes in the low- level waste regulatory 
structure, as well. Budget cuts have also affected the role of the NRC in 
low-level waste regulation. With a need to cut back , one option being 
considered within the NRC is to turn all regulation  of low-level waste 
over to the states. 
The Nuclear Waste Policy Act of 1982 and its 1987 A mendments are being 
discussed again within the Congress. Several bills have been drafted that 
could eliminate major state oversight and lead to l ess outside review of 
DOE activities. Recent budget problems have left no  money for state 
oversight and led to plans by the DOE to cut the st ates out entirely. 
Changes in the development of Yucca Mountain may in clude less interaction 
with the NRC and perhaps not even applying for a Li cense to Construct, 
after all these years of work and expenditures that  exceed $6 billion to 
date. 
The 1990s has seen new directions in public involve ment, directions that 
have resulted in meaningful, result-oriented input by citizens. Public 
scoping meetings and public hearings on NEPA docume nts have been revamped 
and now stress public-agency interaction. A meeting  facilitator has 
replaced the administrative court judge in these he arings. Site specific 
citizen advisory boards have had varying success pr oviding review and 
oversight of DOE programs. This participation uses the skills and 
knowledge of citizens and acknowledges the value of  stakeholder concerns 
in establishing priorities that result in technical ly sound and 
acceptable decisions. Unfortunately, these directio ns have not been 
consistently implemented within the DOE but have fo cused on the 
Environmental Management cleanup and remediation pr ograms while waste 
management programs such as Yucca Mountain have eli minated state funding 
for technical oversight and public participation re mains focused on 
informational activities. 
In general the 1990's has been a period of uncertai nty. Much rethinking 
has gone on with respect to our national waste mana gement programs. While 
revamping is often necessary and constructive, conf usion is not. After 50 
years of regulation there is still no long-term str ategies for spent fuel 
and high-level waste disposal. The DOE needs a cons istent long-term 
approach to be efficient, a goal difficult to attai n in light of changing 
political and social priorities. Perhaps the answer  is to reach consensus 
on the framework for decision making rather than de termine specific waste 
management solutions. Models of public participatio n used in DOE's 
Environmental Management Programs could provide the  basis for developing 
a strategy for making waste management decisions. I f agreement can be 



reached on how to make decisions, then specific sol utions can be flexible 
and responsive to site specific conditions and issu es and changing social 
and political climates. A long-term strategy must b e developed and 
implemented to finally result in disposal (or repro cessing) of 
radioactive wastes. Perhaps the greatest challenge is to consider and 
incorporate public, political and social issues in this strategy to 
enhance its implementability and lead to a truly lo ng term solution. 
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ABSTRACT 
The volume and physical form of high-level waste re sulting from the 
reprocessing of spent nuclear fuel is determined by  several factors, the 
more important of which are fuel type, reprocessing  technology used, and 
waste treatment following reprocessing. The first p lutonium production 
fuels were natural uranium metal slugs clad with al uminum. The first 
reprocessing technology was the batch bismuth phosp hate precipitation 
process that recovered only the plutonium from the irradiated fuel; the 
uranium was sent to waste with the fission products  resulting in large 
waste volumes. Storage in carbon steel tanks requir ed the use of sodium 



hydroxide to neutralize the acid waste, further exa cerbating the quantity 
of inert materials present. Technologies were devel oped to recover 
uranium as well as plutonium during reprocessing an d to recover uranium 
from the high-level waste tanks; these were the con tinuous solvent 
extraction processes known as the Redox and TBP (tr i-butyl phosphate) 
processes. The Redox process did require the additi on of inert process 
chemicals that again contributed to the solids in t he high-level waste 
tanks. The Redox process was soon supplanted by the  more desirable Purex 
continuous solvent extraction process that required  the addition of very 
little inert material. Later defense fuels and rese arch and test reactor 
fuels used highly enriched uranium in fuels that we re composed of uranium 
aluminum alloy clad with aluminum or uranium zircon ium alloy clad with 
zirconium. Reprocessing techniques were developed f or these fuels based 
on Purex technology. Usually it was not possible to  separate the clad and 
alloying material from the fission products during reprocessing so these 
materials also contributed to the inert materials i n the high-level waste 
in storage. Except at one site, the use of carbon s teel for storing high-
level waste continued requiring continued waste neu tralization. 
Technologies have been developed for the recovery o f power reactor fuels 
that can produce very concentrated high-level waste  streams, so 
concentrated that the space required in a deep geol ogic repository could 
be determined by the fission product heat output ra ther than the volume 
of waste. The benefits of these advanced reprocessi ng technologies have 
yet to be realized because of the present status of  nuclear power in the 
U.S. 
PURPOSE AND SCOPE 
The purpose of this paper is twofold, to examine: 1 ) the principal 
determinants of the characteristics of the nation's  inventory of high-
level waste as it was initially generated and store d and 2) how 
reprocessing technology initially selected to meet wartime mission needs 
evolved in response to the needs for improved, more  economic and 
efficient waste management techniques. Concluding r emarks include 
observations on the prospects for reprocessing and waste management in 
the United States. The evolution of reprocessing te chnologies is limited 
in scope to aqueous systems since all of the invent ory of high-level 
waste in the U.S. has been derived from those syste ms.  
INTRODUCTION 
In the beginning of the U.S. nuclear program, in th e early 1940's, the 
pressing program requirement was for plutonium in s ignificant quantities. 
The plutonium was to bede contaminated from fission  products, to be 
available as rapidly as possible with all operation s carried out with due 
regard for the health and safety of the worker and the public. The 
reprocessing technology used was based more on esta blished techniques 
rather than optimization with respect to, for examp le, waste management. 
In this regard, the program was highly successful; the requisite material 
was produced on a remarkably short schedule. The fo cus here will be on 
the development of those technologies that have bee n put to large-scale 
use in the U.S.; that is, aqueous technologies and,  in particular, 
precipitation and solvent extraction processes. It is the use of these 
processes that has produced all the high-level wast e in existence in the 
U.S.  
DEFINITIONS AND OVERVIEW OF REPROCESSING TECHNOLOGIES 
High-level Waste (HLW) Definition 



It had been recognized from the beginning of the na tion's nuclear 
programs that wastes from the reprocessing of spent  nuclear fuels were 
"high-level wastes," that is, highly radioactive. T he definition was made 
more formal for civilian fuel reprocessing wastes i n Appendix F to Title 
10 of the Code of Federal Regulations Part 50 (10 C FR 50) in 1970 and for 
all wastes generated from spent fuel reprocessing, defense and civilian, 
in the Nuclear Waste Policy Act of 1982 (NWPA) (1).  Currently high-level 
waste is source-defined, as in the NWPA, as the hig hly-radioactive 
material resulting from the reprocessing of spent n uclear fuel including 
the liquid waste produced directly and any solid ma terial derived 
therefrom that contains a combination of transurani c waste and fission 
products in concentrations requiring permanent isol ation. It should be 
noted that spent nuclear fuel is not defined in the  NWPA as high-level 
waste, but as spent nuclear fuel: nuclear fuel that  has been withdrawn 
from a nuclear reactor following irradiation the co nstituent elements of 
which have not been separated by reprocessing.  
Reprocessing Definition and Technologies 
Most of the nuclear fuels that have been reprocesse d in the U.S. are 
uranium, either low or highly enriched in the isoto pe U-235. After 
irradiation, the spent nuclear fuel that was low en riched contained 
plutonium and residual U-235 whereas spent nuclear fuel that was highly 
enriched contained a significant quantity of U-235 but very little 
plutonium. Nuclear fuel reprocessing is the separat ion of uranium and 
plutonium from fission products and transuranic (TR U) elements other than 
plutonium, including the separation of uranium and plutonium from each 
other. For thorium fuels, of which there are almost  none (e.g., Ft. St. 
Vrain and one loading from Indian Point reactor), r eprocessing means the 
separation of uranium (U-233) from thorium and fiss ion products. Several 
basic procedures can be used to effect separations;  precipitation and 
solvent extraction have been used at Department of Energy (DOE) sites. In 
addition, aqueous and non-aqueous technologies have  been carried through 
various stages of development, demonstration, and p ractical use. Non-
aqueous fluoride volatility and pyrometallurgical p rocesses, such as melt 
refining and salt transport, have been investigated  through pilot-scale.  
Reprocessing Unit Operations 
Reprocessing operations involve several unit operat ions that can be 
broadly classified as activities involving 1) the h ead-end, 2) 
fissile/fertile/fission product separations, and 3)  primary waste 
treatment. The head-end activities include clad/fue l separations and fuel 
dissolution resulting in cladding wastes and most o f the off-gas wastes 
(for some fuels, it is necessary to dissolve the cl ad and fuel together 
because of the similarity of the clad and fuel; e.g ., aluminum-clad 
uranium-aluminum alloy fuel). Separations activitie s, precipitation or 
solvent extraction, which isolate fission products and non-Pu 
transuranium elements from the useful constituents,  were the principal 
sources of high-level wastes. The primary treatment  for storage of liquid 
high-level waste, as it left the reprocessing plant , was usually 
neutralization of the acid effluent with sodium hyd roxide to allow 
storage in carbon steel tanks such as those at Hanf ord and Savannah 
River; sodium nitrite was also added for corrosion control. 
Neutralization actually resulted in an alkaline was te in which sludges 
developed over time. At the beginning of the pluton ium production 
program, there was a severe shortage of stainless s teel with which to 
build large (about one-half million gallons) high-l evel waste storage 



tanks; therefore, carbon steel was used thus preclu ding storage of acid 
wastes. High-level wastes are now stored as acid wa stes in cooled, 
stainless steel tanks at the Idaho Chemical Process ing Plant (ICPP) 
because of the possibility of mercury corrosion of stainless steel at 
high temperatures.  
HIGH-LEVEL WASTE IN STORAGE 
Determinants of High-level Waste Composition 
The characteristics of the high-level liquid waste produced in 
reprocessing and stored as a liquid in tanks depend  primarily on five 
factors: 1) the fuel type and radiation history, 2)  the reprocessing 
technology employed, 3) the primary waste treatment  and storage 
conditions, 4) subsequent waste treatment and stora ge conditions, and 5) 
the cooling time since the end of irradiation and t he storage time since 
reprocessing. Because the composition of fuels and radiation histories 
are generally fixed, it is through development of r eprocessing and waste 
treatment technologies that the greatest improvemen t on waste management 
can be realized. Primary waste treatment refers to the treatment of newly 
generated HLW before it can be stored, usually as l iquid waste in tanks. 
Subsequent waste treatments to minimize storage ris ks or to prepare the 
waste for ultimate disposal will be covered only br iefly. The source of 
all wastes generated throughout the nuclear fuel cy cle is shown in R. L. 
Philippone's paper.  
Quantities of DOE High-level Wastes in Storage 
Particular emphasis is placed here on the high-leve l waste generated from 
the reprocessing of Atomic Energy Commission (AEC),  Energy Research and 
Development Administration (ERDA), and Department o f Energy (DOE) defense 
and test reactor fuels since these wastes represent  most of the high-
level waste in storage in this country as shown in Table I (2). Most of 
the high-level waste volume is at the Hanford site,  most of the high-
level waste curies are at the newer Savannah River site, and most of the 
curies at the Idaho site have been incorporated in a calcine. In total in 
the U.S. there are about one hundred million gallon s of high-level waste 
in storage amounting to close to a billion curies o f radioactivity. DOE 
high-level wastes in storage exist in several physi cal forms because of 
the principal determinants of the waste; that is, a s liquids, slurries, 
sludges and salt cakes.  
Table I 
EVOLUTION OF REPROCESSING TECHNOLOGY - CHEMICAL SYSTEMS 
Reprocessing facilities have been constructed in th e U.S. employing 
several different technologies as shown in Table II . 
Table II 
First Separations Process - Bismuth Phosphate 
The separations process chosen to meet early progra m requirements was the 
Bismuth Phosphate batch precipitation process for t he bulk separation of 
plutonium from everything else followed by steps to  decontaminate and 
concentrate the plutonium further; the uranium was not recovered but sent 
to waste. The Hanford reactor plutonium-production fuels were aluminum-
clad uranium metal slugs. In the head-end, the alum inum was dissolved in 
sodium hydroxide and the uranium metal in nitric ac id. The caustic 
aluminate cladding removal waste could be used, in part, to neutralize 
the acid reprocessing waste. This process that bega n operation at Hanford 
in December 1944, while it met the objectives set f or it and did respect 
health and safety requirements, did produce very la rge quantities of 
high-level waste that contained all the uranium ini tially present. Later, 



recognizing that much of the U.S. supply of uranium  was being housed in 
Hanford's high-level waste tanks, processes were de veloped to remedy this 
situation.  
First Solvent Extraction Systems - Hanford Redox an d TBP 
In 1952 the Redox plant was completed and went on l ine to recover both 
uranium and plutonium as Hanford defense fuels were  reprocessed and the 
unused wartime U-plant was refitted as the Metal Re covery Plant (also 
known as the TBP (tri-butyl phosphate) Plant) to re cover uranium from the 
bismuth phosphate tank wastes. The Redox process wa s the first continuous 
solvent extraction process and the first process fo r the recovery of both 
plutonium and uranium from nuclear fuels employed a nyplace in the world. 
Both the Redox and TBP processes were continuous so lvent extraction 
processes; Redox employed methyl isobutyl ketone (" hexone") as the 
organic extractant for uranium and plutonium. The m etal recovery process 
utilized tributyl phosphate in a kerosene-like dilu ent as the uranium 
extractant. Continuous solvent extraction processes  had many advantages 
over a batch, precipitation process. Disadvantages of the Redox process 
include an extractant (hexone) that had an undesira bly low flash point 
and was reactive toward high concentrations of nitr ic acid. The use of 
hexone required the addition of aluminum nitrate as  a "salting agent"; 
that is, a source of nitrate ions needed to favor t he extraction of 
uranium and plutonium into the organic hexone phase . This inert material 
followed the fission products into the waste tanks thus increasing the 
waste volumes that had to be dealt with later.  
Subsequent Processes - Purex Process 
The TBP process evolved into the mainline Purex U/P u recovery process 
that went into operation at Hanford in 1955 and in 1954 and 1955 at the 
Savannah River Plant. This process had the advantag e that nitric acid 
could be used as a "salting agent" with the potenti al of substantially 
reducing HLW volumes. Not all the potential volume reduction available 
from the Purex process was realized because the con tinued use of carbon 
steel tanks required neutralization of the acidic h igh-level waste from 
the reprocessing operations, thus introducing inert  sodium nitrate into 
the stored liquid high-level waste from the reactio n between sodium 
hydroxide and nitric acid. Subsequent evaporation a nd concentration of 
the liquid high-level waste, left a solid "salt cak e" composed largely of 
sodium nitrate.  
 Reprocessing Technologies for Specific Spent Defen se Fuels 
Highly enriched Al-clad, U/Al-alloy fuels as used i n driver fuels in 
defense materials production reactors and in resear ch and test reactors 
were integrally dissolved, clad plus fuel, in mercu ry-catalyzed nitric 
acid; a modified Purex solvent extraction process w as used that recovered 
the uranium but not the plutonium, which went to wa ste, since there was 
so little of it in irradiated fuels that were highl y enriched in U-235. 
In the case of zircaloy-clad/zirconium-uranium allo y fuels, the clad and 
fuel were dissolved together in an ammonium fluorid e-ammonium nitrate 
mixture (zirflex process) or dissolved in boiling h ydrofluoric acid (STR 
process) (3). Before solvent extraction, aluminum n itrate was added to 
complex with, and to render less corrosive, the flu oride present in 
solution. At Idaho, some aluminum-bearing wastes we re added to the 
zirconium (and fluoride)-bearing wastes, again to r ender the fluoride 
less corrosive. Again, a modified Purex process was  used to recover the 
uranium.  
Advanced Purex -Commercial Fuels 



Commercial zircaloy-clad slightly enriched uranium oxide fuels have been 
reprocessed using a shear-leach Purex process. In t he head-end of this 
process, the fuel is mechanically sheared into smal l 1 to 2-inch segments 
and the uranium oxide fuel dissolved with nitric ac id, leaving the clad 
as contaminated hulls to be disposed as waste. The uranium solution is 
reprocessed using Purex modified to minimize the nu mber of waste streams 
and the addition of inert materials. For example, p lutonium oxidation-
state adjustment (used to partition uranium and plu tonium) can be 
performed electrolytically without the addition of any chemicals. 
Plutonium can be further decontaminated from fissio n products and 
concentrated using ion exchange. The high-level was tes can be stored in 
cooled, stainless steel tanks thus avoiding the nee d for addition of 
neutralizing agents such as sodium hydroxide. This both increases the 
safety of waste management and facilitates subseque nt waste management 
activities such as vitrification. This description closely fits the 
Barnwell Nuclear Fuels Plant in South Carolina, a f ull-scale plant (5 
metric tons of commercial spent fuel per day) that was largely completed 
in 1977 in South Carolina but never operated becaus e of nuclear weapons 
proliferation considerations at the time. About 600  tons of power reactor 
and AEC fuels were reprocessed in the period 1966-1 972 in an earlier, 
smaller commercial solvent extraction plant operate d by Nuclear Fuels 
Services at West Valley, New York, that produced a relatively small 
quantity of high-level waste. A wet/dry hybrid, Aqu afluor, was installed 
by the General Electric Company in a small plant, t he Midwest Fuel 
Reprocessing Plant, near Morris, Illinois, which ne ver operated because 
of technical difficulties.  
EVOLUTION OF REPROCESSING TECHNOLOGY - MECHANICAL EQUIPMENT 
There have been developments in mechanical equipmen t that parallel the 
developments in chemical technologies; that is, the  development of the 
actual mechanical devices in which head-end and sep arations processes are 
conducted. Mechanical devices did not have as signi ficant an influence on 
waste management as did the process chemistry. The mechanical separation 
of cladding from the fuel by shearing and leaching eliminated the clad 
from the high-level waste. The success of a particu lar chemical 
technology did depend on the availability of approp riate mechanical 
equipment.  
Decladding and Dissolution 
Initially, fuel was declad chemically and dissolved  in the same batch 
dissolvers from which oxides of nitrogen and gaseou s fission products 
were emitted, principally krypton and iodine and so metimes ruthenium as 
the tetroxide. With some fuels, as mentioned earlie r, the clad and fuel 
alloy were batch-dissolved simultaneously. There ha ve been many dissolver 
designs proposed and tested. One of the more intere sting is a continuous, 
rotary countercurrent dissolver has been shown for commercial-type fuels 
to provide a high degree of control of dissolution and digestion rates 
and off-gas evolution. It has also been shown that the oxides of nitrogen 
can be converted back to the original nitrate form (also called fumeless 
dissolution) and that all the volatile fission prod ucts can be trapped. 
Separations The bismuth phosphate precipitation pro cess used centrifuges 
for solid/liquid phase separation but that process was supplanted by 
liquid-liquid solvent extraction processes before a ny major equipment 
improvements were needed. Solvent extraction proces ses involve the 
transfer of chemical species between immiscible aqu eous and organic 
phases. Such transfer is enhanced by a large interf acial area obtained by 



intimately mixing the two phases. In order to effec t countercurrent 
stage-wise operation of solvent extraction equipmen t, not only must there 
be mixing, there must be phase separation. In some aqueous-organic 
systems it is difficult to mix the phases but easy to separate them 
(e.g., water-hexone); in others it is easy to dispe rse the phases but 
difficult to separate them (e.g., water-tributyl ph osphate/normal 
hydrocarbon). Phase mixing and separation depend on  many things, the more 
important of which are interfacial tension characte ristics and density 
differences. Solvent extraction equipment that has been used successfully 
includes packed columns, pulse columns, mixer-settl ers, and centrifugal 
contactors. The first application of the Redox proc ess employed packed 
columns some 50 feet in height. Fifty feet of colum n height means fifty 
feet of shielding height and a high capital cost fo r the facility. The 
pulse column, while shorter than a packed column, s till requires 
considerable cell height, though with proper piping , the headroom 
required can be decreased by dividing the column in to two or three 
concatenated sections located side by side. Mixer-s ettlers, in which the 
two phases are mixed in one chamber and separated b y gravity in another, 
use much less headroom than columns. One of the mor e remarkable pieces of 
solvent extraction equipment ever devised is a form  of mixer-settler 
called the centrifugal contactor that uses much les s space. It provides 
for excellent mixing and outstanding phase separati on, taking place as it 
does in a centrifugal field. It is stagewise very e fficient, has a high 
throughput in compact equipment with a short reside nce time, and can be 
shut down or started up in a very short time. The c ompact equipment 
minimizes shielded cell space and, coupled with sho rt residence time, 
minimizes in-plant process solution inventory that in turn facilitates 
materials safeguards. A packed column is a relative ly simple device 
whereas pulse columns, mixer settlers, and centrifu gal contactors are 
progressively more mechanically complex.  
HIGH-LEVEL WASTE STORAGE, TREATMENT AND DISPOSAL  
High-level Waste Volumes 
Comparison of the relative volumes of high-level wa ste generated by the 
processes just discussed is enlightening as shown i n Table III (4)(5). 
There was a dramatic decrease in waste volume in go ing from the bismuth 
phosphate process (that resulted in a uranium-beari ng waste stream) to 
the Redox and Purex solvent extraction processes (t hat provided for the 
recovery of uranium). Because the continued use of carbon steel tanks 
(except at the Idaho site) required neutralization,  inert materials 
(particularly sodium nitrate) continued to be added  to the high-level 
waste, as noted earlier. The volumes estimated to b e produced from 
commercial power reactor fuels using advanced Purex  technologies are so 
small that extensive cooling would be required to p revent unwanted 
boiling and the wastes may be more concentrated tha n can be handled 
comfortably during vitrification and subsequent sto rage and disposal.  
Table III 
Further Treatment of High-level Waste 
Over the years, the high-level waste at Hanford has  been treated for 
various reasons. For example, to acquire more tank space, a process was 
developed at Hanford in the 1950s to scavenge radio cesium from tank waste 
liquids. In implementing this process, approximatel y 140 metric tons of 
ferrocyanide were added to 24 single shell tanks (6 ). The presence of 
ferrocyanide must be considered in managing these p articular wastes. In 
the future, it is planned to treat the high-level w aste at Hanford and 



Savannah River to separate the high-level waste int o two fractions; one 
largely free of inert materials but containing most  of the radioactivity 
and the other, produced incidental to concentrating  the high-level waste, 
containing most of the inert materials (e.g., sodiu m, aluminum, zirconium 
nitrates) but little of the radioactivity. The larg er volume of 
incidental or low-activity material would be immobi lized and disposed on-
site and the smaller volume of high activity materi al would be converted 
to glass, placed in stainless steel canisters, and stored on-site pending 
removal for disposal in a deep geologic repository.  It is estimated that 
at Savannah River, for example, by the year 2020, t here will be over 300 
megacuries of radioactivity in a little over 3,000 cubic meters of glass 
and about 60 kilocuries of radioactivity in about a  million and a half 
cubic meters of saltstone, a cementitious material (7).  
High-level Waste Disposal - Repository Criteria 
Up to this point, the discussion has focused on the  evolution of chemical 
technologies that have been devised to minimize vol umes of waste in 
storage. But repository space requirements for disp osal are determined by 
both volume and heat output. The Waste Acceptance S ystem Requirements 
Document (WASRD) (8) published by the Office of Civ ilian Radioactive 
Waste Management (OCRWM) specifies that high-level waste destined for 
disposal in a repository be borosilicate glass seal ed in right circular 
cylinders of austenitic stainless steel of height 3  meters, diameter 61 
centimeters (interior volume 887 liters), a maximum  of 2,500 kilograms 
mass, and a maximum heat output of 1,500 watts. For  Savannah River, it is 
estimated that, in the year 2015, the heat output f rom high-level 
vitrified waste in canisters would average a little  over 100 watts per 
canister (7), well below the maximum allowed. It is  clearly an advantage 
to minimize the volume of the high-level waste glas s as will be done at 
Savannah River and other DOE sites.  
The situation would be substantially different if c ommercial power 
reactor fuels were to be reprocessed. The average h eat output from all 
irradiated fuels in storage in year 2000 from U.S. commercial power 
reactors is estimated to be about 3,000 watts per m etric ton of spent 
fuel (7). If this "average" fuel were to be reproce ssed using advanced 
Purex technology followed by vitrification of the h igh-level waste, the 
heat output would exceed the 1,500 watts per canist er limit by several 
fold, meaning that the final waste form would be he at, not volume, 
limited. In this case, the advantage of the Purex t echnology would be to 
allow adjustment to the composition of the high-lev el liquid waste to 
minimize the waste volume to the extent practicable  and to facilitate 
durable glass formation on vitrification. 
CONCLUSIONS 
From beginnings in 1943, through expansions of the 1950's, to the 
decisions of 1992 to phase out reprocessing at DOE sites, there has been 
an ever growing concern for an increasing number of  regulatory 
requirements and for the proper management of nucle ar wastes including 
ultimate disposal. Part of this waste management ch allenge has been met 
with the development of reprocessing technologies m ore compatible with 
safe and economic storage, treatment and disposal o f nuclear wastes. In 
the event that commercial reprocessing of power rea ctor fuels should ever 
again take place in the U.S., advanced technologies  could be employed 
that would be optimized, with respect to health and  safety, environmental 
concerns, accountability and safeguards, and econom ics for all aspects of 
fuel reprocessing and waste management. However, fo r the foreseeable 



future, the leadership that the U.S. clearly once h eld in reprocessing 
technology is essentially lost. Beginning with the Atoms-for-Peace 
program that was announced by President Eisenhower in December 1953, 
other countries learned much in commercial applicat ions of nuclear 
technology from the U.S. With time, other countries  had much to offer to 
the U.S. and technology exchange agreements were in itiated to further the 
transfer of information in both directions. In the past few years, all 
reprocessing technology development in the U.S. has  been abolished along 
with the relevant international exchange agreements . Not only is our 
technological base being eroded, we have lost the a bility to remain 
knowledgeable of, or have significant influence on,  developments abroad. 
Should nuclear fuel reprocessing be needed in the U .S. in the future, and 
no one can say it will not be, the U.S. can always turn to France, the 
UK, or Japan (or all three) for a turnkey reprocess ing plant and trained 
crews to operate it. Nor should we be surprised if,  unbeknownst to us, 
some unlikely country (or countries) turns up with a nuclear fuel 
reprocessing capability.  
 No reprocessing of commercial fuels is now taking place in the U.S. but 
Purex-related systems are in current use elsewhere in the world as is 
well covered in R. L. Philippone's paper. The spent  fuel from nuclear 
power reactors in storage in the U.S. (about 29,000  metric tons of 
uranium as of the end of CY 1994 ) that contains a considerable amount of 
potential [nuclear] energy (e.g., 250 metric tons o f plutonium and 240 
metric tons of U-235), is now destined for deep geo logic disposal. This 
uranium, if available for reenrichment, would be eq uivalent to about 
37,000 metric tons of natural uranium that, on enri chment, would produce 
about 5,400 metric tons of power reactor fuel enric hed to 3.2% U-235 that 
would fuel the 99,000 electric megawatts of U.S. nu clear power for about 
two years. If licensed for such use, commercial rea ctors could also use 
the plutonium in mixed oxide fuels.  
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ABSTRACT 
After years of false starts and neglect, Congress i n 1982 finally 
prepared all encompassing legislation for the stora ge, transportation and 
disposal of high level radioactive waste and spent nuclear fuel produced 
by the civilian sector. The House Science and Techn ology Committee had 
the Congressional lead for development of the Nucle ar Waste Policy Act of 
1982 (Act). As part of the legislation the Departme nt of Energy's Office 
of Civilian Radioactive Waste Management (OCRWM) wa s created. Over the 
years, since 1982, there have been numerous article s, testimony, 
statements at hearings, State and Indian Nation mee tings and other 
discussions which have been critical of the Program . A particular concern 
has been the date for the Department to take title of the spent fuel for 
disposal purposes. The 1998 timeline has become a v anishing dream. 
Four organizational entities can be primarily ident ified as contributing, 
in varying degrees, to the present state of the Pro gram. These entities 
are: Congress; the Department of Energy (DOE); the Utility Industry and 
the media. Each of these entities who were influent ial on the course of 
the OCRWM Program are addressed in this paper; howe ver, it must be 
understood that each interacted with the other and frequently influenced 
the course of action in often unexpected ways. Furt her, there were many 
other players in the process of influencing the Dep artment's decision-
making, including the affected States, Indian Natio ns, regulatory bodies, 
and other. 
Once legislation had been signed into law by Presid ent Reagan, the 
Department of Energy (the Department) initiated the  provisions of the 
Act, building upon work that had already been done.  The initial step, 
rapidly implemented, was the reduction of nine cand idate sites, 
previously identified, to five sites (all west of t he Mississippi). The 
next step was the further reduction of the five sit es to three sites. 
These final three sites were to be characterized in  detail, thus 
permitting the Department to proceed with selection  of the repository 



site. The decision of the repository site would be supported by an 
Environmental Impact Statement and a recommendation  to the President on 
the selected site. There would also be an opportuni ty for Congress to 
reject the site, if so petitioned by the State in w hich the site would be 
located. 
If all other provisions of the Act were met, a lice nse application would 
be prepared for submission to the Nuclear Regulator y Commission, for 
approval to proceed to construction. Selection of t he three sites was 
achieved by using a multi-attribute utility method to rank the five sites 
and provide the decision-makers with another vehicl e to support the 
selection. Concurrent with the first repository act ivity, but off-set by 
one to two years, was initiation of a second proces s for identification 
of a second repository to be located east of the Mi ssissippi. The entire 
repository Program as mandated by the Act was to ac hieve equity in the 
selection of sites. As noted later in this paper, t he identification of 
three sites seemed to be the trigger for the proces s mandated by the Act 
to start to come apart. 
Of all the forces acting upon the Department, none has been of greater 
influence, for obvious reasons, than the Congress o f the United States. 
For about 10 years, prior to 1982, Congress has tri ed to pass some all-
encompassing legislation to provide legislative dir ection and legal 
coverage for permanent disposal of the high level w aste and spent nuclear 
fuel accumulating at an ever increasing rate within  the DOE complex and 
at the utility pools. In the waning days of 1982, C ongress was finally 
successful and passed the Nuclear Waste Policy Act of 1982 (Act). 
However, from that point on, Congress continued to provide close 
management and direction of the Program, with polit ics playing a key role 
in the Department's decision making. As examples of  Congress providing 
basic direction, albeit indirect through the Depart ment's leadership, two 
events are significant. First, in the early stages of the Program, 
Congress made it clear that there were some sacred cows (sites), such as 
the salt domes along the Gulf coast, and language w as added to the Act to 
preclude selection of certain of these sites. Langu age was also added 
that effectively prevented the start of shaft sinki ng at Hanford and 
delayed site assessment until the site was legislat ively terminated. 
Probably the clearest signal of congressional manag ement of the Program 
was the indefinite delay, announced by and attribut ed to the Department, 
of further investigations associated with the selec tion of a second site 
in an eastern state as required by the Act. Finally , in 1987, Congress 
passed legislation, the 1987 Amendments to the At, which profoundly 
changed the course set by the original Act. Basical ly, the Amendments 
took away the fundamental basis of the Act, which w as equity, and left 
the Department with only one site to characterize a nd a second repository 
relegated to an uncertain future. There was no back up for an unsuitable 
site; all the effort was to be focused on an unprov ed site in a State 
that was, and remains, adamantly opposed to the sit e, and has taken 
numerous steps, within its own regulatory framework , and in the courts, 
to prevent and/or delay the siting process. 
During this period from 1983 to the present, the De partment of Energy has 
had only 3 permanent Directors. The first was appoi nted and confirmed in 
1984, a year after the law was enacted and left the  program in 1987. It 
wasn't until 1990 that the second Director was in p lace, and the third 
came into office following the 1994 Presidential el ections. These 
extended periods with acting Directors in place wer e characterized by 



status quo, since it was frequently difficult for t he Acting Director to 
take significant new initiatives. The result could be described as 
stagnation in program direction and inability to de al decisively with 
issues inside DOE and with outside entities, i.e., Stakeholders (the 
states, Indian Nations, the utilities and Congress) . The most significant 
progress (both positive and negative) during these periods followed the 
appointment of the permanent Directors, when signif icant initiatives were 
undertaken to move the Program forward. But again, the Department was 
frequently stymied by the inability to gain consist ent funding, coupled 
with specific direction written into the reports (o ften the personal bias 
of Congressional staffers) which accompanied the fu nding legislation. 
Further, the ability of the Department to move forw ard was frequently 
thwarted by the Stakeholders who exerted considerab le influence on the 
Department's decision-making process. A prime examp le of this influence 
was associated with the second repository effort. T he Act provided for a 
second repository site to be identified in the East , thus providing 
equity with the selection of a site in the West. Th e second repository 
siting process was characterized by strict groundru les which severely 
limited the siting managers from gathering specific  information on 
potential sites. The process was further complicate d by the strong 
negative and well orchestrated reaction of the loca l Stakeholders to 
siting a repository in their backyard (NIMBY). Foll owing some 
particularly contentious public meetings where the DOE representatives 
had to be protected from very hostile audiences, th e Department abruptly 
announced that the second repository was not needed  until some time into 
the next century. Interestingly, it was not long af terwards that Congress 
passed the Amendments Act which eliminated the siti ng process for the 
second site until well into the next century. 
The Utilities, through their industry representativ es, became 
increasingly critical of the Department and its pro gress. Over the course 
of several years, it became obvious that the Depart ment would not be able 
to meet a 1998 date for taking title to the fuel, a s the utilities 
believed was mandated by the Act. The Department, o n the other hand, did 
not believe they had the obligation, pending the si ting of either a 
repository or a monitored retrievable storage facil ity. In the utilities' 
view, the Act's requirement that large amounts of t he utility money be 
transferred from the nuclear utilities to the Waste  Fund in order to 
support the Program was not producing the expected results. Instead, the 
utilities saw the funds going into a perceived sink  hole without any 
visible progress toward meeting the 1998 date. As a  result, the utilities 
became increasingly strident in their criticism of the Department and 
lobbied Congress continually, seeking additional ch anges to the Act and 
hope for relief regarding payment of ratepayer fund ing in the Waste Fund. 
Currently, the utilities are supporting legislation  that will basically 
transfer the burden of paying for storage from the utilities to the 
Government. This will, again, fundamentally change the approach initially 
established by the 1982 Act. 
Finally, it is worthwhile to review the media's rol e. Of all the parties, 
the media would describe its role as merely a bysta nder reporting the 
facts. Unfortunately, this was not the case in the vast majority of 
newspaper and journal articles and broadcasting. Ty pical of the attitude 
and tone set by the media is the reported comment o f a nationally 
syndicated columnist who states, when her facts wer e challenged, that the 
staff just did not understand. As she stated, "...T his is theatre...there 



is no story in the mundane reporting of things goin g well." These 
comments set the stage for what has been the tone w hether in the written 
or broadcast format. Generally, the Department, not withstanding these 
periodic negative shots across the bow has handled the situation with 
reserve and dignity. Nevertheless, the result of al l the negative 
publicity is to set a view in the public's mind tha t there is no safe way 
to dispose of the "waste." 
What has been the results of this experience over t he last 16 years? 
Basically, the Program has become increasingly more  institutionalized and 
moribund in its ability to move ahead. The present OCRWM management seems 
to have set a plan into motion that appears to have  the attributes for 
success, basically, determining in the shortest pos sible time whether or 
not Yucca Mountain is a suitable site. But weighed against this plan are 
large budget cuts which impact the progress of the program and the myriad 
of bills that Congress has in the hopper to once ag ain make changes which 
only the future can tell whether they will be succe ssful. 
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ABSTRACT 
The purpose of the meeting presentation is for the Environmental 
Protection Agency (EPA) to provide an up-to-date st atus of the Waste 
Isolation Pilot Plant (WIPP) Compliance Criteria ru lemaking (40 CFR part 
194). As of January 1996 (the time of this summary) , the final rule has 
cleared the Office of Management and Budget (OMB) r eview process pursuant 
to Executive Order 12866. It is not appropriate for  the Agency to discuss 
the final contents of 40 CFR 194 until the rule is signed by the EPA 
Administrator; however, this summary will discuss, in general terms, the 
status of the rulemaking. It is expected that the f inal rule will be 
signed prior to the meeting, so detailed informatio n can be provided 
during the oral presentation.  
INTRODUCTION 
Since the Federal Register notice containing the Fi nal Rule should be 
published in February 1996, the EPA should be in a position to discuss 
and articulate the explicit requirements in the fin al compliance criteria 
during the meeting. The EPA will also report on the  last year's events 
that occurred in finalizing the criteria. These eve nts will include: 
meeting of the National Advisory Council for Enviro nmental Policy and 
Technology (NACEPT); lawsuits filed against the Age ncy regarding OMB 
review, timeliness of rule promulgation and the com pliance application 
guidance; proposed legislation limiting the EPA's r ole in certifying 
compliance with the disposal regulations; and final ly, last steps taken 
to finalize the rule. 
BACKGROUND 



The EPA regulates the release of radionuclides from  the management, 
storage and disposal of radioactive waste in order to protect public 
health and the environment. The WIPP, which is unde r development by the 
Department of Energy (DOE), is a potential geologic  disposal system for 
defense transuranic (TRU) radioactive waste. Pursua nt to the 1992 WIPP 
Land Withdrawal Act, the EPA is required to perform  several activities 
including, but not limited to: 1) finalizing safety  standards for 
radioactive waste disposal; 2) issuing criteria for  determining whether 
the WIPP complies with the radioactive waste dispos al standards; 3) 
certifying whether the WIPP complies with the stand ards before waste 
disposal can begin; and, if the EPA certifies that the WIPP complies; 4) 
determining (or "re-certifying") whether the WIPP c ontinues to be in 
compliance with the disposal standards every five y ears after initial 
receipt of waste at the site for disposal. In Decem ber 1993, the EPA 
completed the first of these activities by issuing the final radioactive 
waste disposal standards (40 CFR part 191), which p lace limits on the 
releases of radionuclides from waste management, st orage and disposal 
facilities. Then, in January 1995, the EPA issued p roposed compliance 
criteria (40 CFR part 194), intended to implement t he 40 CFR part 191 
disposal standards specifically at the WIPP.  
In February 1996, after extensive consideration of public input, the 
Agency expects to issue the final compliance criter ia. This program is 
unique because the EPA's approach taken at the WIPP  may set precedent for 
future approaches taken at other radioactive dispos al facilities. Many of 
the nuclear waste issues that are of considerable c oncern to the public 
will be addressed in this rulemaking. 
The EPA's final compliance criteria are specific to  the WIPP and its 
compliance with the disposal regulations found in s ubparts B and C of 40 
CFR part 191. The primary goal of the compliance cr iteria is to make 
compliance at the WIPP as straightforward as possib le. The criteria are 
aimed at clarifying the requirements of the radioac tive waste disposal 
regulations and explaining procedural aspects invol ving the EPA's 
certification and re-certification of compliance at  the WIPP. The final 
criteria are intended to support a "reasonable expe ctation" of compliance 
and include: 
  General Requirements, which include provisions fo r EPA inspections, 
quality assurance, computer models and codes, waste  characterization, 
future states assumptions, expert judgment, and pee r review.  
  Provisions addressing the Containment Requirement s of 40 CFR part 191. 
These requirements address methodologies for consid ering inadvertent 
human intrusion and conducting probabilistic perfor mance assessment.  
  Provisions addressing the Assurance Requirements of 40 CFR part 191. 
The Assurance Requirements are qualitative in natur e and complement the 
numerical containment requirements. They are intend ed to provide added 
confidence in the performance of the disposal syste m or "defense in 
depth."  
  Provisions addressing the Individual and Ground-W ater Protection 
Requirements of 40 CFR part 191. These requirements  apply to undisturbed 
performance and limit exposures over 10,000 years, with the specific 
requirement of no more than 15 millirem per year pe r individual. The 
final criteria address methodologies for conducting  compliance 
assessments against these requirements, appropriate  assumptions, 
uncertainty considerations, and information needed to judge the results 
of such considerations. 



  Public Participation Requirements, which describe  public opportunities 
for providing input to the certification rulemaking  process. 
APPROACH 
The Agency's approach to WIPP's compliance demonstr ation will be 
presented during the oral presentation. For example , the EPA will 
describe its approach to assumptions regarding futu re human activities at 
the WIPP site (perhaps the most critical scenario i n a WIPP performance 
assessment) that will have to be considered in demo nstrating the disposal 
system's performance and its ability to contain the  waste for 10,000 
years. In addition, the EPA will discuss its consid eration of the level 
of proof necessary to acquire confidence in the WIP P's ability to comply 
with the disposal standards. Additional confidence can be achieved 
through the successful implementation of the assura nce requirements 
(e.g., institutional controls, monitoring, engineer ed barriers) of 40 CFR 
191. 
Throughout the rulemaking process, the EPA has been  interacting with 
stakeholders on all aspects of the compliance crite ria. The EPA is 
committed to achieving logical, reasonable complian ce criteria that are 
protective of the public and the environment. To th is end, the EPA has 
worked, and will continue to work, to gather input and promote 
understanding among key stakeholders. For example, the EPA: 1) circulated 
and obtained comments on an early, pre-proposal dra ft of the criteria; 2) 
participated in numerous technical meetings with th e DOE; 3) hosted a 
technical workshop on several important compliance- related issues; 4) 
solicited comment on the proposed criteria and held  three public hearings 
in the State of New Mexico; and 5) held a meeting o f the NACEPT WIPP 
Review Committee to discuss critical compliance iss ues. Issues that have 
been complex and of intense concern include human i ntrusion, "credit" for 
passive institutional controls, monitoring, enginee red barriers, peer 
review, waste characterization, and the qualificati on of "old" data.  
After promulgation of the final compliance criteria , the EPA will be 
responsible for ensuring that the criteria are prop erly addressed in the 
DOE's compliance certification application. And, up on review of the 
application, EPA will make a determination as to wh ether or not the WIPP 
complies with the Agency's radioactive waste dispos al regulations. If so, 
the EPA will certify compliance and the facility wi ll be allowed to open 
and accept waste for disposal.  
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ABSTRACT 
The passage of the WIPP Land Withdrawal Act of 1992  (LWA) (1) marked a 
turning point for the Waste Isolation Pilot Plant ( WIPP) program. It 
established a Congressional mandate to open the WIP P in as short a time 
as possible, thereby initiating the process of addr essing this nation's 
transuranic (TRU) waste problem. In addition, the L WA established the 



Environmental Protection Agency (EPA) as the regula tor for the WIPP and 
provided a schedular framework in which the EPA is required to work. 
Finally, the Congress provided for the oversight of  certain WIPP 
activities by numerous other federal agencies, the National Academy of 
Sciences (NAS), the state of New Mexico, and the En vironmental Evaluation 
Group (EEG).  
The DOE responded to the LWA by shifting the priori ty at the WIPP from 
scientific investigations to regulatory compliance and the completion of 
prerequisites for the initiation of operations. Reg ulatory compliance 
activities have taken four main focuses: 1) prepari ng regulatory 
submittals; 2) aggressive schedules; 3) regulator i nterface; and 4) 
public interactions.  
Four major compliance submittals are being prepared  including a 
supplement to the Environmental Impact Statement (S EIS), a hazardous 
waste permit application, a no-migration variance p etition (NMVP), and a 
compliance certification application (CCA). The WIP P Disposal Decision 
Plan (DDP) (2) was issued in May 1994 to show the D OE's aggressive 
commitment to opening the WIPP in 1998. Regulatory agencies that are 
dealt with on a day-to-day basis include the Enviro nmental Protection 
Agency (EPA) and the New Mexico Environment Departm ent (NMED). More than 
a dozen stakeholder meetings have been conducted to  discuss various 
aspects of the WIPP program and to obtain input fro m the public. The WIPP 
stakeholder list includes 2650 individuals and orga nizations. The DOE has 
been highly successful in its strategy, meeting all  milestones and 
holding frequent technical exchanges with the regul ators. The DOE 
anticipates a continuation of this success as it co ntinues toward an 
April 1998 opening of the WIPP. 
INTRODUCTION 
The DOE made a significant decision when it decided  to abandon further 
on-site testing at the WIPP in favor of laboratory testing. This decision 
marked the transition from a facility for the colle ction of scientific 
information to an operating facility with the missi on of disposing nearly 
176,000 cubic meters of TRU waste. This transition was not easy. 
Experimental staffs had to be reduced as regulatory  compliance staffs 
increased. Discussions with scientific organization s had to be augmented 
by discussions with regulatory organizations. These  challenges 
notwithstanding, numerous factors contributed to th e DOE's decision to 
proceed to operations. Among them were the LWA (1),  the increasing 
emphasis on environmental remediation at DOE's weap ons sites, and the 
general recognition that enough on-site testing had  been done and further 
tests could be performed in laboratories. 
THE TRANSITION TO DEMONSTRATING COMPLIANCE 
The WIPP Land Withdrawal Act of 1992 
When the LWA was passed in the waning days of the 1 02nd Congress, it 
received overwhelming approval. This had dual signi ficance. First, it 
indicated that nuclear waste disposal is still a na tional priority and 
second, that Congress is anxious to see significant  progress toward that 
end. While the LWA contained provisions for continu ed testing in support 
of the WIPP, that testing was required to be focuse d and relevant to 
demonstrating compliance with regulations applicabl e to the WIPP. One of 
the key features of the LWA is the schedules that C ongress mandated. Key 
among these is Congress' intent that WIPP begin dis posal operations 
within 7 years of initiating the on-site Test Phase . Even though the on-
site Test Phase has been abandoned, the intent is c lear--get on with 



disposal. Recent attempts in Congress in both the H ouse and Senate to 
amend the LWA have, as a common element, the establ ishment of a date 
certain for WIPP's opening--clearly reiterating Con gress' intent to open 
WIPP.  
Another important aspect of the LWA was the establi shment of the EPA as 
the final approval authority for compliance with th e long-term 
performance regulations in 40 CFR 191 Subparts B an d C. Congress did this 
by requiring the EPA to establish criteria for the "certification" of the 
DOE's compliance with 40 CFR Part 191. This action has initiated activity 
by both the DOE and the EPA to ensure that the EPA has sufficient 
information to perform its duties.  
Finally, the LWA requires numerous rulemaking proce sses including input 
from the public. 
Regulatory Framework Documents 
The first step the DOE took was the preparation and  issuance of several 
documents to define the framework within which WIPP  compliance will be 
demonstrated. These included the Regulatory Criteri a Document (RCD) (3) 
which establishes general policy for compliance for  TRU waste 
repositories and makes key interpretations of those  portions of the 
environmental regulations that apply to the unique nature of the WIPP as 
a mined geologic repository for TRU and TRU mixed w aste. In addition, the 
RCD provides a common basis for the implementation of similar 
requirements in the various environmental standards . The RCD specifically 
addresses the radiation standards in 40 CFR Part 19 1 (4), the hazardous 
waste standards in 40 CFR Part 264 (5), and the Lan d Disposal 
Restrictions in 40 CFR Part 268 (6). 
The second regulatory framework document prepared b y the DOE is the WIPP 
Regulatory Compliance Strategy and Management Plan for Demonstrating 
Compliance to Long-Term Disposal Standards (RCSMP) (7). The RCSMP 
detailed the WIPP specific activities needed to rea ch compliance and 
discussed the interrelationships among the various elements of the 
compliance and the experimental programs. This stra tegy called for 
preparation of numerous documents and compliance su bmittals that now 
appear on the WIPP DDP. 
In addition, the Format and Content Guide for Title  40 CFR 191 and Title 
40 CFR 268.6 Compliance Reports (FCG) (8) provides the framework for the 
documents that will be submitted to regulatory agen cies. The DOE prepared 
the FCG as a means of assuring proper content and o rganization of the 
topics needed for a demonstration of compliance. Pr eparation was made 
with limited guidance from the EPA. The FCG has bee n useful in the 
preparation of the submittals that have been finish ed to date. The 
flexibility of the FCG has allowed the DOE to tailo r the submittals to 
the specific regulations and regulators. 
WIPP Disposal Decision Plan 
The regulatory framework documents became the basis  for preparing the 
WIPP DDP (2) which is shown in Fig. 1. The regulato ry compliance schedule 
became the driver for the integration of other proj ect activities such as 
experiments, waste characterization, public outreac h programs and 
transportation system and facility readiness. The W IPP DDP is the tool 
for integrating these activities and for tracking p rogress. The DDP was 
most recently revised in October 1995 (Revision 2).  
Fig. 1 
Establishment of the Carlsbad Area Office 



In order to provide proper focus on the compliance programs and to 
provide a single contact with regulatory agencies a nd with stakeholders, 
the DOE established an area office in Carlsbad in e arly December 1993. 
The Carlsbad Area Office (CAO) has total responsibi lity for the WIPP 
Program and for the implementation of the National TRU Waste Program. 
This combination provides complete interaction and coordination among the 
various WIPP project elements (DOE, Sandia National  Laboratories, 
Westinghouse, Generator Sites) and the public, incl uding the City of 
Carlsbad, a staunch supporter of the WIPP Project. The improved 
communication and coordination inherent with a cent ralized administrative 
function is paramount to the successful progress of  the WIPP in light of 
its aggressive schedule. 
Systems Prioritization Method 
The Systems Prioritization Method (SPM) (9) was dev eloped as a decision-
aiding tool to aid in the process of identifying an d selecting those 
experimental activities that will facilitate compli ance. The SPM 
integrated standard decision-making tools with the performance assessment 
tool developed by Sandia National Laboratories to e valuate experimental 
activities based on their expected outcomes. The re sult was the 
specification of eight activities that could be com pleted within the 
desired time frame and which provide high confidenc e that compliance will 
be demonstrated. 
ELEMENTS OF THE REGULATORY COMPLIANCE PROGRAM 
The DOE regulatory compliance program comprises fou r major elements. 
These elements have been defined by asking three fu ndamental questions. 
First, what has to be done, by whom, and when? Seco nd, How are they to be 
prepared? Third, who is the audience? Each of these  questions is 
discussed in the subsequent text. 
What? Whom? When? Schedule and Resources 
The first task for the DOE was to identify all of t he submittals that 
were needed for compliance and the times by which t he submittals must be 
in the hands of regulators to assure timely process ing. Five required 
submittals were identified. Given the unique nature  of the documents and 
the time frames over which final information would be available, the DOE 
decided that the best way to handle these five subm ittals was through the 
preparation of seven separate documents as shown on  the WIPP DDP (Fig. 
1). In addition, the DOE identified two other suppo rt documents that 
would facilitate the compliance process. A summary of these documents is 
presented below. 
The DOE addressed the resource issues by forming a compliance integration 
committee made up of managers from the CAO, Westing house, Sandia National 
Laboratories, and the DOE's technical support contr actor. This committee 
addressed schedule and resource issues and conflict s, and interfaced with 
DOE upper management to assure timely availability of needed resources. 
In addition, the committee dealt with compliance is sues and provided 
guidance on addressing issues in compliance documen ts. Since the 
inception of the accelerated compliance program, fu nding of compliance 
activities has received priority. 
How? The Application Process 
One of the greatest challenges facing the DOE with regard to regulatory 
permitting and certifying at the WIPP facility is t he lack of regulatory 
precedent. For example, there are no other permitte d mined geologic 
repositories. There are no other permitted TRU wast e repositories. There 
are no other disposal facilities seeking a variance  from the land 



disposal restrictions. There are no permitted hazar dous waste disposal 
facilities in the state of New Mexico. The EPA has never certified 
another federal agency's compliance with applicable  regulatory 
requirements. This lack of precedence impedes the r egulatory compliance 
program because both the WIPP and the regulators ha ve to weigh each 
decision in light of the letter of the regulation, and where the letter 
of the regulation is unclear, in light of the spiri t of the regulation. 
Unfortunately, in some instances, regulations confl ict, or are 
inconsistent with each other. 
In order to overcome some of the problems associate d with the lack of 
precedent or with the conflict among regulations, t he CAO has adopted an 
aggressive approach to compliance. One of the keys to the DOE's progress 
is the preparation of draft documents for review by  regulators and the 
public. This allows for open discussion of issues i n the context of the 
DOE's overall compliance strategy. While the number  of comments becomes 
burdensome at times, the DOE treats each comment as  a valid input into 
the application process. 
With regard to application format, the DOE has used  the FCG as the 
standard for applications. Since the FCG has roots in the NMVP process, 
it has proven to be acceptable to the EPA's Office of Solid Waste (OSW). 
Likewise, the EPA's Office of Radiation and Indoor Air (ORIA) considers 
the FCG an adequate framework for preparing the CCA . However, the actual 
content will have to conform to EPA's certification  criteria to be 
promulgated as 40 CFR Part 194. 
Whom? 
The answer to this question is two fold--the regula tors and the public. 
Both entities have a vested interest in the process  and the outcome. 
Regulator Interface 
Interfacing with the regulators has been a major pr iority for the CAO. 
Three primary regulators involved are: the EPA ORIA , the EPA OSW, and the 
NMED, each with differing levels of familiarity wit h WIPP. Most of the 
CAO's efforts have, to date, focused on ORIA, since  it has not been 
previously exposed to the WIPP. On the average, bim onthly technical 
interchange meetings have occurred and have covered  major topics such as 
geology, hydrology, numerical model development, sc enario screening, 
waste characterization, and others. 
The CAO has tried to focus on current issues and th eir resolution. 
However, historical issues are also of interest to the regulators and, 
consequently, these have also been discussed. For e xample, deep 
dissolution was debated for many years at WIPP. Dis solution-related 
features in the vicinity were investigated to deter mine their likelihood 
of occurring at the WIPP site. Features such as the  Wink sink, which is 
generally accepted to be human induced dissolution associated with oil 
and gas production, were also studied. None were de termined to be likely 
at WIPP due to the lack of fresh water aquifers in the vicinity. 
Nonetheless, with new regulatory agencies involved,  and new personnel, 
these old questions resurfaced and must be addresse d. 
Stakeholder Interface 
Interface with stakeholders is a key aspect of the aggressive regulatory 
compliance strategy. Stakeholder input is mandated by federal and state 
laws and implementing procedures. The CAO concluded  that the sooner the 
process began, the better for achieving the schedul e and for minimizing 
"surprises" during public comment periods. The CAO defines WIPP 
stakeholders as those persons or organizations who have a vested interest 



in the outcome of the permitting process. This incl udes the local 
population, many state and national organizations, individuals along 
transportation routes, populations at generator sit es, and other 
interested parties. The WIPP stakeholder list inclu des 2650 individuals 
and organizations. 
CAO stakeholder outreach has taken four forms. Firs t, the DOE convenes 
general stakeholder outreach sessions to provide su mmaries of WIPP 
progress and to obtain general input. Second, the D OE has stakeholder 
meetings on specific topics to provide opportunitie s to inform and 
discuss specific technical issues of concern. Third , the DOE has formed 
stakeholder focus groups to obtain input on narrow issues. Fourth, 
stakeholders are asked to comment on numerous DOE d ocuments prior to 
final issuance. In addition, stakeholders are kept informed about 
technical exchange meetings with the regulators and  some stakeholders 
regularly participate in these meetings. 
Of course, the success of the stakeholder outreach program lies in the 
CAO's ability to incorporate stakeholder views and comments into the WIPP 
program. While the CAO is still working toward a fo rmal mechanism to do 
this, it is being done informally. During the SPM s takeholder meetings, 
numerous suggestions by stakeholders with regard to  process, 
documentation, and content were provided and addres sed by Sandia National 
Laboratories (9). 
The CAO is committed to continue the stakeholder pr ocess. There are still 
plenty of topics to discuss, not the least of which  will be the final 
conceptual models and the final data inputs used fo r compliance 
calculations. 
ACCOMPLISHMENTS 
The CAO has been able to maintain the aggressive sc hedule that it 
committed to in 1994. The following is a summary of  the documents that 
have been published to date and the nature of the r eviews that have been 
conducted.  
Compliance Status Report 
The Compliance Status Report (CSR) (10) was complet ed in March 1994. It 
provides the status of the compliance program. The CSR is broad in scope 
and covers both the radioactive waste and hazardous  waste components. It 
identifies over 40 issue areas needing additional r esearch or the 
preparation of final documentation. It served the p urpose of providing 
the framework for starting discussions with regulat ors and stakeholders. 
The CSR generated over 280 written comments. In add ition, the DOE and the 
EPA have had several technical exchanges to address  these issues. 
Project Technical Baseline 
The Project Technical Baseline (PTB) (11) was conce ived and prepared to 
be a compendium of established information regardin g the WIPP site, with 
emphasis on information needed for environmental co mpliance 
documentation. It was issued early in the complianc e program, as a draft 
in April 1994, to assure a level of consistency in documents being 
prepared for compliance. The latest revision is Apr il 1995, although 
several changes are being processed at this time in  preparation for the 
final NMVP and the CCA. The PTB is held under confi guration control which 
means that it can only be changed with DOE's approv al and after all users 
have had an opportunity to review the changes. It w ill be updated 
quarterly while applications are in process and pro bably less frequently 
after all regulatory submittals are complete. Docum ents that use the 



information in the PTB include the NMVP, the RCRA P ermit Application, the 
Draft CCA and the CCA, the Safety Analysis Report ( SAR), and the SEIS. 
Biennial Environmental Compliance Report 
The first Biennial Environmental Compliance Report (BECR) (12) was issued 
October 1994 to satisfy the LWA requirement for a b iennial assessment of 
compliance. It addresses 24 separate federal laws a nd state of New Mexico 
counterparts. The BECR is currently being reviewed by the EPA. 
Draft Compliance Certification Application 
The Draft CCA (13) was issued to ORIA in March 1995  in nine volumes. It 
describes the 40 CFR Part 191 compliance program st atus as of March 1995 
for requirements that model undisturbed performance . The Draft CCA was 
supplemented in July 1995 (14) for requirements tha t model disturbed 
performance. The Draft CCA uses the projected outco me of the experimental 
activities identified in the SPM. The EPA has provi ded general comments 
and more detailed comments on the Draft CCA are exp ected in early 1996. 
The Draft CCA is based on 40 CFR Part 191 and does not incorporate the 
proposed 40 CFR Part 194 criteria since it was not available in final 
form at the time the Draft CCA was prepared. 
Phase I No-migration Variance Petition 
The Phase I NMVP (15) was submitted to OSW in May 1 995 in seven volumes. 
It principally addresses emission issues. The EPA p rovided public notice 
of the Phase I NMVP, however, it received no public  comments. 
Revision 5 of the RCRA Permit Application 
The DOE submitted Revision 5 of the RCRA Permit App lication to the NMED 
on May 1995 (16) in ten volumes. The application ha s been re-scoped for 
disposal phase operations and closure. Discussions with NMED are ongoing. 
A notice of deficiency covering any remaining techn ical issues is 
expected in February 1996. The notable issues that the DOE and the NMED 
are discussing are waste characterization, RH-TRU w aste, and closure. 
FUTURE ACTIVITIES 
In order to finally obtain permits and approvals, s everal key future 
activities are anticipated. These will constitute f inal submittals, and, 
to some extent are awaiting either final data on ex periments or final 
rules from the EPA or both. 
Phase II No-migration Variance Petition 
The Phase II NMVP is due to the EPA in June 1996 af ter Sandia National 
Laboratories finalizes the conceptual models, the s haft seal design, and 
the numerical codes. It will contain the long-term performance 
calculations required to demonstrate no-migration f or 10,000 years. The 
same calculational methods that were developed for the radioactive 
components of the waste will be used, along with th e same conceptual 
model of the disposal system. A final decision by t he EPA is expected by 
June 1997. 
Hazardous Waste Permit 
A draft hazardous waste permit is expected in the s pring of 1996. The 
public will be provided an opportunity to comment o n the NMED's 
permitting proposal. It is likely that public meeti ngs and hearings will 
be scheduled. A final permit decision is expected b efore the end of 1996. 
Supplemental Environmental Impact Statement 
In the Supplemental Environment Impact Statement (S EIS) prepared for the 
Test Phase, the DOE committed to issue another SEIS  to support the 
decision to begin waste disposal operations. Curren t plans call for the 
draft SEIS to be issued in May 1996. After a public  comment period 
including public hearings in June 1996, the final S EIS is expected in 



January 1997. A Record of Decision (ROD) is schedul ed for issuance in 
March 1997. Among the issues being looked at are tr ansportation, 
operational life, waste characterization, treatment  to meet the waste 
acceptance criteria, backfill, and RH-TRU waste. 
Final Compliance Certification Application 
The DOE will prepare the CCA for submittal to the E PA in October 1996. 
However, the DOE needs the final data and conceptua l models to prepare 
the CCA. These are due to be completed by March 199 6. The CCA cannot be 
prepared prior to the issuance of final certificati on criteria, 40 CFR 
Part 194, by the EPA in February 1996. The proposed  criteria were issued 
in January 1995 (17). The DOE has commented extensi vely on these proposed 
criteria (18, 19). In addition, the EPA is preparin g a Compliance 
Application Guidance document to provide informatio n relative to the 
level of detail expected in the CCA (20). An EPA ce rtification is 
anticipated by October 1997. 
SUMMARY 
The DOE has successfully made the transition to dem onstrating regulatory 
compliance at the WIPP. This transition is supporte d by an aggressive 
schedule that involves the DOE, its contractors, re gulators, oversight 
organizations, and the public. The accelerated comp liance process has 
been marked by numerous successes, including the re solution of issues and 
the identification of major topics to be addressed between now and the 
final submittal of applications. Major issues that are currently 
discussed include peer review, waste characterizati on, the use of 
engineered barriers, quality of old data, and compu ter code 
documentation. While many of these issues represent  a significant amount 
of work, none appear to be obstacles to completing the compliance tasks 
in a timely manner. 
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In August 1993, the New Mexico Environment Departme nt (NMED) issued a 
draft permit for the Waste Isolation Pilot Plant (W IPP) to begin 
experiments with transuranic (TRU) mixed waste. Sub sequently, the 
Department of Energy (DOE) decided to cancel the on -site test program, 
opting instead for laboratory testing. The Secretar y of the NMED withdrew 
the draft permit in 1994, ordering the State's Haza rdous and Radioactive 
Waste Bureau to work with the DOE on submittal of a  revised permit 
application. Revision 5 of the WIPP's Resource Cons ervation and Recovery 
Act (RCRA) Part B Permit Application was submitted to the NMED in May 
1995, focusing on disposal of 175,600 m3 of TRU mix ed waste over a 25 
year span plus ten years for closure.  
A key portion of the application, the Waste Analysi s Plan, shifted from 
requirements to characterize a relatively small vol ume of TRU mixed waste 
for on-site experiments, to describing a complete p rogram that would 
apply to all DOE TRU waste generating facilities an d meet the appropriate 
RCRA regulations (Title 40, Code of Federal Regulat ions, Parts 260-270). 
Waste characterization will be conducted on a waste  stream basis, fitting 
into three broad categories: 1)homogeneous solids, 2)soil/gravel, and 
3)debris wastes. Techniques used include radiograph y, visually examining 
waste from opened containers, radioassay, headspace  gas sampling, 
physical sampling and analysis of homogeneous waste s, and review of 
documented acceptable knowledge. Acceptable knowled ge of the original 
organics and metals used, and the operations that g enerated these waste 
streams is sufficient in most cases to determine if  the waste has 
toxicity characteristics, hazardous constituents, p olychlorinated 
biphenyls (PCBs), or RCRA regulated metals. 
The repository is composed of eight panels and two panel equivalents 
(access drifts), with each being designated as an i ndependent Hazardous 
Waste Management Unit (HWMU). Revision 5 of the Per mit Application 
introduces partial closure of each underground HWMU  when filled, and 
final closure of the entire repository following de contamination of the 
Waste Handling Building (WHB). Panel closure is acc omplished by a 
multipart engineered panel closure system to be ins talled in the entries 
of each HWMU, keeping the emitted Volatile Organic Compound (VOC) 
concentrations well below environmental performance  standards. 
The NMED may issue a Notice of Deficiency (NOD) upo n completion of the 
technical review and interactive discussions held w ith the DOE. The NMED 
will publish a draft permit and schedule a comment period and public 
hearings, following the DOE's response to the NOD. 
 INTRODUCTION 
The WIPP site has been set aside from public use to  host a deep geologic 
repository for TRU mixed waste. The WIPP has both s urface and underground 
facilities constructed and ready to begin disposal operations. The 
underground repository has been partially mined 650  m beneath the surface 
within a thick bedded salt formation. The repositor y is eligible for 
permitting as a miscellaneous unit under state and federal regulations 
(RCRA). A permit is required under the New Mexico H azardous Waste Act and 
its implementing regulations for hazardous waste ma nagement operations. 
In September 1994, the NMED withdrew the draft haza rdous waste permit at 
the WIPP facility (issued in August 1993) after the  DOE elected to cancel 
the in situ tests that were covered by that draft p ermit, requesting the 
DOE to submit a revised permit application. 
The revised Part B Permit Application is organized in accordance with the 
RCRA application checklist (1). The NMED issued num erous comments as 



their technical review proceeded. Most of the comme nts were requests for 
more detailed information. The DOE responded to eac h comment and drafted 
new text and supporting information where appropria te. These revisions 
were discussed during meetings with the NMED prior to their issuing the 
NOD letter. 
TRU mixed waste to be received at the WIPP exists i n a variety of 
physical forms, ranging from unprocessed laboratory  trash (e.g., tools, 
paper, glassware, gloves) to solidified wastewater treatment sludges 
resulting from plutonium reprocessing and fabricati on as well as from 
research and development activities at various DOE defense program 
facilities. Most TRU mixed waste is contact-handled  (CH) but some with a 
higher intensity of radioactivity is remote-handled  (RH). In the future, 
significant quantities of TRU mixed waste may be ge nerated from 
environmental restoration, decontamination, or deco mmissioning 
activities. TRU mixed waste containers are required  to be vented through 
high-efficiency particulate air (HEPA)-grade filter s to preclude 
pressurization caused by potential gas generation. 
PERMIT APPLICATION 
The permit application is organized into 13 chapter s, with headings and 
subheadings in accordance with the RCRA application  checklist (1). 
Chapter A, "RCRA Part A Application Certification" 
Chapter A consists of Part A of the application. Th e Part A contains the 
facility's owner and operator information, type of facility, capacity, 
process information, estimated annual waste receipt s, and certification. 
The DOE is the WIPP facility owner/operator, and, i n accordance with DOE 
policy, the Management and Operating Contractor, We stinghouse Waste 
Isolation Division, has signed the certification as  co-operator. 
Chapter B, "Facility Description" 
The facility description includes some history of t he site selection and 
the development leading up to construction. The bas ic requirements of the 
WIPP Land Withdrawal Act of 1992 are presented. Eig ht underground panels 
of seven rooms and two access drifts each comprise the repository and are 
to be permitted as HWMUs. The disposal area access drifts will probably 
also be used in the future as panels 9 and 10. As e ach panel is filled, 
it will be closed off to isolate that waste from th e rest of the 
facility. 
The WHB areas used for waste receipt, handling, ins pection, etc., are 
included for permitting as container storage units (HWMUs), consisting of 
the CH Bay, the RH Bay and hot cell complex in the WHB, and the parking 
area south of the WHB. Waste is received in TRU Pac kage Transporters 
(TRUPACT-II) and road or railroad casks (designed t o meet Department of 
Transportation Type B requirements), which are unlo aded inside the WHB. 
Both road and rail transportation accesses are avai lable. 
The CH waste containers will be inspected in the CH  bay as they are 
removed from the TRUPACT-II, loaded onto a facility  pallet, moved to the 
waste hoist conveyance, and lowered down the shaft to the repository 
horizon via the waste hoist conveyance, and transpo rted to the HWMU where 
the waste is disposed. The road cask with RH waste is unloaded in the RH 
bay into the hot-cell complex remotely, where the w aste container can be 
identified, checked for external contamination, and  loaded into the 
facility cask for transport underground via the was te hoist conveyance. 
The facility cask is transported to the HWMU and se t on the emplacement 
machine, which faces a drilled hole in the salt. Sh ield valves allow the 
waste container to be pushed into the hole without exposing the operators 



to radiation. A shield plug goes into the hole afte rward to assure safe 
personnel access to the room for CH waste stacking activities after the 
emplacement machine has been removed. 
Other information in Chapter B is provided on locat ion, topography, 
distance from bodies of water, prohibition of hydro carbon wells on the 
site, vicinity of water wells, lack of nearby popul ation centers, cattle 
grazing leases, site access control, and compliance  with other portions 
of the regulations, including the floodplain and se ismic standards. The 
only pathway for hazardous emissions is by air, eit her from the 
underground or the WHB exhaust. 
Chapter C, "Waste Analysis Plan" 
Generators are required to characterize all wastes planned for disposal 
at WIPP, using formal programs adhering to the requ irements of the Waste 
Analysis Plan (WAP), the WIPP Waste Acceptance Crit eria (WAC), and the 
TRU Waste Characterization Quality Assurance Progra m Plan (QAPP). Both 
sampling and analysis programs and acceptable (proc ess) knowledge will be 
used in classifying the wastes. Some wastes have be en in retrievable 
storage since 1970 and others will be generated in the future. 
The previous permit application for test waste requ ired characterizing 
100 percent of the waste, although waste quantities  were small and only 
two DOE generators were involved. The revision for disposal applies to 
all DOE TRU waste generator sites, possessing the f ull spectrum of waste 
streams. Waste characterization requirements for di sposal have been 
developed to balance the quantity of data required to satisfy the 
regulator, yet prevent extensive increases in gener ator personnel 
exposure and excessive expense. Thus, the WAP estab lishes new WIPP TRU 
waste characterization requirements for all DOE gen erator sites planning 
to dispose of their TRU waste. 
Waste characterization will be done on a waste stre am basis. The waste 
streams fit into three broad categories: 1) homogen eous solids, 2) 
soil/gravel, and 3) debris wastes. Techniques to be  used include 
radiography, visual examination of opened container s, headspace gas 
sampling, physical sampling and analysis of a stati stically determined 
amount of homogeneous wastes, and review of documen ted acceptable 
knowledge. 
Radiography is used to noninvasively examine waste containers (required 
for all stored waste and judiciously applied to new ly generated waste) 
for physical form of the waste and to detect free l iquids and other 
prohibited items. 
Visual examination, an invasive technique, will be conducted on a 
statistical sample of waste containers from each wa ste stream and used to 
inspect waste contents and verify radiography resul ts. 
Headspace gas sampling and analysis are used to det ermine the 
concentrations of VOCs, hydrogen, and methane withi n the headspace of 
waste containers.  
A statistically selected portion of homogeneous sol ids and soil/gravel 
wastes will be sampled for hazardous waste constitu ents and toxicity 
characteristic. Samples will be analyzed for VOCs, semi-VOCs, and metals. 
Acceptable knowledge is used to classify debris was te. Knowledge of the 
original organics and metals used and the operation s that generated these 
waste streams is sufficient to determine if the was te has a toxicity 
characteristic, hazardous constituents, PCBs, or RC RA-regulated metals. 
RCRA-regulated metals present in debris waste are a ssociated with 
specific waste materials (e.g., lead in leaded rubb er gloves). 



Radiography, visual examination, and headspace gas sampling are used to 
collect data to provide confidence in acceptable kn owledge. 
Generator waste characterization also includes qual ity assurance (QA) 
requirements, applied through meeting the QAPP requ irements by 
implementing site-specific QA Project Plans (QAPjP) , which are submitted 
to the WIPP for review and approval. The WIPP perso nnel will perform 
audits of the generator site waste characterization  programs to verify 
that implementation of the QAPjPs is consistent wit h the requirements of 
the QAPP and the WAP. 
There are three phases to waste shipment screening and verification. The 
first step involves submittal of a Waste Stream Pro file Form to the WIPP 
for review. The next phase occurs prior to shipment  wherein the 
electronically transmitted data package is reviewed  and accepted by WIPP 
personnel after extensive edit and range checks con ducted by the WIPP 
Waste Information System (database). This acceptanc e is based on 
successful completion of the WIPP audits of the gen erator's QAPjP 
activities, and a determination that the data meet the acceptance 
criteria. The third phase occurs after the shipment  has arrived, but 
before it is accepted. This includes 1) a determina tion of the 
completeness and accuracy of the EPA Hazardous Wast e Manifest, 2) a 
determination of waste shipment completeness, 3) a determination of land 
disposal restriction notice completeness, and 4) an  identification and 
resolution of any waste shipment irregularities. 
Chapter D, "Facility and Process Information" 
Facility and Process Information includes the TRU w aste management 
facilities, equipment, and operations described in Chapter B, and 
compliance with the environmental performance stand ards for the WIPP. 
The physical attributes of the WIPP site contribute  to the ability of the 
facility to isolate TRU mixed waste and ensure that  human health and the 
environment are protected. The average annual preci pitation is only 30 
cm, 96 percent of which is returned to the air thro ugh 
evapotranspiration. The geologic sequence at this s ite mainly consists of 
three evaporite-bearing formations, the Castile (de epest), Salado, and 
Rustler. The repository is located in the Salado fo rmation, an 
approximately 610 m thick bedded halite, with some carbonates, 
anhydrites, and clay seams. It is regionally extens ive, has extremely low 
permeability, behaves in a plastic manner under pre ssure, contains only 
fluids that are saturated with salt, and lies betwe en the other two 
formations which contain highly impermeable layers that offer further 
confinement for the waste. 
Four shafts connect the underground area with the s urface. The Waste 
Shaft is located within the WHB. The Air Intake Sha ft and the Salt 
Handling Shaft provide ventilation underground. The  Exhaust Shaft serves 
as a common exhaust air duct for all underground ar eas. 
The WHB was designed to withstand a design basis to rnado with a maximum 
windspeed of 294 km/hr and a design basis earthquak e acceleration of 0.1 
g. 
Release of hazardous waste or hazardous constituent s to the air that may 
have adverse effects on human health or the environ ment is unlikely. VOCs 
constitute the greatest hazard, but the maximum con centration of any VOC 
release has been calculated to be at least two orde rs of magnitude below 
the environmental performance standards. 
Chapter E, "Groundwater Monitoring" 



In the past, groundwater monitoring at the WIPP has  focused on the 
Culebra member of the Rustler Formation above the r epository, as it 
represents the most permeable and most likely hydro logic contaminant 
migration pathway. No credible pathway has been est ablished for 
contaminant transport to aquifers below the reposit ory horizon, as there 
is no hydrologic communication between the two. It is the DOE's position 
that the migration of hazardous waste or hazardous constituents from the 
WIPP repository to the environment through groundwa ter is unlikely. The 
bedded-salt formation acts as an extremely low-perm eability regional 
barrier isolating the repository from water-bearing  units. Also the 
plasticity and geologic behavior of halite will ten d to close any 
potential pathways created by excavation. 
For hazardous waste or hazardous constituents to mi grate from the 
repository to groundwater-bearing units, there must  first be a pathway, 
such as a shaft. All four shafts extending to the r epository horizon have 
been constructed to minimize the infiltration of wa ter from the overlying 
water-bearing units into the repository during its operational life. 
After waste emplacement, the shafts will be filled with permanent low-
permeability seals and plugs designed to inhibit mi gration of fluids to 
and from the repository. 
Surface water is generally absent in the immediate vicinity of the WIPP 
facility.  
Chapter F, "Procedures to Prevent Hazards" 
Security, facility inspections, structures, equipme nt, procedures, and 
other measures taken to prevent hazards during the disposal operations 
are described. 
Security requirements are met by 24-hour surveillan ce and a barrier to 
control entry to the facility at all times.  
Equipment instrumental in preventing, detecting, or  responding to 
environmental or human health hazards is inspected periodically for 
malfunctions, deterioration, potential for operator  errors, and 
discharges which could lead to a release of hazardo us waste constituents 
to the environment, or pose a threat to human healt h.  
The WIPP facility has a variety of communications s ystems and emergency 
response equipment and possesses a continuous water  supply to meet 
emergency situations. The intraplant communication systems include two-
way communication by the public address (PA) system  and its intercom 
phones and paging channels, an intraplant telephone  system, mine phones, 
pagers and plectrons, portable two-way radios, and local and facility-
wide alarms. External communications are provided b y the commercial 
telephone system and two-way radios for summoning e mergency assistance 
from off site or communicating with outside agencie s. 
The water supply system is for domestic use and fir e control for the 
maximum credible fire. The underground has no water  supply, but has fire 
extinguishers of various types and a rescue truck w ith chemical and foam 
extinguishers. 
Diesel generators provide power in the event of uti lity power loss and 
the uninterruptible power supply is always availabl e to supply important 
monitoring systems. Thus, during a power outage, th e ventilation systems 
are powered by the diesel generators and all waste handling operations 
are shut down into a mode providing personnel and f acility safety. 
Chapter G, "RCRA Contingency Plan" 
The Contingency Plan defines responsibilities, prov ides guidance for 
coordination of activities, and minimizes hazards t o human health and the 



environment from fires, explosions, or any sudden o r nonsudden release of 
hazardous waste or hazardous waste constituents to air, soil, or surface 
water. In case of an emergency where a release resu lts that may threaten 
human health or the environment, the RCRA Emergency  Coordinator will 
activate the Contingency Plan. The provisions of th e Contingency Plan 
apply to all HWMUs, the Waste Shaft, and supporting  TRU mixed waste 
handling areas. Nonradioactive hazardous substances , hazardous materials, 
and hazardous wastes will also be managed in accord ance with the 
Contingency Plan. 
A RCRA Emergency Coordinator will be on site at the  WIPP 24 hours a day, 
seven days a week, with the responsibility for coor dinating emergency 
response measures. Persons qualified to act as the RCRA Emergency 
Coordinator are thoroughly familiar with the Contin gency Plan, the TRU 
mixed waste and hazardous waste operations and acti vities at the 
facility, the locations of TRU mixed waste and haza rdous waste 
activities, the locations on site where hazardous m aterials are stored 
and used, and the locations of waste staging and ac cumulation areas. 
Other personnel identified are 1) the Central Monit oring Room Operator, 
2) the Emergency Response Team, 3) the Emergency Se rvices Technicians, 4) 
the First Line Initial Response Team, 5) the Mine R escue Team, 6) the 
Office Wardens, 7) the Chief and Assistant Chief Of fice Wardens, and 8) 
the Security Fire Support. The Contingency Plan wil l be activated only 
when the RCRA Emergency Coordinator determines that  the activation 
criteria are met. 
If notification of local authorities and or regulat ory agencies is 
determined to be necessary, the RCRA Emergency Coor dinator will assure 
that those notifications are made. The DOE policy i s to provide accurate 
and timely information to the public by the most ex peditious means 
possible concerning emergency situations at the WIP P site that may affect 
off-site personnel, public health and safety, and/o r the environment. 
Supplementing the on-site capabilities for emergenc y response, the DOE 
has Memoranda of Understanding with off-site emerge ncy response agencies 
for fire response, medical assistance, and law enfo rcement. Since the 
WIPP facility is owned and operated by the DOE, oth er off-site DOE 
emergency response organizations could be called in  for support. 
Any incident requiring activation of the Contingenc y Plan will be 
reported to the operating record in detail. Notific ations required by 
regulations will be made to the required regulatory  agencies within the 
allotted time span. 
Chapter H, "Personnel Training" 
The WIPP's personnel training program meets the req uirements of the RCRA. 
Preparing personnel to operate the WIPP facility in  a safe and 
environmentally sound manner is the primary objecti ve of the training 
program. All on-site personnel are provided with an  introduction to RCRA 
and emergency preparedness within 30 days of employ ment. Other relevant 
training is provided to employees and their supervi sors whose jobs are 
such that their actions or failure to act could res ult in a spill or 
release or the immediate threat of a spill or relea se of hazardous waste. 
Required RCRA-related training is conducted by cert ified instructors and 
consists of classroom instruction and on-the-job tr aining as appropriate. 
Certain positions require formal certification and are identified by 
Department Managers based on safety, complexity, an d involvement with 
hazardous waste handling operations. 



Hazardous waste management courses are offered at a  frequency that 
ensures that new hires or transfers can receive rel evant training within 
six months of assuming their new position. Employee s do not work 
unsupervised in hazardous waste management position s until they have 
completed the requisite training. 
The training program for emergency response ensures  that personnel are 
able to respond appropriately and effectively to em ergency situations by 
providing thorough training, including fire respons e elements, 40-hour 
miner training, Mine Safety and Health Administrati on requirements for 
medical and mine rescue, and lifesaving elements. 
Chapter I, "Closure Plans, Post-Closure Plans and F inancial Requirements" 
This chapter was extensively revised to contain des criptions of the 
activities necessary to close the WIPP facility at the end of it's life 
and provide surveillance after closure. The previou s revision detailed 
"clean closure" based on the possibility of having to retrieve and return 
all of the test waste. The WIPP is a federal projec t, so financial 
assurances for closure are not required to be addre ssed. The underground 
HWMUs (panels) will be closed individually as they are filled, with 
barriers constructed to limit accessibility of the hazardous constituents 
to the environment during continuing operations. Pa rtial closure of each 
HWMU will be considered complete when the panel clo sure system is 
emplaced and operational, and the NMED has approved  the closure. Possible 
backfilling of access drifts, plugging and sealing of the shafts, and 
dismantling of surface facilities will constitute f inal closure. 
For the purposes of establishing a schedule for clo sure, the operating 
life may last 25 years, followed by a closure perio d of ten years for 
decontamination (both radiological and chemical), d ecommissioning, and 
final closure. The WIPP surface and subsurface faci lities are planned to 
be dismantled (except for the hot cell portion of t he WHB, which will 
remain as a portion of the Permanent Marker System)  and either salvaged 
or disposed of. Paving and caliche will be removed and the surface area 
recontoured and revegetated. During the closure per iod, the DOE will 
continue to demonstrate compliance with applicable permit requirements. 
Facility monitoring procedures in place during oper ations will remain in 
place through final closure. 
Decisions about closure activities may be based in part on analyses of 
potentially contaminated surfaces and media. Reliab ility of analytical 
data will be accomplished by following a Quality As surance/Quality 
Control (QA/QC) program that mandates precision and  accuracy of 
laboratory analyses. The documented QA/QC program c urrently in place at 
the WIPP meets the DOE QA requirements. 
Final closure of the WIPP facility will prevent the  intrusion of fluids 
into the repository, prevent human intrusion after closure, and minimize 
future physical and environmental surveillance. Acc ess to the site of the 
repository's surface footprint will be controlled b y the federal 
government as long as practicable and at least for the 100-year period 
considered under 40 CFR Part 191. This active contr ol will preclude 
inadvertent intrusion into the disposed waste by de ep drilling or mining 
natural resources. 
The post-closure care period begins after completio n of final closure of 
the facility and continues as long as necessary to satisfy regulatory 
requirements and to protect human health and the en vironment. During the 
post-closure period, the WIPP site will be maintain ed in a manner that 
complies with the applicable environmental performa nce standards. No 



post-closure monitoring for detection of releases i s proposed since the 
migration of contaminants is unlikely. However, bec ause there are other 
regulations that apply to the WIPP long-term perfor mance, several 
techniques need to be evaluated (e.g., geophysical techniques and 
subsidence monitoring). 
Chapter J, "Corrective Action for Solid Waste Manag ement Units" 
The solid waste management units (SWMU) within the 41.4 km2 WIPP site 
boundary were identified by the EPA Region 6 as req uiring further 
investigation. Corrective actions are required only  for SWMUs from which 
releases of RCRA hazardous wastes or hazardous cons tituents have 
occurred. 
The definition of a SWMU has not been finalized by the EPA yet. WIPP uses 
the definition presented in the proposed Subpart S of 40 CFR Part 264. 
This definition states that SWMUs are "any discerni ble unit at which 
solid wastes have been placed at any time irrespect ive of whether the 
unit was intended for the management of solid or ha zardous waste. Such 
units also include any area at or around a facility  at which solid wastes 
have been routinely and systematically released." 1 6 SWMUs requiring 
further investigation have been identified by the N MED, which conducted a 
RCRA Facility Assessment for the EPA. Seven others were created by the 
DOE since the filing of the Revision 3 of the Permi t Application for the 
test program. Units that are similar in physical ch aracteristics or waste 
type are grouped within an SWMU description for the  particular type of 
discernible unit. 
The DOE will institute corrective actions necessary  to protect human 
health and the environment for any release of hazar dous waste or 
hazardous constituents from SWMUs at the WIPP facil ity. Authority for 
regulating corrective actions recently passed to th e NMED. 
Chapter K, "Other Federal Laws" 
Other federal laws, Executive Orders (EO), and regu lations which deal 
with environmental protection, or were evaluated fo r applicability to the 
operation of the WIPP facility, are listed. These w ere all assessed 
because of the nature of the WIPP's proposed activi ties and the proposed 
land use. 
Chapter L, "No-Migration Variance Petition" 
The history of the DOE's submittals of a No-Migrati on Variance Petition 
(NMVP) is summarized, as is the subsequent addendum  to the EPA to 
demonstrate that the site characteristics, operatio nal practices, and 
waste characteristics were sufficient to prevent mi gration of hazardous 
constituents beyond the unit boundary during the pe riod planned for the 
test program. 
The EPA issued a Conditional No-Migration Determina tion for the Test 
Phase. Subsequently, however, the DOE abandoned pla ns for testing waste 
at the WIPP. The DOE submitted a new Draft NMVP for  the waste disposal in 
May 1995. A final NMVP for both operations and post -closure will be 
submitted in June 1996. 
Chapter M, "Certification" 
This is a statement of the DOE being the owner and operator of the WIPP 
facility with the Westinghouse Waste Isolation Divi sion as the co-
operator. Managers of both organizations have signe d this certification. 
RECENT ACTIVITIES 
The NMED determined the permit application to be ad ministratively 
complete and during their subsequent technical revi ew, hosted interactive 
discussions with the DOE and contractors for both o rganizations. The 



major comments received from the NMED were for much  more detail to be 
supplied. 
The DOE set a goal of receiving the Permit in Augus t 1996. The DOE 
attempted to resolve the NMED's comments with expan ded descriptions of 
all aspects of the facility design and operation, e ven those associated 
with the radiological controls. The DOE also attemp ted to reduce the 
quantity of comments in the NMED's Notice of Defici ency (NOD) letter via 
the interactive comment resolution process. All act ivities under DOE 
control continue to be aimed at meeting the set goa l. 
The DOE submitted a final response to the NMED's co mments in mid-January 
1996, following the early January technical exchang e meeting with the 
NMED. The NMED told the DOE that, based upon the co ntents of the final 
response, they would review the responses and revis ed text, and issue the 
NOD in mid-February, which they did. The DOE was gi ven 30 days to respond 
to the NOD, after which the NMED would develop the draft permit. 
Upon issuance of the draft permit, a public comment  period will be 
established. Public hearings are anticipated at var ious cities in New 
Mexico, in which the DOE will participate. The NMED  will consider the 
testimony from the hearings and all comments receiv ed, and craft a final 
permit (or a denial) with all conditions they belie ve are necessary to 
protect the public safety and the environment from harm by the waste 
disposal operations at the WIPP facility. 
CONCLUSION 
The WIPP disposal-phase operating permit applicatio n was submitted to the 
NMED by the DOE in May 1995, and is described in so me detail. Following a 
period of technical review, the NMED issued a numbe r of comments, to 
which the DOE responded with draft revisions to the  permit application. 
After several technical exchange meetings, the NMED  issued an NOD in 
February 1996. A new revision to the application wi ll be completed, along 
with written responses to each deficiency, and subm itted to the NMED 
within the prescribed response time. 
The next step is for the NMED to draft the permit, supplying their 
conditions for facility operations, and hold public  hearings. Upon 
consideration of the oral and written responses dur ing and after the 
hearings, the NMED is expected to issue the permit.  
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ABSTRACT 
To strengthen the effectiveness of the Department o f Energy's (DOE) 
environmental clean-up efforts, a number of individ uals have petitioned 



for the accelerated opening of the Waste Isolation Pilot Plant (WIPP). 
The longstanding mission of WIPP is to demonstrate the safe disposal of 
transuranic (TRU) waste resulting from United State s defense activities.  
In 1980, to comply with the National Environmental Policy Act (NEPA), the 
DOE completed its first environmental impact statem ent addressing TRU 
waste disposal options which compared the impacts o f several alternatives 
for TRU waste disposal. Based on the 1980 analyses,  the DOE decided to 
proceed with the construction of the WIPP facility in 1981. In a 1990 
decision based on the examination of alternatives i n a 1990 Supplemental 
Environmental Impact Statement, the DOE decided to continue development 
of the WIPP by proceeding with a testing program to  further examine 
WIPP's suitability as a TRU waste repository. 
In June 1994, the U.S. Secretary of Energy issued a  policy designed to 
reduce the cost and time required to complete DOE e nvironmental impact 
statements. Now, as the DOE attempts to complete it s regulatory 
obligations to begin WIPP disposal operations, the DOE is developing the 
WIPP's second supplemental environmental impact sta tement (SEIS-II). To 
complete the SEIS-II in full compliance with NEPA a nd the stringent 
requirements of the secretarial policy, the DOE's C arlsbad Area Office 
will have to successfully rise to a number of chall enges. These 
challenges include: preparing the SEIS-II, while si multaneously 
finalizing other critical-path compliance documents ; controlling SEIS-II 
costs, while pursuing timely completion and ensurin g consistency with 
compliance documents; keeping stakeholders involved  with the NEPA 
process; and developing contingency plans to addres s factors that could 
affect the SEIS-II completion. 
INTRODUCTION 
To strengthen the effectiveness of the Department o f Energy's (DOE) 
environmental clean-up efforts, a number of individ uals have argued in 
favor of the accelerated opening of the Waste Isola tion Pilot Plant 
(WIPP). In an August 1995 congressional task force report to Speaker Newt 
Gingrich, entitled The Top 20 Ways to Turbocharge D OE Cleanup (1), task 
force members made the following statements: 
The WIPP is a world-class facility designed specifi cally for the 
management of transuranic waste. Unfortunately, it presently sits idle. 
The facility costs American taxpayers millions of d ollars to maintain, 
while related testing and regulatory hurdles are on going. Failure to open 
WIPP also costs taxpayers millions in related stora ge, inspections, and 
monitoring for waste destined for shipment to the W IPP, but which 
currently remain stored at numerous sites around th e country. It's time 
to open this critical facility.  
BACKGROUND 
From the late 1970s to date, the DOE and its regula tors have scrutinized 
the WIPP facility to ensure that applicable environ mental and safety 
standards are being met. The DOE has continued to a ssess the WIPP 
facility in order to ready the WIPP to demonstrate the safe disposal of 
transuranic (TRU) waste resulting from United State s defense activities.  
The National Environmental Policy Act (NEPA) (2) re quires that federal 
agencies consider potential environmental impacts o f its proposed action 
and alternatives before deciding to proceed with ne w projects and 
activities. NEPA also encourages the DOE consider p ublic comment in its 
decision making process. 
In 1980, to comply with NEPA and further the DOE's decision-making 
process, the DOE prepared an environmental impact s tatement (EIS) (3) and 



issued a Record of Decision (ROD) (4) in early 1981  to initiate the first 
phase in development of the WIPP, i.e., to construc t the WIPP surface and 
underground facilities.  
In 1990, DOE issued a supplemental EIS (SEIS) (5) t o analyze potential 
environmental impacts resulting from "new informati on or changed 
circumstances" (6). These changed circumstances inc luded the elimination 
of planned experiments with high-level radioactive wastes, and the 
introduction of phased experiments. These circumsta nces further defined 
the proposed actions presented in the 1980 EIS. 
The 1990 SEIS ROD (7) stated that the DOE would con tinue with the WIPP's 
development by conducting test phase activities in the WIPP underground 
facility to demonstrate compliance with applicable radioactive disposal 
regulations. Since that ROD was issued, the DOE ann ounced that it would 
conduct tests in above-ground laboratories rather t han the WIPP's 
underground facility to save time and costs while o btaining comparable 
test results(8). 
Now, in 1996 the DOE's Carlsbad Area Office (CAO) i s facing the final 
round of regulatory challenges associated with init iating disposal 
operations at the WIPP. Among these challenges will  be the expeditious 
completion of a second Supplemental Environmental I mpact Statement (SEIS-
II). The SEIS-II is being prepared, in part, to ful fill a commitment made 
in the 1990 ROD, which stated that prior to making a decision to proceed 
into full disposal operations, another supplemental  EIS would be 
prepared. The SEIS-II will examine the impacts of p ertinent "new 
information or changed circumstances" relative to W IPP disposal 
operations that have become apparent since 1990. 
A MORE EFFICIENT NEPA PROCESS; DOING MORE FOR LESS 
All government agencies are faced with doing more f or less, and the DOE 
is no exception. In June of 1994, the Secretary of Energy, Hazel R. 
O'Leary, issued The Secretarial Policy on the Natio nal Environmental 
Policy Act (9). Her proclamation, later formalized within the DOE's NEPA 
Compliance Order of July 1995 (10), challenged the DOE to minimize costs 
and the time required for EIS preparation and revie w. The policy 
introduced numerous reforms including the requireme nt that the median 
preparation time for DOE EISs would be reduced to 1 5 months, with no 
decline in quality. It further required that each E IS be assigned a 
specific DOE document manager to oversee the EIS du ring all stages of its 
development. Briefly stated, the policy set goals f or the DOE to perform 
its NEPA business better, faster, smarter, and chea per. 
To complete the SEIS-II in compliance with NEPA and  meet the goals set by 
the Secretarial NEPA Policy, the CAO will have to s uccessfully rise to a 
number of challenges. The following are samples of these challenges: 
  Preparing the SEIS-II, while simultaneously final izing other critical-
path, compliance documents 
  Controlling SEIS-II costs, while pursuing timely completion 
  Ensuring completion of an objective, thorough ana lysis 
  Ensuring stakeholder involvement in the NEPA proc ess 
  Developing contingency plans to address factors t hat could affect the 
SEIS-II completion. 
SIMULTANEOUS DEVELOPMENT OF COMPLIANCE DOCUMENTS  
Between now and October of 1997, the CAO intends to  prepare and obtain 
regulatory approval several compliance documents. M ajor compliance 
documents include: 
  the No-Migration Variance Petition 



  the revised Resource Conservation and Recovery Ac t Part B Application 
  the 40 CFR 191 Compliance Certification Applicati on. 
During this same time frame, the CAO must also demo nstrate its readiness 
to receive and dispose of TRU waste by performing a n operational 
readiness review (ORR). The ORR is a formal process  that evaluates all 
aspects of the WIPP facility's ability to accomplis h its mission of the 
safe disposal of TRU waste in a geologic repository .  
Without explicit coordination and planning, concurr ent document 
preparation and completion of the ORR could present  stumbling blocks to 
reaching an expeditious, disposal decision. Coordin ating the flow of 
information is not an easy task. Using the most cur rent information and 
analyses as they become available will be crucial t o make the SEIS-II a 
quality, decision-making document. 
To turn potential stumbling blocks into stepping st ones, the SEIS-II team 
is reviewing data from WIPP's other compliance docu ments and studies as 
they are developed to "feed" the SEIS-II analysis. As new data become 
available, preparation team members glean informati on, and review it 
within the context of the NEPA analysis. The SEIS-I I team is practicing 
the teamwork philosophy set forth in the secretaria l policy and new DOE 
Order by working together with the CAO compliance m anager, thus assuring 
that consistency is preserved in the WIPP's regulat ory compliance 
documents. 
CONTROLLING THE SEIS-II SCHEDULE AND COSTS 
Controlling costs and compressing the schedule for EIS development were 
clearly priorities in the Secretarial policy. Fulfi lling these 
expectations while developing the SEIS-II will be e specially demanding. 
The SEIS-II will examine environmental impacts thro ughout the DOE complex 
and discuss issues that generate national interest.  To control costs and 
keep the analysis on schedule, the CAO is pursuing a number of 
strategies. 
A reference library was created prior to beginning the preparation of the 
SEIS-II. A full-time librarian began gathering need ed reference documents 
in advance of the SEIS-II Notice of Intent (11) so most of the required 
reference documents would be available when documen t preparation began. 
When the SEIS-II contractor analysts began their wo rk, much of the needed 
reference materials were already at their finger-ti ps. 
Extensive use of information contained in other ava ilable WIPP studies 
and compliance documents was also planned to avoid rewriting "boiler 
plate information" or reanalyzing topics already co vered within another 
report. The WIPP's Annual Site Environmental Report  (12) is being used to 
capture data on the existing environment data. Anal yses contained in the 
draft EM Programmatic Environmental Impact Statemen t (13) are being used 
to present data on the impacts of waste characteriz ation, packaging, and 
treatment at the generator sites. The WIPP's Safety  Analysis Report (14) 
is being used to present analysis of potential rout ine operations and 
accident scenarios. Existing electronically filed d ocumentation is used 
whenever possible, rather than retyping text requir ing little or no 
change. 
The CAO is relying on a cohesive, DOE management/re view team to assist in 
controlling SEIS-II schedule and costs. The team is  comprised of staff-
level personnel from the CAO and various branches o f the DOE Headquarters 
who are responsible for reviewing and approving the  SEIS-II during all 
phases of its development. The management/review te am is working to 
assure that a high quality document is prepared and  that it is consistent 



with DOE's programmatic policies. The management te am has concurrently 
reviewed planning documents such as the SEIS-II ann otative outline (15) 
and the SEIS-II Implementation Plan (16). The team will take the same 
concurrent approach for reviewing the draft SEIS-II , the final SEIS-II, 
and its resulting draft ROD. Reaching early agreeme nt on which 
alternatives should be evaluated in the SEIS-II and  the overall approach 
for that evaluation is reducing the probability of midstream changes in 
course that would delay the SEIS-II preparation.  
For SEIS-II scoping meetings, the CAO chose locatio ns where stakeholders 
have traditionally demonstrated the most interest i n the WIPP. This 
strategy enabled the CAO to reach the most interest ed people with the 
least number of meetings. The process applied a "le sson learned" from the 
SEIS of 1990. In some of the 1990 scoping meetings,  DOE representatives 
outnumbered the public attendees five to one (17), which did not 
represent an efficient use of taxpayer dollars.  
To reduce travel expenses, the SEIS-II public outre ach team chartered its 
air travel, and used community centers whenever pos sible for stakeholder 
meetings. The document preparation team uses phone and video conferences 
in place of face-to-face meetings whenever feasible . These measures allow 
participants from Carlsbad and Albuquerque, New Mex ico; Richland, 
Washington; and Washington D.C.; to interface regul arly while minimizing 
travel expenditures. 
The CAO is obligated to assure that mitigation-meas ure benefits are 
commensurate with their costs. To responsibly manag e taxpayer dollars, 
each mitigation commitment will be carefully review ed before it is 
recommended for inclusion in the ROD. This will ens ure that necessary 
precautions are taken for the protection of the wor kers, the public, and 
the environment, and that the maximum value is adde d for mitigation 
dollars spent.  
ENSURING COMPLETION OF AN OBJECTIVE THOROUGH ANALYSIS 
The DOE has already prepared two environmental impa ct statements, and 
through the NEPA process, has reached decisions rel ative to proceeding 
with construction and development of the WIPP. This  has led many people 
to question whether the SEIS-II will really support  DOE decision making 
or merely justify a disposal decision that is the l ogical result of the 
phased development process DOE has been pursuing si nce the 1980 EIS.  
The CAO is dedicated to making the SEIS-II more tha n NEPA lip-service; 
more than a paper-trail of formality. It is importa nt that the DOE remain 
open to changing its course of action, even at this  late date, if new 
information or changed circumstances reveal that TR U waste in its current 
form is unsuitable for disposal at the WIPP. Howeve r, even if it is 
assumed that SEIS-II analysis does not change earli er conclusions, it 
will still inform the CAO throughout its decision-m aking process. For 
example, the WIPP Waste Acceptance Criteria (18) co uld be further 
modified as the analysis in the SEIS-II is complete d. The DOE has yet to 
make a final decision whether to backfill the repos itory, or what other 
engineered alternatives might be used in addition t o shaft seals. These 
and other engineered barrier alternatives will be e xplored in the SEIS-
II. 
ENSURING STAKEHOLDER INVOLVEMENT 
Although scoping is not required for supplemental E ISs (19), the CAO 
recognizes the importance of public participation d uring all phases of 
its decision making. Stakeholder participation was also emphasized in the 



secretarial policy reforms. For the SEIS-II, planni ng, planning, and more 
planning have been the keys to maximizing stakehold er input.  
Following the issuance of the Notice of Intent in A ugust 1995, the CAO 
began working with the public outreach team in earn est, preparing the 
participants to become less threatening, less burea ucratic, and more 
responsive to public concerns. Training sessions (c omplete with practical 
exercises) were conducted for potential public outr each team members, and 
a format was set for the scoping meetings that woul d encourage and 
stimulate public comments. 
Two of the topics emphasized during the training (2 0) were the importance 
of being an active listener and not a lobbyist. CAO  representatives were 
urged to view stakeholders opposed to WIPP not as a dversaries, but rather 
as individuals who are genuinely concerned about th e problems posed by 
TRU waste disposal. Role playing exercises were con ducted and potential 
public questions were fielded. 
The SEIS-II scoping meetings were conducted as simp le, information fairs. 
Members of the public were invited to join with CAO 's representatives for 
round-table discussions, view several information d isplays, and ask 
questions. To stimulate discussion, information boo ths were arranged with 
challenging questions posted at the top of each. Me mbers of the public 
were encouraged to ask questions or give comments a s they preferred. 
Comments were recorded by note takers on flip chart s and posted on the 
walls so that everyone could see what comments had already been made. 
SEIS-II team members asked clarifying questions if comments were unclear. 
Finally, the DOE extended the official time frame f or scoping and 
receiving public comments (21) and held an addition al scoping meeting for 
stakeholders in the Denver metropolitan area. The a dditional meeting was 
held in response to concerns that stakeholders had been faced with 
schedule conflicts (another scoping meeting was bei ng held during the 
same time frame for a different DOE EIS). 
CONTINGENCY PLANNING 
Properly applied, the NEPA compliance process leads  to informed decisions 
- decisions that are made with the full knowledge o f their likely 
environmental impacts and the public's input regard ing what the DOE 
decision should be. However, as the producer and cu stodian of radioactive 
wastes and materials perceived by many as extremely  dangerous, the DOE's 
decisions are often scrutinized to a greater degree  than those of other 
government agencies. Years of experience preparing EISs have demonstrated 
that the NEPA compliance process is frequently a po int of attack for 
those who disagree with the DOE's decisions and wis h to delay or stop DOE 
projects. 
With the high potential for litigation in mind, the  CAO formed a 
contingency planning group. This group included mem bers of the SEIS-II 
preparation team, compliance personnel, and legal c ounsel. Together, 
members identified potential risk factors, weighted  these risks by 
priority, and evaluated mitigation actions to reduc e or eliminate these 
risks.  
CONCLUSION 
The CAO is dedicated to completing the SEIS-II in a  manner that is 
consistent with the secretarial policy, preparing t his environmental 
impact analysis concurrently with other key complia nce documents, while 
controlling schedule and costs. The American taxpay ers and WIPP 
stakeholders have a right to expect that decisions surrounding the 
operation of the WIPP facility are environmentally sound, and that a cost 



effective solution for TRU waste disposal is implem ented. The CAO, 
together with DOE Headquarters representatives, its  contractors, and 
stakeholders will assure that the SEIS-II NEPA disp osal decision is 
sound, timely, and cost effective, and that the pub lic is given the 
opportunity to be involved in the DOE decision maki ng process. 
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ABSTRACT 
Administered by the Carlsbad Area Office, the Waste  Isolation Pilot Plant 
(WIPP) is designed to permanently dispose of transu ranic waste left from 
U.S. nuclear weapons research and production. Proje ct facilities, located 
26 miles east of Carlsbad, New Mexico, include disp osal rooms mined 2,150 
feet beneath the earth's surface in a stable, ancie nt salt formation. 
The U.S. Department of Energy has established and a nalyzed the safety 
basis for handling and emplacement of contact-handl ed transuranic waste 
for disposal at the WIPP. The safety basis consists  of management, 
design, construction, operation, and engineering ch aracteristics 
necessary to protect the public, workers, and envir onment from the safety 
and health hazards posed by waste handling and empl acement operations. An 
assessment of hazards and the associated risk to sa fety was included in 
the effort. 
The hazard assessment technique used at the WIPP is  a creative systematic 
interaction of a multi-disciplinary team that could  be applied to other 
waste management activities. The qualitative assess ment approach, which 
ranks hazards by likelihood and significance of con sequence, would be 
useful for wide range of risk analysis efforts. 
Hazards were systematically identified and assessed  to evaluate the 
potential internal, external, and natural phenomena  events that can cause 
the identified hazards to develop into accidents. T he hazard assessment 
employed at the WIPP identified deviations from the  intended design and 
operation of the waste handling system, analyzed po tential accident 
consequences to the public and workers, estimated l ikelihood of 
occurrence, and evaluated associated preventative a nd mitigative 
features. It was concluded from the assessment that  proposed WIPP waste 
emplacement operations and design are sufficient to  ensure safety of the 
public, workers, and environment. 
FACILITY BACKGROUND AND MISSION 
The U.S. Department of Energy (DOE) was authorized by Public Law 96-164 
(1) to provide a facility for demonstrating the saf e disposal of 
transuranic (TRU) wastes from national defense acti vities and programs of 
the United States exempted from regulation by the U .S. Nuclear Regulatory 
Commission. The Waste Isolation Pilot Plant (WIPP),  located in 
southeastern New Mexico (as shown in Fig. 1), was c onstructed to 
determine the efficacy of an underground repository  for safe disposal of 
TRU wastes.  
Fig. 1 



In accordance with 1981 and 1990 Records of Decisio n (2,3), the 
development of the WIPP was to proceed with a phase d approach. 
Development of the WIPP began with a siting phase, during which several 
potential sites were evaluated. The present site wa s selected based on 
extensive geotechnical research, supplemented by te sting. The site and 
preliminary design validation phase (SPDV) followed  the siting phase, 
during which two shafts were constructed, an underg round testing area was 
excavated, and various geologic, hydrologic, and ot her geotechnical and 
geochemical features were investigated. The constru ction phase followed 
the SPDV phase during which surface structures for receiving waste were 
built and underground excavations were completed fo r commencement of 
waste emplacement. At the conclusion of the constru ction phase, the DOE 
proposed a test phase, to be followed by the dispos al phase for waste 
emplacement operations. The test phase was to invol ve the use of limited 
quantities of contact-handled (CH) TRU waste to con duct tests in the WIPP 
repository to provide data for reducing the uncerta inties in the 
performance assessment required for compliance with  the long-term waste 
isolation regulations of the U.S. Environmental Pro tection Agency (EPA), 
Subpart B of 40 CFR Part 191 (4). To enable the rec eipt of CH TRU waste 
at the WIPP site for the tests the Congress enacted  the WIPP Land 
Withdrawal Act of 1992 (Public Law 102-579) (5). Th e law also provides 
for authorizations of detailed regulatory requireme nts for the WIPP by 
the EPA. 
As a result of major program redirection in late 19 93, the WIPP test 
phase was modified by substituting the previously p lanned WIPP 
underground radioactive tests with laboratory tests . In conjunction, WIPP 
operations will proceed directly with the disposal phase. CH TRU waste 
emplacement operations are currently scheduled to s tart in October 1998, 
assuming successful demonstration of compliance wit h applicable federal 
and state laws and regulations, and successful comp letion of the WIPP CH 
TRU operational readiness review. The CH TRU operat ional readiness review 
will closely examine the safety bases of the facili ty and the status of 
attendant conformance to ensure that the facility i s operationally ready 
and that contact-handled waste emplacement operatio ns will be conducted 
safely. 
The disposal phase is scheduled to last 35 years, w ill consist of 
receiving, handling, and emplacing TRU waste in the  repository for 
disposal, and will end when the design capacity of the repository has 
been reached. 
FACILITY DESIGN 
The WIPP is located in Eddy County in southeastern New Mexico, as shown 
in Fig. 1. The amount of land that has been set asi de for the WIPP 
comprises an area of 16 square miles (mi2). The WIP P is located in an 
area of low population density with less than 30 pe rmanent residents 
living within a ten-mile radius. The area surroundi ng the facility is 
used primarily for grazing and development of potas h, oil, and gas 
resources. Development of these resources results i n a transient 
population (non-permanent) consisting principally o f workers at three 
potash mines that are located within ten miles of t he WIPP. The largest 
population center nearest the WIPP is the city of C arlsbad, 26 miles to 
the west, with approximately 25,000 inhabitants. Tw o smaller communities, 
Loving (population approximately 1300) and Malaga ( population 
approximately 200), are located about 20 miles sout hwest of the WIPP 
site. As the result of land use restrictions impose d by the U.S. Bureau 



of Land Management, and administrative action by th e DOE to purchase 
lease holdings, no resource development is allowed within the 16 mi2 that 
have been set aside for the WIPP (with the exceptio n of existing leases). 
The WIPP is designed to receive and handle a maximu m of 500,000 cubic 
feet per year (ft3/yr) CH TRU waste and 10,000ft3/y r remote handled (RH) 
TRU waste. The CH TRU waste will be contained in 55 -gallon drums and 
standard waste boxes. The WIPP facility is designed  to have a disposal 
capacity for TRU waste of 6.2x106 ft3. Current desi gn is that RH waste 
will be packaged in steel canisters and transported  to the WIPP facility 
in shielded road casks. The WIPP facility has suffi cient capacity to 
handle the 250,000 ft3 of RH TRU that was establish ed in the 1981 Record 
of Decision as a total volume. In addition, the Con sultation and 
Cooperation Agreement (6) between the State of New Mexico and DOE and the 
Land Withdrawal Act of 1992 limit the total RHTRU a ctivity to 5.1 x 106 
curies. 
CH TRU* wastes will be disposed of in a 100-acre di sposal area located 
2,150 feet beneath the surface in a deep bedded sal t formation. Waste 
will be transferred from the surface to the disposa l area through a waste 
shaft using a hoisting arrangement. The disposal ph ase is currently 
scheduled to last for 35 years, followed by a 10-ye ar decontamination, 
decommissioning and closure phase. 
The WIPP facility is divided into three basic struc tural components: 
surface structures, shafts, and subsurface structur es as shown in Fig. 2. 
The WIPP surface structures accommodate the personn el, equipment, and 
support services required for the receipt, preparat ion, and transfer of 
waste from the surface to the underground. The surf ace structures are 
located in an area within a perimeter security fenc e. The primary surface 
operations at the WIPP are conducted in the Waste H andling Building. The 
CH TRU waste handling area includes the entrance ai r locks, CH Bay, a 
shielded holding area, an overpack and repair room and CH TRU support 
facilities. 
Fig. 2 
FACILITY OPERATIONS 
The principal operations of the WIPP facility invol ve the receipt of TRU 
waste and TRU waste mixed with hazardous waste, unl oading, moving and 
emplacement of the waste in underground rooms. Tran sporters carrying TRU 
waste arrive at the WIPP and are unloaded outside t he Waste Handling 
Building. The shipments are surveyed for external c ontamination prior to 
their movement into the Waste Handling Building for  unloading. 
CH TRU waste will be shipped to the WIPP in Nuclear  Regulatory Commission 
certified shipping containers. After the CH TRU was te shipping container 
is inspected for contamination, the loaded shipping  container is moved 
into the Waste Handling Building and placed on a ha ndling dock. The 
container is opened, surveyed for radiation and con tamination levels, and 
the waste containers are removed and placed on a fa cility pallet. This 
pallet is then transferred to the conveyance loadin g car, which is moved 
into the hoist cage in the Waste Shaft for transfer  to the underground 
disposal horizon. At the disposal horizon, the pall et is removed from the 
hoist cage, placed on the underground transporter, and moved to a CH TRU 
waste disposal room. In the disposal room, the cont ainers are removed 
from the pallet and placed in the waste stack. The empty pallet is 
returned to the surface for reuse. 
The waste received for disposal at the WIPP facilit y must conform with 
the WIPP Waste Acceptance Criteria (7). The operati onal philosophy at the 



WIPP facility is to start radiologically clean and stay radiologically 
clean. Consequently, any containers of waste that a re found to be 
externally contaminated or damaged will be decontam inated or placed in a 
larger container as required. Also, any local area of contamination will 
be isolated and/or decontaminated prior to continua tion of the waste 
handling process. 
HAZARD EVALUATION 
The WIPP CH TRU waste handling process was qualitat ively evaluated using 
a Hazard and Operability Study (HAZOP) (8). This sy stematic approach to 
hazard analysis was conducted by a leader knowledge able in the HAZOP 
methodology and consisted of personnel from various  disciplines familiar 
with the design and operation of the WIPP (HAZOP Te am). The HAZOP Team 
identified deviations from the intended design and operation of the waste 
handling system that could: 1) result in process sl owdown or shutdown, 2) 
result in worker injury or fatality, and 3) result in the release of 
waste container radiological and nonradiological ma terials. The HAZOP 
Team assigned a qualitative consequence and likelih ood ranking for each 
deviation as discussed below. A hazard evaluation r anking mechanism 
utilized the likelihood and the most significant co nsequences to separate 
the low risk hazards from high risk hazards that ma y warrant additional 
quantitative analysis. Based on that ranking approa ch a basic set of 
accidents was chosen for further quantitative asses sment in the 1995 WIPP 
Safety Analysis Report (SAR) (9). 
HAZARD AND OPERABILITY STUDY METHODOLOGY 
The HAZOP technique, based on a creative systematic  interaction of a 
multi-disciplinary team, evaluated the significance  of deviations from 
the normal waste handling process. The HAZOP Team c onsisted of 
experienced personnel from Facility Operations, Mai ntenance Operations, 
(including previously certified waste handlers expe rienced in Transuranic 
Package Transporter (TRUPACT) and drum handling act ivities), Industrial 
and Nuclear Safety, Engineering, and Regulatory Com pliance. 
The HAZOP Team started by examining the process for  receipt of a CH TRU 
waste transporter at the front gate and ended with the process for 
emplacement of CH TRU waste in a underground dispos al room. HAZOP nodes 
(process steps) were selected to define the movemen t of CH TRU waste 
through the WIPP facility. Deviations of proposed w aste handling 
operations were postulated for each node and once t he deviation was 
confirmed to be plausible, the HAZOP Team determine d the possible causes 
for the deviation. The resulting potential conseque nces were explored 
without taking into consideration any mitigating fe atures. An evaluation 
was made to determine if mitigating safeguards were  in place to alleviate 
the consequences. Some of the potential deviation c onsequences or 
concerns identified by the HAZOP Team are: 
  Worker injury or fatality; 
  Process slowdown or shutdown; 
  Internal and external conditions may result in br each/rupture of waste 
containers resulting in the airborne release of rad iological or 
nonradiological hazardous materials (loss of primar y confinement); 
  External waste container surface contamination an d need for 
decontamination; 
  Worker and public exposure to radiation and airbo rne radiological and 
nonradiological hazardous materials; and 
  Potential for receipt of damaged waste containers  and need for overpack 
operations. 



The HAZOP deviation ranking process used a two-numb er system, consisting 
of a qualitative severity classification and a qual itative likelihood 
classification. The qualitative severity (consequen ce) classification was 
ranked without consideration for mitigation. The qu alitative likelihood 
was ranked taking into consideration the probabilit y of failure of 
identified safeguards and mitigation for that devia tion. 
SELECTION OF CH POTENTIAL ACCIDENTS 
The HAZOP provided a list of deviations that were q ualitatively ranked by 
relative consequence and probability using the 'tot al rank' consequence 
criteria of Table I and the probability criteria of  Table II. This 
resulted in the 'total rank' that combines both haz ard consequence and 
probability ranking components (see Fig. 3). As sta ted in the HAZOP, the 
consequence ranking of each deviation included both  the resultant 
consequence to the worker and the radiological and nonradiological 
consequence to the offsite public. 
Table I 
Table II 
Fig. 3 
In order to select potential CH TRU waste handling accidents for 
quantitative accident analysis, the total list of h azards was narrowed to 
focus on risk posed by radiological and nonradiolog ical hazardous 
material. This eliminated occupational deviations e xclusive of the 
hazardous materials involved, providing a subset 'h azard rank'. 
In order to determine the risk associated with each  deviation, the 
relative probability and hazard consequence ranking  were combined. The 
deviations were then categorized as low, moderate, or high risk based on 
the Relative Probability and Consequence Ranking Ma trix (Fig. 3). Those 
deviations with a combined 'hazard rank' of less th an four were excluded 
from further quantitative evaluation in the 1995 WI PP SAR, with the 
exceptions of the waste hoist drop (CH5), earthquak e (CH6), and aircraft 
crash (CH8). The waste hoist drop (CH5) was selecte d for its significant 
interest to external organizations, as well as the earthquake (CH6) as a 
natural event and the aircraft crash (CH8) as an ex ternal event. A list 
of the selected deviations for further consideratio n in the 1995 WIPP SAR 
accident analysis is provided below. 
Operational Events  
  CH1 Spontaneous Ignition (Drum) in the Waste Hand ling Building 
  CH2 Crane Failure in the Waste Handling Building 
  CH3 Puncture and Drop of Waste Containers by Fork lift in the Waste 
Handling Building 
  CH4 Drop of Waste Containers by Forklift in the W aste Handling Building 
  CH5 Waste Hoist Failure 
  CH7 Spontaneous Ignition (Drum) in the Undergroun d 
  CH9 Drop of Waste Containers by Forklift in the U nderground 
Natural Events 
  CH6 Seismic Event 
  CH10 Tornado Event 
  CH11 Underground Roof Fall 
External Events 
  CH8 Aircraft Crash 
PROTECTION OF WORKERS FROM ACCIDENTS  
The HAZOP analyses of the CH TRU Waste Handling Sys tem identified a 
number of waste handling process hazards that could  potentially lead to 
events resulting in work injury or fatality, or exp osure to radiological 



and nonradiological hazardous materials. Consistent  with the defense-in-
depth philosophy, and the philosophy of Process Saf ety Management, as 
published in 29 CFR 1910.119, "Process Safety Manag ement of Highly 
Hazardous Chemicals," (10) reduction of the risk to  workers from 
accidents is accomplished at the WIPP by identifyin g controls to prevent 
the event from happening. Total risk is therefore l owered by reducing the 
likelihood of the event, as opposed to focusing on post accident 
consequence mitigation through the performance of q uantitative 
consequence calculations for workers.  
The HAZOP Team identified a significant number of e xisting preventative 
safeguards that lower the likelihood of occurrence of each deviation, 
substantially reducing the risk to workers. The HAZ OP Team concluded 
substantial safeguards currently exist at the WIPP to prevent or reduce 
the likelihood of such deviations from occurring. I dentified preventative 
safeguards generally include the following: 
  Facility and equipment design, application of app ropriate design 
classification and applicable design codes and stan dards;  
  Programs relating to configuration and document c ontrol, quality 
assurance, and preventative maintenance and inspect ion; and 
  Administrative controls including the WIPP Waste Acceptance Criteria, 
waste handling procedures and training, and the WIP P Emergency Plan and 
associated procedures. 
Because of the importance of these preventative fea tures in WIPP defense 
in depth and worker protection from accidents, Tech nical Safety 
Requirement Administrative Controls are assigned in  Chapter 6 of the 1995 
SAR and required in the WIPP TSR Document. 
CONCLUSIONS 
The HAZOP Team reviewed the WIPP CH TRU waste handl ing system to identify 
deviations from the intended design and operation t hat could result in 
hazards that could create adverse consequences to t he public and the 
worker, or result in a process slowdown. Each step of the waste handling 
process was evaluated, and recommendations were mad e, where appropriate, 
to preclude undesirable consequences. 
Some of the identified potential hazards or concern s are: 
  Personnel exposure to radiation and airborne radi ological an 
nonradiological hazardous materials; 
  Personnel injury or fatality; 
  Potential that internal and external conditions m ay result in 
breach/rupture of waste containers resulting in the  airborne release of 
radiological or nonradiological hazardous materials  (loss of 
confinement); 
  Potential for external waste container surface co ntamination and need 
for decontamination; and 
  Potential for process slowdown or shutdown. 
As stated above, the consequences of each deviation  were developed 
without considering any existing mitigating systems . Identified 
unmitigated potential airborne release of radiologi cal or nonradiological 
hazardous materials may result in varying degrees o f consequences to 
workers and the offsite public. However, the HAZOP Team identified: 
  Substantial safeguards currently exist at the WIP P to prevent or reduce 
the likelihood of such deviations from occurring. I dentified safeguards 
include procedures, training, preventative maintena nce and inspection, 
and administrative controls including the WIPP Wast e Acceptance Criteria. 



  Substantial mitigation exits to reduce the conseq uences of any 
postulated deviation to acceptable levels. Identifi ed mitigation includes 
the design of the WIPP confinement/ventilation syst ems and associated 
HEPA filtration systems. 
Postulated credible scenarios that may result in wo rker injury or 
fatality, or potential airborne release of radiolog ical or 
nonradiological hazardous materials and potential e xposure to workers and 
the offsite public, will further be analyzed quanti tatively in the WIPP 
Safety Analysis Report. 
However, as qualitatively concluded from the HAZOP analysis, the adequacy 
of the design of the WIPP CH TRU waste handling sys tem ensures the safety 
of the public and the worker. The HAZOP Team identi fied no substantial 
recommendations for the WIPP management to consider  to reduce the 
severity or likelihood of any of the postulated dev iations. Thus, the 
WIPP facility is ready to commence safe TRU waste h andling and 
emplacement operations. 
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ABSTRACT 
There are many regulatory requirements that must be  met before 
transuranic (TRU) and transuranic mixed wastes are emplaced into the 
Waste Isolation Pilot Plant (WIPP) for final dispos al. These requirements 
will be satisfied by the Department of Energy (DOE) , through the DOE 
Carlsbad Area Office (CAO) and will be verified thr ough the development 
and implementation of a performance-based quality a ssurance program, 
consisting of numerous quality assurance program pl ans and procedures. 
These plans and procedures relate to experimental p rograms, performance 
assessment, operations, waste characterization, and  waste certification. 
Effective implementation of quality assurance princ iples have played and 
will continue to play a critical role in supporting  the WIPP 
certification and operations processes. 
For example, in order for the CAO to receive and di spose of TRU Waste, it 
must submit a Compliance Certification Application to the U.S. 
Environmental Protection Agency (EPA), demonstratin g that the disposal of 
TRU Waste at the WIPP complies with the environment al radiation 
protection standards promulgated by the EPA in the final disposal 
standards, i.e., the Code of Federal Regulations, T itle 40, Part 191 (40 
CFR 191), Protection of the Environment-Environment al Radiation 
Protection Standards for the Management and Disposa l of Spent Nuclear 
Fuel, High-Level and Transuranic Wastes. Likewise, to receive and dispose 
of mixed TRU Waste, the CAO has to demonstrate to b oth the EPA (No-
Migration Variance Petition) and the New Mexico Env ironment Department 
(NMED) (Resource Conservation and Recovery Act Part  B Permit) that 
disposal of mixed TRU Waste does not impose undue r isks to present and 
future generations.  
QA REQUIREMENTS 
The WIPP project is subject to the requirements of 40 CFR 191 and 10 CFR 
830.120, Nuclear Safety Management, Quality Assuran ce Requirements. 40 
CFR 191 requires that the DOE implement a quality a ssurance (QA) plan. 
This QA plan is expected to meet the requirements o f the American Society 
of Mechanical Engineers (ASME) NQA-1, Quality Assur ance Program 
Requirements for Nuclear Facilities, NQA-2 (sub-par t 2.7), Quality 
Assurance Requirements of Computer Software for Nuc lear Facility 
Applications, and NQA-3, Quality Assurance Program Requirements for the 
Collection of Scientific and Technical Information for Site 
Characterization of High-Level Waste Repositories. Also, DOE contractors 
are required to meet the QA requirements of 10 CFR 830.120.  
CAO QAPD 
The CAO Quality Assurance Program Description (QAPD ) establishes the QA 
requirements for WIPP. The quality assurance requir ements from the 
applicable federal, state, and DOE rules, regulatio ns, and orders are 
identified in Table I. Figure 1 shows the flowdown of QA requirements 
into the lower level QA plans and procedures. The Q APD is structured in 
accordance with the requirements of NQA-1 and DOE O rder 5700.6C, Quality 
Assurance. Software QA requirements from NQA-2, Par t 2.7 are also 
included in the QAPD. Since WIPP is also a research  and development 
project, involving scientific investigation, the DO E also implements the 
applicable portions of NQA-3. 
Table I 



Fig. 1 
PARTICIPANT QA REQUIREMENTS 
Each participant is required to prepare, implement,  and maintain a QA 
program that meets the CAO QAPD. Participant QA pro grams are approved by 
the next higher organizational level of WIPP partic ipant. Participants 
use a "graded approach" to implement their QA progr am requirements. The 
QA plans are implemented through instructions and p rocedures at each 
participant level. The requirements of the QAPD are  applied to activities 
and items important to nuclear safety, waste isolat ion, regulatory 
compliance, and the WIPP mission. Participants dete rmine the level of 
controls that are necessary to meet all the applica ble QA requirements; 
these controls are reviewed and approved by the nex t higher 
organizational level. This determination is reviewe d by the CAO staff 
during oversight activities such as audits, surveil lances, and program 
reviews. 
CAO QA 
In 1995, the CAO decentralized the QA organization and placed QA 
engineers into each of the technical organization. The CAO QA Manager 
retains the responsibility and authority for the ov erall QA program. Each 
QA engineer now works directly with the CAO technic al teams and offices 
to implement the QAPD, both internally and at the p articipants. 
SNL QA 
Most of the WIPP experimental work over the past 20  years has been 
conducted through the offices of Sandia National La boratories (SNL) and 
Los Alamos National Laboratory (LANL). Much of the data was not collected 
under a QA program that was based on NQA-1. Consequ ently, CAO and SNL 
have had to establish methods for qualifying existi ng data. The methods 
being used were developed using the guidelines desc ribed in NUREG 1298, 
Qualification of Existing Data for High-Level Nucle ar Waste Repositories. 
Since this process has to eventually receive approv al of the 
Environmental Protection Agency (EPA), the CAO has been pro active in 
facilitating the oversight and informal acceptance of the process by the 
EPA Office of Radiation and Indoor Air (ORIA) and t he Environmental 
Evaluation Group (EEG). 
Additional experimental programs work has been supp orted through the 
auspices of SNL subcontractors. These include the P acific Northwest 
Laboratory (PNL), Argonne National Laboratory-West (ANL-W), Lawrence 
Berkeley Laboratory (LBL), Florida State University  (FSU), Stanford 
University, RE/SPEC, Intera, and several dozen more . SNL performs annual 
audits of the QA programs at the subcontractor site s. CAO has observed 
several of these audits over the past two years to assure that SNL is 
performing comprehensive and effective audits. 
SNL is also responsible for implementing the reposi tory performance 
assessment (PA) activities. PA involves millions of  data points collected 
from hundreds of different data sources, feeding in to several dozen major 
PA computer codes. SNL has recently completed a sig nificant amount of 
work to upgrade their software documentation and pr actices to meet the 
requirements of NQA-2, Part 2.7. CAO has the respon sibility to perform 
oversight of the SNL activities to assure that the requirements have been 
met. 
QA FOR GENERATOR SITE WASTE CHARACTERIZATION AND CERTIFICATION 
Another large part of the WIPP QA program activitie s involves the waste 
characterization and waste certification activities  at the generator 
sites. CAO oversees QA program activities at the Id aho National 



Engineering Laboratory (INEL), Los Alamos National Laboratory (LANL), 
Rocky Flats (RF), the Hanford Facility (HF), the Sa vannah River Site 
(SRS), Oak Ridge National Laboratory (ORNL), and th e Nevada Test Site 
(NTS). Since WIPP will initially receive waste from  INEL, RF, and LANL, 
CAO has concentrated oversight on these sites. CAO performs generator 
site audits and surveillances of activities such as  waste 
characterization, transportation, packaging, handli ng, and waste 
certification. 
WID QA 
Westinghouse is the Management and Operating Contra ctor for the WIPP 
site. CAO performs an annual audit and periodic sur veillances of the 
Westinghouse QA program. These assessments are perf ormed in order to 
evaluate site activities and areas subject to the c ontrols of the CAO 
QAPD. These areas include waste handling, hoisting,  environmental 
monitoring, safety, maintenance, configuration mana gement, design, and 
training. One of the more important Westinghouse QA  program elements is 
the control of QA records. Westinghouse has been ta sked with maintaining 
the overall QA records storage facility for the WIP P. Controlling QA 
records is critical to proving that CAO and partici pants have adequately 
addressed and effectively implemented QA programs. These records will be 
reviewed over and over and evaluated by our regulat ors in the upcoming 
years. 
REGULATOR QA INTERFACE 
Interface with our regulators has been and will con tinue to be crucial to 
the success of the WIPP project. The EPA has been r eviewing and 
commenting on WIPP QA plans and procedures since 19 93. Also, the EPA has 
participated as observers on numerous QA audits and  surveillances since 
early 1994. These overview activities enable the EP A to gain confidence 
in the CAO and participant QA programs. The New Mex ico Environmental 
Department (NMED) will also observe audits in the n ear future. NMED, to 
this point, has also been reviewing various CAO QA program documents. 
SUMMARY 
In summary, the QA activities supporting WIPP are b eing planned, 
implemented, and verified in a comprehensive and ef fective manner. This 
level of implementation must and will continue in t he future. It is 
essential that WIPP participants continue to meet t heir diverse QA 
programs throughout the life of the project. The CA O will continue to 
perform assessments of QA program implementation to  demonstrate to DOE, 
the regulators, and the public that effective contr ols are in place to 
assure that the WIPP facility will not allow the re lease of radiation 
that may be harmful to the public or the environmen t. 
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ABSTRACT 
The Federal Facility Compliance Act of October 1992  required the 
Department of Energy to prepare an inventory of all  mixed waste and to 
prepare site treatment plans for mixed waste. Mixed  waste is defined as 
waste containing both hazardous and radioactive con stituents. The Act 
also waived sovereign immunity for storage violatio ns of mixed waste 
subject to land disposal restrictions, but allowed the Department three 
years to put treatment plans in place that were sub ject to approval by 
the States and the Environmental Protection Agency.  The Department effort 
to inventory and plan for the treatment of mixed wa ste began with the 
involvement of the State and EPA regulators early i n the process. The 
success of this effort is due, in large part, to th e interactive 
cooperation between the Department and the regulato rs that developed from 
working the issues related to this Act. 
This success can be measured in two ways: 
  By October 6, 1995, over 90% of all mixed waste, 95.9% of all mixed 
transuranic waste, and 99.9% of all high level wast e was covered with a 
negotiated agreement. The remaining waste was eithe r covered by a 
unilateral order or an order pending completion by the States with 
letters in place stating that enforcement action wo uld not occur while 
the States were completing their orders. 
  Compliance orders are in place as follows:  
-  Twenty-five (25) negotiated compliance order and  one negotiated 
    unilateral order were in place on October 6, 19 95. 
-  Three unilateral orders were in place October 6,  1995; of which only 
    one order requires appeal by the Department. 
-  Six other compliance orders were well developed such that no 
   significant potential for fines and penalties ex isted.  
However, there are larger successes that occurred a s a result of the 
activities started under the framework of the Feder al Facility Compliance 
Act. The process begun in the Act has had far-reach ing effects on how the 
Department conducts business with both the regulato rs and the sites. An 
integrated budgeting process implemented by the Ass istant Secretary in an 
effort to satisfy conflicting state and local needs  with constrained 
funding is an indication of a partnership establish ed between regulators 
and DOE during the three year process. The balance of all environmental 
restoration and waste management activities at a si te now reflects the 
desires of DOE and the stakeholders.  
BACKGROUND SUMMARY 
The magnitude of the project begins to define the c omplexity of the 
issues. Site treatment plans were required for over  2,200 separate waste 
streams consisting of approximately 471,000 cubic m eters of high-level 
waste, 129,000 cubic meters of mixed low-level wast e, and 52,000 cubic 
meters of mixed transuranic waste located at 41 sit es in 22 states.  
The Department decided early that the site treatmen t plans would be 
drafted in a three-phase approach. The conceptual p lans would be 
delivered to the States/EPA in October 1993, the dr aft plans in August 
1994, and the proposed or final plans in March 1995 . This would allow 
time for feedback from stakeholders as each phase o f the plan was 
completed. It would also allow the States approxima tely seven months to 
approve, disapprove, or approve with modifications the site treatment 
plans. A schematic of this process is presented in Fig. 1. 
Fig. 1 



The early attitudes of both DOE and the States were  not cooperative and 
clearly provincial. Each state wanted to be indepen dent with no waste 
being transferred in or out of their state. DOE wan ted a more national 
approach using better economies of scale with fewer  treatment facilities, 
saving more dollars, but transferring more waste ou t of state.  
To involve the States/EPA, the Department initially  held a meeting of 
state/EPA representatives in December 1992 and sugg ested a national 
compliance plan, a top-down approach. The States re sponded negatively to 
this suggestion, requesting the Department provide a bottom-up approach--
each site should decide for itself how to treat its  waste and then begin 
the discussions with its regulators. This resulted in an initiative 
between the regulators and the Department to work j ointly on this 
project. The Department funded the National Governo rs' Association to act 
as the channel for information between the States/E PA and the DOE. This 
liaison provided the cornerstone for improved commu nication between DOE 
and the States/EPA. 
The iterative process initiated between the States/ EPA and DOE only 
worked with considerable effort to engage all the p arties. The 
communication effort included the Policy Coordinati ng Group, the Options 
Analysis Team, the National Governors' Association,  DOE senior 
management, DOE site management, DOE site represent atives, State 
regulators, EPA regulators, State Governors, Indian  Tribal Nations, and 
public stakeholders. A description of the roles of the ad hoc groups 
involved in the process is given in Table I. 
Table I 
ISSUES RAISED AND RESOLVED  
Many issues became non-issues when raised with all the parties involved. 
The most significant examples of these complex issu es include duplicate 
treatment operations among the sites, off-site wast e shipments, treatment 
plans for mixed transuranic waste, and the impact o f major funding 
shortfalls on meeting the objectives of the plans. 
After the submittal of the draft site treatment pla ns, the States/EPA and 
DOE met to discuss further development. In a marked  departure from the 
initial attitudes, the States/EPA requested DOE to eliminate the 
duplication of treatment operations, even at the ex pense of increasing 
offsite waste shipments. Involvement of the Nationa l Governors' 
Association in the Options Analysis Team meetings a s a representative for 
the States/EPA facilitated a mixed low-level waste configuration that was 
more cohesive, less costly, and more acceptable to all the parties.  
The issue of offsite waste shipments was an area of  potential conflict 
because the States/EPA wanted no waste coming into their particular state 
or region. DOE wanted to ship waste offsite for tre atment because of 
economies of scale in building one treatment plant rather than several. 
This issue was resolved by a compromise that satisf ied most of the State 
principles in handling offsite waste shipments and met DOE's objective of 
fewer new treatment facilities.  
The issue of treatment for mixed transuranic waste was raised later in 
the process. A near-term compromise solution was re ached as the deadline 
for submitting the plans approached. The compromise  recognized the 
lengthy process involved in reaching agreement on a  mixed low-level waste 
configuration and allowed for an interim action. In  the interim, the 
States/EPA agreed to beginning negotiations on the mixed transuranic 
issue if the scheduled opening of the Waste Isolati on Pilot Project is 



delayed beyond 1998. Work continues toward defining  a mixed transuranic 
configuration. 
The issue of funding shortfalls is perhaps the area  of greatest 
achievement for the process. In late 1994, funding constraints imposed by 
Congress mandated that DOE work out longer schedule s for treatment 
milestones than originally planned. In order to ful ly engage the 
States/EPA in this scheduling process, DOE invited the States to become 
partners with DOE in setting budget priorities for their states including 
all aspects of Environmental Management--Environmen tal Restoration, Waste 
Management, and Nuclear Materials and Facility Stab ilization. This 
process was to prepare the FY97 budget submission a nd will continue into 
the foreseeable future with each site preparing an integrated budget, 
balancing the needs of that site with available fun ding. The budget 
process was successful due to the previous working relationships 
established in preparing the site treatment plans.  
RESULTS OF THE PROCESS 
In the last three years, DOE has forged a new way o f doing business with 
the States/EPA. The process implemented under the A ct includes open, 
honest, and frequent communication to better unders tand and match both 
the needs of the regulators with the Department. Th e primary result has 
been a gradual change in attitudes as seen by the o riginal "Do not send 
waste to my state" syndrome to one of partnership i n addressing waste 
management and remediation needs. 
The effects of this partnership can be measured in terms of a new method 
of doing business that includes open communication and full sharing of 
information, successful negotiated compliance order s that cover the 
majority of mixed waste, no fines or penalties to d ate, and the 
continuing priority setting process established for  all aspects of 
Environmental Management at the individual sites.  
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ABSTRACT 
The paper presents the status regarding development  of Site Treatment 
Plans and implementation of the Federal Facility Co mpliance Act in terms 
of significant issues.  Interested persons may find  useful the more 
detailed information which follows. 
INTRODUCTION 
Over the last several years papers have been submit ted concerning the 
Federal Facility Compliance Agreement (FFCA) from a  states perspective. 
As the process has evolved from the first forum in 1994, we have now 
reached the critical question. How did we do? The s tates perspective can 
be a bit broad knowing that each state has a variet y of wants and needs. 
However, through the efforts of the National Govern ors Association FFCA 
task force states were given an arena to pool their  needs and wants as a 
unified body to achieve a much greater degree of su ccess. 
The NGA FFCA task force is comprised of a policy re presentative of the 
gubernatorial offices and state agencies, as well a s regulatory staff 
from each state. The states included on the task fo rce are those hosting 
DoE facilities with mixed waste treatment issues. E ach state receives 
input from community and citizen groups, tribal rep resentatives, legal 



council and the states business leaders concerned w ith waste treatment. 
Each state brings to the table a broad perspective of issues and actions 
that offer a good building block for dealing with t hese complex problems. 
As DoE revamped their decision making process to gi ve greater authority 
to the regulating agencies and the affected states we have seen a greater 
willingness on states not to feel their role as ant agonist but as 
partners in addressing the treatment needs of each site and community. As 
each state has shared information on actions with o ther states this has 
allowed the dialogue to focus not only on site spec ific but DoE complex 
wide initiatives. As we have seen for the most part , the outcome of 
decisions from the regulatory authorities (states) in conjunction with 
DoE and EPA have been better than many could have h oped. 
The following is a report completed by states with the NGA and the FFCA 
process. Ross and Associates out of Seattle help co llect much of the 
data. As you will see much has been accomplished bu t their is still much 
to be done.  
Report Card 
Key requests from states -- What DOE Delivered 
  Maximize use of on-site treatment 
    1.6% of MLLW is targeted out-of-state 
  Evaluate use of mobile treatment units to minimiz e waste movement 
    10,000 m3 of waste targeted to mobile units 
  Use existing facilities wherever possible  
    About 19% of MLLW is targeted to existing facil ities 
  Evaluate a nearest-site scenario for waste sent o ut-of-state 
    OAT Team evaluated nearest-site configuration 
  Establish satisfactory schedules for waste treatm ent 
    Consent orders signed or expected in 16 of 20 s tates 
  Address disposal of treated mixed waste 
    Disposal process on-going 
The NGA along with participating states formed an O ptions Analysis Team. 
This group met with the idea of developing innovati ve ways to clean the 
mixed waste at existing sites. Below is a breakdown  of their findings.  
Options Analysis Team 
  The Options Analysis Team met in August to determ ine future 
configuration changes that might be taken to decrea se cost and improve 
schedules for the treatment of mixed waste.  
     "...faster or cheaper..." 
  Potential changes were generally intended for con sideration after the 
approval of STPs, unless earlier consideration was requested by the 
site's host state (e.g., Ohio). 
  The OAT Team dealt only with MLLW and Alpha-MLLW.  The Carlsbad Area 
Office is conducting a similar effort to improve th e costs and scheduling 
for mixed transuranic waste. 
  The OAT team operated under the assumption that t reating waste at 
vendor (commercial or private) facilities would pro vide cost savings and 
improved schedules.  
  Sites identified which treatment options in their  plans they expect to 
propose (after October 1995) to shift to vendor tre atment or another DOE 
facility. The OAT Team also determined which propos ed new facilities and 
wastestreams should be listed as additional "candid ates" for vendor or 
alternate DOE facilities. 
      Results of OAT meeting: Sites expect to propo se shifting about 
1,900 m3 to vendor treatment, and identified roughl y 10,000 m3 as 



"candidate" waste to shift from new DOE facilities to vendor facilities, 
pending further analysis. 
  The results of the OAT Team analysis are expected  to be proposed to 
states by the individual DOE sites as orders are re opened for revision.  
One of the main focuses running not only through Do E but all of the 
federal government is the move to privatization. Th is is somewhat a 
nebulas concept that has not fully been explored by  the federal 
government. With the move to the private sector man y of these programs, 
DoE and many other agencies face a new challenge of  defending their 
existence. 
Privatization 
  STP configuration shows approximately 17% of mixe d waste is now 
targeted to commercial treatment (PSTP configuratio n was about 6%). 
  DOE has privatization efforts underway at several  sites, including 
major efforts at Fernald, Hanford, INEL, Oak Ridge.  
  DOE has established a Commercial Options Analysis  Team (COAT) 
-     COAT's mission is to provide recommendations to DOE on optimization 
of commercial capability...a national procurement s trategy. 
-     Chaired by Rick Korynta, DOE-Oak Ridge 
  Conclusion: The STP configuration represents a sn apshot in time--the 
configuration will continue to change, possibly sig nificantly as 
privatization efforts proceed. 
Table I 
Mixed Low Level Waste 
  Most changes affect on-site treatment.  
  At INEL: A number of treatment units have been co nsolidated. Some of 
these treatment units were originally individual tr eatment steps within 
larger treatment facilities. The Advanced Mixed Was te Treatment Project 
(AMWTP) has replaced all of the steps of the previo us IWPF and other 
proposed facilities. All remote-handled and HLW was te will now be treated 
at one remote handled treatment facility. 
   Ohio in-state treatment totals decreased 2,647 m 3.  
   At the Portsmouth Site: the site is no longer pr oposing a Mixed Waste 
Treatment Facility. A large portion of the waste is  now targeted for 
"commercial offsite incineration," while the remain ing waste will be 
treated on-site by vendors in mobile treatment unit s.  
  In-state treatment in Tennessee increased by 5,89 7 m3. This can be 
attributed to a large increase in waste awaiting CE RCLA RODs at ORNL and 
Y-12 Sites. This accounts for 5,294 m3 of the incre ase. Oak Ridge has 
also added a transportable vitrification system, wh ich will treat 1,870 
m3 of waste. Waste with treatment location not spec ified at Oak Ridge 
decreased by 2,947 m3. This waste originally had no  designated treatment 
site; it is now bound for on-site treatment and com mercial options. 
Highlights of changes: PSTP (4/5/95) Configuration to STP (10/4/95) 
  In-state treatment in Washington decreased by 6,9 49 m3. Waste targeted 
to the WRAP IIA facility decreased 2,149 m3, and wa ste targeted to the 
commercial thermal treatment facility decreased by 4,799 m3. 
  The Oakland Area Office (California Sites & Univ.  of Missouri Site) re-
targeted a total of 32 m3 of waste from WRAP IIA at  Hanford to treatment 
at INEL, due to the uncertainty of the WRAP IIA fac ility. 
  Ames Laboratory in Iowa shipped its current inven tory to SEG in 
Tennessee for treatability studies. The site expect s to generate waste in 
the future. 



  The Nevada Test Site is now targeting 1.8 m3 of w aste to the TSCA 
incinerator in Tennessee. 
  Many smaller changes occurred in several states. (See State-to-State 
"mileage charts" for more information.) 
Mixed Transuranic Waste 
  At INEL: alpha-MLLW is now proposed to be treated  in conjunction with 
MTRU waste at the private AMWTP facility. 
MLLW FOR WHICH TREATMENT LOCATION IS NOT SPECIFIED 
STP Configuration 
(23% of 123,455 m3 -- 28,568 m3) 
This represents a 9.5% decrease from the amount of waste with no 
specified treatment location in the April database.  
Most of this waste is in TN & OH: 
-     TN 23,254 m3. 22,214 m3 of this total is targ eted for the Oak Ridge 
Commercial Option. 1,040 m3 is targeted for "commer cial disposal". 
-     OH 3,712 m3. 3,558 m3 of this waste is target ed by the Portsmouth 
facility for a "Commercial Offsite Incineration Fac ility."  
  74% of targeted MLLW is proposed for treatment at  new in-state 
facilities (was 80% in PSTP configuration). 
  The volume of waste targeted for in-state treatme nt at new facilities 
has decreased: 
Hanford: 6,949 m3 decrease due to reductions in was te targeted to WRAP 
IIA and the commercial thermal treatment facility. 
Portsmouth: 5,814 m3 reduction due to waste now tar geted to "commercial 
offsite incineration." This waste has been designat ed as "treatment 
location not specified." 
  5,295 m3 of waste at Oak Ridge (Y-12, ORNL) has n either a "new" or 
"existing" designation; this wastes' treatment is b eing driven by CERCLA 
Records of Decision. 
Profile of Mobile Treatment 
Table II 
Volume targeted to mobile (m3) 
  The amount of waste targeted to mobile treatment units increased by 
7,664 m3. The majority of this change can be attrib uted to the amount of 
waste targeted for the "Ohio Option - Stabilization  Project"(on-site 
mobile vendor). A total of 5,906 m3 of waste is tar geted to this option 
by Portsmouth (5,487 m3) and Fernald (417 m3). 
  Six field offices representing six states (ID, NM , OH, SC, TN, TX) are 
targeting waste for treatment at various mobile fac ilities.  
  Five field offices representing six states (ID, N M, OH, SC, TN, TX) 
will be hosting mobile treatment at their various s ites.  
  4 existing mobile facilities would be used to tre at waste in the STP 
configuration: a lead decontamination trailer from Los Alamos, a Portable 
Wastewater Treatment Unit at INEL, a sort/survey/ch ar/decon team from 
Grand Junction, and Thorium Nitrate Tank T-2 at Fer nald. 20 new mobile 
facilities are proposed. Note: DOE-Albuquerque plan s to delete several 
mobile treatment units (other options now believed to be more cost-
effective).  
Profile of Incineration Facilities 
The STP configuration targets waste to the followin g incineration/thermal 
treatment facilities: 
  Three existing DOE facilities (in ID,TN, and SC) 
  Four existing commercial facilities (in FL, TN(2) , and TX) 
  Two proposed incinerators:  



-     AMWTP (formerly IWPF) at INEL, Idaho (a propo sed private facility) 
-     Commercial Thermal Treatment Facility, Hanfor d Site, Washington 
  Portsmouth is targeting 3,558 m3 of waste to an u nspecified commercial 
offsite incinerator. 
Table III 
Schedule 
  The STP database does not provide a coherent look  at the schedules for 
treatment of mixed waste. Schedule information in t he STP database is not 
complete, and the reliability of schedule informati on that is available 
is variable. Most schedule information must be surm ised from the years 
that a facility is shown as being funded. 
  The database does not indicate schedules for spec ific wastestreams to 
be treated.  
  STP documents generally include better schedule i nformation than the 
database, at least for on-site waste targeted to on -site facilities. 
However, the STPs do not embody a complete complex- wide integrated 
schedule for treating MLLW. 
  MTRU facility schedules appear to more closely ma tch up with WIPP's 25-
year operating period (1998-2023) than they did in the PSTPs, although 
facility operations at Savannah River and Hanford s till extend beyond 
2023. 
Table IV 
Costs shown are total life cycle costs (capital plu s operating) in 
constant FY95 dollars for the fiscal years 1995 thr ough 2093, based on 
verified cost estimates from DOE Operations Offices .  
MAJOR CHANGES IN COST ESTIMATES FOR MIXED WASTE TREATMENT 
High Level Waste 
  INEL's New Waste Calcining Facility (NWCF) droppe d in cost by $1.2 
billion. 
  INEL's Waste Immobilization Facility (WIF) was de leted (- $4.5 billion) 
and replaced with the ICPP-Remote Handled Immobiliz ation facility (+ 
$1.93 billion). 
Mixed Transuranic Waste 
  Oak Ridge's TRU Processing Facility dropped in co st by $0.5 billion. 
  Hanford's WRAP I facility dropped in cost by $0.6  billion.  
Mixed Low Level Waste 
  Net result of the change from the IWPF facility t o AWMTP facility at 
INEL is a decrease, amount not yet determined. 
  Virtually no costs are included in the latest dat abase for Hanford's 
WRAP IIA facility (previously $0.64 billion). Estim ated costs of TSCA 
incinerator increased by $0.59 billion. 
Summary of key observations: 
  Many changes have occurred in the configuration s ince the 4/5/95 
configuration. 
  The volume of waste targeted to move out-of-state  for treatment 
remained stable at 2,000 m3 (1.6% of MLLW); this re presents 24% of the 
total number of wastestreams (497 wastestreams). 
  The total number of pairs of states where waste i s targeted to be 
exchanged is now 45 (reduced from 47 in April). Ten nessee and Idaho would 
receive 96.6% of all waste targeted out-of-state. ( Increase of 2.6%) 
  The volume of waste designated as "No treatment l ocation specified" has 
decreased slightly from 24% to 23% of the MLLW inve ntory. The "Oak Ridge 
Commercial Option" (including commercial disposal) accounts for 81% of 
this category.  



  The waste volume targeted to mobile treatment inc reased to about 10,700 
m3 from 3,050 m3 in the 4/95 configuration.  
  According to current plans, nearly all MTRU waste  would be treated in-
state to meet WIPP Waste Acceptance Criteria, and u ltimately shipped to 
WIPP for disposal. All HLW would be treated on-site  for ultimate shipment 
to the geological repository.  
  Estimated costs to treat all mixed waste are now estimated to be $45 
Billion in constant 1995 dollars. The cost to treat  HLW is 88% of this 
total.  
  STPs do not embody a complex-wide integrated sche dule for treatment of 
MLLW.  
  Conclusion: The STP configuration represents a sn apshot in time; DOE's 
desired configuration will continue to change, poss ibly significantly as 
privatization efforts proceed. Such changes are now  subject to the 
revision process as specified in each FFCA order. 
Finally, the FFCA model has been look at be all the  states with different 
views. However, each sees it as a positive step in the right direction. 
Some states may view the process as the main proble m solving tool for 
mixed waste. Others may view it as a means to an en d on much larger 
issues of their DoE complexes. In Tennessee we view  as both but with a 
new twist. The following is a focus on Tennessee's perspective in not 
only environmental issues and cleanup but economic and jobs. 
TENNESSEE PERSPECTIVE 
Background 
The Tennessee Department of Environment and Conserv ation's Division of 
DOE Oversight (the Division) was established in Jul y 1991. Due to its 
level of involvement with the Public, local governm ent, the Department of 
Energy (DOE), and their Contractors, the Environmen tal Protection Agency 
(EPA), other DOE host states and local, federal and  state agencies the 
Division is located in Oak Ridge, Tennessee. The op eration of the Oak 
Ridge Reservation (ORR) for more than 50 years has resulted in the 
contamination of over 500 sites on the ORR. Surface  and groundwater have 
been contaminated both on and off the ORR. Most con tamination is located 
on the ORR but a significant amount has entered the  off-site environment 
including the East Fork Poplar Creek which runs thr ough Oak Ridge and the 
sediments in Watts Bar Reservoir. The contamination  includes, but is not 
limited to, radioactive material, mercury, asbestos , PCBs, and other 
organic chemicals.  
DIVISION AGREEMENTS 
The Division was established by agreements with DOE . Its purpose is to 
implement the Tennessee Oversight Agreement (TOA), the Federal Facility 
Agreement (FFA) and to reduce cost to Tennessee. Si nce being established, 
the Division has added Natural Resource Damage Asse ssment (NRDA) and 
Federal Facility Compliance Act (FFCAct) activities  to its list of 
responsibilities. The purpose of the TOA is to assu re the citizens of 
Tennessee that their health, safety and environment  in and around the ORR 
are being protected by DOE through a program of ind ependent monitoring 
and oversight by the state. The FFA is an agreement  between the Tennessee 
Department of Environment and Conservation (TDEC), the Environmental 
Protection Agency (EPA) and DOE. The general purpos e of the FFA is to 
ensure that the environmental impacts associated wi th the past activities 
on the ORR are thoroughly investigated and the appr opriate remedial 
action is taken to protect public health and the en vironment. The NRDA is 
a federal program to allow for the recovery of the cost for environmental 



resources lost due to pollution. The FFCAct is a fe deral requirement for 
the DOE to provide the State with a plan for the tr eating of its mixed 
waste inventories. Mixed wastes are those wastes th at are both hazardous 
and radioactive. The state is responsible for revie wing, approving and 
assuring the implementation of DOE's plan. 
DIVISION RESPONSIBILITIES  
The Division's responsibilities include assuring DO E is in compliance 
with all environmental regulations; monitoring surf ace water and on-site 
discharges; biomonitoring; public drinking water su pply monitoring; fish 
and wildlife monitoring; groundwater monitoring; ai r quality monitoring; 
and radiological surveillance. Monitoring efforts e xtend both on and off 
the ORR. A critical aspect of the radiological moni toring is that it 
allows the State to inspect, review, and comment on  DOE's activities in 
this area without regulatory authority. DOE is "sel f regulating" in 
radiological materials handling, treatment, and dis posal. Additional 
responsibilities involve coordination of activities  involving DOE with 
TDEC, other State, Federal, and Local Agencies, inc luding but not limited 
to the Governor's Office, the Tennessee Emergency M anagement Agency 
(TEMA), Tennessee Wildlife Resource Agency (TWRA), the Environmental 
Protection Agency (EPA), the Tennessee Valley Autho rity (TVA), the Corp. 
of Engineers (COE), and the Oak Ridge Reservation L ocal Oversight 
Committee (LOC) and participating in community outr each activities. 
CONTRACTS 
The Division is funded through a grant from the DOE  to TDEC. Grant funds 
are also used to establish contracts with other sta te and local agencies. 
The Division acts as a lead in each of these contra cts. TDEC has a 
contract with the Department of Health's Division o f Epidemiology for the 
analysis of historical releases of toxic and radioa ctive materials from 
the ORR in an attempt to reconstruct the potential impact on human health 
received by the public. A Tennessee Wildlife Resour ces Agency (TWRA) 
contract performs independent monitoring of toxic m aterials in fish 
flesh, mussel tissue, and in sediments from Melton Hill and Watts Bar 
Reservoirs. A contract with the Oak Ridge Reservati on Local Oversight 
Committee (LOC) includes citizens and representativ es of local 
governments from the city of Oak Ridge and the coun ties surrounding the 
ORR and the Watts Bar Reservoir. It is a forum to i ncrease public 
awareness and understanding of the issues involving  the DOE ORR 
operations and impacts on surrounding communities. The contract with TEMA 
provides for the development of an Emergency Respon se Program. The 
Division's Federal Facilities Compliance Act activi ties are funded 
through the TDEC Division of Solid Waste Management 's Mixed Waste 
Treatment Plan Review Fee Rule. 
DOE BUDGET AND PROJECT FUNDING PRIORITY 
The Division provides lead for Department review of  DOE funds for 
Environmental Management including prioritization b ased on risk to human 
health, risk to environment, regulatory compliance,  public concerns, and 
mission. The range of involvement begins at the Oak  Ridge Office base 
program and extends to the National level with othe r DOE host States and 
DOE Headquarters to resolve issues of equity, risk debate or compliance 
agreements. Budget review is a cross cut effort to assure that the most 
important problems are addressed first. The Divisio n works with DOE and 
regulators (TDEC, EPA, Defense Nuclear Facility Saf ety Board (DNFSB)) to 
seek compliance in a cost effective manner. 
STATE EQUITY 



The Division is the contact for DOE, DOE host State s, EPA, industry and 
the public to express needs or recommendations conc erning treatment, 
storage or disposal of waste on the Oak Ridge Reser vation. The Toxic 
Substance Control Act (TSCA) Incinerator located at  K-25 is used to 
incinerate mixed waste and PCB's. It is permitted b y TDEC (air, water and 
hazardous waste) and EPA. TSCA is the only permitte d mixed waste 
incinerator in the country and is the preferred tre atment facility for 
numerous out of state DOE facilities. The Oak Ridge  Reservation is 
limited 
in disposal options and disposal of most TSCA resid uals on-site is not an 
alternative. The Division is working with DOE and o ther States to resolve 
disposal issues. 
MEMORANDUM OF UNDERSTANDING (MOU) 
The Division is an integrated program with memorand a of understanding 
establishing the roles and responsibilities with th e environmental 
regulatory Divisions of the Department. The purpose  being to reduce 
state/federal cost, minimize regulatory overlap and  facilitate 
coordination. 
The Division serves as the state lead for the Watts  Bar Reservoir 
Interagency Working Group MOU between DOE, TVA, COE , EPA, AND TDEC. The 
propose being to review and expedite processing of public and private 
sector applications for dredging and other sediment  disturbance 
activities impacted by DOE release of mercury and r adioactive materials 
into the Clinch River. 
The Division serves as lead for the DOE, TDEC and D epartment of Interior 
MOU for Oak Ridge Reservation Natural Resource Trus tees. The purpose 
being to establish a Natural Resource Trustee Counc il to consolidate NRDA 
efforts, share information, reduce cost and seek un iformity in damage 
assessment relating to the damage or loss of natura l resource to 
Tennessee. The Commissioner of Environment and Cons ervation is currently 
the Natural Resource Trustee for the State.  
REUSE AND ECONOMIC DEVELOPMENT 
The Division interacts with the Department of Econo mic and Community 
Development, DOE, local governments, Chambers of Co mmerce, East Tennessee 
Economic Council, Community Reuse Organization of E ast Tennessee, the Oak 
Ridge Waste Management Association and private grou ps or individuals as 
State focal point for DOE and private sector econom ic development plans 
to utilize buildings, surplus materials and/or infr astructure As missions 
change and the complex is downsized the Division sh ares with EPA and DOE 
in the important decisions relating to, site remedi ation, decontamination 
activities, environmental regulation, and funding s chedules. As the 
Environmental Remediation industry continues to exp and as one of the 
fastest growth industries how can the state tap int o the wealth of jobs 
and companies involved in this industry? Can partne rships be developed 
with DoE and EPA for massive privatization of clean up programs to grow 
this industry in East Tennessee? Is there a benefit  for the Oak Ridge 
area to be known as the silicon valley of environme ntal remediation. Note 
this would not be storage but recycling and returne d to the originator.  
BENEFIT  
The measurement of benefits relates to the primary purpose the agreements 
which is to ensure compliance with applicable laws and to assure the 
citizens of Tennessee that their health, safety and  environment are being 
protected through existing programs and new commitm ents by DOE and 
through a program of independent monitoring and ove rsight by the State. 



Substantial cost savings well in excess of the Stat e grants have been 
achieved by DOE through the implementation of recom mendations or 
decisions made by the State. Substantial success ha s been made by DOE in 
environmental management through problem identifica tion and cooperative 
technical assistance in problem solving without enf orcement. Substantial 
reduction in violations and enforcement actions res ulting in orders and 
fines by regulator have resulted from increased ove rsight. Coordinated 
review of monitoring activities have identified off -site contamination 
problems, risk evaluation and at the same time succ ess has been made 
toward overall reductions in monitoring activities and cost. A notable 
benefit to the Tennessee taxpayer and the Departmen t has been the DOE 
workload reduction on central or field office regul atory programs. 
Reductions in DOE activities allowed for increased regulatory program 
staff response to industrial, commercial, public an d private sectors 
concerns. 
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ABSTRACT 
For almost a decade, the Department of Energy (DOE) , like other members 
of the regulated community, has worked steadfastly to attain compliance 
with the Resource Conservation and Recovery Act (RC RA). And, like the 
private sector, DOE largely has been able to manage  its hazardous waste 
in accordance with RCRA. However, DOE waste managem ent activities are 
confounded and complicated by the presence of radio activity. In fact, 
most DOE waste is either radioactive or radioactive ly contaminated 
hazardous waste commonly known as "mixed waste". Tr eatment and disposal 
capacity for mixed waste has been and continues to be extremely limited 
because mixed waste must be managed in accordance w ith the requirements 
of the Atomic Energy Act (AEA) and RCRA. Although e arly efforts to 
demonstrate inconsistencies between RCRA and the AE A failed to identify 
any, the absence of risk-based requirements or non- regulatory thresholds 
for both radioactive and hazardous waste forces was tes posing little to 
no risk or risks dominated by either the radioactiv e or hazardous waste 
component of mixed waste to be managed in strict co mpliance with the full 
gamut of RCRA and the AEA requirements. The lack of  risk-based mixed 
waste regulations drives up the waste management co sts without a 
concomitant increase in protection of human health and the environment. 
The Environmental Protection Agency (EPA) intends t o issue a final 
hazardous waste identification rule in late 1996, w hich for the first 
time, will establish concentration based exit level s for hazardous waste. 
This risk-based regulation would allow hazardous wa stes below the 
identified concentrations to be disposed in Subtitl e D or other non RCRA 
regulated facilities. Mixed waste containing hazard ous waste below the 



exit concentrations would be disposed as radioactiv e waste. Development 
of risk based waste management requirements should consider all hazards 
posed by the waste management requirements necessar y to safeguard against 
those hazards. In the case of mixed waste, waste ma nagement requirements 
should consider the requirements necessary to safeg uard the radioactive 
component as well as the hazardous component in est ablishing not only 
exit criteria under HWIR but risk based regulations  that enhance 
protectiveness rather than merely complicate compli ance. 
Risk based approaches to managing mixed waste can a nd should be 
considered in the HWIR rule. Contingent management,  dominant hazard, and 
technology driven regulations are waste management options that would 
allow mixed waste to be managed consistent with the  risk posed by the 
waste. Efforts to foster consideration these option s, their technical 
basis and justification, and implementation scenari os are being 
discussed.  
For almost a decade, the Department of Energy (DOE) , like other members 
of the regulated community, has worked continually to attain compliance 
with the Resource Conservation and Recovery Act (RC RA). DOE has largely 
been able to manage its hazardous waste in accordan ce with RCRA. However, 
DOE also manages large quantities of mixed wastea, and the presence of 
radioactivity complicates the waste management acti vities. Treatment and 
disposal capacity for mixed waste has been extremel y limited because the 
mixed waste must be managed in accordance with the requirements of both 
the Atomic Energy Act (AEA) and RCRA. 
Under the authority of the AEA for radioactive wast e, DOE has relied on 
the performance of a system expressed as a radiatio n exposure limit and 
has left the decision regulating the appropriate en gineering design to 
the regulated community. DOE also reduces radiation  exposure to personnel 
and workers by applying the "As Low As Reasonably A chievable" (ALARA) 
principle with radiation protection guidelines. The se guidelines 
generally state that worker exposure to radiologica l hazards should be 
maintained at a minimum and assure that exposures a re justified by 
benefits produced by the activity. 
In contrast to waste management principles under th e AEA, RCRA contains 
numerous prescriptive design requirements that give  the regulated 
community less flexibility in designing a waste man agement system on the 
basis of performance or risk. One example where the  RCRA framework does 
not account for associated risks is listed hazardou s waste. Under RCRA, 
solid wastes are designated as listed waste if they  are used in a 
particular way, such as solvents, or if they come f rom a particular 
process, such as sludge from an electroplating proc ess. In order to 
prevent "dilution as the solution" to managing that  particular waste 
stream, RCRA requires that once a waste is a "liste d" hazardous waste, it 
remains a listed hazardous waste regardless of the hazardous constituent 
concentration. The RCRA regulatory framework has ot her provisions 
including: 1) the "mixture rule" which states if a solid waste is mixed 
with a listed hazardous waste then the entire mixtu re must be managed as 
a listed hazardous, 2) the "derived from" rule whic h states that wastes 
generated from the management of listed hazardous w aste are themselves 
listed hazardous wastes, and 3) the "contained in" policy that requires 
environmental media (i.e., groundwater) contaminate d with a listed waste 
to be managed as a listed waste. Currently, the onl y option available to 
the regulated community is to have a waste "deliste d," which is a 
relatively expensive and time-consuming process, es pecially when applied 



to mixed wastes. This prescriptive approach ignores  the idea that 
protection of the radioactive component of mixed wa ste provides varying 
degrees of protection for the hazardous component, depending on the 
nature of the mixed waste. 
We recognize, however, that Environmental Protectio n Agency (EPA) has 
made attempts at establishing a risk-based regulato ry framework. On May 
20, 1992, EPA published a Notice of Proposed Rulema king (NPRM) regarding 
Identification and Listing of Hazardous waste [57 F R 21450]. In the 
preamble EPA indicated that it would "begin tailori ng the scope of its 
hazardous waste program to reflect how wastes are a ctually managed, 
rather then how they might be managed under a worst -case analysis," after 
the D.C. Circuit Court remanded EPA's 1980 mixture and derived from 
rules. The May 1992 proposed rule allowed low conce ntrations of hazardous 
constituents to no longer be regulated as hazardous  waste and managed as 
sanitary waste. Mixed waste, with low concentration s of hazardous waste 
would likewise be managed as low-level radioactive waste. On October 30, 
1992 [57 FR 49280], however, EPA withdrew the May 2 0, 1992 proposed rule 
due to the opposition it received from the public, Congress and the 
States. 
Since EPA withdrew the proposed rule they have been  working with the 
States and representatives from industry and enviro nmental groups in the 
development of the Hazardous Waste Identification R ule (HWIR). The HWIR 
committee disbanded in September 1994 after making its recommendations to 
EPA. Essentially EPA developed two rules under HWIR , one for process 
waste which was proposed in November 1995 which EPA  intends to finalize 
in late 1996, and a second for contaminated media w hich is expected to be 
proposed in early 1996. 
The HWIR rule for process waste, for the first time , will establish 
concentration based exit levels for hazardous waste . This regulation 
establishes concentrations for various listed const ituents, which will 
allow hazardous waste to be disposed in a Subtitle D or other nonRCRA 
regulated facility, based on a risk of 10-6 (for ca ncer-causing 
constituents) and hazard quotient (HQ) not exceedin g 1 (for noncancer 
risks). EPA has determined, using a multipathway ri sk assessment 
methodology, that hazardous waste containing low ha zardous constituent 
concentrations will not present significant risks t o human health and the 
environment if managed in land disposal facilities not regulated under 
Subtitle C requirements. EPA analyzed over 400 haza rdous constituents for 
exit levels. EPA's analysis assesses risks to human s and ecological risks 
from two categories of wastes, wastewaters and nonw astewaters. The 
analysis also compared risks posed by management of  these wastes in five 
different types of waste units. 
Since early 1995, DOE has identified and evaluated several areas of RCRA 
regulations that if modified, could result in subst antial cost savings or 
cost avoidance, yet pose no adverse impacts to huma n health and the 
environment. DOE's focus is on risk-based regulator y changes related to 
the mixed waste management. DOE has developed the f ollowing specific 
regulatory reform proposals for consideration by EP A: 
  Immobilized Mixed Waste Debris 
  Vitrified Waste 
  Contingent Management 
The following provides short discussions on these r egulatory reform 
proposals. 
DISCUSSIONS OF DOE'S PROPOSALS 



Immobilized Debris Proposal 
Debris is defined as "solid material exceeding 60 m m (2.5 inch) particle 
size that is: (1) a manufactured object; or (2) pla nt or animal matter; 
or (3) natural geologic material (e.g., cobbles and  boulders), except 
that any material for which a specific treatment st andard is provided in 
Subpart D, part 268, is not debris" (40 CFR 268.2).  Debris are routinely 
generated from activities such as construction, mai ntenance, routine 
operations, closure of facilities, and environmenta l remediation. 
Examples of debris include pieces of concrete, meta l (e.g., piping), 
wood, plastics, used personal protective equipment,  and other similar 
wastes. The types of debris normally found at DOE s ites do not contain 
high concentrations of hazardous contaminants. 
As part of Phase I Land Disposal Restrictions (LDR)  rule, EPA promulgated 
the Final Rule on Hazardous Debris (Debris Rule) in  August 1992. This 
rule allows hazardous debris treated by extraction or destruction 
technology to exit RCRA Subtitle C control provided  that treated debris 
does not exhibit a characteristic of hazardous wast e (57 FR 37222, August 
18, 1992). 
At the time the Debris Rule was enacted, EPA chose not to allow debris 
treated with an immobilization technology to exit S ubtitle C control. The 
rationale for this was that there was not sufficien t data available to 
demonstrate that, absent Subtitle C management, con taminants would not 
migrate from immobilized debris at levels that coul d pose a hazard to 
human health and the environment (57 FR 37240). How ever, EPA invited the 
regulated community to submit data on immobilizatio n of debris and 
requested comments on whether immobilized debris sh ould exit from 
Subtitle C regulations as part of the proposed Phas e II LDR rulemaking 
(58 FR 48144, September 14, 1993). EPA indicated th at the HWIR may be the 
appropriate rulemaking for this issue. As part of i ts final Phase II 
rulemaking, EPA stated that if the technical data w ere submitted, the 
Agency would exclude immobilized debris from Subtit le C control (59 FR 
48012, September 19, 1994).  
In Winter 1995, DOE developed technical data packag e supporting the 
proposal that mixed waste debris treated by immobil ization, followed by 
disposal in a low-level waste (LLW) facility is pro tective of human 
health and the environment and therefore, should be  allowed to exit 
Subtitle C controls. The basis for this proposal is  the combination of 
the integrity of the encapsulated debris waste form , coupled with the 
protectiveness of a LLW disposal facility. This tec hnical data package 
was submitted to EPA in July 1995. On October 20, 1 995, DOE supplemented 
the July 1995 report to EPA with a report entitled "Performance 
Evaluation for RCRA Toxic Metal Disposal in DOE Low -Level Radioactive 
Waste Disposal Facilities."  
Technologies for immobilization/encapsulation of so lids are classified 
depending on whether the encapsulant is intersperse d with the waste 
(microencapsulation) or surrounds the waste (macroe ncapsulation). EPA 
defines macroencapsulation as "the application of s urface coating 
materials such as polymeric organics (e.g., resins and plastics)..." to 
"...completely encapsulate the debris" (57 FR 37235 , August 18, 1992). 
Furthermore, the encapsulating material must be res istant to (i.e., 
unreactive with) the debris it encapsulates and oth er materials it may 
come in contact with after disposal (i.e., leachate , other wastes and 
microbes). Microencapsulation is defined as stabili zation of debris with 
Portland cement and lime/pozzolans (fly ash and cem ent kiln dust) and may 



include such additives as iron salts, silicates and  clays (57 FR 37235). 
The resulting encapsulated waste form can be a free -standing monolith, 
depending on the size of the waste unit, or small p ellets (60-mm size 
limit). 
EPA currently recognizes polymeric organic material s as acceptable 
macroencapsulating agents and only Portland cement and lime/pozzolans as 
acceptable microencapsulants. Several other encapsu lating agents 
including hydraulic cement, sulfur polymer cement, polyethylene, 
phosphate ceramics, epoxies, urea formaldehyde poly mer and asphalt, have 
been developed and tested. Because the performance of some of these 
materials is comparable or superior to that of the accepted 
microencapsulants, these alternate encapsulants (su lfur polymer cement, 
polyethylene, phosphate ceramics) have been include d in DOE's proposal. 
For each of the proposed encapsulating materials DO E assembled data on 
waste form leachability and/or permeability, biodeg radation, radiation 
stability, and long-term environmental stability. 
To assure the mixed debris treated by immobilizatio n and placed in a low-
level waste disposal facility is sufficiently prote ctive of human health 
and the environment, DOE proposed that the final wa ste form meet or 
exceed an established performance criteria. Because  EPA's performance 
standard for microencapsulated waste is that the "l eachability of 
hazardous contaminants must be reduced" (57 FR 3723 5) various tests have 
to be performed on the final waste form to meet tha t criteria. DOE 
proposes that testing of immobilized debris be cond ucted in two tiers. 
Tier one consists of the following: 
  Microencapsulated debris - Toxicity Characteristi c Leaching Procedure 
(TCLP) as per EPA Model 1311, or the Synthetic Prec ipitation Leaching 
Procedure (SPLP) as per EPA Model 1312. 
  Macroencapsulated debris - A modified TCLP or SPL P, possibly using an 
encapsulated coupon of the debris, and waste form i ntegrity testing via a 
non-destructive test such as real-time radiology, u ltrasound, or x-ray. 
The standard leachability test method is not approp riate for 
macroencapsulated debris because it would require b reaking the protective 
encapsulant layer and allow the leaching solution t o be in contact 
directly with debris. This is contradictory to the intention of the 
macroencapsulation process, therefore, the integrit y of the final waste 
form should be verified using non-destructive metho ds.  
Tier two tests could include the following: a compr essive strength test, 
non-destructive test, long-term immersion in water,  radiation stability, 
biodegradation, freeze-thaw cycling, and wet-dry cy cling. One or more of 
the tier two tests would be performed on the waste,  based on the tests 
which are appropriate for a particulate disposal fa cility location, to 
demonstrate the integrity of the final encapsulated  waste formb. DOE 
recommended that these tests be done initially as p roof of process tests 
and then periodically repeated as quality assurance  checks. DOE sites 
would work with their respective regulator to decid e which tests are 
appropriate for the treated mixed waste debris afte r considering the type 
of encapsulation and the characteristics (e.g., cli mate, depth to 
groundwater, etc.) of a disposal site. 
Both, RCRA Subtitle C and DOE LLW disposal facility  requirements share a 
common goal of maximizing the protection of human h ealth and the 
environment from the hazards contained in each type  of facility. These 
two facilities also have several common elements, i ncluding limiting the 
amount of free liquids that may be present, requiri ng groundwater 



monitoring and specifying a period of active instit utional control after 
site closure. The primary difference between the tw o types of facilities 
is the RCRA requirement for waste unit double liner s and a leachate 
collection system. This difference is the result of  two different 
philosophical approaches to waste management that h ave evolved due to 
fundamental differences in the nature of the hazard s associated with RCRA 
and LLW. The EPA waste management philosophy under RCRA is to treat 
hazardous constituents to safe levels before land d isposal. 
Radioactivity, on the other hand, cannot be treated  to safe levels 
(excluding transmutation), but can only be eliminat ed as a result of 
natural decay. This has led to the waste management  philosophy of 
immobilizing/isolating radioactive waste from the p ublic and sensitive 
environments until natural decay renders the residu als safe. The extent 
of immobilization/isolation varies from hundreds to  thousands of years, 
depending on the half-lives of the radionuclides an d the curie content of 
the waste. However, unlike their radioactive counte rparts which 
eventually decay in innocuous levels, the RCRA toxi c metals are 
persistent in the environment. This fact lessens th e importance of the 
effects of a disposal facility's engineered barrier s and increases the 
importance of the site geology. 
While EPA has a prescriptive approach to disposal o f RCRA hazardous 
waste, DOE takes a performance-based approach to ra dioactive waste 
disposal which allows the disposal site to design a nd operate the 
facility as appropriate to achieve the required per formance standards. 
Depending upon characteristics of the disposal site  (i.e., geology, 
meteorology, etc.), designs can range from shallow land burial to 
containment in above or below-ground concrete enclo sures. Facility 
acceptability is determined via a performance asses sment that verifies 
the ability of the facility as designed and operate d to meet the 
performance objectives prescribed in DOE Order 5820 .2A.  
In DOE's report, "Performance Evaluation for RCRA T oxic Metal Disposal in 
DOE Low-Level Radioactive Waste Disposal Facilities ", a risk-based 
analysis evaluated the environmental transport of R CRA toxic metals from 
six DOE LLW disposal sites. The analysis focuses on  the toxic metal 
component of the mixed waste debris (the principal contaminants in DOE's 
mixed LLW debris) and the groundwater contaminant p athway, because it is 
the dominant transport pathway for human exposure f rom land disposal 
facilities. The analysis estimates permissible leac hate concentrations of 
toxic metals by using Maximum Contaminant Levels (M CL) concentration 
values in groundwater at a receptor point along the  performance boundary 
(100 m from the disposal facility boundary), and at tenuation factors 
associated with site-specific conditions. The repor t concludes that arid 
DOE LLW sites appear to provide a greater degree of  protection of human 
health and the environment than humid DOE LLW sites  based on higher 
attenuation and longer contaminant travel times. Ho wever, even at 
relatively humid sites most RCRA toxic metals (exce pt for arsenic and 
selenium) are immobile in the subsurface environmen t.  
In summary, the DOE's proposal is based on the inte grity and stability of 
the immobilized mixed waste debris treated in accor dance with 40 CFR 
268.45. Protection of human health and the environm ent is achieved via 
the combination of this treatment and disposal at L LW disposal facilities 
regulated under the requirements of the AEA. This p roposal allows for a 
reasonable mixed waste management approach without compromising 



protectiveness of human health and the environment,  and at the same time 
would result in substantial cost savings to the reg ulated community.  
Vitrified Waste Form 
Vitrification is the process of converting material s into a glass-like 
substance, typically through a thermal process. Vit rification thermally 
destroys organic contaminants and stabilizes inorga nics and metals by 
incorporating them into the glass structure. Vitrif ication has four major 
advantages over other methods of waste treatment. T he primary advantage 
of vitrification is that it produces durable waste glass. With proper 
formulation, this waste glass performs exceptionall y well in leach tests. 
The second major advantage of vitrification is the ability of the waste 
glass to incorporate a wide variety of contaminants  and accompanying feed 
material in its structure, without a significant de crease in quality of 
the final waste form. The third advantage is that t he vitrification 
process can accommodate both organic and inorganic contaminants of 
various amounts. Lastly, vitrification typically re sults in significant 
volume reductions of waste material. One significan t disadvantage of the 
vitrification technology is the high cost. 
Vitrification is a desirable treatment option for l ong lived 
radionuclides, despite the cost, because the vitrif ied waste forms will 
resist degradation for the thousands of years neces sary for radioactive 
decay to lessen the threat to human health and the environment. During 
this decay period, the metals and inorganics are ch emically bonded in the 
glass matrix. Due to these features, EPA has declar ed vitrification to be 
the specified treatment technology for mixed high-l evel waste (55 FR 
22627, June 1, 1990). DOE will vitrify high-level w aste and may propose 
to vitrify certain other mixed low-level waste wher e it is economically 
feasible to do so. The mixed low-level waste candid ates for vitrification 
are predominantly sludges, slurries, and metal/meta l oxides.  
On October 20, 1995, DOE submitted to EPA a technic al data package to 
support its proposal to exempt vitrified mixed wast e forms from RCRA 
Subtitle C regulations. The proposal would allow vi trified mixed waste 
forms which have been treated under an environmenta l permitting process 
to exit from RCRA hazardous waste regulations based  upon inherent 
destruction and immobilization capabilities of the technology. The 
technical data package also includes DOE's proposal  of an alternative 
sampling and analysis strategy for certain highly r adioactive mixed waste 
forms. The proposed sampling strategy considers the  radiological hazard 
associated with testing of the final product. For w astes with low 
radiation hazard, sampling and analysis is performe d on the final 
product. However, sampling and analysis of highly r adioactive wastes is 
performed on surrogate vitrified wastes that are ch emically equivalent to 
the actual waste. DOE believes that this alternate testing strategy 
provides results with an equal level of confidence as sampling and 
analysis of the final waste forms, as suggested by 40 CFR 261.36.  
DOE proposes performance characteristics for vitrif ied waste forms with 
glass compositions that meet or exceed the performa nce standards of the 
Environmental Assessment (EA) glass developed as th e standard for the 
immobilization of high-level waste. The EA glass is  a borosilicate glass 
which has been selected as the preferred waste form  by the United States 
and other countries involved with high-level waste management. The EA 
glass was specifically formulated to retard the rel ease of radioactive 
components in the waste, but has also been shown to  retard the release of 
non-radioactive components.  



Vitrification requires a process control protocol f or key operating 
parameters in order to yield a glass product consis tently falling within 
a pre-defined acceptable performance envelope. The process control is 
defined by performing treatability studies on eithe r the actual 
radioactive waste or an appropriate surrogate. The treatability studies 
provide information on glass formulation process an d the balance of 
operating variables, such as waste loading and visc osity, while ensuring 
the durability of the final waste form. Once the pa rameter values, which 
produce a durable glass are determined, they are us ed to define the 
Process Control Program. Therefore, DOE's vitrifica tion proposal is 
contingent on the required use of the Process Contr ol Program that 
ensures desired durability of the end product. The Process Control 
Program not only defines the process and ensures fi nal product 
performance, but is required to demonstrate complia nce with existing 
federal and state environmental regulations associa ted with the operation 
of a mixed waste treatment facility. Once this Proc ess Control Program is 
defined and accepted as part of an environmental pe rmitting process, the 
inherent properties of the final glass waste form e nsure protection of 
human health and the environment.  
The Process Control Program requirements also inclu de detail description 
of the sampling and analysis program. To ensure the  glass' durability, 
DOE proposes to monitor the leach rates of several of the most leachable 
glass components. Two forms of leach tests, the Pro duct Consistency Test 
(PCT) (ASTM-C1285-94) and TCLP have been proposed. The PCT test was 
developed for evaluating the performance of high-le vel waste glass and 
its durability as it relates to the release of radi oactive components. 
Testing requirements for organic constituents ident ified in the vitrified 
waste stream are eliminated because organic wastes are thermally 
destroyed by the vitrification process, which typic ally operate in excess 
of 1000oC.  
In summary, the DOE's proposal is based on the inhe rent characteristics 
of the vitrification process and stability of the w aste form. Upon 
meeting specific Process Control Program requiremen ts, the glass product 
would be exempt from RCRA Subtitle C control. Becau se the mixed waste 
vitrification process will be regulated under 40 CF R 264 Subpart X, the 
regulatory permitting agencies will be involved in the approval of the 
Process Control Program. This proposal provides a m eans to facilitate the 
use of a superior technology for responsible waste management while 
reducing costs, and maintaining full regulatory aut hority until an 
acceptable vitrified waste form is produced.  
Contingent Management 
While the proposals discussed above deal with speci fic waste forms, we 
believe they constitute examples of a broader conce pt which EPA has been 
considering. Both the 1992 PRM and the HWIR proposa l discuss options 
whereby wastes that would otherwise be regulated un der RCRA could exit 
the control of Subtitle C contingent upon subsequen t management that 
would protect human health and the environment. In the most recent 
proposal, EPA detailed potential approaches to allo w wastes to exit the 
Subtitle C system. These approaches fall into the f ollowing three broad 
categories: 
1) Conditional exemptions based on unit type withou t additional 
management controls. Under this approach EPA discus ses two possible 
options: a) constituent specific exit levels could be based on the second 
riskiest management scenario if there were a mechan ism to ensure that the 



riskiest management scenario would not occur; or b)  set separate exit 
levels for each management scenario. 
2) Setting conditional exemption levels for unit ty pes with additional 
controls. Under this approach EPA would consider es tablishing less 
conservative exit levels at units applying specific  design or operating 
controls to further minimize risk. 
3) Conditional exit levels in states with qualified  industrial non-
hazardous waste programs. EPA discusses several opt ions which would 
exempt some waste form Subtitle C and rely on state  imposed requirements 
to ensure protectiveness. 
DOE is currently investigating a variety of potenti al applications of the 
contingent management approach. As detailed earlier , these proposals may 
center on a specific waste stream or final waste fo rm coupled with 
disposal. Proper management could also be demonstra ted by evaluating 
specific waste disposal options alone. This could i nclude a generic 
process, whereby Subtitle C exit levels are establi shed contingent upon 
waste disposal at an AEA compliant site rather than  an uncontrolled site; 
or a site-specific process whereby Subtitle C exit levels are established 
by considering detailed site-specific information a nd a multi-pathway 
exposure model. Regardless of the method, the valid ity of any contingent 
management scenario would be based on the ability t o meet the goals of 
10-6 and HQ=1. 
Benefits Associated with DOE's Proposals 
The following provides a discussion of the waste vo lumes that could 
potentially be impacted and the associated potentia l cost savings 
resulting from each of the three proposals. The vol ume estimates were 
obtained from DOE's Mixed Waste Inventory Report re quired by the Federal 
Facility Compliance Act of 1992. 
Approximately 27,000 m3 of DOE's current inventory of mixed waste is 
debris and is a candidate for immobilization. This waste volume includes 
both heterogeneous and inorganic debris and account s for roughly 4 
percent of DOE's current mixed waste inventory. If the EPA, and 
subsequently the states, allow immobilized mixed wa ste debris to be 
disposed as low-level mixed waste, DOE could potent ially save several 
million dollars, and possibly up to $1 billion, on disposal costs. This 
cost savings is based on comparing unit costs of di sposing in a low-level 
waste landfill to a mixed waste landfill. 
Approximately 360,000 m3 of DOE's current mixed was te inventory is high-
level waste that can be vitrified. This accounts fo r roughly 60 percent 
of DOE's current mixed waste inventory. If EPA and the States except and 
implement the vitrification proposal, DOE could sav e over $1.5 to 1.6 
billion on high-level waste disposal. This estimate  is based on the 
assumption that a RCRA permit would not be required  for the geologic 
repository receiving the vitrified high-level waste . DOE also has 
approximately 35,000 m3 of mixed low level waste th at could be a 
candidate for vitrification. These waste streams in clude glass debris, 
wastewater treatment sludges, soil, acidic wastewat ers, inorganic 
particulates, organic debris, ash, inorganic hetero geneous materials, and 
predominately inorganic materials. If EPA and the s tates accept and 
implement the vitrification proposal, DOE could sav e between $50 million 
to $100 million on disposal costs. This cost saving s is based on 
comparing unit costs of disposing in a low-level wa ste landfill to a 
mixed waste landfill. 



Because some of the individual waste streams may be  covered by more than 
one proposal, such as debris waste, the totaling of  the proposals may 
show a doubled cost savings. Therefore, the waste v olumes and cost 
estimates for these proposals stand alone and canno t be combined to 
determine a total cost savings.  
Future Plans and Proposals 
DOE plans to continue the dialogue with EPA and pro vide information to 
support these and future proposals. DOE is optimist ic that the basic 
tenets of the proposals will be accepted by the EPA  and the States 
because they provide reasonable regulatory alternat ives and substantial 
cost savings to the DOE without compromising protec tion of human health 
and the environment. If other viable alternatives f or the regulatory 
scheme related to management of mixed wastes are id entified and the 
technical data packages can be assembled, DOE will provide proposals to 
EPA for consideration. 
An opportunity for continuation of the regulatory d iscussions with EPA 
will surface again in early 1996 when EPA proposes the second part of the 
HWIR rule for contaminated media generated from rem ediation of hazardous 
waste sites. The rule will exempt certain lower ris k contaminated media 
from the traditional "prevention oriented" RCRA reg ulations and will set 
treatment standards for higher risk media that refl ect the inherent 
differences between contaminated media (e.g., soils , groundwater) and 
newly generated wastes. EPA will set a "bright line " above which the 
wastes must meet full RCRA Subtitle C standards, an d below which the 
requirements will be site-specific.  
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ABSTRACT 
The Federal Facility Compliance Act required that U .S. Department of 
Energy sites that generate and store mixed waste de velop Site Treatment 
Plans describing how they intend to develop treatme nt capacities and 
technologies to treat mixed waste. Site Treatment P lans were developed by 
individual sites and eventually consolidated. Once combined, the 
resulting national configuration of treatment capab ilities showed many 
redundancies and inefficiencies. The DOE Options An alysis Team (OAT) was 
chartered to analyze the national configuration and  develop a "wise 
configuration" of treatment facilities. The OAT was  able to optimize the 
use of existing and new facilities, minimize transp ortation, and minimize 
overall cost and schedule for completion of treatme nt, while addressing 
state equity and risk concerns. This paper presents  the OAT approach, how 
configuration analyses were performed, how states' input was 
incorporated, how budget constraints were resolved,  and the overall 
outcome of the OAT process.  
INTRODUCTION 
The Federal Facility Compliance Act (FFCAct) of 199 2 added Section 
3021(b) to the Resource Conservation and Recovery A ct (RCRA) and required 
federal facilities which generate mixed waste (radi oactive and hazardous 
waste) to develop Site Treatment Plans (STP) for tr eating currently 



stored and future generated mixed waste. The FFCAct  provided an 
unprecedented opportunity for the U.S. Department o f Energy (DOE) to work 
with its regulators to resolve a long-standing issu e - how to treat large 
amounts of mixed waste now being stored or generate d at DOE sites. DOE 
sites completed these plans in three phases: concep tual, draft, and 
proposed. 49 site Draft STPs were completed in Sept ember 1994 which 
identified preferred treatment options and the sele ction processes used. 
Proposed STPs were completed in April 1995 and iden tified schedules for 
treatment options selected. Most sites entered into  consent orders with 
their respective states by October 6, 1995, the dat e marking the end of 
sovereign immunity of the federal government from f ines and penalties 
associated with violation of the storage prohibitio ns of RCRA. The 
individual site consent orders specify implementati on requirements for 
the STPs. 
Because the Draft STPs were prepared by the sites u sing a "bottoms up" 
approach, the resulting national treatment configur ation contained many 
redundancies and inefficiencies. Thomas P. Grumbly,  DOE Assistant 
Secretary for Environmental Management, requested t hat the STP Task Force 
develop a "wise configuration" by minimizing redund ancy, reducing costs, 
yet fulfilling the needs of the complex by providin g timely and efficient 
waste management. In developing the Proposed STPs, an assessment was 
performed to determine what accommodations were nec essary to blend the 
"bottoms-up" Draft STPs into a more sensible nation al configuration of 
treatment systems. To facilitate this assessment, D OE established the 
Options Analysis Team (OAT), comprised of site repr esentatives and 
members of the DOE Headquarters' FFCAct Task Force.  The OAT coordinated 
their efforts with the states through the National Governors' Association 
(NGA) to ensure the national mixed waste configurat ion reflects both the 
states' and DOE's concerns. As part of this evaluat ion, the impacts of 
implementing the emerging DSTP configuration, as we ll as alternative 
configurations, were evaluated. The resulting natio nal configuration is 
DOE's best attempt to balance competing DOE and sta keholder interests and 
decreasing government resources. 
OAT CHARTER AND MEMBERSHIP 
The OAT was formed to provide a diverse yet represe ntative group that 
could overhaul the Draft STP configuration while re flecting site 
capabilities, needs, and regulator interests. This team was formed in 
June 1994 and was comprised of DOE site representat ives and members of 
the FFCAct Task Force. Technical support was provid ed by site technical 
experts and technology development representatives.  The site 
representatives offered the sites' perspectives and  brought individual 
state and site issues to light, while the Headquart er's representatives 
offered insight from their dealings with policy iss ues and the "big 
picture." The technology development Mixed Waste Fo cus Area supported the 
OAT, and their goals were to identify technology de velopment needs, 
assess benefits of using emerging technologies, and  scope technology 
development programs that are responsive to sites' compliance 
requirements. 
The OAT worked closely with the states through the NGA, which opened up 
communication at a key time in the development of i ndividual STPs. The 
OAT and NGA met at least quarterly through developm ent of the STPs, OAT 
process, and consent orders. State representatives were given the 
opportunity to interact with DOE as a whole -- both  individual site 
representatives and policy makers from DOE Headquar ters. It was also 



valuable for the states to confer with one another about DOE site issues 
and approaches.  
The OAT began analyzing the Draft STP configuration s in August 1994 and 
completed the majority of the work by January 1995.  The OAT, however, 
continued to work with the sites to refine treatmen t options through the 
completion of STPs (October 1996). The OAT dealt wi th the treatment 
configuration for mixed low-level waste (MLLW) only . Treatment for high-
level waste and mixed transuranic waste are handled  through other 
efforts. The results of the initial OAT analysis wa s shared with each of 
the sites and the state regulators, as well as DOE management. The 
following months were spent responding to state req uests for additional 
analysis, incorporating ongoing site analysis, and responding to 
comments. Open communication and involvement by the  states, as well as 
their influencing the outcome of the OAT process, w ere fundamental to the 
success of the overall STP process. This success is  demonstrated by the 
achievement of signed consent orders for most sites  by the October 6, 
1995 target date. 
TREATMENT CONFIGURATION EVALUATION 
The integration of the 49 Draft STP configurations formed the baseline 
for the OAT analyses. A database was developed with  key waste stream and 
treatment facility data and was the key tool in ana lyzing the STP 
configuration. Waste streams were divided by the ty pes of treatment 
needed to show the baseline configuration and allow  comparisons. Several 
different configurations were then analyzed based o n criteria requested 
by the states, and the OAT selected their preferred  configuration to 
present to the states and DOE management. 
OAT Database 
The OAT database tracks key information about STP f acilities and waste 
streams. Facilities were tracked by unique identify ing numbers which 
included a site code prefix and an ID number. Waste  streams were also 
tracked by unique identification numbers used in th e Mixed Waste 
Inventory Report, a database of mixed waste informa tion used to develop 
the STPs. Waste streams were categorized by waste t ype (mixed low-level 
waste, mixed transuranic waste) and waste matrix (a  code identifying 
physical and chemical characteristics of the waste) . The resulting 
database was used to sort the data on various types  of information and 
allowed scrutiny of the configuration against evalu ation criteria defined 
by the states and DOE. Both mixed low-level waste a nd mixed transuranic 
waste were included in the database; however, only the mixed low-level 
waste configuration was analyzed. Mixed transuranic  waste treatment 
options are being reviewed under a separate effort.  
Treatment Types 
Initial sorts of waste streams were performed using  the treatment type 
required and the treatment option (specific facilit y and location). These 
sorts allowed analysis of the Draft STP configurati on by showing which 
facilities were being under-utilized, over-utilized , or were duplicated. 
The breakdown of treatment types is as follows: 
  Organic Destruction  
  Deactivation 
  Non-Aqueous Neutralization 
  Stabilization 
  Mercury Amalgamation 
  Inorganic Debris Treatment 
  Mercury Separation 



  Soil Washing 
  Alkali Metals Treatment 
  Waste Water Treatment 
These treatment types generally describe the mixed waste treatment needs 
across the DOE complex. 
Treatment Configurations Analyzed 
With input from the NGA, the OAT evaluated the foll owing MLLW treatment 
configurations for each treatment type. In all conf igurations, the OAT 
attempted to use existing treatment systems to the maximum extent 
possible. 
DSTP Configuration - site-preferred treatment optio ns presented to the 
States in the Draft STPs. This configuration was us ed as the baseline for 
developing the other configuration scenarios. The D raft STP is a 
"bottoms-up" configuration reflecting the States' p reference for on-site 
treatment. 
Quick-Start Configuration - a mixed waste treatment  configuration that 
emphasizes use of existing treatment systems, inclu ding DOE and 
commercial facilities, and mobile treatment units. 
Centralized Treatment Type Configuration - a region alized configuration 
based on treatment type and waste volume. This conf iguration emphasizes 
consolidation of a large number of treatment system s located in 
geographically strategic areas, based on waste volu me and sites 
generating the wastes. 
The Quick Start and Centralized Treatment Type conf igurations were 
created to emphasize different key State and DOE co ncerns (relating 
primarily to schedule and cost) and as such, to ser ve as building blocks 
for creating the OAT Proposed configuration. To mee t this objective, OAT 
members decided it was important to have flexibilit y in creating these 
two configurations for the individual treatment typ es. Because of this, 
the consideration of existing facilities in these t wo configurations may 
seem inconsistent among sites. 
OAT Proposed Configuration - the mixed waste treatm ent configuration that 
attempts to take into account the advantages and di sadvantages of the 
three original scenarios (DSTP, Quick Start, and Ce ntralized). This 
configuration incorporated the comments from the si tes and was presented 
to the States and DOE management as a basis for fur ther discussion. 
Modified Centralized Treatment Configuration - a re vised version of the 
Centralized Treatment Type configuration (above). T his configuration 
extends the logic of the Centralized Treatment Type  configuration in 
order to provide a least-cost reference point. This  configuration was 
developed after completion of the OAT Proposed conf iguration, and 
analysis of this configuration supported ongoing co st evaluations 
described later. 
In addition to the above configurations, three othe r scenarios were added 
later and evaluated: 
Nearest-Site Scenario - a revised version of the DS TP configuration in 
which wastes proposed for off-site treatment are re directed to the 
nearest off-site treatment system. This configurati on was created at the 
States' request to evaluate the impact of a "minima l shipment" option on 
interstate transportation of mixed waste. 
Compact Scenario - a configuration that would restr ict waste shipments to 
established low-level waste compact regions. In mos t cases, OAT members 
recognized that this configuration was not feasible . Therefore, the OAT 
did not pursue further evaluation of this scenario.  



Alpha-Contaminated Waste Scenario - the treatment o f alpha-contaminated 
waste (10-100 nanocuries per gram transuranic alpha ) was originally 
intended to be evaluated as a separate scenario. Ho wever, it proved very 
difficult to completely separate it from the rest o f the MLLW and as 
such, was considered along with MLLW in all configu rations evaluated. 
Site OAT members were each assigned treatment types  for configuration 
development and evaluation. Members used the baseli ne database extract 
reports showing all new and existing facilities whi ch could treat each 
respective treatment type and all waste streams pro posed to be sent to 
each facility. The site representatives then develo ped each of the above 
configurations by proposing which facilities could most likely be deleted 
or consolidated with others, and which waste stream s could be treated 
commercially.  
Six specific evaluation areas influenced the config uration development 
process. The evaluation areas are described below. Considering these 
evaluation areas in developing the configurations p rovided consistency 
and enhanced comparison and evaluation. 
Evaluation Areas 
Mixed waste treatment configurations were evaluated  based on their 
relative ranking (high, medium, and low) with respe ct to the following 
six evaluation areas: 
  Use of existing treatment facilities: evaluation based on number of 
existing treatment systems to be used under a given  configuration and 
volume of waste proposed for treatment in them. 
  Number of new treatment facilities: evaluation ba sed on number of new 
treatment systems proposed under a given configurat ion. This evaluation 
area, in addition to addressing cost, also addresse s construction risk. 
It was assumed that new treatment facilities would be designed or re-
scoped to handle any waste stream changes proposed by the OAT. 
  Volume of waste transported across state lines: e valuation based on 
volume of waste proposed for shipment to another st ate under a given 
configuration. This evaluation area addresses equit y issues, as well as 
transportation risk. 
  Cost: evaluation based on best available cost est imates and results 
from a cost estimating model under development at t he time. This model 
provided a life cycle cost estimate based on key wa ste management 
activities, such as characterization, treatment, st orage, disposal, 
shipping, etc. The cost model had not been validate d by DOE at the time 
of this analysis; therefore, the results were only used for preliminary 
relative cost comparisons. 
  Time required to complete treatment: evaluation b ased on OAT members' 
experience in scheduling new facility design, const ruction, permitting, 
etc. and on assumption that commercial and mobile t reatments can be 
implemented faster. 
  Use of alternative treatment technologies: evalua tion based on the 
extent to which the use of future alternatives is f easible under a given 
configuration. Since the OAT did not select specifi c technologies for new 
facilities, all configurations were deemed equal in  this regard. The 
maximum opportunity for using alternative technolog ies will be in the 
construction of new treatment facilities. All confi gurations analyzed 
assumed some new treatment facilities would be buil t. 
For each configuration, representatives rated each evaluation area as 
high, medium, or low relative to the other configur ations. The OAT met in 
October 1994 to review the OAT members' treatment t ype analysis and 



further refine this process. The goal of this meeti ng was to develop the 
national OAT Proposed configuration. To do this, th e team members 
discussed the results of their analyses, and it bec ame clear that some 
alternatives were better than others. It was decide d that the OAT 
Proposed configuration should combine the successfu l attributes of the 
different scenarios. The team reviewed each treatme nt type and which 
facilities the site representative recommended be e liminated or increased 
in scope. The team examined each treatment system, focusing on treatment 
type and volume of waste targeted to the system, an d decided which would 
remain in the OAT Proposed configuration. Both site  programmatic and 
technical representatives were present to discuss w ith the group why 
different systems were or were not justified. The t eam discussed the 
relative importance of the various evaluation areas  and used the database 
to quantify results as the Proposed configuration w as further refined.  
Once this was completed, the team reviewed the rema ining treatment 
systems based on the evaluation areas to determine if the list was 
acceptable from a national perspective. The result of this process was an 
OAT Proposed configuration which was sent to the si tes for review and 
comment. The team then met in November 1994 with ad ditional site 
representatives to resolve site comments. In additi on, the Modified 
Centralized treatment configuration was developed t o provide a least-cost 
reference point. The results were provided to NGA a nd the states, and 
their issues and concerns were identified.  
As costs and schedules were further refined at the site level, the OAT 
continued to meet and work towards an OAT Proposed configuration which 
would be the basis for the Proposed STPs. The costs  derived from the cost 
model were merely used for comparison of configurat ions. Actual facility 
estimates generated by the sites, using consistent Headquarters guidance, 
became the basis for cost- 
dependent decisions. The final OAT Proposed configu ration was approved by 
DOE management in February 1995. This configuration  became the basis for 
the site Proposed STPs and was thus the baseline fo r the STP process. Any 
changes resulting from sites' further review of bot h commercial and 
available treatment options had to be approved by t he OAT team leader and 
FFCAct Task Force.  
Assumptions 
The proposed OAT configuration could only be valid if certain key 
assumptions were considered. These assumptions were  as follows: 
  States will agree to accept some treatment of out -of-state waste 
  DOE will be able to operate existing incinerators  
  DOE will be able to use off-site existing commerc ial treatment 
facilities 
  Existing commercial and mobile treatment will be less expensive and 
will treat waste faster than construction of a new facility 
The OAT, NGA, and DOE management agreed with applic ation of these 
assumptions in the OAT process. 
Mobile Treatment 
In preparing the Draft STPs, the states asked DOE t o evaluate on-site 
waste treatment to the extent possible. Accordingly , the states were very 
interested in evaluating the use of mobile treatmen t across the DOE 
complex. Mobile units offer a compromise between bu ilding expensive 
permanent treatment units at smaller sites and ship ping waste off-site 
for treatment. 



The Albuquerque Operations Office relied heavily on  mobile treatment 
options when preparing their Draft STPs due to the mid-sized mixed waste 
volumes present at most of their sites. The rest of  the sites were 
encouraged to evaluate use of mobile treatment in p reparing their Draft 
STPs. The initial OAT Proposed configuration double d the use of mobile 
treatment originally proposed in the Draft STPs. A more concentrated 
effort was then focused on maximizing the capabilit ies and use of the 
mobile units. This effort further increased the pro posed use of DOE 
complex mobile units. 
EVALUATION RESULTS 
The results of the OAT evaluations of the initial t hree configurations 
(Draft STP Baseline, Quick Start, and Centralized) provided a starting 
point for developing the OAT Proposed configuration . Table I, below, 
shows how each of the initial five configurations e valuated by the OAT 
rank relative to one another in five evaluation are as. As noted earlier, 
the sixth evaluation area--"Use of Alternative Trea tment Technologies"-- 
was judged equivalent for all treatment configurati ons.  
The high, medium, and low ratings are defined as fo llows: 
HIGH Indicates the configuration was rated more fav orably in this 
 area than the other configurations. 
MEDIUM Indicates the configuration was rated no bet ter or worse in 
 this area than other configurations. 
LOW Indicates the configuration was rated less favo rably in this 
 area than the other configurations. 
Table I 
Comparing the ratings of the OAT Proposed configura tion demonstrates how 
this alternative optimized the positive attributes of the other 
configurations. While the OAT attempted to maximize  the use of existing 
facilities, no configuration rated "high" on Table I in this area because 
it appears there is still excess capacity available . The excess is due to 
a lack of waste currently available to support the existing types of 
treatment. The excess capacity is planned to be use d to treat future 
environmental restoration and decontamination/ deco mmissioning mixed 
wastes. 
In creating the OAT Proposed configuration, certain  Draft STP treatment 
systems were eliminated. The main reasons for elimi nation of a treatment 
system are the following: 
  There is excess capacity at existing DOE or comme rcial treatment 
systems 
  mall volumes of waste were targeted for a differe nt facility where 
other options were available 
  More favorable treatment schedules were available  at other existing or 
proposed treatment systems 
  There is the potential for cost savings through u se of another option 
  Interstate transportation of large waste volumes could be minimized 
For example, during development of the Proposed STP s, DOE Oak Ridge 
determined that developing their own mixed waste tr eatment capabilities 
was prohibitively expensive. They proposed to meet their mixed waste 
treatment needs through using both established and developing commercial 
processes using DOE mobile units. Later, after the Proposed STPs were 
submitted to the states, DOE Idaho also chose to re place their Idaho 
Waste Processing Facility (IWPF), consisting of 10 treatment trains, with 
a commercial option. These decisions significantly affected the overall 
cost and schedule of the final configuration. 



Use of DOE mobile units was significantly increased  through the OAT 
process. The Oak Ridge Mixed Waste Treatment Facili ty reactive metals 
treatment train was replaced with the Los Alamos Na tional Laboratory 
Reactive Metals Skid mobile treatment unit. This ch ange diverted 
treatment of 46 cubic meters of reactive solids to a mobile unit and 
avoided construction of this treatment system. A si milar case was the 
replacement of the IWPF debris decontamination trai n and the Idaho WEDF 
macroencapsulation train with the Los Alamos Lead D econtamination Trailer 
and the Pantex Mobile Macroencapsulation Process, r espectively. These two 
replacements diverted 400 cubic meters to mobile un its that could be 
moved to Idaho and avoided construction of two new treatment trains and 
transportation of the waste off site.  
These results from the OAT analyses, in addition to  discussions with the 
sites, States, Environmental Protection Agency, and  DOE management, led 
to the final STP configuration. Funding constraints  led to further 
streamlining, which was mainly accomplished through  privatization of some 
treatment options as previously described. Table II  shows quantitatively 
how the final STP configuration (as of 10/95) measu res up against the 
DSTP Baseline configuration in some key areas.  
Table II 
The overall "report card" for the STP process, as d eveloped by the NGA 
from information requested by the states, shows the  following. 
States requested that DOE: 
  Maximize use of on-site treatment 
 ...1.6% of MLLW is targeted out-of-state 
  Evaluate use of mobile treatment units to minimiz e waste movement 
 ...10,725 m3 of waste is targeted to mobile units (9% of MLLW) 
  Use existing facilities wherever possible 
 ...About 19% of MLLW is targeted to existing facil ities 
  Evaluate a nearest-site scenario for waste sent o ut-of-state 
 ...OAT evaluated nearest-site configuration 
  Establish satisfactory schedules for waste treatm ent 
 ...Consent orders for treatment schedules signed f or 29 of 35 STPs 
  Address disposal of treated mixed waste 
Disposal process is on-going 
From DOE's standpoint, this report card shows a ver y successful effort on 
both the states' and DOE's part. DOE's cost saving initiatives, coupled 
with the equity and risk minimizing initiatives inj ected by the states, 
resulted in the best possible approach for mixed wa ste at the federal, 
state and stakeholder levels. 
FUTURE EFFORTS OF THE OAT 
Because many well-established technologies already exist in the hazardous 
waste industry, and are constantly improving, DOE w ould like to benefit 
from this expertise by working with commercial orga nizations to adapt or 
apply these technologies to mixed waste. In order t o fully utilize this 
option and focus this effort, the OAT has evolved i nto the Commercial 
Options Analysis Team (COAT). The goal of this team  is to continually 
improve our MLLW treatment alternatives, since many  new facilities are 
not scheduled for several years and are not fully s coped. The goal of 
this team is to find ways to do things better, fast er, and cheaper. The 
COAT is working with the technology development Mix ed Waste Focus Area to 
identify existing partnerships with industry, demon strations, and 
promising new technologies that can be applied to t his MLLW effort. The 
COAT will continue to coordinate with the states an d NGA, and sites will 



notify the states of changes to STP treatment optio ns according to the 
requirements of their FFCAct implementing orders. 
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ABSTRACT 
The Department of Energy (DOE) manages its transura nic (TRU) waste in a 
manner which protects human health and the environm ent and meets 
regulatory requirements. Waste managers continue to  work with federal and 
state regulators to implement the Federal Facility Compliance Act (FFCA), 
since much of DOE's current inventory of TRU waste is suspected to 
contain hazardous constituents and is managed as mi xed waste. Treatment 
of this waste is addressed in individual Site Treat ment Plans (STPs) and 
consent or unilateral orders developed through the FFCA process. 
Site Treatment Plans (STPs) were developed consiste nt with DOE's TRU 
waste management policy, which prescribes waste pro cessing/treatment to 
meet waste acceptance criteria (WAC) for disposal a t the Waste Isolation 
Pilot Plant (WIPP). The STPs describe each site's m ixed waste treatment 
plans with associated cost and schedule, which in t he case of TRU waste 
is generally waste characterization and any needed repackaging.  
As the FFCA process proceeded, DOE determined a nee d to develop a 
national waste treatment configuration analysis for  TRU waste and certain 
mixed low-level wastes (MLLW) excluded from prior c onfiguration 
deliberations. The analysis, conducted with partici pation of effected 
states, will be completed to support future discuss ions with the 
regulators and possible revision to STPs. This anal ysis, when complete in 
fiscal year 1996, will formulate a national TRU was te treatment 
configuration that addresses options such as: align ing treatment 
schedules to WIPP operating schedules, using mobile  waste 
characterization equipment in existing facilities a s opposed to 
constructing new facilities; and using more robust treatment for 
commingled TRU waste/MLLW when found to be cost eff ective for the total 
waste management system. 
The configuration analysis is part of the National TRU Waste Management 
Plan being developed by the DOE Carlsbad Area Offic e. A systems model 
developed for the TRU waste management system is on e tool that is being 
used in the analysis. Acting on behalf of affected states, the National 
Governors' Association is peer reviewing the proces s, assumptions, and 
scenario input to ensure that the results will be v alid.  
INTRODUCTION  
The Department of Energy and its predecessor agenci es have generated 
waste with transuranic (TRU) radionuclides since th e early 1940s 
primarily by weapons manufacturing, plutonium recov ery operations, and 
research and development activities. More recently and in the future 
these wastes will result from environmental restora tion, facility 
stabilization, and weapons dismantlement activities . 
Transuranic Waste 



  Transuranic (TRU) waste is defined as, without re gard to source or 
form, waste contaminated with transuranium radionuc lides (atomic number 
greater than 92) with half lives greater than 20 ye ars and concentrations 
greater than 100 nanocuries/gram at the time of ass ay. 
  A TRU waste definition has existed since 1970, al though such wastes 
have been generated since the 1940's (Manhattan Pro ject). The initial TRU 
waste definition had concentrations greater than 10  nanocuries/gram. The 
current definition, adopted in 1984, increased the level to 100 
nanocuries per gram. Wastes generated since 1970 an d classified as 
transuranic waste have been stored in a retrievable  manner pending 
shipment to a deep geologic repository when disposa l is available. 
  This category of waste is peculiar to the Departm ent of Energy (DOE). 
Transuranic elements include isotopes of plutonium,  neptunium, americium, 
curium, and californium. The primary contaminant be ing plutonium, due to 
the nature of waste generated from recovery of plut onium during research 
and development and weapons production activities b y DOE and its 
predecessors. 
The TRU waste management strategy has evolved over the years to reflect 
increased regulatory requirements and emphasis on p rotecting the 
environment and the safety and health of workers an d the public. The 
strategy continues to evolve as stakeholders increa se their participation 
in the process to set waste management priorities w ith limited resources 
available. The strategy for managing defense-relate d TRU waste is to 
retrievably store waste in regulatory compliant fac ilities for the near 
term prior to permanent disposal in a deep geologic  repository, the Waste 
Isolation Pilot Plant (WIPP). Prior to transport an d disposal at WIPP, 
TRU waste must be characterized, treated/processed (as necessary), and 
certified to meet the WIPP waste acceptance criteri a (WAC).  
Approximately 70,000 cubic meters of contact-handle d transuranic (CHTRU) 
waste and 1,600 cubic meters of remote-handled tran suranic (RHTRU) waste 
are retrievably stored at 10 major sites and numero us small quantity 
sites throughout the nation. Over 97 percent of the  stored CHTRU waste by 
volume is located at 5 sites: Hanford Site, Idaho N ational Engineering 
Laboratory (INEL), Los Alamos National Laboratory ( LANL), Rocky Flats 
Environmental Technology Site, and Savannah River S ite. Much of this 
waste is stored on pads and covered with earth pend ing retrieval and 
characterization prior to shipment to WIPP for disp osal. About 87 percent 
of the stored RHTRU is at the Oak Ridge National La boratory.  
As much as two-thirds of existing TRU waste in stor age is managedas mixed 
waste, meaning that in addition to the radionuclide s it contains 
hazardous wastes regulated in accordance with the R esource Conservation 
and Recovery Act (RCRA) and subject to provisions i n the Federal Facility 
Compliance Act (FFCA). 
 TREATMENT - A TRU WASTE PERSPECTIVE 
 Treatment is defined as any method, technique, or process designed to 
change the physical or chemical character of the wa ste to render it less 
hazardous, safer to transport, store, or dispose. T reatment can range 
from repackaging or overpacking waste, to volume re duction, to 
destruction of hazardous constituents and solidific ation of residues.  
Numerous federal, state, and local regulations, DOE  Orders, and 
agreements establish the legal and regulatory frame work under which the 
Department must manage TRU wastes. Authority to man age TRU wastes is 
provided to the Department through the Atomic Energ y Act of 1954 (AEA), 
as amended, for radioactive constituents. The Depar tment's authority 



under the AEA is formalized in DOE Order 5820.2A, " Radioactive Waste 
Management." 
DOE Order 5820.2A Transuranic Waste Treatment Requi rements 
  TRU waste shall be certified in compliance with W aste Isolation Pilot 
Plant Waste Acceptance Criteria (WIPP WAC) 
  Mixed TRU waste shall be treated, where feasible and practical, to 
destroy the hazardous waste component 
  Classified waste shall be treated to remove or de stroy classified 
characteristics 
  As part of waste minimization efforts, waste volu me reduction 
techniques, such as incineration, compaction, extri cation, and shredding, 
shall be implemented, wherever cost effective and p ractical 
  Treatment facilities must be permitted by appropr iate regulatory 
authority. 
The Order clearly requires the waste generator to p rovide 
processing/treatment to minimize volumes, remove cl assified 
characteristics, and segregate TRU from other waste  types. Waste 
characterization (and possibly some treatment) in o rder to obtain the 
WIPP WAC certification are necessary for WIPP dispo sal. The operative 
words on treatment requirements with regard to mixe d waste are "where 
feasible and practical." The Order allows, but does  not prevent or 
require, TRU waste from being treated to levels bey ond WIPP WAC 
requirements. The Order is currently being revised and is expected to be 
issued later this year.  
Regulatory authority for any hazardous constituents  comes under the 
auspices of the U.S. Environmental Protection Agenc y (EPA) and states 
primarily through RCRA. Agreements have been establ ished at many sites 
with local and state regulators that define specifi c waste management 
requirements.  
The FFCA was enacted into law on October 6, 1992, t o amend the Solid 
Waste Disposal Act, which was previously amended by  RCRA. The FFCA 
required DOE to develop site treatment plans (STPs)  which describe mixed 
waste treatment capacity and technology development , including schedules, 
for bringing each DOE mixed waste generator or trea tment site into full 
compliance with RCRA. EPA or the effected state the n negotiated legally 
enforceable compliance agreements with the Departme nt to allow continued 
waste storage subject to RCRA. 
The Department's policy is to dispose of defense-re lated mixed TRU waste 
in WIPP using a No-Migration Determination (NMD) as  established in RCRA 
regulations, thus the FFCA process produced STPs th at focus on mixed TRU 
waste treatment capability to meet requirements for  WIPP disposal and not 
treatment to meet Land Disposal Restrictions (LDR) under RCRA. Disposal 
of mixed TRU waste at WIPP is regulated by both the  EPA, for waste 
disposal regulations and NMD, and the State of New Mexico, for RCRA Part 
B permit. 
Resource Conservation and Recovery Act (RCRA) of 19 76 
  Title 40, Code of Federal Regulations, Parts 260- 270 
  Applies to the treatment, storage, an disposal of  mixed TRU waste (and 
waste that has the possibility of being mixed) 
  Requires all waste generation and storage sites t o store any RCRA-
controlled hazardous waste only for limited periods  prior to shipping 
them to a regulated treatment or disposal facility 
  Regulates treatment, storage, and disposal facili ties through permits 
issued by EPA or states with authority granted by E PA (Part 264) 



  Restricts what materials may be disposed through land disposal 
restrictions (LDR), thus necessitating treatment to  remove or make 
innocuous hazardous constituents prior to disposal 
  Provides for a No Migration Determination for the  disposal facility to 
exempt waste from treatment to LDR requirements (Pa rt 268) 
Waste Disposal Regulations 
  The WIPP Land Withdrawal Act, enacted in 1992, es tablished a regulatory 
framework for WIPP 
  ERA regulations for governing the management of t ransuranic waste are 
promulgated in 40 CFR 191 
  Criteria for WIPP to meet the regulatory standard  in 40 CFR 191 are 
promulgated in 40 CFR 194 
The radioactive portion of waste disposed at WIPP i s regulated by EPA 
under Environmental Radiation Protection Standards for Management and 
Disposal of Spent Nuclear Fuel, High-Level and Tran suranic Wastes (40 CFR 
191).  
As the Department finalizes the No Migration Varian ce Petition and 
resolves issues associated with the Part B Permit, it may be necessary 
for the Department to add engineered barriers to th e repository or alter 
the waste package or waste form, such as waste trea tment, to comply with 
the disposal regulations.  
 Formal decisions on waste treatment will be made b ased on the disposal 
regulatory compliance requirements and within the N ational Environmental 
Policy Act (NEPA) process. A Draft Waste Management  Programmatic 
Environmental Impact Statement (WMPEIS) has been pr epared to support 
anticipated waste management system configuration d ecisions. The WMPEIS 
is examining a range of TRU waste treatment configu ration alternatives 
ranging from the current (decentralized) approach t o regional and 
centralized alternatives. Impacts of the level of w aste treatment 
performed, e.g., WIPP WAC, are also being addressed  with respect to 
impact on configuration. 
In addition to the WMPEIS, the second supplement to  the WIPP 
Environmental Impact Statement (SEIS-II) for dispos al operations is 
currently being prepared. A record of decision rega rding TRU waste 
treatment within the NEPA process will use the resu lts of the WMPEIS and 
WIPP SEIS-II. The record of decision is scheduled f or fiscal year 1997. 
TRU WASTE CONSIDERATIONS IN THE FFCA PROCESS 
During the development of the STPs, concerns were i dentified regarding 
system-wide decisions for all waste types. In parti cular for mixed-TRU 
waste, the plans were developed based on the start of WIPP disposal 
operations in 1998 under an NMD (and certification of compliance) from 
EPA. Within this strategy each site developed its S TP assuming TRU waste 
would be characterized and treated only as necessar y for shipment and 
disposal at WIPP. As the STPs matured, there was a need to ensure that 
the national TRU waste treatment and disposal strat egy was comprehensive 
and consistent. In many instances resource constrai nts forced scheduling 
of TRU waste retrieval and characterization activit ies well into the 
future and in some instances beyond the projected e nd of WIPP disposal 
operations. There was a need to integrate complex-w ide characterization 
and treatment schedules with the disposal schedule.  The final STPs 
attempted to correct some of the schedule inconsist encies as certain 
sites re-evaluated their plans and schedules with a  new forecast WIPP 
disposal operations schedule. The TRU waste treatme nt schedules in the 
STPs vary from site to site, but have operational s chedules which now are 



within the current WIPP disposal operations window.  The current forecast 
for WIPP operations is to begin CHTRU waste receipt s in 1998 on a limited 
basis taking several years to ramp up to full opera tions and begin RHTRU 
waste receipts in 2002 under the current forecast. Disposal at WIPP will 
continue through 2032, for a total operating period  of 35 years.  
One other TRU waste activity had a significant impa ct on the FFCA 
process. A decision was made by the Department to f urther study and begin 
procurement on the Advanced Mixed Waste Treatment F acility (AMWTF) at 
INEL for treatment of commingled mixed low-level wa ste (MLLW) and TRU 
waste. 
Advanced Mixed Waste Treatment Facility 
  In January 1994, DOE's Idaho Operations Office is sued a Request For 
Proposal for feasibility studies to obtain industry 's best thinking for 
an approach to cost effectively treat large quantit ies of stored 
commingled TRU and mixed low-level waste (MLLW). Th e results of the 
feasibility studies indicated that at INEL it may b e cost effective to 
treat their commingled MLLW and TRU waste to requir ements of Land 
Disposal Restrictions (LDR) established in RCRA reg ulations. 
  This conclusion was a result of processing requir ements for the large 
volumes of stored mixed TRU waste commingled with M LLW. The MLLW is 
generally the same physical and chemical form as th e TRU waste at INEL, 
but it contains concentrations of a alpha-emitting radionuclides under 
the threshold in the TRU waste definition (100 nano curies per gram). The 
MLLW must be treated to comply with LDR requirement s prior to disposal in 
a permitted disposal facility. The proposed strateg y treats the 
commingled waste as a single waste source, resultin g in a concentrated 
waste product that meets the definition of TRU wast e which can be 
disposed at WIPP. 
  Cost savings to the waste management system at IN EL have been 
identified as a result of eliminated costs needed t o characterize and 
segregate the MLLW from the TRU waste, reduced stor age and transportation 
costs due to treated TRU waste volume reduction, an d the use of a 
privatized facility. It is unknown at this time whe ther the unique waste 
management strategy being considered by the Idaho O perations Office is 
applicable to other sites. 
The Department considered, in this case, more robus t treatment of TRU 
waste than required for WIPP disposal, since initia l feasibility studies 
indicated it to be cost effective from a total wast e management systems 
perspective. Since the facility, when operational, may be able to treat 
similar waste from other sites, there is a need to systematically 
evaluate TRU waste treatment facility configuration  for sites with 
similar commingled MLLW and TRU waste.  
During STP discussions with certain states concerns  were raised that WIPP 
may not open on schedule or that the NMD may not be  issued. The Orders 
issued by the states under the FFCA, for the most p art, reflect the 
Department's TRU treatment and disposal strategy in  the STPs, but some 
went further to provide specific conditions to addr ess these concerns. 
New Mexico issued a unilateral order which requires  the Department to 
submit plans and schedules for treatment of TRU was tes at LANL and Sandia 
National Laboratories - New Mexico by 1999. The Dep artment can request 
discussions with the State regarding treatment requ irements if WIPP 
receives its NMD and opens. 
CONFIGURATION ANALYSIS 



As discussed above the FFCA process resulted in STP s with a configuration 
for TRU waste facilities that, in general, is consi stent with the current 
WIPP disposal operations window. There was no attem pt to optimize the 
configuration in the STPs, to address potential pri vatization, or look at 
the tradeoffs of new permanent facilities, or use o f mobile capability 
for characterization and limited treatment. There w as no attempt to fully 
analyze the proposed AMWTF at INEL with respect to the remainder of the 
TRU waste system. Since the STPs are revised annual ly, the opportunity 
exists for the States and the Department to modify plans in the future. 
The National Governors' Association (NGA) was brief ed on a proposed 
configuration analysis as a first step.  
 The Department's National Transuranic Waste Progra m (NTP) team is 
currently developing a National TRU Waste Managemen t Plan to detail a 
strategy that aligns the complex-wide TRU waste man agement activities 
with the WIPP disposal schedule. The NTP team is fo rmulating a strategy 
that will optimize the amount of TRU waste availabl e to support the 
disposal schedule. This Plan will consider existing  site facilities, 
proposed new facilities, and mobile units to prepar e, characterize, and 
certify waste for disposal at WIPP. The Plan will c onsider use of mobile 
units at sites where additional or expanded facilit ies are needed to 
characterize, re-package, or otherwise treat TRU wa ste to meet WIPP waste 
acceptance criteria. The use of mobile units or tra nsportation to larger 
sites will be an important consideration for small quantity sites, where 
construction of permanent facilities is not practic al. The National TRU 
Waste Management Plan will be complete in late fisc al year 1996. 
The National Transuranic Waste Management Plan anal ysis examines the 
current configuration, the configuration proposed i n the STPs, and 
various alternatives. The analysis will assess wher e commingled MLLW and 
TRU waste inventories exist, consider expanded use of the AMWTF, and/or 
consider other regional treatment centers for TRU w aste. It was 
determined that the systems analysis and results co uld not be completed 
in time to support the initial STPs, but the studie s could be completed 
and results available for future discussions with t he states on annual 
updates of the STPs. These studies will also be lin ked to similar future 
activities planned in the MLLW area.  
 The NTP team is developing a model that simulates waste processing 
(characterization, treatment, certification) at the  generator sites in a 
systems context. The model tracks in detail waste m ovements in each 
scenario analyzed and uses cost modules from the Sy stems Cost Model 
developed by the Idaho National Engineering Laborat ory, which were 
utilized for the WMPEIS and the Baseline Environmen tal Management Report. 
The model results will allow multiple scenarios to be analyzed and help 
screen scenarios for further consideration. 
National TRU Waste Management Plan 
Input: 
  Waste characterization studies (mobile systems fo r NDA/NDE, active and 
passive neutron detection, headspace gas sampling, sample coring, etc.) 
  Waste certification quality assurance program pla ns 
  Waste information (TRU Waste Baseline Inventory R eport) 
  INEL treatment studies (AMWTF) 
  Current site capacity for characterization and tr eatment with costs and 
schedules 
Output: 
  Waste schedule for disposal integrated with gener ater site plans 



  More optimized system configuration for waste cha racterization and 
treatment 
  Prioritization of projects and activities 
  Waste removal plan for small quantity sites 
  Integration of commingled MLLW in TRU waste plann ing 
The proposed plan was presented to the NGA and feed back has been 
positive. NGA and state representatives have visite d WIPP and met with 
the NTP team to review the National TRU Waste Manag ement Plan process. 
NGA and state participation in the process will con tinue throughout this 
year with regard to reviewing the process, assumpti ons and data, 
selecting scenarios to be analyzed, and peer review ing tools and models. 
Through this participation, the results will be com prehensive, meeting 
the states' and DOE's needs. 
NEXT STEPS 
The results of the configuration analysis will be d iscussed with the NGA 
and states. Active involvement by NGA and states in  the process will 
ensure success. The results will provide input on s uggested changes to 
Site Treatment Plans that will provide an integrate d and coordinated 
approach to TRU waste management. The Department wi ll be able to utilize 
the information in its budget formulation process t o impact decisions 
regarding its request for fiscal year 1998 and beyo nd. The cooperative 
FFCA process, successful to date, continues as the TRU waste treatment 
system configuration matures. 
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ABSTRACT 
Rocky Flats Environmental Technology Site (RFETS) r eceived a Compliance 
Order from the State of Colorado on October 3, 1995 , approving with 
modifications the radioactively contaminated hazard ous (mixed) waste 
strategies outlined in the RFETS Proposed Site Trea tment Plan (STP) (1) 
and committing the Department of Energy (DOE) to ac tions that will 
achieve compliance with the land disposal restricti on (LDR) regulations 



covering the hazardous portion of mixed wastes pres ently stored at the 
site. The STP was submitted to the State of Colorad o per the mandates of 
the Federal Facility Compliance Act of 1992 (FFC Ac t) and was the result 
of an iterative process between the DOE, the lead r egulatory agency from 
the State of Colorado, and local stakeholders. The STP presents a 
baseline implementation approach for compliance wit h LDR standards given 
the strict federal budget constraints forecasted fo r future years. 
Accelerated treatment of the RFETS mixed waste inve ntory to meet LDR 
limits is required to satisfy several purposes. In order to support a 
proposed Accelerated Site Action Project (ASAP) tha t has the objective of 
accelerated deactivation and cleanup, treatment and  disposal of the mixed 
waste inventory is necessary within the next ten ye ar period (2). 
Accelerated treatment has other merits for its impl ementation including 
outyear storage cost avoidance, as portions of the mixed waste inventory 
are stabilized and disposed in such a manner that c an facilitate future 
retreivability and offsite disposal, if economicall y feasible. This paper 
will discuss how the magnitude of the storage costs  for maintaining the 
mixed waste inventory at RFETS has become an import ant economic driver 
for accelerated mixed waste treatment in light of c ontinued limited 
resources available to the site. Options for accele rated waste treatment, 
with an emphasis of more accomplished with less res ources, are being 
explored and include the use of regional treatment facilities, 
outsourcing of selected waste streams to commercial ly available treatment 
systems or accelerated construction and operation o f treatment facilities 
through private sector initiatives. Accelerated mix ed waste treatment has 
captured widespread interest within the DOE complex  and the commercial 
industry as both institutions grapple with similar issues regarding 
conventional mixed waste management strategies. It is the intent of this 
paper to communicate the experiences gained at RFET S in evaluating and 
exploring accelerated treatment strategies, the imp lementation for these 
strategies at the site, and foster the active parti cipation of all DOE or 
commercial interests engaged in the development of mixed waste treatment 
solutions as an answer to compliance under the FFC Act. 
INTRODUCTION 
The Rocky Flats Environmental Technology Site (RFET S) is a government-
owned, contractor-operated facility which is a part  of the nationwide 
Department of Energy (DOE) nuclear weapons producti on complex. Prior to 
1989, the primary mission of site was the continual  production of 
components for nuclear weapons. Production activiti es included 
metalworking, fabrication and component assembly, p lutonium recovery and 
purification, and associated quality control functi ons ensuring the 
technical performance of the weapons' components. T he plant was built in 
1951 and began operations in 1952. In 1989, as a re sult of a changing 
international political climate, the decision was m ade by the United 
States government to discontinue production of comp onents for nuclear 
weapons at Rocky Flats. Rocky Flats has undergone a  transition from a 
weapons production facility to an environmental res toration and waste 
management site. The current mission of the site is  to manage waste and 
material, clean up and convert RFETS to beneficial use in a manner that 
is safe, environmentally and socially responsible, physically secure, and 
cost-effective. 
As a result of these activities of over forty years  in production, RFETS 
has accumulated a significant quantity of mixed was tes subject to the 
regulation under the land disposal restriction (LDR ) standards of the 



Resource Conservation and Recovery Act (RCRA) (3). These waste streams 
include low level mixed waste and transuranic mixed  waste, both subject 
to regulation primarily due to solvent and heavy me tal contamination 
arising from RFETS heavily industrialized past. The  LDR compliance issues 
are not unique to RFETS but are relevant to all DOE  sites that manage 
mixed wastes given the recognized lack of existing treatment capacity and 
technology applications within the DOE complex for the treatment of LDR 
mixed wastes. 
ISSUE DEFINITION/RESOLUTION 
As required under the FFC Act, the DOE submitted th e RFETS Proposed Site 
Treatment Plan (STP) in early April and received on  October 3, 1995, a 
Compliance Order from the State of Colorado Departm ent of Public Health 
and Environment (CDPHE). The Compliance Order appro ved with modifications 
the mixed waste management strategies outlined as t he baseline 
implementation path in the STP. Five mixed waste ma nagement strategies 
comprise the framework for achieving compliance wit h the Order. Three of 
these strategies are focused on compliance for mixe d low level (MLL) 
wastes with the remaining two strategies are orient ed towards compliance 
with mixed transuranic (MTRU) wastes. For MLL waste s, the framework for 
compliance includes the use of a graded characteriz ation program, 
evaluating the physical and chemical properties of the waste, to 
determine the specific applicability of LDR standar ds. The second MLL 
strategy in the STP baseline has identified treatab ility group matches 
for treatment offsite at existing or planned DOE or  commercial 
facilities. The third MLL strategy proposes treatme nt of the mixed waste 
backlog through the implementation of three capital  projects at the Site. 
The capital projects focus upon two primary treatme nt methods; separation 
of solvent contaminants from the physical waste mat rices and 
immobilization of heavy metal constituents. The STP  baseline represents 
an enforceable treatment-based effort spanning twen ty five years and 
costing over $900 million dollars. Over $600 millio n dollars or an 
average of $24 million dollars per year, of this im plementation cost is 
associated with the continual storage of backlog an d newly generated MLL 
wastes while treatment technologies and capacities are developed and 
operated. 
The dilemma of increasing costs to implement the cl eanup of legacy wastes 
at RFETS is shared among other sites in the DOE Com plex. In response to 
this challenge, DOE has formed task force working g roups to identify 
privatization initiatives and change the fundamenta l way that DOE has 
conducted business in the past. DOE's goals for pri vatization include 
improving the quality of contractor performance and  saving taxpayer 
dollars with no sacrifices made in DOE's commitment  to protection of the 
environment, public health, or safety. Preliminary data gleaned from 
initial DOE ventures into privatization have genera lly demonstrated 
increased cost effectiveness, schedule efficiencies , and the development 
of new contractual relationships between DOE and ve ndor participants.  
A strong economic incentive exists at RFETS for ide ntification of 
alternatives to the STP baseline which can accelera te treatment schedules 
and generate significant cost savings in the storag e and management of 
backlog wastes. A recent development at RFETS is th e preparation of a 
draft conceptual vision by the new integrating mana gement contractor team 
which took over day-to-day operations at the site i n July 1995. The 
Accelerated Site Action Plan or ASAP focuses on acc elerated cleanup, 
plutonium consolidation, physical plant conversion,  and end land use. A 



major premise underlying ASAP is that all stored pl utonium and other 
special nuclear materials will have been removed fr om the site by the 
target date of 2015. In addition, no DOE-operated b uildings will remain 
at the site. From this perspective, a new approach for compliance under 
the FFC Act, while integrating with the ASAP focus on faster and more 
cost-effective cleanup, is what is required. The is sue facing RFETS is 
how to challenge conventional methodologies for ons ite waste management, 
accelerate mixed waste treatment at the Site, and c apture the cost 
savings that accompany avoiding the large operating  budget outlays in 
storage costs and capital investment for on site tr eatment systems as 
projected by implementing the enforceable STP basel ine. 
Accelerated treatment of LDR wastes within the next  ten years can be 
accomplished through initiatives with the private s ector especially if 
certain barriers common to private sector contracti ng are resolved 
effectively. Such initiatives can be successful due  to the expedited 
schedules possible by exiting the DOE funding cycle  constraints and using 
private sector financing of treatment facilities an d operation. Capital 
cost for development and construction of the treatm ent facility can be 
recovered through the use of fixed price or fixed p rice per unit output 
contracts. The private firm furnishes goods and ser vices using their own 
equipment and gains the operating efficiencies deve loped in other 
commercial applications. During or after the contra ct performance, the 
private firm is able to seek new markets for the eq uipment outside of the 
existing contract, thereby further lowering unit pr ice. The new 
integrating management contract implemented at RFET S is an example of 
innovative contracting with the objectives of accel erated schedules with 
greater cost efficiency and productivity. 
Commercial enterprises exist that have the proven t rack record in 
hazardous and radioactive wastes and are willing to  apply significant 
resources to provide mixed waste treatment capabili ty. These enterprises 
have developed in support of industries and markets  such as the 
commercial nuclear power industry, both domestic an d foreign, the defense 
industry, and various commercial generators of haza rdous waste. A survey 
of mixed waste treatment capabilities was performed  to determine the 
availability of these systems for RFETS LDR waste b y either transporting 
wastes off-site or bringing or constructing treatme nt systems on-site. 
Some important criteria necessary for system select ion were that the 
systems are currently developed, available and read y for implementation 
in radioactively hot systems with minimal modificat ion. The survey 
assessed matches between RFETS waste forms and vend or treatment 
capabilities. With continued research and developme nt to treat RFETS LLM 
waste, existing, planned, or proposed vendor treatm ent option 
technologies will be capable of treating RFETS wast e forms. Vendor 
treatment capabilities include: 
  Stabilization/immobilization via the application of cementation, 
vitrification, or emerging polymer solidification 
  Separation or decontamination technology applicat ions through the use 
of thermal desorption, supercritical extraction, or  steam stripping  
  Organic destruction through the application of ul traviolet oxidation, 
non-thermal plasma, incineration, and emerging cata lytic chemical 
oxidation. 
Use of on-site high temperature thermal treatment s ystems has been 
previously discounted due to high cost and anticipa ted negative public 
reaction. Careful consideration of off-site treatme nt to comply with the 



receiving facility waste acceptance criteria is nee ded to assure that the 
waste can be economically shipped and treated. Work  is progressing on 
contracting with these facilities to treat some of the higher risk and 
difficult to treat LDR waste at the commercial faci lities. 
In September 1995, Rocky Mountain Remediation Servi ces, LLC, (RMRS) 
prepared a feasibility study (4) that assessed a sp ectrum of on- and off-
site privatization opportunities. Anticipating acce lerated and cost-
effective treatment of RFETS waste via privatizatio n, the Study 
purposefully compared the cost, schedule, and risk of all feasible 
privatization options to the RFETS STP baseline. Th e Study selected four 
options for evaluation: 
  Option 1, the RFETS STP baseline 
  Option 2, treatment at the Idaho Alpha Low Level Mixed Waste (ALLMW) 
treatment facility 
  Option 3, a DOE-provided facility for location of  vendor equipment 
  Option 4, a privately financed, designed, and con structed facility 
Option 2 consisted of the Idaho Waste Processing Fa cility (IWPF)/Alpha 
Low Level Mixed Waste (ALLMW) Treatment Facility. T his facility is a 
privatized facility proposed to treat TRU and alpha  wastes which are 
stored either in boxes or drums at the Idaho Nation al Engineering 
Laboratory (INEL). Option 3 conceptualized an on-si te DOE-provided 
facility as the location for skid-mounted, speciali zed, or niche 
treatment units provided by commercial vendors. Com mercial vendors with 
niche treatment experience would be selected using a systems approach to 
campaign RFETS waste forms appropriate to anticipat ed budget constraints. 
Option 4 developed the concept of an on-site, newly -constructed, 
privately financed, and operated facility to treat RFETS waste. This 
option provides an integrated treatment systems app roach that could also 
make use of commercial vendor skid-mounted, modular  technologies. 
Existing or planned off-site commercial treatment f acilities were 
assessed and found to be of limited value in confor ming to the RFETS ASAP 
timeline.  
OPTIONS COMPARISON 
Option 1, the RFETS STP Baseline, meets the complia nce milestones in the 
STP Order through the use of resource intensive tec hnology and treatment 
system development schedules. Financial risk to the  DOE is extremely high 
from both the total life-cycle cost involved with e xtended storage and 
treatment schedules, and line-item funding process perspectives. 
Regulatory compliance, permitting, and transportati on risk is perceived 
as relatively low, however. 
Option 2, off-site treatment at the IWPF/ALLMWF, me ets STP Order 
compliance milestones but does not integrate with t he objective in ASAP 
of dispositioning all RFETS mixed wastes within the  next ten years. 
Financial risk to the DOE appears to be relatively low due to private 
sector financing. The thermal treatment technology selected is robust and 
suitable for RFETS TRU and LLM waste but may have e levated technological, 
regulatory compliance, and permitting risk. Further , the need to pretreat 
wastes prior to shipment add to the costs of this o ption. Off-site 
transportation of RFETS waste to INEL may have grea ter relative risk as 
perceived by Denver metro area stakeholders (5). Th is option offers a 
potential cost and schedule savings, compared to Op tion 1, of 
approximately $450 million dollars and 8 years, res pectively. 
Option 3, on-site treatment in a DOE-provided facil ity, meets STP Order 
compliance milestones and supports the ASAP objecti ves for the Site. This 



option's systems design approach offers the flexibi lity to campaign 
higher risk wastes in a more cost effective manner.  Thus, RFETS will only 
pay for the treatment capacity required for the Sit e's needs. Lower 
technological risk is anticipated from the use of e xperienced commercial 
vendors. Minimal capital investment is required of the DOE for 
retrofitting an existing facility. Operational trea tment system costs are 
expected to be lower due to vendor distribution of fixed investment costs 
over multiple customers via multiple site operation s of skid-mounted 
systems. This option offers a potential cost and sc hedule savings, 
compared to Option 1, of approximately $660 million  dollars and 11 years, 
respectively. 
Option 4, on-site treatment in a newly-constructed facility, also meets 
STP Order compliance milestones and near-term waste  management timelines 
within ASAP. This option requires full capital inve stment by a commercial 
vendor to supply a turn-key treatment and storage f acility. Fixed capital 
investment must be fully recovered by processing on ly RFETS waste, 
resulting in greater per unit costs than with Optio n 3. Schedule 
implementation and operational readiness is anticip ated to take longer 
than Option 3 due to inclusion of an entire entrain ed process utilizing 
multiple technologies. This option offers a potenti al cost and schedule 
savings, compared to Option 1, of approximately $62 0 million dollars and 
11 years, respectively. 
OPTIONS ANALYSIS CONCLUSIONS 
The DOE Line Item funding process and constraints r esult in Option 1's 
extended schedule and higher life-cycle costs. Off- site treatment 
technologies and treatment systems (Option 2) offer  little near-term 
treatment capabilities for RFETS waste. Off-site tr eatment and disposal 
carries technological, permitting, transportation, and stakeholder risk 
that does not integrate with the ASAP concept. 
Privatization of facility construction (for both Op tions 3 and 4) and 
operation result in accelerated schedules, storage cost avoidance, and 
reduced capital expenditures and operating costs ul timately reducing DOE 
risk/liability. When risk is factored into the deci sion-making process, 
as well as cost and schedule elements, Options 3 an d 4 are more viable 
than either Option 1 (higher cost, longer schedule,  greater financial 
risk to DOE) or Option 2 (longer schedule, transpor tation/permitting 
risk). 
The Privatization Feasibility Study recommends impl ementation of Option 3 
due to achievable permitting, design, construction,  and operational cost 
and schedule improvements beyond Option 4's capabil ity. Option 3 
leverages a vendor's treatment system design, devel opment, and 
fabrication costs, and eliminates many infrastructu re issues associated 
with siting a new facility at RFETS as presented wi th Option 4. 
RECENT DEVELOPMENTS 
An innovative solution for the treatment of LDR was te that allows storage 
in the waste management unit retrievable storage ce ll on-site at RFETS is 
the immobilization system being investigated as par t of the Alternative 
Water Treatment System (AWTS). The AWTS is proposed  to replace the aging 
process water treatment facility at RFETS and avoid  the approximate $60-
100 million upgrade of the facility for continued u se. Treatment of LDR 
sludge can be initiated by 1998 on tank stored slud ge as compared to 15 
years later under the baseline site treatment plan.  Due to the 
accelerated schedule and avoidance of capital upgra des, the AWTS life 



cycle costs are projected to be approximately half of that required under 
the baseline approach. 
CONCLUSIONS 
Through the utilization of life cycle cost analysis  as a basis for 
decision-making, it has become evident that privati zation and commercial 
type contracting of RFETS waste treatment can resul t in accelerated 
schedules, significant storage cost avoidance, and reduced capital 
expenditures and operating costs. RMRS was able to complete a risk based 
and best management practice treatment prioritizati on of the stored 
inventory utilizing commercial expertise of personn el and numerous 
commercial vendors. From this approach, a solution for RFETS ultimately 
reducing DOE risk and liability is privatization. W hen cost, schedule, 
and risk elements are factored into the decision-ma king process, Options 
3 and 4 are more viable than either Options 1 or 2.  Option 3, however, 
offers the flexibility necessary to campaign waste by waste form, 
including those of "higher risk", such as liquids, oils, and semi-solids. 
Such waste treatment flexibility is paramount durin g DOE budgetary 
uncertainties. 
In order to more effectively bring private sector r esources to bear on 
managing LDR waste problems at RFETS and other DOE facilities, barriers 
must be resolved. Commercial type contracting refor m is needed to allow 
DOE to enter long-term contracts without the Federa l budget uncertainties 
that make private sector contracting with DOE a hig h risk prospect. 
Contract reform efforts with DOE's prime contractor s such as the 
integrating management contract at RFETS should be considered as part of 
DOE's privatization initiatives. Labor unions throu ghout the DOE complex 
view privatization as a potential loss of jobs and wages. Worker and 
community transition is as important as the actual work and a team 
approach must be implemented by all affected partie s. 
To enhance the probability of successful privatizat ion of waste 
treatment, commercial vendors typically require def inition of 1) input 
waste feed material or waste stream and a guarantee  of minimum quantities 
of feed material to allow fixed price bid proposals , 2) specification of 
all final product or service requirements including  owner/operator 
penalties for failure to comply with those requirem ents, 3) investment 
framework resulting in a balanced risk-reward equat ion including clear 
division of responsibility and risk, and 4) regulat ory framework 
clarifying oversight requirements and minimizing re gulatory uncertainties 
(6). 
Recent events point towards changing business condi tions within the DOE 
complex that will impact future mixed waste managem ent strategies. 
Accelerated treatment opportunities can incorporate  the changing business 
climate into future realities by proposing innovati ve and affordable 
mixed waste treatment systems within the constraine d DOE operating 
budget. Accelerated treatment at Rocky Flats will s eek to become the 
driving mechanism for expediting compliance with th e STP Compliance Order 
through cost advantages of commercial treatment sys tems, while balancing 
the environmental and safety objectives governing t he site. 
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ABSTRACT 
In conjunction with the affected States as part of their interactions 
required by the Federal Facilities Compliance Act, the Department of 
Energy has been developing a process for a disposal  configuration for its 
mixed low-level waste (MLLW). This effort, spanning  more than two years, 
has reduced the potential disposal sites from 49 to  15. The remaining 15 
sites have been subjected to a performance evaluati on to determine their 
strengths and weaknesses for disposal of MLLW. The process has included 
institutional and policy factors as well as strictl y technical factors, 
with each highly dependent on the other: policy dec isions must be 
supported by technical analyses, and technical anal yses must be performed 
within a framework which includes some institutiona l considerations, with 
the institutional considerations selected for inclu sion largely a matter 
of policy. While the disposal configuration process  is yet to be 
completed, the experience to date offers a viable a pproach for solving 
some of these issues. Additionally, several factors  remain to be 
addressed before an MLLW disposal configuration can  be developed. 
INTRODUCTION 
The Federal Facility Compliance Act (FFCAct) of 199 2 (1) requires the 
U.S. Department of Energy (DOE) to work with its re gulators and with 
members of the public to establish plans for the tr eatment of DOE's mixed 
low-level waste (MLLW). Although the FFCAct does no t specifically address 
disposal of treated MLLW, both DOE and the States r ecognize that disposal 
issues are an integral part of treatment discussion s. The DOE established 
the FFCAct Disposal Workgroup (DWG) in June 1993 to  work with the States 
in defining and developing a process for evaluating  disposal options for 
treated MLLW. This joint DOE-State process has curr ently narrowed the DOE 
sites for further evaluation from 49 to 15. 
Several technical, institutional, and policy factor s have been used 
throughout this project. The overriding policy fact or was to enable 
decisions that are supported by technical analyses,  that incorporate 



appropriate institutional factors, and that give th e best value for the 
tax dollars spent. In this context, the technical a nalyses are following 
a phased approach in which 1) technically unaccepta ble candidate sites 
were screened from further consideration, 2) the re maining sites were 
subjected to a scoping analysis to identify their s trengths and 
weaknesses for disposal of MLLW, and 3) results fro m the scoping analysis 
will be compared to actual waste streams to determi ne the ability of the 
sites to dispose of actual DOE MLLW. These and othe r technical analyses 
will provide the support to enable further policy d ecisions pertaining to 
the final disposal configuration for MLLW. The fina l configuration will 
also include consideration of institutional factors  such as the existing 
disposal infrastructure, other on-going complex-wid e assessments, and 
input from interested stakeholders. 
SCREENING ANALYSES 
The overriding policy of enabling decisions that ar e supported by 
technical analyses, incorporating appropriate insti tutional factors, and 
giving the best value for the tax dollars spent was  first met by a 
screening analysis. This analysis eliminated obviou sly technically 
unacceptable candidate sites from further considera tion so that resources 
could be focused on the more viable sites. Forty-ni ne sites that were 
identified in the first draft of the Mixed Waste In ventory Report (MWIR) 
(2) comprised the initial universe of potential can didates for MLLW 
disposal. After consultation with the States, the D WG initiated and 
implemented a tiered screening process to narrow th e field of potential 
candidate sites from 49 to 15 in two phases (3). Th e results of this 
screening process, which were reviewed and agreed t o by the affected 
states, are illustrated in Fig. 1. 
Fig. 1 
After combining five sites based on geographic prox imity, the initial 
screening eliminated 18 of the most obviously poor candidate sites based 
on three objective criteria with regulatory or oper ational basis. The 
site 
  must not be located within a 100-year flood plain  (5), 
  must not be located within 61 meters of an active  fault (5), and 
  must have sufficient area to accommodate a 100-me ter buffer zone (6). 
The second phase of the screening process was based  on a more refined 
evaluation of the remaining 26 sites (7) using seve ral criteria grouped 
into three board categories: 
  technical considerations (e.g., hydrology, geolog y, topography, and 
volcanic and tectonic potential), 
  potential receptor considerations (e.g., populati ons significant 
groundwater resources, and sensitive environments),  and 
  practical considerations (e.g., ownership, missio n, MLLW storage and 
generation, and regulatory considerations). 
Each category was evaluated for each site and assig ned a ranking as 
either a major problem, moderate problem, or a mino r problem (3). Baaed 
on this analysis, the States agreed to eliminate an  additional 5 sites 
from further consideration and to assign a lower pr iority to another 6 
sites. The lower priority sites were to continue to  be considered for on-
site disposal and would be considered for disposal of wastes from off-
site only if a disposal configuration could not be defined with the 
remaining 15 sites. 
SCOPING ANALYSES 



A more technically detailed performance evaluation (PE) was conducted on 
the remaining 15 sites (Fig. 1) to estimate their s trengths and 
weaknesses for disposal of MLLW (4). The PE evaluat ed the water and 
atmospheric transport pathways and inadvertent intr uder scenarios for 58 
radionuclides expected to be in DOE MLLW for trench  and tumulus disposal 
facility types. The permissible radionuclide concen trations in grouted 
waste were estimated based on site-specific data an d on performance 
objectives determined from DOE Order 5820.2A (8). T hese "permissible 
waste concentrations" (i.e., the radionuclide conce ntrations in waste in 
a disposal facility that do not exceed the performa nce criteria specified 
at the performance boundary) were estimated for eac h pathway and for each 
radionuclide. The smallest of these values represen ts the limiting 
concentration for each radionuclide at each site. T he methodology and 
results of the PE were reviewed by both internal an d external review 
panels as well as DOE Headquarters, the affected si tes, and the States. 
A summary of the results of the analysis are shown in Table I. This table 
presents the radionuclides that were limited by the  water or atmospheric 
pathway for each of the 15 sites. Blank cells indic ate that the 
radionuclide was limited by a human intrusion scena rio at the site. 
Fourteen radionuclides were limited by intrusion at  all sites, and an 
additional 27 radionuclides were limited by intrusi on at 13 or 14 of the 
15 sites. The results of the PE demonstrated that t he intrusion scenarios 
selected for evaluation, which were based on perfor mance assessments 
(PAs) of DOE low-level waste (LLW) disposal facilit ies (9, 10), provided 
the most limiting permissible waste concentrations for most radionuclides 
at most sites. 
Table I 
The water pathway limited several of the more envir onmentally mobile 
radionuclides at sites located primarily in the mor e humid region of the 
country (Table II). With the exception of C-14, eac h of these 
radionuclides is long-lived relative to the 10,000- year period of 
performance. All the radionuclides have high or med ium environmental 
mobility (4), indicating that they would migrate to  the 100-meter 
performance boundary within the 10,000-year period and, therefore, would 
not decay appreciably. The number of sites limited by the water pathway 
is an indication of the relative mobility and persi stence of the 
radionuclides, with Tc-99 and I-129 being the most mobile and persistent 
of the radionuclides evaluated. 
Table II 
The atmospheric pathway was evaluated only for the volatile radionuclides 
tritium (as tritiated water) and carbon-14 (as carb on dioxide gas 
carrying the C-14 isotope). This analysis indicated  that tritium would 
not be limited by the atmospheric pathway at any si te and that C-14 would 
be limited by the water pathway at about half of th e sites. 
Although the purpose of the PE was not to eliminate  sites from further 
consideration, the analysis indicated that several radionuclides can be 
disposed of at the more arid sites at higher permis sible concentrations 
than at the more humid sites. The PE analysis revea led that engineered 
barriers offer no long-term advantages for the disp osal of wastes 
containing long-lived radionuclides; their benefits  are for containing 
shorter-lived radionuclides while they decay to ins ignificant levels. The 
analysis also identified key parameters characteriz ing both the sites and 
the wastes and identified several indicator radionu clides which can be 
used to represent the behavior of broad classes of radionuclides. 



The permissible radio nuclide concentrations in was te estimated by the PE 
will be compared with estimates of radionuclide con centrations in treated 
MLLW streams to determine the ability of the 15 sit es to dispose of 
actual DOE MLLW. The radionuclide concentrations in  treated MLLW will be 
estimated by using existing waste stream and treatm ent train databases 
and process knowledge to estimate the concentration  changes due to the 
various treatment processes. Other information that  will be provided by 
this analysis includes the estimated volume of MLLW  after treatment and 
the usefulness of the existing DOE MLLW databases. 
Upon completion of this analysis, the technical cap ability of the 15 
sites for disposal of DOE's MLLW will be presented to the States. Before 
further progress can be made in refining the MLLW d isposal configuration, 
the incorporation of institutional and policy facto rs will be required. 
Institutional and Policy Factors 
The major institutional and policy factors that rem ain to be addressed 
before a final disposal configuration for MLLW can be proposed can be 
grouped into three categories: integration of MLLW into the larger 
picture of low-level waste disposal; the disposal f acility 
infrastructure; and the evolving regulatory landsca pe. Each will require 
one or more supporting technical analyses. 
Perhaps the most pressing complex-wide initiative f or integration of MLLW 
disposal issues is DOE's response to the Defense Nu clear Facilities 
Safety Board's (DNFSB) Recommendation 94-2 (11) per taining to the DOE's 
management of low-level waste. One of the most impo rtant recommendations 
of the DNFSB is that the effects of nearby source t erms and existing 
contamination be considered when analyzing the impa cts of operations of 
planned LLW (including MLLW) disposal facilities. P rior to this 
recommendation, each disposal facility was evaluate d according to 
specific performance objectives independently of ne arby facilities or 
contamination. 
Incorporation of existing disposed waste and contam ination is problematic 
in terms of technical issues as well as institution al issues. One of the 
main technical problems to be addressed is that the  inventories of past 
disposal activities or accidental releases are gene rally poorly known. 
This lack of knowledge introduces uncertainty into the analysis that may 
overshadow the deleterious effects of the wastes to  be disposed of. Until 
characterization of the existing in situ waste and contamination can be 
characterized, they must be treated in a conservati ve fashion that may 
tend to limit the capability of planned disposal fa cilities. Scoping-
level technical analyses can aid formulation of a c oherent policy that 
will in turn result in clear direction for more det ailed technical 
analyses. 
One of the important institutional problems this ne w approach introduces 
is the distinction between the PA methodology for L LW and MLLW and the 
risk assessment methodology specified under the Com prehensive 
Environmental Response, Compensation, and Liability  Act (CERCLA) (12). 
The approaches to evaluating risk and performance, the timeframes of the 
analyses, and the endpoints for analyses are differ ent for PAs and CERCLA 
risk assessments. These issues must be resolved bef ore significant 
progress can be made. Again, scoping-level technica l analyses, such as 
the process described above, can be used to help fo rmulate policy for 
addressing these issues. 
Another complex-wide initiative for integration of MLLW disposal 
activities is DOE's Programmatic Environmental Impa ct Statement (PEIS) 



(13). A PEIS is required to provide National Enviro nmental Policy Act 
(NEPA) coverage for major federal programmatic acti ons and includes a 
Record of Decision which is issued to support the s elected alternative. 
As currently envisioned, the analyses used to suppo rt the planning 
process for MLLW disposal will be incorporated into  the PEIS 
documentation so that NEPA coverage will be provide d for the recommended 
configuration decision. 
Integrating the MLLW disposal configuration process  into the existing LLW 
disposal facility infrastructure is another importa nt institutional 
factor and is interrelated with the 94-2 and PEIS c onsiderations. Because 
the nearby existing source terms and contamination will now be considered 
in the performance assessments of disposal faciliti es, the future LLW and 
MLLW disposal volumes must compete for a finite dis posal capacity at some 
sites. The estimates of treated MLLW volume are an important piece of 
technical data that will factor into the analyses; however, longer-term 
projections of expected waste volumes are difficult  to justify with any 
accuracy, especially when considering highly uncert ain environmental 
restoration waste volumes. 
There are still several institutional issues the mu st be addressed. Some 
of the more important questions are the following: How will commercial 
disposal factor into the analysis? How will the inp ut from the States and 
stakeholders influence the decision-making process?  What changes in 
operating practices will be required for existing d isposal facilities? 
What factors are the most important in selecting ne w disposal sites? Are 
the current disposal sites the most appropriate one s for continued 
disposal? Technical analyses will provide the basis  for answering many of 
these questions, but some policy decision will also  be required to 
provide direction to those technical analyses. 
In addition to the resolution of the internal DOE p olicy issues mentioned 
above, at least one external regulatory change is e xpected to occur that 
will influence MLLW disposal: the Environmental Pro tection Agency's 
Hazardous Waste Identification Rule (HWIR) modifica tions to the Resource 
Conservation and Recovery Act (RCRA) (14). The HWIR  is expected to 
establish "exit levels" for listed RCRA wastes that  pass a test for 
leachability. The mixed wastes that pass this test are not required to be 
disposed of in a RCRA Subtitle C-type disposal faci lity, and therefore, 
these wastes can be disposed of in a LLW DOE dispos al facility. 
Presently, listed RCRA wastes remain classified as hazardous even after 
they have been treated. The HWIR may have the effec t of reclassifying 
some MLLW as strictly LLW in terms of disposal, but  it will not reduce 
the total combined volume of MLLW and strictly LLW to be disposed of. 
SUMMARY 
Significant progress has been made toward developin g a process for 
determining the disposal configuration for DOE's ML LW. The number of DOE 
sites being considered has been reduced from 49 to 15, performance 
evaluation of these 15 sites has been completed, an d additional technical 
analyses are being conducted to determine the techn ical capabilities of 
the 15 sites for disposal of treated DOE MLLW. Howe ver, several 
institutional and policy factors must still be addr essed. Some of these 
factors include 1) integrating MLLW disposal with o ther complex-wide 
assessments of LLW disposal practices, 2) MLLW and LLW competing for a 
finite disposal capacity, 3) evaluating the impact of potential changes 
in the regulations affecting MLLW disposal, and 4) developing a fair and 
equitable process for determining the MLLW disposal  configuration. Each 



of these factors has components that are technical in nature and that 
additional technical analyses can help solve. Howev er, there will always 
be an intimate relationship between the policy guid ance necessary for 
establishing appropriate technical analyses and the  technical analyses 
that will be used to support policy. 
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AN INDIAN TRIBAL VIEW OF THE BACK END OF THE NUCLEA R FUEL CYCLE:  
HISTORICAL AND CULTURAL LESSONS 
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ABSTRACT 
Indian tribes of the western United States, includi ng the Nez Perce 
Tribe, the Confederated Tribes of the Umatilla Indi a Reservation, and the 
Yakama Indian Nation, have entered into cooperative  agreements with the 
U.S. Department of Energy to oversee the cleanup of  the Hanford 
Reservation, in Washington state.  These and other tribes considering 
involvement in nuclear waste management programs ha ve been subjected to 
severe criticism from some Indians and non-Indians,  accusing them of 
aiding and abetting the violation of Mother Earth b y acquiescing in the 
contamination of lands by radioactive wastes.  The authors suggest that 
this view of the Indian relationship to nature and the environment is too 
narrow.  While the purpose of this article is not t o suggest that Indian 
beliefs support the location of waste management fa cilities on Indian 
land, the authors  describe  aspects of Indian reli gion that support  
tribal involvement in radioactive waste management and environmental 
restoration, and participation in radioactive waste  management decision 
making. 
INTRODUCTION 
Indian tribes of the western United States, includi ng the Nez Perce 
Tribe, the Confederated Tribes of the Umatilla Indi an Reservation, and 
the Yakama Indian Nation, have entered into coopera tive agreements with 
the U.S. Department of Energy to oversee the cleanu p of the Hanford 
Reservation, in Washington state. These and other t ribes considering 
involvement in nuclear waste management programs ha ve been subjected to 
severe criticism from some Indians and non-Indians,  accusing them of 
aiding and abetting the violation of Mother Earth b y acquiescing in the 
contamination of lands by radioactive wastes. The a uthors suggest that 
this view of the Indian relationship to nature and the environment is too 
narrow. While the purpose of this article is not to  suggest that Indian 
beliefs support the location of waste management fa cilities on Indian 
lands, the authors will describe aspects of Indian religion and culture 
that support tribal involvement in radioactive wast e management and 
environmental restoration, and participation in rad ioactive waste 
management decision making.  
THE RELATIONSHIP OF THE INDIAN TO NATURE AND THE EN VIRONMENT 
When Europeans arrived in the Western Hemisphere, t hey did not find an 
empty continent, a virgin land, an untouched landsc ape. North America was 
already home to millions of Native Americans. When whites first saw the 
eastern woodlands or the California coast, they fou nd numerous parklands 
created by Indian burning techniques. These were no t forests primeval, 
but habitats arranged by humans for the benefit of plants and animals 
necessary for human subsistence. In climates that p ermitted horticulture, 
whites discovered vast fields of crops of corn, bea ns, squash, and many 
other food products. Indians developed different sp ecies of corn and 
engineered and constructed huge, sophisticated irri gation projects, 
particularly in the southwestern United States. Fro m the earliest times, 



Indians used fire, stone tools, and other implement s to modify their 
environment in order to survive and to enjoy the wo rld. 
American Indians loved nature, and nature granted t hem the food, fuel, 
fiber, and materials they needed to sustain life. T heir environmental 
religions promoted both dimensions of human-nature relations. Their 
religions supported, apologized for, and justified subsistence 
activities. Their religions asserted both a separat ion from nature 
(because nature was the Indian's economic source of  life) and a 
participation in nature (because nature was the Ind ian's spiritual source 
of life). Their religions recognized the lack of fu ll human harmony with 
nature and sought to overcome it. 
The buffalo story told by many tribes and the Nez P erce name-giving story 
are illustrative of this paradoxical cultural view of nature. As 
discussed below with regard to implications for the  back end of the 
nuclear fuel cycle, these stories capture the essen ce of living in 
harmony with nature, balanced with the need for the  responsible and 
respectful use of natural resources. Thus, as human  use may alter the 
natural balance, responsible management actions are  required to strike a 
new, albeit man-made balance. 
THE BUFFALO STORY 
The buffalo story illustrates the American Indian b elief that nature is 
there to be used by humans, but with consideration and appreciation of 
the changes that our use effects: 
Once, a long time ago, the humans were accustomed t o killing and eating 
members of the Buffalo Nation. They did this all th e time and thought 
nothing of it. So the Buffalo Nation held a big cou ncil, and after much 
debate and discussion the Buffalo Chief announced t hat the Buffalo Nation 
would no longer allow themselves to be used by the human beings for food, 
clothing, and all the things they require to live a s humans because they 
did not appreciate the Buffalo Nation's generosity.  The people were soon 
starving and their moccasins were worn, their cloth es were wearing out, 
and they had no robes to keep them warm in the wint er. The Buffalo Chief 
complained that for years the Buffalo Nation shared  their bodies with the 
People for meat, robes, and homes, and never once d id the People mourn 
the death of the Buffalo or smoke or pray for their  return. 
The Chief of the People recognized the wrong that t he People had 
committed against the Buffalo Nation and agreed tha t they would sing and 
dance after killing the Buffalo so that the Buffalo  could return and live 
again. They did so, and for a long time there was p lenty for all. 
THE NEZ PERCE NAME-GIVING STORY 
The Nez Perce name-giving story carries forward the  time-honored theme of 
respect for the complexity of nature while highligh ting the ability and 
need to adapt to environmental perturbations. This maintains a balance in 
nature: 
 One day when Coyote was camped among his animal fr iends, he was called 
to the mountain by the Creator. "Coyote come here,"  the voice called. So 
Coyote went to the mountain to hear what the Creato r had to say. "I want 
you to call all of the animals together tomorrow mo rning. The two-legged 
animal is soon to be here and I want to give the an imals names or rename 
them so that they can be recognized." 
All of this was happening when all that existed on this earth were the 
animals, birds, and fish. They had lived together s ince the great Creator 
put together Mother Earth. So Coyote went to all an imal camps and told 
them to be at the mountain at sunup so that they mi ght receive the names 



of their choice. Coyote was excited, excited becaus e perhaps he would be 
able to change his name to something more desirable . Coyote was a name 
recognized in the animal world as one being sly, cr afty, and sometimes 
dishonorable. He wanted to be something else, more respected, more 
powerful and strong, like the grizzly bear, the eag le, or the salmon. 
So Coyote decided that he would stay up all night s o that he could be 
first in line to choose the name that he wanted. He  went back to his tent 
and sat by his fire, preparing to stay up all night . But near dawn Coyote 
fell asleep. At dawn, all of the animals were lined  up to receive their 
names while Coyote slept. When Coyote finally awoke , he went to the 
mountain to receive his chosen name. As he approach ed the Creator, he 
noticed that none of the other animals were around,  and thinking that he 
was first, he was very happy. He greeted the Creato r and said that he 
wanted the name of Grizzly Bear, the most powerful to rule the forests. 
"Too late!" answered the Creator. "That name has al ready been taken." 
"Then I want the name of Eagle, to rule the skies."  
Again, "Too late!" cried the Creator. 
"Then give me the name of Salmon," he said in a low  and meek tone. 
The Creator then told him that all of the names hav e been taken except 
for one and that is the name of Coyote. "No one wan ted the name of 
Coyote, and that shall be your name." 
Coyote, very dejected, went back down the mountain almost crying. The 
Creator, feeling sorry for Coyote, called him back.  Coyote ran back up 
the mountain. "Yes, yes, what is it?"  
The Creator reminded Coyote that the two-legged ani mal was coming soon, 
which is why he was doing the name-giving. "Someone  has to prepare all of 
the animals for the coming of the two-legged animal s. That will be your 
job. You will teach them to be alert, cunning, and evasive. The animals 
will provide for their subsistence, their food, clo thing, and tools. But 
the two-legged ones must learn to respect the anima ls that provide this." 
THE ROLE OF RELIGION 
Indian environmental religions sought to overcome t he tension between 
reverence for and exploitation of the world of natu re. Note, however, 
that the method of overcoming, as in the buffalo st ory, was apologetic in 
a double sense. Indians apologized to the animals t hey killed; they 
begged their pardon. At the same time, Indians mani pulated animals; they 
thanked them in order that they might kill them in the future. It was 
said of an Ojibwa cultural hero that "he called the  birds, beasts, trees, 
flowers, and all he saw around him his relatives an d friends, yet he was 
always trying to outwit them and use them as servan ts, and would maneuver 
to get them to do his bidding." In the same way, In dians both apologized 
to nature and created a body of apologist oral lite rature regarding their 
use of natural resources. A large corpus of Indian beliefs attempt to 
justify Indian use of the natural world, including the killing of 
animals. And Indians could cultivate and use corn b ecause the corn spirit 
had given the food as a gift. 
MUTUAL RESPONSIBILITIES 
The relationship between hunter and prey parallels the relationship 
between any exploiter of natural resources and that  resource. What are 
the mutual and reciprocal responsibilities between hunter and prey? The 
relationship is of an essentially spiritual nature.  The interdependence 
of life finds expression in Chief Seattle's wisdom:  "When you spit on the 
earth, you spit on yourself. What one does to the w eb of life, one does 
to oneself." The hunter seeks his prey. The prey of fers itself to the 



hunter. The hunter's first responsibility is to sin g, dance, and pray to 
become a worthy recipient of the sacrifice of the h unted. His second 
responsibility is to sing, dance, and pray the will ing sacrifice back to 
life, fulfilling the spiritual obligation. The thir d responsibility is to 
take as little as is required for physical and spir itual survival and to 
avoid wasting any part of the sacrifice. Wasted sac rifice is sacrilege, 
the transformation of the sacred to the profane. Th erefore the failure of 
the hunt was not caused by mere misfortune, inferio r stalking skills, or 
by poor marksmanship, but was viewed as a sign of i nadequate spiritual 
preparation by the hunter. An animal would give its elf up only to one who 
was spiritually prepared. Thus the great care with which so many of the 
Indians utilized every portion of the carcass of a hunted animal was an 
expression not of economic thrift but of courtesy a nd respect and an 
aspect of the religious relationship that exists be tween the hunter and 
the hunted.  
The hunted's responsibility is to offer himself as a willing sacrifice to 
sustain the life of the hunter and his kind. In so doing, one validates 
his true relationship with the other and so maintai ns the balance and 
harmony of creation. The common good of the entire community of creation 
has primacy over individual self-interest. 
The buffalo story reveals the responsibility of the  hunter to his prey 
and the corresponding reciprocal responsibility of the prey to his 
hunter. That story and the Nez Perce name-giving st ory reveal the Indian 
social truth of reciprocal responsibility that char acterizes Indian 
social interactionthat one cannot exist without the  other. This mutuality 
of interests whereby one's very existence is depend ent on respect, honor, 
and compassion for self and others (whether they be  human or nonhuman, or 
animate or inanimate) produces a very different mod el for human social 
imagination from which to fashion social structures  and practices. If a 
hunter and his prey are unified rather than polariz ed, then creation 
itself represents a universal community. The indivi dual responsibility is 
to assure the continuity of life and, by implicatio n, the well-being of 
the people. This does not violate the right of any individual, but 
instead places individual rights in balance with th e responsibility for 
continuity of community life. 
THE IMPLICATIONS FOR THE BACK END OF THE FUEL CYCLE  
Historically, Indians did not exist in unending har mony with nature, the 
source of their life. Instead, they cared about and  recognized the 
tensions in their relation with nature, and they tr ied to reckon with 
them, make them livable, without doing away with th e question of an 
ethical response to the world. Indians were uneasy about the apparent 
paradox of being part of the world and also using i ts resources. Their 
religions revealed that uneasiness and sought to re solve its tensions, 
not by denying either the "economic" or participato ry dimensions, but 
rather by affirming them simultaneously. 
The experience of Indian tribes with the front end of the fuel cycle, 
primarily mining and milling, illustrates that para dox. Uranium mining 
had been at once profitable and devastating to Indi an tribes. The lands 
of the Navajo Nation and the Spokane Tribe are dott ed with abandoned 
uranium mines that pose risks to human health and t he environment. Many 
of the Navajo and other miners who toiled in unvent ilated underground 
uranium mines are dead or dying of cancer. The expe rience of these tribes 
and the current inability of American society to de al with radioactive 
waste disposal and environmental issues has led the  Council of Energy 



Resource Tribes (CERT) to promulgate a policy calli ng for the phase-out 
of nuclear power in the United States. At this time , CERT sees a need for 
further research into reactor and disposal technolo gies that would lessen 
the environmental impacts of using nuclear power. T he CERT policy also 
acknowledges the mutual and reciprocal responsibili ties of tribes to 
participate in the safe and environmentally sound m anagement of 
radioactive wastes. 
Ultimately, Indian beliefs do not provide the answe rs regarding the back 
end of the fuel cycle. However, they do provide a f ramework for expanding 
the scope of the dialogue. For example, we ask whet her reprocessing 
should be viewed as a way of using all of the resou rce, as a way of 
avoiding further injury to the Earth, as a way of a voiding further 
uranium mining and the consequential destruction of  the lands of 
indigenous peoples. Does reprocessing prevent the s acrilegious waste of 
the resource? Is reprocessing a way of honoring the  efforts of those 
workers whose health was destroyed by mining and mi lling uranium and 
fabricating the fuel? Conversely, does the once-thr ough cycle dishonor 
their sacrifices? 
The Indian view of the Earth as Mother also leads t o the question of 
whether the construction of deep repositories is wi se. Is the disposal of 
spent fuel in deep underground repositories with no  provision for 
retrieval tantamount to the entombment of something  alive and useful? 
More importantly, we ask why these decisions should  be made without the 
participation and the point of view of those who ha ve paid some of the 
highest costs for the United States' entry into the  nuclear era, namely, 
the Indian tribes.  
It may be that the involvement of Indian tribes in waste management and 
environmental restoration is entirely consistent wi th their religious 
tenets. Certainly, the Nez Perce Tribe would not un dertake any activity 
or endorse any action that would be inconsistent wi th its core beliefs. 
If tribes such as the Mescalero Apaches are willing  to assume the 
responsibility to assure the safety and security of  spent nuclear fuel, 
it may be not only for the monetary benefits but al so to help protect the 
well-being of the people and of future generations.  Even if tribal 
involvement in radioactive waste management is cons trued by others to be 
contrary to their teachings and detrimental to thei r environment, 
ultimately it is for the individual tribe to decide , based on their 
teachings, whether these actions comport with their  views of their 
responsibility to Mother Earth. For the Nez Perce T ribe, like the many of 
the Indians, the world does not consist of inanimat e materials to be used 
and of animals to be butchered and eaten. It is ali ve, and everything in 
it is alive and could help or harm people. Such was  a basic premise of 
Indian existence: the world and everything in it is  alive and powerful 
and personally significant. The debate over the bac k end of the fuel 
cycle would do well to include these views. 
 
21-2   
A LIMITED SAMPLE OF CONCERNS OF THE CONFEDERATED TRIBES OF THE UMATILLA 
INDIAN RESERVATION COMMUNITY ON USING THE APPROPRIATELY DEFINED RISK 
ASSESSMENT MODEL 
S.G. Harris 
Confederated Tribes of the Umatilla Indian Reservat ion 
Department of Natural Resources 
P.O. Box 638 



Pendleton, Oregon 97801 
ABSTRACT 
Risk assessment methodologies for traditional Ameri can Indian lifestyles 
are inadequate, and have gone unnoticed in classica l risk assessments 
that typically focus on suburban lifestyles. A pote ntial risk from 
nuclear or hazardous waste that affects one member of the Confederated 
Tribes of the Umatilla Indian Reservation (CTUIR) m ay affect all of the 
tribal members and may have lasting impacts through out the entire 
indigenous community. In order to encompass the wid e range of factors 
directly tied to the culture of the traditional Ame rican Indians of the 
CTUIR, current human health risk assessments must i mplement a re-
structured risk assessment process. These processes  must address the 
overwhelming problems including but not limited to:  1) lack of breadth of 
coverage, 2) lack of integration, 3) deficiencies r elated to ignoring or 
inadequately addressing the CTUIR traditional Ameri can Indians' quality 
of life, 4) the interrelated and inseparable eco-cu lture, and 5) the 
unique exposure parameters and pathways. The need f or understanding the 
pathways and associated exposures that directly inv olve the CTUIR 
traditional American Indian cannot be understated. The traditional CTUIR 
American Indian ties to the environment are overwhe lmingly more 
significant and complex than is currently understoo d by contemporary risk 
assessors. These ties if holistically accounted for , will play a very 
important role in determining how future risk asses sment methodology is 
produced. The effectiveness of risk management will  be dependent on 
identifying these cultural unknowns. The issues of environmental racism, 
environmental justice, and the right to a healthy e nvironment, further 
highlight a need to formally incorporate affected t ribal input.  
INTRODUCTION 
The Umatilla Indian Reservation located near Pendle ton, Oregon is 
occupied by descendants of three Columbia Plateau T ribes, the Cayuse, the 
Walla Walla, and the Umatilla (Tribes). The Tribal Government is referred 
to as the Confederated Tribes of the Umatilla India n Reservation (CTUIR). 
As a full service government, the CTUIR Board of Tr ustees (BOT), makes 
the decisions on providing detailed information reg arding culturally 
sensitive information. 
Under these Tribes' Treaty of 1855 [12 Stat. 945], the Tribes ceded lands 
to the United States. The lands comprising the east ern portion of the U. 
S. Department of Energy's (DOE) Hanford Site is amo ng the lands ceded by 
the Tribes. Under the treaty the Tribes retained ri ghts to perform many 
activities on those lands, including but not limite d to fishing, hunting, 
gathering roots, berries, and pasturing livestock.  
Long standing U.S. Supreme Court precedent holds th at the federal 
government (including its executive agencies) has a  trust responsibility 
to Indian Tribes. This means that the U.S. has a fi duciary responsibility 
to protect the rights of Indian tribes, including t ribes' property and 
treaty rights. Additionally, a succession of U.S. P residents beginning 
with President Nixon, have affirmed a federal polic y of upholding tribal 
sovereignty and dealing with tribal governments on a "government to 
government" basis. Furthermore, there are federal l aws to protect tribes' 
cultural, religious, and archeological sites, acces s to, and exclusive 
use, of those sites, and of traditions, activities,  and practices 
associated with those sites as well as Hanford as a  whole. Finally, 
environmental laws also confer rights upon the trib es. For example, the 



CTUIR is a Trustee for Natural Resources under the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA).  
CTUIR - AN INTERDEPENDENT CULTURE AND ENVIRONMENT 
The CTUIR is a sovereign government, that has legal  interest in the 
natural resources upon which the CTUIR's Treaty rig hts are based, 
including lands of the Hanford Site. Effective exer cise of these treaty 
rights depends on the health of the natural resourc es. The CTUIR does not 
want the people exercising their treaty rights to b e placed at risk.  
A risk from nuclear or hazardous waste that potenti ally affects one 
person of the CTUIR community may have lasting impa cts throughout all of 
the community. In other words, a wave of risk can r ipple outwards 
affecting all of the individuals in our culture, ju st like a wave 
generated and propagated in a tapestry. The unique CTUIR culture can be 
irrevocably changed or extinguished if enough of th e environment and the 
natural resources on which the CTUIR treaty rights are based are 
irreparably harmed. Without the natural resources, the cultural values of 
critical significance to the traditional CTUIR Amer ican Indian, and 
her/his community would be lost. If a culture dies,  the only remnant is 
the material culture. In the event of the unthinkab le happening, a 
continuously sustainable natural resource based mat erial culture, such as 
the CTUIR would rapidly disperse into the natural e nvironment leaving no 
trace of the living CTUIR culture. 
The people of the CTUIR are a unique culture, that has long been 
complexly intertwined with the environment through their cultural, 
familial ties, (e.g., marriage, gender, extended fa milies), and 
relationships with other tribes. The CTUIR people h ave enjoyed since time 
immemorial, many types of native foods and artistic ally constructed items 
of material culture (e.g., cookware, clothing, etc. ). Individual members 
are an inextricable part of the environment. These members, their 
community and the environment are essentially one i n the same. 
 The CTUIR culture, which has co-evolved with natur e and through 
thousands of years of ecological education, has pro vided its' people with 
their unique and valid version of holistic environm ental management. The 
traditional CTUIR American Indian is aware from cul tural teachings that 
the appropriate behavior leads to continuous sustai nable success in 
gathering food and material. Traditional education regarding food or raw 
material gathering practices are passed on from one  generation to the 
next, and is done to ensure food for the next seaso n or generation. The 
knowledge of the many gathering seasons and areas t he traditional CTUIR 
American Indians get to utilize during the year has  been handed down from 
generation to generation. Some CTUIR families teach  cultural knowledge in 
complete secrecy on the maternal or paternal side o f the family/tribal 
unit in order to protect tribal cultural/spiritual knowledge from 
exploitation from the non-American Indian societies  and governments. 
Within the traditional lifestyle or culture, it sim ply is not enough to 
know that there are supposed to be salmon runs at c ertain times of the 
year. To sustain the tribes during the remaining in terim periods when 
salmon are not returning to spawn and other foods a re available, there 
has to be knowledge about other interrelated food c hain cycles, gathering 
techniques, preparation, and cultural/spiritual rel ationships about what 
is needed for sustenance. This interdependency of t he collective 
knowledge about the seasonal foods not only affects  traditional 
individuals, but affects the whole tribe as a cultu re. One person can not 
be expected to know all things. In practical terms,  if a tribe depended 



on one critical individual, the loss of that one "a ll knowing" person 
would effectively end or severely disrupt subsisten ce existence for the 
rest of the cultural unit. The same is true of oral  tribal history, 
songs, heritable religious practices and numerous o ther cultural 
practices Continuity may depend on specialized know ledge in each 
generation. 
The natural world in the Northern temperate zone op erates on a seasonal 
clock. Traditional American Indians of the CTUIR ar e influenced by this 
clock, and expectantly look forward to the next cyc lic event. These 
events include not only birth and death but change in general. Throughout 
the year, when the CTUIR traditional American India n participates in 
activities, (e.g. hunting and gathering for foods, medicines, ceremonial, 
and/or subsistence), the associated activities are as important as the 
end product. In the Judeo-Christian tradition, an a nalogy would be 
"kosher" dietary practices. In the exercise of thes e activities, the 
traditional CTUIR American Indian may cover hundred s of square miles, 
thousands of feet of relative elevation, and cross numerous types of 
physiographic provinces. All of the country crossed  in the search for 
food has special meaning to the traditional America n Indian and each area 
demands special effort and behavior. This tradition al activity is a key 
to the hunting of, and gathering of, traditional Am erican Indian foods 
and culturally significant materials.  
 All the foods and implements gathered and manufact ured by the 
traditional American Indian are interconnected in a t least one, but more 
often in many ways. For example, trade made up for what could not be 
physically gathered by one person in one time perio d. Salmon caught on 
the Columbia River are often traded for roots, othe r produce, or material 
culture. This trade creates a web of interaction an d interdependence 
cutting across families, bands, and tribes. These o bjects of life are as 
important to the traditional American Indian as the  materials that 
comprise them. 
The people of the CTUIR community follow cultural t eachings or lessons 
brought down through history from the elders. The g oal of these teachings 
is to foster community cohesion and interdependence . Emphasis is placed 
upon cooperation and helping others in the communit y, cultivating close 
community interactions. This is an ancient oral tra dition of cultural 
norms. The material or fabric of this tradition is unique, and is woven 
into a single tapestry that extends from the past i nto the future. 
RISK ASSESSMENT PATHWAYS 
The methodologies used in classical risk assessment s are being critically 
considered by the CTUIR. The classical risk assessm ent has many 
deficiencies, including a limited breadth of covera ge and lack of 
integration. Through a pseudo-scientific methodolog y, the classic risk 
assessment: 1) ignores time, 2) extrapolates from t he lab into the field, 
3) contains biotoxicological effects that are not f ully understood, 4) 
ignores multiple pathways and complex contaminants,  5) contains enormous 
uncertainties, 6) ignores long term impacts, effect s to health, 
environment, workers and society, 7) prejudices fut ure options, 8) loses 
the big picture by ignoring cumulative effects rela ted to assessing only 
one chemical/one path/one site assessment at a time , 9)ignores eco-
cultural sustainability, and 10)is based on a subur ban lifestyle. The 
holistic environmental management strategies outlin ed in the Blacksburg 
Forum (1) or Toward the 21st Century: Planning for the Protection of 
California's Environment (2) highlight these major problems. 



In order to encompass the wide range of factors dir ectly tied to the 
traditional American Indians of the CTUIR, a risk a ssessment has to be 
scaled appropriately. In effect, a re-structuring o f the risk assessment 
process must occur in order to address the overwhel ming problems 
including but not limited to, lack of breadth of co verage, lack of 
integration and deficiencies related to not address ing the CTUIR 
traditional American Indians' quality of life, the interrelated eco-
culture and their unique exposure parameters and pa thways. Other 
deficiencies include the failure to address the rol e of time to 
adequately assess risks to future generations of CT UIR members. The 
process of American Indian Tribes supplying cultura l conversion metrics 
for risk assessments is, at best, subject to the le gislative processes of 
the various sovereign Tribal governments. Unfortuna tely for the risk 
assessor there are few traditional American Indians  willing and able to 
supply the appropriate pathway information, and to say they can speak for 
any one but themselves. A risk assessor in search o f identifying American 
Indian data gaps has to identify the affected tribe (s) and approach the 
subject of lifestyles tentatively identified with a  potential risk 
through the proper protocol of the individual triba l government. Until 
that information is obtained, the results of the cl assic risk assessment 
in no way suggest the potential pathways or exposur e routes that fall 
within the breadth, depth, and richness of the CTUI Rs' culture. 
Unfortunately, the processes, the approach and even  the necessity to 
account for traditional American Indian lifestyles have gone unnoticed in 
classical risk assessments that typically focus on suburban lifestyles. 
The potential exposure pathways specifically orient ed towards the 
traditional American Indian lifestyles need further  identification to 
ensure protection of the CTUIR and the resources on  which CTUIR culture 
is based. This must be done to provide risk assesso rs with the most 
accurate information possible. The principal concer ns that affect the 
CTUIR traditional American Indian relate to a lack of identification of 
the critical pathways. In addition some risk assess ments identify these 
pathways, "consider" them, and then ignore them, or  label them as 
"insignificant." These multiple potential pathways to exposure are not 
included in typical suburban exposure pathway model , which has a 
seriously deficient relationship to the lifestyle o f the traditional 
CTUIR American Indian. Each path stems from unique and multiple uses of 
the resources for food, ceremonial, cultural, or re ligious practices. 
Just as important to the people of the CTUIR are th e more intangible 
considerations such as: aesthetics;physical, econom ic, community, future 
well-being, and equity; peace of mind; and sustaina bility.  
A risk assessment covering only mechanistic exposur e routes linking a 
single toxicological component to simple one celled  organisms, to mega 
fauna, then to humans, without accounting for the t ime involved, does 
little to express the complexity of the interrelati onships between the 
traditional American Indian, their lifestyles, thei r relationship with 
the earth and the natural resources. Anyone attempt ing to derive and plot 
on a chart the life cycles of all the native plants , animals, as well as 
the methods of storage, preparation, and all the un ique 
interrelationships that stem from the area of conce rn, in order to deduce 
the complete functional pathways for exposure, will  find that the process 
is probably beyond our capabilities and is expensiv e. Charting whole 
ecosystems is certainty not in the realm of this pa per, moreover, the 
thought of placing a value on each and every organi sm for the purposes of 



producing a number, does not convey what is a tradi tional American Indian 
entity. Even if a number could be produced, this do es not take into 
account the traditional American Indian values, let  alone uptake rates, 
absorption rates, mutation rates, bioaccumulation r ates, and other food 
chain data needed to make a decision on what is imp ortant and what may 
affect the CTUIR traditional American Indian. 
There are some common food plants such as the commo n cattail, the tule, 
the willow, and the nettle, that serve dual or more  purposes. These could 
be considered by risk assessors, if nothing less th an to point out the 
enormous data gaps involved. The traditional tribal  communities often 
constitute critical segments of populations whose c ultural lifestyles 
result in disproportionately greater than average e xposure potential. 
Gathering, cleaning, eating, and using these plants  may potentially 
expose many traditional American Indians multiple t imes, and may subject 
critical CTUIR population groups to unneeded exposu re. The life of the 
cultural items made from potentially contaminated p lants may last years; 
exposure may occur daily or more, over multiple gen erations. 
Traditional American Indians of the CTUIR have to b ear a disproportionate 
amount of risk in relation to the longevity of radi onuclide contaminated 
groundwater. Take, for example, the common cattail:  in the spring the 
shoots are eaten, the roots are consumed, and the f ibrous stalks and 
leaves are split, woven or twisted. Later in the ye ar the pollen is used 
in breads, and the stalks are used. The woven produ cts may include food 
storage bags, food storage baskets, cook hole layer s, cooking baskets, 
mats for the floor, mats for the sweat lodge, or ma ts for the funerary. 
Each of these activities necessitates a behavior pa ttern that 
encompasses: traveling to the plants, selection, ga thering, sorting, 
cleaning, stripping, peeling, splitting, chewing, a nd forming of the 
plant materials. This is just for one type of plant  among the hundreds of 
plants and animals that are used by traditional CTU IR American Indians.  
CRITICAL SUB-POPULATIONS OF THE CTUIR 
Even during the quest for some food, a typical CTUI R member may 
potentially be exposed through a variety of pathway s. The riverbank walk 
towards the spring where the plant of interest grow s may contain discreet 
particles of radioactive material, such as Co60. Th is affects certain 
subgroups within the CTUIR population more than exp ected, such as the 
women and the children. The classic risk assessment  focuses on a healthy 
suburban male of average mass. In comparison the wo men and children as a 
result of their smaller mass and shorter stature wi ll receive a higher 
dose (3). The mud surrounding some Hanford springs may potentially 
contain Cr [+6], Sr90, or H3.  
During the assessment of the quality of the plants (i.e., which ones to 
select for gathering), a process that demands time standing in spring 
water, or in spring water saturated mud, could resu lt in absorption of H3 
through the skin (4). The women and children, due t o their physical 
characteristics and their culture, may receive grea ter exposure. Children 
in particular may be at much higher risk of radionu clide contamination of 
the environment than adults. Children have a much s horter stature and 
less body mass than adults, meaning that they have less natural shielding 
and are closer to source materials. 
The gathering process involves not only continued i mmersion in the spring 
water, but immersing the hands and compacting mud u nder and around the 
fingernails as well. Sorting the plants afterwards,  either at the site or 
elsewhere involves more handling and washing. The b ulbs or root of the 



food plant may have special cleaning needs. Roots m ay not be uniformly 
smooth as carrots or potatoes but undulated, having  places where the 
earth can not be washed out, and if eaten, creates an ingestion pathway 
for potential exposure. The skin of the root may ne ed to be peeled. 
Peeling roots is a difficult and time consuming cho re involving not only 
the hands but in many cases a knife and the teeth. Splitting the leaves 
involves a lot of handling and the experience comes  with cuts and 
abrasions, and more soil accumulation under the nai ls. If the food is to 
be eaten and not stored, another potential pathway for contamination is 
revealed through traditional cooking methods. Local  rocks are gathered 
and heated with local wood. A hole is dug. The heat ed rocks are dumped in 
the hole. The rocks are covered with the cattail le aves. The cleaned, 
peeled, roots are placed on the leaves, and covered  with more leaves. 
This is covered with soil, and a fire is built over  the covered cook pit. 
The result is tasty, but in certain places this typ e of unique cultural 
activity could increase exposure. Thus, traditional  CTUIR American 
Indians can be exposed to radionuclides through dig ging, breathing smoke, 
breathing dust, breathing steam, eating dust and so il, storing vegetables 
underground, and eating steamed vegetables.  
This risk scenario is but one of many that can be p layed out for one 
food, at one site, during one time of the year. The  complexities involved 
with hunting and gathering foods are extremely time  consuming and involve 
at a very primary level many traditional American I ndians and the 
environment. Other significant factors include high er intake rates per 
body mass for children than adults, the fact that p rimary gathers are 
likely to be women of childbearing age, variations in metabolic 
parameters, and increased risk to CTUIR elders with  age-dependent 
decreased physiological resistance or underlying he alth problems. Because 
the CTUIR is unique, risk assessors must realize an d accept that the 
threat to the whole living CTUIR culture begins wit h two reasons for 
increased risk: increased exposure and increased se nsitivity 
The Columbia River continues to be very important t o the traditional 
American Indians that live around it. The river pro vides a link to the 
past and a path [for] the future of their children.  Understanding the 
ecosystem and how the traditional American Indian i s associated with it 
is critical for these people and their survival. Th e health of the river 
is dependent on the health of the groundwater; the peoples' health is 
dependent on the river and all that comes from it ( 5). 
The need for understanding the pathways that direct ly involve the 
traditional American Indian cannot be understated. The ties to the 
environment are much more fixed than is currently u nderstood. These ties 
will play a very important role in determining how risk assessment 
methodology is produced and how effective risk mana gement will be. The 
issues of environmental racism, environmental justi ce, and the right to a 
healthy environment, highlight a need to formally i ncorporate affected 
tribal input.  
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ABSTRACT   
Federal agency personnel and contractors who find t hemselves working on 
projects and in programs that require consultation with American Indian 
tribal governments and their representatives often find these 
interactions less satisfactory and useful than they  could be.  Federal 
personnel and contractors often find themselves wis hing for: 
  a more practical understanding of the political c oncepts that have 
determined the unique relationships that exist betw een the United States 
government and tribal governments, 
  more information about appropriate approaches and  methods for 
interactions with tribes, and 
  ways to avoid the all-too-frequent political and institutional barriers 
that impede communication and hinder the building o f trust. 
This paper explains the key political concepts and federal policies that 
have defined the federal/tribal relationship.  It o utlines a style of 
approach and methods for effective, culturally appr opriate interactions 
with tribal governments and their representatives.  The paper also 
examines obstacles to trusting, effective communica tion between the 
federal government and tribal governments; these in clude conflicting 
values within tribes as well as political and insti tutional barriers 
within agencies.  the paper makes these points in p art by examining the 
case of a recent environmental risk evaluation in w hich JK Research 
Associates was responsible for coordinating tribal involvement.  The 
paper concludes with recommendations for changes in  institutional 
practices and policy-making that will facilitate gr eater inclusion of 
tribes in policy decisions. 
INTRODUCTION 
Federal agency personnel and contractors and Americ an Indian tribal 
government representatives who find themselves work ing on projects and in 
programs that require consultation, often find thes e interactions less 
satisfactory and useful than they could be. Federal  personnel and 
contractors often find themselves wishing for a mor e practical 
understanding of the political concepts, treaties, and policies that have 
determined the unique relationship that exists betw een the United States 
government and tribal governments and how the feder al/tribal relationship 



should be fulfilled within their work. Tribal gover nment representatives 
and tribal personnel often find themselves wishing that federal agencies 
would take seriously commitments to consult with tr ibal governments, 
consider tribal rights, needs and values, and incor porate tribal 
information when making policy decisions. Both fede ral and tribal 
personnel have found themselves discouraged and won dering how it is 
possible to work through the all-too-frequent polit ical, institutional, 
and cultural barriers that impede communication and  collaboration and 
hinder the building of trust between tribes and fed eral agencies. 
 This paper explains the political concepts and fed eral policies that 
have defined the federal/tribal relationship. The p aper examines barriers 
that hinder the building of a cooperative relations hip. These include 
conflicting and/or misunderstood values, underdevel oped communication 
strategies, and the absence of guidance to direct f ederal personnel in 
how to fulfill the requirements of the federal/trib al relationship within 
their program responsibilities. The paper examines such barriers by 
discussing the case of a recent environmental risk evaluation in which 
the author was involved in coordinating tribal invo lvement. The paper 
also discusses two other cases in which the U.S. De partment of Energy 
(DOE) and the U.S. Environmental Protection Agency (EPA) made policy 
and/or regulatory decisions that would impact triba l lands and tribal 
health. However, the tribes affected by those decis ions viewed tribal 
input to those decisions as non-existent or not ver y meaningful. The 
paper concludes with a discussion of strategies tha t tribes and federal 
agencies might consider in order to facilitate mean ingful tribal 
involvement in program and policy decisions that af fect tribes and their 
interests. 
 THE FEDERAL/TRIBAL RELATIONSHIP 
DOE and EPA, as arms of the federal government, are  directed to uphold 
federal commitments within the federal/tribal relat ionship. In order to 
fulfill this relationship, federal personnel should  understand federal 
responsibilities to tribes and how they apply as fe deral personnel carry 
out their program activities and implement policies  that affect tribes.  
Federal responsibilities to tribes were determined by political concepts, 
policies, treaties and other laws. These concepts a nd policies include 
tribal sovereignty, tribal self-determination, the government-to-
government relationship and the federal/tribal trus t relationship 
(1,2,3,4). In addition, some of the tribes near DOE  installations have 
treaty-protected rights to access cultural and natu ral resources within 
portions of these installations (5). 
Tribal Sovereignty  
Sovereignty is a concept that is difficult to defin e and understand. 
However, the powers held by sovereign nations illus trate more clearly, 
the concept of sovereignty. They include lawmaking and enforcement, 
defining territory, determining citizenship, regula ting trade and 
property, and forming alliances with other nations through treaties, and 
other agreements. The Indian nations of North Ameri ca exercised the 
powers of sovereign national and recognized the sov ereignty of one 
another by making treaties and trade agreements and  by forming political 
and military alliances with other tribal nations. T he colonial 
governments and later the United States recognized the sovereignty of 
Indian nations by entering into over 800 treaties w ith tribes. In 
Worcester v. Georgia (1832), the U.S. Supreme Court  said: 



 . . .the very fact of repeated treaties with [trib es] recognizes [the 
Indians' right to self-government] and the 
. . .doctrine of the law of nations is that a weake r power does not 
surrender its independence--it's right to self-gove rnment by associating 
with a stronger and taking its protection. 
 The U.S. Constitution also recognizes tribal sover eignty by directing 
the federal government, rather than the states, to conduct official 
relations with Indian nations (2). 
Tribal Self-determination and the Federal/Tribal Go vernment-to-government 
Relationship 
In 1934 Congress passed the Indian Reorganization A ct (IRA). The IRA 
recognized tribal governments, reaffirmed federal r ecognition of the 
sovereignty of tribal nations, restricted the power  of the federal 
government over Indians, and established economic d evelopment programs to 
assist tribes. IRA has contributed substantially to  the present 
definition of self-government and self-determinatio n that tribes use as a 
basis for seeking to be involved nfederal policy de cisions. Since the 
1960s, beginning with the Johnson administration, a dministrative policy 
has also reaffirmed the federal government's recogn ition of tribal self-
determination. Such recognition of tribal sovereign ty was formalized with 
the passage of the Indian Self-Determination and Ed ucation Assistance Act 
in 1973 and is illustrated by the government-to-gov ernment relationship 
held between the federal government and tribal gove rnments. Within this 
relationship, the federal government pledges to wor k directly with tribes 
as separate governments and not as political subdiv isions of states or 
other governmental units (1,3). 
  Since Johnson, succeeding presidents have also ex pressed support for 
tribal self-determination and the government-to-gov ernment relationship. 
President Johnson covered tribal self-determination  in his 1968 
congressional message. President Nixon followed in 1970. In 1983 the 
Reagan Administration expressed support for tribal self-determination and 
a government-to-government relationship. In April 1 994, President Clinton 
issued a memorandum to the heads of executive depar tments and agencies 
that outlined the principles that define the federa l government's 
responsibility to operate within a government-to-go vernment relationship 
with federally recognized tribal governments (4,6).  
The Federal/Tribal Trust Relationship 
Characteristic of the unique federal/tribal relatio nship is the concept 
of "federal trust" responsibility to tribes. The U. S. Supreme Court ruled 
in Cherokee Nation v. Georgia (1831) and in Worcest er v. Georgia (1832) 
that the federal government's trust responsibility is to ensure "the 
continued survival of Indian tribes as self-governi ng peoples." From this 
ruling, the original definition of federal trust re sponsibility emerged: 
The United States Trust responsibility toward Ameri can Indians is the 
unique legal and moral duty of the United States to  assist Indians in the 
protection of their property and rights. 
 Other definitions of the federal trust responsibil ity have been used. 
The Department of Interior defines the federal resp onsibility as the 
legal obligation of the U.S. government to protect "valuable Indian 
lands, water, minerals, and other natural resources ." However, this 
definition is incomplete as it mentions only physic al properties. In 1977 
the American Indian Policy Review Commission define d the trust 
responsibility as "an established legal obligation which requires the 
United States to protect and enhance Indian trust r esources and tribal 



self-government and to provide economic and social programs necessary to 
raise the standard of living and social well-being of the Indian people 
to a level comparable to the non-Indian society." D espite differing 
interpretations of the federal trust obligation to tribes, the original 
purpose of federal-tribal trust has appeared in tre aties and agreements, 
court decisions, tribal statements, and Congression al acts. This 
definition is most often cited despite many example s of federal actions 
which are inconsistent with intent of the Supreme C ourt (3,7). 
Tribal Treaty Rights 
One of the most misunderstood areas of federal Indi an law are the 
treaties that have been negotiated between the Unit ed States and Tribal 
nations. Under treaties, tribes ceded certain lands  to the United States, 
but reserved other lands and retained perpetual rig hts to perform certain 
activities on certain lands ceded to the U.S. In or der to fully 
understand the rights of tribal governments and Ind ian people, one must 
understand how treaties have recognized the distinc t identity of tribal 
governments. Many Americans, unfamiliar with Indian  history and Indian 
law, oppose the treaty rights of tribes. Many peopl e mistakenly believe 
that a violation of the treaty by the United States  has nullified those 
treaties. However, Congress must repeal a treaty le gislatively in order 
to invalidate the treaty (1,2). 
There are several tribes that have rights to access  natural and other 
cultural resources found within several DOE nuclear  installations. Tribal 
rights to hunt, gather, fish, and engage in other t raditional activities 
are protected by treaties that the tribes signed wi th the federal 
government. In these treaties, tribes retained acce ss to resources within 
land areas that now host several DOE nuclear instal lations. For example, 
in the Treaty of 1855, the Walla Walla, Cayuse and Umatilla Tribes (now 
the Confederated Tribes of the Umatilla Indian Rese rvation or CTUIR) 
ceded lands to the U.S. that included what is now t he eastern third of 
the Hanford Nuclear Reservation. As a result, CTUIR 's rights regarding 
lands and resources within the Hanford reservation were retained under 
the 1855 treaty. Under the treaty, the Tribes retai ned the exclusive 
right to take fish from the streams running through  and bordering the 
Tribes' reservation and retained the privileges of hunting, gathering 
roots and berries, and pasturing their stock on unc laimed lands that 
include the portion of Hanford that falls within th e Tribes' traditional 
lands (5,8,9). The Yakama Indian Nation and the Nez  Perce Tribe also have 
treaty-reserved rights to access resources within p ortions of the Hanford 
installation. In 1855, the Yakama Indian Nation ced ed 10.8 million acres 
to the U.S. government in exchange for their presen t reservation and 
retained rights to hunt, fish, gather, and pasture stock on portions of 
their ceded lands, some of which are within the Han ford site. In 1855, 
the Nez Perce also signed a treaty with the U.S. in  which they retained 
similar rights of access to portions of their ceded  lands (5,10). 
The Shoshone-Bannock Tribes of Fort Hall, Idaho are  yet another example 
of a tribe that possesses treaty-protected rights t o use resources within 
a DOE installation. The Idaho National Engineering Laboratory (INEL) lies 
on the aboriginal territory of the Shoshone and Ban nock people. Before 
Whites settled in the area the Tribes used the land s and waters within 
the area that now hosts the INEL for fishing, hunti ng, gathering plants 
for food and medicine, and for other cultural purpo ses. In 1868 the 
Tribes signed the Treaty of Fort Bridger with the U .S. government which 
protected tribal rights to perform traditional acti vities on unoccupied 



lands of the federal government, some of which incl ude the area that the 
INEL occupies today (11,12,13,14). 
Finally, for tribes to safely and effectively exerc ise their treaty 
rights to hunt, fish, and gather on these lands, th e natural resources 
upon which these rights are based must be safe toco nsume. However, 
activities undertaken by DOE, other governmental en tities, and private 
parties, have harmed natural and cultural resources  that are important to 
many tribes across the country.  
The DOE and EPA Indian Policies 
The U.S. Department of Energy and the U.S. Environm ental Protection 
Agency, as well as other agencies and departments, have developed Indian 
policies that outline their responsibilities, as th ey interpret them, to 
American Indian Tribal governments. In 1984 the "EP A Policy For the 
Administration of Environmental Programs on Indian Reservations" was 
signed. EPA's Indian Policy recognizes tribal self- government and the 
federal/tribal government-to-government relationshi p. The EPA policy 
outlines nine general principles to guide the agenc y in managing and 
regulating environmental problems on tribal lands. EPA has stated that it 
will involve tribes in decision-making and program management that affect 
tribal lands and that tribes should be included as partners in 
environmental management in much the same way as st ates are involved in 
policy decisions that affect state lands. Five of t he nine EPA Indian 
Policy principles address tribal government involve ment in EPA decision-
making. Two principles stress that state, local, an d the federal 
government and its agencies should work cooperative ly with tribal 
governments to aid tribes in assuming environmental  protection 
responsibilities for reservations. The EPA policy i s primarily emphasizes 
EPA's recognition and respect of the rights of trib al governments to 
protect the reservation environment and the reserva tion populace. 
However, the EPA policy is without implementation g uidance that would 
explain to agency personnel how the policy principl es apply to their work 
(15). Like the EPA Indian Policy, the "DOE American  Indian Tribal 
Government Policy," released in December 1991, reco gnizes tribal 
sovereignty, the government-to-government relations hip, tribal self-
determination, the federal/tribal trust relationshi p, federal 
responsibilities to tribes determined by tribal pol itical status, 
treaties, and federal law (16). 
THREE CASES 
Following, are brief descriptions of three processe s in which DOE or EPA 
were implementing programs and determining policy a nd regulations. In all 
three processes, tribes would be affected by the de cisions made by DOE 
and EPA, and their contractors. In all three proces ses there was a 
breakdown in communication and understanding betwee n federal personnel 
and tribal representatives. In addition, in all thr ee cases there was 
cultural information that was either not accessible  to federal personnel 
or was not fully considered in federal decision-mak ing. 
DOE Consortium for Environmental Risk Evaluation 
The Tulane/Xavier Consortium for Environmental Risk  Evaluation (CERE) 
consisted of academic institutions and corporations  with risk analysis 
and public involvement expertise. The U.S. Departme nt of Energy (DOE) 
retained CERE under a cooperative agreement toperfo rm "an independent 
qualitative evaluation of risks to the public and t ribal health, to 
worker health and to the environment" arising from DOE's environmental 
management activities (17). 



Conventional risk assessment methods do not general ly evaluate exposure 
resulting from tribal lifestyles. For example, assu mptions regarding food 
consumption are based on average consumption practi ces which may differ 
significantly from tribal practices. Conventional r isk assessment also 
does not evaluate risks that are difficult to quant ify, such as risks to 
cultural resources. Partly because of these limitat ions and because 
existing risk documents had obviously not assessed some of the crucial 
risks to tribes, the CERE team was not equipped to evaluate risks to 
tribal cultural resources. However, in the tribes' view, a legitimate 
evaluation of risks to tribal health was not possib le without evaluating 
the risks to natural and other cultural resources, particularly from the 
transportation of radioactive and hazardous materia ls across tribal 
lands. 
The evaluation of culturally-specific risks is a st ill emerging practice 
in risk assessment. Unfortunately, none of the memb ers of the CERE risk 
evaluation team had experience with incorporating t ribal values into a 
traditional risk evaluation framework. CERE focused  primarily on 
documenting direct risks to human health. In additi on, CERE was charged 
with performing a qualitative, rather than a quanti tative evaluation, 
that was based on existing risk information, which did not include 
information on risks to cultural resources. During discussions held at 
CERE workshops and in a separate report prepared by  Confederated Tribes 
of the Umatilla Indian Reservation (CTUIR), the tri bes involved in the 
program made it clear that they considered the abse nce of an evaluation 
of culturally-specific risks to seriously limit the  value of CERE's 
report (9). 
Tribal representatives involved in the CERE program  were also 
dissatisfied with how CERE communicated with tribes . The tribes do not 
believe that interactions with tribes were a priori ty for the CERE risk 
team, which they also believe had little understand ing about the nature 
of the federal/tribal relationship. In addition to staff level 
communications which did not occur regularly (there by hindering the 
gathering of existing tribal risk information), for mal communications 
between CERE and the tribal governments did not occ ur (11,9). The CERE 
public involvement team did distribute a paper to i ts team members 
outlining the key political concepts and federal/tr ibal policies that 
have determined the nature of the federal/tribal re lationship. This 
effort was recognized by the tribes as a positive s tep by CERE to educate 
its team members, but did not fulfill the need for CERE decision-makers 
to act as official points of contact to open up dir ect lines of 
communication between tribal government leaders and  contractor decision-
makers. However, the CERE risk evaluation team shou ld not be held 
entirely at fault for not understanding the nature of the federal/tribal 
relationship and the proper protocol for dealing wi th tribal governments. 
DOE and other federal agency personnel also do not seem to understand how 
federal responsibilities to tribes apply to their w ork and the decisions 
they must make.  
The Penobscot Nation of Maine and EPA Regulation of  Dioxin Discharge 
The Penobscot Nation Reservation comprises approxim ately 200 islands in 
Maine's Penobscot River, including Indian Island, t he main island of 
residence for the tribe. Historically, and still to day, tribal members 
use the river for subsistence fishing, hunting, tra pping, and to gather 
fiddlehead ferns which are either consumed or sold to grocery stores. 
Because the reservation includes waters of the Peno bscot River, and 



because the river is vital to maintaining tribal tr aditions, the 
preservation and enhancement of the river and its r esources are of the 
utmost concern to the Nation. Unfortunately, the ri ver has suffered 
degradation from sawmills, textile mills, leather t anneries, and pulp and 
paper mills. Though water quality has improved sinc e the late 1960's with 
the passage of environmental protection laws, the w ater quality of the 
river is still not sufficient for tribal members to  safely consume fish 
at subsistence levels from its waters (18,19). 
Dioxin that is present in the river and in fish tis sue is one of the 
greatest issues of environmental concern to the tri be. Dioxin, a likely 
human carcinogen, is produced as a byproduct of the  chlorine bleach 
process used to produce high quality white paper (N ew England Journal of 
Medicine, 1991). The Penobscot Nation has consisten tly stated that their 
right to fish at subsistence levels, which is guara nteed in treaties, has 
been impinged upon by paper mills that discharge di oxin laden effluent 
into the river and by the State of Maine, which all ows such practices. 
In 1992, Lincoln Pulp and Paper, located 35 miles u pstream from Indian 
Island, applied to EPA Region I for renewal of a fi ve-year permit that 
allows the mill to discharge dioxin laden effluent into the Penobscot 
River at a specific concentration. Because the Stat e of Maine did not 
have permitting authority under the Clean Water Act , EPA was responsible 
for issuing the permit using EPA's recommended diox in standard. The State 
of Maine, as a "primary affected party," received s pecial consideration 
as a primary commenter on the permit and was notifi ed of Lincoln Pulp and 
Paper's application for renewal of the discharge pe rmit. However, the 
Penobscot Nation was not viewed as a primary affect ed party, nor was it 
given the same early opportunity to comment on the permit. EPA Water 
Quality staff, in an interview, admitted that this oversight was due to 
the lack of awareness by staff of the location of t he reservation, and of 
the traditional fishing practices of tribal members  (21). Given the 
reservation location and tribal fishing and gatheri ng practices, tribal 
members are more directly affected by dioxin contam ination in the river. 
The fishing rights of the Penobscot Nation have bee n acknowledged by 
treaties and reaffirmed by the Maine Indian Claims Settlement Act of 
1980. The Penobscot Nation should have received spe cial consideration as 
a primary party and commenter on the permit. In com ments submitted to 
EPA, Region I and to EPA Administrator, Carol Brown er, the Penobscot 
Nation pushed EPA to uphold its trust responsibilit ies to the Penobscot 
Nation by protecting the Penobscot River from envir onmental degradation. 
DOE's Development of Site Treatment Plans for Mixed  Waste 
Under the 1992 Federal Facility Compliance Act (FFC A), which amends the 
Resource Conservation and Recovery Act (RCRA), the U.S. DOE was required 
to develop andimplement Site Treatment Plans (STPs)  for the treatment, 
transportation, and storage of mixed waste at 38 DO E sites (NGA, 1994). 
Several of the DOE sites occupy land areas that wer e ceded by tribes in 
treaties with the U.S. government. These tribes sti ll have treaty-
guaranteed rights to access natural and cultural re sources within these 
sites. In meeting the requirements of the FFCA, DOE  will transport wastes 
between sites for treatment and will transport wast e treatment residuals 
back to their sites of origin. Many of these waste shipments will cross 
reservation lands. Tribes near DOE installations ar e concerned that DOE 
waste treatment activities will pose risks to triba l health and resources 
and tribal sovereignty (23,24).  



From October 6, 1992, when the FFCA was passed, unt il October 6, 1995, 
when DOE was required to gain approval of STPs from  the regulating states 
and EPA, DOE worked with the states and EPA to deve lop the plans (22). 
Although the FFCA did not require state involvement , DOE recognized that 
states should be involved because ultimately, they would approve the 
completed plans. The states recommended that the Na tional Governors' 
Association (NGA) coordinate the states' role in ST P development. DOE 
agreed and negotiated a cooperative agreement with the NGA. During the 
three years after FFCA was enacted, the NGA coordin ated state involvement 
in the development of STPs by providing forums prim arily for state, EPA, 
and DOE representatives to discuss technical, polic y, and implementation 
issues related to the STPs. 
However, because tribes did not possess regulatory authority under RCRA 
for hazardous waste, the FFCA did not require triba l government approval 
of STPs as it required approval by regulating state s. Therefore, DOE did 
not have the impetus to prioritize tribal consultat ion in the same way as 
it prioritized state consultation. Consequently, tr ibes have expressed 
dissatisfaction with how they were involved in deve loping STPs. The 
tribes state that they did not have sufficient oppo rtunity to engage in 
government-to-government discussions with DOE and t o provide information 
about risks to tribal communities to be incorporate d into the 
transportation, treatment and storage decisions ref lected in the plans. 
During STP development, tribes were invited to atte nd meetings that 
primarily reflected the agendas and concerns of sta te regulators 
including a national FFCA meeting and NGA meetings (25). While some 
tribal representatives attended some of these meeti ngs, those tribal 
representatives note that such meetings did not ful fill DOE's 
responsibility to interact with tribes on a governm ent-to-government 
level. The NGA exists as a forum to bring together representatives of 
states. Its primary goal in the STP development pro cess must be to 
facilitate effective discussion between states and DOE and to promote 
state influence in the STP process. While inviting tribes to participate 
in the NGA meetings does not in itself contradict D OE's government-to-
government relationship with tribes, tribal represe ntatives point out 
that in order to fulfill the responsibilities of th e relationship, 
similar meeting should have been held between DOE's  tribal governments 
throughout the STP development process. Such meetin gs would have provided 
tribes with opportunities to talk at length with DO E about mixed waste 
activities and their potential impacts on tribal co mmunities and 
resources in order to influence STP decisions about  how to treat, 
transport, and store mixed waste. Because such meet ings did not occur, 
the tribes have view their involvement in STP devel opment as minimal 
(25). 
INSTITUTIONAL AND CULTURAL BARRIERS THAT HINDER COM MUNICATION BETWEEN 
FEDERAL AGENCIES AND TRIBAL GOVERNMENTS 
Relations between tribes and DOE and EPA have impro ved, becoming more 
consistent as tribal environmental programs have em erged to work with DOE 
and EPA on a daily basis. However, tribal represent atives continue to 
express frustration with federal agency actions tha t seem to be 
inconsistent with federal trust and treaty responsi bilities. Tribal 
representatives remark that program and policy deci sions are still being 
made and implemented without consideration of feder al commitments to 
tribes and without incorporating tribal cultural in formation into these 
decisions that affect reservation lands. 



In examining the three cases, two types of barriers  emerge that hinder 
communication and cooperation between tribal govern ments and the federal 
government. These are institutional barriers such a s an organizational 
infrastructure that has not developed decision crit eria to guide agency 
staff (and contractors) in incorporating tribal val ues and information 
into technical and policy decisions. Such criteria should be based on the 
federal/tribal relationship and tribal treaty right s, but should also 
consider the needs and restrictions of tribal gover nments and federal 
agency programs. Barriers to cultural understanding  also hinder 
communication and collaboration. These include an i ncomplete 
understanding by federal agency personnel and triba l representatives 
about the resource restrictions, knowledge base, an d cultural tenets that 
determine the priorities and capabilities of each p arty. 
Tribal representatives noted the CERE team did not communicate regularly 
with tribal representatives, did not communicate on  a staff level, and 
did not communicate formally with tribal government  leaders. The tribes 
determined that CERE did not communicate well with tribes because the 
team did not truly understand how federal responsib ilities to tribes 
applied to their evaluation of risks. The CERE team  was largely untrained 
in tribal rights, values, and government-to-governm ent protocol. 
Consequently, an unfortunate, yet common pattern em erged in the CERE 
teams' relationship with the involved tribes. Becau se the team did not 
seem to understand how to fulfill its responsibilit ies to tribes, 
communication with tribal representatives was, for the most part, 
"ghettoized." This means that tribal "involvement" responsibilities were 
thought to rest on the shoulders of the public invo lvement team that was 
working with the risk evaluation team. However, mea ningful tribal 
consultation on a technical level could only have b een carried out by the 
risk evaluators. Rather, it was left to the public involvement team to 
write a brief section within the risk evaluation re port about the risks 
to tribal cultural resources. This section was base d on non-technical 
information the public involvement team had gathere d from the tribes. 
The risk assessment community has not yet figured o ut how to quantify 
risks to tribal members resulting from exposure thr ough traditional 
activities. It is likely that these risks cannot be  quantitatively 
evaluated. Therefore, the CERE team members were ha ndicapped in their 
evaluation of the risks to tribes by more then the fact that they did not 
understand tribal rights and values. The team also did not consist of any 
members with experience in considering the risks to  tribes from exposure 
through traditional lifestyles. In addition, the te am was not provided 
with training in the government-to-government relat ionship, the treaty 
rights of the tribes they would be working with, an d they were not 
equipped to evaluate risks from culturally unique a ctivities. 
EPA, Region I, in issuing a dioxin permit to Lincol n Pulp and Paper, 
faced similar institutional barriers. EPA Water Qua lity staff responsible 
for issuing the permit, did not understand how the federal/tribal 
relationship determined their responsibilities to t ribes. They also were 
not aware of basic information about the Penobscot Nation, such as the 
reservation location or the tribe's treaty rights r egarding traditional 
usage of Penobscot River resources. Had EPA Water Q uality staff 
understood the federal/tribal relationship and Peno bscot Nations treaty 
rights, they would have designated the tribe as a p rimary commenter on 
the permit. Once they were informed of the tribal s ituation EPA Water 
Quality staff seemed very willing to use informatio n regarding tribal 



member exposure to calculate the dioxin standard fo r the final permit. 
However, the Penobscot Nation had received several grants for their 
activities related to monitoring the river. Therefo re, it follows that 
pertinent tribal information was already available within the Water 
Quality section. However, it was obviously not used  to train staff in 
tribal issues relevant to their work.  
During the development of the Site Treatment Plans for mixed waste, DOE 
and the affected tribes encountered additional barr iers to working 
collaboratively. While DOE staff may have had a gen eral understanding of 
the federal/tribal relationship, they did not seem to understand how this 
relationship was affected by the FFCA. Although the  FFCA did not mention 
the role of tribes (because tribes were not regulat ors under RCRA), this 
did not release DOE from its government-to-governme nt relationship or its 
trust responsibilities to tribes. Although tribal g overnments would not 
officially approve the plans, tribal consultation s hould have remained a 
high priority during STP development because of the  government-to-
government relationship and because many waste ship ments will cross 
reservation lands. In addition, tribes have certain  regulatory rights 
under the Hazardous Materials Transportation Unifor m Safety Act. 
CONCLUSION 
In all three cases, federal personnel and tribal re presentatives 
encountered barriers that resulted from differing p riorities, and from 
their inability to communicate with each other and to share their 
expertise. EPA and DOE almost always have prioritie s that differ from the 
priorities of tribes. Federal personnel and tribal representatives 
operate within very different cultures. They are su bject to the demands 
of constituencies that have often conflicting inter ests, values, and 
needs. Although federal agencies and departments ar e bound to fulfillthe 
federal/tribal relationship, their priorities and b udgets are 
significantly determined by a Congress and Administ ration that are 
heavily influenced by the priorities of states and other interests that 
are able to exercise greater power than tribes are able to exercise.  
In addition, EPA and DOE program staff and their co ntractors often have 
different areas of expertise than tribal staff and tribal government 
leaders. While DOE and EPA each have a cadre of sta ff with technical 
expertise in specific areas, tribes have much more limited resources and 
thus often hire one person to operate and entire tr ibal environmental 
program. Sometimes tribes hire several staff that p ossess technical 
expertise in specific areas. However, tribes still rely on the wealth of 
technical expertise held within EPA and DOE to supp lement their 
capabilities. On the other hand, tribal staff, trib al leaders, and tribal 
members possess a wealth of knowledge about tribal cultural resources. 
Tribal staff and members know where to find these r esources and how the 
resources are used. Therefore, they know how tribal  members might be 
exposed to contamination. Tribal staff and tribal m embers know why these 
resources are so important for maintaining traditio ns and they understand 
the implications for the tribe if such resources we re to be damaged or 
completely lost. DOE and EPA must rely on this expe rtise to supplement 
their understanding of the risks to tribes and trib al resources from 
federal activities. 
While tribes have had little input to federal agenc y priorities, this 
situation does not have to continue. Tribes are wor king diligently to 
develop environmental program capacity. In doing so , they are developing 
technical and policy expertise and are gaining regu latory and political 



experience that will enable tribal environmental pr otection specialists 
and tribal policy experts to wield greater influenc e over policy and 
regulatory decisions so that tribal interests are p rotected. 
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ABSTRACT 
Since the inception of the Nez Perce relationship w ith the U.S. 
Department of Energy, and its regulating counterpar ts, the U.S. 
Environmental Protection Agency and the Washington State Department of 
Ecology (the signatories to the Tri-Party Agreement ), the Nez Perce 
Department of Environmental Restoration and Waste M anagement (ERWM) has 
been building its technical expertise. The ERWM Dep artment experienced 
the immediate need to develop this expertise when c onfronted with massive 
technical studies of impacts, and plans for remedia tion and restoration, 
of those impacts to areas considered critical to Ne z Perce Treaty rights 
(Treaty of 1855). The Nez Perce Tribe has recognize d, however, that 
maintaining this level of technical effort depends upon a sustained level 
of political support. The brief history of the Nez Perce/Federal 
relationship (and the Federal/Tribal relationship i n general) leads the 
Nez Perce leadership to seek to strengthen politica l support, highlight 
economic justification, and market its technical ex cellence. The Nez 
Perce Tribe is aggressively pursuing contracts in a reas critical to 
protection of Nez Perce Treaty rights at the Hanfor d site. Within the two 
years that the Nez Perce ERWM Department has been f unded under the 
cooperative agreement with the Department of Energy , it has built a 
technically credible team, is seeking contracting o pportunities in the 
global arena, has just graduated its first engineer ing student/intern, 



and is seeking ways to improve environmental manage ment decision-making 
based on the Nez Perce traditional worldview and pr actices. 
INTRODUCTION 
The Nez Perce Tribe is involved with the U.S. Depar tment of Energy and 
its environmental management activities at the Hanf ord Site in south-
central Washington through the legal doctrine of tr ust responsibility by 
virtue of the Treaty of 1855, signed by the Nez Per ce Tribe and the 
federal government. Under a cooperative agreement b etween the U.S. 
Department of Energy and the Nez Perce Tribe, the T ribe is actively 
participating in issues regarding the clean up of r adioactive and 
chemical contaminants that were a result of nuclear  weapons production 
since the 1940's. 
What follows is a brief history of Nez Perce involv ement at Hanford,on 
the technical front. Where this paper leaves off is  the beginning for our 
second paper on translating the traditional Nez Per ce worldview into 
environmental management strategies. 
The Nez Perce Tribe specifically retained customary  usage rights to the 
Columbia River when the Tribe ceded over 11 million  acres to the Federal 
Government in the Treaty of 1855. By entering into The Treaty of 1855 and 
subsequent treaties, the Federal Government has ack nowledged that our 
Tribal Rights preceded the U.S. Constitution and ar e retained with regard 
to the Columbia River. The disposition of more than  100 million curies of 
radioactivity into the Columbia River, since Hanfor d operations began, 
has diminished the value of our retained rights wit hout consultation or 
compensation. 
TECHNICAL INVOLVEMENT 
The Nez Perce Tribe's Department of Environmental R estoration and Waste 
Management (ERWM), formed in 1992, is involved in r eviewing regulatory 
documents and suggesting implementation strategies in a number of areas 
under various regulatory authorities and Department al orders. This 
involvement in Hanford cleanup activities is a way for the Tribe to keep 
tribal members informed and to build technical expe rtise in remediation 
and restoration procedures. Nez Perce involvement a t Hanford is also the 
way by which treaty rights and cultural and natural  resources are 
protected. The Tribe's primary focus is stopping fu rther contamination to 
the groundwater and the Columbia River. The Tribe i s also concerned about 
protecting native shrub-steppe habitat. 
There are over 1,500 contaminated sites at Hanford that have been grouped 
into 78 operable units according to contaminants an d location. Cleanup 
procedures are guided by three regulatory programs:  National 
Environmental Protection Act (NEPA), Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA), and the Re source Conservation 
and Recovery Act (RCRA). The guidelines indicated b y NEPA, CERCLA, and 
RCRA set the framework for clean-up procedures and include similar stages 
such as data gathering for risk characterization, r emedial action and 
design plans, and monitoring and surveillance activ ities. DOE's federal 
trust responsibilities require that the Nez Perce T ribe is included in 
all aspects of this work before comments about reme dial actions are 
accepted from the public. 
The Tribe's monitoring of and participation in clea n-up activities 
centers on six primary areas: 1) Waste Management a nd Environmental 
Restoration, 2) Cultural Resources, 3) Human Resour ce Development, 4) 
Technology Development, 5) Public Education and Inf ormation, and 6) 
Health and Emergency Response. The ERWM has a techn ical staff with 



expertise in policy analysis, geology, hydrogeology , biology, 
agricultural engineering, cultural and natural reso urces, communications, 
health, and pollution prevention. The technical sta ff are active 
participants on several DOE and Hanford related adv isory committees 
including the Hanford Health Information Network, H anford Advisory Board, 
Columbia River Impact Assessment Workshops, Communi ty Leaders Workshop 
Forum, and Natural Resource Trustee Council. 
In addition to the technical staff, the Nez Perce T ribe has an active 
internship program which provides Nez Perce student s with educational 
opportunities and access to job training. Student i nterns have helped 
conduct research on DOE policies, proposal developm ent, health issues, 
botanical collecting and revegetation, and cultural  resources issues. 
What follows is a select list of projects the Nez P erce ERWM Department 
is currently involved in. The select list was chose n to reflect a 
combination of priorities, demonstrable expertise, and practical 
solutions. To this end, the Tribe reviews Hanford O perations which 
directly and indirectly affect ground water and the  Columbia River.  
The U.S. Government operated eight "single-pass" (o pen-coolant) reactors 
along the Columbia River from 1944 to 1971. During this time period, the 
Hanford Site released more than 100 million curies of radioactivity into 
the Columbia River and large quantities of chemical s into the soil column 
surrounding its reactors and spent nuclear fuel rep rocessing plants. 
Additionally, fuel slug ruptures, chemicals added t o the cooling water, 
and neutron activated particles and debris from rea ctor 
purging(cleansing) operations entered the river. Ri verbed sediments and 
floodplain soils of the Hanford Reach constitute a sink for many of the 
pollutants released to the environment by Hanford's  operations. 
WASTE MANAGEMENT AND ENVIRONMENTAL RESTORATION (EM) 
What has been the fate of the 100 million curies di scharged to the 
Columbia River? Most of that radioactivity was very  short lived and 
rapidly decayed away. Studies based on random sampl ing of locations along 
the Columbia River from Hanford to the coast are ci ted by DOE-RL to 
indicate that radionuclides do not pose a significa nt human health risk. 
However, random sampling of locations along the riv er ignores 
hydrodynamic characteristics of the river and the p article size of 
radionuclides discharged into the Columbia River. T here are areas along 
the river where radionuclides will preferentially s ettle out. 
Declassified documents suggest, that during Hanford  Operations, 98% of 
particles associated with fuel rod ruptures were le ss than 30 microns in 
size. Water velocity, river bottom roughness, parti cle density, shape, 
and size dictate sediment deposition. This suggests  that radionuclides 
could preferentially concentrate in sediment deposi ts in the silt-size 
range. 
Any shoreline activities which effect the flow of t he Columbia River risk 
the remobilization of contaminants entombed within river sediments. For 
example, erosion is now occurring on Locke Island c aused by a change of 
flow within the river. This change may be due to la ndslides in the White 
Bluffs, which result from irrigation tail-water. Ev en today, it is 
possible for the public to come into direct contact  with neutron 
activated particles (cobalt-60) in the river sedime nt. On June 7, 1995, 
employees of the U.S. Department of Energy and its contractors, EPA, 
Washington State Departments of Health and Ecology met to decide on 
protocol to determine the risk associated with coba lt-60 particles known 
to be on D Island in the river. The Nez Perce Tribe  is concerned that 



contaminants left in place at depth in the soil col umn after the Hanford 
Site's remediation will result in further degradati on of the Columbia 
River. If irrigation occurs on lands north of Gable  Mountain and Gable 
Butte, the subsequent rise of the water table under  the 100 areas could 
potentially remobilize contaminants and provide a p athway for 
contaminants to reach the Columbia River. A "Wild a nd Scenic Designation" 
of the Hanford Reach will help to protect public he alth and the 
environment by preventing the remobilization of con taminants entombed 
within the river's sediment and the shoreline's soi l column. 
Chromium polluted ground water at levels toxic (gre ater than 11 ppb of 
hexavalent chromium) to salmon redds (salmon nests)  is entering the 
Columbia River. The pore-water sampling program con firms that hexavalent 
chromium is present in the gravel beneath the Colum bia River. Salmon 
redds are present in these gravel areas. Sediments in areas near D 
reactor and H reactor have been sampled and have be en shown to contain 
levels greater than 11 ppb of hexavalent chromium. The Nez Perce Tribe 
ERWM has proposed that DOE consider pumping ground water from the areas 
of highest hexavalent chromium concentration, treat ing this ground water, 
and then injecting this treated ground water in wel l bores along the bank 
of the Columbia where toxic ground water is enterin g the river. The 
injection of treated groundwater in the bank of the  river could create a 
hydraulic barrier which would prevent concentrated ground water from 
reaching the Columbia River. Nez Perce ERWM staff a lso is concerned about 
the chromium plume associated with N reactor. 
Cultural Resources 
Another Hanford restoration project where the Nez P erce have been active 
participants concerns the restoration and revegetat ion of the former 
Environmental and Molecular Sciences Laboratory (EM SL) site. Human 
remains which were believed to be those of Indians were discovered during 
preliminary construction activities in 1994. As req uired by law, all 
construction on the project was postponed for 30 da ys during which time 
representatives from the four affected tribes devel oped recommendations 
on how to proceed. The Nez Perce Tribe ERWM agreed with the other tribes 
that the tribal members should be left where they w ere originally 
interred. As a result of these findings the EMSL si te was moved to 
another location. The former EMSL site was recontou red and a native 
revegetation effort was undertaken. With funding fr om DOE, the four 
affected tribes established a native locally-adapte d seed bank and 
nursery in 1993. Native plants such as sagebrush, r abbitbrush, buckwheat, 
Indian rice grass, and needle and thread grass have  been successfully 
reintroduced on some areas of the EMSL site. These revegetation 
activities are planned to continue until 1998. 
Technology Development 
The Nez Perce ERWM have recently reviewed a sonic d rilling method which 
is a relatively new technology used in FY 95. Wells  drilled in FY95 used 
this method but the technology failed to meet the d esign criteria as 
substantial formation damage occurred during drilli ng and/or completion. 
The following problems were encountered when using this method: 
1) Formation damage. 
2) Inability to collect samples with a representati ve grain-size 
distribution. 
3) Inability to collect undisturbed cores. 
4) Possible formation damage increase with increasi ng hole-size. 



5) The drilling method may not produce waste minimi zation a valid claim 
beneath the water table.  
Mitigation 
The Nez Perce advocate including the costs and plan s for habitat 
restoration in the budgeted cleanup activities. Res toration activities 
include site characterization, revegetation, mitiga tion, and monitoring 
plans. The Nez Perce Tribe and other affected tribe s have had direct 
involvement in restoration activities of the Enviro nmental Restoration 
Disposal Facility (ERDF), a Hanford project. The ER DF is an inland 
disposal facility that will eventually be filled wi th contaminated 
material that is being removed from waste sites alo ng the Columbia River. 
Native plants were salvaged prior to construction o f the ERDF and 
transplanted to areas on the north slope of the Col umbia River that had 
been disturbed as a result of cleanup activities. S ince the ERDF site was 
constructed on undisturbed sagebrush habitat, the N ez Perce Tribe is also 
actively involved in providing input to the ERDF Mi tigation Action Plan. 
The Nez Perce Tribe is also actively participating in other Hanford 
related issues which includes land use planning, pr otection of state and 
federal plant and animal candidate species, partici pation in cultural and 
ecological surveys, Columbia River impact assessmen t concerns, 
groundwater contamination, and review of focused fe asibility studies and 
proposed plans. 
As a result of these actions, the Nez Perce Tribe c an claim that it is 
one of the key players that help DOE-RL save millio ns of taxpayers 
dollars. Although the Nez Perce Tribe has not alway s been properly 
consulted with, the Tribe is proud to say that it h as played an important 
role.  
The benefits of these efforts will help the Nez Per ce Tribe in forming 
and promoting a tribal environmental restoration te am that could be 
developed as a private enterprise for future Hanfor d remedial activities. 
This example of combining environmental justice wit h environmental 
restoration technology transfer could be a positive  example that can be 
replicated at sites across the nation. 
Public Education and Information 
In 1983, the Nez Perce Tribe was found to be "affec ted," as defined by 
the 1982 Nuclear Waste Policy Act. A year later, th e Tribe was funded to 
start the negotiation under the Consultation and Co operative Agreement. 
The negotiation occurred in May 1987 and the Tribe was involved with the 
Basalt Waste Isolation Project (BWIP), in Hanford, a deep geologic 
repository project. Along with the stoppage of BWIP , funding for the Nez 
Perce also ceased. DOE created Environmental Restor ation and Waste 
Management (ERWM, later changed to EM) in 1990, and  the affected status 
of the Nez Perce Tribe was re-affirmed a year later . In 1991, the Nez 
Perce Tribe applied for a planning participation gr ant, which was funded 
in 1992, thus creating its ERWM Department. Since t hen, ERWM staff and 
its technical consultants provided technical and cu ltural comments and 
recommendations to many documents and activities th at have been requested 
by DOE-RL. Concerns and issues of the Nez Perce Tri be include regulatory 
status, cultural or natural resources management, t ransportation 
emergency responses, risk assessment, Tribal religi ous freedom, 
technical/management capabilities, and others. On t echnical related 
issues at DOE-RL, the Nez Perce Tribe is a member o f the Hanford Advisory 
Board (HAB), the Hanford Natural Resources Trustee Council (NRTC), and 
the Site Technology Coordination Group (STCG). On t he regional and 



national level, the Nez Perce ERWM is a member of g roups such as DOE-HQ's 
Community Leaders Network (CLN), Stakeholders Worki ng Group (SWG), and 
the Interstate and Regulatory Technology Working Gr oup (IRTWG), and the 
State and Tribal Government Working Group (STGWG). The Nez Perce Tribe 
has regularly and consistently sent its technical r epresentatives to 
meetings, conferences, and workshops which are spon sored by DOE, American 
Nuclear Society (ANS), Weapons Complex, US Environm ental Protection 
Agency (EPA) Western and National Governors Associa tion (WGA/NGA) and 
private agencies. It has also sent representatives overseas to visit a 
nuclear facility in Sellafield, England, and attend ed the 5th 
International Conference on Radioactive Waste Manag ement and 
Environmental Remediation (ICEM) in Berlin, Germany  and Global '95 in 
Versailles, France. Nez Perce ERWM have presented p apers in WM'94 and 
WM'95, and Global '95. Currently, ERWM staff expert ise encompasses 
geophysics, geology, bioresource engineering, stati stics, wildlife 
biology and environmental science. With this expert ise, the Nez Perce 
Tribe plans to contract cleanup related activities which will further its 
goals of building a scientific/technical infrastruc ture while protecting 
its treaty retained rights. 
CONCLUSION 
In the few short years that the Nez Perce Tribe has  been officially 
involved at the Hanford site, the U.S. Department o f Energy funding has 
allowed tribal participation to reach the necessary  level of technical 
and program sophistication that is currently produc ing cost savings and 
building a stronger regional economy. The Nez Perce  Tribe is aware of the 
possible funding shortfalls and makes no mystery of  the fact that the Nez 
Perce ERWM Department is moving into the contractin g arena. The Nez Perce 
ERWM Department is adding value to every federal do llar spent by 
transitioning some of its functions into the market place, by building an 
educated and technically capable workforce, by impr oving coordination of 
efforts on site, by piloting an effective tribal pa rticipation core 
program, and by offering new insights to environmen tal management 
practices and strategies. 
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TRANSLATING THE NEZ PERCE WORLDVIEW INTO ENVIRONMENTAL MANAGEMENT 
STRATEGIES by 
J. Herman Reuben  
David F. Conrad 
Barbara Harper 
Nez Perce Tribe 
ABSTRACT 
The Nez Perce Tribe has developed the technical, sc ientific, and 
management expertise to offer input, in close gover nment-to-government 
consultation, recognizing the federal trust respons ibility to indian 
tribes, on many different levels of a national nucl ear weapons 
contamination cleanup program, After a few short ye ars of digesting the 
ongoing environmental management practices of the U .S. Department of 
Energy and its contractors, the U.S. Environmental Protection Agency, and 
the Washington Department of Ecology, the Nez Perce  Tribe Department of 
Environmental Restoration and Waste Management is r eady to offer its 
perspective on developing strategic directions and goals for the cleanup 
of the Hartford reservation in eastern Washington. The paper introduces 
the Nez Perce worldview and moves on to develop a c oncrete example of how 



that worldview can be incorporated in setting clean up goals and 
endstates. This paper examines the efficacy of deve loping values-based 
mission statements and performance measures to prov ide for cleanup, 
protection of Nez Perce treaty rights, continued pr actice of traditional 
Nez Perce activities, and multiple uses for the loc al non- 
Indian population, The paper concludes by showing t he benefits of taking 
a landscape approach, in close consultation with th e Nez Perce Tribe, to 
site-wide integration of remedial actions. 
INTRODUCTION 
The Nez Perce Tribe has been involved in nuclear wa ste issues since 1987 
and the Basalt Waste Isolation Project (BWIP). Nez Perce involvement has 
always been somewhat constrained by the level of fu nding and the enormous 
task of wading through Department of Energy documen ts. Since 1992, 
however, the Nez Perce Department of Environmental Restoration and Waste 
Management (ERWM) has been attempting to define its  own agenda. We are 
moving beyond document review, and into shaping str ategic policy 
directions. One such strategic policy direction is incorporating a Nez 
Perce worldview into environmental management pract ices, from risk 
assessments to technology development. This paper w ill introduce the Nez 
Perce worldview and how that worldview and accompan ying values shape the 
Tribe's environmental management decisions. We will  also touch on how the 
value-adding practice of incorporating this worldvi ew might help others' 
making environmental management decisions. 
Today, as the Nez Perce ERWM Department matures, we  are defining our own 
path in Nez Perce terms that others can understand.  This path follows the 
same direction as those of the Tribe's traditional past, however we are 
using radically different technologies to help us a long this different 
new path. We feel pressure to develop this new path  from internal sources 
as a way of incorporating new, and necessary, techn ologies into our lives 
in a way that minimizes the cultural impacts. We ar e also developing this 
new path for external consumption. People and gover nments are making 
decisions that affect our lives. We are developing processes to inform 
strategic directions in environmental management th at incorporate Nez 
Perce values, in the hope that such processes and d irections will find 
greater acceptance. This education through process development has the 
added benefit of introducing Nez Perce values, maki ng them less 
"mystical," doomed to be forever too "ethereal" to be the basis for any 
serious decision making. 
We cannot expect anyone to understand Nez Perce val ues and interests as 
the Nez Perce do, however, we can translate, or tra nsliterate, these 
concerns into the larger society's lingua franca to  ensure we are not 
marginalized. But more importantly, we must transli terate this worldview 
for the larger society, because with our help, we b elieve that the United 
States, and the world, can achieve more fundamental  environmental 
protection with less red-tape in a shorter period o f time. 
VALUES, RIGHTS, AND CONCERNS 
The Nez Perce people have been here since time imme morial and think about 
the consequences of their actions in terms of hundr eds if not thousands 
of years. While planning that far in advance may se em impossible, it 
reveals a culturally conservative worldview, one th at attempts to 
implement a survival plan based on thousands of yea rs of collective 
wisdom. This wisdom is passed down from generation to generation in a 
context that brings the past alive and encourages t houghtfulness for 
generations to come. 



Before a child could walk, he was taught cultural a nd traditional values, 
the parents knowing that experience was the greates t teacher began 
teaching their children to honor and respect the pr operties of Mother 
Earth, as provided by the Creator. The children wer e taught that these 
properties of Mother Earth, the land, animals, plan ts and forests were 
never owned, but to be borrowed and used for their subsistence and they 
were to give thanks for their use. Nez Perce childr en were taught to 
always leave/give something in return to replace wh at had been taken. 
For centuries, each year the bands, families, frien ds and neighboring 
tribes gathered in the springtime for a thanksgivin g feast called, "Ka-
oo-yet." Giving thanks meant sharing salmon, roots,  and traditional foods 
as a tribute to Mother Earth and the Creator. Thank s was again given in 
Autumn for the harvest of traditional foods. This p ractice continues 
today, however the salmon are endangered, tradition al foods and berries 
are becoming scarce, and access to traditional use areas are increasingly 
limited. Maintenance of these traditions and values  ensures the 
protection of resources through reverence for life and humility before 
creation. This reverence for life and humility, for  the Indian, is 
inseparable from the identity of individuals, famil ies, bands, and 
tribes. 
The contrasting view of environmental protection fo und in the non-Indian 
world of the United States frustrates many Indian p eople because it is 
media specific, contaminant specific, and divided i nto human and 
ecological risks, administered through "stove-piped " programs and 
funding. The contrasting, reductionistic view of pr oblems and solutions 
is evidence of a different worldview, a worldview t hat does not 
necessarily lend itself to environmental protection  easily. The Nez Perce 
worldview translates into practice through time con suming, and often 
contentious dialogue. This dialogue is conducted wi thin a set of given 
cultural parameters. The introduction of new ways o f understanding 
threats and solutions (risks and technology develop ments) in the arena of 
nuclear weapons cleanup is both a cultural and demo cratic challenge. 
OPEN DECISION PROCESS 
How questions are asked is sometimes almost as impo rtant as the questions 
themselves. A tribal dialogue on plutonium disposit ion, for example, 
cannot take place without presenting the technical and political 
considerations against the array of tribal legal, c ultural, political, 
and natural resource considerations. Developing thi s complex matrix of 
concerns to arrive at an answer can be a daunting t ask, but questions 
such as plutonium disposition must be considered by  the Tribe. Crafting 
an answer might be a time consuming process, but th e longer it is 
discussed, the more it is related to other daily tr ibal concerns, the 
more it will become part of Nez Perce reality. The long-lived nature of 
plutonium and other radioisotopes requires the Trib e to incorporate these 
concerns into the collective Tribal experience. Les sons learned from this 
question and answer exercise can be transferred to non-tribal society as 
an example of establishing low-tech longevity of in formation within a 
society. 
The first step to opening this dialogue must be bas ed in the traditional 
Nez Perce value practice of seeking an answer respe ctfully and with a 
commitment to honor the answer. We must carefully a sk the whole question 
of plutonium disposition in a way that shows respec t that we have for 
those we are asking. A carefully asked question wil l hopefully elicit a 
carefully considered answer. Perhaps the Tribe will  not be willing to 



share the whole answer(s), or may not give the answ er the U.S. wants to 
hear, or may even give an ambiguous answer(s) that can stimulate further 
dialogue that can lead the U.S. to a better solutio n. In any case, it is 
a question we must ask of our Tribal public, and on e that will prove to 
be useful, not only for the example of incorporatin g tribal values into 
decision-making processes, but also in how tribes c reate and sustain open 
and democratic processes. 
For the Nez Perce Tribe formal decisions are made w ithin a constitutional 
structure; however, there is more to forming that o pinion than the simple 
voting at General Council, or by resolution from th e Nez Perce tribal 
Executive Committee (NPTEC). The way decisions are made, through the 
various formal and informal mechanisms, constitutes  the Nez Perce 
decision making process. The scope of the decision making process varies 
from decision to decision; however, in attempting t o answer a question 
such as plutonium disposition the Nez Perce ERWM De partment is not only 
looking for the answer. It is also attempting to gi ve the process greater 
transparency for the benefit of the Nez Perce peopl e, and for the benefit 
of our partners in the field of environmental manag ement. 
The formal structure of the Nez Perce decision maki ng process is found in 
the 1961 Constitution, as revised. The Nez Perce tr ibe has an elected 
body consisting of nine members called the Nez Perc e Tribal Executive 
Committee (NPTEC). This governing executive committ ee is responsible for 
the protection of Tribal sovereignty, including pro tection of Tribal 
rights in Nez Perce ceded territory and areas over which the Nez Perce 
exercise off-reservation treaty rights, and promote s the health, 
education and welfare of the Tribe. The NPTEC membe rs are elected from 
the Tribal membership by the Nez Perce General Coun cil, which includes 
all eligible voting Tribal members. Both the Genera l Council and the 
NPTEC are governed by the Revised Constitution and Bylaws of the Nez 
Perce Tribe. The Constitution and Bylaws describe t he duties and 
responsibilities of the NPTEC and General Council. Any enrolled Nez Perce 
Tribal member may address any issue before the NPTE C or the General 
Council. 
Prior to the adoption of the Constitution and forma tion of the Tribal 
Council, all issues were discussed before a Tribal General Council 
meeting, called for that specific purpose. The Gene ral Council Chairman, 
Vice-Chairman, and Secretary were elected by specia l election. The 
meeting, called by the Chairman, lasted no more tha n two days to discuss 
the issue at hand. This early General Council syste m resembled a council 
of elders, as they discussed Treaty rights, traditi onal practices, and 
cultural impacts before making a decision. Today, t he General Council is 
attended by both young and old, but special committ ees are usually 
reserved for elders to research issues and evaluate  impacts to culture, 
traditional practices, and treaty rights. These spe cial committees make 
recommendations to the General Council and these ar e then often forwarded 
to the NPTEC for final resolution. This process ens ures direct democracy, 
and several cultural and political screens that wil l make a decision "Nez 
Perce." 
SOVEREIGNTY: DUTY TO NEZ PERCE COMMUNITIES 
In conjunction with the Nez Perce duty to protect i ts treaty rights, the 
environment, culture, and welfare, is the duty to e ducate its members and 
neighboring public to its activities. The Nez Perce  Tribe assumes many 
different roles and therefore has the responsibilit y to protect and 
enhance these relationships in a uniquely Nez Perce  way. 



The Nez Perce Tribal is a governmental entity with certain powers and 
authorities derived from its inherent sovereignty, status as land owner, 
and delegations from the Federal government. The Ne z Perce Tribe 
exercises its powers and authorities to serve its m embers and to regulate 
activities occurring on the reservation. The Nez Pe rce Tribe is a 
cultural entity, accordingly charged with the respo nsibility of 
protecting and transmitting that culture which is u niquely Nez Perce; the 
Nez Perce tribe is also the beneficiary within the context of federal 
trust relationship, and consequently has obligation s to other Indian 
Tribes. 
The U.S. Department of Energy planning activities t ouch, in some way or 
other, each of these roles of the Nez Perce Tribe-- and particularly so 
when the Tribe acts in its cultural, treaty, and tr ustee roles. The 
understanding iterated in this paper reflects the d iverse interests and 
responsibilities of the Nez Perce Tribe. 
Nez Perce vis--vis the Department of Energy 
The relationship between the Nez Perce Tribe and DO E around the planning 
issues is defined by the trust relationship that ex ists between the 
federal government and the Tribe, by the DOE Americ an Indian policy, and 
by the mutual and generally convergent interests of  the parties in the 
efficient and expeditious cleanup of the Hanford si te and other areas. 
For example, the Nez Perce Tribe sees itself not on ly as an advisor to 
DOE, but also as a previously untapped human resour ce pool of scientific 
and engineering personnel that will be available to  assist the Department 
in the 21st Century. The Nez Perce Tribe also sees its members as a pool 
of technically trained and certified labor force fo r environmental 
restoration and decontamination and decommissioning  work. The cooperative 
agreement between the Nez Perce Tribe and the U.S. Department of Energy 
outlines an approach that will integrate these and other roles into a 
comprehensive Nez Perce-DOE program. 
Relationships with Tribal Members and the Reservati on Community 
The Nez Perce Tribe views its primary responsibilit y toward its members 
as protection of Tribal treaty rights. However expa nsive that 
responsibility may be, Tribal leadership would be r emiss if that were the 
only focus of the proposed relationship between the  Nez Perce Tribe and 
DOE. The Nez Perce Tribe also has an obligation to educate its members 
and the reservations community of its and DOE's act ivities at Hanford. 
This will mean reaching into the Headstart Program;  elementary and 
secondary schools; and the Tribal reservation commu nities and general 
public. The Tribe also must examine the employment and economic and 
business development opportunities presented by the  cleanup at Hanford 
and must create programs that will enable Tribal me mbers to realize these 
opportunities. 
Relationship with Non-Human Community Members 
Native American healing practices have been histori cally misrepresented, 
either through ignorance or with exploitative inten tions, however, as an 
aspect of the Nez Perce duty to our non-human commu nity it seems 
necessary to explain, at least partially, what this  relationship is. For 
centuries the Indian has used natural resources and  borrowed from the 
land for his subsistence, taking roots, berries, an d herbs for foods and 
medicines. The animals, birds, and fish were his cl othing and food. His 
knowledge of the land and the resources it provided  gave him the power 
and control of traditions, culture, and religion of  his choosing. He was 
taught by his elders and parents from early childho od and eventually 



became superlative in the use, knowledge, and care of natural/cultural 
resources. These powers were enhanced when and if a n individual received 
a vision, or "wa-ya-kin," thus gaining knowledge an d spiritual support 
from an animal or thing. These special powers were recognized by his 
people throughout his lifetime, usually by taking t he name of the animal 
or a piece of the animal that he wore as part of hi s apparel (i.e. 
"rabbit-skin leggings"). In addition to the spiritu al knowledgeof the 
special animal, the individual became versed in the  different types of 
herbs, roots, barks, leaves, and berries to be used  as medicines that 
could be taken by eating, drinking, smoking, applic ation to wounds or the 
skin, or by other means. Application of the medicin es was usually 
accompanied by chanting, singing, rattles, and some times dancing, which 
actions were requests for assistance from the spiri ts of the special 
plants and animals. 
Relationships with Other Indian Tribes and Tribal O rganizations 
The Nez Perce Tribe views its role within the DOE p lanning context as 
operating on two levels. The first, and most import ant, is obviously the 
Tribe's role as advisor to the site-specific cleanu p of the Hanford site. 
However, the Tribe realizes that its consultation w ith DOE will be viewed 
by both the Department of Energy and other Indian T ribes whose interest 
in the DOE environmental management planning proces s are not as 
compelling, as representatives of American Indian T ribes in general. This 
is not an unrealistic concept. The fact is that the  Tribe must prepare 
and act on these two levels. It must carry out the oversight, monitoring, 
and analysis necessary to be a strong advocate for Tribal rights at the 
Hanford site and must be able to extrapolate from t he site-specific 
analysis the generalized concerns that are relevant  to American Indian 
Tribes across the country. We believe, the transpor tation issues and 
planning for human resource development fit into th is category. The Nez 
Perce tribe believes that it can and must operate o n these various levels 
to act as a credible representative of general Trib al interests in 
environmental management decisions. 
With this introduction to the values, decision maki ng process, and 
responsibilities to the various communities of the Nez Perce Tribe we 
move on to a discussion of basing environmental man agement decisions on 
more project-specific information. 
DEVELOPING VALUES-BASED MISSION STATEMENTS AND PERFORMANCE MEASURES 
The current Hanford mission statement ("cleanup Han ford") is really a 
"means" goal rather than an "ends" goal. Hanford is  being remediated for 
reasons in addition to the fact that cleanup is goo d. However, site-wide 
target endstates have not been defined, and therefo re performance 
measures that apply during remediation have not bee n clearly defined. The 
dangers of beginning massive cleanup before endstat e goals have been 
defined should be readily apparent. For example, pr oceeding with 
excavation before defining the target endstate coul d result in permanent 
loss of habitat, whereas initially setting an envir onmental management 
goals might result in the selection of remedial tec hnologies that are 
less intrusive. It is not sufficient to begin excav ation on the 
assumption that eventually it will become clear whe n to stop, and that 
appropriate restoration measures can be designed at  some time in the 
future when endstate land uses have been clarified.  Similarly, a 
temporally phased cleanup might result in initial c leanup to brownfield 
standards, thus allowing industrial development in an area later targeted 
for ecological preservation. Both of these examples  violate the decision 



principle of preserving future options for natural resource management 
and multiple land uses. 
If a higher site-wide goal, such as "preserve the e co-cultural 
landscape," is articulated early in the decision pr ocess, then several 
things happen. First, agreement about higher-level goals may reveal 
commonalties among the Nez Perce Tribe and other po tential endstate "user 
groups" that were formerly unrecognized. Second, th e list of technical 
options could likely increase. Third, conflicts abo ut each isolated 
action may diminish if site-wide, holistic, values- based goals are 
developed and enforced. Fourth, both external group s and internal program 
managers will be able to relate individual actions to real progress. 
Scope of Analysis Required to Support Broad Managem ent Goals 
Strategic planning efforts frequently fail to recog nize that the choice 
of a strategy can significantly influence the endst ate. For instance, a 
narrowly defined risk reduction strategy automatica lly relies on certain 
types of information and excludes other types. Conv entional environmental 
safety and health (ES&H) strategies typically focus  solely on reducing 
human exposure, with only minimum attention to envi ronmental and 
ecological goals, and no attention to cultural valu es-based goals (Fig. 
1). If reducing (or avoiding) human exposure is the  sole risk performance 
measure, then other types of risk (accident probabi lities, probability of 
ecological impacts, probability of cultural impacts , and so on) may not 
receive adequate attention of budget. Programmatic risk may actually 
increase if performance measures are too narrowly d efined and if the 
decision logic fails to identify uncertainties in t he path forward. 
Decisions are more stable (i.e. technically defensi ble and politically 
acceptable) if they are linked to broad management goals; this in turn 
requires a broader (but not necessarily data intens ive) information base. 
There is much more to health than just the absence of exposure, and the 
Nez Perce identify at least three types of health: physical, spiritual, 
and emotional. Further, there is more to risk reduc tion than just 
reducing the probability of adverse human health ef fects. One approach 
that is inherently more suited to indigenous values  and holistic 
perspectives is Comparative Risk (Fig. 2). Comparat ive Risk (7,8) is 
clearly more comprehensive than human exposure-base d assessments. It also 
captures Quality-of-life concerns, which we have te rmed "Culture" to 
include concepts about Nez Perce culture and the ab ility to practice 
traditional activities. The three types of impacts (health, environment, 
and culture) together give an indication of the imp acts to, or health of, 
holistic Circle of Life. The Circle of Life, reflec ts the culmination of 
indirect health effects, the conclusions of communi ty-based knowledge on 
how contaminants affect the community's cultural id entity, knowledge of 
elders about what natural resources really mean to Nez Perce people, and 
inherent rights of all species (modified from Cole,  (2)). In Nez Perce 
reality, the Circle of Life also reflects the conce pt that there is a 
single "essence" that extends to the bounds of the Earth, that every 
natural thing originating from the Earth represents  a local or mobile 
manifestation of that essence, that each thing is c onnected to every 
other thing through the shared essence, that theref ore harm to any of 
those components also harms the whole. 
Fig. 1 
Fig. 2 
When assessing risks in practices, a tribal risk mo del might incorporate 
information about culture-specific foods, medicines  and other materials 



obtained from the study area, provided that the ass essment is designed to 
avoid the necessity of revealing confidential infor mation. In fact, most 
standard exposure equations cannot truly use this i nformation in the 
first place, because species-specific uptake factor s are usually 
unavailable. Therefore, careful assessment design c an adequately reflect 
exposures that might reflect exposures that might o ccur during a set of 
traditional activities without compromising confide ntiality. Similarly, 
ecological species of particular cultural importanc e will likely be 
different from threatened and endangered species, b ut artificial 
(computer) foodweb models that list multiple specie s but lack species-
specific contaminant transfer factors will limit th e usefulness of 
gathering sensitive or confidential information. 
The importance of including the full list of stress ors in the evaluation 
cannot be overemphasized. Because decisions about e nvironmental 
remediation or waste management are usually focused  on chemicals and 
radionuclides and the environmental media or facili ties that contain 
them, other stressors may be excluded from the deci sion process. For 
example, Hanford habitats and treaty-reserved right s are at just as much 
risk from political (zoning, boundary creep, reduce d budgets), legal ( 
denial that treaty rights exist, adverse land use d esignations), 
institutional (closed decision processes, denial of  access to traditional 
lands and resources), physical (expanding infrastru cture, habitat 
fragmentation, clean fill mining) and aesthetic (no ise, visual impacts, 
shrinking buffer zones around sacred sites) impacts  as they are from 
contamination. If this is recognized early in the d ecision process, it is 
more likely that values-based mission statements wi ll adequately reflect 
Nez Perce concerns. If it is not recognized, then d ecisions typically 
become technical problem statements that lose direc t links to values and 
may ultimately be rejected or cause costly mid-cour se project 
corrections. 
TRANSLATING TO ENVIRONMENTAL MANAGEMENT STRATEGIES 
The last step in the planning process is to evaluat e alternative means of 
achieving each target land use; since the target en dstates were clearly 
defined in the previous step, alternative solutions  can be more precisely 
selected. In addition, cost, schedule and worker ex posure during 
remediation are modifying factors in project implem entation rather than 
insurmountable obstacles that might automatically p reclude further 
consideration of the preferred endstate. 
At Hanford, a common misperception is that traditio nal indigenous land 
uses, habitat preservation and general recreational  uses (e.g. bird 
watching, fishing, hunting) are entirely different endstate designations 
that are mutually incompatible. A related mispercep tion is the "pristine 
or nothing" label applied to tribes when they push for maximum 
remediation and restoration. Ultimately, the Nez Pe rce Tribe has a trust 
duty to their members to protect treaty rights, hum an health and natural 
resources. However, once this is acknowledged as th e ultimate goal for 
the site, then a wide range of mutually-compatible activities is possible 
during interim phases of cleanup. 
CONCLUSION 
The nuclear waste cleanup experience gained by the Nez Perce tribe 
continues to grow and gain technical sophistication . The Nez Perce 
Environmental restoration and Waste Management Depa rtment is involved in 
a number of remediation, environmental restoration,  technology 
development, and waste management activities. After  a few short years of 



digesting the current processes and schools of thou ght involved in these 
various activities, the Nez Perce Tribe is attempti ng to synthesize these 
"technologies" with its values, offering an alterna tive way of 
conceptualizing one path to holistic environmental management goals. 
The Nez Perce Tribe subscribes to the theory that c lose consultation is 
an educational tool for everyone involved. Through this educational 
process the Nez Perce Tribe offers to share its col lective wisdom and 
practical advice, obtained through thousands of yea rs of trial and error, 
and maintained by culturally conservative practices . The Nez Perce Tribe 
has a duty to contribute to solutions for the probl em encountered in the 
filed of environmental management. In return, the N ez Perce Tribe expects 
that through this educational process of consultati on others will begin 
to grasp the full scope of humankind's duty to the environment. 
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ABSTRACT 
The WERC/FAST Initiative embodies the merits of two  successful 
programsthe Waste-Management Education and Research  Consortium (WERC) and 
the Fast-track Advancement of Significant Technolog ies (FAST). In the 
accomplishment of its mission, WERC hosts an annual  environmental design 
contest, the only environmental process design comp etition of its kind in 
the United States that provides university particip ants with design, as 
well as practical, experience on real environmental  problems. The intent 
of FAST is to leverage a small amount of funding fr om the U.S. Department 
of Energy (DOE) to make potential users at DOE site s more comfortable 
with existing technologies to solve specific proble ms by providing 
quality treatability testing to document performanc e. This synergistic 
relationship of the two programs concentrates on mo ving promising 
technologies selected during the WERC environmental  design contest to a 
field-ready level. DOE, through the Office of Envir onmental Restoration, 
has tasked the FAST Program to provide financial su pport to the 
universities selected in the WERC competition to pe rform treatability 
studies and performance testing. This testing is co nducted in cooperation 
with WERC and the DOE site sponsors of the problems . 
INTRODUCTION 
Many mechanisms exist for the promotion of environm ental technology, 
particularly those that are considered to be "innov ative." The U.S. 
Environmental Protection Agency (EPA) has its SITE (Superfund Innovative 
Technology Evaluation) program, the VISITT (Vendor Information System for 
Innovative Treatment Technologies) database, and nu merous publications to 
spread the word about environmental technologies. T he U.S. Department of 
Defense (DOD) has prepared technology screening mat rices, publications on 
technology demonstrations, and environmental manage ment "good news" 
stories. The U.S. Department of Energy's (DOE's) te chnology development 
program issues programmatic and site-specific summa ries of technology 
demonstrates and related projects, has conducted wo rkshops to promote 
technology transfer, and has distributed technology  information in a 
"baseball card" format. Despite all these efforts, technology vendors and 
providers continue to complain that their technolog ies are not used and 
environmental restoration problem holders continue to complain that 
existing technologies are inadequate to fulfill the ir needs. 
Some of the barriers that hamper technology use inc lude the following 
factors: 
  Sources of technology information, such as public ations and databases, 
are not always reliable because much of the informa tion is supplied by 
the technology vendors and providers to promote the ir products or 
services and often do not include adequate data on performance and cost. 
  The belief that just because a technology worked at one site, it won't 
necessarily work at another (i.e., the "my-side-is- different" syndrome). 
  DOE sites, used to doing everything in-house, som etimes suffer from the 
"not-invented-here" mentality. 
  Decisions to use a particular technology are ofte n made by committee 
(e.g., EPA, State, community, and responsible party ) or require adherence 
to a stringent permitting process. These conditiona l factors can 
contribute to second guessing about the acceptabili ty of a technology. 



  Those responsible for cleanup of environmental pr oblems often want a 
"risk-free" solution. 
The agencies tasked with the lion's share of the na tion's cleanup 
effortsEPA, DOD, and DOEhave several efforts under way that focus on 
removing barriers to technology use. The Federal Re mediation Technologies 
Roundtable and the Western Governors' Association D OIT (Develop on-Site 
Innovative Technologies) committee are among the mu ltiagency 
organizations that are working on these issues. DOE  has established the 
National Environmental Technology Applications Cent er to promote the 
commercialization of technologies by assisting them  through the so-called 
"valley of death" where technologies languish for l ack of a champion. 
Environmental centers have also been established at  other DOE sites 
(e.g., Oak Ridge National Laboratory, Lawrence Live rmore National 
Laboratory, Rocky Flats Environmental Technology Si te), and programs 
(e.g., Technology Connection Program) and hot lines  have been started 
that focus on dissemination of technology informati on. DOD has 
aggressively pursued the use of new technology in i ts cleanup of 
McClellan Air Force Base in California and through its Air Force Center 
for Environmental Excellence. In addition, the Stat e of California's EPA 
has established a program to certify environmental technologies that have 
proved successful in remediating sites. However, ma ny of these endeavors 
are in their infancy and some are still trying to f ormulate their 
strategies for promoting environmental technologies . 
For individuals in the field who are responsible fo r the cleanup of an 
environmental problem in the very near future, is t here a more expedient 
way for them to understand and accept the inherent risk of using an 
innovative technology? We believe there is, and it' s known as the 
WERC/FAST Initiative. 
BACKGROUND 
The WERC/FAST Initiative consists of two separate p rograms, established 
for two different objective. In combination, these programs provide a 
unique opportunity for problem holders to identify and to become 
comfortable with innovative solutions. The term "co mfortable" is used to 
convey the psychological state that decision makers  have when they are 
willing to accept the risks of using an innovative approach. WERC is the 
Waste-management Education and Research Consortium,  which is a nonprofit 
collaborative program whose members include univers ities, colleges, and 
national DOE laboratories located in New Mexico. Th e mission of WERC is 
to expand the nation's capability to address issues  related to the 
management of all forms of waste through education,  technology 
development, and information transfer. As part of i ts mission, WERC hosts 
an annual Environmental Design Contestthe only envi ronmental process 
design contest of its kind in the United States tha t provides university 
participants with design, as well as practical, exp erience on a real 
environmental restoration (ER) or waste management (WM) issues. Many of 
the design problems are actual DOE ER and WM projec ts sponsored by sites 
that are actively seeking solutions. 
FAST is the Fast-track Advancement of Significant T echnologies, which was 
initiated in 1995 by DOE's Office of Environmental Restoration and 
leverages a small amount of funding to make potenti al users at DOE sites 
more comfortable with existing technologies. This r eassurance is 
primarily accomplished by providing high-quality tr eatability studies to 
document performance. The intent of FAST is to be f ast and independent, 
to provide head-to-head testing with baseline techn ologies to benefit 



technology owners that cannot afford quality testin g, and to allow these 
technology owners to retain all proprietary rights.  Because the FAST 
Program directly involves DOE sites in the selectio n of technologies, it 
fosters a working relationship between industry and  the users at the DOE 
sites. 
The synergistic relationship in both WERC and FAST Program provides an 
opportunity to develop an approach that embodies th e strengths of each 
program and enhances their respective capabilities.  This relationship, 
known as the WERC/FAST Initiative, concentrates on moving promising 
technologies selected by the sponsoring sites durin g the WERC 
environmental competition to a more field-ready lev el. DOE, through the 
Office of Environmental Restoration, has tasked the  FAST Program to 
provide financial support to the universities selec ted at the 
environmental design contest. The universities, thr ough cooperation with 
WERC and the problem sponsors, conduct treatability  studies and 
performance testing. 
FAST PROMOTES OWNERSHIP 
At the heart of the FAST program is the "blood, swe at, and tears" 
approach. When an individual or organization strong ly supports a 
position, it typically is not because someone else has said that "this 
position is good for you;" rather, it is because th e individual or 
organization has put its own efforts into the reali zation of that 
position. When we invest our own blood, sweat, and tears into a position, 
we are likely to support it and take the risk assoc iated with 
implementing that position. An excellent example of  this sociologic trait 
is the Habitat for Humanity program. Under this pro gram, the recipients 
of housing upgrades participate in the rehabilitati on or construction of 
a structure and, therefore, invest "sweat equity" t o gain ownership. As a 
result, they develop pride in a home that does not generally occur when 
the work is provided solely by others. 
Table I presents a comparison of the basic goals an d principles of the 
Habitat for Humanity program and how the FAST missi on emulates this 
program. 
Table I 
FAST implements this approach through site involvem ent in the 
identification of existing technologies that have p otential benefit to 
solve their environmental problems but lack suffici ent performance 
testing to receive their acceptance. To acquire thi s important 
performance test data, the FAST Program provides fu ndingbut only if the 
sites interested in the technology agree 1) to leve rage site funding 
and/or provide in-kind support (e.g., engineering, laboratory analyses, 
health and safety) to perform the performance testi ng; 2) to work with 
the FAST Program to identify the performance object ives and the test plan 
for the technology; and  3) to seriously consider u sing the technology if 
performance testing indicates its acceptability. By  directly involving 
DOE sites in the selection of technologies, a worki ng relationship is 
promoted between industry and the users at the DOE sites. 
THE VALUE OF THE WERC ENVIRONMENTAL DESIGN CONTEST 
The value of the WERC Environmental Design Contest to a DOE site can be 
expressed best by the enthusiastic sentiment that o ne 1995 sponsoring 
site, the Hanford Site, had for the competition. Ha nford personnel 
stated, they "... would recommend participation [in  sponsoring a problem] 
to any organization seeking novel solutions to tech nical problems for a 
relatively low investment. The research and testing  that took place would 



have cost between 1 and 2 orders of magnitude to du plicate. It is 
unlikely that much, if any, of the work would have been approved for in-
house development owing to the uncertainties of res ults versus cost...." 
WERC estimates that for every problem sponsored by a site, the 
participating universities provide a combined 40,00 0 hours of research 
labor. The return on investment for each site that sponsors a problem is 
conservatively estimated to be 20 to 1. Each gradua te and undergraduate 
university team prepares a technical paper on its t echnology, presents 
oral and poster presentations, and performs benchsc ale demonstrations. 
For the 1995 competition the DOE site sponsors were  Rocky Flats 
(treatment of solar pond sludges), and Hanford (ret rieval of salt cake 
from high-level waste tanks). More than 20 universi ties accepted the 
challenge of developing practical solutions for eac h of these problems. 
FASTHOW IT LEVERAGES WITH WERC 
The common thread between WERC and the FAST Program  is the insistence 
that problem holders invest their resources (money and expertise) into 
the process of identifying and testing potential so lutions. This 
investment of sweat equity furthers the likelihood that the problem 
holders will assume ownership of the technologies a nd actively pursue 
their implementation. This common thread strengthen s the synergism 
between the FAST Program and WERC. 
THE 1995 WERC/FAST INITIATIVE 
During the 1995 WERC Environmental Design Contest, the judges identified 
five entries with promising solutions for the two s pecific DOE problems 
being used in the competition: treatment of solar p ond sludges (Rocky 
Flats) and retrieval of salt cake from high-level w aste tanks (Hanford 
Site). Criteria used to select the technologies for  FAST sponsorship were 
developed with site participation. Approximately 25  individuals 
representing DOE, DOE contractors, EPA, State regul ators, engineering 
consultants, industry, and academia judged the WERC  competition. The two 
DOE sites reviewed the recommendations of the judge s and concurred that 
three of the solutions had sufficient interest to t he sites to warrant 
further refinement of those technologies to a more field-ready level. 
Through FAST, WERC supported students during the 19 95 summer months to 
refine the technologies. The selected universities and their technologies 
are 
  University of Oklahoma, Norman: modified borehole  mining system for 
material removal (for Hanford Site problem). 
  University of Alabama at Huntsville: a removal sy stem that uses a 
pneumatic steel-pellet blaster device with magnetic  retrieval (for 
Hanford Site problem). 
  University of Idaho, Moscow: use of naturally occ urring apatite to 
immobilize heavy metals in solar pond sludges (for Rocky Flats problem). 
Each university was assigned specific objectives to  achieve for its 
technology. The University of Oklahoma needed to pe rform some initial 
scoping tests to determine a good water temperature  and jet-cutter nozzle 
design for the bench-scale tests of its borehole mi ning system. 
Additional quantitative data were required to ident ify parameters and 
values that are most critical to material removal: salt removal rate 
versus water temperature, nozzle orifice design, wa ter pressure and 
velocity, water flow rate, and distance between noz zle and the salt for a 
range of the parameters. 
The University of Alabama at Huntsville approach us es a steel-shot 
blasting technique that is similar to sand blasting  with the advantage of 



magnetic recovery of the shot from the waste stream . Tasks included 
obtaining a suitable air blast gun from a commercia l vendor and 
conducting quantitative tests to compare its perfor mance to salt cake 
removal with sand blasting. Other activities consis ted of determining 
optimum air pressures and airflow and selecting ste el shot and nozzle 
sizes to assess the potential of this technique for  cleaning the walls of 
tanks at the Hanford site. 
The University of Idaho needed to determine if the naturally occurring 
mineral apatite would be an appropriate admixture t o stabilization mixes 
for immobilizing heavy metals in solar pond sludges  at Rocky Flats. This 
technique has been used at Superfund abandoned-mine  sites and has been 
investigated by Pacific Northwest Laboratory. Team assignments included 
tests to identify the performance range of various types of apatite at 
different ratios of salts, water, and pozzolan to d etermine an optimized 
formulation for immobilization of heavy metals whil e maintaining 
structural integrity of the final waste form. 
General objectives for each technology consisted of  1) identifying 
outstanding issues relative to each technology that  need resolution 
before full-scale implementation can occur, 2) prep aring a fact sheet 
about each technology, and 3) demonstrating each te chnology at either the 
Hanford Site or Rocky Flats and giving an oral pres entation of the 
findings to DOE and the sites' operating contractor s. 
Kick-off meetings were held at Hanford and Rocky Fl ats in July with all 
the parties involved in the 1995 WERC/FAST Initiati ve, including students 
and site representatives. Students were able to tou r the sites and see 
the problems that their technologies address. Basic ally, they were 
afforded the opportunity to "kick the tires" of the  problem. Guidelines 
were developed for the testing to be performed by t he students during the 
summer and were agreed upon by the sites. All the s tudents' activities 
have not been completed. 
The University of Idaho presented the findings of i ts chemical 
engineering students to representatives of Rocky Fl ats, WERC and FAST. 
Test results indicate that the use of apatite in th e proposed grout 
formulation could stabilize the process sludge to m eet waste acceptance 
criteria. The best apatite material seems to be com mercially available 
fish bones rather than mineralized apatite. Rocky F lats representatives 
will now use this information to assess the use of apatite on actual 
radioactively contaminated sludges. The use of apat ite as a geochemical 
barrier for a mixed-waste repository at the site is  also being 
considered. 
Presentations to Hanford Site personnel by teams fr om the University of 
Oklahoma and the University of Alabama at Huntsvill e also offered 
solutions to problems. Results achieved with Oklaho ma's water-jet device 
(34.5 megapascals [5,000 pounds per square inch] un confined compressive 
strength) on hard salt cake had a fivefold to sixty fold increase in 
removal rate with 66C water in comparison with 16C water. Alabama's 
pneumatic steel-pellet blaster retrieved salt cake at a rate of 10 cubic 
inches per minute. While that rate probably is not fast enough for bulk 
retrieval, this method could be used for cleaning t ank walls or internal 
portions of structures. The Hanford sponsors noted that "...this is the 
only entirely dry waste retrieval method to have ev en limited success on 
material this hard." The management of the High-Lev el Waste Retrieval 
program exemplified the site's interest with a requ est to the two 
universities, in cooperation with WERC, to support the refinement of 



their technologies for use with the robotic manipul ator arm being 
perfected at the Hanford Site. 
IS THE WERC/FAST INITIATIVE SUCCESSFUL? 
One sign of success is the commitments by the probl em holders at the 
sponsoring sites to advance the technologies to the  next step in 
readiness for field use. Both Rocky Flats and Hanfo rd affirmed their 
intents to use these technologies. This step of emb racing the 
technologies the students developed in the WERC env ironmental design 
contest, enhancing the technologies by leveraging f unds from FAST and in-
kind support from the problem holders, and actually  moving toward field-
ready applications of the technologies demonstrates  the success of the 
WERC/FAST relationship. 
Another sign of the success of a WERC/FAST Initiati ve is the desire of 
other sites to participate and to allocate their re sources into 
sponsorships. Although this is the first year for t he WERC/FAST 
Initiative, three sites have agreed to fund the spo nsorship of problems 
for the 1996 WERC Environmental Design Contest. The  Idaho National 
Engineering Laboratory problem involves the remedia tion of a series of 
1,900- to 190,000 liter (500- to 50,000 gallon) und erground mixed-waste 
storage tanks and surrounding soil. Savannah River Site's problem is the 
remediation of radioactively contaminated vegetatio n with a method other 
than incineration. The third problem is a waste man agement issue at Rocky 
Flats involving the treatment of industrial machini ng filters 
contaminated with a hazardous solvent and plutonium  particles. These 
sites will provide additional support in the form o f in-kind services to 
develop test plans under the FAST portion of the in itiative and will 
offer consultation and mentorship to the universiti es selected to further 
the field implementation of their solutions. 
THE WERC/FAST INITIATIVE MEETS DOE'S NEEDS 
The WERC/FAST Initiative stands up to DOE's tough d emands for strategies 
that are customer driven, practical, cheap, and fle xible. One of the 
criteria for acceptance into the WERC/FAST Initiati ve is needthe 
technology must meet the needs of DOE sites, regula tors, and 
stakeholders. Because the students who compete in t he WERC Environmental 
Design Contest must use technologies that they are confident will work, 
existing technologies are selected and are often in novatively adapted. 
This use of existing technologies avoids long-term research and 
development efforts and benefits DOE sites by furni shing more performance 
data for site-specific applications. Small investme nts in performance 
testing that are leveraged through both WERC and FA ST produce large 
results for the DOE complexproven technologies. The  inherent flexibility 
of FAST allows adaptability, such as the WERC/FAST Initiative, to meet 
changing real-world needs and offers opportunities with solutions to 
environmental problems. 
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ABSTRACT 
A student design team produced a conceptual design and planned a project 
for safe and cost effective removal of radioactive waste from underground 
storage tanks. The proposed design concept differed  from baseline 
sluicing and remotely controlled manipulator arm te chnologies. Advantages 
of the design concept were identified as simplicity  in deployment, 
operation, automation and maintenance, as well as p otential for improved 
reliability over the manipulator arm technologies. Little or no 
additional radioactive waste would be generated. Le gal and regulatory 
requirements, and health and safety considerations were taken into 
account in the project planning. All applicable leg al and regulatory 
requirements were reviewed and actions were identif ied for compliance 
with these requirements. Legal and regulatory requi rements included 
compliance with general radiation protection standa rds, standards for 
packaging and transport of radioactive waste, envir onmental regulations, 
procedures for decommissioning and decontamination of equipment and 
community right-to-know laws. A health and safety p lan was produced which 
included monitoring of radiation levels, administra tive and engineering 
controls and an emergency action plan. A plan for e nsuring good community 
relations was identified which included public info rmation meetings and 
information brochures describing the reasons for an d the risks associated 
with the proposed project. A business plan and econ omic assessment 
indicated the viability and cost effectiveness of t he proposed approach, 
based on present value project costs for waste remo val from two tanks in 
a 34 month period. 
INTRODUCTION 
A group of eight students, five mechanical engineer ing seniors, one 
chemical engineering senior, one industrial hygiene  senior and one MBA 
student produced a conceptual design for a mechanic al system capable of 
mobilizing and retrieving radioactive wastes from u nderground storage 
tanks. The waste composition, storage tank specific ations and other 
design requirements were those issued by the Waste- Management Education 
and Research Consortium (WERC) for the 1995 Interna tional Environmental 
Design Contest (1). The storage tanks were assumed to be located in Las 
Cruces, New Mexico, according to the contest rules.  The single-shelled, 
underground storage tanks specified in the competit ion rules contain high 
level radioactive waste, varying in consistency fro m hard saltcake to 
sludge. Access to the interior of the tanks and,the refore to any 
equipment operating inside of the tanks, is severel y restricted due to 
radiation levels. Because of this, any proposed was te retrieval system 
should be very reliable, simple to maintain and mus t be easily automated. 
The proposed concept met these requirements and avo ids past practice 
sluicing which creates additional radioactive waste , and is significantly 
simpler than multi-degree-of-freedom manipulator ar ms, the other baseline 
technology. 



RETRIEVAL SYSTEM DESIGN CONCEPT 
After an extensive design tradeoff study, a rotatin g cutting device to 
mobilize the saltcake supplemented by an air convey ance system to remove 
the waste from the tanks was chosen for further con sideration. The 
contest mailings (1) stipulated that the baseline, multi-degree-of-
freedom manipulator arm technology and past-practic e sluicing should be 
precluded from the proposed solutions. Several othe r alternative concepts 
were also considered but were determined to be infe rior to the chosen one 
based on a sum of weighted attributes criterion or Pugh chart (2) 
analysis. This evaluation, however, did not include  detailed design 
considerations or a detailed cost analysis because of time constraints. 
Fig.1  
Preliminary testing using a recipe for simulated sa ltcake supplied with 
the contest mailings revealed that typical cutting tools alone would not 
be likely to break up the hard saltcake to a form s uitable for air 
conveyance, at least not in a time and energy effic ient manner. However, 
it was hypothesized that, because of the brittle na ture of the saltcake, 
its resistance to fracture could be significantly r educed by first 
"scoring" it (i.e. cutting a series of parallel gro oves in it). Breakup 
of the material could then be accomplished by subse quent cutting with a 
high speed cutting wheel perpendicular to the groov es. Experiments with 
the simulated saltcake validated this approach. The  contest mailings 
stipulated that an existing air-conveyance system w as available for use 
with the retrieval system design. 
To deploy the aforementioned scoring and cutting me chanism, it was 
proposed to use a telescoping arm with a central su pport, as illustrated 
in Fig. 1. A cutting head unit consisting of high s peed abrasive scoring 
wheels with counter-rotating breakoff disks at righ t angles (shown 
schematically in Fig. 2) was to be mounted at the e nd of the telescoping 
arm. The arm could be folded into the central suppo rt so that the entire 
unit could be lowered into the tanks through existi ng central risers. The 
telescoping nature of the arm allowed the full rang e of the tank diameter 
to be accessed by the cutting head. The machinery w ould be powered with 
hydraulic motors because of their reliability and f avorable torque-speed 
characteristics with relatively low weight, as comp ared to electric 
motors (3). 
Fig. 2 
The sludge material in the tanks was described as h aving a varying 
consistency but similar to that of peanut butter. I n addition to breaking 
up the hard saltcake to a form suitable for air con veyance, this sludge 
would also need to directed into the air conveyance  ducts. Thus,impellers 
would also be mounted on the cutting head unit to i mpart momentum to the 
sludge, forcing it into the air conveyance system. 
The student design team believed that this conceptu al design offered 
advantages over the baseline technologies. Because of the relative 
simplicity of the deployment mechanism in compariso n to multi-degree-of-
freedom manipulator arms, operation of such a syste m could be easily 
automated. Further, automation would be significant ly less expensive than 
for manipulator arms and the reliability of such a system would be 
significantly improved over remotely controlled man ipulator arms, again 
owing to the relative simplicity. Finally, the prop osed system would 
create little or no additional radioactive waste, t hough it might be 
necessary to cool the cutting blades so that some c oolant fluid would be 



introduced into the radioactive waste stream and a heat exchange and 
recirculation system would be required for the cool ant. 
HEALTH, SAFETY, REGULATORY AND COMMUNITY RELATIONS ISSUES 
In conjunction with the conceptual design, regulato ry requirements, 
health and safety considerations and community rela tions issues were 
reviewed. In order to complete a waste retrieval pr oject using the 
proposed technology, licensing requirements, radiat ion protection 
standards, packaging and transport regulations, env ironmental 
regulations, equipment decommissioning regulations and community right-
to-know laws must be complied with (4-7). These wer e thoroughly reviewed 
and required actions for compliance were identified  based on a New Mexico 
project site. A health and safety plan involving pe rsonal protection 
equipment and monitoring of workers for radiation e xposure, employee 
training, engineering control of radiation levels a nd an emergency action 
plan was produced. A community relations plan inclu ding public meetings 
was also proposed. 
General Radiation Protection Standards 
The New Mexico Radiation Protection Standards (5) r equire everyone who 
receives, uses, transfers, possesses, or acquires a  minimum amount of 
specific radioactive materials to hold a license (5 ). Therefore, 
licensing by the NRC would be required to perform t he waste retrieval. 
Radiation exposure, regulated by OSHA and the NRC, should also be kept to 
levels that are As Low As Reasonably Achievable ("A LARA"), taking into 
account current technology and the benefits of publ ic health and safety. 
Decontamination 
Decontamination is essential for maintaining the "A LARA" standards for 
the reuse, repair, and decommissioning of equipment  used in the retrieval 
system. Decontamination removes a high percentage o f the radioactive 
particles that adhere to the equipment, allowing fo r safer transport and 
maintenance. The chemical agent formerly used for d econtamination of 
radioactive equipment was CFC-113. However, the Cle an Air Act of 1990 
bans the production of all known sources of atmosph eric chlorine, 
including CFC-113. As a result, an alternate cleani ng agent such as 
perfluorinated hydrocarbon surfactant solution woul d be required (6). It 
would be necessary to provide a decontamination are a inside the above-
tank facility, and decontamination could be perform ed through the use of 
high-pressure sprays. 
Packaging and Transport  
The packaging and transport of radioactive material s is governed by the 
NRC, 10 CFR 71; the DOT, 49 CFR 170-1891 (4); and t he New Mexico 
Radiation Protection Regulations 3-700 & 4-260 (5).  These laws pertain to 
the transport of licensed radioactive material outs ide the confines of 
the plant or place of use. Licenses for packaging a nd transportation 
would have to be obtained from the NRC, the DOT, an d the NMED (New Mexico 
Environmental Department). Licensing would be requi red to transport 
samples of the tank waste off-site to be analyzed, since the tank 
contents must be analyzed before any retrieval begi ns. 
The proper packaging requirements would have to be observed in accordance 
with the waste classification status (10 CFR 71 sub -part D, 49 CFR 173 
sub-parts A and B and 49 CFR 178 sub-part K) (4). T he packaging to be 
used to transport samples would have to be approved  by the NRC. An 
application for package approval submitted to the N RC must include a 
detailed package description, a package evaluation,  details of a quality 
assurance program, and the identification of the pr oposed fissile class. 



The application requirements are described in full detail under 10 CFR 71 
sub-part D (4). 
Environmental Regulations 
The Council on Environmental Quality (CEQ) has seve ral requirements that 
must be met as mandated by the National Environment al Policy Act (NEPA). 
Environmental information documents (EIDs) would ha ve to be prepared and 
submitted to the EPA for any proposed action that c ould have a potential 
impact on the environment. An environmental review process is required. 
The EPA will provide an environmental assessment to  determine whether or 
not there is an impact significant enough to warran t the requirement of 
an Environmental Impact Statement (EIS). A record o f the decision must be 
made available to the public. Further information o n the procedures for 
implementing the requirements of the CEQ is located  40 CFR 6 (4). 
Decommissioning 
Decommissioning of the facilities and the equipment  used is regulated by 
the EPA, the NMED, and the NRC. At the present time , there are no set 
standards. Each case is assessed individually, and a decommissioning 
procedure must be approved by all three agencies. T he current practice is 
to reduce risk to below 10-4 to 10-6 and to reduce radiation levels to 
below external radiation standards set by the NRC ( 6). Retrieval 
equipment would need to be decommissioned in compli ance with all 
regulatory decisions. 
Emergency Planning and Community Right-To-Know 
The Emergency Planning and Community Right-To-Know Act of 1986 (EPCRA), 
Title III of the Superfund Amendments and Reauthori zation Act (SARA), 
requires that the public have access to information  regarding the 
presence of hazardous substances in their communiti es. State and Local 
Emergency Planning Committees (SEPCs and LEPCs) mus t be notified when 
there is a release of reportable quantities (RQ) of  a hazardous 
substances that may adversely affect the community.  Reports must be made 
available to the public providing interested partie s with names and 
quantities of the hazardous chemicals released. In the event of a release 
of an RQ, compliance with notification requirements  as detailed in 40 CFR 
302 (4) would be necessary. 
Health and Safety Plan 
All activities related to the operation of the wast e retrieval system 
would be conducted in compliance with federal and s tate regulations for 
safe work practices as well as a proposed health an d safety program. 
Federal health and safety regulations that must be followed include 
subparts of OSHA's general industry standards (29 C FR 1910.96) and 
subparts of the NRC's standards (10 CFR 20) for pro tection against 
radiation (4). 
The proposed health and safety plan possessed the f ollowing components: 
monitoring and surveying to identify and quantify p otential hazards, 
administrative controls and engineering controls to  minimize those 
hazards, and an emergency action plan. This written  health and safety 
plan was intended to be made available to all emplo yees as well as all 
federal, state, and local authorities. 
The main health and safety concerns associated with  the waste retrieval 
are centered around the presence of alpha, beta, an d gamma radiation 
within the single-shelled tanks. These types of rad iation are caused by 
the presence of radioactive materials within the ta nks, specifically 
137Cs, 90Sr, 90Y, 238U, 239Pu, and 241Am (1). The h ealth and safety 
program emphasized these concerns, but also address ed all other health 



and safety concerns associated with the proposed pr oject. The following 
discussion illustrates major components of the prop osed health and safety 
program.  
Monitoring 
Continuous monitoring of radiation levels and airbo rne radiation levels 
in the repair unit, the control center, and the sup port center would be 
monitored to ensure a safe work site for employees and compliance with 
all appropriate regulations. All employees would we ar film badges (to 
provide a legal record) and dosimeters (to provide an immediate reading) 
during their shifts. Monitoring would also aid in t he selection of 
personal protective equipment (PPE) as it became ne cessary. 
Administrative Controls 
Employee training was a major element of proposed a dministrative 
controls. All site workers involved with the retrie val would be required 
to take a 40 hour training course and be certified to handle and 
remediate hazardous waste (29 CFR 1910.120) (4). Em ployee training would 
also be developed to address such areas as hazard a wareness, hazard 
avoidance, proper use of PPE and limitations of tha t PPE (when 
applicable), evacuation procedures, the purpose of controlled work areas, 
Right-to-Know issues, the use of Material Safety Da ta Sheets (MSDS), and 
confined space entry. A medical surveillance progra m would be implemented 
to ensure employee health prior to and during emplo yment. PPE is an 
administrative control that would be used as a last  resort, but PPE would 
be readily accessible to employees for emergencies.  The PPE would include 
gloves and clothing to minimize contamination durin g maintenance 
procedures. Employees would be required to go throu gh a decontamination 
process after performing maintenance tasks that req uire contact with the 
waste. Decontamination facilities would be provided , and monitoring would 
be performed to verify adequacy of decontamination.  Safety glasses would 
be worn by all employees. Respirators could be used  if they were 
determined to be necessary during exposure monitori ng, and if used, a 
Respiratory Protection Program would be implemented . Controlled work 
areas would be posted according to OSHA and NRC reg ulations to further 
ensure employee safety and site security, and audib le warnings would be 
installed to alert employees entering high radiatio n areas. An industrial 
hygienist would be available during all retrieval o perations to ensure 
compliance with the site health and safety program.  
Engineering Controls 
In the case of exposure to radiation, the controls would be primarily the 
automation of the retrieval system and the reductio n of employees' time 
spent near the waste. Other forms of control such a s shielding might be 
necessary to reduce employee exposure to "ALARA" le vels, and the 
specifications of necessary shielding could be calc ulated once the 
radioactive content of the waste was known. The ret rieval method was 
designed to minimize employee contact with the retr ieval equipment, the 
amount of time that employees are in high radiation  areas, and thus the 
employees' proximity to the waste. The retrieval sy stem would be entirely 
automated, including the handling of the waste once  it is out of the 
tanks and is being pumped into the waste transporta tion vehicles for 
subsequent transport to the waste retrieval facilit y. Employees would not 
be inside the above tank facilities (except in isol ated areas) when waste 
was being pumped out of the single-shelled tanks an d into the vehicles. 
Employees might have to enter the facility for task s associated with 
moving vehicles out of the secondary structure when  they are full and 



when maintenance tasks are required. Again, when em ployees were engaged 
in these tasks, waste would not be pumped from the tanks, thus reducing 
potential exposure. The waste transportation vehicl es would be designed 
so that employees working in the repair unit would not be exposed to 
levels above 0.2 mrem/hr (1). The above ground faci lity would provide 
general ventilation (as well as exhaust ventilation  if air monitoring 
proves it to be necessary) to reduce the potential for airborne 
radiation. 
It was determined to be imperative that the content s of the single-
shelled tanks be analyzed before any retrieval coul d begin. This analysis 
would allow shielding requirements for the process to be calculated. 
Analysis results would also be used to determine th e design of the waste 
transportation vehicles according to the appropriat e regulations. The 
design of the above-ground facility and secondary s tructure would also be 
checked against the analysis results to determine i f they adequately 
provide secondary containment to ensure that radiat ion was not released 
to the environment. 
Emergency Action Plan  
An immediate evacuation warning signal would be ins talled in the interim 
retrieval facility, in compliance with the regulati ons in 10 CFR 20 (4). 
The emergency action plan would include procedures for dealing with 
emergencies, as well as names of the local emergenc y agencies and federal 
and state regulatory agencies to be contacted in th e event of an 
accident. Designated areas for first aid kits would  be identified. MSDSs 
would be used to determine first aid procedures in the event that medical 
attention were necessary. 
Community Relations 
Good public relations would be imperative for succe ss of the proposed 
project. A well informed community would help the p roject gain the 
support of regulatory agencies, help insure funding , and allow the 
project to proceed quickly since it would be clear that the rights, 
health, and environmental security of the local com munity would be 
protected. The statutory and regulatory requirement s have been 
established in CERCLA as amended by SARA (40 CFR 30 0), and NEPA (40 CFR 
1502-1503, 1506) (4). At sites where CERCLA respons e actions are taken, 
there are community relations requirements and proc edures for specific 
situations in which public participation must occur . The community 
relations program would comply with these regulatio ns. 
It would be important to keep the community informe d both before the 
project begins and as it progressed. Public informa tion meetings would be 
held on a regular basis. These meetings would infor m the community of the 
project's status as well as any changes in proposed  actions. 
Brochures would be distributed which outline the re asons and methods for 
retrieval, risk associated with the project, and em ergency procedures 
that are in place for potential accidents. Possible  questions and 
concerns the public may have would be anticipated, addressed, and 
responded to in these brochures. A telephone hotlin e would also be set up 
so that community residents could receive informati on about the project. 
Another approach proposed to gain community trust w as to create public 
participation programs where members of the public would be directly 
involved in the initial stages of planning. These p articipation groups 
would then oversee the project until completion. 
BUSINESS PLAN AND ECONOMIC ASSESSMENT 



A general description of project costs is given in Table I. The Gantt 
chart method for project planning was used to estim ate the duration of 
the project and project scheduling. The proposed pr oject allowed for 
retrieval of waste from two tanks within a 34 month  period. the major 
phases of the project would be equipment design and  construction and 
testing, facilities construction and retrieval from  two tanks and 
equipment decommissioning. The total cost of equipm ent, required tank 
access hole enlargements and facilities constructio n was estimated to be 
$9.61 million, representing 65% of the total projec t cost. Costs 
associated with licensing requirements were omitted  because they would be 
the same for any proposed retrieval method. 
Table I 
Economic Assessment 
The assessment summarized in Table I was based on a ssumptions which 
produced the most conservative (i.e. the highest) e stimates of project 
costs. A discount rate of 5% was used to compute pr esent values and this 
was based on conservative estimates suggested by th e EPA (21). This 
discount rate is used for CERCLA hazardous waste pr ojects which have 
similar risks to the one described here. Tax and de preciation costs were 
omitted in order to make a cost comparison between baseline technologies 
and the proposed technology. The total estimated ta x benefit based on the 
assumption of no salvage value for the equipment wa s $4,125,200. 
CONCLUSIONS  
A student design team proposed a mechanical removal  method and planned a 
project which could safely and effectively remove r adioactive saltcake 
and sludge from underground storage tanks. The mobi lization and retrieval 
system differs from the baseline sluicing and remot ely controlled 
manipulator arm technologies. The design concept ut ilized a rotating 
cutting head to break up the hard saltcake and this  would be deployed by 
a telescoping arm and central support structure as an integrated system. 
This design was seen to offer several advantages. T hese advantages 
included the facts that it does not create signific ant additional 
radioactive waste, it offered simplicity in automat ion potential, 
deployment, and maintenance functions, and it offer ed significant 
potential for enhanced reliability compared to the use of a remotely 
controlled, multi-degree-of-freedom manipulator arm . 
All applicable legal and regulatory requirements as sociated with the 
proposed project were reviewed and the actions whic h would have to be 
taken to comply with these regulations were identif ied. A health and 
safety plan which would ensure compliance with OSHA  regulations and 
guarantee employee exposure to as low as reasonably  achievable ("ALARA") 
levels was discussed and planned. An emergency acti on plan was also 
outlined. 
A business plan was developed to assess project cos ts and scheduling 
requirements for a 34 month project duration. This business plan and an 
economic assessment indicated the cost effectivenes s and viability of the 
proposed project. Costs comparable to the baseline,  remotely controlled 
manipulator arm technology can be achieved, and the  student design team 
believed that there was considerable potential for cost savings. 
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ABSTRACT 
The Waste-management Education and Research Consort ium (WERC) had 
requested designs for a high level radioactive wast e mobilization and 
retrieval system for underground storage tanks and for a sludge 



remediation process. The Montana Tech Environmental  Design Team (MTEDT) 
designed creative, cost-effective methods for the g iven problems. One 
group within the team designed an In-tank waste Rem oval Integrated System 
(IRIS). WERC had requested that the waste be remove d from the underground 
tanks within a six month time frame, and restricted  the design from using 
a robotic arm or from sluicing. IRIS is a mobile sy stem, relatively 
simple in design. Design parameters will allow remo val of waste from a 
0.75 Mgal tank in 5.8 months. The two major systems  involved with IRIS 
are the pneumatic fracturing system and the air sys tem. Other components 
include liquid/slurry retrieval pumps. The in-tank components are handled 
by a hydraulic cylinder system, with telescoping tr usses. Air system 
components above ground handle collection of partic ulate, 
warming/dehumidifying the air stream, and eliminati on of dust emissions. 
The projected costs and operation/maintenance on IR IS, for waste removal 
from eight tanks, has been estimated to be $15.7 mi llion. Another group 
within the team designed a two-step, low maintenanc e, semicontinuous 
Solvent Extraction and Contaminant Recovery Technol ogy (SECRT), which is 
designed to be flexible for various contaminant lev els and transportable. 
WERC had restricted the design from utilizing cemen tation or 
vitrification. SECRT's first step involves a liquid /solids separation and 
counter-current extraction of radionuclides, organi cs, and metals using a 
chelating agent and surfactant mixture. The second step involves sending 
liquid through the heating chamber of a two-stage, forced-circulation 
evaporator/crystallizer, where 70% of the contamina ted liquid stream is 
flash-vaporized. The residual liquid is cooled and sent to a 
solvent/water separator, where the solvents are col lected and marketed as 
either an industrial solvent or incinerator fuel. T he water is further 
filtered to dischargeable levels. SECRT is designed  to handle 7200 
gallons per day (gpd) in contaminated liquid and 18 00 gpd in pond sludge. 
The projected cost of treatment of the pond sludge is $4.66 million, or 
$3.88 per kilogram of sludge. MTEDT's plans also ad dress legal issues, 
health and safety concerns, and community involveme nt.  
PROCESS DESIGN FOR HIGH LEVEL IN-TANK WASTE RETRIEV AL SYSTEM 
Preliminary Activities 
A complete characterization of the tank interior wi ll be conducted prior 
to starting waste retrieval operations. Characteriz ation will include 
sampling for explosive chemicals such as hydrogen, ferrocyanide, and 
organic compounds, as well as depth profiling of wa ste moisture content. 
Water content data will be gathered with a modified  neutron probe. The 
Montana Tech Environmental Design Team (MTEDT) has assumed that pumpable 
liquids will be removed from the tank. If a tank ha s less than three 
risers excluding the central riser, additional rise rs will be installed 
to accommodate monitoring and air circulation equip ment. Also, 
nonessential in-tank hardware will be removed and d econtaminated. A 20 
foot by 50 foot concrete, load-bearing pad will be constructed adjacent 
to the tank. Mobile units containing air treatment equipment, a boom 
hoist, the decontamination chamber, and a containme nt unit will be 
assembled on the bearing pad. 
Removal Process 
An In-tank waste Removal Integrated System (IRIS) w ill be employed to 
mobilize and retrieve waste from the single shell t anks (SST's). IRIS 
consists of dual telescoping hydraulic booms with a n integrated Waste 
Mobilization and Retrieval Module (WMRM) located at  the end of each boom. 



The WMRM is capable of solids fracturing, air conve yance, and 
liquid/slurry removal.  
To mobilize and retrieve a full tank of waste, two sets of dual 
telescoping booms with identical technology (IRIS J r. and IRIS Sr.) will 
be used. IRIS Jr. is a smaller version of IRIS Sr. and is necessary to 
enter a full tank of waste; however, for tanks havi ng a minimum of 18.5 
ft of clearance between the tank dome and the waste , only IRIS Sr. will 
be used.  
Figure 1 illustrates IRIS's six major components: t he IRIS deployment 
hoist, Vertical and Rotational Support System (VRSS ), Support Column, 
Telescoping Boom, Angular Displacement Cylinder (AD C), and the WMRM, in 
addition to the air conveyance system. IRIS will in itially be lowered 
into the tank through a 36 inch central riser and w ill be locked into the 
VRSS. Utilizing the VRSS, Telescoping Boom, and the  ADC, a Programmable 
Logic Controller (PLC) will allow IRIS to maneuver within the tank.  
Fig. 1 
A pneumatic fracturing device located on each WMRM utilizes eight 
reciprocating air cylinders with chisel attachments  to fracture the waste 
into sizes easily handled by the air conveyance sys tem (see Fig. 2.). The 
PLC will operate the Intermittent Step and Repeat R emoval Process (ISRRP) 
for solids fracturing. The ISRRP is similar to the procedures used in 
computer controlled milling applications and incorp orates removing a 
layer of material in one plane, lowering the WMRM a  prescribed depth, and 
removing another layer of material. To begin the IS RRP, IRIS will be 
lowered to it's set position in the tank. The ADC w ill then retract, 
moving the WMRM upward and outward, and the telesco ping boom will be 
fully extended (IRIS Jr. can extend 30 ft, and IRIS  SR. can extend to the 
interior tank wall.). Once in position, the telesco ping boom will force 
the pneumatic fracturing device into the waste unti l a two inch depth is 
reached. The telescoping boom will then retract unt il clear of the waste, 
rotate through an angle along the circumference whi ch allows a slight 
overlap of the previous position, and will again be  extended into the 
waste. This process will be repeated until an annul us of waste around the 
perimeter is completely removed. The telescoping bo om will then retract 
as the ADC extends, moving the WMRM radially inward , so that the 
fracturing of the next inner annulus can be complet ed. This step will be 
repeated until the WMRM reaches the center of the t ank. At this time, the 
aforementioned process will be repeated for the nex t layer. 
Fig. 2 
As the waste is fractured, it will simultaneously b e removed from the 
tank by an air conveyance system. Once outside of t he tank, the waste 
will enter a pulsed-jet baghouse and will then be t emporarily collected 
in a Collection, Storage, and Transfer (CST) statio n. From the CST, the 
waste will be transported to a Waste Retrieval Faci lity (WRF).  
When liquids or slurries are encountered, the ISRRP  will be interrupted. 
IRIS will be removed from the tank, and a submersib le pump will be 
attached to the WMRM. IRIS will then be returned to  the tank and directed 
to the liquid/slurry through manual operator contro l. Once the 
liquids/slurries are pumped, IRIS will be withdrawn  from the tank and the 
pump will be removed. IRIS will then be redeployed,  and the Step and 
Repeat process will again be enacted. Once the wast e is removed, it will 
be temporarily placed in the CST station until it i s transported to a 
WRF. 



Wet or damp waste that cannot be pumped will be dri ed by hot, dry air 
convection and will then be pneumatically fractured  and removed as a 
solid.  
After IRIS has removed the bulk of the waste, an ab rasive wire brush 
assembly will be attached to the WMRM to dislodge r esidual waste from the 
tank walls. This step will guarantee removal of gre ater than 99% of the 
waste. 
Post-Retrieval 
When retrieval at one tank is completed, the system  will be transported 
to the next tank. IRIS Jr., if required, can be dep loyed at the next tank 
while IRIS Sr. finishes operations at the first tan k. This practice 
significantly reduces total project time. As IRIS i s removed from the 
tank it will be decontaminated by remote CO2 blasti ng in the 
decontamination chamber (1). After decontamination,  retractable shielding 
on the deployment hoist will enclose the booms to l imit exposure until 
the system is redeployed at the next tank. Decommis sioning will include 
the recycling of steel and the entombment of non-re cyclable materials 
(2).  
Project Time Requirements 
The IRIS system will completely retrieve waste from  a 0.75 Mgal tank in 
5.8 months. This estimate is based upon retrieval o f the contents of 
Hanford tank SX-105 (3), and laboratory retrieval r ates of various waste 
types. Emptying a 0.5 Mgal tank requires 4.1 months  and emptying a 1.0 
Mgal tank requires 7.4 months. The total time requi red to retrieve waste 
from eight tanks (assuming four 0.5 Mgal and four 0 .75 Mgal tanks) is 46 
months. If IRIS Jr. and IRIS Sr. retrieve waste fro m two separate tanks 
concurrently, the total retrieval time will be redu ced to 28 months. 
PROCESS DESIGN FOR SLUDGE REMEDIATION  
Waste Characterization 
Analyses of the pond water and the pond sludge were  provided by WERC for 
each of the three ponds. These data describe a chem ically complicated 
hazardous waste which is characterized by broad ran ges of nitrate, salts, 
metals, radioactivity, and total organic carbon (TO C). The complexity of 
the waste contaminates restricts the available reme diation technologies; 
WERC further restricted treatment options by statin g that vitrification 
and cementation methods were unacceptable. MTEDT de veloped a two-step, 
low maintenance, semicontinuous Solvent Extraction and Contaminant 
Recovery Technology (SECRT) which is designed to be  flexible for various 
contaminant levels and transportable for use at fut ure sites. 
Step One of SECRT 
Supernatant water is initially separated from the s ettled sludge. This 
water is then pumped from the covered storage tank,  illustrated in Fig. 
3, and sent to the contaminated liquid stream (CLS) . The CLS is treated 
in Step Two. Recycled heated water (RHW) from Step Two is used to remove 
additional salts and to slurry the remaining solids  from the original 
tank into hydrocyclone A; make-up water may be adde d if necessary to 
achieve proper slurry consistency. Mixing the RHW a nd the sludge results 
in the transfer of water-soluble contaminates from the sludge into the 
aqueous phase. After passing through hydrocyclone A , the liquid stream is 
sent to the CLS, and the sediment slurry travels to  the first contaminate 
extraction mixer (CEM) in the counter-current extra ction system. 
Fig. 3 
The first and second CEMs operate counter-currently  using a chelating 
agent and surfactant mixture to remove radionuclide s, organics, and 



metals from the soil matrix. In the first CEM, sedi ment mixes with the 
recycled extractant liquor from the second CEM. Hyd rocyclone B separates 
the slurry from the first CEM into a spent liquor s tream which travels to 
the CLS and a sediment stream which travels to the second CEM. Fresh 
chelating/surfactant solution is added to the secon d CEM, and the liquor 
stream recovered from hydrocyclone C is sent to the  first CEM while the 
sediment travels to the final water wash. 
The counter-current system utilizes the extractant most efficiently by 
precleaning the most contaminated sediment with the  liquor stream the 
second CEM and then contacting fresh extractant sol ution with the 
precleaned sediment. The second CEM mixes the clean est extractant with 
the cleanest sediment, thus maximizing the differen ce in pollutant 
concentration and promoting dissolution of contamin ates. 
After hydrocyclone D, a high-efficiency centrifuge separates the sediment 
from the wash water, and dewaters the sediment to a pproximately 80% 
solids by weight (4). Liquid collected from the cen trifuge travels to the 
CLS, and the solids are tested to determine proper disposal options. 
Disposal alternatives for delisted sediment include  land application and 
possible marketing. If low-level radioactivity is p resent, shallow trench 
burial is a disposal option, or the sediment may be  transported to a 
radioactive waste facility in Salt Lake City, Utah (5). High-level 
radioactive waste (HLW) may be disposed of at DOE f acilitated sites.  
Step Two of SECRT 
The CLS travels through the heating chamber of the two-stage, forced-
circulation evaporator/crystallizer (EC) where the waste stream 
temperature is raised under pressure. This process allows the liquid to 
reach boiling temperatures without actually volatil izing, thereby 
preventing scaling inside the chamber. The heated s tream then travels to 
the low-pressure portion of the EC where the waste is concentrated and 
70% of the CLS is flash-vaporized (6). The vapor st ream, comprised of 
water and volatile organic compounds (VOCs), travel s to the condenser 
while a brine waste containing metals, salts, radio nuclides, and 
nonvolatilized organics exits at the bottom of the EC. A slip stream of 
the exiting brine waste slurry is recycled into the  heating chamber. The 
recycling rate of the slip stream controls the CLS retention time in the 
EC and consequently determines the solid crystal co ntent of the ultimate 
waste product. Depending on the radioactivity level s, the waste is dealt 
with accordingly, as mentioned in the previous sect ion. 
The vapor stream exiting the EC travels through a p ipe coiled around the 
CLS input stream. This heat exchange process serves  to preheat the CLS 
and to precool the vapor before it reaches the cond enser. The condenser 
cools vaporized organics and water vapor to a liqui d phase. Residual 
vapors leaving the condenser flow through an activa ted coconut-shell 
carbon unit to remove remaining organics and then f low through a High 
Efficiency Particulate Air (HEPA) filter to remove any potentially 
entrained radioactive particles (5). Condensate tra vels to a 
solvent/water separator where solvents will be coll ected and marketed as 
either an industrial solvent or incinerator fuel. T he condensed water 
travels through a granulated, activated carbon filt er where any remaining 
organics are adsorbed to produce dischargable water . A portion of the 
condensed water is recycled to the storage tank and  the final wash 
portions of Step One via the RHW stream. 
RESULTS OF TECHNICAL ASSESSMENT 
In-tank waste Removal Integrated System 



The Telescoping Boom consists of a double-acting te lescoping hydraulic 
cylinder and two telescoping trusses. The double-ac ting telescoping 
hydraulic cylinder controls the length of the boom.  The telescoping truss 
provides bending and torsional support for the boom  and provides housing 
for the air conveyance lines, hydraulic lines, pneu matic lines, and the 
pump lines. A 55 gpm hydraulic fluid pump with a ma ximum operating 
pressure of 1500 psi will be used to maneuver the c ylinders and the 
trusses. The ADC controls the angle at which the te lescoping boom is 
maintained relative to the support column and will be operated by a 10 
gpm hydraulic fluid pump with a maximum operating p ressure of 3,000 psi. 
The ADC will apply a maximum force of 12,000 pounds .  
The WMRM performs three separate tasks: 1) Pneumati c Fracturing: The 
pneumatic fracturing device uses four levels of chi sels to mobilize the 
solid waste into sizes easily handled by the air co nveyance system. Since 
one WMRM is located on each boom, a total of 16 chi sels will be used. A 
64 cfm airstream at 90 psi will be used to drive th e 16 chisels. 2) Air 
Conveyance: Fractured waste will be captured and re moved from the tank in 
a high velocity air stream utilizing a duct velocit y of 7200 fpm. 3) 
Liquid/Slurry Removal: The liquid/slurry retrieval pump will be placed in 
the WMRM and submersed into any pockets of liquid a nd/or slurry 
encountered during the removal process. The pump wi ll be capable of 
handling 70 ft of head and 75% solids by volume. Th e telescoping booms 
will be capable of fracturing the waste at a rate o f 1.34 cfm. Dry 
material will be removed at a maximum rate of 5.34 cfm by the pneumatic 
conveyance system (2.67 cfm from each telescoping b oom). A submersible 
pump will remove the liquid/slurry at a maximum rat e of 50 gpm. 
The pneumatic conveyance and drying system incorpor ates a closed air 
movement system to contain radioactive particulate.  The air conveyance 
system is capable of conveying the mobilized waste to the surface at a 
rate of 500 pounds per minute. Each of the two wast e removal pipes will 
convey the particles into cyclones mounted with the  turbo blowers. From 
the two blower systems, the airstream will be joine d by an additional 
exhaust ventilation line from the tank. Flow will t hen be directed to a 
pulsed-jet baghouse, which is currently the best av ailable technology for 
particulate removal (7). The particles will be coll ected in a hopper at 
the bottom of the baghouse. Here, another conveyanc e system will 
interface with the CST. The airstream then passes t hrough parallel 
desiccant dehumidifiers/preheaters and is returned to the tank. Exhaust 
from within the secondary containment will be vente d through a double 
HEPA filter bank. Three lines are utilized to exhau st air and/or 
particles at a total rate of 7,200 cfm. Two lines r eturn hot, dry air to 
the tank at a total rate of 7,000 cfm, maintaining a slight vacuum in the 
tank. Airflow is directed downward and deflected ou t to ensure uniformity 
of air distribution.  
Solvent Extraction and Contaminate Recovery Technol ogy 
SECRT is designed to process up to 7,200 gallons pe r day (gpd) of 
contaminated liquids and 1,800 gpd of pond sludge. All water and slurry 
lines are constructed of stainless steel to resist corrosion. MTEDT 
performed laboratory settling experiments to estima te the ratio of 
supernatant liquid to sludge volume. Based on these  experiments, MTEDT 
determined that approximately 5,500 gallons of supe rnatant liquid shall 
be pumped from each storage tank at a rate of five gallons per minute 
(gpm) and sent to the CLS. Recycled heated water (R HW) is used to dilute 
the remaining sludge to a slurry containing approxi mately 30% solids by 



weight for easier pumping. This slurry is pumped th rough a hydrocyclone 
at a rate of 3000 gallons per hour (gph). All hydro cyclones used in SECRT 
were designed using on estimated dry particulate sp ecific gravity of 2.0 
with the following size distribution: 100% finer th an 4.75 mm, 70% finer 
than 75 um, 20% finer than 40 um, and 5% finer than  20 um (8). The slurry 
exiting the hydrocyclone through the one-inch diame ter outlet pipe will 
contain 60-65% solids (9). The slurry is transferre d into a covered, 500-
gallon polyethylene tank and mixed by means of a 3/ 4-horsepower shaft 
mixer operating at 420 revolutions per minute (rpm) . An extract solution 
of EDTA and a proprietary surfactant is added to th e slurry to achieve an 
approximate volume ratio of 3:1 liquids to solids ( 10). To ensure 
thorough contact of extractant with particulate, th e solution is mixed 
for 15 minutes--the optimum agitation time as deter mined by MTEDT lab 
experiments. This process is repeated in two additi onal mixing tanks--one 
using fresh extractant solution and the other using  RHW. Finally, an 
industrial, high-efficiency centrifuge dewaters the  cleaned sludge to 
approximately 80% solids (4). 
Supernatant from the storage tank, liquids from eac h hydrocyclone, and 
liquids from each centrifuge process are pumped thr ough the forced-
circulation EC at a rate of five gpm. A full-scale treatability study 
shall be conducted to determine the flow rate of th e EC slip stream 
necessary to achieve maximum crystal content in the  waste product. A high 
crystal content (due to increased water evaporation ) minimizes the volume 
of hazardous waste product produced. The condenser discharges condensate 
at a temperature of approximately 125F(11). Condens ate is directed 
through a separation unit where organic solvents ar e removed from the 
water. Excess vapors and the condensed water are ro uted through two 
separate activated carbon units to complete the rem ediation process. A 
portion of the pure water is recirculated via the R HW to be utilized as 
an extracting solvent. 
METHODS FOR TESTING UNIT OPERATIONS/PROCESSES 
Methods for IRIS 
The fracturing rate for both saltcake and sludge wa s determined 
experimentally by measuring the time required to fr acture a known volume 
of material with a single pneumatic chisel. A parti cle size distribution 
after fracturing for both saltcake and sludge was d etermined by sieve 
analysis. Bench scale waste removal rate was determ ined by measuring the 
time required to vacuum a known volume of material.  Both the sludge 
drying rate and the critical moisture content at wh ich the sludge can be 
fractured were determined by measuring the drying t ime of a known amount 
of sludge in a 104C oven. A desiccant was placed in  the oven to reduce 
the moisture content of the drying air to simulate full scale conditions. 
The critical moisture content of saltcake was deter mined by mixing 
simulants of varying percentages of moisture and re cording the highest 
percent of moisture content at which a fracturable solid could be 
attained. 
Methods for SECRT 
Using 0.2 M and 0.4 M EDTA, 1.00 M acetic acid, and  1.00 M citric acid, 
MTEDT conducted experiments on 22 test samples cont aining various metals, 
metal-salts, and pulverized kaolin. Supernatant wat er decanted from each 
of the test samples, and immersion solvent extracti on was performed on 
the remaining clay. The decanted water, extraction solvent, and cleaned 
clay were first filtered, then digested, and finall y analyzed using an 
Inductively Coupled Plasma (ICP) analysis. 



A series of five immersion extractions were conduct ed on triplicate 
surrogate samples using a deionized water (DI) wash  for the initial 
extraction, 0.1 M EDTA with 0.5 M Na2HCO3 (sodium b icarbonate) solutions 
for the next three washes, and a final DI water was h. Each solvent was 
mixed with the surrogate sludge and the resulting s lurry was centrifuged. 
The liquor was collected, digested, and filtered fo r ICP analyses to 
determine the metals removal efficiency of each was h. In addition, 
residual contaminant quantities from the extractant  solutions were 
approximated by evaporating a known quantity of ext ract liquor from each 
wash. 
LAB RESULTS  
IRIS Lab Test Results 
Table I lists the results of the lab tests conducte d. A single pneumatic 
chisel was used for the fracturing tests; therefore , all values listed 
are for bench scale unless otherwise noted (F = ful l scale, B = bench 
scale). 
Table I 
SECRT Lab Test Results 
Although water removes a significant portion of ads orbed metals from 
course soil fractions, the addition of a chelating agent enhances the 
metals removal from the fine soil fractions. Both E DTA solutions in 
Experiment One exhibited consistently high removal efficiencies for the 
added metals without removing the metals associated  with the pulverized 
kaolin. Therefore. EDTA was selected on the basis o f economics, safety 
issues (i.e. concerns associated with acid extracta nt), and the lack of 
performance differences among the four acidic solut ions tested. Based on 
literature searches (12), previous knowledge, and l ab results, 0.1 M EDTA 
combined with a 0.5 M Na2HCO3 buffer solution was c hosen for use in the 
bench scale and Experiment Two. Also, an oxidizing agent is not included 
in the extractant solution because it will not impr ove the removal 
efficiency of cadmium chromium, and nickel (13)--wh ich are the only 
metals present in the WERC surrogate. At the beginn ing of Experiment Two, 
the optimum centrifuge rate was determined to be 2, 000 rpm for a spin 
time of 15 minutes which reduced the sludge to 65% solids by weight. 
Experiment Two resulted in high removal efficiencie s for calcium, 
chromium, and nickel, which are predominately extra cted in the EDTA 
washes, as shown in Fig. 4.  
ECONOMIC ASSESSMENT AND BUSINESS PLAN CONSIDERATIONS 
All of the projected costs and operations/maintenan ce on IRIS are shown 
in Table II. 
Fig. 4 
Table II 
If additional risers are necessary for a particular  tank, a charge of $4 
million would be added for each additional riser re quired. 
The business plan and assumptions include the follo wing to meet project 
goals: 
  Three shifts of four people would be required for  operations, including 
a Health Physics Technician and supervisor per day.   
  All equipment is shipped FOB to the WERC site. 
  Labor costs associated with major equipment repla cement or repairs are 
not included. 
  Utility costs are per New Mexico Public Utility C ommission mandated 
rates. 
  All necessary risers are assumed to be in place. 



  Research and Development costs include setup of p ilot operation. 
All of the projected costs and operations/maintenan ce on SECRT are shown 
in Table III. 
Table III 
The cost of treatment per kg is $3.88, which includ es $1.08/kg for 
capital costs, $0.53/kg for chemical costs, $0.06/k g for research and 
development, and $2.22 for operation and maintenanc e costs. There is also 
a potential that may be realized for a small amount  of revenue, since the 
recovered solvents may be marketable. 
The following is a list of process and cost assumpt ions: 
  75 gal/hr sludge feed rate from original tank.  
  Mobilization & set up: 20 days; demobilization: 1 0 days. 
  50 days of operation with 10% downtime. 
  24 hrs/day, 7-day workweek. 
  178,357 gal of sludge to remediate; 
  Personnel per shift to include 1 supervisor, 3 te chnicians, 2 
maintenance personnel (on call) 
  Labor costs associated with major equipment repla cement or repairs are 
not included. 
  Utility costs are per New Mexico Public Utility C ommission mandated 
rates. 
  Due to unknown speciation of TOC, exact quantity of surfactant required 
is unknown--listed quantity is a reasonable estimat e. 
LEGAL, HEALTH, AND REGULATORY CONSIDERATIONS 
A comprehensive site safety and health plan (SSHP) to ensure compliance 
with all legal, health, safety, and environmental r egulations is an 
integral part of the overall design of IRIS and SEC RT. The intent of this 
plan is to protect all life forms from the potentia l risks associated 
with exposure to ionizing radiation. Therefore, it includes all necessary 
criteria to keep exposures "as low as is reasonably  achievable" (ALARA). 
These criteria are divided into safety and health, environmental, 
contingency planning, and legal considerations. 
Safety and Health 
For the duration of the mobilization, retrieval, or  remediation of the 
waste, 29 CFR 1910.96 and 29 CFR1910.120 regulation s will be adhered to. 
All applicable Nuclear Regulatory Commission (NRC) requirements 
(including 10 CFR part 20, subparts A through O, an d appendices) will be 
followed as well. To achieve compliance with all re gulations, a site-
specific characterization, safety and health survey  will be done to 
establish baseline contaminant levels compared to n ormal background 
levels. Ionizing radiation will be continuously mon itored through the use 
of personal monitors, and area sampling as set fort h in 10 CFR 20.1501. 
Based on sampling data, an exclusion zone (EZ) will  be determined. 
Limited access to the zone will be granted to perfo rm initial equipment 
setup and routine maintenance. A contamination redu ction zone (CRZ) will 
be established in which a personnel decontamination  station and auxiliary 
and emergency equipment will be located. The area o utside the CRZ is the 
support zone and should be considered clean with no  more than 0.002 
mrem/hr of exposure. The support zone will contain the OCMS located up to 
1300 feet from the tank undergoing retrieval operat ions. To ensure 
controlled access, the EZ will be fenced. The fence  will be supplemented 
with visual monitors and alarms. All personnel ente ring the EZ shall wear 
the following personal protective equipment (PPE): Tyvek coveralls with 
hood, Tyvek gloves and boot covers, and full face a ir purifying 



respirators with radionuclide cartridges. In additi on to the PPE, all 
personnel working at the site shall wear appropriat e dosimeters such as 
thermoluminescent dosimeters (TLD) and film badges.  All personnel will be 
admitted into a radiation health and protection pro gram to monitor 
exposures to ionizing radiation. At no time shall a nyone receive a dose 
greater than 0.2 mrem/hr or a cumulative annual dos e of 500 mrem, nor 
shall any organ or tissue receive 50 rem cumulative  dose. The maximum 
dose for the eye is 15 rem. If at any time these do ses are exceeded, 
further abatement measures shall be implemented imm ediately. 
Environmental 
All piping, duct work, and system components contai ning waste shall be 
double walled and shielded with a high density mate rial with a half value 
layer adequate to protect personnel and the environ ment from gamma 
radiation. Alpha and beta radiation can be absorbed  or shielded with 
normal construction materials to prevent them from being released into 
the environment. If a controlled release of air sho uld be required, it 
will pass through a pollution control system to cat ch radioactive 
particulate. Controlled releases will be monitored to ensure regulatory 
compliance. 
Contingency Planning 
If an accident occurs and results in either a sever e injury or a release 
of waste into the environment, emergency procedures  will be immediately 
initiated to control the accident. The procedures s hall be based on a 
worse case scenario at full operational conditions.  A coordinated 
abatement effort between local health and emergency  personnel will be 
implemented to minimize any adverse effects. 
Legal Considerations 
The Comprehensive Environmental Response, Compensat ion, and Liability Act 
(CERCLA) governs the remedial activity on a hazardo us waste site. The 
immobilization and retrieval design process was dev eloped to comply with 
the criteria established in the National Contingenc y Plan (NCP): 
Threshold Criteria: Overall protection of human hea lth and 
 environment; and compliance with 
 Applicable or Relevant and Appropriate 
 Requirements (ARARs). 
Primary Balancing Criteria: Long term effectiveness  and permanence; 
 reduction of toxicity, mobility, or volume 
 through treatment; short-term 
 effectiveness; implementability; and cost. 
Modifying Criteria:  State acceptance and community  
 acceptance. 
ARARs are regulations that pertain to the environme ntal work at a CERCLA 
hazardous waste site. ARARs for this project can be  obtained from the 
following legislation: National Environmental Polic y Act (NEPA); Atomic 
Energy Act of 1954; Resource Conservation and Recov ery Act (RCRA); Clean 
Air Act; Clean Water Act; and from Emergency Planni ng and Community Right 
to Know Act. 
PLAN TO ESTABLISH COMMUNITY RELATIONS 
The community involvement plan has two primary purp oses: 1) develop an 
understanding of public concerns and respond to suc h concerns; and 2) 
nurture positive community relations. In order to a chieve these goals, 
the public involvement plan will include the follow ing features: 
1) Community input interviews. The initial phase of  the community 
involvement plan will consist of thirty interviews conducted with a broad 



cross-section of subjects. The goal of this activit y is to identify the 
spectrum of community concerns. The IRIS project mu st remain flexible and 
responsive to concerns raised in this portion of th e plan.  
2) Availability of information. WERC must take the initiative in 
disseminating information in order to assure that t he public is well 
informed. Furthermore, this information must be pre sented in a non-
technical format which is accessible to the general  public. Information 
presented here will include progress reports, press  releases, fact 
sheets, explanation of concerns as WERC perceives t hem, explanations of 
how WERC arrived at certain decisions, and any othe r requirements under 
Superfund Amendment and Reauthorization Act, Title III. 
3) Public meetings. Public meetings will be used as  a forum for WERC to 
provide information and for the public to voice its  concerns. Public 
meetings shall involve concerned individuals as wel l as citizen groups. 
4) Central public information contact. The WERC emp loyee overseeing press 
releases shall also act as a point of contact for t he public. This 
individual will provide the public with personal co ntact and will allow 
the company to track public response to the IRIS pr oject. 
CONCLUSION 
WERC has explored two main waste removal systems fo r the underground 
tanks: sluicing and a robotic arm. IRIS is a much m ore attractive system 
than sluicing for the primary reason that IRIS crea tes no additional 
waste. IRIS will also offer a significant improveme nt over existing 
robotic arms because of IRIS's mechanical simplicit y. Past arm-based 
systems have not been cost-effective due to high ma intenance requirements 
and a low degree of mechanical availability. The MT EDT strongly believes 
that this is not an inherent problem with arm based  systems, but rather 
that it is symptomatic of a design that is overly c omplex for the task at 
hand. We believe that IRIS will represent a signifi cant improvement over 
past arm-based systems in the areas of cost-effecti veness and mechanical 
dependability, because of the inherent simplicity o f its design. The 
major structural components of the system are simpl e hydraulic cylinders.  
Because IRIS has a relatively simple design, we bel ieve it will retrieve 
waste at a significantly lower cost. We estimate ty pical retrieval time 
for a 0.75 Mgal tank to be 6 months and the total c ost for eight tanks to 
be $15.7 million. Our estimated cost represents sig nificant savings 
compared to recent government cost estimates for th is project. In 1993 
the General Accounting Office reported a cost estim ate of $15 billion to 
retrieve waste from 177 tanks at the Hanford site, representing an 
average cost of $85 million per tank. MTEDT believe s that cost-
effectiveness and mechanical dependability are prec isely the type of 
innovation the Tank Waste Remediation System progra m needs. 
SECRT's two-step process remediates the pond sludge  and water resulting 
in cleaned sediment, high quality effluent, concent rated solvents, and a 
minimal quantity of hazardous waste. Step One uses a multiple extraction 
process to remove contaminates from the sludge; the  second step utilizes 
a forced-circulation evaporation system for volume reduction to 
concentrate the hazardous contaminates for disposal . Rather than destroy 
the solvents that are volatilized in the evaporator , SECRT's 
collector/separator recovers the marketable solvent s for future sale. 
Additionally, SECRT condenses and collects the wate r vapor evolved from 
the evaporator for either reuse in the process or d ischarge as industrial 
quality water. These pollution prevention measures create beneficial 
products from an otherwise useless waste stream des tine for disposal. The 



total cost for the pond sludge and water remediatio n is $4.66 million, or 
$3.88/kg of waste. As a unique feature, SECRT is ve ry transportable, and 
after treatment at the WERC site, may be dismantled  and relocated to 
treat similarly contaminated sites. SECRT is highly  adaptable to waste 
types and contaminant levels. 
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ABSTRACT 
The University of Idaho Environmental Design Team ( UIEDT) has completed a 
preliminary treatment design for Task II as describ ed by WERC. This task 
involves 178,357 gallons (35 wt% solids) of contami nated sludge which has 
been removed from evaporation ponds and is temporar ily being stored in 
10,000 gallon tank. In compliance with the requests  of WERC and the 
requirements of the USEPA, the treatment process re mediates the sludge to 
a form which meets 30 year Land Disposal Restrictio ns (LDR) and 
Department of Transportation (DOT) shipping require ments. Also considered 
in the process design are the social and ethical re sponsibilities to the 
workers and community. 
The remediation process designed by UIEDT focuses o n the maximization of 
the permanent immobilization rather than stabilizin g the contaminants in 
a support matrix. This not only ensures long-term s afety, but also helps 
to minimize process costs by eliminating waste tran sported to a landfill. 
Each part of the treatment plan has been chosen and  optimized to maximize 
process efficiency, minimize overall costs, and gua rantee successful 
remediation. The proposed plan involves two primary  phase treatments; the 
volatile organics with bioremediation and the heavy  metals with 
immobilization. 
The initial task in the process is to convert one o f the existing storage 
tanks into a "treatment tank" where sludge from the  remaining tanks will 
be pumped prior to treatment. Sludge in the treatme nt tank will be heated 
to volatilize off the organics, separating them fro m the high salt 
concentrations which are toxic to the microbial pop ulations responsible 
for remediation. After being recondensed, the organ ics are sent through a 
two stage bioremediation process. The anaerobic rea ctor degrades the most 
complex organics into simpler forms over a nine day  period. Effluent from 
the anaerobic stage is fed directly into the aerobi c reactor where the 
remaining contaminants are degraded in a ten hour p eriod. Streams exiting 
from the bioremediation phase are void of any restr icting contaminant 
concentrations and can be released straight into th e local sewer. 
Simultaneously with the volatilization of the organ ics is the 
immobilization of the heavy metals. A reactive hydr oxy apatite is fed 
into the treatment tank at 1% weight of the solids and mixed for a 24 
hour period. The apatite provides nucleating sites for a reaction 
resulting in the precipitation of metal-substituted  apatite minerals, 
which have leach resistance typically below EPA dri nking water standards 
and almost permanent durability. The apatite has al so proven to lower 
salt concentrations. After treatment, the soil and liquid phases of the 
sludge are separated by rotary vacuum drum filters.  The resulting water 
stream has been approved for release into the local  sewer and the solid 
phase can be returned to the land where it is usefu l not only as fill, 
but also as a continuing treatment process for any further leached 
contaminants from the site. The proposed treatment process can be 
completed in 100 days, with and operating schedules  of eight hours per 
day, seven days per week during the summer months. Total remediation 



costs for this site are approximately $166,000 or $ 0.93 per gallon of 
contaminated sludge, but would decrease significant ly with and increase 
in the volume treated. 
INTRODUCTION 
WERC of New Mexico has requested a process design t o stabilize/remediate 
178,357 gallons of contaminated sludge which has be en removed from 
shallow evaporation ponds and is currently being st ored in a series of 
10,000 gallon tanks. Prior evaluations of the site have eliminated 
grouting as a viable treatment and have also determ ined that the treated 
waste must meet 30 year stability criteria. In resp onse, the University 
of Idaho Environmental Design Team (UIEDT) has deve loped a treatment 
process which will not only remediate the contamina ted sludge at this 
site. but can also be transported and applied to co ntaminated slurries at 
other locations. 
For the remediation, UIEDT's process involves biore mediation to treat the 
organic contaminants and a hydroxy apatite immobili zation for the heavy 
metals and to reduce the salt concentrations. The f ollowing table 
includes the treatment standards that must be met: 
Table I 
The proposal discussed in this report focuses on th e technical process 
description, including bench scale evaluations. How ever, the importance 
of a comprehensive treatment plan is recognized, an d so the proposed 
design also includes an economic assessment, enviro nmental requirements, 
health and safety evaluations, and consideration of  a community relation 
plan. 
SLUDGE TREATMENT 
The UIEDT has developed a process to treat 178,000+  gallons of industrial 
waste sludge previously removed from evaporation po nds and currently 
being stored in a set of eighteen 10,000 gallon tan ks. It has been a goal 
of the team to develop a treatment process, not onl y for this particular 
problem site, but one which can also be adapted and  transported for use 
at other contaminated sludge sites. 
Several aspects of handling a contaminated waste mu st be taken into 
account when determining viable treatment options. Listed or non-listed 
waste? In-situ or ex-situ treatment? Fixation or st abilization? On-site 
or off-site disposal? The treatment methods must be  evaluated and the 
design concerns prioritized. When actually choosing  a remediation design, 
UIEDT considered the following priority: 
   reduce contaminant concentration to specified li mits 
   meet regulations for exiting streams (water. cle an soil, etc.)  
   minimize or eliminate waste to landfill 
   maximize amount of clean soil returned to the la nd 
   minimize costs 
   maximize efficiency and up-time of process 
   maintain safety as a top priority. 
Process Design 
Focusing primarily on the maximization of long-term  (permanent) 
immobilization, UIEDT has chosen to actually remedi ate the sludge rather 
than stabilizing the contaminants in some form of m atrix. Doing so not 
only ensures long-term safety, but also helps to mi nimize costs by 
eliminating waste transported to a landfill. The pr oposed process 
involves two primary phase treatments -- organics w ith bioremediation and 
heavy metals with immobilization. The 178,357 gallo ns of sludge is 



treated in a series of 22 batches, each containing approximately 8,100 
gallons of sludge. 
The 10,000 gallon tank, which initially contains on ly 8,400 gallons of 
sludge, will be immediately adapted into a treatmen t tank where sludge 
from the remaining tanks will be pumped prior to tr eatment. Three 
hundred-sixty-five pounds (1% by wt.) of reactive p hosphate hydroxy 
apatite will be added to the 8,100 gallon sludge ba tch being fed into the 
tank and mixed for 24 hours. Introduction of the ap atite into the sludge, 
which contains mobile metals and other inorganic co ntaminants. provides 
nucleating sites for a reaction resulting in the pr ecipitation of metal-
substituted apatite minerals. Metals encompassed in  apatite have almost 
permanent durability and leach resistance that sign ificantly exceeds 
other stabilized waste forms because the apatite mi neral structure is 
very stable over a wide range of environmental cond itions and for 
geologically-long time periods. The leachability of  metals sequestered in 
apatite are typically well below EPA drinking water  standards, have 
proven insensitive to pH changes over the range of 2 to 12.5, and the 
bioavailability of ingested metals is minimal. Othe r advantages of using 
hydroxy apatite include small material requirements , rapid kinetics, and 
low cost. The apatite reaction requires less than 1 %(wt) of reactant and 
under 24 hours for formation while the common grout ing techniques tend to 
require as much as 30%-50%(wt) and up to 30 days fo r "set-up.'' (1) Since 
the phosphate mineral is naturally occurring in a n umber of forms ranging 
from ore to shark teeth and fish bones, it has the potential of being 
obtained for little more than transport costs from places such as fish 
canneries. (2) 
During the same 24 hour period that the apatite rea ction is being 
completed, a saturated steam coil will be used to e vaporate off the 
organic compounds by raising the bulk sludge temper ature from ambient 
(~27C) to the mixed boiling point of the organic co mpounds (~121C). 
During this time, it is also expected that approxim ately 5% of the water 
will evaporate off, helping to ensure the removal o f the volatiles. UIEDT 
needs to separate the volatiles from the bulk sludg e since the biological 
organisms used in the organic treatment are sensiti ve to the salt 
concentrations found in the sludge. For the organic  compounds that might 
remain in the sludge and not evaporate, UIEDT will add 90 pounds 
(0.25%wt) of activated carbon to the treatment tank . Activated carbon is 
a common technique used to trap organic compounds b ecause of the large 
number of reaction sites and the immediate reaction . However, using 
activated carbon as an actual treatment has the dis advantage that the 
used carbon itself must be treated, which can be mo re expensive than 
initially treating the volatiles. (3) 
A simple, water-cooling condensing unit will trap t he volatilized 
compounds and return them to a liquid phase prior t o their being fed into 
a storage reservoir awaiting biological treatment. Biodegradation of the 
organics has been chosen because it is one of the f ew treatment options 
available that permanently removes the volatiles ra ther than trapping 
them or releasing them into the atmosphere in dilut ed concentrations. 
An anaerobic reactor is responsible for the degrada tion of 
tetrachloroethene (PCE), and will begin the degrada tion of methylene 
chloride, 2-butanone, and other volatile organic co mpounds (VOCs). The 
most difficult component to degrade is the PCE beca use it contains four 
chlorine groups surrounding a double bonded carbon.  A reductive 
dechlorination process has been chosen since it opt imizes PCE and VOC 



degradation. The biodegradation pathway involves th e use of an 
unidentified microbial population obtained from the  anaerobic digester 
sludge of the primary digester at any local sewage treatment plant. (4) 
The anaerobic reactor is fed in batches of ~5,000 g allons of condensed 
organics every ten days, with nine days being requi red for the actual 
degradation and one day to transfer batches. Fresh nutrients should be 
fed at a volume of 0.2% ( 15 gal) every 24 hours wi th an equal amount 
being removed (and later recycled) so that the tota l concentration 
remains constant. The reactor is packed with one in ch polypropylene mesh 
spheres for a growth support structure, operates at  ambient temperature, 
and should maintain a pH in the range of 6.8 to 7.5 .6 
An aerobic reactor is then used to complete the deg radation of the 
anaerobic bioreactor endproducts: trichloroethylene  (TCE) and remaining 
VOCs. A process focusing on the degradation of TCE is used because it is 
the most difficult constituent left to treat due to  the presence of three 
chlorine groups. Methanotrophs obtained from the up per three inches of a 
sedimentary pond are used as the microbial populati on and the methane 
monoxygenase enzyme responsible for the degradation  is produced with the 
aid of a 5% methane and 3% propane mixture acting a s an inducer.7 
A continuous stirred tank reactor (CSTR), which is simple and easily 
available on an industrial scale, will be used as t he aerobic reactor. 
The effluent stream from the anaerobic reactor is f ed directly into the 
aerobic reactor where it is continuously mixed (200  rpm) and fed the 
inducer at a rate of 0.45 gpm for ten hours. Like t he anaerobic reactor, 
the aerobic degradation is completed at ambient tem perature and a pH of 
approximately 7.2. (5) 
The effluent stream leaving the bioreactors primari ly contains water, 
converted compounds, and biomass, and are void of a ny restricting 
contaminant concentrations. UIEDT can therefore rel ease it straight into 
the local sewer for treatment at the waste-water tr eatment facility. (6) 
The sludge remaining in the treatment tank has been  sufficiently treated 
by the hydroxy apatite and activated carbon to immo bilize the 
contaminants in both the water and soil phases. It is pumped directly 
from the tank into the feed reservoir for a series of two rotary vacuum 
drum filters (RVDF's). The RVDF's are efficient sol id-liquid separators 
which work by drawing slurry from the feed tank ont o a rotating drum, 
where a cake is formed on a filter cloth as a creat ed vacuum pulls the 
filtrate through internal drainage channels. (7) Si nce it is not 
necessary for extremely high purity in the exit str eams, which allows us 
to take advantage of lower capital, operating, and maintenance costs, 
RVDF's were chosen over other separation techniques  such as sediment 
centrifugation or plate filtration. 
Two streams emerge from the RVDF's: a slightly mois t (<15%) soil cake and 
a water stream. (7)  The soil can be moved with a s mall front end loader 
and returned to the original evaporation ponds as f ill, with the 
additional benefit of being in a position to trap a ny further leached 
contaminants from the site with the hydroxy apatite  reaction. (2)  The 
water stream contains no detectable contaminants ex cept for the salt 
concentrations which result in a moderately high TD S (total dissolved 
solids) level. Because waste-water facilities use b iological systems for 
treatment, it could be expected that the salts woul d create a serious 
problem. However, since the total liquid stream con taining the salts is 
only 138,000 gallons (released at less than 5.800 g allons/day), the high 
pH stream would be quickly neutralized by the much larger stream 



contributions made by the rest of the community. Re lease of the water 
stream into the sewer has been approved by the wast e-water treatment 
facility in Las Cruces. (8) 
Fig. 1. 
The treatment time for each of the 22 batches is 25 0 hours. based on the 
24 hour requirement for the apatite reaction, 9 day s for the anaerobic 
remediation, and 10 hours for the aerobic remediati on. Since it can be 
done simultaneously with the biological treatment. the time necessary for 
the RVDF's and transporting the soil is encompassed  within the 250 hours. 
The overall time. however, does not depend upon 250  hours for each batch 
since the bioreactors have been scaled up to accomm odate approximately 3 
batches at a time, allowing the "treatment tank" st age to run on a 
constant basis. But, it is necessary to account for  the time needed to 
pump the sludge, volatiles, or water from one stage  to the next. The 
total treatment time is approximately 100 days when  also including set-up 
and training, down time, and take-down. 
ECONOMIC ASSESSMENT 
In order to determine the feasibility of a proposed  project, it is 
necessary to complete an economic evaluation. The i ntent of this 
evaluation is to provide a cost estimate of the ent ire treatment process, 
based on three cost categories: capital. operating.  and other associated 
costs. The cost estimate has been completed using b oth vendor quotes and 
a series of cost tables and charts found in Plant D esign and Economics 
for Chemical Engineers by Peters and Timmerhaus. Th e assessment also 
assumes that detailed variations of the "six-tenths  rule" applies to our 
equipment and that costs of similar processes are c losely related to the 
costs involved in this process. An accuracy of appr oximately -30% to +30% 
has been reached with the resulting cost estimates.   
 The following economic assessment is based on the following: 
   Total Process Time -- 100 days 
   Set-up, training, inoculum, start-up ~ 2 weeks 
   Treatment ~ 72 days 
   Down time ~ 8-10% 
   Take down and clean-up ~ 1 week 
   Operating Schedule -- 7 days/week, 8 hours/day 
   Equipment Costs -- amortized by % depletion of t otal production 
                                  capability over 1 5 yr. (10 yrs of 
actual operation) 
   Various operating and associated costs -- assumi ng a percentage of 
                                                                         
capital investment 
Capital Costs 
For this evaluation, capital costs include equipmen t and start-up costs, 
with items such as site preparation and R&D falling  under associated 
costs. Expenses for installation and any necessary electrical or process 
control are included in the given equipment costs. The equipment costs 
are amortized on a percent depletion basis, assumin g a total "life" of 
7,000,000 gallons ( 180,000 gal/1 00 days for 15 ye ars, with 10 years of 
actual operation time). 
Table II 
Table III 
Operating Costs:  
Labor 



The proposed process will run eight hours per day, seven days per week. 
Since the process requires mostly supervision rathe r than a constant need 
for "hands-on" labor, there is not a need for very many employees. During 
the normal business week (Monday - Friday). the per son hired as project 
engineer/manager will work a typical 40 hour week. A lead operator will 
also work a 40 hour week, but from Wednesday throug h Sunday to overlap 
with the engineer so that a supervisor will always be available. The 
operators will work approximately 40 hour weeks on rotating schedules. 
and will be on duty two at a time. UIEDT might need  to adjust the 8 hour 
shifts and worker schedules periodically on those d ays between anaerobic 
bioreactor batches for transfer and cleaning. UIEDT  will hire the 
operators locally, while the engineer will be broug ht in and given a 
living stipend of $125 per day. 
Table IV 
Utilities 
The predominant utility cost is for electricity to run the pumps, 
agitators, and vacuum drums. Energy costs are assum ed to be $0.08/kW-hr. 
Steam at 100 psig for the heating coil is priced at  $3.50/1000# and the 
condenser cooling water is $0.10/1000 gallons. The sewer water costs are 
estimated at $2.20/1000 gallons. 
Landfill 
If land application is not approved at the site, UI EDT must take the 
treated sludge to a class C landfill. Landfill cost s can be assumed to be 
$100 per cubic yard, and transport costs to the lan dfill is approximately 
25% of the total landfill cost, which would result in a total disposal 
cost of almost $25,000. 
Table V 
Other Associated Costs 
Not included in capital or operating costs are othe r necessary 
expenditures that can make up anywhere from 5-15% o f the total process 
cost and vary significantly depending upon the actu al process. Included 
in these are permit and regulation costs which are generally the 
obligation of the responsible party and vary from s ite to site (as a 
result, the value included here is only approximate  permit fees for this 
site, and doesn't include legal costs). 
Table VI 
TOTAL PROCESS COST: $166,000 
The total process cost of $166.000 is equivalent to  $0.93 per gallon or 
$145 per ton of the contaminated sludge treated. Op erating costs arc 
equal to 80% of the total cost, and labor itself is  almost 70%. The 
bioremediation phase accounts for the majority of t he treatment expenses, 
with the apatite treatment itself costing less than  $40 per ton. Because 
of the nature of the design, the total cost per ton  would decrease 
significantly with an increase in the volume treate d. 
REGULATORY AND LEGAL CONSIDERATIONS 
Remediation and stabilization of the hazardous wast e while preventing 
contamination of the surrounding land is the primar y concern of the 
University of Idaho Environmental Design Team (UIED T). In order to 
maintain credibility with the community and receive  cooperation from 
governmental agencies WERC and UIEDT must comply wi th applicable 
environmental laws and regulations. 
The legal and regulatory issues that are most impor tant are those 
governing permitting, waste transport, generation a nd disposal of waste, 
and water and air quality. The primary regulatory i nstruments that are of 



concern to UIEDT are the Resource Conservation and Recovery Act (RCRA-
HSWA), Comprehensive Environmental Response, Compen sation and Liability 
Act (CERCLA), Hazardous Materials Transportation Ac t, (HMTA), Clean Air 
Act, Clean Water Act, OSHA, and finally state admin istered laws. (6,9) 
UIEDT will contract the services of a professional environmental 
consultant with extensive knowledge of federal and local regulations in 
addition to general permit requirements. Although p rofessional assistance 
will be obtained, it is useful to discuss general r egulatory 
requirements. 
Permitting information is contained in 40CFR part 1 24. Permits are 
usually issued by the EPA, state of operation or bo th. Currently under 
the Hazardous and Solid Waste Amendments of 1984 (H SWA), until states 
receive specific HSWA authorization, all permits ar e handled as joint 
issuance, assuming the state has the authority to i mplement pre-HSWA 
provisions. Signatures by EPA and the state are nec essary to provide the 
facility with authority to operate under RCRA. If t he state has no 
authorization, EPA assumes authority to issue the p ermit. Specific 
requirements needed to receive the permit are not c overed here, but can 
be found in EPA's Permit Applicant's Guidance Manua l for Land Disposal,. 
Treatment, and Storage Facilities. (10) 
The generation of wastes and the regulations coveri ng those actions are 
the next concern of UIEDT. As mentioned earlier a m yriad of regulatory 
activity surrounds the generation of disposal of wa stes on all government 
levels. UIEDT will apply, to become a Corrective Ac tion Management Unit 
(CAMU) through RCRA as regulated in 40CFR sections 260.264. 265,268.270. 
271. These rules promulgate provisions under subpar t S for CAMUs to be 
used for the purpose of facilitating remediation wa ste management 
activities at RCRA facilities. More specifically fo r a site remediation 
project under CAMU any waste managed within the CAM U s, which was 
generated as part of the corrective action at that facility (i.e., 
remediation waste) would not be subject to RCRA reg ulatory disposal 
requirements. Thus, waste generated from corrective  action at the 
facility may be placed within the CAMU to the techn ology-based levels 
established under the RCRA land disposal restrictio ns (LDR) program. As a 
CAMU remediation project UIEDT would still be requi red to meet the 
remediation standards set by RCRA. (10) 
The next concern of UIEDT is the transport of hazar dous waste from the 
site. The transportation of hazardous wastes is reg ulated by both the 
Hazardous Materials Transportation Act (HMTA) and R CRA. (9,11) Section 
3003 of RCRA required EPA to establish standards fo r transports and 
coordinate activities with the Department of Transp ortation (DOT). (10) 
WERC is also considered a TSD (Treatment, Storage a nd Disposal Facility) 
and is subject to 40CFR Sections 264, containing re quirements applicable 
to new facilities or those possessing a permit. Tre atment is any method, 
technique or process designed to change the physica l, chemical, or 
biological character or composition of any hazardou s waste so as to 
recover energy, or biological character or composit ion of any hazardous 
waste so as to recover energy or material resources  from the waste, or to 
render such waste non hazardous or less hazardous: safer to transport, 
store, or dispose of; or reduce in volume [Section 260.10]. 
As a TSD, the WERC site should obtain an EPA identi fication number by 
submitting EPA form 8700-12 to the regional EPA off ice (Region VI, Dallas 
TX. 214-655-6700) or authorized state (New Mexico, 505-827-2924). 
Depending on the necessity of and business arrangem ent with the landfill, 



WERC may be required to submit a detailed analysis of the transported 
waste as detailed in Sections 264/265.13.27 
Location of UIEDT s operating waste remediation uni t may also fall under 
jurisdiction of the EPA or state environmental auth orities. Under Section 
264.18. there are location restrictions which inclu de: 
  Facility must be located 220 feet from an active Holocene fault. 
  Facilities are not allowed on a 100 year flood pl ain unless it meets 
the exemption conditions contained  in [Section 264 .18(b)] 
  Location subject to wetland restriction in accord ance with Executive 
Order 11990(Protection of wetlands) 
Further information on site-specific location stand ards can be found in 
EPA s Permit Writer's Guidance Manual for Hazardous  Waste Land Storage 
and Disposal facilities. February, 1985 (OSWER Dire ctive No. 9472-004). 
Security measures are also the responsibility of WE RC and are contained 
in Sections 264/265.14, requiring the prevention of  unknowing or 
unauthorized entry of persons or livestock to the a ctive portions of the 
facility. Security measures may include one or all of the following: 24 
hour surveillance systems around the facility, sign s, and barriers to 
prevent entry to the facility. Regulations governin g these activities 
follow Sections 264/265.14(a)(b)(c). 
Regulations regarding training of employees for the  TSD facility is 
outlined in Sections 264/265.16. The training progr am must familiarize 
the employees with emergency procedures and emergen cy equipment shut-off 
controls. Regulations contained in Sections 264/265 .32 require the 
facility to maintain an internal communications sys tem, external 
communications system and adequate fire-fighting an d response equipment. 
Communication with local authorities in the case of  an emergency is 
required by sections 264/265.37(a). 
WERC is also required to develop a contingency plan  that describes the 
actions facility personnel must take in response to  fires, explosions or 
releases [Sections 264/265.51 (a)]. A well develope d contingency plan 
will follow the sample contained in OSWER Directive  No. 9523.00 10. 
UIEDT expects the site to close cleanly in accordan ce with Sections 
264/265.11:264/265.112, and will not be subject to post-closure 
requirements [Section 264/265. 110]. Within 60 days  of the closure, a 
certification must be prepared and submitted to the  EPA [Sections 
26z./265.225]. WERC may be subject to financial res ponsibility and 
liability requirements, Sections 204/265.14C(b) and  264/255.147, 
respectively. (10) 
The Clean Air and Water Acts are of concern to UIED T and WERC. UIEDT will 
make a significant effort to remove all contaminant s from the water using 
bioremediation, and the use of phosphate ore. The p rocessed water will be 
sent to a waste water treatment plant for final pur ification, after UIEDT 
has obtained a waste water discharge permit through  the State of New 
Mexico Water Quality Control Commission. (12) 
The only concern of UIEDT in the area of air qualit y is the 
volatilization of contaminants during remediation. Volatilization will be 
avoided by using a closed remediation system, thus the WERC remediation 
with respect to the Clean Air Act is free, for all intents and purposes, 
from regulatory requirements. 
Overall, the areas of concern for UIEDT with respec t to the proposed 
remediation are permitting, waste generation rules,  transport, disposal 
requirements and finally, air and water quality. Th e regulations have 



been presented primarily from a federal perspective , but it is equally 
important to recognize local and state authority, a s mentioned earlier. 
HEALTH AND SAFETY 
The UIEDT regards the health and safety of the comm unity and workers as 
top priority,therefore; UIEDT agrees to accept the responsibility of 
maintaining a safe working environment. The major o bjectives to uphold 
include: compliance with industrial safety standard s (ACGIH. AIHA. and 
NIOSH), adherence to regulations (OSHA, EPA, State of New Mexico, City of 
Las Cruces), maintaining high worker morale, and ac hieving the most 
efficient level of clean-up. (13) 
Before any work may begin, a Site Health and Safety  Plan including 
medical surveillance of employees and documentation  on site worker 
training is required by OSHA. Also encompassed in t he General Health and 
Safety Plan are: the organizational structure, comp rehensive work plan, 
training programs, standard operational procedures and informational 
programs. (13) 
To meet these objectives in the clean-up process, U IEDT is primarily 
concerned with the maintenance of good ventilation,  proper use of methane 
gas, worker protection/well trained workers, and a contingency plan in 
case of an accident. Maintaining good ventilation t hroughout the process 
is necessary to minimize the airborne contaminants.  The bioreactors 
produce a substantial amount of CO and the mixing o f the hydroxy-
phosphate as well as the use of the drum filter cou ld allow for aerosols. 
Consequently, a hood on-site would be beneficial fo r both the collection 
of endproducts as well as for proper air monitoring , which is a factor in 
the quality assurance program. A daily sample would  be recorded in order 
to compare values and stay within regulations detai led in the FDR's. (10) 
In the event of a high reading, a warning signal wo uld be activated which 
would be directly relayed to the project manager fo r response. 
The use of methane gas in the aerobic chamber of th e bioreactor demands 
special attention. The explosive nature of methane gas when it comes in 
contact with air is a problem that must be addresse d. (14)  First, all 
employees would be knowledgeable of the precautions  necessary and what to 
do in the case of a gas leak. Next, specially desig ned pressure valves 
and reinforced sealed tanks will be purchased to in sure the safe 
utilization of this gas. In addition, the above gro und tanks will be 
stored in a more secluded area of the site approxim ately 300 yards away 
from the main location. Lastly, a methane and propa ne mixture was chosen 
because of the increased safety level as well as th e enhanced 
biodegradation of the volatile organic compounds un der these conditions. 
(5) 
Protecting the employees is essential for a success ful process. It is 
important that universal precautions are used in al l situations, which 
involves the assumption that all materials in this process are a threat 
to the health of any exposed person. Following this  assumption, 
protective clothing must be worn and safety regulat ions must be followed 
and strictly enforced at all times. This includes a ppropriate 
documentation of daily procedures in the event of h aving to backtrack the 
operation. In addition, all workers must have prope r training about the 
contaminants on site and be familiar with the conti ngency plan. This type 
of instruction is fundamental to the proper executi on of this process. To 
attain this knowledge, each employee will be requir ed to take a 40 hour 
OSHA hazardous materials course which teaches preca utions and appropriate 
preparation as contained in 29 CFR 1910.120 HAZWOPE R TRAINER. (13) 



Unfortunately the possibility of an accident will a lways be present, even 
if the requirements are met and the proper procedur es are followed in 
this situation, a contingency plan would be necessa ry for the maintenance 
of UIEDT's high safety standards. The plan should i nclude a flowchart 
which would clearly state the steps that must be ta ken to contain 
contamination and who to contact. The procedures ou tlined in the Material 
Safety Data Sheets (MSDS) for the chemicals involve d in the process will 
guide emergency response and containment action. (1 5) Due to the 
precautions taken by the UIEDT, the worst case scen ario is not likely, 
but the employees will be trained to be prepared fo r almost any 
situation. 
COMMUNITY PLAN 
The UIEDT recognizes the importance of developing a  good relationship 
with the community regarding the removal and treatm ent of hazardous 
wastes. Cooperation will be essential for a success ful process. To start 
the formation of a good community relationship, the  following objectives 
regarding community relations should be instigated:  encouraging public 
involvement, employment of effective communication,  and the instigation 
of widespread education. 
Encouraging public involvement in the remediation p lan is a method for 
attaining cooperation from the community. The peopl e in the surrounding 
areas have a right to be informed and a right to pa rticipate in any 
decisions that may affect their health or property.  (18)  It is 
imperative that WERC acknowledges these privileges and intends to involve 
the public from the beginning by allowing them to r eview any proposals 
before the important decisions are made. Any sugges tions should be 
considered and a possible open forum setting could prove advantageous 
because this would provide an opportunity for indiv idual expression. 
Additionally, articulation should be encouraged thr ough a "suggestion 
box" in the city hall. A monthly committee composed  of WERC employees and 
administrators could meet to answer these questions  and distribute the 
answers in a newsletter format. 
Effective communication is essential in any relatio nship, especially when 
one of the parties is less informed. Most important ly, WERC should 
develop honest open ties with the citizens. To atta in this alliance, any 
concerns should be addressed immediately and questi ons should not be 
avoided but answered in an straightforward fashion.  Furthermore. jargon 
and technical language should be kept to a minimum because they serve as 
barriers to effective communication. This includes limiting acronyms, 
abbreviations and raw data; instead expanding perso nal experiences and 
anecdotes. Ultimately, the interactions should be o n a more personal 
level instead of on an abrupt detached level. 
Finally, the instigation of widespread education wo uld help to produce a 
more informed public. The significance of providing  informative seminars 
where the general public can learn more about the p rocesses involved in 
hazardous waste treatment is well documented. If th e people can be taught 
the importance of treating the wastes and how it ca n benefit them in the 
future, they will most likely be more willing to co operate. Another way 
to educate the public is to use the media in an eff ective manner. In 
today's society, many busy Americans depend on the media to provide 
information, so WERC should be open and accessible to reporters and 
members of the media. 
In conclusion, when the people are kept involved an d informed, they are 
often more interested, realistic, and cooperative. These factors can mean 



the difference between a successful project and a p roject plagued with 
continuous problems. 
FINAL CONCLUSIONS 
UIEDT's proposed treatment design for the contamina ted evaporation pond 
sludge fulfills the requests and meets the requirem ents presented by 
WERC. The treatment process chosen -- involving bio remediation, apatite 
immobilization. and a solid-liquid separation techn ique -- is designed 
and optimized to be a successful, efficient and cos t effective 
alternative. With this process, the contaminated sl udge is remediated to 
a form which allows the solid portion to be returne d to the site for land 
application and the liquid portion to be fed direct ly into the local 
sewer. Literature and experimental results confirm that the contaminant 
concentrations are reduced to levels well below the  requirements for 30 
year LDRs (WERC rqmt.), DOT (WERC rqmt.), and also for UIEDT's intended 
application. Analysis and reviews also confirm the permanent stability of 
the process, resulting from the fact that the sludg e is remediated rather 
than just stabilized. 
This proposal includes a preliminary technical desi gn for the described 
treatment site, and also addresses the economic, en vironmental, safety, 
and social considerations. Additional information c oncerning the site 
would be required for a more detailed process desig n, and further on-site 
tests should be performed to confirm the large scal e applicability of the 
process. 
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ABSTRACT 
A solidification and stabilization (S/S) technique was developed for a 
chemically complex mixed waste sludge containing ni trate processing 
wastes, sewage sludge, and electroplating wastwater s. The sludge has high 
concentrations of nitrate salts; cadmium, chromium,  and nickel 
concentrations of concern; and low levels of organi c constituents and 
alpha and beta emitters. Because this waste is clas sified as both a 
listed hazardous waste and a low-level radioactive waste, land disposal 



in a mixed waste landfill was identified as the onl y suitable method for 
the long term management of the sludge.  
Preparation of the sludge was required to ensure co mpliance with all land 
disposal regulations. The S/S process identified an d optimized for this 
sludge included sulfide reduction of nitrate and pr ecipitation of 
metallic species, followed by evaporation to drynes s and solidification 
of the dry sludge in recycled high density polyethy lene with added lime. 
A modified Toxicity Characteristic Leaching Procedu re was used to 
determine required treatment chemical dosages and t reatment 
effectiveness. An economic assessment of the cost o f this project showed 
over 50% of the total cost can be attributed to the  transport and 
disposal of the solidified product in a mixed waste  landfill.  
The implementation of this process will involve com pliance with several 
environmental and health and safety regulations. RC RA hazardous waste 
generator and NPDES permits are needed for this pro cess. OSHA standards 
require adequate monitoring and protection of on si te employees from 
exposure to radiation and chemical hazards. 
INTRODUCTION 
Solidification and stabilization (S/S) are establis hed and widely used 
technologies for the preparation of hazardous waste s for land disposal. 
These techniques effectively reduce the mobility of  hazardous 
constituents and provide a product with a suitable structural integrity 
for compliance with RCRA Land Disposal Restrictions  (LDRs) (40 CFR 268). 
S/S has been incorporated into 28% of the CERCLA re cord of decisions 
written between 1982 and 1992, making it the single  most widely used 
technology for hazardous waste sites (1). 
Many S/S applications involve the use of cement, wi th or without a 
pozzolanic material, to bind the waste material int o a solid monolithic 
form (2). These materials are most widely used beca use of their low cost 
and readily available processing equipment. The maj or limitation of 
cement-based S/S applications is the potential for incompatibilities 
between constituents in the waste and the cementati on reactions. This is 
particularly true for wastes with a high ionic stre ngth; many types of 
salts increase the setting times and decrease the d urability of the cured 
concrete (3). 
The research described here was conducted to find a  suitable S/S process 
for a chemically complex mixed waste. The waste slu dge has been dredged 
from solar evaporation ponds and is currently waiti ng for further 
processing before its ultimate disposal. The evapor ation ponds had been 
used to reduce the volume of a wide variety of wast es including nitrate 
processing solutions, sewage sludge and electroplat ing wastewaters. The 
sludge is characterized by high concentrations of n itrates and heavy 
metals (Cd, Cr, Ni), low concentrations of several volatile and semi-
volatile organic compounds, and low levels of alpha  and beta radiation 
emitters. The precipitation of insoluble inorganic complexes and wind 
blown dust both contribute to the approximately 30%  solids concentration 
in this sludge.  
Regulations addressing two specific characteristics  of this waste 
material effectively limit the ultimate fate of thi s waste to land 
disposal. First, the presence of alpha and beta rad iation emitters 
classifies this waste as a low-level radioactive ma terial. Storage in a 
regulated land disposal unit is the only option for  the long-term 
management of these wastes. In addition, since the ponds were used for 
the treatment of electroplating wastewaters, the en tire waste stream is 



considered a listed waste (F006) and, thus, any byp roducts derived from 
the treatment of this waste will also be considered  a listed waste. The 
preparation of this waste for a mixed waste landfil l by S/S was the only 
option suitable under current RCRA and NRC regulati ons.  
The objective of this paper is to present the proce dure and rationale 
used to develop an appropriate S/S process for this  chemically complex 
waste sludge. Several factors were considered in th is assessment; the 
most critical criteria included: 
  immobilization of the heavy metals to comply with  the Universal 
Treatment Standards (UTSs) defined under the LDRs o f RCRA (40 CFR 268); 
  reduction of the concentration of the highly reac tive nitrates; 
  production of a solid material with a structural integrity for 
compliance with RCRA and NRC regulations; and, 
  minimization of the volume of waste requiring lan d disposal. 
Considerations for the regulatory, economic, and he alth and safety issues 
that are impacted by this design are also discussed . 
PROCESS IDENTIFICATION 
Solidification Processes 
The most important criterion for choosing a suitabl e binder to solidify 
the waste material is the compatibility between con stituents in the waste 
and the characteristics of the solidification agent . Of the many 
constituents in this waste, those contributing to t he high ionic strength 
were expected to cause the greatest incompatibiliti es with S/S 
techniques. Table I presents the approximate total concentration of 
primary ions in the sludge, illustrating the extrem ely high 
concentrations of sodium, potassium, and nitrate io ns. Organic 
constituents were present at only low concentration s (10-100 ppb) and 
were not expected to cause any incompatibility prob lems. Literature 
sources describing the application of S/S processes  to other complex 
waste streams were reviewed to identify an appropri ate technique for this 
particular waste.  
Table I 
A significant amount of work has been completed sho wing the feasibility 
of encapsulating complex chemical wastes in polyeth ylene (4-5). In this 
process, dried waste is mixed with the polyethylene  in a heated extruder. 
Microencapsulation of the waste in the plastic matr ix effectively reduces 
the amount of leaching and greatly increases the st ructural durability of 
the waste material. The use of post-consumer polyet hylene has the added 
benefit of using a waste product to treat a waste. 
Polyethylene encapsulation has been used successful ly for nitrate salt 
wastes with low levels of radioactivity (6-8). This  technique has been 
shown to greatly reduce the leachability of salts; provide a solidified 
matrix that greatly exceeds durability standards se t for both hazardous 
and nuclear wastes; and, be readily implemented at a full-scale operation 
(6,8). Previously published research on the polyeth ylene solidification 
of nitrate salts indicates, however, that the heavy  metals may not be 
sufficiently immobilized by this process. For examp le, Kalb et al. (6) 
report a concentration of 3.6 mg/L chromium in the leachate generated 
from the toxic characteristic leaching procedure (T CLP). This 
concentration is sufficiently low to prevent the wa ste from being 
identified as hazardous based on its toxicity chara cteristic (40 CFR 
261.24). However, for the land disposal of listed w astes, the TCLP 
leachate must have concentrations below the Univers al Treatment 



Standards. The UTS for chromium is 0.86 mg/L (40 CF R 268), well below the 
concentration achieved by Kalb et al. (6). 
Based on the successful implementation of polyethyl ene encapsulation of 
nitrate salt wastes, it was decided to pursue this technique for the 
mixed waste considered in this research. The overal l process for the 
solar pond sludge, however, requires additional pro cesses: the waste must 
be dried prior to solidification in polyethylene; a nd, the heavy metals 
immobilized to meet the stringent UTSs for land dis posal of a listed 
waste. 
Chemical Stabilization Processes 
Stabilization of metallic species is accomplished b y conversion of the 
metal into an insoluble complex by way of chemical reaction. The 
insoluble solid form can then be separated from sol ution. Metals are 
often rendered insoluble by precipitation in a meta l-sulfide, metal 
hydroxide, or metal carbonate form, or reduction to  metallic form by 
reaction with a borohydride. For economic reasons s ulfide and hydroxide 
precipitation are the more attractive options. 
At the high pH conditions found in the waste, preci pitation of metals as 
metal hydroxides would seem a reasonable approach. All three metals of 
concern (Cd, Cr, Ni) form fairly insoluble hydroxid e complexes. Aqueous 
concentrations of less than 1.0 mg/L are theoretica lly achievable (9). 
Were it not for the amphoteric behavior of metal hy droxides, all of the 
metals would be stabilized by this method to a degr ee which could 
approximate the desired insolubility. However, the metal hydroxides are 
increasingly soluble at both low and high pH, and t he pH of minimum 
solubility changes with metal and with solution cha racteristics. No 
optimum pH value exists at which all three of the m etals of interest can 
be rendered insoluble to the desired degree. 
Cadmium and nickel readily form metal sulfide speci es (CdS, NiS) which 
are also fairly insoluble. Nickel forms a sulfide c omplex of similar 
solubility as the nickel hydroxide complex, while b inding cadmium as CdS 
reduces its aqueous solubility in dilute solution t o approximately 10-7 
mg/L at pH 11 (9). This greatly reduced cadmium sol ubility is desired in 
order to render the metal immobile and meet the UTS . 
On addition of the sulfide based reducing agent to the waste, other 
oxidation/reduction reactions also take place. Nitr ate salts in the 
mixture will be reduced to nitrite and the nitrite to more reduced 
nitrogen complexes. Reduction of nitrate salts to o ther nitrogen species 
is beneficial in that both nitrate and nitrite salt s are strong 
oxidizers. In dried form, they can react violently with combustible 
materials, resulting in violent combustion or explo sion (10).  
Summary of Appropriate S/S Process 
Based on a review of the chemical characteristics o f the solar pond 
sludge and literature applications of S/S technolog ies, an overall 
strategy involving the stabilization of the waste t hrough the addition of 
sodium sulfide and lime and solidification in polye thylene was identified 
as appropriate for this waste. The addition of sodi um sulfide has the 
dual role of precipitating both nickel and cadmium as very insoluble 
complexes and reducing the nitrate to less reactive  nitrogen species. The 
reduction of the nitrates has an added benefit of r educing problems 
associated with incompatibility. The addition of hy droxide as lime (CaO) 
ensures the maintenance of a high pH so that the pr ecipitation of 
chromium in the hydroxide form is maximized.  



One drawback to this process is the generation of a  secondary by-product 
stream as water is separated from the waste materia l prior to 
encapsulation in polyethylene. Traditional separati on processes for water 
and solid, such as filtration were rejected due to the very high 
dissolved solids concentration - including radionuc lides - that would 
remain in the filtrate. Instead, evaporation of the  water was identified 
as the best technique. Pilot-scale testing by Fauce tte et al. (8) 
identified that a horizontal thin film evaporator p roduced a dry salt 
from an aqueous nitrate salt waste with the most de sirable physical 
characteristics for polyethylene solidification. 
EXPERIMENTAL METHODS 
Due to the very high ionic strength in the solar po nd sludge, it is not 
feasible to predict the appropriate dosages of trea tment chemicals based 
on chemical equilibrium calculations. Experimental testing was necessary 
to optimize the overall S/S process identified abov e. 
A surrogate waste which approximated the ionic comp osition of the raw 
waste as indicated in Table I was prepared from rea gent grade chemicals, 
water and kaolinite. Radioactive materials present in the solar pond 
sludge were omitted from the surrogate waste in ord er to avoid worker 
exposure to radioactivity. This mixture was allowed  to react overnight 
before proceeding with treatment. Chemicals used to  treat the surrogate 
waste mixture were sodium sulfide, lime, and polyet hylene pellets. 
Sodium sulfide was mixed with the surrogate waste m ixture in separate 
batch experiments and allowed to react for 12 hours  on a wrist action 
shaker before testing pH, nitrate and nitrite conce ntration in the 
mixture. In this manner the sodium sulfide dose req uired to fully reduce 
the nitrate and nitrite species was determined. Nit rate and nitrite 
concentrations were determined using commercially a vailable colorimetric 
test strips (EM Quant, EM Science, Gibbstown, NJ).  
Once the range of sodium sulfide dose required for reduction was 
determined, batch treatment of the waste was perfor med in a more limited 
range around this dose to determine the optimum dos e for immobilization 
of the cadmium as CdS. Identification of the optimu m dosage was 
determined based on the concentrations of metals in  the TCLP extract from 
treated and solidified samples. Lime, if added for a particular test, was 
added to the dried waste mixture prior solidificati on. The drying and 
solidification steps mimic the procedure used to st abilize the waste in 
the full treatment process. 
Drying was performed by heating the sulfide treated  portion of the waste 
in a distillation apparatus until nearly dry. The w aste mixture was 
removed from the distillation flask into a blender (Waring, Winsted, CT) 
for grinding to facilitate mixing with polyethylene .  
A bench-scale mixing and extrusion apparatus was co nstructed to perform 
the mixing of treated, dried waste and polyethylene  pellets. An aluminum 
tube with a 4.7 cm inner diameter and 17 cm in leng th was fitted with 
aluminum end caps. The tube was filled with a mixtu re of waste, lime and 
polyethylene pellets, placed on a laboratory hot pl ate and wrapped in 
heating tape along its entire length. The hot plate  and heating tape were 
controlled by a rheostat in order to prevent excess ive heating of the 
mixture. As the mixture melted in the tube, it was periodically mixed 
manually with a stir rod. Approximately one hour wa s required to fully 
melt and mix the components. The polyethylene and t reated waste mixture 
was extruded from the tube by removing the end caps  and pushing the 
mixture from the tube into a metal mold using a met al rod fitted to the 



diameter of the tube. After cooling for ten minutes , the monolith was 
removed from the mold and used for further testing.  
Leaching of the contaminants from the monolith was performed by a slight 
modification of the standard technique for TCLP. As  metal species were 
the only components of interest, small polyethylene  bottles (Nalgene) 
were substituted for the zero-headspace reactor. A bandsaw was used to 
cut the monolith into cubes not larger than 9.5 mm per side. Extraction 
fluid for an alkaline sample ( TCLP Fluid #2, 40 CF R 261) was prepared 
and its pH tested to be 2.880.05. The final solutio n pH was verified and 
recorded. The extract was isolated from the waste c ubes and diluted as 
necessary for analysis. 
Metals analysis of the leachate was performed by gr aphite furnace AAS 
using a Perkin-Elmer Zeeman 5000 spectrophotometer.  The method of 
standard additions (11) was utilized to minimize ma trix interference 
effects.A Universal Testing Machine (Tinius Olsen) was used to perform 
the unconfined compressive strength test on the fin al monolith according 
to a standard testing protocol, ASTM D 2216-91. Fre eze-thaw durability of 
the monolith over 12 cycles of freezing and thawing  was determined by 
ASTM D 4842-90. 
EXPERIMENTAL RESULTS 
The initial batch tests were conducted to identify the sodium sulfide 
dosage required to reduce the nitrate species. Trea tment with doses of 
sodium sulfide between 0 and 150 g/L were considere d. The nitrate in 
solution was reduced to below detection following a ddition of 
approximately 85 g/L of sodium sulfide. Nitrite con centration was near 
the detection limit in the untreated waste and rema ined below the 
sensitivity of the test strips at all sodium sulfid e dosages.  
The dosage of sodium sulfide needed to stabilize th e cadmium as CdS was 
then determined. Dosages ranging from 70 to 120 g N a2S per liter of the 
surrogate waste were considered. The treated waste was then dried, mixed 
with polyethylene on a one-to-one basis by weight, extruded, cooled and 
subjected to the TCLP. The average cadmium concentr ation in the TCLP 
leachate as compared to Na2S dose is given in Fig. 1. The UTS limit for 
cadmium of 0.19 mg/L is indicated by the horizontal  line. Only one Na2S 
dosage tested, 110 g/L, was able to meet the UTS re quirement. Nine 
separate extractions were performed at this dosage to verify this result. 
Subsequent tests were performed using this treatmen t dosage. 
A series of lime doses were added to the treated dr ied waste to ensure 
precipitation of the chromium in the mixture as Cr( OH)3. Figure 2 
displays the results of average chromium concentrat ion in the TCLP 
extracts. These samples were prepared from 50% by m ass polyethylene, the 
indicated percent by weight of lime and the balance  dried waste. The 
horizontal line reflects the UST of 0.86 mg/L. Thre e individual tests at 
a 10% lime dose showed the UST could be achieved by  this process. Nickel 
concentrations in the leachate from this product av eraged 0.17 mg/L, well 
below the UTS of 5.0 mg/L. 
Fig. 1 & 2 
The polyethylene monoliths also met requirements fo r durability. The NRC 
requires a minimum unconfined compressive strength of 60 psi for generic 
waste forms containing low-levels of radioactivity (5). The waste 
material generated in this work had a measured comp ressive strength 
greater than 450 psi. This value was not affected b y 12 cycles of freeze 
and thaw conditions. The freeze/thaw test also show ed long-term 



durability with insignificant mass loss (0.05%) ove r the period of this 
procedure. 
Water evaporated during the drying of the waste was  condensed and tested. 
There were no detectable concentrations of cadmium and chromium in the 
condensate, although a significant amount of hydrog en sulfide gas was 
emitted during the drying, which dissolved in the c ondensate. In the 
laboratory, hydrogen peroxide was used to promote t he oxidation of the 
sulfide to sulfate ions. The treated condensate con tained 54 mg SO4/L. 
OTHER DESIGN CONSIDERATIONS 
Regulatory Constraints 
The Resource Conservation and Recovery Act (RCRA) a nd regulations under 
the Nuclear Regulatory Commission place severe limi tations on the 
handling and final disposition of this waste materi al. The combined 
identification of this waste as a listed hazardous waste (F006) under 
RCRA, and a low-level radioactive waste effectively  limits the ultimate 
management of this waste to landfilling in a mixed waste facility. Prior 
to landfilling, however, the waste must be processe d to meet the 
constraints of the Land Disposal Restrictions defin ed under RCRA (40CFR 
268). These restrictions require that there be no f ree water associated 
with the waste, that the leachate generated from th e waste product by the 
TCLP have concentrations less than the Universal Tr eatment Standards, and 
that the waste have a suitable structural integrity . The testing 
summarized above indicates that treatment of the wa ste with sodium 
sulfide (110 g/L), evaporation of water, and mixing /extruding with lime 
(10%) and melted polyethylene (50%) produced a prod uct meeting the 
requirements of the LDRs. 
Although the on-site treatment of this waste will b e conducted under a 
CERCLA record of decision, a RCRA permit will still  be required to obtain 
status as a RCRA hazardous waste generator (40 CFR 262.12 and 262.20). 
This permit will provide the EPA identification num ber required for 
manifesting and transporting the solidified waste t o an off-site disposal 
facility. The waste should be transported by a lice nsed hauler in trucks 
that are placarded according to 49 CFR 177. 
Because this process generates a secondary waste st ream, the evaporated 
water, additional regulations for this byproduct mu st also be considered. 
This stream is considered a listed waste since it i s derived from the 
treatment of a listed waste. Analysis of the water evaporated and 
condensed during the drying operation showed that i t contains no 
detectable levels of the heavy metals included in t he F006 waste. 
Radionuclides in the original waste are present in ionic forms and will 
be concentrated with other salts as the water molec ules are vaporized. 
Thus, it is recommended that an application for the  delisting of this 
waste material be completed. This procedure is leng thy but will greatly 
reduce the volume of waste material that will requi re disposal in a 
landfill.  
Assuming that the evaporated water is successfully delisted, additional 
regulations limiting discharges to the atmosphere ( Clean Air Act) or a 
water body (Clean Water Act) will have to be consid ered. Significant 
concentrations of dissolved hydrogen sulfide gas we re detected in the 
condensed water. While this gas will not render the  water "hazardous, " 
it cannot be freely discharged to the environment. Laboratory treatment 
of the condensate showed that the sulfide ions can be successfully 
oxidized to sulfate ions. The concentration of sulf ate ions (54 mg/L) in 
the condensate is very low relative to the proposed  Safe Drinking Water 



Act maximum contaminant level goal for this constit uent of 500 mg/L. 
There should be no trouble obtaining a National Pol lutant Discharge 
Elimination System (NPDES) permit for the discharge  of the condensed 
water to a local surface water body. 
Health and Safety 
Additional regulations restricting the actions and exposure of employees 
to hazardous materials will also be applicable to t his treatment process. 
These regulations include subparts of OSHA general industry standards (29 
CFR 1910) and CERCLA (40 CFR 311) 
The primary concern for the workers involved with t he waste 
solidification process is the potential for exposur e to alpha, beta, and 
X radiation. The X radiation is a byproduct of Brem mstrahlung reactions 
as beta particles are attenuated by shielding mater ials. With worst case 
assumptions, it was determined that all employees m ust maintain a 
distance of at least 1.5 m from all process equipme nt to ensure that 
radiation dosages are maintained below the allowabl e limits (29 CFR 
1910.96). Film badges should be worn to monitor exp osure levels and a 
lockout/tag out fence employed to maintain an adequ ate distance between 
employees and process equipment.  
Monitoring and personal protective equipment should  also be available for 
other potential hazards to employees. Grinding equi pment for the treated 
dried waste should be enclosed and ventilated to mi nimize the inhalation 
of metal-laden dust. Other process equipment should  be ventilated to 
ensure compliance with carbon monoxide and hydrogen  sulfide air quality 
limits. Carbon monoxide can be produced during the polyethylene extrusion 
process while the hydrogen sulfide is a byproduct w hen sodium sulfide is 
added to an aqueous solution. The high pH of the wa ste will help to 
minimize the H2S production. 
Economic Considerations 
The cost of processing 180,000 gallons of the solar  pond sludge in a 6 
month period was assessed. The cost of disposal of the solidified product 
in a mixed waste landfill was the most significant cost associated with 
this process. Rates for disposal vary between $360 and $1000 per cubic 
yard. Compared with equipment rental, utility and p ersonnel expenditures, 
the disposal cost represents 50 to 75% of the total  budget. Thus, any 
additional steps to minimize the volume of waste wo uld lead to a reduced 
project cost. 
Other researchers have used much lower polyethylene  to waste ratios in 
their application of this technique for the solidif ication of waste 
materials. Monoliths with as little as 30% polyethy lene have been 
successful for both incinerator ash (4) and nitrate  salts (7). This 
variable was not considered in this research. With the small scale 
equipment used to conduct these experiments, it was  difficult to achieve 
a homogeneous distribution of the waste product in the melted 
polyethylene. This became more problematic with a d ecreased fraction of 
polyethylene. The decreased polyethylene:waste rati o would substantially 
reduce the costs associated with the purchase of po lyethylene and 
transport and disposal of the solidified product. W ith 30% polyethylene, 
however, it is expected that the concentrations of cadmium and chromium 
in the TCLP extract from these samples would increa se. Kalb and Adams (7) 
found that with an decrease in the polyethylene fra ction from 50% to 30% 
the cadmium concentrations increased by nearly five  fold. Similar 
increases with the waste used in this work would re strict this solidified 
waste from land disposal. Further experimentation w ith full-scale 



equipment would be required to adequately assess if  higher waste loadings 
-- used to reduce the disposal costs -- can still m et regulatory limits. 
SUMMARY AND CONCLUSIONS  
The solar pond sludge considered in this research w as a complex mixture 
characterized by a very high ionic strength, elevat ed concentrations of 
heavy metals and low levels of radionuclides. Becau se of the presence of 
radionuclides and the classification of this sludge  as a listed waste 
under RCRA, disposal in a mixed waste landfill was identified as the only 
appropriate management technique for this waste. Wi th the complex 
chemistry of this waste, it was necessary to treat the sludge prior to 
solidification for land disposal. Two primary objec tives were considered 
during the chemical stabilization of the waste: red uction of the reactive 
nitrate concentration and immobilization of heavy m etals.  
Experimental optimization was used to fully develop  a S/S process for the 
solar pond sludge. The overall process includes the  addition of sodium 
sulfide (110 g/L) to reduce nitrates and precipitat e cadmium; evaporation 
of water; the addition of lime to precipitate chrom ium; and 
microencapsulation in a polyethylene monolith. The stabilized and 
solidified product met federal standards for durabi lity and leachability 
making it acceptable for disposal in a mixed waste landfill.  
An economic assessment of the cost of this project showed over 50% of the 
total cost can be attributed to the transport and d isposal of the 
solidified product in a mixed waste landfill. Furth er work at a pilot-
scale should be completed to assess the possibility  of reducing the 
percentage of polyethylene in the final solidified product.  
The implementation of this process will involve com pliance with several 
environmental and health and safety regulations. RC RA hazardous waste 
generator and NPDES permits will need to be obtaine d. OSHA standards will 
require adequate monitoring and protection of on si te employees from 
exposure to radiation and chemical hazards. 
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ABSTRACT  
The Waste-Management and Research Consortium (WERC)  requested a proposal 
to remediate and stabilize sludge, which was pumped  from three solar 
evaporation ponds into 10,000 gallon tanks. The slu dge was composed of a 
combination of sediments, water and dissolved and u ndissolved salts. The 
contaminants of concern in the sludge included heav y metals, low level 
radionuclides and organic chemicals (2). Because th e sludge contained 
both hazardous compounds and radionuclides, it was required to be managed 
as a mixed waste regulated under the Resource Conse rvation and Recovery 
Act (RCRA) (1) and the Atomic Energy Act (AEA) (3).  
The process proposed by Michigan State University e nsured the sludge 
would be treated, stabilized, transported and dispo sed of in accordance 
with all applicable federal, state and local regula tions. The design 
criteria that was used for this proposal is as foll ows: 
  Minimization of the volume of mixed waste to redu ce total remediation 
and disposal costs 
  Maximization of the rate at which the sludge is p rocessed 
  Compliance with all federal, state and local regu lations 
  Development of positive community relations 
  Minimization of negative health impacts by observ ing stringent safety 
considerations 
At the time of the proposal the costs of disposing of a mixed waste was 
approximately 100 times greater per cubic foot than  for disposing of a 
low level radioactive waste (4), thus the primary g oal was to reduce the 



volume of mixed waste in order to lower disposal co sts. Volume reduction 
was achieved through a remediation process which re moved the heavy metals 
and organic contaminants from the pond sludge. The proposed process was a 
two step acid extraction, in conjunction with cyani de oxidation followed 
by chromium reduction and metals precipitation. The  treated sludge could 
then be disposed of as a low level radioactive wast e outside the 
jurisdiction of RCRA. 
INTRODUCTION 
In 1995, the Waste-management and Research Consorti um (WERC) requested a 
proposal to remediate and stabilize sludge from thr ee solar evaporation 
ponds. Proposals were requested in an attempt to sp ark new ideas in the 
minds of students and to evaluate innovative techno logies for the 
remediation of this site. Michigan State University  formed a design team 
consisting of 22 students from four departments: ci vil, environmental and 
mechanical engineering and crop and soil science. T hese students formed a 
"company" called Spartan Environmental Technologies  (SET) to investigate 
the problem and seek solutions which would be both physically and 
economically feasible. The following report details  SET's research and 
the proposed process for remediation. 
TECHNICAL ASSESSMENT 
The sludge was composed of a combination of sedimen ts, water and 
dissolved and undissolved salts. The contaminants o f concern in the 
sludge included heavy metals, low level radionuclid es and organic 
chemicals (2). Because the sludge contained both ha zardous compounds and 
radionuclides, it was required to be managed as a m ixed waste regulated 
under the Resource Conservation and Recovery Act (R CRA) (1) and the 
Atomic Energy Act (AEA) (3). 
Several treatment and/or stabilization alternatives  were investigated and 
evaluated based upon the following design criteria:  time, economics, 
feasibility, efficiency, waste minimization, safety  and community 
relations. Table I details the treatment alternativ es that were 
investigated. At the time of this proposal, the opt ions available for 
mixed waste disposal were extremely costly (4). The refore, particular 
consideration was given to those processes demonstr ating significant 
mixed waste volume reduction.  
Table I 
The proposed treatment process was a two step acid extraction, in 
conjunction with cyanide oxidation, chromium reduct ion with sodium 
sulfite followed by metals precipitation with sodiu m hydroxide and sodium 
sulfide (Fig. 1). Research done by SET showed that acid washing 
effectively removed the metals from the sludge. The  proposed design would 
allow for more than 98% of the solid waste generate d to be delisted, 
resulting in only 1,100 gallons of the solid materi al requiring disposal 
as mixed waste.  
To prepare the mixed waste for transport and dispos al, stabilization 
using polyethylene was chosen. Polyethylene greatly  reduced the disposal 
volume over commonly used technologies. In addition , the stabilized waste 
passed compressive tests, toxicity characteristic l eaching procedure 
(TCLP) tests and was shown to be stable in hostile environments (11).  
Fig. 1 
PROCESS DESIGN 
The radioactive and non-radioactive metals were ext racted from the sludge 
using sulfuric acid. The pond sediments contained a n appreciable 
concentration of cyanide. To prevent the release of  hydrogen cyanide 



(HCN) during extraction, the sludge was first treat ed with sodium 
hypochlorite (NaOCl) to oxidize the cyanide (CN-) t o carbon dioxide and 
nitrogen gas (N2). Ozone was studied as an oxidatio n alternative for 
sludges with high concentrations of phenol, pyrene or other organic 
chemicals. Recent work has shown the applicability of using ozone to 
oxidize these compounds in soils and sediments (7,1 3).  
The complete removal of the radionuclides from the sediments was not 
feasible. Therefore, the treated sediments were neu tralized with sodium 
hydroxide, dewatered using a plate filter press and  could be disposed of 
as a LLW. Prior to disposal, it was recommended tha t a delisting petition 
be submitted. 
Following acid extraction, the acid solution contai ning dissolved metals 
was treated with sodium sulfite. During cyanide oxi dation, trivalent 
chromium was oxidized to hexavalent chromium. Sodiu m sulfite reduced the 
chromium back to its preferred trivalent state. Sod ium hydroxide and 
sodium sulfide were added to precipitate the metals  out of the acid 
solution as metal hydroxides and metal sulfides. Fe rric chloride was 
added to aid in flocculation and settling of the me tal precipitates. 
The metal precipitates were dewatered using a plate  filter press. The 
extracted water from dewatering was returned to the  inlet of the metals 
precipitation/ sedimentation tank to undergo a seco nd acid extraction. 
The dewatered mixed waste was stabilized with polye thylene in a screw 
extruder and would ultimately be disposed of at a m ixed waste facility. 
The effluent from the precipitation/ sedimentation tank was neutralized 
using sulfuric acid and discharged to a publicly ow ned treatment works 
(POTW). The treatment process is illustrated in Fig . 1. The equipment and 
chemicals for the proposed design are shown in Tabl e II. 
Table II 
PROTOTYPE DESIGN 
A prototype was designed to demonstrate the feasibi lity of the proposed 
treatment plan. The design was based on extensive l aboratory analysis of 
the surrogate sediment. The surrogate sediment was prepared according to 
specifications provided by WERC (2,14). In accordan ce with the proposed 
full scale design, the metals were extracted from t he surrogate sludge in 
a two stage process, first with 6 N sulfuric acid f ollowed by 0.1 N 
sulfuric acid. The sulfuric acid solutions were add ed to the sludge in a 
5 L basin equipped with a mixing shaft. Following e xtraction, the 
supernatant was siphoned into a second 5 L basin wh ere 6 N sodium 
hydroxide, 25 mg/L sodium sulfide and 10 mg/L ferri c chloride were added. 
The mixture was flocculated and allowed to settle. The extracted metals 
were first dewatered with vacuum filtration and the n stabilized using 
polyethylene. 
Due to the expense of a screw extruder, a steel mol d was used to simulate 
the ability of polyethylene in retaining the waste during TCLP tests. The 
mold used for stabilization of the precipitated met als was a 5" x 4" x 
4.5" block of steel that has a hollow interior meas uring 4" x 3" x 3". 
The top of the mold was machined so one inch of ste el would fit inside 
the mold to compact the mixture of polyethylene and  waste metals. Eight 
vents were strategically placed to allow excess pol yethylene to bleed 
from the mold. The bottom of the mold was attached using six countersunk 
machine screws, allowing for easy removal of the so lidified block. The 
mold was placed in a compacting device consisting o f two fixed steel 
plates. A 4 ton hydraulic jack was used to compact the mixture. A movable 
plate was then placed under the mold to maintain th e pressure on the 



mixing during melting. The hydraulic jack was then removed and the mold 
was placed in an oven for 16 hours at 180C. Followi ng the 16 hour heating 
period and a cooling period, the sample was ready f or disposal. 
LABORATORY ANALYSIS AND RESULTS 
Laboratory treatability studies were conducted usin g a surrogate sediment 
containing cadmium, chromium and nickel which are r epresentative of the 
metals present in the actual pond sludge. Studies w ere conducted to 
determine the following: 
  the efficiency of metal extraction from the sedim ent 
  the removal of metals from the acid extract 
  the ability to stabilize the material to meet RCR A standards 
Preliminary studies were conducted to determine the  efficacy of solvent 
extraction using di(2-ethyl-hexyl) phosphate (DEHPA ) in hexane for the 
removal of the regulated metals from the sediments.  The extraction 
coupled with acid washing produced favorable remova l efficiencies. 
However, chromium could not be separated from the s olvent phase. Without 
the ability to recycle the DEHPA, the cost increase d significantly making 
the process economically unfavorable. In addition, the kaolin in the 
sediments could not be easily separated from the so lvent phase. These 
problematic areas dictated the discontinuation of t he solvent extraction 
studies. 
Preliminary acid extraction studies were conducted using the original 
surrogate formulation provided by WERC (containing 1.7 wt % kaolin) (2). 
The results indicated that significant metals remov al was achieved when 
the pH of the solution was less than 1. Subsequent studies were conducted 
using the revised formulation updated by WERC (cont aining 11 wt % kaolin) 
(14). To compensate for the possibility of lower me tals removal due to a 
higher clay content, a more concentrated acid solut ion was used. 
The efficiency of the acid extraction procedure was  evaluated using a 
mixture containing approximately 410 mL of 6 N sulf uric acid and 
approximately 1,200 g of surrogate sediment. The ac id and sediment were 
mixed for two hours followed by separation by filtr ation. The acid 
extraction process was repeated twice using 1,800 m L of 0.1 N sulfuric 
acid. 
TCLP tests were conducted on the untreated sediment  as well as the 
treated sediment after each extraction step. The re sults for these 
analyses are provided in Table III. TCLP and compre ssive testing of the 
stabilized metals sediment were also conducted and the results are shown 
in Table IV. These results indicate that sufficient  metals removal from 
the sediments, to meet land disposal requirements, was achieved after two 
acid extractions. Results for the stabilized materi al shows that samples 
passed both compressive strength requirements and T CLP test requirements. 
After stabilization, the mixed waste met regulation s for disposal at a 
suitable site. 
Table III 
Table IV 
The metals present in the acid extract were precipi tated out of solution 
by raising the pH of the extract using sodium hydro xide. As shown in Fig. 
2, except in a narrow pH range (Cd, pH 9), the trea ted extract slightly 
exceeds the most stringent of standards for the dis charge of a new source 
metal finisher to a POTW (40 CFR, Part 433). For th is reason, combined 
metal hydroxide/ metal sulfide precipitation was us ed in the process in 
order to meet the standards.  
Fig. 2 



Polyethylene was chosen as the stabilization techni que because of its 
ability to pass TCLP and compressive tests at high waste loading as 
indicated in Table IV. Advantages of polyethylene i nclude: it's ability 
to withstand bacterial degradation, radiation effec ts, freeze/thaw 
conditions and biodegradation (10). 
ECONOMIC ASSESSMENT 
The proposed cost for the treatment and disposal of  the pond sludge at 
the time of the contest was estimated at 5.8 millio n dollars or $1,840 
per ton of sludge. The costs were determined after a thorough 
investigation of the capital, operating, material, transportation, labor 
and legal fees (see Table V).  
Table V 
The costs for the capital equipment were based upon  the purchase of the 
equipment. These costs were amortized over 10 years  at an interest rate 
of 9%. It was assumed that 1 year of equipment oper ation will be charged 
to this project to account for actual operating tim e, down-time for 
maintenance, or idle time. It was also assumed that  the salvage value of 
the equipment at the end of 10 years will be $0. 
BUSINESS PLAN 
The proposed sludge remediation process would be co mpleted in several 
stages over a period of 18 months. Figure 3 represe nts the proposed time 
schedule for the process. 
Fig. 3 
LEGAL AND REGULATORY CONSIDERATIONS 
All proposed action for this remediation would be a ccomplished in 
compliance with all applicable federal, state and l ocal regulations. The 
major statutes that would affect the remediation ar e as follows: AEA (3), 
RCRA (1), National Environmental Policy Act (NEPA) (46), Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) (47), 
Clean Water Act (CWA) (48), and the Occupational Sa fety and Health Act 
(OSHA) (49). 
The pond sludge in the tanks contained several meta ls, organic chemicals 
and radioactive constituents (gross alpha and beta)  that were present at 
levels that required it to be managed as a mixed wa ste. In accordance 
with EPA published guidance (50) waste containing l ow level radioactivity 
regulated under AEA and hazardous waste regulated u nder Subtitle C of 
RCRA are subject to both sets of statutory requirem ents (4). The strategy 
of the proposed process was to remove all hazardous  constituents 
necessary to delist the waste and allow for disposa l outside the 
jurisdiction of RCRA. Standards in 40 CFR 260.20 ou tline the procedures 
for delisting waste. 
Transportation Considerations 
Following the treatment of the pond sludge and the stabilization of the 
extracted radioactive metals, all the waste would b e packaged and 
transported for disposal. All packaging, manifestin g and transporting of 
the waste would be accomplished in accordance with the NRC requirements 
set forth in 10 CFR 71 and the Department of Transp ortation (DOT) 
requirements in 49 CFR 173. In order to determine t he proper packaging 
requirements for radioactive material, the radionuc lides in the material 
and the activity of the material would have to be i dentified. 
Disposal Considerations 
The waste streams created from the proposed process  that would require 
disposal were the stabilized mixed waste, the treat ed pond sludge and the 
process wastewater. The stabilized mixed waste coul d potentially be 



disposed of at Envirocare Inc. of Utah. The radionu clides and the listed 
waste code would have to be known prior to arrangin g for final disposal.  
The treated pond sludge would be considered a Class  A LLW based on the 
information provided by WERC. The sludge could be d isposed of at a 
licensed commercial LLW disposal site or at a DOE d isposal facility. 
The wastewater resulting from dewatering during the  treatment processes 
would be disposed of through a local POTW in accord ance with the NPDES 
permit for the POTW and with the requirements set f orth in 40 CFR 413 and 
10 CFR 20. This wastewater would be appropriately a nalyzed for 
radioactive, hazardous and other characteristics to  ensure this 
compliance. 
HEALTH AND SAFETY CONSIDERATIONS 
Several health and safety issues would have to be c onsidered if the 
proposed process were implemented at the actual sit e. Safety training 
would be provided to all employees involved in reme diation activities in 
the following areas: Right-To-Know Regulations (SAR A, Title III), 
Radiation Safety, Emergency Response, Hazardous Was te Management (RCRA), 
and the use of Materials Safety Data Sheets (MSDS).  OSHA and NRC 
regulations will be followed for all on-site operat ions. 
Awareness seminars would be held to inform the comm unity about the health 
and safety measures being utilized. An emergency ev acuation plan would be 
in place for the site and its surrounding areas. Em ergency response 
training would be made available not only to police , medical, and fire 
personnel, but also to community response teams so they may properly 
respond to hazardous waste and chemical emergencies . A qualified site 
safety officer would be available during remediatio n activities. 
COMMUNITY RELATIONS PLAN 
To establish a strong relationship with the communi ty, a Community 
Relations Committee (CRC) would be formed, consisti ng of community 
leaders and representatives and environmental profe ssionals. The primary 
role of the CRC would be to hear and evaluate publi c concerns relating to 
the remediation project. The following issues would  be emphasized 
throughout the duration of the project:  
  Community participation is valued. 
  The proposed process significantly reduces taxpay er cost by minimizing 
the quantity of mixed hazardous waste that needs to  be disposed of in a 
secured facility.  
   A toll free hotline would be provided to answer questions and concerns 
raised by the public. There would be separate toll- free numbers for 
Spanish speaking individuals and a TTY phone system  for the deaf.  
A well developed public relations plan would ease t he worries of the 
community and make the project a welcome one.  
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ABSTRACT 
Clemson University's Vitrification Research Laborat ory has been serving 
the needs of government, industry and education sin ce its creation 3 
years ago this spring by assisting in vitrification  processing trials of 
surrogate DOE waste streams in commercial equipment . The use of 
surrogates allow runs to be conducted at very low c ost compared to 
processing radioactive wastes, and permit trials th at push processing and 
compositional limits. A waste composition that devi trifies into 
refractory rock at the bottom of the melter, or agg ressively consumes the 
melter's refractory lining, is a relatively minor i nconvenience in the 
Vitrification Lab. In a radioactive waste processin g facility however, 
such occurrences would be very serious in terms of lost time, incurred 
expense and the creation of additional waste. 
Waste treatment equipment suppliers can use our lab oratory as a test bed 
for their equipment, thus gaining experience and kn owledge regarding 
performance and improvement opportunities. Users of  the technology, such 
as waste processors and those with waste streams, h ave the opportunity to 
tap an objective source of information obtained fro m Clemson University's 
past experience. Or, previously untested waste stre ams can be treated 



using the Vitrification Lab's resources to evaluate  the effectiveness of 
several treatment technologies. 
Clemson University and its students benefit from th e training and 
experience afforded by the studies conducted at the  Vitrification Lab. 
Potential employers are identified for the students , the university 
derives support for research from the work conducte d, and students, 
professors and the Vitrification Lab staff have the  opportunity to 
publish the results of their work. Additionally, eq uipment manufacturers, 
waste processors and owners of waste streams that h ave a need for well 
educated engineers with practical experience on rea l-world equipment and 
processes will find the Vitrification Lab's undergr aduate and graduate 
students well suited to their needs. 
This presentation will describe the laboratory and its equipment, the 
surrogate waste streams tested, the results achieve d and lessons learned. 
Work currently underway will be described, as will plans for future 
expansion and diversification. 
INTRODUCTION 
In 1992, Clemson University, DOE/Westinghouse Savan nah River Company, 
Envitco, Inc. and Stir Melter, Inc. cooperated to f orm a vitrification 
research laboratory within the Department of Enviro nmental Systems 
Engineering at Clemson University. Since then the l ab has conducted a 
number a vitrification process development campaign s in support of DOE's 
mixed waste management programs. Studies are also c onducted for the 
industrial partners to support their efforts.  
The laboratory currently houses three melters, incl uding a DC arc unit 
from Electro-Pyrolysis, Inc., and employs six full time and two part time 
staff. A number of graduate and undergraduate stude nts are also involved 
in thesis projects or work/study programs. 
CAPABILITIES 
The current laboratory facility, shown in Fig. 1, w as constructed in the 
winter of 1992-93 directly behind the L. E. Rich En vironmental Research 
Laboratory at Clemson University. The vitrification  laboratory building 
is a pre-engineered metal structure, 12.2m x 15.2m x 4.9m high at the 
eaves, insulated, heated and air conditioned. Three  melters (1) are 
currently housed in the lab. Of these, the two joul e-heated melters are 
owned by the Clemson Universities Research Foundati on and the DC arc 
graphite electrode melter is owned by DOE/WSRC. The  existing lab space is 
fully utilized by the three melter units and their auxiliary power, feed, 
offgas and data acquisition systems. In fact, with the addition of the DC 
arc melter in March 1995, warehouse space had to be  leased for storage of 
materials and supplies previously housed in the lab . Clemson University 
plans to expand the Vitrification Lab in the spring  of 1996, as discussed 
later in this paper. 
Fig. 1 
Processing 
Envitco EV-16 Joule-Heated Melter - The melter was first operated in our 
laboratory in January, 1993 and has produced over 3 175 kg of glass from 
surrogate wastes since then. A schematic is shown i n Fig. 2. 
Fig. 2 
The Envitco melter has an 0.46m x 0.46m x 0.36m hig h (0.076m3) refractory 
lined melting chamber and is capable of continuousl y processing glass at 
rates exceeding one-half ton per day . Glass temper atures in excess of 
1500C have been measured in the vessel, while the g lass exiting the 
melter is typically in the range of 1300-1400C. Thi s melter has a 100 kW 



power supply and uses molybdenum electrodes. It is capable of cold top or 
hot top operation and has been operated with both d ry or slurry feeds. In 
cold top operation with dry feed, the surface tempe rature of the feed 
layer is of the order of 200 C. This cooler zone of  feed material 
decreases metal emissions by condensing and refluxi ng volatile metals 
into the melt.  
Because of its high temperature capability, this me lter allows a wide 
compositional range for a given waste material. The  melter has achieved 
continuous melt rates of 30 kg/h on dry feed. 
The Envitco melter is equipped with both dry and sl urry type feeders. The 
dry feed system is equipped with a scale and feedba ck control circuit to 
ensure a constant feed rate. The slurry feed system  utilizes a continuous 
loop to ensure that feed material is kept in suspen sion in the slurry. At 
the melter, a calibrated pump feeds the slurry into  the melter. 
WV-0.25 Stir-Melter - Clemson University's WV-0.25 Stir Melter is one of 
three stirred melters in operation. It has an Incon el 690 melt chamber 
with a 0.15m x 0.15m x 0.30m high working volume an d an Inconel 690 
stirring electrode. A schematic of the melter is sh own in Fig. 3. Maximum 
processing temperature is limited to ~1070C because  of the materials of 
construction. The melt chamber has an internal "tea  pot" spout with an 
external drain tube, allowing for continuous operat ion. The melter has 
separate ports for dry feeding and slurry feeding o f the batch and other 
additives. Ten kW of power is available for Joule h eating through the 
stirrer/chamber circuit. In addition, there are ext ernal resistance 
heaters with a 7 kW power supply for startup and to  maintain temperatures 
during tests. 
Fig. 3 
The stirrer is driven by a 325 W variable speed mot or at speeds up to 
1000 rpm. The impeller can be raised or lowered to optimize mixing and 
melting rates. There is a port for either a video c amera or direct 
viewing. There is an additional port for the insert ion of a thermocouple 
or other probe into the melt. The offgases flow int o a sampling and 
treatment system; sampling is done downstream of th e melter exit at the 
center of a 50.8 mm Schedule 40 pipe. 
Offgas Treatment and Sampling - Each Joule-heated m elter has its own 
offgas treatment system. For the Envitco melter, th e offgas system 
consists of a quench chamber, steam atomizing scrub ber, and packed tower 
for acid gas removal and neutralization. For the St ir-Melter, the offgas 
system is a spray quench/ejector venturi, jet sparg ing scrubber, and a 
counterflow packed tower for acid gas removal and n eutralization. Each 
system has its own positive displacement blower.  
The lab has complete sampling trains for the standa rd EPA Method 5 
(particulate matter), Modified Method 5 (semivolati le organic compounds), 
Method 29 (multiple metals), and VOST (volatile org anic compounds). In 
addition, size fractionated samples can be taken us ing a Pilat Mark 3 
source test cascade impactor.  
EPI DC Arc Melter - The EPI melter has a 0.33 m dia meter x 0.53 m high 
(0.045 m3) graphite crucible contained inside a sea led, water-cooled, 
atmosphere-controlled vessel. A simplified schemati c of the melter is 
shown in Fig. 4. The melter is capable of processin g ~50 kg of material 
per charge and can be operated in either the cold- or hot-top mode. Power 
is supplied from a 100 kW DC supply through consuma ble graphite 
electrodes. The vessel cover contains three ports, located 120o apart, 
that can be used for addition of feed materials, th ereby increasing the 



melt capacity, or installation of a monitoring devi ce such as a camera or 
pyrometer. While the current melter design allows o nly batch-type 
operation, it could be modified for continuous oper ation. 
Fig. 4 
Instrumentation - Through our research programs wit h WSRC, we have an 
automated data collection system for continuous sam pling and recording 
major operating variables. For the Envitco melter, these include: 
  electrode voltages and currents,  
  melt chamber temperature,  
  melter headspace (plenum) temperature,  
  offgas flow rate and temperature,  
  spray quench/ejector liquid flows and temperature s. 
For the Stir Melter, these include: 
  Joule and external heater voltages and currents, 
  stirrer speed,  
  stirrer motor current,  
  melter chamber external temperature,  
  drain tube temperature,  
  melter headspace (plenum) temperature,  
  offgas flow rate and temperature,  
  spray quench/ejector venturi and packed column li quid flows and 
temperatures.  
Deltech Melter - There is a separate laboratory in the L. G. Rich 
building for conducting crucible tests and glass an alyses. This 
laboratory has a Deltech glass melting furnace mode l DT-31-12-RS. This is 
a bottom loading furnace with a temperature capabil ity above 1700C, an 
optional stirring mechanism, and an element protect ion liner. In 
addition, there are a number of lower temperature f urnaces for 
preheating, annealing, and devitrification studies.  
Technical 
In addition to the physical capabilities described above, the Vit Lab 
also has access to a number of skilled and experien ced individuals. 
Thomas J. Overcamp, the principal investigator of t he Vit Lab project, is 
a professor in the Environmental Systems Engineerin g department. 
Professor Overcamp's specialty in air pollution con trol has been very 
valuable to the vitrification project. The Environm ental Systems 
Engineering department also has eight other faculty  members involved in 
all aspects of environmental protection, remediatio n and compliance. 
The Vit Lab is staffed by seven full and part-time personnel. These 
include two experienced melter operators/technician s and two part-time 
administrative staff to handle and monitor purchasi ng, budgets, quality 
and other support issues. The remaining technical a nd management staff 
are responsible for designing, conducting and overs eeing projects. 
Education 
The Vit Lab has played host to a number of graduate  and undergraduate 
students, providing practical experience, research for graduate thesis 
topics, and financial support. Since beginning oper ation, thirteen 
Environmental Engineering graduate students and one  Ceramics Engineering 
graduate student have been or are currently involve d in vitrification-
related projects. Nine of these students have left Clemson and two are 
now employed in the waste vitrification area. 
EXPERIENCE 
Compositional Studies 



Durability studies of glass compositions that could  be made from waste 
water treatment sludges located at Savannah River S ite (SRS), Oak Ridge 
Reservation (ORR), Rocky Flats Plant (RFP), and Los  Alamos National 
Laboratory (LANL) were conducted to determine wheth er they were 
candidates for vitrification. The range of the majo r oxide constituents 
estimated to be in the DOE site sludges are shown i n Table I. By 
considering two levels of the major oxides, a space  of 32 possible glass 
compositions was defined. To determine the ability of the glasses to 
effectively isolate hazardous metals, fixed-level o xide additions of 3 
hazardous metals were made. Leaching studies found that at the higher 
ratio of glass formers (SiO2, Al2O3 and B2O3) to gl ass modifiers (Na2O, 
CaO, BaO, NiO, FeO and PbO), the most durable glass es were made, as 
measured by the sodium normalized release rate (NaN RR) and the 7-day 
Product Characteristic Test (PCT). It was also foun d in compositions with 
low former:modifier ratios that the relative quanti ties of soda and lime 
(two modifiers) affected the NaNRR. High Na2O:CaO r atios further 
decreased the glass durability. At high former:modi fier ratios the 
soda:lime ratio had very little effect. These studi es provide a starting 
point in defining the additions that need to be mad e to various waste 
streams so that a durable glass will be formulated.  
Table I 
Surrogate Waste Processing Studies 
Clemson University has conducted 18 major surrogate  demonstration studies 
on vitrification of 1) five different wastewater tr eatment sludges from 
DOE facilities; 2) ion exchange resins in SRS simul ated high-level waste 
slurry; and 3) high-sodium, low-level waste from Ha nford Reservation. 
These tests have included production of sufficient glass to achieve 
steady-state operating conditions, durability testi ng of the waste glass, 
and measurement of the offgas emissions. A summary of these campaigns is 
given in Table II and discussed briefly below. 
Table II 
Results  
Table III presents the compositions of the surrogat e waste streams 
tested. The test results are summarized below. 
Table III 
M-Area - Borax, or sodiumboratedecahydrate, additio ns were made to 
provide borosilicate glass compositions with waste loadings of 70, 80, 
90, and 95% for runs conducted in the Envitco melte r, and 80 and 85% for 
runs in the Stir-Melter. These glasses processed we ll in both the Envitco 
and the Stir-Melter (2,3) and exceeded the requirem ents for TCLP and PCT. 
In general, it was found that the higher the waste loading, the more 
durable the glass. 
WETF - A calcium aluminosilicate glass with 45% was te loading was made by 
adding perlite to the sludge surrogate for processi ng in the Envitco 
melter. Because of the Stir-Melter's limited temper ature capability, two 
lower melting point glasses were selected for it. A  borosilicate glass 
with 45% waste loading was prepared by adding 28% b orax and 27% 
diatomaceous earth, and a soda-lime-silicate glass with ~35% waste 
loading was made by adding 42.3% precipitated silic a, 13.0% lithium 
carbonate, and 9.4% sodium carbonate. 
The glass compositions chosen for the Envitco melte r were very difficult 
to process. Because of high viscosity and melting p oint, draining at the 
same rate as the melter was fed material was not po ssible due to glass 
build-up inside the drain tube. This composition wa s also found to 



devitrify and form wollastonite (melting temperatur e >1800oC) during 
overnight and weekend hot holds. Despite these prob lems, nearly three 
melter volumes were made during the run. 
The glasses chosen for the Stir-Melter were easier to process, exhibiting 
occasional blockages of the drain tube while produc ing over 5 melter 
volumes. 
All the glasses made during this study exceeded the  minimum values 
required for TCLP and PCT. In general however, the higher melting 
temperature calcium aluminosilicate glass was the m ost durable of the 3 
compositions (2-4). 
Rocky Flats Plant - A borosilicate glass with 50 % waste loading was made 
by adding 14 % Borax, 36 % Diatomaceous Earth, and 3 % aluminum oxide. 
The aluminum oxide was added to increase the viscos ity of the glass to a 
level suitable for draining from the melter. In add ition to the glass 
forming additives, activated carbon at 3 % was chos en as a feed additive 
to deter the formation of sulfate salts. The RFP sl udge was fed to the 
melter as a slurry with 55 % solids content. This g lass composition had a 
melting temperature of ~1150oC. 
Processing of the RFP waste was very difficult. Off gasing and foaming, 
resulting from the high nitrate and high sulfate co ntent of the waste, 
prevented continuous draining and feeding of the me lter. Stable sulfate 
salts formed on the surface of the melt and hindere d feed incorporation 
into the molten glass. The sulfate salts also cause d blocking of the 
offgas treatment system, halting processing until t he system could be 
cleared. 
Despite devitrification tendencies due to high calc ium content, the RFP 
waste glass passed TCLP and PCT requirements. Based  on the Fe2+/Fe3+ 
ratio, the waste glass produced was in a highly red uced state. 
Volatilization of the plutonium surrogate and RCRA metals was low. Melter 
wear, especially for the electrodes, was high.  
LANL Sludge - LANL TA-50 precipitate sludge contain s precipitating agents 
and filter aids. A calcium aluminum silicate glass was made from this 
surrogate waste. Due to its high melting temperatur es, there were some 
problems with devitrification in the melter. The pr oduct glass was very 
durable passing both the TCLP and PCT requirements.  
High-Sodium Hanford - This is a high sodium, nitrat e containing, low-
level waste from the high-level waste vitrification  process. A surrogate 
slurry was tested in the Envitco melter. The glass chosen was sodium 
aluminum-calcium silicate. Test using both slurry f eed and dry feed after 
drying the sludge and glass forming materials was t ested. The glasses 
produced were very durable and the offgas emissions  of simulated 
radionuclides and heavy metals were very low.  
Oak Ridge K-25 Plant B&C pond sludge - This waste i s from a settling pond 
used for holding wastewater sludges from the K-25 p lant. An alkali-lime-
silicate glass with 50% waste loading was tested in  the Envitco melter. 
Due to the low melting temperature, minimal process ing problems were 
experienced with this waste. Even after extended ho t hold periods in the 
melter, the glass did not devitrify. The durability  tests have not been 
completed. 
THE FUTURE 
FY96 Planned Activities 
Three major efforts in support of WSRC will be cond ucted at the 
Vitrification Laboratory during FY96. These are: 



  Support of the TVS - The TVS, or Transportable Vi trification System, is 
a 5 ton per day mixed waste vitrification facility built for DOE/WSRC by 
Envitco, Inc. The TVS was moved from Dreicor, Inc. in Irwin, TN on 15 
flat bed trucks, was assembled and is temporarily s ited on Clemson 
University property. The Vit Lab is supporting fina l modifications and 
shakedown surrogate runs of this facility by provid ing engineering and 
technical support, conducting surrogate trials in t he EV-16 melter, and 
preparing the surrogate blends to allow processing 15 ton trial runs of 
glass through the TVS. A K-25, B and C pond sludge composition from Oak 
Ridge Reservation was successfully processed in the  EV-16 melter during 
December of 1995, and CNF surrogate runs (in the EV -16 and in the TVS) 
are scheduled for early in 1996.  
  Landfill Stabilization - Processing trials studyi ng the effects of 
various fluxing additions will be conducted in the DC arc graphite 
electrode melter. 
  Glove Box Offgas System - This project involves d esigning, building and 
testing a small off gas system intended to remove o rganics and Pu from 
mixed waste. The system will be installed on a smal l graphite electrode 
melter being build by the Idaho National Engineerin g Laboratory for WSRC. 
Clemson will test its offgas system design using th e DC arc graphite 
electrode melter located in the Vit Lab. 
Facility Expansion 
A design, a construction financing plan and approva ls to build have been 
obtained to expand the current vitrification labora tory by an additional 
280 square meters. The enlarged laboratory will be enhanced with brick 
veneer, windows and landscaping and will accommodat e new and larger 
melter systems or other waste processing equipment (6.1 m eave height). 
The expansion will also provide on-site storage spa ce for materials and 
supplies, office space for the laboratory technicia ns and a designated 
feed preparation and mixing area. 
Processing Diversification 
The Vit Lab is currently negotiating with two equip ment suppliers in 
response to their interest in establishing non-vitr ification waste 
processing capability at Clemson University's Envir onmental Systems 
Engineering Department. The interest shown by these  companies results 
from Clemson University's experience in waste proce ssing, the existence 
of a dedicated pilot facility, and our ties with DO E through the Savannah 
River Site. Clemson University is interested in dis cussing working 
relationships with other equipment or systems manuf acturers and waste 
treatment providers. 
SUMMARY 
Over the past 3 years, Clemson University's Vitrifi cation Research 
Laboratory has been successful in 1) supporting DOE /WSRC in developing 
processing conditions for treatment of low-level mi xed waste, 2) 
providing equipment manufacturers with the opportun ity to better 
understand the capabilities and limitations of thei r equipment, and 3) 
providing educational and financial opportunities t o students. As 
knowledge about the vitrification process is gained , attention turns to 
the treatment of actual wastes. either by DOE facil ities like the TVS, or 
by commercial waste processors. Maturation and incr eased understanding of 
vitrification technology will deemphasize the need for the kind of work 
being done at the Vitrification Laboratory, requiri ng that the Vit Lab 
diversity and broaden its waste processing developm ent activities. 
Discussions are now underway with several process d evelopers, evaluators 



and users to provide the desired broader base. If s uccessful, this 
technologically broader laboratory will continue to  provide valuable 
services to Government, Industry and Education. 
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ABSTRACT 
The requirements on a collimated in situ gamma spec trometer for the use 
in nuclear facilities under decommissioning is desc ribed. A prototype was 
developed and constructed. The equipment was used i n seven facilities in 
Germany and France to check mass- or surface-specif ic activities on 
outdoor grounds and inside the buildings in restric ted areas. 
The results gained by in-situ gamma spectrometry ar e compared with 
"traditional" methods like sampling or measuring wi th contamination 
monitors. The advantages of this new technique are worked out. It could 
be shown that such a device is able to meet in the most cases the 
essential detection limits regarding national radia tion protection 
ordinances or release criterias. 
INTRODUCTION 
The ideas in the late sixties which led to the use of bare spectrometric 
radiation detectors like NaI(Tl), Ge(Li) or nowaday s high-purity 
germanium detectors (HPGe) in the field (in-situ ga mma spectrometry) were 
to get easy and rapid information about the radiolo gical state of outdoor 
grounds after nuclear weapon tests or to estimate d ose rates created by 
natural radioactive nuclides in the soil. 
In these cases, it was assumed, that there is no di sturbance of the 
source-detector geometry for many hundred square me ters around the 
detector. After the nuclear accident in Chernobyl i n 1986 these 



advantages focused strong scientific interest on th e in-situ technique 
and in 1993 it was established in the German regula tory for emission 
surveillance after significant radioactive emission s (1). 
MOTIVATION 
In a late phase of the decommissioning of a nuclear  power plant all 
components containing a significant inventory of ra dioactivity are 
removed, leaving large surfaces with often poorly k nown contamination 
levels. Especially for large areas e.g. outside the  buildings "in situ 
gamma spectrometry may be the only method of achiev ing validation of the 
release criteria" (2). Taking in account only build ings of restricted 
areas in the next 50 years in Germany 7E3 Mg activa ted and 5E6 Mg 
contaminated concrete must be released from facilit ies under 
decommissioning. 
Before the area inside the perimeter of the facilit y, including all 
concrete structures, can be treated as a building w hich can 
conventionally pulled down or used conventionally t he remaining 
radioactivity must be determined in order to check the radiological 
relevance of the concerned part of the plant and to  decide the possible 
path of material release. The basis of assessment m aybe the so-called 
"10mSv-concept" (3). 
COMPARISON WITH OTHER MEASUREMENT STRATEGIES 
Today the mainly used strategies are analyzing samp les, taken from the 
surface or measuring the surface activity via large  proportional 
counters. In these cases we meet severe systematic problems: 
How reliable are the results gained by taking sampl es and performing 
laboratory analysis (statistical significance of a number of samples)? 
Drawing and analyzing samples leads for the single sample to more exact 
results than in-situ measurements do. The reasons a re that in the latter 
case the source geometry is not known completely an d the measuring times 
are normally much shorter because of the large numb er of measurements. 
The main problem of the analysis of samples in the laboratory is the 
estimation of the representativity of a collection of samples. Comparing 
the results of in-situ measurements and laboratory analysis we noticed 
substantial differences which could be attributed t o large 
inhomogeneities in the spatial distribution of acti vity. These were not 
resolved by sampling. 
The importance of this problem can also be shown th eoretically. In the 
publication of Ferguson (4) the number of samples a re calculated to meet 
a defined statistical significance to find an exist ing contamination by 
sampling. As an example ~200 samples are necessary to find a circular 
contamination with a diameter of 35 cm on a relativ ely small area of 10 
m2 with a safety of 95%. 
Does a stable nuclide vector exist, in order to get  reliable calibration 
factors between the count rate of a proportional co unter and the surface 
activity? Are possible contaminations really surfac ial or was e.g. a wall 
painted to fix old contaminations, so that quantita tive values cannot be 
achieved by measuring the short ranged a- or b-part icles? 
A commercial contamination monitor meets a minimum detectable activity of 
0,1 Bq/cm2 Co60 or Cs137 on a surface two- to ten-t imes faster than a 
collimated in-situ spectrometer. On the other hand shielding layers 
coming from decontamination coatings or migration o f the radionuclides 
into the surface lead to relative small errors perf orming in-situ 
measurements whereas contamination monitors are not  appropriate in the 
most cases to determine the remaining activity. 



The actually discussed clearance levels for the unr estricted release of 
contaminated concrete or soils are so low, that eve n strong gamma 
emitters cannot be detected by measurements which a re not nuclide 
specific. 
Even a large surface contamination with 0,1 Bq/cm2 Co60 would create an 
additional dose rate smaller than 2 nGy/h. The dete ction of this 
contamination by measuring dose rates is impossible . In comparison an 
uncollimated in-situ measurement in a room will ide ntify dose rates from 
not natural nuclides smaller than 0,06 nGy/h (!) in  one hour measuring 
time. 
The so-called "Freimeanlagen" used for clearance me asurements of 
dismantled components or waste containing large pla stic scintillation 
detectors in shielded boxes are normally not able t o detect a few 10 
Bq/kg of Co60 or Cs137 due to the variation of the natural background. 
Errors arising from this sort of problems do not ap pear by measuring with 
a collimated high-purity germanium detector directl y in the regions of 
interest ("in-situ"). There are only two problems l eft: 
The vertical distribution of a contamination may be  not known well 
enough. 
This fact creates a uncertainty which can reach a f actor of two. On the 
other hand this systematic error is solvable and fu rthermore small, 
compared to errors which can affect the quality of the results of 
traditional techniques. 
A formal problem e.g. in the German radiation prote ction ordinance is, 
that the value of a surface contamination has to be  achieved by a 
measurement averaging over 100 cm2. 
It is obvious, that such an averaging area is not a dequate for release 
measurements over thousands of square meters of pro bably contaminated 
walls, floors, roofs or soils. At the moment this s ubject is being 
discussed in Germany. 
Apart from this the collimated in-situ gamma spectr ometry allows to get 
very fast information about the radiological state of large areas and -if 
one takes in account the high quality of these info rmation- for low 
costs. 
DEVELOPMENT OF A COLLIMATED IN-SITU SPECTROMETER 
It was obvious that using such a device for clearan ce measurements it had 
to be collimated to reduce the field of view. Reaso ns therefore are that  
  possible contaminations must be locatable, 
  there must be a well defined averaging area (e.g.  some m), and 
  contaminations outside the measured area must be effectively 
suppressed. 
Selection of the Detector Type and Shape 
The strong worsening effect to the minimal detectio n limits using a 
collimator required an efficient detector system. B ecause of the relative 
poor energy resolution of anorganic scintillation d etectors they reach 
the same detection limit even for nuclides which do minate the spectrum in 
a measuring time about ten times higher than a germ anium detector of 
"normal" size. Very small clearance levels or more difficult to measure 
nuclides in realistic nuclide vectors can only be d etected with germanium 
detectors. 
So we designed and constructed a prototype of a hig h-resolution in-situ 
spectrometer on the basis of 41%p-type HPGe-detecto r, surrounded with an 
optimized collimator made out of brass and a low na tural activity lead-
bismuth-tin-alloy. 



The key aspect of the detector parameters is the de tection efficiency, 
because it has a direct effect on the required meas urement time and there 
is no provision for measurements in areas which exh ibit a degree of 
contamination which would lead to dead-time problem s (> 500 Bq/cm2). The 
use of a n-type detector would enable measurements of nuclides with low 
photon energies. As these detectors are more expens ive and the 
measurement of low photon energies in old contamina tions, and thus of the 
nuclides which have migrated into the matrix, is mo re difficult and leads 
to larger errors, we dispensed with this option and  focused on achieving 
high detection efficiencies within a defined budget . An estimate of the 
measurement time and thus of personnel costs, on th e one hand, and the 
higher acquisition costs for a more sensitive detec tor, on the other 
hand, shows that the use of a more sensitive detect or is amortised after 
a measurement time of just a few weeks. 
Fig. 1 
The ideal form for the geometry of the detector cry stal would be a 
relatively flat disc (L/D < 1, ratio of the length L and diameter D of 
the crystal), due to the fact that a preferential d irection of 
sensitivity towards the front (or back) would thus be achieved in 
principle. However, extremely large disc shapes for  use in detectors of 
the size described can only be obtained with diffic ulty because they 
would have to be manufactured from a very large ger manium blank. For this 
reason, a virtually direction-independent detector (L/D 1) was acquired 
which also greatly simplifies the assessment of spe ctra recorded without 
collimation. 
Detector System 
In order to guarantee effective shielding against b ackground radiation 
from the rear hemisphere, the detector end cap was set back 7 cm from the 
preamplifier housing in order to make room for a re ar shield. With a 
capacity of 7.5 liters, the largest commercially av ailable nitrogen tank 
for portable detectors was used. The holding time o f the cooled system 
thus amounts to at least 4 days. The tank is design ed for use in all 
spatial directions. The possible savings on weight via a smaller nitrogen 
tank are negligible in view of the collimator which  weighs over 40 kg. 
The cable to the electronic measuring equipment was  provided with a 
splash-proof Lemosa plug-and-socket connector. 
Collimator 
The materials used should have a sufficiently low n atural radioactivity. 
The wall thicknesses must also guarantee sufficient  lateral shielding 
even in the presence of high-energy radiation (e.g.  Co60). This aspect is 
of particular importance, especially in the case of  surface 
contaminations, due to the fact that contamination spread over a large 
area results in very large contributions from the l arge angles of 
incidence in relation to the surface normals. In th is case, approx. 90% 
of the photons reach the collimator-detector system  at an angle greater 
than 45. A minimum shield density of 50 to 60 g/cm2  for an angle of 
incidence parallel to the investigated surface can be seen as a 
compromise between portability and shielding effect . 
The importance of material selection in the manufac ture of the collimator 
is frequently overestimated. A collimator designed for Co 60 radiation 
could already be considered oversized for the radia tion of the daughter 
of Cs 137 due to the energy-dependent attenuation. Thus, only high-energy 
radiation is of importance in further consideration s. As a function of 
the wall thickness in g/cm, the attenuation is virt ually independent of 



the atomic number due to the fact that Compton scat tering is nearly the 
only effect which occurs as interaction process at the relevant energies. 
Calculations show that the difference in the shield ing effect between a 
steel and a tungsten collimator at the same mass pe r unit length amounts 
to only about 10%. However, this is compounded by a dditional effects 
stemming from the rotational symmetry of the proble m; a linear increase 
in the density results in a more than indirectly pr oportional reduction 
in the collimator volume. This fact leads to a situ ation where our 
collimator has a maximum 15% poorer shielding-mass ratio than a 
collimator made of a tungsten alloy (e.g. Triamet).  However, the costs of 
a tungsten collimator are several times higher than  those of a 
"conventional" collimator. 
An attenuation mass per area of ~53 g/cm2 was reali zed for radiation 
which reaches the collimator in an angle of inciden ce parallel to the 
investigated surface. Furthermore the detector is s hielded for radiation 
from the rear hemisphere. Depending on the collimat or used and the height 
of the detector above the surface our spectrometer averages over areas 
between 0.4 and more than 10 m2 in one measurement. Electronic equipment 
and Software 
The electronic equipment consists of a battery-oper ated system with high 
voltage, the main amplifier and the ADC, and a Note book for control and 
data storage. The electronic data are comparable wi th those of a 
laboratory measuring station. The electronic equipm ent weighs less than 6 
kg and can be run in the battery mode for two to th ree hours. Any desired 
operating time is possible as an option with auxili ary batteries (2*12 
V/16 Ah) or a mains supply (220 V). 
Programs for automatic measuring sequences and for quality assurance are 
used (Genie PC / OS/2) in addition to conventional visualization and 
analysis software. The software is required for mea surement cycles of up 
to 250 measurements per day. This means that the co ntrolling of the 
spectrometer and the complex analysis algorithms ru n automatically in the 
background and the most important system parameters  are simultaneously 
monitored during practical use. Standard graphics s oftware (Stanford 
Graphics / Windows) is used for the visualization o f the results of 
total-surface grid measurements in the form of a pl ot. 
Measuring Apparatus 
The measuring apparatus must be suitable for separa tely housing the 
relatively sensitive detector and the heavy collima tor under exactly 
reproducible conditions. This also guarantees the m aintenance of the 
calibration geometry during measurement. An apparat us for measuring 
vertical surfaces was developed for use inside buil dings and as a 
transport device. A separate measuring setup was al so to be developed for 
soils in relatively impassable outdoor areas. The t wo devices were 
designed in such a way that the same calibrations c an be used. 
The two devices can be set up and dismantled in a v ery short time using 
only a few tools. The set-up times, excluding the t ransport of the 
components to the measurement site, amount to rough ly half an hour. 
CALIBRATION 
Collimated in-situ gamma spectrometry means measuri ng large volume 
sources of different chemical composition with any spatial distribution 
of the radionuclides. Experimental calibration prov es to be difficult due 
to the fact that - understandably - calibration sta ndards cannot be 
reproduced for all conceivable nuclide distribution s which occur in in-
situ gamma spectrometry. This situation is compound ed by the fact that 



these kinds of standards would also have to be very  large and heavy. 
There are three possible solutions to this problem.  
Experimental Calibration 
Calibration curves can be calculated by recording a  great number of 
individual spectra with point sources or small volu me sources at 
different angles and depths and subsequently superi mposing them as a 
function of the source geometry. This procedure can  lead to errors, e.g. 
in the case of pure surface contaminations. 
Numerical Method 
It is also possible to use a purely numerical metho d for calibration by 
modelling the radiation source as well as the entir e detector system in 
suitable program codes (e.g. Monte Carlo simulation s). However, data 
obtained in this manner must be experimentally supp orted. 
Standard Method 
The calibration method suggested by Beck et al. 5 i n 1972 is still the 
state-of-the-art today for the calibration of uncol limated systems. Given 
a correspondingly detailed analysis of the angular dependence term, this 
method can also be used to a limited degree for col limated systems. It 
combines experimental detector-specific data with n umerical calculations. 
With the help of the so-called standard method and the corresponding 
published table values, an initial calibration can be determined 
relatively quickly and simply for uncollimated syst ems. However, the 
influence of the extreme angular dependence of a co llimated spectrometer 
leads to extensive computational work for determini ng the calibration 
factors. The calibration factors used at this time are based on the 
standard method and were verified by purely experim ental methods. By 
integrating the numerically determined calibration factors at a later 
date, a consistency test of the calibration can sub sequently be conducted 
based on three completely independent methods. The following table 
summarizes several calibration factors for selected  cases: 
Table I 
Several yield curves with calibration factors based  on the standard 
method have already been verified experimentally. F urther tests of the 
consistency of the various calibration methods are currently being 
conducted. According to our current experience, the  two yield curves 
generally do not deviate from one another by more t han 15%. Differences 
of more than 25% have not occurred up to this point . These tests make the 
individual calibrations very reliable, as the two m ethods are in no way 
related to one another and the occurrence of identi cal systematic errors 
is thus ruled out. 
APPLICATION OF THE SPECTROMETER 
Aside from the development of such a spectrometer w e used our prototype 
inside the restricted area and outside the building s of several nuclear 
power plants under decommissioning. Therefore we no rmally laid a grid of 
measuring points over the area, so that parts of th e circular fields of 
view would overlap. 
In the following nuclear facilities under decommiss ioning we used our 
spectrometer: 
Outdoor grounds  
          (grassland and tracks): KKN (pressured tu be reactor, D2O 
  moderated CO2-cooled, 
  decommissioned / Germany)  
 VAK (BWR / Germany) 
 NUKEM-A (fuel fabrication facility / 



  Germany) 
 WAK (fuel reprocessing plant / 
  Germany) 
Surfaces in restricted 
     areas: KRB-A (BWR / Germany) 
 G3 (NUGG / France) 
 RAPSODIE (FBR / France) 
 WAK 
Up to now with this campaigns new knowledge about t he lateral 
distribution of contaminations, the variability of its composition or -by 
comparing with other measuring techniques- their sy stematic uncertainties 
could be quantified. We selected three examples: 
Mapping of the short distance variability of the Ch ernobyl Cs137 fall-out 
by scanning 1500 m2 grassland completely with 3 m2 field of view in a 
single measurement 
Fig. 2 
With a personal expense of ~70 man-hours the above sketched area was 
measured completely. To take a stock of the radiolo gical state of a large 
area in a such detailed matter can only be performe d with this procedure. 
With the basis of such investigations specific reha bilitations can be 
made. 
Investigation of the deviation in the measured surf ace activity via 
proportional counter and in-situ spectrometry for s everal surfaces with 
different histories and contamination scenarios. 
At the moment four extensive floors were measured s imultaneously with 
both methods. In all cases the in-situ spectrometry  led to higher values 
because it "sees" also the deeper distributed activ ity. Depending on the 
history of the area the factor between the values c an differ extremely 
between ~1,3 for airborne contamination on not deco ntaminated areas over 
factor 3-5 for decontaminated concrete surfaces to >30 for contaminations 
under coating (see below). 
Investigation of a high contaminated, coated floor 
Fig. 3 
This example shows the advantage of in-situ measure ments on three 
features: 
1) The nuclide vector in this room is completely in definite (logarithmic 
vertical scale !). Both the ratio and the extent of  the contamination 
varies with orders of magnitudes. Taking samples ma kes no sense under 
this circumstances. 
2) Due to the coating the measurements with contami nation monitors lead 
to wrong information about localization and extent of contaminations. 
3) Furthermore the variability of the nuclide vecto r makes a definition 
of calibration factors for contamination monitors i mpossible. 
PERFORMANCE OF THE SPECTROMETER 
The detection limit of a measuring device serves th e assessment if this 
device is suitable for the required purpose. Here t he values which can be 
reached depend strongly on the specific conditions (incl. the collimator 
used). The values in the table below were calculate d from measurements in 
building free of contaminations and with a normal d ose rate. The 
collimation was moderate, a measuring time of ten m inutes and a 
horizontal homogeneous source distribution was assu med. An error 
probability of 10% was allowed. The basis of calcul ation is (6) and every 
value was calculated from more than three single me asurements. 
Table II 



These values can rise on outdoor grounds and maximu m collimation by a 
factor 3. But even then the actually discussed surf ace- and mass-specific 
clearance levels for the main nuclides Co60 and Cs1 37 can be achieved 
without problem. 
Furthermore disturbing radiation from outside the i nteresting field of 
view is strongly suppressed. For low and medium ene rgy gamma radiation 
(<700 keV) from nuclides distributed vertically and  horizontally 
homogeneous in soil 90% of the total photon flux ap pear from an angle of 
48 relative to the symmetric axis of the detector i n the collimated case. 
Without a collimator this value would rise to 82, s o it would be 
impossible to localize a source. 
Fig. 4 
Practical examples for minimal detectable activitie s are: 
Under rigid conditions (maximum collimation, some m igration of the 
nuclides in concrete) and normal dose rates due to natural nuclides 
detection limits of 800 Bq/m2 for Co60 and 1400 Bq/ m2 for Cs137 in three 
minutes are reached. 
  A contamination with a nuclide vector containing only 20-30% of these 
nuclides can be detected according to the requireme nts of the German 
radiation protection ordinance. 
For the relatively difficult to measure activity of  U238 (via Pa234m) a 
detection limit of 150 Bq/kg is reached after 15 mi nutes. 
  Uranium can be measured on storage pits with any enrichment (f.e. (7)). 
  The observance of exemption values for deposition  of waste contaminated 
with the more difficult to measure nuclides of the nuclear fuel cycle can 
be proved (f.e. (8)). 
In the same time a surface contamination of 500 Bq/ m2 U235 is detectable 
and can be discriminated from the natural Ra226 and  U235 186 keV 
background in concrete containing 1 Bq/kg U235. 
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ABSTRACT 
New gas-phase decontamination technology based on g aseous reactions 
utilizing volatile properties of carbonyl compounds  of radioactive 
transition elements and fluoric compounds of actini des was developed. To 
determine the feasibility of this new technology, r eacted under high CO 
pressure (50-200atm) with heating (about 350C), non -radioactive (cobalt, 
chromium, nickel, rhenium, molybdenum, manganese, r uthenium, zinc) and 
radioactive nuclides(cobalt-60, nickel-63, rutheniu m-103) transition 
elements were removed as gaseous forms. Experiments  with uranium using 
fluoric gases were also done. Forms of these volati le compounds were 
predicted to be carbonyl compounds and fluoric comp ounds. In the case of 
radioactive nuclides existed in the hard oxide laye r of stainless steel, 
by utilizing pretreatment with supercritical CO2+I2 +H2O, the hard oxide 
layer was removed completely and the gaseous reacti on was promoted; 
cobalt-60 was mostly removed by 200atm CO gas, and cobalt-60, ruthenium-
103 and uranium were removed 30-35%, 49-57% and 55- 60% respectively by 
200atm CO+COF2 gases. From these experimental resul ts using non-
radioactive and radioactive nuclides, the feasibili ty of this new idea 
was determined. This decontamination technology bas ed on gaseous 
reactions has the ability and possibility to decrea se drastically the 
large volumes of non-incinerable radioactive wastes , which include ash, 
many kinds of used-metals, and equipment. 
INTRODUCTION 
Decontamination and volume reduction of the radioac tive wastes generated 
from atomic power plants, nuclear fuel reprocessing  plants and nuclear 
institutes are very difficult. Gas-phase decontamin ation technology using 
fluoric gases(dioxygen-difluoride O2F2, chlorine-tr ifluoride ClF3, 
krypton-difluoride KrF2) to convert to fluoric comp ounds(hexafluoride 
forms) of actinides(uranium, plutonium) have been a lready proposed and 
developed (1-6). But, gas-phase decontamination tec hnology of radioactive 
transition elements, or transition elements and act inides(simultaneous 
decontamination) haven't been studied and proposed.  The purpose of this 
study is to investigate the feasibility of simultan eous decontamination 
using gaseous reactions. Many radioactive transitio n elements(e.g. 
cobalt-60, cobalt-58, nickel-63, manganese-54, chro mium-51, etc) as well 
as other neutron irradiated products and fission pr oducts(e.g. 
molybdenum, technetium, ruthenium, actinides: urani um/ neptunium/ 
plutonium) are troublesome in most nuclear sites or  wastes. In the cases 
of transition elements and actinides, their carbony l and fluoric 
compounds are volatile. The objective of gas-phase decontamination is to 
use CO gas for carbonylation and fluoric gases for fluorination to 
convert many nonvolatile radioactive transition ele ments and actinides to 
volatile chemical species. 
It is important to develop the decontamination tech nology using gaseous 
reaction, because gas-phase decontamination has man y merits.  



PRINCIPLE OF DECONTAMINATION TECHNOLOGY 
Carbonyl compounds of normal transition elements ha ve volatile 
properties. And, fluoric compounds of actinides als o have volatile 
properties. Table I and Table II show the thermal p roperties of typical 
carbonyl compounds and fluoric compounds of transit ion elements and 
actinides. From these thermal properties; low melti ng point and/or low 
boiling point, many carbonyl and fluoric compounds are gaseous, volatile 
or sublimate at room temperature. New decontaminati on technology reported 
in this treatise is based on and utilized these vol atile properties. 
Table I  
General properties of carbonyl compounds are;  
1) Molecular structure and electron dispositions ar e similar to inert 
gas's. 
2) Gaseous, volatile or sublimate(low melting point  and/or low boiling 
point). 
3) Insoluble in aqueous solutions(water, acid and a lkali). Soluble in 
organic solvents(benzene, ether, alcohol, etc.). 
4) Easily flammable in air. 
5) Thermal decomposition at high temperature. After  thermal 
decomposition, carbonyl compound is decomposed to r aw metal and CO gas. 
6) High toxicity. 
Table II 
General properties of fluoric actinide compounds an d specific transition 
elements are; 
1) Gaseous or volatile(low melting point and/or low  boiling point). 
2) Vigorous reactivity with water. After reaction w ith and decomposition 
by water, hydrogen fluoride is produced. 
3) High toxicity. 
By the reaction of CO gas with transition elements on a material's 
surface, carbonyl compounds are produced. If any ra dioactive transition 
elements(e.g. cobalt-60, cobalt-58, nickel-63, mang anese-54, chromium-51, 
molybdenum-99, technetium-99, ruthenium-106, etc.) exist on a material's 
surface, these transition elements are evaporated a s gaseous forms. In 
the case of actinides, volatile fluoric compounds a re produced by the 
reaction with fluoric gases(e.g. F2,HF,O2F2,ClF3,Br F5, etc.). The 
principles of this decontamination technology are s hown in Fig. 1 and 
Fig. 2. And, chemical reactions used are indicated in chemical Eqs. (1)-
(3). 
Fig. 1 
Fig. 2  
Chemical Reactions of Carbonylation: 
Eq. 1 
Eq. 2 
Eq. 3 
Use of this principle based on carbonyl and fluoric  gaseous reactions is 
a new concept as a decontamination technology for n uclear wastes. If gas-
phase decontamination technology can be developed, it will be very 
practical and economically advantageous, because it  is now very difficult 
to decontamine and treat the large volume of nuclea r wastes; especially 
non-incinerable radioactive wastes. 
EXPERIMENTAL 
The experimental apparatus is shown in Fig. 3. It c onsisted of gas supply 
high pressure syringe pump(max. 240atm; made by ISC O Co./type 500D), 
reactor(od. 0.5", length 5"; made of stainless stee l: SUS316L) with valve 



and high pressure gauge(max. 500atm; made by KEYENC E Co./type AP16), 
oxidation furnace with heated wire-shaped CuO(500-5 50C) column flowing 
air for the treatment of poisonous exhaust gas, and  a gas trap with 
activated carbon for back-up at the last position. 
Fig. 3 
To evaluate the removal efficiency of various nucli des by gaseous 
reaction, an inductive coupled plasma analyzer and radiation detectors 
(for alpha-, beta- and gamma-rays) were used to mea sure the amount of 
decreased nuclides on the mounting material. Initia lly, test samples were 
made of glass (borosilicate: tube and plate) and st ainless steel (SUS304: 
plate) for mounting radioactive nuclides to insert into the reactor to 
prevent the contamination of the reactor by mountin g directly and the 
effects of oxide layer on the reactor's surface. Kn own amounts of 
radioactive nuclides, diluted by nitric acid soluti on (0.01-0.1mole/l), 
were taken and placed horizontally onto the samples ; the nuclides were 
mounted inside tube sample and out-side plate sampl e. The test samples 
with nuclides were heated in an oven to about 110-1 20C to dry. In the 
case of stainless steel, test samples of stainless steel were heated for 
one hour at 500C in air in an electric furnace. By this pretreatment, a 
reddish golden oxide layer was grown on the surface  of stainless steel, 
including the radioactive nuclides in the oxide lay er. After inserting 
this pretreated sample into the reactor, remaining air in the reactor was 
purged completely by argon gas. Next, reaction gas was charged into the 
reactor, and was highly pressurized by the syringe pump. In the case of 
charging fluoric gas, another tank was used to char ge the reactor, 
because the syringe pump was not resistant to halog en gas corrosion. 
After charging the reaction gases, the reactor was heated by an electric 
furnace. Tests were done varying the heating temper ature, time, pressure, 
mounting sample's materials(glass, stainless steel)  and nuclides. In 
addition, different trapping methods for volatile c ompounds by liquid or 
solid removers were examined.  
Experimental conditions were set up as follows; 
1) Reaction temperature :room temperature-500C 
2) Treatment time :5-60min. 
3) Pressure :1-200atm. 
4) Gases :CO,COF2,F2,CO2,Ar 
 (high purity, packed in metal cylinder) 
5) Mounting materials of nuclides  
  : glass[borosilicate] tube id. 8mmx50mm(l),plate 
    10mmx50mmx1.2mm(t) 
  : stainless steel[SUS304] plate 10mmx50mmx1.2mm(t ) 
6) Nuclides :Co-60, Ni-63, Ru-103, 
   Uranium(UO22+) as nitrate 
RESULT and DISCUSSION 
At first, to determine the feasibility of this prin ciple as a gas-phase 
decontamination technology, cold tests using non-ra dioactive nuclides 
were done. Elements tested were cobalt, chromium, n ickel, rhenium, 
molybdenum, manganese, ruthenium, zinc. The results  of the cold tests are 
shown in Table III. From these results, all element s used were removed 
more or less by CO gas treatment. The removal effic iency of chromium, 
nickel, rhenium and zinc is sensitive to CO pressur e. By the results 
shown in Table III, it was verified that carbonylat ion has feasibility as 
a new decontamination technology for radioactive tr ansition elements. 
Table III  



Next, hot tests using radioactive nuclides were don e. Figure 4 shows the 
radioactive cobalt(Co-60: 2700Bq) removal efficienc y by carbonylation 
under conditions of CO 200atm, reaction for 30 minu tes, and reaction 
temperature heated stepwise up from room temperatur e to 400C using the 
same sample contaminated with cobalt-60. After step wise treatment, the 
overall removal efficiency of cobalt-60 was 88-93% . In Fig. 4, the line 
graph is the cumulative removal efficiency and the bar graph is the 
removal efficiency of each temperature step. 
Fig. 4  
The radioactive nickel(Nickel-63: 130Bq) removal ef ficiency by 
carbonylation is shown in Table IV. From the result s of nickel-63, it was 
clear that the removal efficiency of nickel-63 is h igh at high 
temperature and pressure. Specifically, at the trea ted condition of 350C 
and 50 atms CO gas for 30 min., a removal efficienc y of greater than 98% 
was obtained. 
Table IV  
The radioactive ruthenium(Ruthenium-103: 2700-3200B q) removal efficiency 
by carbonylation is shown in Fig. 5. Compared with the results in Fig. 4, 
ruthenium-103 was removed under lower temperature t han cobalt-60. 
Fig. 5  
Next, by simultaneous carbonylation and fluorinatio n, the co-
decontamination of cobalt-60, ruthenium-103 and ura nium was tried. The 
glass plate contaminated with known amounts of coba lt-60(540-600Bq), 
ruthenium-103(2100-2800Bq) and uranium (101dpm) was  treated repeatedly 
twice for 10 minutes at 250C, pressurized total 200 atm of mixed CO+COF2 
gases. Measuring the glass sample after this treatm ent, cobalt-60, 
ruthenium-103 and uranium were removed 37%, 81% and  66%, respectively. 
Cobalt-60 was removed as carbonyl compound, uranium  was as fluoric 
compound, but it is assumed that ruthenium removed by both chemical forms 
as carbonyl and fluoride. 
All tests mentioned above were done using a glass s ample. Next, using a 
stainless steel sample, the gas-phase decontaminati on tests were done. 
Stainless steel samples were pretreated with cobalt -60 (700-740Bq), 
ruthenium-103 (2800-3100Bq) and uranium(101dpm). As  be expected by the 
direct carbonylation using CO gas only, the removal  efficiency of cobalt-
60 and ruthenium-103 were small. To remove the surf ace oxide layer for 
promoting the gaseous carbonylation and fluorinatio n, the pretreatment 
using supercritical CO2, halogen (I2) and adsorbed water for etching 
reagents was examined. The stainless steel pretreat ed sample was inserted 
into the reactor, next the sample surface was wette d with water vapor by 
introducing hot water vapor from outside, then iodi ne vapor also was 
introduced at about 0.4-0.7 mmol. After the set up,  the reactor was 
heated at 110C, then CO2 was introduced at 150 atm.  Under these 
conditions of pressure and temperature, CO2 is supe rcritical. The 
reaction time was 20 minutes. After this treatment by CO2+I2+H2O, two 
tests were done. In the first test, 1atm of F2 gas was introduced in the 
reactor heated to 300C for fluorination. By this tr eatment, Cobalt-60 was 
not simultaneously removed, but ruthenium-103 and u ranium were removed at 
14% and 19-20%, respectively. Next, in the second t est, 200atm of CO gas 
or mixed CO+COF2 gases were introduced for reaction s of carbonylation and 
fluorination. By utilizing pretreatment at supercri tical conditions, 95-
99% of cobalt-60 was removed. It is assumed that th e small amounts of 
cobalt-60 that remained were diffused into the subs trate of stainless 
steel during the 500C pretreatment. By utilizing su percritical 



pretreatment of CO2+I2+H2O, the carbonylation tempe rature of cobalt was 
lowered clearly from 300-400C as shown in the resul ts in Fig. 4 to about 
100C. The reason for promoting carbonylation is ass umed to be that 
Cobalt-60 reacted with iodine converted to iodide(C oI2), then the 
reactions of CoI2+CO+Fe(SUS)>Co2(CO)8+FeI2 progress ed on the stainless 
steel sample. Next, by the direct treatment of mixe d CO+COF2 gases after 
the supercritical treatment, the removal efficienci es of cobalt-60, 
ruthenium-103 and uranium were 30-35%, 49-57% and 5 5-60%, respectively. 
These removal efficiencies from oxidized stainless steel were similar to 
the tests on the glass sample. By utilizing supercr itical pretreatment, 
the feasibility to remove radioactive nuclides from  a metal surface with 
hard oxide layer was determined. The results mentio ned above for co-
decontamination(Cobalt-60, Ruthenium-103 and Uraniu m) using a glass 
sample, and the pretreatment effect of supercritica l CO2 using a 
stainless steel sample are shown in Table V. 
Table V  
Because the treatment of supercritical CO2+Hologen( I2)+H2O has the 
ability to remove a hard oxide layer of stainless s teel completely, it is 
expected that this treatment method will be useful in many other fields 
as a metal surface treatment or other applications.  
CONCLUSION 
The newly developed concept of gas-phase decontamin ation, which is an 
advanced waste management technology, was proposed.  The results of the 
feasibility tests on this new technology, under hig h CO pressure(50-
200atm) with heating(about 350C) using non-radioact ive (cobalt, chromium, 
nickel, rhenium, molybdenum, manganese, ruthenium, zinc) and radioactive 
nuclides(cobalt-60, nickel-63, ruthenium-103) of tr ansition elements, 
indicate that all these elements and nuclides were removed as gaseous 
forms. In the cases of cobalt-60 and nickel-63, the y were removed to 88-
93% and above 98% by treatment under CO 200atm, max .400C(30min.) and 
under CO 50 atm, 350C(30min.), respectively. In the  case of stainless 
steel with a hard oxide layer, it was very difficul t to remove the 
radioactive nuclides in the hard oxide layer by gas eous reaction. But 
removal of the oxide layer and carbonylation were p romoted by utilizing 
the pretreatment of supercritical CO2+I2+H2O. Cobal t-60 in the hard oxide 
layer of stainless steel was mostly removed. From t he co-decontamination 
experimental results using mixed CO+COF2 gases pret reated with 
supercritical CO2+I2+H2O, the removal efficiencies of cobalt-60, 
ruthenium-103 and uranium were 30-35%, 49-57% and 5 5-60%, respectively. 
By the experimental results indicated above using n on-radioactive and 
radioactive nuclides, the feasibility of this new i dea was determined. In 
the future, gas-phase decontamination will be a pra ctical technology by 
determining the optimum treatment conditions. This proposed 
decontamination technology based on gaseous reactio n has the ability and 
possibility to decrease drastically the large volum es of non-incinerable 
radioactive wastes, which include burned-ash, many kinds of used-metals, 
and equipment. 
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ABSTRACT 
In the past few years, large components from the pr imary cycle in a 
number of nuclear power plants have been exchanged.  
These include steam dryers and steam separators wit h diameters and 
heights greater than 5 meters and with weights up t o 50 tons. Since the 
construction of the components is in part very comp lex and they exhibit 
surface doses of several mSv, cutting with thermal equipment is very 
difficult and is associated with relatively high do se exposures for 
personnel. The complex design and the size of the p arts make remote 
handling of the equipment practically impossible. 
For these reasons, GNS had developed a concept in w hich the cutting is 
performed using a heavy-duty hydraulic scrap cutter , which is installed 
on an electrically driven caterpillar vehicle with an extending arm. 
Experiences with the cutting of similar, but unless  complex components in 
a non-nuclear field of application are available an d were taken into 
account in establishing the concept. 
The cutting and packaging of a steam dryer and a st eam separator are 
scheduled to take place in a German power plant; in  the process the parts 
are to be packaged in final disposal containers and  then brought to the 
final repository ERAM. 
In the report, the concept for cutting and packagin g shall be explained 
and the experience gained from the actual cutting i n the nuclear power 
plant shall be discussed. 
INTRODUCTION 
In one German BWR-nuclear power plant, a steam drye r and a steam 
separator have been stored for about 20 years. Thes e large components 
have not been cut up until now because, on the one hand, the dose rate at 
the components was too high, and on the other hand,  a practical cutting 
technique was not available. 
The present report begins with a description of the  properties of the 
steam dryer and the steam separator as well as of t he equipment planned 
to be used for cutting, and describes the sequence of cutting operations, 
the necessary auxiliary equipment and the estimated  time required. 
The cutting is planned to be done with a hydraulic scrap cutter, which is 
installed on an extending arm of an electrically-dr iven caterpillar. An 
essential requirement is the possibility of not hav ing to perform the 
work by remote control. 



Experience with the cutting of similar components, if not as complex, 
exists in the conventional field of application. Cu tting trials as an 
approach of this cutting work have been performed. 
DESCRIPTION OF THE COMPONENTS 
Steam Dryer 
The steam dryer has a diameter of approx. 5200 mm, an overall height of 
approx. 5500 mm and a overall weight of approx. 38 t. Its main components 
are pipes, water channels and conductive steel plat es. The walls of the 
steel plates have a thickness of up to 10 mm. 
The materials used are mainly high-alloyed steels w ith the designations 
1.4550 and 1.4541. 
More massive structures are contained in the suppor ting frame. It 
consists of a ring at the top (length of edge: 50 m m) and a ring at the 
bottom (length of edge: approx. 155 x 80 mm). In th e vertical position, 
the bottom ring is at a height of approx. 1600 mm a bove the bottom, the 
top ring approx. 4200 mm. In the top ring, cross st ruts are still present 
(length of edge: 50 mm). The top and bottom rings a re connected to each 
other by means of massive supports (length of edge:  50 mm). 
The steam dryer rests on 4 legs, so that the lower pipe structures are 
not in contact with the floor. 
Steam Separator 
The steam separator has a diameter of approx. 5200 mm, an overall height 
of approx. 4400 mm and an overall mass of approx. 5 0 t. Its main 
components are the clamping ring, the bottom part a nd the separator part, 
that is to say the steel plates, the pipe-like stru ctures and the channel 
profiles. The walls have a thickness of approx. 8-1 2 mm. More massive 
parts have also thicknesses up to approx. 60 mm. Th e materials used are 
X10 CrNiTi 189 and X10 CrNiNb 189. 
The massive structures of the clamping ring are set  on the floor. The 
rest of the steam separator with a maximum diameter  of approx. 5200 mm 
rests thus on the clamping ring, whose diameter is approx. 4500 mm. The 
height of the clamping ring is approx. 450 mm. Cycl one structures are 
accommodated in the protruding segment. They are ap prox. 1500 mm high. 
Figure 1 shows the components to be cut. 
Fig. 1 
CONDITIONING CONCEPT 
The conditioning of the components described in Sec tion 2 is performed 
according to a principle which is successfully used  by industrial 
facilities and installations for the conventional d isposal as well as for 
the disposal of concrete structures. 
For cutting, the equipment, which is described in d etail in the following 
section, is installed on a manipulator vehicle. Wit h the manipulator 
vehicle and the manipulator arms, the cutting equip ment is positioned for 
cutting. For this purpose, it is planned to use two  different types of 
cutter, which are dimensioned such that they can cu t the metal 
structures. The cut-out parts can be picked up by t he cutter and loaded 
into drums which have been prepared beforehand. 
Cutting Equipment 
As cutting equipment, a tank cutter well tried in t he conventional 
industry and a scrap cutter are planned. The manufa cturer's data about 
the dimensions and weights are summarized in Table I.  Figure 2 shows the 
use of the cutter type UP 50 with scrap cutter mout h, and presents the 
difference between both cutter mouths which shall b e used for the cutting 
of the components. 



Fig. 2 
Table I 
Due to the difference of the structures (steel plat es, massive bars) of 
the material to be cut in the components, the use o f both cutter mouths 
presented is necessary (see Fig. 2). The change fro m the tank cutter 
mouth to the scrap cutter mouth takes approx. 1 hou r according to the 
experiences gained in the conventional field. In or der to switch the 
cutter mouths, the caterpillar sets the installed c utter mouth in a 
frame, the mouth is loosened and the extending arm of the caterpillar 
switches to the next cutter mouth. The new cutter m outh is installed 
according to the assembly instructions. 
Manipulator 
As the manipulator vehicle, a commercial crawler (c aterpillar) is 
planned, on the arms of which the above cutting equ ipment is attached. 
With the crawler, the loading is evenly distributed  on the ground. Since 
the vehicle, in the operation planned, can only be used in closed spaces, 
an electric motor is used instead of a combustion e ngine. 
In order to ensure sufficient radiation protection for the handling 
personnel, a new handling cabin is installed. 
The main dimensions and weights of the planned mani pulator are presented 
in Table II. 
Table II 
The working range of the cutting equipment is prese nted in Fig. 3. 
Fig. 3 
The exact positioning of the cutting equipment is m ade possible by 
lifting and lowering the extending arms, with the p ossibility of turning 
the cutting equipment by 360 around the extending a rm and with the right 
placement of the vehicle. When the scrap cutter mou th is used, the angle 
of the mouth during cutting is adjusted by the hydr aulic cylinder so that 
the mouth side with the highest counterforce is sta tionary while the 
other mouth side closes the mouth opening, until th e same work pressure 
is reached in both working cylinders. 
Cutting and Packaging Concept 
The cutting of large-volume components with the equ ipment planned here is 
state of the art in the non-nuclear field. The comp onents planned now are 
different due to the high number of combinations of  steel plates and 
massive supports and the geometric arrangement, whi ch is often 
complicated. For this reason, a detailed cutting pl an cannot be prepared 
at the moment. The execution of the cutting will mo re depend on the 
experience of the personnel on site and on the expe riences successively 
gained. 
The cutting is planned to be performed from the top  downwards and from 
the outside towards the inside. All structures abov e the bottom support 
ring are cut. The only and necessary exceptions are  the supporting bars 
between the bottom bearing ring and the yoke. 
The replacement of the cutting equipment is done ac cording to the cutting 
progress. For time reasons, as few replacements as possible shall be 
performed. 
Placement of the Scrap into Drums 
The parts cut out of the components with the tank c utting mouth have 
approximately the dimensions corresponding to the d epth and width of the 
mouth. They are held in the mouth and are placed di rectly into a 200-l-
drum ready for loading. Cut out sections which are longer can be pulled 
through the mouth without any external assistance a nd are slightly bent. 



This "bent" strip can also be put in a prepared 200 -l-drum using the 
tank-cutter. 
During cutting with the scrap cutter mouth, only si mple cuts can be made. 
This leads to the fact that some parts cut out rema in on the components 
to be cut or fall onto the floor. The cuts are thus  selected by the 
operator such that parts are produced which can be placed directly into a 
drum. These parts are picked up with the cutter and  put into a ready 
drum. Larger parts are placed onto a specially prep ared area and are 
further cut up. 
Cut up scrap parts, which lie on the floor and can not be picked up by 
the cutter are pushed or pulled in to position from  the edge of the steel 
plate with a manipulator or the cutter and from the re picked up with a 
tool and placed into drums. 
The mass of metal per 200 l-drum has been currently  estimated to be 
approx. 50 - 200 kg, 100 kg on the average. For a t otal mass of the steam 
dryer of approx. 38 t, approx. 400 200-l-drums will  be needed. Similar 
conditions apply for the steam separator. 
Maintenance of the Equipment Used 
The equipment planned has proven itself in conventi onal use. Maintenance 
and repair are only required after throughputs and lengths of time which 
are not expected for the present case. 
The cutter with the differing mouths can be modifie d and maintained 
without any special expense or special equipment. A lso, workers are 
trained for the project by the manufacturer/supplie r in the scope of the 
preparatory functional testing. 
The operating time of the moving mechanism for the further present 
cutting purpose is so small as compared with operat ing time in 
conventional areas, that extensive maintenance or r epair work can be 
excluded. As a rule, all work can be performed by t he power plant's own 
maintenance staff. The manufacturer or supplier is consulted if needed. 
Radiation Protection 
The radiation protection aspects of the conditionin g campaign are as high 
a priority as the technical realization. 
Through the use of heavy-duty equipment, for which no substantial repairs 
are expected, it is possible to cut and package the  steel components 
rather quickly. Wherever possible in all working pl aces, shielding is 
used, including in the shielded cabin which is inst alled on the 
manipulator vehicle. Conservative estimates of the individual and 
collective dose rate have been made and show that t he work according to 
the concept described here is fully acceptable. The  average individual 
dose for all persons involved with the cutting work  is approx 3.6 mSv. 
The operators of the manipulator vehicle have the m aximum individual dose 
of approx 9 mSv. 
SUMMARY 
The use of the cutting equipment presented in combi nation with the 
vehicle has been tried and tested for years and has  proven itself in the 
conventional industry. This refers not only to the cutting concepts and 
the execution on site but also to all technical sys tems such as moving 
mechanisms, drive, hydraulic and electric supply. 
Typical areas of use are the disassembly of chemica l installations and 
refineries. Essential aspects are minimizing the ae rosol load, avoiding 
risk of explosion, and the distinct acceleration of  the cutting process 
compared to manual techniques such as flame-cutting . 



Preliminary tests have been performed on various st eel plates with a 
mobile tank cutter, which had been in service alrea dy for a long time. 
For this reason, there was too much leeway between the cutter and the 
holder (finger). Plates made of the material 1.4571  (with strength values 
similar to 1.4550) were used: 
2 pcs. 4 x 500 x 500 mm 
4 pcs. 10 x 500 x 500 mm 
By combining various plates, material thicknesses o f up to 30 mm were 
reached. Up to a thickness of 25 mm, all combinatio ns were cut safely. 
When correctly adjusted, cutting of plates with 30 mm and more can be 
done satisfactorily. 
In one further test with a UP 50 shears having a sc rap cutter mouth, 
full-steel profiles with properties like 1.4550 wer e cut. 
In order to demonstrate the cutability of the edge profiles on the steam 
dryer, cross-sections of 50 x 50 mm and 60 x 60 mm were used for the 
test. The profiles were able to be cut in a satisfa ctory manner. 
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ABSTRACT 
The demolition of activated concrete waste from rea ctor biological 
shields undergoing decommissioning produces the pot ential for worker 
exposure to radioactive aerosols. The determination  of appropriate 
derived air concentrations (DAC) for worker protect ion during routine and 
accidental situations depends on a knowledge of the  particle size 
distribution of the aerosol. Measurements are descr ibed which were used 
to evaluate the mass median aerodynamic diameter (M MAD) and the activity 
median aerodynamic diameter (AMAD) for aerosols gen erated by cutting two 
types of activated reactor concrete under laborator y conditions using a 
sawing device and a coring tool. Samples were also taken during the 
actual demolition of the biological shield at the E xperimental Boiling 
Water Reactor (EBWR). In the laboratory study, twel ve sample collection 
experiments were performed as part of a 2x2 factori al statistically 
designed experiment with three replications. The re sults indicated that 
the type of cutting tool used significantly affecte d the MMAD and the 
AMAD with coring values being much larger than sawi ng values. The 
numerical value of the 60Co AMAD for sawing was fou nd to be more than an 
order of magnitude greater than the ICRP recommende d default AMAD of 1 
mM. These results suggest that DAC values used at t he worksite should be 
based on experimental data instead of regulatory as sumptions, or that 
larger default values should be used in practice. T he results also showed 
that particle size distribution was not significant ly different for the 
two types of concrete studied. Also, the MMAD and t he AMAD were found to 
be not statistically different for the various samp les. In contrast to 
this, one of the field samples taken during the dem olition of the 
concrete reactor shield by an air-hammer under wet conditions at the EBWR 
had an AMAD much smaller than the MMAD and also sma ller than the 1 mM 
default value. One possible explanation is that 60C o is being leached 



from the concrete dust by the water spray resulting  in smaller aerosol 
droplets. Further research with other types of conc rete and other cutting 
devices is needed, and the author is seeking such s amples from other 
reactors being decommissioned. 
INTRODUCTION 
The demolition of reactors undergoing decommissioni ng usually involves 
the cutting of large pieces of activated concrete f or shipment to waste 
disposal sites. Each of the cutting techniques prod uces a radioactive 
dust, and although efforts are made to mitigate the  dust production, 
there still remains the possibility of inadvertent worker inhalation 
through accidents, respirator failure and enclosure  failure. Very few 
studies have been performed to date on the specific  radiological hazards 
of these airborne radioactive particulates. The pur pose of this research 
was to characterize the particle size distribution of these concrete 
aerosols in order to provide data for the determina tion of appropriate 
derived air concentrations (DAC) for worker protect ion during routine and 
accidental situations. Specifically, determinations  were made of mass 
median aerodynamic diameters (MMAD) and activity me dian aerodynamic 
diameters (AMAD) for aerosols generated from cuttin g activated reactor 
shielding concrete. In addition, factors which affe ct the parameters of 
the distributions were investigated. The factors in cluded two types of 
concrete and two different cutting tools. Experimen tally determined 
distribution parameters were compared to those assu med in regulations 
which limit the occupational exposure to radioactiv e aerosols. Mass 
distribution parameters were compared with their ac tivity distribution 
counterparts. Qualitative comparisons were made bet ween samples collected 
in the laboratory at Purdue and samples taken in th e field at the 
Experimental Boiling Water Reactor (EBWR) at Argonn e National Laboratory 
during actual reactor decommissioning procedures. 
EXPERIMENTAL 
For the laboratory study at Purdue, activated concr ete blocks were 
obtained from the EBWR and the University of Washin gton Nuclear Reactor 
(UWNR). A diamond circular saw and a diamond coring  tool were used to cut 
the activated concrete under dry conditions in a ra diological glove box. 
An 8-stage cascade impactor was used to collect the  aerosol samples. The 
air flow through the impactor was controlled by a c ritical orifice 
designed to maintain a 0.25 ft3 min-1 flow rate thr ough the impactor. 
Masses collected on glass fiber substrates were mea sured with a 
microbalance, and 60Co activity was measured with a  hyperpure germanium 
detector. Twelve sample collection experiments were  performed as part of 
a 2x2 factorial statistically designed experiment w ith three 
replications. The cascade impactor was transported to the EBWR for use 
during the demolition of the biological shield with  an air hammer. The 
air hammer moved in all directions, thereby dismant ling the shield from 
the inside out. A water misting spray was used to r educe airborne aerosol 
concentrations. The cascade impactor was placed on a ledge of a 
penetration of the concrete shield approximately ha lf-way up the shield 
and just inside a plastic curtain which had been er ected to keep the dust 
out of the penetration. 
RESULTS 
The mass and activity data from each impactor stage  used in the 
laboratory study were entered into a graphics softw are package which 
generated a log-probability plot along with a fitte d least squares line. 
Figure 1 is a plot of the mass data from sample 11 as an example. The 



equation of the line is given which yields an MMAD of 13.7 mM. Figure 2 
is the activity plot of sample 11 which yielded an AMAD of 13.6 mM. Table 
I is a listing of the response variables for the 12  experiments. It can 
be seen that the 60Co AMAD values are more than an order of magnitude 
greater than the ICRP recommended default AMAD of 1  mM. Consequently, the 
usual practice of setting 60Co Annual Limit on Inta ke (ALI) and Derived 
Air Concentration (DAC) values based on an assumed AMAD of 1 mM would 
result in perhaps unnecessarily conservative regula tions for dry cutting 
conditions. The results of an AMAD larger than the 1-m default value are 
consistent with observations presented in Dorrian a nd Bailey's recent 
review paper (1). The results also support the new recommendation of a 5-
m default value given in ICRP Publication 66 (2). 
Fig. 1  
Fig. 2  
Table I  
The response variables are somewhat similar within each group of three 
replicates. This could be explained by the tight co ntrol on experimental 
techniques and methodologies used during the proces sing of a sample. It 
may also be attributed to the relative homogeneous nature of the concrete 
ingredients in those particular locations where cut s were made. The R2 
values for all the samples are very close to unity.  This indicates that 
the data follow a nearly perfect linear line. The a erosol distributions 
are, then, almost assuredly log normal in nature. T his agrees with the 
ICRP functional form assumption of the aerosol dist ributions as used for 
setting ALI and DAC values. 
The results of the statistical analysis on the two types of concrete and 
the two types of cutting tools are given in Table I I. This portion of the 
statistical analysis shows that the aerosol particl e size distributions 
are significantly different for the two types of cu tting tool. Tests on 
every response variable showed this finding. It is important to note that 
the results of the statistical tests for MMAD and t he mass fraction less 
than 10 mM agree with each other. The same is true for the agreement 
between AMAD and the activity fraction less than 10  mM. The reason for 
its importance is that the MMAD and the AMAD values  for the coring 
samples were determined by extrapolating the log-pr obability plot fitted 
line. Whenever extrapolations of experimental data are performed the 
results become less credible. The mass and activity  fractions less than 
10 mM, however, were determined without extrapolati on. The agreement of 
the statistical tests between these response variab les indicates that 
extrapolation did not adversely affect the analysis . 
Table II 
The distributions were not significantly different for the two types of 
concrete. This finding is somewhat surprising given  that the mixture 
components of the concrete are quite different. It indicates that cutting 
tool rather than type of concrete has a strong infl uence on the resultant 
aerosol distributions. Health physicists and progra m managers may wish to 
incorporate the range of particles produced by diff erent cutting 
techniques in their decision making process for cho osing particular 
techniques for demolition projects. An interaction between cutting tool 
and concrete type was found to be not significant f or each response 
variable. Therefore, the effect of cutting tool on the resultant aerosol 
distributions was not influenced by the type of con crete being cut. 
The second portion of the statistical analysis was to determine if the 
mass distribution response variables differed signi ficantly from their 



associated 60Co response variables. Table III lists  the results of this 
test. The results of this analysis have shown that the mass response 
variables do not significantly differ from their 60 Co activity response 
variable counterparts. This interesting finding may  suggest that the 
particular levels where the cuts were made had unif orm activation levels. 
Table III 
Table IV lists the response variables for two sampl es taken at the EBWR 
during actual demolition of the activated concrete bioshield wall. 
Comparisons with the laboratory study at Purdue are  quite tentative 
because the samples were taken under quite differen t conditions. 
Nevertheless, a few observations can be made. Altho ugh the EBWR samples 
were taken under wet operating conditions, the MMAD  were again much 
larger than 1 mM. The absolute MMAD values of the E BWR field study where 
demolition was done with a Brokk air hammer, were q uite similar to the 
MMAD of particles produced by sawing in the laborat ory study at Purdue. 
Table IV 
The 60Co activity measurements of the EBWR samples produced some 
unexpected results. While it was shown earlier that  there was no 
statistical difference between the MMAD and AMAD of  the Purdue samples 
cut under dry conditions, such is not the case for those collected at the 
EBWR. Sample 2 produced the most striking results i n this respect. 
Although its MMAD value is much larger than 1 mM, i ts 60Co AMAD value is 
much smaller. This finding suggests that while the use of water does not 
have a great affect on the mass distribution of the  particles produced by 
the cutting, it does change the radioactivity distr ibution to a large 
extent. A visual inspection of the after filter (AF ) substrate revealed a 
conspicuous dark water stain. This substrate was me asured as having over 
60% of the total 60Co activity that was collected o n all of the impactor 
stages. A possible explanation for the very small A MAD value could be 
that the 60Co was leached from the particles due to  the use of the water 
misting spray. The 60Co may then have been attached  to water droplets so 
small that they were not caught by the impactor sta ges until they reached 
the after filter. Under this operating condition, s etting 60Co ALI and 
DAC values based on the ICRP recommended AMAD value  of 1 mM may be too 
liberal. 
The use of water during demolition operations is ro utine. Therefore, it 
appears incumbent upon health physicists to determi ne actual AMAD values 
during working conditions and calculate ALI and DAC  values accordingly. 
This should be done instead of relying upon the ICR P recommended AMAD 
value of 1 mM. This applies for both dry and wet de molition conditions. 
The results of this research indicate that, under b oth dry and wet 
conditions, the usual assumption of a 1 mM AMAD wou ld result in 
inaccurate worker internal dosimetry determinations . In addition, the 
water used in the misting spray or for cooling the cutting tools will be 
contaminated and should be collected and analyzed f or radioactive 
concentrations. These results also indicate the imp ortance of knowing the 
lung solubility classification and the leaching cha racteristics of 
radioactive concrete aerosol particles.  
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ABSTRACT 
The current surface contamination limits used for r elease of facilities 
for unrestricted use are applied to decommissioning  projects to verify 
that the levels of removable contamination or resid ual total (fixed and 
removable) contamination that could pose health ris ks to the general 
public are acceptably low. The acceptable amounts o f residual 
radioactivity remaining should be taken in context of how the structure 
or surface is to be used in the future. Risks assoc iated with various 
levels of residual surface contamination are correl ated to accepted risk 
based standards. One of these risks is potential ex posure to radioactive 
material in the industrial rubble resulting from st ructure or surface 
demolition and disposal. However, if the demolished  material is used as 
dispersion media, this exposure risk is reduced and  the projects costs 
are lowered by eliminating the need for costly surf ace decontamination. 
This paper will discuss the use of this methodology  to release a 
structure. 
DECISION PROCESS  
The following is a list of items that must be consi dered in order to use 
surface contamination limits in building demolition . 
1. Determine source term 
Total radioactivity involved per radionuclide 
Determine solubility class of radionuclides 
2. Determine any hazardous waste concerns 
RCRA or TSCA waste streams 
3. Determine volume of rubble to be generated 
4. Determine disposal options 
Recycle 
Road bed material 
Erosion control 
Construction fill 
Ferrous metal recycling 
Other metal recycling 
Wood chips for fuel 
Disposal 
Industrial landfill 
Sanitary landfill 
5. Obtain regulatory approval 



Perform pathway analysis and risk assessment 
6. Perform soil sampling for release of structure f ootprint 
DOSE CALCULATIONS 
Internal exposure is the predominant exposure pathw ay during building 
demolition because surface contamination has a high  potential for 
becoming airborne. Strict radiological controls are  required at this 
phase to ensure the health and safety of the worker s, the public, and the 
environment. Appropriate monitoring, including pers onnel air samples are 
required. At this point, occupational radiation exp osure through the 
inhalation pathway is the primary area of concern. 
After demolition, the primary exposure pathway is t hrough external gamma 
irradiation from the deposition of the material. Th is exposure may come 
from submersion in a contaminated atmospheric cloud , immersion in 
contaminated water, or exposure to contamination on  or in the ground. The 
Regulatory agencies may request a pathway analysis that determines the 
dose to members of the public from pathways of conc ern like food, fish, 
meat, water, and air. Dose can be determined by usi ng the following 
equation: 
Eq. 1 
If the resultant public dose is less than 0.1 mSv/y ear (10 mrem/year) to 
any individual, the material may be disposed of in the manners proposed. 
The resultant public dose may be negotiable with th e applicable 
regulatory body. 
DISCUSSION 
A determination should be made on the average conta mination levels on or 
in the walls, floor, and ceiling. For simplicity, t he building is assumed 
to be empty. Then, the density and thickness of the  material is used to 
calculate the activity per gram. If, items like she et rock and wood are 
crushed and mixed with the concrete and rubble duri ng the demolition 
process the AVERAGE density may be used for the mat erial where the 
contamination will be dispersed. This results in a surface activity level 
coefficient.  
Eq. 2 
Typical surface contamination limits are expressed in dpm/100 cm2, for 
example, 1000 dpm/100 cm2. If we divide this by 2.2 2 dpm/pCi we can 
obtain the pCi/100 cm2, for the above example we ge t 450 pCi/100 cm2. 
Taking the surface activity level coefficient and d ividing it by the 
thickness of the material gives the activity per gr am dispersed through 
the material as it is broken up during demolition. 
Eq. 3 
Estimations of additional material not accounted fo r in the 
contaminations is added to the activity concentrati on by dividing the 
estimated total activity by the sum of the total co ntaminated grams plus 
the total non-contaminated grams. 
CONCLUSION 
Eq. 4 
By uniformly dispersing surface contamination durin g the building 
demolition process, the average activity per gram o f the material will be 
well below any regulatory guideline. This process a llows the material to 
be recycled for beneficial use without any harm to the health and safety 
of the workers, public, or the environment. 
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DECOMMISSIONING AND CLOSURE OF A MANUFACTURING PROCESS THAT GENERATED LOW 
LEVEL MIXED WASTES 
David J. Wilson 
Jeffrey E. Banikowski 
O'Brien & Gere 
ABSTRACT 
This paper describes the strategy that was develope d to perform facility 
decommissioning and license termination for a polym er manufacturing 
facility where uranyl acetylacetonate (UAA) and ura nyl dinitrate were 
used as catalyst components for several blends of p olymeric compounds. 
Elimination of this product line by the manufacture r resulted in the need 
to prepare a facility decommissioning and license t ermination plan 
acceptable to the New York State Department of Labo r (NYSDOL) as the 
licensing agency, implementation of the plan consis tent with New York 
State Department of Environmental Conservation (NYS DEC) regulations, and 
preparation of a facility closure and license termi nation report. 
Upon elimination of the product line, excess UAA an d UNH product 
intermediates and low level radioactive waste such as QA/QC samples 
required disposal as part of NYSDOL licensing requi rements. Because the 
intermediates would be considered a low level radio active waste, and the 
UNH possibly a mixed waste due to an oxidizing char acteristic and, it was 
decided to reprocess the intermediates to a final p roduct prior to 
disposal. The situation was further complicated by the fact that no 
disposal facility would readily accept the intermed iates, the hazardous 
waste characteristics of the final product were unk nown prior to 
reprocessing, regulatory approval by both the NYSDO L and NYSDEC to 
initiate reprocessing was required, and the Barnwel l, SC disposal 
facility (the most likely receiving facility) was t o close in the near 
future. 
This paper describes the steps in developing the ov erall decommissioning 
strategy to successfully terminate the manufacturer 's license. The most 
challenging aspect of the decommissioning procedure  was to find and 
implement an acceptable regulatory strategy which w ould not require a 
Resource Conservation and Recovery Act (RCRA) treat ment permit and still 
meet the time frame associated with closure of the Barnwell disposal 
facility that has since reopened. 
INTRODUCTION 
A manufacturing facility located in New York State utilized radioactive 
compounds as components for polymeric materials pro duced from 1987 to 
1993 for use by the U.S. Department of Defense. A r adioactive materials 
license was issued to the manufacturer to receive, possess, use, and 
transfer radioactive materials pursuant to the Stat e of New York 
Industrial Code Rule 38, Ionizing Radiation Protect ion (12 NYCRR Part 
38). Radioactive materials designated under the lic ense were natural or 
depleted uranium compounds, uranyl acetylacetonate (UAA) and uranyl 
dinitrate hydrate (UNH), in a solid or liquid form in a quantity not to 
exceed 11 millicuries at any one time.  
GENERAL PROCESS DESCRIPTION 
UAA and UNH are low activity (46 microcuries per ki logram) materials. 
Formulation of polymer products required approximat ely 136 kilograms of 
UNH or UAA during a typical production year. During  the manufacturing 
process, UAA and UNH were blended into an intermedi ate product from which 
a Part B product was made. A Part A product was als o produced, but did 
not contain any radioactive materials. Parts A and B were mixed together 



by the consumer to make a final product. It is impo rtant to note that the 
polymer product required UAA and UNH chemical prope rties and not their 
radioactive properties. Batch operations to produce  UAA and UNH 
containing products required approximately two days  of operation and were 
conducted approximately four times per year. 
Boxed, one gallon metal cans of UAA and UNH were de livered to the 
facility's receiving dock, where the Radiation Safe ty Officer (RSO) 
documented shipment receipt, and personally transpo rted the containers to 
the radioactive materials storage cabinet. Each one  gallon can contained 
3.63 kilograms of UAA or UNH in a plastic bag, with in the can. The cans 
were not opened at any time during delivery to the storage cabinet. 
When dispensed, one can of UAA or UNH was transport ed from the 
radioactive materials storage cabinet to a scale gl ove box, located in a 
mixing room. The can was placed in the glove box, t he can and plastic 
liner were opened, and UAA or UNH powder was placed  in a paper cup on the 
scale. When the desired weight of UAA or UNH powder  was obtained, any 
remaining powder in the can was resealed in the pla stic liner, the metal 
cover replaced, and the can returned to the radioac tive materials storage 
cabinet. When empty, the can along with the plastic  liner were placed in 
a 55 gallon drum for disposal. The scale glove box contained a local air 
exhaust duct to capture dust generated by the weigh ing operation. 
The paper cup containing UAA or UNH was carried fro m the scale glove box 
to a mixing vessel, where the contents were poured into the vessel 
through an addition hatch. A local air exhaust duct  was located at the 
addition hatch to capture fugitive dust. The mixing  vessel contained 
organic solvents that dissolved the UAA or UNH. Dur ing mixing, a vacuum 
pump was used to degas this intermediate product. 
When processing of the intermediate product in the mixing vessel was 
completed, it was drained from the bottom of the ve ssel and placed in 
another mixing vessel and blended with additional r aw materials to make 
the Part B product. A vacuum pump was used to degas  Part B during mixing. 
When mixing was completed, the Part B was dispensed  from a bottom port of 
the mixing vessel and packaged into containers to b e sent to the 
customer. 
Samples of intermediate product and Part B were obt ained from each batch 
produced for Quality Assurance/Quality Control (QA/ QC) purposes. Samples 
of intermediate were filtered prior to dispensing t o assure that no 
solids were present. QA/QC samples were transported  to the QA/QC 
laboratory in covered containers. Filters and paper  cups that contacted 
UAA or UNH containing material were placed in a 55- gallon drum for 
disposal. Gloves and paper coveralls worn by employ ees working with UAA 
or UNH were also placed in a 55-gallon drum. 
Intermediate product and Part B samples were subjec t to different test 
procedures upon receipt by the QA/QC laboratory. In termediate product 
samples were logged in and an aliquot was weighed o n an analytical 
balance. Afterwards, it was dried and degassed in a n oven, and 
volatilized in a furnace for residual analysis. Par t B samples were 
logged in, and an aliquot reacted with Part A, cure d in an oven, and the 
reacted product tested for physical parameters. Int ermediate product and 
Part B samples not analyzed were stored in a holdin g area. 
Unused intermediate product, Part B, and materials that came in contact 
with UAA or UNH were placed in a 55-gallon drum. Th e drum inventory at 
the conclusion of operations involving UAA and UNH consisted of twenty 
three 55-gallon drums. The drums were located in th e shipping area and 



consisted of 6 drums of dry solids, 6 drums of inte rmediate product, and 
11 drums of Part B product. Product manufacturing c omponents and 
laboratory apparatus associated with QA/QC continue d to be used for non-
radioactive product production. Figure 1 illustrate s the handling steps 
associated with UAA and UNH in the manufacturing pr ocess. 
Fig. 1 
SITE RADIATION CONTROL 
Existing procedures to control radioactive material  contamination 
consisted of wipe sample counting and gamma reading s following the use of 
UAA or UNH. If radioactive material was detected, t he corresponding area 
was cleaned and resurveyed to assure the area was f ree of contamination. 
Wipe sample counting was conducted by facility pers onnel using a Ludlum 
Model 43-10 alpha sample counter attached to a Mode l 2000 scaler. Gamma 
measurements were collected with a Ludlum Model 3 s urvey meter.  
Most surface contamination measured during surveys conducted by the 
manufacturer was less than 20 disintegrations per m inute (dpm)/100 cm2 
with the highest surface contamination at 1,000 dpm /100 cm2. Gamma levels 
detected were less than 0.5 milliroentqens (mR)/hr.   
Based on existing records, survey information, and control procedures 
implemented during UAA and UNH use, wide-spread rad iological surface 
contamination was not expected during decommissioni ng.  
DECOMMISSIONING PLAN 
Radiation survey methods submitted to NYSDOL and co nducted at areas where 
loose UAA or UNH were handled or processed consiste d of a real-time 
radiation survey with an alpha probe and collection  and analysis of wipe 
samples for designated areas. Wipe samples were col lected using paper 
backed smears by wiping a 100 cm2 surface area, and  placing the sample in 
a coin envelope. Wipes were counted on site for alp ha radiation with a 
Ludlum Model 43-10 alpha sample counter attached to  a Model 2000 scaler 
to measure dpm/100 cm2.  
Wipe samples were also collected where loose UAA or  UNH were handled or 
processed. These areas consisted of the scale glove  box, mixing vessel 
room floor, and associated mixers. In addition, the  interior surface of 
the air exhaust system and the vacuum lines associa ted with mixing 
vessels were sampled. One wipe sample of 100 cm2 wa s collected per three 
square feet of surface area exposed to UAA or UNH d ust. Floor areas were 
sampled at materials use locations. The air exhaust  system was wipe 
sampled at the openings of the exhaust duct for the  scale glove box. Wipe 
samples were collected at the exhaust clean-out doo r, blades of the 
exhaust fan, and the exhaust duct cap. Two wipe sam ples were collected 
from overhead rafters in the mixing room and two wi pe samples were 
collected from the wall adjacent to the scale glove  box. 
An alpha and gamma survey was conducted in areas wh ere UAA and UNH were 
used and also where wipe samples were not collected . Survey 
instrumentation consisted of an Eberline Model ASP- 1 survey meter and to 
an HP-260 pancake probe.The area survey was conduct ed at the following 
locations: 
  in and around the radioactive materials storage c abinet 
  below the two mixing vessels 
  the floor area next to the walls of the first flo or mixing room 
  the water drains in the first floor mixing room 
  bench tops and hood interiors in the QA/QC labora tory 
  interiors of the furnaces and ovens in the QA/QC laboratory 
  shelves and floor area of the sample storage area  



  floor surface of the waste drum storage area. 
A guideline to trigger additional wipe sample colle ction and measurement 
for alpha radiation activity was detection of gamma  radiation in excess 
of 0.25 mR/hr at 1 centimeter from the surface. 
The site decommissioning plan contained a decontami nation plan that would 
be activated if surface wipe radiation contaminatio n measurement exceeded 
33 dpm/100 cm2. A clean surface was defined as a wi pe sample measurement 
less than 33 dpm/100 cm2 and survey probe measureme nt less than 0.25 
mR/hr at one centimeter from the surface. Also, fiv e percent of surface 
wipes were to be quality assurance tested with a Ca nberra Model 2404 
proportional counter to detect alpha particle radia tion to a level less 
than 1 dpm.  
Proposed personal protective equipment consisted of  a dust mask (Moldex 
3400 or equivalent), rubber gloves, and Tyvek cover all with shoe 
covering. Prior to leaving the decontamination area , workers were to be 
whole body surveyed with an alpha scintillation det ector and/or beta-
gamma detector. The worker whole body survey area w as scheduled for a low 
radiation background area. Radiation contamination identified on workers 
was to be removed using soap and water located in t he decontamination 
area. 
When required, worker training was to be provided t o workers conducting 
decontamination activities as specified in 12 NYCRR  Part 38 and 29 CFR 
Part 1910.1200. Training included identification of  the hazards 
associated with UAA and UNH and instruction in the use of personal 
protective equipment (PPE) required for these activ ities. Decontamination 
wipe methods and disposal of wipe cloths and PPE we re to be discussed as 
well as personnel radiation monitoring and bioassay  methods. 
CONTAMINATED MATERIAL DISPOSAL 
Termination of the NYSDOL radioactive material lice nse required surface 
work areas to not exceed those levels identified in  the decommissioning 
plan and the removal of all radioactive material as sociated with the 
license from the facility. 
Containers located at the facility consisted of 6 d rums of dry solids 
such as paper cups, Tyvec suits, and gloves; 6 drum s of liquid 
intermediate product; and 11 drums of Part B produc t. The 6 drums of dry 
solids were characterized as a low level radioactiv e waste and did not 
exhibit a mixed waste characteristic. 
However, based on material safety data sheet for UN H, the 6 drums of 
intermediate product and 11 drums of Part B product  contained a quantity 
of UAA and UNH sufficient to classify them as a RCR A mixed waste if they 
were not reprocessed. The solution disposal of the 17 drums containing 
intermediate and Part B product was to remove the o xidizing 
characteristic from the material. Liquids required solidification to meet 
disposal requirements of the potential receiving fa cility, Barnwell, SC. 
Regulations and therefore a method to eliminate the  oxidizer component 
and solidify the waste for disposal as a radioactiv e material were 
investigated.  
Both the New York State Department of Environmental  Conservation and 
NYSDOL were notified and concurred with the plan to  solidify these liquid 
wastes for transportation to the Barnwell, SC dispo sal site. 
The manufacturer indicated that the 11 drums of Par t B product could be 
mixed with materials chemically similar to the Part  A component 
originally required to be reacted with Part B to cr eate the final polymer 
product. This process was anticipated to result in a hardened polymer 



that would react the nitrate component of the UNH a nd therefore would 
remove the oxidizer characteristic of the waste. St oichiometric addition 
of Part A component to the Part B waste was conduct ed by the manufacturer 
and allowed to cure in the waste drums.  
The 6 drums of intermediate product required additi onal processing prior 
to reacting with a Part A component to eliminate th e oxidizer 
characteristic. Records of waste drum contents were  reviewed, addition 
materials were identified and stoichiometrically ad ded to the 
intermediate product, resulting in polymerization t hat met solidification 
requirements. The additional polymerization materia l increased the total 
waste volume from 17 drums of liquid to 27 drums of  solidified product.  
Samples of the solidified products were analyzed fo r radioactivity and 
RCRA hazardous waste characteristics. The solidifie d product did not 
exhibit a RCRA hazardous waste characteristic; ther efore, the 
manufacturer was able to transport the solidified w aste drums to 
Barnwell, SC for disposal as a low level radioactiv e waste. 
CONCLUSION 
Survey activities consisted of surface wipe samples  and survey probe 
measurements at all locations associated with UAA a nd UNH material use. 
No areas were identified that exceeded the contamin ation criteria 
approved by NYSDOL in the decommissioning plan. 
Removal of these radioactive drummed materials from  the manufacturing 
site and the absence of surface contamination withi n the facility 
resulted in the NYSDOL granting decommissioning sta tus to the facility 
and termination of the NYSDOL radioactive material license.  
The successful conclusion of reducing mixed waste t o a LLRW and thereby 
devising a disposal option was accomplished by advi sing the manufacturer 
to take the chemical process to completion and coor dination with the 
involved regulatory agencies as well as the potenti al disposal facility 
throughout each step of strategy development and pl an implementation. 
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ABSTRACT 
In 1993, O'Brien & Gere Engineers, Inc. was selecte d under a Program 
Research and Development Announcement solicitation of the Morgantown 
Energy Technology Center of the U.S. Department of Energy (DOE) to 
develop soda blasting technology for removal of rad ioactive contamination 



from surfaces. The project included demonstration o f the technology in 
decontamination and decommissioning (D&D) operation s at a nuclear 
facility. The contract award and management was thr ough Lockheed Martin 
Energy Systems of Oak Ridge, Tennessee under the di rection of DOS's Oak 
Ridge Operation Office (ORO). Work was performed at  ORO's K-25 plant site 
and O'Brien & Gere Facilities in Oak Ridge. 
O'Brien & Gere developed a scouring system that rem oves hazardous and 
fixed radioactive surface contamination and minimiz es residual waste. It 
uses an abrasive sodium bicarbonate medium that is projected with great 
force at contaminated surfaces. It mechanically rem oves surface 
contamination while leaving the surface intact. Bla sting residuals are 
treated using physical/chemical processes. 
Bench- and pilot-scale testing of the soda-blasting  system was conducted 
between December 1993 and September 1994 on surface s contaminated with 
uranium, technetium, heavy metals, and PCBs. Areas of concrete and metal 
were blasted. Residuals were dissolved in tap water  and treated for 
radioactive, hazardous, and organochlorine constitu ents. The treatment 
comprised pH adjustment, aeration, solids settling,  filtration, carbon 
adsorption, and ion exchange. It produced treated w ater and residual 
solid waste. 
These tests demonstrated that the system is capable  of removing greater 
than 95% of radioactive and PCB surface contaminati on to below DOE's 
unrestricted use release limits. Aqueous radionucli des, heavy metals, and 
PCBs were below DOE and USEPA treatment objectives for residuals after 
treatment. Waste residuals volume was decreased by 70%.  
Preliminary analysis suggests that this treatment s ystem provides 
significant waste volume reduction and is more econ omical than available 
surface decontamination technologies. Full-scale sy stem capital and 
operating costs are under development. 
The DOE's emphasis in this demonstration procedure has been on comparing 
the economics and efficiency of the technique again st other available and 
developing technologies. 
INTRODUCTION 
Increasing waste disposal costs and decreasing stor age facility capacity 
are prompting the DOE and commercial utilities to e xplore new waste 
minimizing decommissioning and decontamination (D&D ) techniques. Current 
D&D activities are generally labor intensive, use c hemical reagents that 
are difficult to treat, and may expose workers to h azardous chemicals. 
Therefore, new technologies are desired that minimi ze waste, allow much 
of the decommissioned materials to be reused rather  than disposed as 
waste, and produce wastes that will meet disposal c riteria. 
To support this D&D objective, the O'Brien & Gere C ompanies tested a 
decontamination system on concrete and steel surfac es contaminated with 
radioactive (238U and 99Tc) and hazardous (PCBs and  lead) waste in Oak 
Ridge, TN. The principal objectives of this on-site  soda blasting 
demonstration project were to evaluate the effectiv eness of 
decontamination by blasting with sodium bicarbonate  and to minimize waste 
volume by dissolving and treating blasting residual s through a wastewater 
treatment system. 
BACKGROUND 
Testing of a soda blasting system was conducted at DOE's K-25 former 
gaseous diffusion plant, Building K-29, in Oak Ridg e, Tennessee between 
December 1993 and September 1994. This gaseous diff usion plant separated 
235U from uranium ore for use in atomic weapons and  commercial reactors. 



The radioactive contamination on surfaces located i n K-29 was considered 
fixed contamination, which is not easily removed by  casual contact. 
Contaminants present on surfaces tested comprise 23 8U, 99Tc, lead, and 
PCBs. Uranium was present on concrete and metal sur faces from process 
operation and equipment releases during enrichment.  238U is an alpha-
emitter with a half-life of 7.05 X 108 years. 99Tc is a byproduct of 235U 
fission in nuclear reactors. 99Tc entered the K-25 process as a volatile 
impurity in recycled uranium (1). 99Tc is a beta-em itter that has a half-
life of 2.12 X 105 years. Lead was present in coati ngs found on the 
concrete and metal surfaces at K-29; and PCBs were the result of a heat 
transfer fluid conduit leak. 
For this testing, the following cleanup objectives were established: the 
total beta/gamma activity and the total alpha activ ity of the material 
each were to be less than 5000 disintegrations per minute/100 cm2 (dpm). 
These criteria were obtained from DOE Order 5400.5 for unrestricted use. 
Waste volume reduction (soda blasting residuals tre atment) objectives 
were developed as benchmarks to evaluate on-site te sting results. These 
treatment objectives were developed based on DOE 54 00.5 standards and 
federal limits under the requirement of the Safe Dr inking Water Act 
(SDWA). Aqueous phase treatment objectives for tota l U, 99Tc, PCB, and 
lead were 12 mg/l, 100 pCi/L, 0.5 mg/l, and 15 mg/l , respectively. 
SODA BLASTING METHODOLOGY 
Soda blasting utilizes sodium bicarbonate media to physically remove 
contaminants from surfaces. Compressed air propels sodium bicarbonate at 
surfaces, which removes contaminants and surficial coatings. The physical 
and chemical characteristics (non-destructive, non- toxic, and water 
soluble) of sodium bicarbonate render it a desirabl e blasting media. The 
crystalline structure of sodium bicarbonate is aggr essive enough to 
remove contaminants and coatings from metal and con crete surfaces while 
not degrading blasted surfaces. Sodium bicarbonate media will not 
introduce additional hazardous or toxic chemicals d uring operation. Waste 
volume may be minimized by sodium bicarbonate disso lution and contaminant 
removal. 
Areas of concrete floors and columns and steel and aluminum surfaces were 
selected, based on radiological surveying and PCB w ipe testing to 
evaluate the soda blasting process. Blasting tests were verified by post-
blast analysis using direct reading instruments and  smear and wipe 
samples. 
 On-site testing evaluated six operating variables:  air pressure, water 
pressure, nozzle orifice diameter, nozzle orifice d esign, media type, and 
media flow rate. Ten 1-m2 concrete surface grids we re used to evaluate 
these operating parameters. Blasting parameters wer e evaluated on 
concrete surfaces, because typically, if removal ob jectives are achieved 
on concrete, they will be equal or better on less p orous surfaces such as 
metal. Once blasting parameters were determined, th ree concrete grids and 
several metal object surfaces were blasted to evalu ate decontamination 
efficiency. 
Subsequent to each blasting test, a tap water wash was utilized to remove 
blast residuals from the tested surfaces. Each test  surface was triple 
rinsed using between 2 and 15 gal of water for each  test grid. Between 
each rinse, blasting residuals slurry (water and sp ent sodium 
bicarbonate) was collected using a small wet/dry va cuum. The blasting 
residuals slurry was transferred to 55 gal drums in  preparation for 
blasting residuals treatment. 



WASTE VOLUME REDUCTION METHODOLOGY 
The aqueous phase solubility of sodium bicarbonate provides a mechanism 
for separating blast media from contaminants follow ing blasting. Sodium 
bicarbonate has a solubility of 96 g/l at 20oC (2).  By mixing water with 
spent blasting media, sodium bicarbonate dissolves which physically 
separates contaminants from the blast media. This r educes waste volume. 
Soda blasting residuals solution contains elevated concentrations of 
dissolved sodium bicarbonate. Therefore carbonate c omplexes control the 
stability of uranium and other metals in solution. The dissolved solids 
also interfere with ion exchange processes. Treatme nt processes developed 
for this system were based on physical/chemical mec hanisms controlling 
the fate of contaminants in the presence of a high ionic strength 
wastewater system. The treatment system comprised p H adjustment, chemical 
precipitation, solids removal, carbon adsorption, a nd ion exchange. 
Figure 1 presents a schematic of the blasting resid uals waste volume 
reduction system. Based on bench and pilot-scale tr eatability testing, 
physical/chemical unit operations were selected. Tr eatment of each of the 
four contaminants was conducted as follows: 
Fig. 1 
Uranium, in an elevated carbonate system, will form  carbonate complexes 
such as UO2(CO3)6-8 and UO2(CO3)3-4 (3). However, a t low carbonate 
concentration and high pH, uranyl hydroxides (i.e.,  (UO2)3(OH)5+) form. 
The solubility of these hydroxide species varies wi th pH. At an optimum 
pH, the hydroxide formation is insoluble and can be  chemically 
precipitated. Conversion of uranyl carbonate to ura nium hydroxide is 
difficult in concentrated bicarbonate solutions. 
To achieve effective uranium removal, carbonate was  removed. Carbonate 
removal was accomplished in this study by depressin g solution pH, to 
transform inorganic carbon as carbonate (CO32-) and  bicarbonate (HCO3-), 
to carbonic acid (H2CO3). The reduction of solution  pH converted 
inorganic carbon to dissolved carbon dioxide, which  was lost to the 
atmosphere. This loss of inorganic carbon allowed t he formation and 
subsequent precipitation of uranium hydroxide compl exes at alkaline pH. 
To accomplish this conversion during on-site testin g, approximately 30 
gal of 70% nitric acid was added to acidify 450 gal  of blasting residual 
from an initial pH value of 9.35 S.U. to a pH value  below 5 S.U. 
Subsequent to acid addition, the blasting residual was aerated for two 
hours to remove aqueous phase carbon dioxide. 
Similar to uranium, at elevated pH values lead form s insoluble metal 
hydroxide complexes. As with uranium, inorganic car bon removal enhances 
the conversion of soluble metal carbonate complexes  to insoluble metal 
hydroxide complexes that facilitate lead removal by  chemical 
precipitation. The solution pH was elevated to alka line conditions 
(pH=11.5 to 12 S.U.) with sodium hydroxide to facil itate the formation of 
insoluble uranium and lead hydroxides. Blasting res idual was flash mixed 
(10 minutes), flocculated (30 minutes), and then gr avity settled. 
Subsequent to settling, clarified supernatant was g ravity drained to the 
clarifier holding tank.  
The clarified supernatant was pumped from the clari fier holding tank, at 
3 to 5 gal/min, through two cartridge filters in se ries (10 mm and 5 mm 
pore size, respectively) to remove unsettled partic ulates, and a 15-gal 
granular activated carbon (GAC) upflow pressure ves sel to remove 
dissolved PCBs. GAC has a high adsorption affinity for large, non-polar 



molecules such as PCBs. Subsequent to U, lead, and PCB removal, the 
solution was pH adjusted from 11.5 to 6.3-6.8 S.U. using 70% nitric acid. 
99Tc removal from neutralized (6.3 to 6.8 S.U.) wat er was accomplished 
using ion exchange. In waters in contact with the a tmosphere, 99Tc is 
expected to exist in a +7 oxidation state as the hi ghly soluble 
pertechnetate anion (TcO4-) (4,5). Ion exchange rep laces the presaturant 
ion (typically OH- or Cl-) with TcO4- on the resin surface. Bostick and 
coworkers reported successful 99Tc removal using bo th strong base and 
cross-linked polyvinylpyridine (PVP) resins (5). 
Two commercially available ion exchange resins (DOW EX 21KXLT and Reillex 
HP) were evaluated for 99Tc removal. A 2 in. diamet er, 26 in. deep bed of 
each resin was utilized. During testing, 50 gal of pretreated blasting 
residual solution were processed through each colum n. Liquid residual 
flow rates were maintained at 1 L/min. Column efflu ents were sampled at 
30-min intervals. Samples were analyzed for technet ium and total 
dissolved solids. 
TESTING RESULTS 
Surface Decontamination 
Table I presents pre- and post- blasting results fo r mean alpha and mean 
beta levels on concrete and metal surfaces. Initial  contamination levels 
on the surfaces ranged from 5,000 to 75,000 dpm bet a/gamma and 1 to 400 
dpm alpha. Removal averaged between 95% and 100% be ta/gamma and non-
quantifiable to 100% alpha, for surfaces tested usi ng selected blasting 
parameters. The non-quantifiable percent removals f or alpha resulted from 
initial readings which approached background levels . In each test, the 
post blast alpha readings were below the release li mit of 5000 dpm. 
Waste Volume Reduction 
The waste volume reduction system demonstrated effe ctive removal of 
uranium, and heavy metals through chemical precipit ation. Table I 
includes pre- and post- wastewater treatment analyt ical results of 
blasting residuals. The system effectively removed >97% of uranium and 
>99% of lead and PCBs. Ion exchange column testing results demonstrated 
technetium removal to below the 100 pCi/L treatment  objective for both 
resins. The most effective resin ran for 160 minute s at a flow rate of 1 
L/min before exhibiting effluent concentrations tha t exceeded the 
treatment objective of 100 pCi/L. Although this res in capacity for 
technetium removal in a high dissolved solids matri x may be less than its 
capacity in other less competitive applications, re sults indicate that it 
is technically feasible. 
CONCLUSIONS 
Soda blasting removes fixed radioactive and hazardo us surface 
contamination, while leaving the surface intact. Bl asting residuals are 
dissolved and effectively treated using physical/ch emical processes. This 
system produced treated water meeting stringent wat er quality criteria 
and residual solid waste requiring off-site managem ent. 
Testing results demonstrated that this soda blastin g/waste residuals 
treatment system provided a 70% reduction in waste volume as compared to 
blasting without treatment. The system is capable o f removing greater 
than 95% of radioactive contamination, achieving DO E's unrestricted use 
release limits; U, 99Tc, lead, and PCBs were below DOE and USEPA 
treatment objectives after blasting residuals treat ment. Testing results 
also suggest that this system is more economical th an surface 
decontamination techniques that are commercially av ailable. Estimated 
full-scale system capital and operating costs (incl uding waste disposal) 



are approximately $7.00 to $ 8.00/ft2 of surface ar ea for 230,000 ft2 of 
concrete surface area (6). Unit costs may be less f or metal surfaces due 
to lower solids generation rates. 
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ABSTRACT 
The Los Alamos National Laboratory (LANL) Decommiss ioning Project has 
decontaminated, demolished, and decommissioned a pr ocess exhaust system, 
two filter plenum buildings, and a firescreen plenu m structure at 
Technical Area 21 (TA-21). The project began in Aug ust 1995 and was 
completed in January 1996. These high-efficiency pa rticulate air (HEPA) 
filter plenums and associated ventilation ductwork provided process 
exhaust to fume hoods and glove boxes in TA-21 Buil dings 2 through 5 when 
these buildings were active plutonium and uranium p rocessing and research 
facilities. This paper summarizes the history of TA -21 plutonium and 
uranium processing and research activities and prov ides a detailed 
discussion of integrated work process controls, cha racterize-as-you-go 
methodology, unique engineering controls, decontami nation techniques, 
demolition methodology, waste minimization, and vol ume reduction. Also 
presented in detail are the challenges facing the L ANL Decommissioning 
Project to safely and economically decontaminate an d demolish surplus 
facilities and the unique solutions to tough proble ms. This paper also 
shows the effectiveness of the integrated work pack age concept to control 
work through all phases. 



Keywords: plutonium, work package, health and safet y, characterization, 
filter plenum, engineering controls, decontaminatio n, demolition, 
transuranic waste, waste minimization, and volume r eduction. 
INTRODUCTION 
Many of the challenges of the TA-21 Filter Building  Decommissioning 
Project are not unique to LANL, and their solutions  can be applied to 
other decommissioning projects and programs elsewhe re. The TA-21 Filter 
Building Decommissioning Project presented safety, personnel exposure, 
and contamination control challenges that required extra care to ensure 
that rigorous radiation protection practices were f ollowed by project 
personnel. The project goals were as follows: 1) th e removal of as much 
plutonium holdup as possible through decontaminatio n and component 
removal to downgrade from a Category 3 Nuclear Faci lity rating to a 
Radiological Facility rating; 2) the removal of all  process exhaust 
systems including 1500 linear ft of ductwork, glove  boxes, and hoods from 
Buildings 3 and 4 North to the firescreen; 3) the d econtamination and 
demolition of the firescreen; 4) the decontaminatio n and removal of the 
filter plenum and glove boxes from the Rotary Filte r Plenum Building 
(Building 146); 5) the removal and disposal of the HEPA filter bank from 
the Main Filter House (Building 324); 6) the demoli tion of the stack; 7) 
the free release of all remaining building walls, c eilings, and cement 
slab foundations; and finally 8) classification of most of the 
radioactively contaminated demolition debris as low -level radioactive 
waste (LLRW) rather than transuranic waste through decontamination. 
Because of the existing 239Pu holdup (approximately  1 mCi/ft) the process 
exhaust system, which includes the firescreen and f ilter plenums, was 
regarded as a Category 3 Nuclear Facility. Paramoun t to the success of 
the project, the downgrading from the Category 3 Nu clear Facility rating 
to a Radiological Facility rating was needed at the  beginning of the 
project. This downgrading was accomplished through the initial 
elimination of 75 to 80 percent of the plutonium ho ldup through 
decontamination and component removal (firescreens)  from the Firescreen 
Building (Building 329) and the decontamination of the main filter plenum 
in Building 146. The decontamination objective was to reduce the 
plutonium source term below a certain level and not  to free release the 
structures. The subsequent downgrading from a Categ ory 3 Nuclear Facility 
to a Radiological Facility eliminated much of the i nitial engineering 
work (that is, Engineering Analysis, Title I and II  Engineering Project 
Plans) required for a Category 3 Nuclear Facility. 
Decontamination methodology is discussed in detail including 
decontamination equipment, decontamination techniqu es, decontamination 
effectiveness, solid and liquid radioactive waste g eneration, waste 
minimization techniques, and waste volume reduction . 
History of TA-21 
DP West began operations in September 1945. Its mai n purpose was to 
provide the capability to produce metal and alloys of plutonium from the 
nitrate solution feedstock provided by other produc tion facilities. This 
process involved several acid dissolution and chemi cal precipitation 
steps to separate the plutonium and other valuable actinides from the 
feedstocks. A major research objective at DP West w as the development of 
new purification techniques that would increase the  efficiency of the 
separation processes. These separation techniques u sed a wide range of 
chemicals from the periodic table. In conjunction w ith improving 
purification techniques in the main process lines, research was conducted 



into reprocessing the waste produced to further enh ance recovery. In 
addition, other operations, such as nuclear fuel re processing, were 
performed occasionally at DP West. Activities unrel ated to plutonium 
processing also occurred at DP West (Fig. 1).  
Fig. 1 
The main plutonium purification processes were cont ained in Buildings 2, 
3, 4, and 5 and later in Building 150. Uranium and plutonium metal 
produced in these buildings was secured and stored in Building 21, the 
old vault. Research into methods of recovering addi tional plutonium from 
waste streams was conducted in Building 33. Additio nal research on the 
properties and uses of plutonium was conducted at B uilding 210, the 
plutonium research building. 
In 1977 a transfer of work to the new plutonium fac ility at TA-55 began, 
and much of the DP West complex was vacated. At the  time, cleanup of the 
old process lines was initiated. This cleanup inclu ded removing 
contaminated equipment and material from Buildings 2, 5, and 150 and from 
parts of Buildings 3 and 4. The buildings were then  remodeled for use by 
other groups at LANL. 
Filter Buildings 
The filter buildings provided process exhaust to Bu ildings 2, 3, 4, 5, 
and 21 at TA-21. The process exhaust filter system consisted of the 
following: the Firescreen Building (Building 329); the Rotary Filter 
Plenum Building (Building 146); the Main Filter Hou se (Building 324), and 
the Main Stack. 
Ductwork exited Buildings 3 and 4 North and ran alo ng elevated stanchions 
until it reached the firescreen. The exhaust stream  entered this 
structure, which was an elevated, sheet metal enclo sed building 
containing screen filters and washdown equipment. A  transparent glass 
line exited the sheet metal enclosure and discharge d into a liquid waste 
transfer line, which ran to the on-site liquid wast e treatment plant. The 
exhaust then entered Building 146, a concrete block  building that housed 
a large, circular HEPA filter array and a glove box  assembly for changing 
out the filters (Fig. 2). The HEPA filter array con sisted of an octagonal 
filter bank containing eight sets of three filters housed in a drum. The 
drum assembly rotated so that new filter faces coul d be presented to the 
airstream, thus reducing by a factor of eight the d owntime needed for 
change out. The exhaust stream then entered Buildin g 324, the filter 
house, which was added to the flow path in 1973. It  contained 20 HEPA 
filters in parallel. Exhaust was then released thro ugh the stack at the 
north end of the building. 
Fig. 2 
Decommissioning of the filter buildings involved th e removal of hoods, 
glove boxes, and interior process exhaust ductwork from Buildings 3 and 4 
North; the elevated ductwork that ran into Building  146; the HEPA filters 
and glove box and drum assemblies in Building 146; the firescreen, all 
ductwork, and the stack in Building 146; the HEPA f ilters in Building 
324; and all ductwork and the stack in Building 324 . Both buildings were 
then demolished. 
LANL was responsible for overall project management , health physics, 
environmental compliance, criticality engineering, and waste management. 
Subcontractor oversight in the areas of engineering  and health and safety 
also were performed by LANL. Dismantlement and demo lition activities were 
performed by the on-site maintenance subcontractor,  Johnson Controls 



World Services, Inc., who also provided industrial hygiene services and 
was instrumental in developing work packages. 
INTEGRATED WORK PROCESS CONTROLS 
A key element to the success of the project was the  application of the 
integrated work process control called the work pac kage. Work packages 
typically included a specific task work procedure, a Task Hazard Analysis 
(THA), a Radiological Work Permit (RWP), and an ALA RA Job Review, if 
required. 
A THA was developed for each specific task and was an assessment of all 
nonradiological workplace hazards. The THA along wi th the RWP was the 
basis for developing work procedures and documentin g the need for special 
permits and controls. The THA was signed by each em ployee who worked on 
the task, including supervisory personnel, and gene rally included the 
following: 
  general information including historical sampling  data related to the 
task; 
  task description including procedures required to  minimize hazards; 
  descriptions of specific hazards; 
  hazard control measures including personal protec tive equipment (PPE), 
permits, and training; 
  any special decontamination procedures not covere d by the RWP (for 
example, chemical decontamination); and 
  spill prevention, containment, and response and/o r accident mitigation. 
As part of the work package, all decommissioning wo rk that had a 
potential for personnel internal or external radiat ion exposure and/or 
contamination spread required an RWP. The RWP place d controls on 
personnel entry into controlled and radiological ar eas. The RWP 
identified the specific work activity, evaluated po tential radiological 
exposure conditions, and established appropriate le vels of radiological 
control technician job coverage, monitoring instruc tions, action levels 
and hold points, PPE, radiological controls for dem olition, and dosimetry 
assignment for entry.  
Work packages were typically developed within days of the actual work by 
the site superintendent, construction supervisor, l ead radiological 
control technician, and other key health and safety  personnel. This 
process provided project personnel a usable work pl an, which included a 
detailed task procedure, a work evolution hazard as sessment, personnel 
protection based on the hazard assessment (confined  space permits, 
burning/welding permits, engineering controls, resp iratory protection, 
PPE, and dosimetry), and all contamination controls . One key benefit from 
this approach is that the work package was develope d in real time. 
Therefore, recent and pertinent survey data, lesson s learned, and 
personnel experience obtained from preceding job ev olutions were 
continuously incorporated into new work packages. 
CHARACTERIZE-AS-YOU-GO METHODOLOGY 
Characterization of the entire facility was not con ducted. Instead, LANL 
uses a characterize-as-you-go methodology for decom missioning projects. 
Rather than extensively characterizing the entire p roject, enough data 
are collected early in the project through surveys,  historical 
documentation search, and interviews conducted with  individuals who have 
historical knowledge of the site. Types of importan t information include 
the specific processes conducted at the site, chemi cals and radionuclides 
used in the various processes, and locations of any  spills and releases. 
Detailed work procedures are developed as the work progresses, and 



additional information is collected as necessary. T his process avoids 
efforts that can be rendered useless by newly disco vered problems, but it 
requires flexibility in scheduling and completing a ctivities. This 
section discusses the application of this approach to the filter 
buildings. 
Important to the characterize-as-you-go methodology  is the detailed 
project characterization directory developed and re vised as the project 
progresses. The characterization directory is a liv ing document that 
includes digital photographs of key areas, rooms an d system components to 
be decontaminated and/or decommissioned, diagrams, any historical 
information on the key system or component, survey data points, and any 
other pertinent information. This directory is upda ted continuously as 
information is made available. Key uses of the dire ctory are to write the 
work packages, conduct prejob briefings, and orient  new project 
personnel. 
Engineering data requirements consisted of utility and structural 
information. Specifically, the locations of all uti lities and any 
necessary reroutes must be identified. Structurally , the characterization 
effort had to ascertain whether the Building 146 dr um assembly would 
rotate. The drum had not been turned since the 1970 s, and seal integrity 
and the opposite filter banks were items of concern . Existing drawings 
were collected for reference and were annotated to identify the as-left 
facility condition. Historical records were reviewe d to identify any 
abandoned utilities and any facility modifications that could affect 
decommissioning.  
Knowledge regarding types and quantities of contami nants is essential for 
decommissioning operations and waste handling. Radi oactive waste may be 
either low-level or transuranic, whereas chemical c ontamination may 
result in hazardous or mixed waste. Potential conta minants were 
identified from the remedial action work plan, oper ating summaries, 
decommissioning summaries, and historical interview s. Radionuclides of 
concern were 235U, 238U, 238Pu, 239Pu, 99Tc, 241Am,  243Am, 237Np, 232Th, 
and 231Pa. Chemical concerns included asbestos (146  HEPA filters), metals 
(146 HEPA filters), polychlorinated biphenyls (PCBs ) (lighting ballasts), 
perchlorates (ductwork, 146 filters), and picric ac id. 
Because the data address waste management and safet y concerns, exact 
readings were not as important as bounding readings . The data should 
identify thresholds for waste categories or PPE req uirements. 
ENGINEERING CONTROLS 
Unique engineering controls developed for the proje ct were modifications 
to the process exhaust system and the compartmental ized support tent with 
its attached "body glove" glove bag. Other engineer ing controls used 
during the project included standard glove bags, HE PA filtration 
methodology (both portable HEPA filtration units an d the reliance on the 
existing process exhaust system), and strippable co atings.  
Before beginning any major decommissioning activiti es, modifications to 
the process exhaust were necessary primarily becaus e of considerable 
system negative pressure. Before any modifications,  the system negative 
pressure was approximately 3 in. of water, too much  to allow its use 
during decommissioning. Dampening was possible by c utting a 36-in. hole 
in the process exhaust downstream from the two stag es of system HEPA 
filters directly below where it entered the stack. A cylindrical 38-in. 
long by 36-in. diameter sheet metal piece was then welded to the hole 
with a circular plate attached to provide the dampe ning (Fig. 3). System 



negative pressure was adjustable from 0.2 to 3 in. of water with this 
modification. The negative pressure was adjusted to  suit the task being 
performed. 
Fig. 3 
Because of significant plutonium holdup in the enti re process exhaust 
system, the reliance on engineering controls to red uce this hazard was a 
LANL Health Physics group requirement. Data made av ailable during the 
initial characterization of the firescreen, verifie d through surveys and 
air sampling, indicated the average surface plutoni um contamination at 
>4.0E+06 dpm/100 cm2 removable and airborne contami nation levels up to 
1500 derived air concentration (DAC) -hours. One si gnificant engineering 
control developed specifically for the project and used with great 
success was the body glove. The body glove with its  attached support tent 
(Fig. 4) provided maximum contamination control and  worker protection. 
The support tent was compartmentalized for maximum contamination control 
in the event of a body glove failure. All negative ventilation was 
provided by the existing process exhaust with porta ble HEPA units 
attached to the support tent as backups. The body g love is essentially a 
glove bag that personnel enter to perform work; whe reas, a normal glove 
bag surrounds a highly contaminated item within the  bag, and personnel 
work from the outside. Before erecting the body glo ve, all necessary 
tools and equipment for a particular task were intr oduced into the 
firescreen. Then the body glove was inserted direct ly into the 
firescreen, unfolded, and supported by a rigid meta l internal frame. Work 
was performed inside the bag using a series of glov es positioned on the 
sides and top of the body glove. 
In highly contaminated areas, such as the firescree n and main filter 
plenum, the body glove isolated workers from both s eriously high surface 
and airborne contamination (Fig. 4). Airborne conta mination levels were 
reduced from the initial 1500 DAC-hours to <1 DAC-h our, which allowed 
most work to be performed using supplied-air respir ators that were 
required in the event of a body glove failure. 
Standard glove bags were used throughout the projec t. All demolition and 
size reduction of overhead process exhaust ductwork  was done using glove 
bags, a skill developed during the demolition of Bu ildings 3 and 4 South. 
When the interior process exhaust system was remove d, Buildings 3 and 4 
North were active facilities, and extensive use of glove bags prevented 
release of radioactive contamination and avoided co stly cleanup efforts. 
Fig. 4 
DECONTAMINATION AND DEMOLITION METHODOLOGY 
The objective of the TA-21 Filter Building Decommis sioning Project was to 
reduce the plutonium contamination on surfaces belo w transuranic levels. 
If possible, metal surfaces were to be decontaminat ed further to meet 
Science and Ecology Group (SEG) waste classificatio n guidelines to enable 
the metal to be recycled at their facility in Oak R idge, Tennessee. SEG 
is a large recycler for radioactive-contaminated me tal that deals mainly 
with the commercial sector. It has been used by LAN L for less than one 
year. It was possible to recycle all plenum walls a nd ceilings, but floor 
surfaces were sent to LANL's LLRW landfill at TA-54 . Project surface 
contamination acceptance criteria for LLRW and tran suranic waste and SEG 
waste acceptance criteria are found in Table I. Nin ety percent of all 
radioactive waste for the project was characterized  as LLRW. Twenty 
percent of this material was shipped to SEG. Equipm ent was either 
decontaminated in situ or brought to the project de contamination area, an 



old hot cell in Building 4 North. Sheet plastic was  fastened to the 
floor, walls, and ceiling with duct tape, and two 1 800 cfm HEPA-filtered 
negative air units were added to mitigate large amo unts of surface and 
airborne plutonium contamination. All decontaminati on and size reduction 
of material was performed in glove bags and under n egative pressure. 
Airborne contamination levels reached approximately  2000 DAC-hours during 
a certain decontamination operation that resulted f rom a glove bag 
failure. Typical airborne radionuclide concentratio ns inside the hot cell 
ranged from 3 to 50 DAC-hrs. All work was performed  in air purified 
respirators. 
Table I 
The project relied on the following five proven met hods of 
decontamination: vacuuming, wiping, scrubbing, usin g strippable coatings, 
and shot blasting. Vacuuming, wiping, scrubbing, an d strippable coatings 
were primarily used to decontaminate the firescreen  plenum, the main 
filter plenum, glove boxes, and ductwork. Shot blas ting was used to 
decontaminate concrete surfaces especially the conc rete slab in Building 
146. Vacuuming, wiping, and scrubbing were used to remove radioactive 
dust and particles from plenum surfaces. Vacuuming was performed using 
HEPA-filtered vacuum cleaners. Surfaces were then w iped/scrubbed with a 
damp rag and an industrial all-purpose cleaner. Rag s were discarded as 
radioactive waste. 
After surfaces were vacuumed and wiped down, stripp able coatings were 
applied. Decontamination factors ranged from 10 to 100 depending on the 
presence of grease or oily residue on surfaces. The  use of strippable 
coatings involves the application of a polymer mixt ure, either by a paint 
roller or airless sprayer, to a contaminated surfac e. Both application 
methods were used in this project. As the polymer h ardens, the 
contaminants are entrained into the material. The c oating is then pealed 
off, containerized, and disposed of. This technique  is best suited for 
floors, walls, and ceilings because of their easy a ccessibility. 
Strippable coatings were also used with limited suc cess on internal glove 
box and ductwork surfaces.  
Shot blasting was used on the concrete slab on Buil dings 146 and 324 
after all equipment was removed from the buildings and the ceilings and 
walls were removed. Most of both building structure s were free released 
and sent to a local sanitary landfill for disposal.  Shot blasting is an 
airless method that strips, cleans, and etches the surface 
simultaneously. The technique is virtually dust fre e; therefore, shot 
blasting of the concrete slabs was conducted withou t using respirators. 
Portable shot blasting units move along the surface  as the abrasive is 
fed into the center of a completely enclosed centri fugal blast wheel. As 
the wheel spins, the abrasives are hurled from the blades, blasting the 
surface. The abrasive and removed debris are bounce d back to a separation 
system that recycles the abrasives and sends the co ntaminates to a dust 
collector. 
Demolition methodologies followed current, accepted  industry practices. 
The general decommissioning sequence consisted of 1 ) HEPA filter removal 
from the main rotary plenum and from Building 324, 2) main filter plenum 
removal from Building 146, 3) hood and glove box re moval, 4) exhaust 
system removal, 5) utility piping removal, 6) final  system disconnects 
(that is, electrical and fire protection), and 7) a  final status survey 
of both buildings to determine their suitability fo r free release. After 
additional spot decontamination of masonry block wa ll surfaces, the 



buildings were demolished using a trackhoe. Finally , both 
buildings'concrete slabs were decontaminated by sho t blast, surveyed for 
free release, and then removed using a trackhoe. 
WASTE MINIMIZATION AND VOLUME REDUCTION 
LANL and Department of Energy policy precludes the free release of any 
material with detectable activity above background levels, even when the 
surface contamination is below release guidelines. Although some 
materials have been released to a municipal landfil l following 
demonstration of no detectable activity, waste mini mization activities 
primarily emphasize volume reduction through on-sit e waste compaction and 
recycling of contaminated scrap metal. Concrete was  cleaned using a shot 
vacuum system, and the remaining slabs will be crus hed and used as on-
site fill. Through recycling, steel decontamination , and concrete 
crushing, LLRW from decommissioning was reduced com pared with previous 
decommissioning projects. 
Soil remediation was coordinated with LANL's remedi al action project. 
Sampling and other activities also were coordinated  to ensure data 
applicability and cost effectiveness. 
A significant amount of data currently exist for th is project.1 This 
information was obtained during a LANL-wide project  to quantify special 
nuclear material holdup in ventilation systems. The se data indicated that 
sizable portions of the process exhaust would be cl assified as 
transuranic waste. Ductwork was decontaminated duri ng decommissioning to 
minimize the volume of transuranic waste. According ly, during 
decommissioning the removed ductwork and decontamin ation waste were 
characterized for waste disposal purposes. This app roach also recognizes 
the difficulty and expense of sampling exhaust syst ems before removal. 
Likewise, HEPA filter sampling was best left until actual removal, at 
which time the filters were cored and samples were obtained more easily. 
Additional data were collected to measure radioacti vity in systems not 
addressed during previous holdup measurement campai gns. Measurements were 
made using nondestructive assay methods with sodium  iodide and germanium 
detectors. Items likely to be free of contamination  were surveyed to 
verify that no unexpected radioactivity was present . Appropriate 
engineering controls were used during decommissioni ng to protect 
uncontaminated materials. 
Except for one small spot of contamination on the f loor of Building 146, 
no historical releases occurred within either Build ing 146 or 324. The 
walls and floors were surveyed before demolition an d were decontaminated 
if contamination above detectable limits was indica ted. The long-range 
alpha detector, an experimental system developed at  LANL,2 and 
conventional gas-proportional instruments were used  to systematically 
survey the structures to verify that the material w as uncontaminated. 
Facility processes did not involve hazardous wastes  listed under RCRA. 
The RCRA facility investigation work plan identifie d metals as a 
potential contaminant of concern, so the Building 1 46 filters were 
sampled for metals. Sampling for metals, like the s urveys for radioactive 
constituents mentioned above, were performed when t he filter was removed. 
Building 146 was sampled for perchlorates. This sam pling was repeated 
after the drum had been turned. Historical records suggested that picric 
acid was used for some experiments. Building 146 wa s tested for picric 
acid before and after turning the drum, and the res ult was negative. 
During disassembly, duct systems were routinely tes ted for perchlorates 
and were all found to be negative. 



The HEPA filters contained asbestos, and the roofs of both buildings were 
thought to contain nonfriable asbestos-contaminated  material. All roofing 
material was tested for asbestos. Lighting systems were inspected for 
PCBs during disassembly, and fluorescent bulbs were  handled as hazardous 
waste. 
LESSONS LEARNED 
An important lesson learned is that the observation al approach is very 
effective from both cost and schedule perspectives.  By minimizing 
characterization activities, initial expenses and t ime to completion are 
reduced. Moreover, involving the people who will be  doing the physical 
work during the planning stage simplifies the techn iques used and 
guarantees the feasibility of the chosen techniques . Perchlorate and 
other unusual chemical contaminants (such as picrat es) may be hazards in 
old chemical processing facilities and should be sa mpled for. 
Finally, an extremely important lesson learned is t hat a small, 
autonomous project team, capable of internal decisi on-making, is 
essential for staying on track. The customer must b e part of the team. 
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ABSTRACT 
Many industrial facilities are faced with remediati on of contaminated 
environmental media. For these facilities, workplan s may be required by 
more than one regulatory agency prior to beginning clean-up activities. 
For sites regulated by multiple agencies, the devel opment of multiple 
documents to satisfy all regulatory authorities may  be a lengthy, 
expensive, and difficult process. 
A nuclear materials fabrication facility located in  East Tennessee is 
regulated by, among other agencies, the Environment al Protection Agency 
(EPA), the Nuclear Regulatory Commission (NRC), the  State of Tennessee 
Division of Solid Waste Management (DSWM), and the State of Tennessee 
Division of Radiological Health (DRH). As presented  in this case study, a 
single remediation plan was developed to satisfy th e requirements of each 
regulatory agency. An overview of the development o f the multi-purpose 



remediation plan, a discussion of the benefits and limitations of the 
multi-purpose approach, and applicability of the mu lti-purpose approach 
to other industrial facilities is presented. 
INTRODUCTION 
As required by the Nuclear Regulatory Commission (N RC), Nuclear Fuel 
Services, Inc. (NFS), a nuclear materials fabricati on facility located in 
East Tennessee, is currently conducting decommissio ning activities. These 
activities are also regulated by the Environmental Protection Agency 
(EPA) and the State of Tennessee. Traditionally, pr ior to performing 
remediation activities, a facility would be challen ged with the 
development of multiple remediation workplans to sa tisfy requirements of 
all respective regulatory authorities. This case-st udy describes an 
alternative approach in which NFS successfully deve loped a single, multi-
purpose environmental remediation plan which encomp assed the requirements 
of the EPA, the NRC, and the State of Tennessee. 
Background 
NFS, which began its Tennessee operations in 1957, processes radioactive 
materials under a License from the NRC. The company 's first contracts 
were to manufacture a variety of nuclear materials including uranium and 
thorium metals and various compounds and alloys of these materials. 
Prior to 1966, land disposal of low-level radioacti ve and solid waste 
materials occurred in a section of the NFS property . Land disposal of 
these materials was an accepted disposal method at that time. The 
disposed material was ultimately covered, and the a rea became commonly 
referred to as "Pond 4." In 1990, Pond 4 was identi fied as a Solid Waste 
Management Unit (SWMU) by the EPA. Prior to NFS rem ediating Pond 4, EPA, 
NRC, and State of Tennessee regulatory authorities requested a 
remediation plan for the area. Regulatory review an d approval of the Pond 
4 remediation plan was requested by the agencies be fore NFS began 
remediation activities. 
REMEDIATION PLAN DEVELOPMENT REQUIREMENTS 
Facilities operating under State and EPA permits an d State and/or NRC 
licenses may need the approval of each agency prior  to remediating 
contamination attributable to solid and/or hazardou s waste and 
radiological materials. Decommissioning for NRC reg ulated activities must 
be performed in accordance with an approved decommi ssioning plan. 
Similarly, environmental remediation activities tha t are (1) required by 
EPA due to the presence of contamination determined  to be potentially 
dangerous to public health and/or the environment; or, (2) initiated by 
the permitted facility, may be performed in accorda nce with an approved 
interim measures plan.  
NRC requirements for the development of decommissio ning plans are 
included in Title 10 of the Code of Federal Regulat ions (CFR) and in an 
NRC draft regulatory guide. The CFR regulations app licable to NFS are 
located in Parts 30, 40 and 70. These parts are ent itled "Rules of 
General Applicability to Domestic Licensing of Bypr oduct Material," 
"Domestic Licensing of Source Material," and "Domes tic Licensing of 
Special Nuclear Material," respectively (1). 
The applicable regulations contained in 10 CFR addr essing facility 
decommissioning and the development of a decommissi oning plan are 
summarized in a regulatory guide developed by the N RC entitled "Standard 
Format and Content of Decommissioning Plans for Lic ensees under 10 CFR 
Parts 30, 40, and 70" (2). This document provides a  suggested format and 
describes the suggested content of a decommissionin g plan. Specific 



requirements for each section of a decommissioning plan are identified in 
the regulatory guide and are as follows: 1) general  information; 2) 
description of decommissioning activities; 3) descr iption of methods used 
for protection of occupational and public health an d safety; 4) final 
radiation survey; 5) decommissioning funding; and, 6) facility and 
radioactive material security and safeguards. 
EPA requirements for the development of an interim measures plan are 
contained in Title 40 of the CFR and in an EPA deve loped guidance 
document. The applicable CFR Regulations are locate d in Part 264, which 
is entitled "Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities" (3). S ubpart F of 40 CFR, 
Part 264, which is entitled "Releases from Solid Wa ste Management Units," 
contains information related to interim measures re quirements. 
The regulations contained in 40 CFR relative to fac ility interim measures 
and the development of an interim measures plan are  included in an EPA 
guidance document entitled "RCRA Corrective Action Interim Measures 
Guidance" (4). A facilities' HSWA permit also conta ins requirements for 
development of the interim measures plan. Although the EPA guidance 
document (4) and the NFS HSWA permit include inform ation relative to the 
required content of an interim measures plan, infor mation relative to a 
suggested format is not provided. 
A third EPA document, entitled "EPA Handbook: Stabi lization Technologies 
for RCRA Corrective Actions," (5) was recommended b y the EPA as a 
reference related to interim measures. This documen t does not contain 
requirements for the development of an interim meas ures plan. It does, 
however, contain information relative to interim me asures technologies 
recognized by the agency. 
REMEDIATION PLAN DEVELOPMENT STRATEGY 
The NFS strategy for development of the remediation  workplan for Pond 4 
consisted of eight main steps as depicted in Fig. 1 . These steps were 1) 
identification of regulatory requirements; 2) preli minary outline 
development; 3) presentation to regulatory official s; 4) outline 
revision; 5) assembly of multidisciplinary project team; 6) remediation 
plan development; 7) plan review/revision; and, 8) regulatory approval.  
A primary objective of the NFS strategy was to opti mize communication 
with regulatory officials both in the initial plann ing stages and 
throughout plan development. Regulatory contacts we re initially briefed 
regarding the potential for the development of a si ngle remediation 
workplan. At this point, the State officials indica ted agreement with the 
NFS approach and advised following federal EPA/NRC remediation plan 
development requirements. EPA and NRC officials agr eed with the 
preliminary approach presented by NFS. 
Once development of the decommissioning/interim mea sures outline was 
completed by NFS, formal meetings were conducted in dividually with EPA 
and NRC contacts. The outline was approved by the N RC without revision 
and minor revision was requested by the EPA. The co mpleted preliminary 
outline for the Pond 4 Decommissioning/Interim Meas ures Plan is presented 
as Fig. 2. 
A secondary objective of the NFS strategy was to ut ilize a 
multidisciplinary project team approach. The multid isciplinary approach 
was selected by NFS management due to the technical  nature of the subject 
material required for development of the Decommissi oning/ Interim 
Measures Plan. The project team assembled by NFS co nsisted of a 
Hydrogeologist, a Health Physicist, a Waste Managem ent Specialist, an 



Engineer, and an Environmental Scientist. The Envir onmental Scientist was 
assigned responsibility for coordinating the team a nd development of the 
plan. A project schedule was developed, using Timel ine project management 
software (Fig. 3), which allowed for 60 working day s (i.e., approximately 
three months) to develop the Decommissioning/Interi m Measures Plan for 
submittal to the EPA, the NRC, and the State of Ten nessee. 
Fig. 1 
Fig. 2 
Fig. 3 
Once the initial draft of the document was complete d, the review process 
began. The plan was scheduled to receive three "in- house" reviews by NFS: 
peer review, project management review, and senior management review and 
approval. These reviews were scheduled to ensure th e document was 
complete, accurate, and of the quality suitable for  submittal to the 
regulatory agencies for review and approval. Docume nt revision was the 
responsibility of the Environmental Scientist; howe ver, some revisions 
required the collaborative efforts of the project t eam. Resolution of 
some technical issues required meetings between the  project team and 
management personnel. These meetings informed the m anagers of the 
technical issues and involved management in the res olutions. Once 
approved by the senior managers, the document was r eady for submittal to 
regulatory agencies. 
Regulatory submittal of the document by NFS was app roximately three weeks 
behind the project schedule due to additional time required for in-house 
document revision. The document was approved by NFS  senior management and 
was submitted to the NRC, the EPA, and the State of  Tennessee for review 
and approval on December 7, 1993. 
The NFS Pond 4 Decommissioning/Interim Measures Pla n was jointly approved 
by the EPA and the State of Tennessee Office of Sol id Waste Management on 
March 22, 1994. Minor comments to the plan were rec eived from the NRC and 
the State of Tennessee Division of Radiological Hea lth in early May, 
1994. The NRC and State comments indicated the reme diation strategy and 
approach proposed by NFS were acceptable; however, minor revision to the 
plan was required. 
Prior to revising the plan, NFS verbally communicat ed the planned 
revisions to the NRC and to the State of Tennessee.  The plan was 
subsequently revised by NFS and Revision 1 of the p lan was submitted to 
the EPA, the NRC, and the State of Tennessee on Jun e 16, 1994. The plan 
revisions primarily consisted of providing clarific ation of radiological 
health and safety issues. Approval of the plan by t he NRC and the State 
was received on June 23, 1994.  
DISCUSSION 
The strategy implemented by NFS for the development  of a single 
Decommissioning/ Interim Measures Plan for Pond 4 w as successful as 
demonstrated by approval of the plan by all respect ive regulatory 
agencies, on schedule and within budget. The single  document approach 
facilitated the regulatory review process, lessened  the duplication of 
effort required in the development of two or more s eparate but similar 
plans, and was more time and cost efficient. Timely  approval of the plan 
may not have been a reality had NFS not maintained open and frequent 
communication with the regulatory authorities and i f the agencies had 
each been reviewing different plans. 
Development of the plan addressed complex technical  issues including 
engineering, health physics, hydrogeology, waste ma nagement, and 



environmental science. Utilization of a multidiscip linary project team 
approach ensured the technical depth and accuracy o f the document, thus 
providing the essential information for regulatory review and approval. 
Open communication was always maintained between NF S and the regulatory 
authorities. This communication began in the initia l planning stages and 
continued throughout the completion of the plan. In volving the agencies 
in the initial planning stages helped to ensure tha t their approval would 
be received prior to expending the time and effort required to develop 
the comprehensive plan. Development of the single p lan facilitated the 
open communication between NFS and the respective a gencies as well as 
streamlined the regulatory review and approval proc ess. 
While the multi-purpose approach was successful for  NFS, the potential 
for changes in various agency regulatory requiremen ts during plan 
development are of concern due to the dynamic natur e of the regulatory 
system. New regulations are constantly being propos ed and promulgated by 
the EPA and the NRC. Changes in regulations within a particular agency, 
when encountered during the plan development or age ncy review and 
approval stages, may delay the approval of the plan , thereby delaying the 
start-up of remediation work. However, maintaining frequent and open 
communication with the regulatory authorities may e nable the regulated 
party to be informed of potential changes in regula tions before they 
occur. 
Currently, approximately 250 industrial facilities exist, which like NFS, 
are regulated by the NRC, the EPA, and the State. A s demonstrated in this 
case study, the "multi-purpose" approach utilized b y NFS may also be an 
effective strategy for other facilities planning en vironmental 
remediation activities which require approval or co ncurrence by the EPA, 
the NRC, and the State. Similarly, it may also be p rudent for facilities 
to apply the multi-purpose strategy to other overla pping EPA/NRC 
regulated activities; an example would be the devel opment of a single 
workplan for an EPA RCRA Facility Investigation/NRC  Site 
Characterization. 
 Note: The opinions expressed by the authors of thi s paper are their own 
and do not necessarily reflect the opinions or posi tion of Nuclear Fuel 
Services, Inc.  
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ABSTRACT 
The need for and benefits of effective and economic al decontamination 
technologies for nuclear facility decommissioning a re substantial and 
without question. Decontamination and decommissioni ng (D&D) programs in 
the U.S. Department of Energy (DOE), nuclear utilit y industry, and 
international markets are growing rapidly. With thi s growth, the 
acceptability and costs of traditional D&D approach es, which rely largely 
on demolition and disposal, are being increasingly called into question. 
Disposal in particular is a major complicating fact or as disposal costs 
are rising, and the long-term availability/public a cceptability of 
disposal capacity is a significant uncertainty for the industry. 
Thus, the stage is set for innovative technologies which can 
decontaminate structures and equipment to below reg ulatory levels, 
thereby avoiding large-scale bulk disposal. Such te chnologies must be 
effective in the removal of a variety of contaminan ts from different 
types of materials and substrates. They must also o ffer total economics 
(considering process costs, disposal, reuse, future  liabilities, and 
other factors) which are attractive versus demoliti on and disposal. 
The TECHXTRACT process is a chemical technology for  the extraction of 
radionuclides, heavy metals, PCBs, and hazardous or ganics from solid 
materials such as concrete and metal. Specifically designed chemical 
blends are used to penetrate below the surface and remove contaminants 
which have leached into the substrate. The technolo gy has very high 
decontamination rates (e.g., 90-99% per cycle). In addition to 
decontamination performance, economic analysis indi cates that TECHXTRACT 
can save 25-75% of total project cost versus tradit ional methods. It is a 
full-scale, commercialized technology which has bee n used in the DOE 
complex, electric utility, and private industry. Th is paper discusses the 
technology in more detail and offers a case history  from a recent full 
scale decontamination project for a private industr y manufacturer. 
DESCRIPTION OF THE TECHXTRACT TECHNOLOGY 
The TECHXTRACT technology is a patented, sequential  chemical extraction 
process for the removal of radionuclides, PCBs, and  other hazardous 
organic and inorganic substances from solid materia ls such as concrete, 
brick, steel, and exotic metals. The technology use s advanced chemical 
formulations and carefully engineered applications to achieve significant 
penetration and removal of these contaminants from below the surface of 
these materials. 
The chemistry is based on several hypotheses relati ng to contaminant 
migration and removal. The first hypothesis is that  contaminants migrate 
along the grain boundaries and into pores and micro scopic voids 
(Kirkendall effect) of a material, even for seeming ly non-porous media. 
Mobility of the contaminants, time, and secondary f orces often drive 
these contaminants to deeper levels in the substrat e. Furthermore, 
contaminants tend to become chemically or electrost atically bonded to the 
substrate. In many cases, the time between the cont amination event and 
decontamination efforts will allow the contaminant migration pathways to 
become partially closed by organic and inorganic im purities. 
All of these factors point to the need for a sophis ticated chemical 
system which: 
  Reopens the pores and capillary pathways to the m aximum possible extent 
(electrocapillary effect), 



  Penetrates into the pores as deeply as possible, 
  Breaks the electrostatic and chemical bonds which  hold the contaminants 
in place, 
  Complexes or sequesters the contaminants to preve nt recontamination, 
  Activates the capillary rise effect (Young and La place equation). 
The TECHXTRACT chemical formulas are designed to ad dress each of these 
complex needs, using over 25 components to incorpor ate dissolution, 
oxidation, reduction, hydrolysis, decomposition, we tting, complexation, 
microencapsulation, and flotation chemistry princip les. The chemistry 
further compensates for situations in which the con tamination is a 
mixture of pure elements, oxides, and related compo unds with varying 
solubility indices. The spent chemical solutions, w ithout contaminants, 
do not contain any TCLP constituents and have been disposed of by 
incineration, solidification (and land disposal), a nd discharge to liquid 
effluent treatment systems. 
The technology incorporates a tailored process for applying and removing 
each of the chemicals in the right sequence and com binations to achieve 
optimal results. In most projects, three different chemical formulas are 
used. Chemicals are applied in low volumes, usually  as a spray, to 
minimize consumption and secondary waste volume. Af ter being applied, the 
chemicals are scrubbed into the contaminated surfac es, left to dwell for 
a defined time, and rinsed and removed. The applica tion and removal of 
all three formulas constitutes one complete process  cycle, and typically 
requires one day (24 hours). Sampling and/or survey s can be performed at 
the end of any cycle, and often shows reductions of  90% or more per 
cycle. 
The TECHXTRACT process has been found to be most ap plicable in 
remediation or decontamination projects when one or  more of the following 
conditions apply: 
  The acceptable level for any residual contaminant  is very low (e.g., 
free release at 5,000 dpm/100 cm2 or lower), 
  Simple surface cleaning is ineffective, 
  Disposal is undesirable, either because the volum e and resulting 
disposal and replacement costs are too high, or due  to resource recycle 
or waste minimization objectives, 
  Significant safety concerns - such as flammabilit y, corrosivity, 
creation of airborne contaminant particles, fugitiv e emissions or 
generation of toxic fumes and/or explosive gases - are raised,  
  Decontamination is to be performed on surfaces th at are not flat and 
horizontal, such as equipment, walls, ceilings, str uctural beams, and 
internal piping, 
For radioactively-contaminated metals, the technolo gy is particularly 
applicable in situations involving equipment which is needed for ongoing 
operations or for return to a vendor, when there is  a high salvage ("as 
is") value, when the scrap value is much higher if unrestricted release 
is achieved, or when other factors make metal melti ng (and restricted 
use) impracticable or unacceptable. For radioactive ly-contaminated 
concrete, it offers the potential to avoid the high  costs associated with 
demolition, repair, replacement, and disposal of la rge waste volumes. 
CASE HISTORY - EQUIPMENT DECONTAMINATION PROJECT 
EET and SEG were recently contracted to perform a t urnkey radiological 
decontamination project for a private industry manu facturer. The 
customer's plant produces filaments for light bulbs . In the past, the raw 
materials for their process had included small amou nts of radioactive 



thorium. Routine operations had resulted in widespr ead contamination, 
including the major manufacturing equipment, ancill ary piping, and the 
floors and walls of the surrounding rooms. 
Due to a change in operations, radioactive material s were no longer being 
handled at the facility. The facility's objective w as to eliminate all 
radioactive contamination, with minimal impact to o ngoing operations. The 
area of greatest concern were the large production machines which house 
the treating bottles and which are central to the m anufacturing process. 
These machines had the highest levels of contaminat ion, were critical to 
ongoing operations, and would be extremely expensiv e to replace and to 
dispose of as low level radioactive waste. 
The major portion of the decontamination activities  were scheduled to be 
performed during a two-week plant turnaround in the  July, 1995. A 
successful demonstration of the TECHXTRACT technolo gy was performed on-
site by EET in May, 1995. This demonstration proved  the effectiveness of 
the technology on typical machinery components. It allowed the plant to 
include full decontamination in its base line decon tamination plans and 
to avoid ordering replacement equipment, much of wh ich would have 
required long lead times and custom fabrication. 
The production machines and treating bottle racks a re complex pieces of 
equipment. Each treating bottle rack is approximate ly ten (10) feet long 
and fifteen (15) feet high and contains four (4) tr eating bottles. Each 
treating bottle is approximately eight (8) feet hig h, with an aluminum 
base and a double-walled copper bell that fits over  the metal bars as 
they are being treated. This presented a number of difficult to access 
areas for decontamination. 
Radiation levels on the equipment varied greatly. I nitial levels as high 
as 200,000 dpm/100 cm2 (fixed alpha) were observed,  with typical levels 
around 5,000 dpm/100 cm2 (fixed alpha). Elevated le vels were also 
observed on the internal surfaces of the equipment and other components. 
The plant's decommissioning plan, which had been fi led with and accepted 
by the state, called for radiation levels on equipm ent to be reduced to 
less than 500 dpm/100 cm2 of fixed alpha radiation.  
During the project, EET personnel performed deconta mination of the 
equipment using the TECHXTRACT process. SEG provide d health physics 
support and project management. SEG also performed decontamination of 
other areas using traditional techniques. The machi nes were partially 
disassembled to allow access to all contaminated su rfaces. 
Several different decontamination approaches were u sed during the 
project. Small components were dipped and scrubbed in a series of 
TECHXTRACT chemical baths. Other disassembled items  which were too large 
for the baths were cleaned by hand. In some cases, the radioactive matter 
was trapped in layers of water scale. This was diss olved using one of the 
chemical blends. The main machine structure was dec ontaminated in place, 
with the upper sections reached from scaffolding. W ork was done in two, 
twelve-hour shifts to meet the plant's turnaround s chedule. 
EET and SEG encountered a number of unexpected cond itions during the 
first few days of the project. Radiation levels wer e much higher and 
contamination was much more widespread than expecte d. There was also a 
significant amount of radioactive hold-up in the jo ints between 
components and other difficult to access areas. Thi s resulted in more 
cleaning and more surface area for decontamination than expected. The 
hard water scale was another unique challenge of th e project.  



Despite these challenges, all of the equipment was decontaminated to the 
required levels for free release 500 dpm/100 cm2 (f ixed alpha) under the 
plant's decommissioning plan. No components require d disposal and 
replacement, and all of the precision machined part s remained within 
tolerance after chemical decontamination. The overa ll decontamination 
schedule was delayed, due to the circumstances desc ribed above, but this 
portion of the project was completed in approximate ly six weeks, and the 
first two machines were returned to the customer wi thin their original 
time frame. As a result, the plant was able to resu me production with 
minimal impact on its operations due the decontamin ation project. 
CONCLUSION 
The results from this project clearly show the abil ity of the TECHXTRACT 
technology to perform effective decontamination and  extraction of 
radioactive contaminants. Other private industry an d DOE projects have 
confirmed these capabilities for the decontaminatio n of concrete, metal, 
equipment, and other items. The effectiveness of th e technology lies in 
its ability to penetrate into the substrate so that  contaminants such as 
radionuclides and PCBs can be solubilized and extra cted. This technology 
offers significant benefits in the reuse of previou sly contaminated 
buildings and equipment, waste reduction, and avoid ed disposal cost. EET 
continues to perform research to improve the TECHXT RACT process and 
broaden its applications. 
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ABSTRACT 
A series of site characterization measurements were  performed in 1994 in 
preparation for the decontamination and decommissio ning (D&D) of the Old 
Hydrofracture Facility (OHF) at Oak Ridge National Laboratory. The OHF 
was one of four sites in Melton Valley used in the development and full-
scale application of the hydrofracture process, a u nique disposal method 
that involved injecting radioactive liquid low-leve l waste mixed with 
grout and additives into a deep, low-permeability s hale formation. The 
OHF facility did not appear to have been decontamin ated before it was 



abandoned; most of the equipment and piping used in  the cells and control 
room are still present. 
The objective of the site characterization was to d etermine the nature 
and extent of radioactive and hazardous materials a nd other industrial 
hazards in and around the structures. This informat ion will be used in 
subsequent planning to develop a detailed approach for dismantling and 
disposing of the structures: 1) to evaluate and des ign the most cost-
effective D&D approach; 2) to determine the level a nd type of protection 
necessary for D&D workers; and 3) to estimate the t ypes and volumes of 
wastes generated during D&D activities and support decisions on waste 
disposal. The D&D characterization scope included t he entire OHF 
structure, including the foundation and equipment o r materials within the 
structure. To estimate potential worker exposure fr om the soil during 
D&D, the characterization scope also included the s oils underneath and 
surrounding the building to a distance of 5 ft from  the structure. 
This paper will discuss measurement results, data a nalysis methods used 
to quantify various types of contaminants, and mode ling used to estimate 
the relative isotopic distribution of the contamina nts. Results from 
different types of measurements along with modeling  results will be used 
to infer the spatial distribution and correlation o f the contaminants and 
radiation fields they generate. The contribution of  loose and fixed 
contaminants to the total general area radiation fi elds will also be 
estimated. The measurement methods included gross a lpha, beta, and gamma 
surveys; directional gamma surveys; gamma spectrosc opy; concrete coring; 
photography; and collection of soil and miscellaneo us samples. 
INTRODUCTION 
Portions of the Old Hydrofracture Facility (OHF) at  Oak Ridge National 
Laboratory (ORNL) were characterized in 1994. Chara cterization activities 
centered on various aboveground structures at OHF, equipment outside and 
inside those structures, and the soils immediately surrounding some of 
those structures. 
The site characterization was performed under the O RNL Remedial 
Investigation/Feasibility Study (RI/FS) Project and  made extensive use of 
the existing programmatic infrastructure. Permanent  records of the 
investigation (including logbooks, photographs, lab oratory analytical 
results, and engineering calculations) are maintain ed as RI/FS Project 
records. 
Site characterization activities followed the Site Characterization Plan 
for the Old Hydrofracture Facility at Oak Ridge Nat ional Laboratory, Oak 
Ridge, Tennessee (1). 
LOCATION 
OHF, also known as HF-3, is approximately 1 mile so uthwest of the main 
ORNL complex in Melton Valley, near the intersectio n of OHF/WAG 5 Road 
and Intermediate Pond Access (Fig. 1). OHF was one of four sites in 
Melton Valley used in the development and full-scal e application of 
hydrofracture operations. OHF covers approximately an acre; its 
boundaries coincide approximately with ORNL grid co ordinates N17100, 
E28500 and N17300, E28700. 
Fig. 1 
HISTORICAL MISSION 
OHF was constructed in 1963 to allow experimentatio n and operations with 
an integrated solids storage, handling, mixing, and  grout injection 
facility. The facility was shut down in 1980 and tr ansferred to ORNL's 
Surveillance and Maintenance Program. 



The hydrofracture process was a unique disposal met hod that involved 
injecting waste materials mixed with grout and addi tives under pumping 
pressures of 2000 psi or greater into a deep, low-p ermeability shale 
formation (Fig. 2). The injected slurry spread alon g fractures and 
bedding planes for hundreds of feet from the inject ion points, forming 
thin grout sheets (often less than 1/8 in. thick). The grout ostensibly 
solidified and immobilized the liquid wastes. 
Fig. 2 
The facility was used for 7 experimental injection campaigns in 1964 and 
1965 and 18 operational campaigns from 1966 to 1979 . The experimental 
campaigns injected grout plus radioactive tracers; the operational 
campaigns injected group plus approximately 969,000  gal of liquid low-
level waste (LLLW). The experimental injections wer e at an average depth 
of 945 ft; operational injections were at an averag e depth of 792 ft (2). 
OBJECTIVES AND SCOPE 
The objective of the field investigation was to pro vide information 
necessary for 
  engineering evaluation and planning of decontamin ation and 
decommissioning (D&D) approaches, 
  planning for protection of D&D workers, and 
  estimating waste volumes from D&D activities. 
The site characterization focused principally on OH F components for which 
the ORNL D&D Program is responsible: Building 7852,  the four bulk solids 
bins, water tank T-5, pump P-3, and the pump house (excluding the valve 
pit, which is under the control of ORNL Waste Opera tions) (Fig. 3). For 
the purpose of characterization only, this report a lso addresses two 
items assigned to the ORNL Remedial Action Program:  
  the injection wellhead in Building 7852, and 
  the soil underneath and surrounding the D&D struc tures (e.g., Building 
7852 and the pump house) within 5 ft. 
Fig. 3 
Characterization consisted primarily of inspections , radiological 
measurements, and radiological and chemical samplin g and analysis. 
Inspections determine general facility conditions, as-built information, 
and specialized information (such as structural eva luations). 
Radiological sampling and measurements define the q uantity and 
distribution of radioactive contaminants; this info rmation is used to 
calibrate a dose model of the facility and estimate  the total activity, 
in curies, of each major radioactive isotope. The r adiological 
information from sample analyses is used to refine the radiological model 
of the facility, and the radionuclide and hazardous  chemical analyses are 
used for waste management planning. This paper pres ents data from the 
field investigation and laboratory analyses in the form of summary tables 
of radiological and chemical contaminant concentrat ions, and a waste 
volume estimate. 
Field investigations of ancillary aboveground exter nal piping with 5 ft 
of the D&D structures was limited to visual identif ication and cross-
referencing to existing drawings; no excavation was  performed to locate 
or characterize underground piping or drains or inv estigate underground 
tanks and piping. 
POTENTIAL CONTAMINANTS IN INJECTED WASTE 
Huang et al. (3) estimated that the average concent ration of 
radionuclides in the grout mixture prior to injecti on was approximately 



0.26 mCi/mL or less for beta/gamma emitting radionu clides and 10 nCi/g or 
less for transuranic (TRU) alpha emitting radionucl ides. 
The radioactive tracers injected with the grout dur ing the experimental 
campaigns was gold-198 (30 Ci), cerium-144 (4100 Ci ), cesium-137  (5200 
Ci), ruthenium-106 (40 Ci), strontium-90 (1400 Ci),  and cobalt-60 (20 Ci) 
(4). The LLLW injected during the operational perio d contained 
approximately 604,000 Ci of cesium-137, 38,600 Ci o f strontium-90, 233 Ci 
of Curium-244, and 5.8 Ci of TRU other than curium (5). Thus, the two 
principal contaminants of concern are cesium-137 an d strontium-90. 
Additional information on potential contaminants ca n be obtained by 
referring to analytical results of the contents of waste tanks T-1, T-2, 
T-3, T-4, and T-9, which were sampled during 1988 ( 6,7). The tanks were 
used to store LLLW until it was ready to be blended  with grout, and they 
still contain significant quantities of liquid and sludge waste. In 
addition to cesium-137 and strontium-90, other beta /gamma emitters found 
in the tank contents were cobalt-60, europium-152/1 54/155, carbon-14, and 
tritium. Alpha emitters included uranium-233, pluto nium-238/239, curium-
244, americium-241, thorium-232/238, and californiu m-252. 
Based on analysis of the water and sediment in the OHF impoundment and 
waste pit T-4 as reported by Huang et al. (3), beta /gamma emitters 
included cesium-137, strontium-90, cobalt-60, europ ium-154, and cesium-
134; alpha emitters included curium-244, plutonium- 238/239, americium-
241, and uranium-235/238. 
An overview of the potential Resource Conservation and Recovery Act 
(RCRA) status of the OHF tank contents is provided by Autrey et al. (6). 
None of the waste tanks contained a RCRA ignitable waste or were 
classified as RCRA corrosive. The pH of the tank li quids was basic (pH of 
8.8 and higher). Toxicity characteristic leaching p rocedure (TCLP) tests 
were not performed, but Autrey et al. indicate that  potential inorganics 
of concern include chromium, lead, and mercury base d on elevated total 
concentrations, particularly in the sludges. In gen eral, the tank 
contents contained little organic matter. However, volatile organic 
compounds of concern (TCLP constituents detected in  tank samples) 
consisted primarily of solvents; RCRA-listed semivo latile organic 
constituents consisted primarily of various phthala tes and ploynuclear 
aromatic hydrocarbons. 
De Laguna et al. (8) indicate that the approximate chemical content of 
the waste solution (prior to mixing with solids) in cluded NaOH [0.05 
molar solution (M)], NaNO3(0.8M), NH4)2SO4(0.15 M),  Al2(SO4)3(0.05 M), 
NaCl(0.05 M) and NaCO3(0.05 M). 
CHARACTERIZATION APPROACH 
Inspections 
Activities included photography, measurement of as- built dimensions, 
inspection by a structural engineer, and inspection  by an industrial 
hygiene specialist for lead paint and asbestos. Ext ensive photography was 
performed to document the current condition of the facilities and to help 
plan D&D activities. The photographs will be partic ularly valuable 
because different contractors will do different pha ses of the work, and 
new D&D participants will be able to quickly famili arize themselves with 
the buildings with minimal personnel radiation expo sures. Measurements of 
as-built dimensions was necessary in this case beca use no as-built 
drawings were available and modifications had been made to the structures 
during their operating lives; such measurements mig ht not have been 
necessary in a well-documented facility. Inspection s by specialists such 



as a structural engineer and an industrial hygienis t add insight to the 
conditions and hazards that may be present and help  to plan for these 
conditions. 
Radiological Measurements 
Field measurements of the radiological conditions i n these D&D buildings 
are of primary importance; measurements can be conv eniently divided into 
"general area" and "location-specific." General are a measurements 
included exposure rate surveys, directional gamma m easurements, and gamma 
spectroscopy. The exposure rate surveys provide the  general area exposure 
rates needed for ALARA planning and D&D task sequen cing. Directional 
gamma measurements provide radiation profiles for m odeling radiological 
sources within the buildings. Gamma spectroscopy pr ovides isotopic 
information for radiological modeling and waste man agement planning. All 
of these general area measurements are amenable to both direct surveys 
and remote measurements where human access is impra ctical or not ALARA. 
Location-specific measurements (field counts and sm ears to quantify loose 
contamination) were done on potentially contaminate d structural surfaces 
within the buildings. A protocol was developed to h elp ensure 
quantitative results under field conditions. First,  calibrated field 
instruments were source- and background-checked bef ore each day's use. 
Second, at each selected location the measurements were as follows: 
  Using a 10 cm x 10 cm square template, the locati on was outlined and 
numbered. 
  Using a 0.68-cm standoff spacer, an alpha measure ment consisting of 
three integrated counts was conducted. 
  Using a 10-cm standoff spacer, a beta/gamma (open  window) measurement 
consisting of three integrated counts was conducted . 
  Using a 10-cm standoff spacer, a gamma (closed wi ndow) measurement 
consisting of three integrated counts was conducted . 
  A smear sample was collected inside the 10 cm x 1 0 cm outline. 
  The location was photographed. 
Third, the field instruments were source- and backg round-checked at the 
end of each day's use. Primary instruments for thes e measurements were 
the Eberline HP-270 beta/gamma detector and the Ebe rline AC-3 alpha 
detector, both with the Eberline EPS-2 counter. The  smear samples 
collected were to be analyzed for gross beta/gamma,  gross alpha, and 
gamma isotopes (spectroscopy); strontium-90 analysi s was to be conducted 
if gross beta levels were high and could not be acc ounted for by gamma 
spectroscopy results. 
Sampling 
The objectives of sampling were to 1) identify radi oisotopes present, 
including certain TRU isotopes; 2) determine depth of penetration of 
radionuclides into concrete surfaces; and 3) screen  for the presence of 
hazardous chemicals. Samples would consist primary of concrete cores and 
subfoundation soil samples, but provisions were als o made for collection 
of miscellaneous "opportunity samples" that might b e identified in the 
field. Because of the small size of these facilitie s and the high cost of 
laboratory analyses, sampling activities were limit ed to just a few in 
each room or cell. Laboratory analyses would includ e a full suite of 
radionuclides and hazardous chemicals. Analysis of radionuclide 
penetration into concrete surfaces was done by taki ng core samples of the 
concrete; these core samples were analyzed by slit- scanning with a high-
purity germanium gamma spectroscopy system. Slit-sc anning involves 
shielding the detector so that only a 1/8-in. or 1/ 4-in. slice of core is 



measured. Each 1/8- or 1/4-in. increment is measure d down the length of 
the core to develop a contamination profile. 
Summary of Approach 
A site characterization approach should be based on  the data needed to 
plan and execute D&D of the facility. Table I summa rizes the data needs, 
uses, and collection methods for characterization o f OHF. 
Table I 
SUMMARY OF FINDINGS 
The facility did not appear to have been decontamin ated before it was 
abandoned; most of the equipment and piping used in  the cells and control 
room are still present. Exceptions are the high-pre ssure pump and diesel 
engine used for grout injection, which have been re moved from the pump 
cell and engine pad, respectively. The cells contai n other items such as 
ladders, drums, cleaning equipment, ropes and cable , pins and bolts. The 
integrity of the OHF structures is adequate (i.e., the structures will 
remain structurally intact) for safe decontaminatio n or demolition. All 
rooms and cells are contaminated with hotspots. The  pumphouse, control 
room, and cell areas are all contaminated, with mos t of the contamination 
fixed to the surface of the room/cell walls and flo ors. Exceptions are 
the loose grout on the floor of the mixing cell and  grout in piping. The 
exteriors of water tank T-5, pump P-3, and the four  bulk storage bins 
were surveyed and found to be free of loose surface  (smearable) 
contamination. 
The concrete foundation slab of the room/cells rang es from 4 to 9 in. 
thick. The floor slabs in the mixing and pump cells  consist of two 
distinct layers: a top layer (approximately 3 in. a nd 1 in. thick, 
respectively) and a bottom layer (approximately 6 a nd 7 in. thick, 
respectively). Slit scanning of the concrete cores indicates that most of 
the measured gamma activity is within the first few  inches of the 
surface. The activity along the length of the core is nonuniform; the 
activity is generally high at surfaces, decreases t o near background 
level, and increases slightly again near the bottom  where the core 
contacts underlying soil. The two-piece core from t he mixing cell behaves 
differently than the others; the top portion has hi gh activity at the 
surface, decreases to near background level, and in creases at the 
interface by a factor of 20. The bottom section beh aves the same as the 
other cores. 
General area measurements and concrete and soil sam ple gamma spectroscopy 
results indicate that the primary gamma emitting is otope present is 
cesium-137/barium-137m. Other radiological contamin ants include 
strontium-90/yttrium-90, cobalt-60, uranium, thoriu m, and plutonium, 
although in very small amounts. Comparison of direc t measurement and 
smear results indicates that most of the contaminat ion is fixed on 
surfaces. 
The general area average exposure rates (closed win dow) in these areas 
range from 3 to 60 mR/h. Alpha activity is generall y higher in the cells 
than in the control room, engine pad, and pump hous e. The average alpha 
activity ranges from approximately 59 to 4500 dpm/1 00 cm2; smear results 
range from approximately 1 to 800 dpm/100 cm2. In a ddition, there are 
several hotspots in the mixing and pump cells and t he pump house. The 
elevated exposure rates in the mixing cell are on t he bottom of the 
mixing tank and the suction lines used for transpor ting group to the pump 
cell (120-160 mR/h and 270-400 mrad/h) and in the f loor drain (300 mrad/h 
and 150 mR/h). The elevated contact exposure rates were on the two grout 



suction lines from the mixing cell (800 mrad/h and 120 mR/h and 3000 
mrad/h and 300 mR/h) and the pipe suspended (hangin g vertically) from the 
ceiling (1000 mrad/h and 800 mR/h; these exposure r ates were measured 
before the pipe was shielded with lead blanket and lead sheet). A few 
areas on the pump house concrete pad under the lead  shielding exhibit 
high exposure rates (maximum 2500 mrad/h and 1000 m R/h) approximately 6 
in. from the floor. 
Location-specific direct beta/gamma average reading s about 10 cm from the 
surface ranged from approximately 5 to 200 mR/h (cl osed window) and 6 to 
300 mrad/h (open window). The open window measureme nts were approximately 
10 to 30% higher than the closed window measurement s because of the beta 
field. 
The total activity (i.e., curie content) of the rad ionuclides in the 
structural concrete and group deposits was calculat ed using the concrete 
and grout volume estimates, the location-specific m easurements readings, 
and the radionuclide concentrations reported by the  analytical laboratory 
for the concrete cores and grout samples. The calcu lations assumed a 
density of approximately 2.35 g/cm3 for both the co ncrete and grout. 
Concentrations of radionuclides in the floor slabs and grout deposits 
were assumed to be equal to the concentrations disc overed in the concrete 
floor core and the grout samples, respectively. No samples were taken 
from the concrete block walls, and the radionuclide  concentrations in the 
walls were inferred from results of location-specif ic radiological 
surveys rather than direct laboratory analysis. To be specific, the 
radionuclide concentrations in the walls were assum ed to be represented 
by the floor core concentrations multiplied by the ratio of the average 
of the location-specific radiological survey readin gs on the walls to the 
average readings on the floor. The alpha survey res ults were used to 
obtain the wall-to-floor ratio for the alpha emitte rs, and the beta/gamma 
surveys (closed window) were used to obtain the rat io of the beta/gamma 
emitters. 
As shown in Table II, the total activity for variou s radionuclides was 
calculated separately for the floors, walls, and gr out deposits, and then 
summed to obtain a total curie estimate. For most o f the radionuclides, 
the total activity in the grout deposits is signifi cantly greater than 
that in the floors or walls. 
Table II 
The waste disposal volume estimates include Buildin g 7852, the pump 
house, the bulk storage bins and associated equipme nt, tank T-5, and pump 
P-3, plus the foundations of those structures and t he equipment or 
materials within Building 7852 and the pump house. They do not include 
the soils underneath and surrounding the structures  or the ancillary 
external piping or drains leading to or from the st ructures. Remediation 
of the valve pit, the injection wellhead, the soils , and ancillary 
external piping is not currently considered a part of D&D implementation. 
Miscellaneous items such as furniture, tools, spare  parts, electrical 
conduit, minor piping, unattached piping, trash, an d investigation-
derived waste (e.g., protective clothing and equipm ent used during D&D 
implementation) are not included in the volume esti mate. The disposal 
volume was estimated on the basis of as-built condi tions determined 
through field investigation and Energy Systems desi gn drawings. 
Volume estimates were performed for concrete, steel , and lead materials. 
The concrete volume estimates for the structures in clude the walls, floor 
slabs, and foundations/footings. The steel volume e stimates include the 



building roofs, the bulk storage bins and associate d equipment, pumps, 
vessels/tanks, platforms and supports, ducting, and  major piping inside 
the structures. The lead volume estimate includes l ead shielding in the 
pump house, lead plates on the mixing cell roof, an d (assumed) lead 
bricks in a 55-gal drum in the control room. The bu ilding material 
volumes were multiplied by the following swell fact ors to establish a 
disposal volume: concrete 1.25, steel 1.35, and lea d 1.35. 
One set of waste volume estimates was prepared assu ming complete 
dismantlement of the D&D structures and demolition and removal of all the 
above- and below-ground materials. No partial disma ntlement options were 
considered. Table III shows disposal volume estimat es as a function of 
waste category, D&D structure, and construction mat erial. A significant 
fraction of the disposal volume is due to the four bins and tank T-5; the 
table uses the bin and tank volumes prior to their being sectioned or cut 
up. 
Table III 
Concrete rubble is estimated to contribute approxim ately 1/4 of the 
volume of waste generated during OHF D&D. The bulk storage bins, tank T-
5, and other scrap metal contribute most of the rem aining fraction of 
disposal volume; however, the metal contribution is  based on the 
assumption that the bins and tank are unsectioned o r uncut. The waste 
volume from tank T-5 and the bins can be reduced by  orders of magnitude 
if cut into smaller pieces. 
None of the concrete cores or soil samples contain base/neutral/acid-
extractables, pesticides, or inorganics that exceed  the RCRA toxicity 
characteristic equivalent limits for solids, nor do  any contain 
polychlorinated biphenyls that exceed the limit imp osed by the Toxic 
Substances Control Act. Two potential RCRA constitu ent metals (chromium 
and lead) were identified in the paint chip samples . A TCLP test should 
be performed on the rubblized waste before disposal  to determine whether 
the chromium and lead are RCRA constitutes; however , the paint is not 
expected to fail the TCLP test because of its relat ively low 
leachability. Two samples were collected from the b ins for asbestos 
analysis; test results were negative. The lead (shi elding) plates in the 
room/cells are considered low-level radioactive mix ed waste. 
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ABSTRACT 
JAERI has been developing the remote controlled pla nt data acquisition 
system as a part of the technology improvement prog ram for 
decommissioning of nuclear facilities under a contr act with the Science 
and Technology Agency of Japan. The outline of the system development and 
some results is described in poster session. 
Decommissioning procedure planning of nuclear facil ities has to be based 
on the latest and exact plant data. But sometimes t he latest data could 
not be constructed from the design drawings if long  years had been passed 
after the construction and some modifications had b een done after the 
start of operation. So the data acquisition works o f the location and the 
dimension of the facilities are indispensable for t he decommissioning. 
Also the development of remote controlled plant dat a acquisition system 
is necessary for the decommissioning procedure plan ning of the high 
radiation area because of the difficulty of the acc essibility to the 
area. 
JAERI has developed the remote controlled plant dat a acquisition system 
which use the small mobile robot equipped with ITV and laser pointer from 
1992. This system is planned to apply to the decomm issioning engineering 
of the JAERI's reprocessing test facility (JRTF). 
Remote plant data acquisition system consists of th ree sections, mobile 
section, vision section and control section. Mobile  section has two main 
drive wheels at the center of the body, two pairs o f legs with 2 joints 
and 1 assist wheel at the front side and the rear s ide. By the movements 
of these parts, the robot is able to traverse the f lat face and slope, 
and to cross the piping. Vision section is composed  of the TV camera for 
normal view, the TV camera for close-up view, the l aser pointer and the 
light, and be able to collect the pictures of the o bject and the data of 
its location and distance. Control section is compo sed of the TV monitor, 
the computer (EWS) for the control of mobile sectio n and the computer for 



data processing. The function of the control sectio n is the operation of 
the mobile section and vision section, control of t he movements and 
inspection. 
JAERI has already made the system and performed the  mobile function tests 
and the data acquisition function test. In the test s, JAERI have 
collected the fundamental data of the system.  
JAERI will perform the measuring function test usin g the mockup model of 
the actual plant facilities. The data update functi on by comparison of 
the actual plant view from the ITV camera and the 3 -dimensional CAD view 
based on the old design drawings will be added to t he system. Also, the 
improvement of the 3D-CAD and evaluation the perfor mance, the efficiency 
and the restriction of system will be done and the system will be 
developed to apply the actual decommissioning desig n works of the JRTF. 
INTRODUCTION 
Decommissioning procedure planning based on the lat est plant data of the 
decommissioning objects is necessary on the decommi ssioning of nuclear 
facilities. But sometimes the latest data could not  be constructed from 
the design drawings if long years had been passed a fter the construction 
and some modifications had been done after the star t of operation. So the 
data acquisition works of the location and the dime nsion of the 
facilities are inevitable for the decommissioning. Also the development 
of remote controlled plant data acquisition system is necessary for the 
decommissioning procedure planning of the high radi ation area because of 
the difficulty of the accessibility to the area. 
JAERI has been developing the remote controlled pla nt data acquisition 
system (RDAS) to collect the layout information and  dimensions of 
decommissioning objects under contract of the Scien ce and Technology 
Agency. The production of the system has been finis hed and the function 
test has been performed. Outline of the design cons ideration and 
performance of the system are introduced. And the t est plan for 3-
dimensional measurement of the mock-up model are de scribed here. 
DEVELOPMENT OF RDAS IN JRTF 
In the JAERI's reprocessing test facility (JRTF), t he latest data has to 
be updated for the decommission engineering because  of the several 
modifications after the construction. So the develo pment of remote 
controlled plant data acquisition system is necessa ry for the 
decommissioning procedure planning. 
JAERI has developed the remote controlled plant dat a acquisition method 
by which use the RDAS system small mobile robot equ ipped with ITV and 
laser pointer. The plant data will be updated by th e comparisons between 
RDAS actual plant data and the 3D-CAD data of the o ld drawings and the 
decommission engineering will be performed by these  updated data. The 
flow of the system is shown in Fig. 1. 
RDAS system has been made in 1992 and 1993. The mob ile function tests and 
the data acquisition function test has been perform ed in 1994. 
Fig. 1 
DESIGN CONSIDERATION OF RDAS 
These conditions have been considered on the design  of the RDAS system 
from the environmental conditions of JRTF. 
1) Considering reduction of weight and simplificati on of the device from 
the viewpoint of mobility and transportation, these  items are adopted in 
the system design. 
-  use of aluminum alloy in main structures 
-  external power supply with remote cable 



-  use of optical-fiber cable for the signal cable 
-  reduction of the transmission device by built-in  driving motor in each 
wheel and joint 
2) Driving mechanism consists of 4 legs and 2 drivi ng wheels to realize 
the following driving capability: 
-  climbing step and slope 
-  crossing over the trench and piping 
-  driving and rotation in flat face 
Design condition of the RDAS has been shown in Tabl e I. 
Table I 
CONSTITUTION OF RDAS 
RDAS consists of mobile section (see Fig. 2) and co ntrol section. Mobile 
section consists of driving mechanism and visual at tachments. Driving 
mechanism has the two pair of legs with assist whee l in front side and 
rear side. Each leg has 2 joints (knee & hip). 2 dr iving wheels are 
equipped at the center of the body of driving mecha nism. Visual 
attachments for plant data acquisition consist of I TV cameras for normal 
view and for close-up view, laser pointer and light . Vision attachments 
are able to rotate to any direction by the pan and tilt mechanism. 
Fig. 2 
Control section (see Fig. 3) consists of control pa nel, computer and 
monitor. This section is used for the control of mo bile section, 
operation of the driving mechanism and the visual a ttachments, setting of 
the mobile condition, surveillance and measuring of  distance and self 
position. 
Fig. 3 
In the control section, the measurement of the rela tive distance function 
and the measurement of the self-position function h as been equipped. The 
absolute coordinate value of self-position of RDAS has been calculated 
from the relative distance between the self positio n and base points 
(more than 3 points) whose absolute coordinate valu es was precisely 
known. Flow of the measurement of the position is s hown in Fig. 4. 
Fig. 4 
FUNCTION TEST OF RDAS 
After the end of the assembling of RDAS, the follow ing items have been 
performed as a function test of RDAS in 1994. 
1) Driving forward, driving backward and change of the direction on flat 
face 
2) Climbing the slope and step 
3) Crossing over the trench and piping 
4) Driving forward, driving backward and change of the direction on the 
girder 
5) Measurement of the distance between the object a nd RDAS 
6) Measurement of the absolute coordinate value of the object and RDAS 
Design conditions has been confirmed by the test re sults. 
FUTURE WORKS 
The Combination test with 3D-CAD system will be per formed in 1995. The 
main item of the combination test is as follows: 
1) Comparison test of ITV view and 3D-CAD view 
2) CAD data modification test by the result of RDAS  measurement. 
After these function tests, JAERI will evaluate the  performance, the 
efficiency and the restriction of system and This s ystem will be 
developed to apply the actual decommissioning works  of the JRTF.  
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ABSTRACT 
From 1966 to 1970, approximately 88,400 gallons of organic waste from the 
Rocky Flats Plant were disposed in the Subsurface D isposal Area of the 
Idaho National Engineering Laboratory's Radioactive  Waste Management 
Complex. As a result of the subsequent breach of th is containerized 
waste, volatile organic compound vapors have migrat ed to the vadose zone 
in and around the Radioactive Waste Management Comp lex. A Record of 
Decision was signed on December 2, 1994, which spec ified vapor vacuum 
extraction with treatment as the selected remediati on technology. The 
technology selected to treat the extracted volatile  organic compound 
vapors was Recuperative Flameless Thermal Oxidation . This technology uses 
an inert ceramic matrix which acts as both a sink a nd a source for heat 
energy to bring the extracted volatile organic comp ounds to their 
oxidation temperature, thereby achieving a destruct ion efficiency of 
approximately 99.99%. This technology has numerous advantages, including 
a vapor destruction process which requires no regen eration or disposal of 
the matrix material and minimal by-product producti on. Typical volatile 
organic compound extraction treatment systems use h ydrogen chloride gas 
scrubbers to lower hydrogen chloride emissions to a cceptable levels. Risk 
assessment methods were used to show that risks fro m inhalation of 
untreated hydrogen chloride gas to workers and the public were within 
acceptable limits. This analysis facilitated negoti ations with government 
regulators to eliminate hydrogen chloride scrubber systems, saving money 
and considerably simplifying treatment operations. 
INEL BACKGROUND 
The Idaho National Engineering Laboratory (INEL), f ormerly the National 
Reactor Testing Station (NRTS), encompasses 890 squ are miles and is 
located in southeast Idaho (Fig. 1). In 1949, the U nited states Atomic 
Energy Commission, now the Department of Energy (DO E), established the 
NRTS as a site for building and testing nuclear fac ilities. Waste 
generated during these activities was disposed with in the boundaries of 
the site. 
At present, the INEL supports many engineering and operations efforts of 
DOE and other Federal agencies, including nuclear s afety, research, 
reactor development, reactor operations and trainin g and waste management 
technology development. The DOE Idaho Field Office (DOE-ID), which is 
responsible for the INEL, designates authority to o perate the INEL to 
contractors. The primary contractor for the DOE-ID at the INEL is 
Lockheed Idaho Technologies Company (LITCO), which provides management 
and operation services to the majority of INEL faci lities. The remedial 



design/remedial action contractor for LITCO at the INEL is Parsons 
Engineering Science, Inc. 
OBJECTIVE 
The objective of this paper is to explain the use o f Recuperative 
Flameless Thermal Oxidation (RFTO) in the treatment  of organic vapors and 
to discuss the advantages and disadvantages of RFTO  with respect to more 
traditional vapor treatment technologies for remedi ation of Operable Unit 
(OU) 7-08 at the INEL. In addition, the non-traditi onal application of 
risk assessment methods used to negotiate the elimi nation of hydrogen 
chloride (HCl) gas scrubbers normally used with the  RFTO system will be 
discussed. 
Fig. 1 
PROJECT BACKGROUND 
The Radioactive Waste Management Complex (RWMC), lo cated in the southwest 
corner of the INEL (Fig. 1), was established in the  early 1950s as a 
disposal site for solid, low-level waste generated by INEL operations. 
Within the RWMC is the Subsurface Disposal Area (SD A), where radioactive 
and organic waste is managed via interim storage op erations, waste 
certification, technology development and preparati on of the waste for 
future shipment to the Waste Isolation Pilot Plant in New Mexico. 
From 1966 to 1970, approximately 88,400 gallons of organic waste from the 
Rocky Flats Plant were disposed of in the SDA. The organic waste included 
24,000 gallons of carbon tetrachloride, 25,000 gall ons of other volatile 
chlorinated hydrocarbons, machine oil and calcium s ilicate absorbent, 
used to reduce free liquids prior to shipping the w aste to the INEL. The 
containers of volatile organic compounds (VOC) were  typically dropped or 
dumped from the sides of pits and trenches in the S DA and covered with 
soil to varying depths. 
As a result of the burial and subsequent breach of these containerized 
organic wastes, VOCs have migrated to the vadose zo ne beneath and within 
the immediate vicinity of the SDA in the RWMC. The vadose zone is the 
area between the ground surface and the Snake River  Plain Aquifer. The 
organic contamination in the vadose zone (OCVZ) at the RWMC has been 
designated as OU 7-08. The remediation of OU 7-08, as part of the 
Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA) process, does not include the waste buried  in the pits and 
trenches in the SDA. Remediation of these wastes wi ll be considered under 
a separate action. 
The OU 7-08 remedial action has been implemented in  accordance with the 
signed Record of Decision (ROD) (1) for OCVZ dated December 2, 1994. The 
selected remediation technology identified in the R OD is vapor vacuum 
extraction with treatment (VVET), which involves th e extraction of the 
most significant concentrations of VOCs from the va dose zone beneath and 
within the vicinity of the SDA, and VOC destruction  through treatment at 
the surface. 
Extraction and destruction of the VOCs will reduce risks to human health 
and the environment associated with the organic con taminants present in 
the vadose zone and ensure that contaminant concent rations that may 
migrate from the vadose zone to the Snake River Pla in Aquifer do not 
exceed state and Federal maximum contaminant levels . 
During development of the ROD, a treatability study  (2) was conducted to 
determine the feasibility of VVET in remediating OU  7-08. For this study, 
carbon adsorption was the selected treatment techno logy. The results of 



the treatability study indicated that the geology o f the subsurface 
beneath the SDA is conducive to vapor vacuum extrac tion. 
However, while carbon adsorption effectively contai ned the extracted 
VOCs, its regeneration and off site disposal posed significant logistic 
and regulatory problems. Therefore, catalytic oxida tion, or an equally-
effective VOC destruction technology, was specified  in the ROD and 
incorporated into the Request for Proposal for OU 7 -08. The treatment 
technology proposed by the successful bidder, RFTO (3), is discussed 
below. 
RECUPERATIVE FLAMELESS THERMAL OXIDATION TECHNOLOGY 
The RFTO units (Fig. 2) are designed to extract and  thermally destroy 
VOC-laden vapor from the vadose zone. The extractio n and treatment 
process consists of several sub-systems. 
The overall process is divided into three basic ope rations: pretreatment, 
thermal oxidation, and post-treatment of the oxidiz er exhaust gas. A 
discussion of the general specifications and perfor mance of major process 
equipment follows. 
Pretreatment 
The function of the pretreatment equipment is to co llect the fume into a 
header using a vacuum blower, inject air and/or sup plemental fuel, and 
thoroughly mix the fume/air/fuel mixture. 
Fume is withdrawn from the well head under vacuum a nd conducted through 
heat traced and insulated piping to the header on t he process skid. 
In the main header, supplemental air is introduced into the line by 
vacuum. The fume then enters a vacuum blower capabl e of producing the 
vacuum required at the well head and the pressure r equired to push the 
fume through the process system. Supplemental fuel is injected through a 
sparger in the line (as needed) to maintain the oxi dation temperature set 
point. 
The fume stream and fuel are then mixed in a static  in-line mixer which 
ensures the air and fume are adequately mixed befor e entering the 
oxidizer. Once air and/or fuel has been mixed with fume, the combined 
stream enters the thermal oxidizer. Temperature, pr essure and flow are 
monitored and controlled in the main fume header. 
Fig. 2 
Thermal Oxidation 
The thermal oxidizer consists of four major compone nts: 1) a preheater 
used to bring the oxidizer to operating temperature , 2) a metal shell or 
containment vessel, 3) the refractory lining, and 4 ) the "matrix." The 
function of the matrix is to contain and control th e oxidation reaction. 
Basic control is achieved by balancing the mass vel ocity in an upward 
direction with reaction velocity in a downward dire ction to maintain the 
reaction zone within a fixed location in the reacto r. Since total flow to 
the reactor is controlled, the only variable is rea ction velocity, which 
is a function of temperature. If the fume is lean, supplemental fuel is 
added to the fume through the sparger; if the fume is rich, the 
temperature indicating controller (TIC) will reduce  or eliminate fuel 
addition. 
During startup, the main fume line is isolated from  the thermal oxidizer. 
Combustion air and fuel gas are admitted to the oxi dizer preheater pilot 
using a burner management system. The upper section  of the oxidizer is 
then heated to establish an appropriate temperature  profile. 
The metal shell of the oxidizer provides containmen t of the process 
gases. The refractory lining acts as an insulating medium to minimize 



heat loss and to prevent the metal shell from reach ing the high oxidation 
temperatures found in the matrix. 
The matrix consists of an inert material selected f or its thermal and 
flow distribution properties. The matrix is divided  into two zones, the 
mixing zone and the oxidation or reaction zone. Cer amic balls and saddles 
of various sizes are selected to provide good mixin g and distribution of 
the fume in the mixing zone and to provide both a s ink and a source for 
heat energy in the reaction zone. During normal ope ration, fume, 
supplemental fuel and/or air are thoroughly mixed a s they flow through 
the mixing zone. As the combined stream flows towar ds the reaction zone, 
it absorbs heat from the matrix. When the stream re aches the oxidation 
temperature, organic compounds oxidize to form carb on dioxide, HCl, 
unoxidized VOCs and water vapor, releasing heat tha t is reabsorbed by the 
matrix. Temperatures, pressures and flows are monit ored and controlled in 
the thermal oxidizer. 
Post-Treatment: Non-Traditional Use of Risk Assessm ent Methods 
Typically, risk assessment activities under CERCLA are conducted to 
adequately and accurately characterize the potentia l risk from a given 
site (i.e. Baseline Risk Assessment). In addition, risk assessment 
methods are often utilized to evaluate the effectiv eness and efficiency 
of one or more potential remediation options as par t of the remedy 
selection process. In most cases, the application o f further risk 
assessment methods following the remedy selection i s minimal. However, 
the application of these methods to refine the sele cted remedy for OU 7-
08, while non-traditional, has resulted in consider able savings in time 
and money while ensuring adequate protection of hum an health and the 
environment. 
It became increasingly apparent through the plannin g and design of the 
selected remedy that HCl gas scrubber systems would  be both financially 
and, more importantly, logistically burdensome. The  realities of 
maintaining stocks of potentially dangerous chemica ls, the logistics of 
frequent water supply deliveries, the regulatory an d logistical issues 
associated with spent scrubber solution, etc., comb ined to make the 
prospect of scrubber system elimination attractive.  
However, in order to facilitate the elimination of HCl scrubber systems, 
assurance was needed that treatment unit workers, c o-located RWMC 
workers, and members of the public would not be exp osed to unacceptable 
risks from the inhalation of HCl gas from OCVZ trea tment unit exhaust. 
Calculations were performed to estimate HCl effluen t concentrations based 
on anticipated VOC inlet concentrations and destruc tion removal 
efficiencies. These concentrations were then used a s input parameters to 
an EPA-approved air quality model to evaluate annua l average or chronic 
long-term breathing air concentration of HCl gas. C oncentrations at both 
the maximally exposed worker and public receptor lo cations (Fig. 3) were 
used to calculate hazard quotients for receptors at  the locations. In 
each case, the hazard quotient for the maximally ex posed receptor was 
less than 1. 
Based on these calculations, it was determined that  the risks to the 
maximally exposed worker and public receptor were a cceptable. Agreement 
was subsequently reached with governmental regulato ry agencies to allow 
the elimination of HCl scrubber systems from OCVZ t reatment units. 
SUMMARY 
The VVET system has been operating since January 11 , 1996. The RFTO 
treatment units are performing as expected with few  complications. 



Preliminary off-gas monitoring results indicate tha t the assumptions made 
and calculations performed to support the deletion of the HCl scrubbers 
are valid. Off-gas monitoring will continue through out the operation 
phase of the remedial action. 
Fig. 3 
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ABSTRACT 
The Idaho National Engineering Laboratory (INEL), f ormerly the National 
Reactor Testing Station (NRTS), encompasses 890 squ are miles and is 
located in southeast Idaho. In 1949, the United Sta tes Atomic Energy 
Commission, now the Department of Energy (DOE), est ablished the NRTS as a 
site for the building and testing of nuclear facili ties. Wastes generated 
during the building and testing of these nuclear fa cilities were disposed 
within the boundaries of the site. These mixed wast es, containing 
radionuclides and hazardous materials, were often s tored in underground 
tanks for future disposal. 
The INEL has 11 buried mixed waste storage tanks re gulated under the 
Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA) ranging in size from 400 to 50,000 gallons . These tanks are 
constructed of either stainless or carbon steel and  are located at 3 
distinct geographic locations across the INEL. Thes e tanks have been 
grouped based on their similarities in an effort to  save money and 
decrease the time required to complete the necessar y remediation. 
Environmental Restoration and Technology Developmen t personnel are 
teaming in an effort to address the remediation pro blem systematically. 
INEL BACKGROUND 
The Idaho National Engineering Laboratory (INEL), f ormerly the National 
Reactor Testing Station (NRTS), encompasses 890 squ are miles and is 
located in southeast Idaho (Fig.1). In 1949, the Un ited States Atomic 
Energy Commission, now the department of Energy (DO E), established the 
NRTS as a site for the building and testing nuclear  facilities. Wastes 
generated during the building and testing of these nuclear facilities 
were disposed within the boundaries of the site. Th ese mixed wastes, 
containing radionuclides and hazardous materials, w ere often stored in 
underground storage tanks for future disposal. At p resent, the INEL 
supports engineering and operations efforts for the  DOE and other Federal 



agencies in areas of nuclear safety, research, reac tor development, 
reactor operations and training and waste managemen t technology 
development to name a few. The DOE Idaho Field Offi ce (DOE-ID), having 
responsibility for the INEL, designates authority t o operate the INEL to 
contractors. The primary contractor for the DOE-ID at the INEL is 
Lockheed Idaho Technologies Company (LITCO), which provides managing and 
operating services to the majority of INEL faciliti es. The remedial 
design/remedial action contractor for LITCO at the INEL is Parsons 
Engineering Science, Inc.. 
BURIED MIXED WASTE TANKS 
The INEL has 11 buried mixed waste storage tanks re gulated under the 
Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA) ranging in size from 400 to 50,000 gallons . These tanks are 
constructed of either stainless or carbon steel and  are located at 3 
distinct geographic locations across the INEL. Thes e tanks have been 
grouped based on their similarities in an effort to  save money and 
decrease the time required to complete the necessar y remediation. 
Environmental Restoration and Technology Developmen t personnel are 
teaming in an effort to address the remediation pro blem systematically. 
The radionuclide contamination associated with the majority of the tanks 
is present at levels which will require remote hand ling techniques. In 
addition, the contents in at least one of the tanks  meets the definition 
of transuranic waste (i.e. greater than 100 nanocur ies/gram). Other 
contaminants of concern include volatile organics, heavy metals, and 
poly-chlorinated biphenyls.  
The physical form of the waste contained in the tan ks is a mixture of 
solid, sludge, miscellaneous debris and liquid. Stu dies were recently 
conducted to determine the approximate waste volume  and radiological 
reading in each tank. Visual inspection was also pe rformed using remote 
control techniques to determine relative tank integ rity and impediments 
to tank pumping or mixing. 
Work on the tank project is being performed in acco rdance with CERCLA. As 
such, project personnel must abide by regulations s uch as the CERCLA, 
Resource Conservation and Recovery Act, Toxic Subst ances Control Act, 
Clean Water Act, Clean Air Act, etc. In addition th e tanks are a part of 
the INEL's Federal Facility Agreement and Consent O rder where the DOE, 
Environmental Protection Agency and state of Idaho jointly work to solve 
remediation problems at the INEL. These three parti es are kept apprised 
of the status of activities concerning the tank pro ject and they will 
concur with any actions taken to remediate them. 
The successful remediation of the INEL tanks will h ave benefits 
nationwide (and possibly worldwide) since many othe r areas with similar 
problems have not yet begun dealing with this chall enge. The general 
strategy being applied to the tank project is to in vestigate the tanks in 
stages where each stage is completed at a specific decision point. The 
goal is to take advantage of the decision points to  defensibly select a 
solution for each tank and implement that solution.  A systems engineering 
approach is being used to reach a decision for each  tank. 
Fig. 1 
Figure 2 depicts the decision process flow diagram.  
This combination of contaminants, regulatory enviro nment, physical 
location, and tank construction poses an interestin g problem for the 
remediation engineer. 
TANK V-9 



The remainder of this paper focusses on the remedia tion of one specific 
tank (referred to as "V-9"), the schedule, and fina lly conclusions 
reached to date. 
The capacity of V-9, a sand filter tank, is 400 gal lons; it is 
constructed of stainless steel and it has never bee n sampled. Based on 
historical records this tank was used for one day 4 0 years ago and then 
usage was discontinued because the sand filter clog ged. Consequently 
project personnel are unaware of the level of conta mination associated 
with the tank. 
Tank V-9 is to be remediated through a cooperative arrangement between 
the DOE's Environmental Restoration (ER) Program an d the Office of 
Technology Development (TD) with a carefully integr ated scope, schedule 
and budget. ER and TD personnel have recognized the  opportunity presented 
by the technical challenges of remediating mixed wa ste tanks and are 
using the expertise of each group to produce a tech nical and cost 
effective solution for Tank V-9. ER is contributing  their expertise in 
preparing health and safety, CERCLA, and regulatory  documentation and in 
coordinating and managing complex field operations and full scale 
systems. TD is contributing its expertise in field scale demonstrations 
of innovative techniques and in the application of commercial technology 
to new areas. This team approach provides the optim al solutions for the 
tank project and it will facilitate the transfer of  the selected 
technologies to other sites. 
Fig. 2 
THE PROBLEM 
The goal of the INEL buried mixed waste tank projec t is to answer the 
following questions and implement the results for e ach tank or set of 
tanks while keeping in mind all regulatory, technic al, and management 
factors. Answering these questions provides the cri teria which serve as 
the foundation upon which work is being conducted t o remediate tank V-9 
this year: 
   What is the preferred alternative for the tank u sing the CERCLA 
evaluation criteria? 
   Will the contents of the tank be removed? 
   If the contents are not removed, what are the re quirements for 
monitoring and/or stabilization and how will they b e implemented? 
   After removal, where and how will the contents o f the tanks be treated 
and stored or disposed? 
  What requirements must be met for the contents to  be stored or 
disposed? 
  What requirements must be met for the contents to  be treated? 
  How can ER and TD team to solve the problem?  
  What technologies are available to minimize perso nnel exposure for all 
activities ranging from sampling to grouting to rem oval and disposal? 
The INEL has begun the implementation phase of the tank project in order 
to answer these questions through the remediation o f tank V-9. 
THE PLAN 
As previously stated this particular type of work h as not yet been 
performed within the DOE system. Significant intere st exists within the 
DOE as well as in the private sector to see how thi s project progresses. 
The tank project at the INEL will provide useful ba seline information for 
mixed waste tank remediation world-wide. Key aspect s and the associated 
schedule of the remediation plan for V-9 include: 
  Compilation of all existing data - complete 



  Characterization of tank contents to gather data to support risk 
assessments and treatability studies - summer, 1996  
  Grouting of the tank - summer, 1996 
  Monitoring of the grouted tank - summer, 1996 to spring, 1997 
  Preparation of documentation (sampling plan, heal th and safety plan, 
safety analysis documentation, environmental docume ntation, etc.) - 
spring, 1996 through spring, 1997 
  Removal, evaluation, and disposal of the tank and  its contents (summer 
1997) 
In the case of V-9 the INEL buried mixed waste tank  project is moving 
ahead with a treatment demonstration to grout the c ontents in a manner 
such that they can be easily retrieved, analyzed an d retreated if 
necessary. The plan includes the sampling and grout ing of the tank 
contents followed by monitoring using tracer tests for six (6) months. 
Removal of the tank and its contents is scheduled f or the summer of 1997. 
During this removal, the grouted material will be s ampled and analyzed to 
determine the success of the grouting demonstration . Final disposal of 
the waste form will also take place in 1997. 
CONCLUSIONS 
This paper discusses the work completed to date as well as future efforts 
(sampling, grouting, monitoring, removal, and dispo sal) for tank V-9. The 
results from this important activity will directly impact future 
decisions regarding grouting work at the INEL and e lsewhere. 
Consequently, lessons learned from this project wil l be applicable to 
other government agencies as well as the private se ctor in remediating 
mixed waste tanks. Periodic status reports regardin g the progress of this 
project are available from the authors. The results  of this work will 
also be discussed in future publications. 
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ABSTRACT 
British Nuclear Fuels Plc (BNFL) owns and operates both the UK's nuclear 
reprocessing facility at Sellafield in West Cumbria  and the UK's 
principal low level waste (LLW) disposal site at Dr igg, situated some 6km 
to the south east of Sellafield. Over a period of y ears routine nuclear 
reprocessing activities have given rise to both liq uid and solid wastes 
of various types which must be retrieved in a contr olled manner prior to 
their long term storage and disposal. As a result B NFL have an ongoing 
program for developing and implementing techniques for retrieving 
different waste types. This paper describes the suc cessful implementation 
of three of the many retrieval projects currently b eing carried out by 
BNFL: 
  Fuel pool sludge retrieval 
  Fuel cladding swarf retrieval 
  The retrieval of dry solid transuranic contaminat ed waste 
Although these activities relate to quite different  applications they are 
all subject to common management controls which are  aimed at achieving 



cost effective solutions with high levels of safety  to both personnel and 
the environment. 
FUEL POOL SLUDGE RETRIEVAL 
Background 
The reprocessing operations carried out at BNFL's S ellafield plant 
involve extended immersion of spent nuclear fuel in  water filled pools 
which are continuously purged with fresh water. Thi s water passes through 
concrete settling tanks to remove traces of sludge and corrosion 
products. In the case of pool water from the Magnox  (magnesium alloy full 
cladding) program a series of open settling tanks w ere used between 1960 
and 1986, during which time approximately 170m3 of sludge accumulated. 
As part of the long term strategy for retrieval and  storage of nuclear 
waste BNFL decided to retrieve this sludge for two main reasons. Firstly, 
the sludge itself gave rise to significant radiatio n levels around the 
tanks which severely limited working times in the a rea because of the 
problems of high dose uptake. Secondly, the tanks w hich were of an early 
single containment design were showing signs of age ing and it was decided 
to transfer the sludge to storage facilities built to current containment 
standards, pending its subsequent treatment then en capsulation in a 
concrete grout. 
The Solution 
After extensive design studies aimed at achieving t he technical 
objectives whilst maintaining dose rates as low as reasonably practicable 
(ALARP) the concept of a remotely operated travelli ng unit was devised. 
Initially, a series of inactive commissioning trial s were conducted on a 
mock up of the tanks. This step brought significant  advantages to the 
project: 
  It permitted the optimization of operating and ma intenance procedures 
before any exposure to the radiation environment. 
  Operating and maintenance personnel could be trai ned in the inactive 
environment. In this connection extensive photograp hic and video records 
were made for future reference. 
  Safety issues could be documented and the propose d procedures fully 
explained and justified to the regulatory bodies. 
The actual machine installation is shown in Fig. 1.  
Fig. 1 
The retrieval machine comprised two desludging head s - a large one for 
the settling tanks and a smaller one for the inlet and suction chambers. 
These heads are suspended from a travelling bridge and crab unit which 
allows access to the full area of the tanks. This a rrangement minimized 
lifts over the structure and reduced loading on the  tanks. The machine 
was remotely operated from a control room, utilizin g closed circuit 
television cameras. The sludge discharge and diluti on water feed was 
achieved using double containment flexible connecti ons to the pipebridge. 
The equipment resuspends the sludge using water jet s in a controlled 
manner converting it to a slurry whilst minimizing disturbance at the 
tank surface and preventing spread of airborne cont amination. The slurry 
is pumped via a pipebridge to intermediate settling  tanks before transfer 
to the Site Ion Exchange Plant (SIXEP) and ultimate ly encapsulation in 
the Waste Encapsulation Plant (WEP). 
Achievements to Date 
Installation of the machine began in April 1992 and  was completed by mid 
August 1992. Over the next two years desludging pro gressed at a rate 
better than the initial target figures as shown in Fig. 2, until minimal 



residual sludge remains. Development and design wor k is now in hand to 
remove residual sludges and debris and to plan full  decommissioning of 
the facility. 
The success of the project was due mainly to teamwo rk and the use of a 
systems engineering approach. The video and photogr aphic records were 
used to brief and train the workforce prior to unde rtaking critical 
tasks. The machine was installed with considerably reduced radiation 
exposure when compared with original predictions. 
Fig. 2 
FUEL CLADDING SWARF RETRIEVAL 
Background 
The decanning of spent Magnox fuel elements gives r ise to intermediate 
level waste (ILW) in the form of irradiated magnesi um alloy swarf. Over a 
period of years the swarf has been stored in a seri es of 22 water filled 
concrete silos or compartments at Sellafield as sho wn in Fig. 3. 
There was a phased commissioning program in which t he first six silos 
were commissioned in 1964 with the final silo broug ht into operation in 
1983. The early silos contain a mixture of Magnox s warf, sludge and beta 
gamma waste. The contents of the last four silos ar e mainly Magnox swarf, 
with very little sludge. 
Fig. 3 
It is BNFL's intention to transfer all Magnox swarf  to the Magnox 
Encapsulation Plant (MEP) which commenced operation s in 1990. This plant 
encapsulates Magnox swarf in concrete grout in 500 liter stainless steel 
drums which are then transferred to a purpose built  store prior to long 
term disposal. 
The strategy for retrieval concentrated development  effort on the 
equipment and operational requirements for retrieva l of the swarf in 
compartments 19-22 which is suitable for direct enc apsulation in MEP. The 
experience gained in this phase will then provide a  valuable input to the 
design of the more complex equipment required for t he mixed waste in the 
earlier compartments. 
The Solution 
The Swarf Retrieval Facility (SRF) designed for com partments 19-22 is 
shown in Fig. 4. 
The machine is designed to interface with the stand ard silo opening and 
includes an hydraulically operated petal grab which  is lowered via a 
hoist into the water covered swarf. When the full g rab is raised a swarf 
bin is traversed to a position underneath it and th e grab is opened to 
release the swarf into the bin. When the swarf bin is charged to a 
sufficient level the contents are monitored and rai sed via a gamma gate 
to a swarf bin transit flask which is used to trans port the charge to the 
MEP facility. 
Fig. 4 
In developing this concept design and operational p ersonnel worked as an 
integrated project team to ensure that safety and r adiation issues 
adhered to the ALARP principle (As Low As Reasonabl y Practicable). This 
resulted in a number of notable features. 
  Because of the high levels of radiation and conta mination the machine 
was designed to be as maintenance free as possible.  It was constructed in 
modular form so that failed equipment could be easi ly removed and 
replaced. 



  A weight optimization study was carried out to mi nimize silo roof 
loadings whilst still maintaining a sufficient leve l of shielding to 
conform to modern plant standards. 
  A unique lifting beam was designed to achieve the  required clearance 
when lifting transport flasks onto and off the mach ine. 
  The machine was designed so that equipment which protruded below its 
lower shielding could be retracted when the machine  was moved. This had a 
twofold benefit of minimizing dose uptake and reduc ing the risk of 
collision and dropped objects. 
  Two independent seals provided an interface with the silo ventilation 
system. The integrity of the ventilation system was  thus maintained by 
fulfilling the two main design criteria. The air ga p between the water 
level and the silo roof was kept slightly less than  atmospheric pressure 
to avoid spread of contamination to the operating e nvironment and there 
was no undue build up of hydrogen. 
  Inactive testing was carried out off site at cont ractors works, saving 
radiation dose and providing invaluable training.  
Achievements to Date 
Because the machine had to be installed on an exist ing active plant much 
emphasis was placed on the need to achieve a "Right  First Time" result by 
applying the principles of Total Quality Management  (TQM) and teamwork. 
With this in mind a chargehole mock-up was built at  the manufacturers. 
This allowed time to be spent proving the installat ion procedure, testing 
the machines durability and allowing modification w hile still in a clean 
environment. Procedures were developed and operatio ns and maintenance 
personnel were trained in their use while the machi ne was still in an 
inactive situation. The benefits of this approach a re demonstrated by the 
fact that actual dose uptakes during operation are significantly less 
than were originally predicted. 
Due to these project management initiatives the SRF  was delivered, 
installed and commissioned ahead of schedule and is  currently exceeding 
its yearly productivity targets as shown in Fig. 5 overleaf. Original 
expectations were that it would empty a compartment  in approximately 18 
months. In practice it has already emptied one in a  14 month period which 
included an initial commissioning phase of one mont h and a one month 
division wide shutdown. 
Fig. 5 
As operations progress the project team is continui ng to introduce 
improvements to allow for variations in the swarf q uality. This 
experience is being fully documented and will be of  benefit to other 
projects, particularly when the team faces the chal lenge imposed by the 
mixed wastes in the earlier compartments. This chal lenge includes 
construction of three larger, more complex Silo Emp tying Plants (SEP I, 
SEP II and SEP III). Designs are well advanced and these machines will be 
manufactured and installed by 2001. A major downstr eam facility, 
Sellafield Drypac Plant, is being constructed on th e same timescale to 
receive, treat and compact the waste prior to encap sulation. 
DRY SOLID TRANSURANIC CONTAMINATED WASTE RETRIEVAL 
Background 
Transuranic (TRU) waste originating from the early UK defence program was 
placed for interim storage in existing structures, know as magazines at 
Drigg. A typical magazine is shown in Fig. 6. The w aste was contained 
within steel drums of up to 205 liter capacity or i n larger timber and 
plastic cuboid containers known as "crates". 



Fig. 6 
Design Philosophy 
The general philosophy has been to provide semi-per manent structures 
(Magazine Modules) for the controlled removal of TR U Waste. These are 
modular mild steel fabrications bolted together wit h watertight sealed 
joints which are designed to interface with the ent rance to each magazine 
in turn. The design has been executed on the basis that in-magazine 
retrieval operations will be carried out in protect ive clothing (supplied 
air suits) with provision incorporated to achieve h igh integrity 
containment at points of export from the magazine, such that all 
subsequent operations will not require extensive us e of protective 
clothing. 
Drum Retrieval 
For the drums a procedure was developed to admit op erators to each 
magazine in turn, maintaining magazine containment,  so that each drum 
could then be checked, have containment improved by  bagging or over-
drumming as necessary, be checked free from contami nation, have surface 
dose rate recorded and be assayed for fissile mater ial content. In 
recognition that all of the drums would eventually require transport from 
the site they were all provided with additional con tainment, although 
inspection revealed that this was only an absolute requirement for less 
than 1% of the drums. Forced filtered extract from the magazine was 
provided inducing an air flow across the changeroom  barrier in accordance 
with usual practice. Although there was a provision  for operators to 
enter the magazines in pressurized suits supplied w ith air lines this 
facility was only used on an as required basis. Eve n in some cases where 
it was used it was only a precautionary measure bec ause portable 
equipment used to measure alpha in air could not al ways discriminate 
adequately between plutonium and high levels of rad on/thoron. 
Fissile material assay was accomplished using a com bination of direct 
weighing (from which density of the waste matrix wa s derived), low 
resolution gamma spectrometry (gives plutonium cont ent result independent 
of burnup in reactor or age since separation, when energy band is 
carefully chosen from the measurement, and with an absorption correction 
based on matrix destiny) and passive neutron counti ng (for high density 
waste matrix). No reliance was placed on their earl ier records or labels. 
Retrieval facilities were moved from one magazine t o another by 
contractors, each move taking less than a week to p repare hardstanding. 
Over the period 1976 to 1986 some 10,500 drums were  retrieved from the 
magazines and those magazines that were then empty were decontaminated as 
necessary and returned to unrestricted use. Althoug h the team of 
operators was not employed full time on this task d irect labor and 
supervisory input to the project averaged three man  years per year with 
additional maintenance, management and health physi cs input as required. 
For these personnel the group average radiation dos e uptake did not 
exceed 2 mSV per annum during the drum retrieval pr oject. The capital 
cost of the equipment employed was of the order US $200,000 (mid '70's 
money values), excluding the cost of an interim sto re which was 
constructed on the site as a buffer between the ret rieval operation and 
subsequent off-site transport. 
Crate Retrieval 
Five of the ten magazine stores on the Drigg Site c ontain some 160 non-
drummed packages still to be removed, and 120 drums  which are presently 
inaccessible or too heavy for removal by manual mea ns. 



The items are to be retrieved, overcrated or re-dru mmed, monitored and 
transported (within appropriate containment) by rai l and road links to 
Sellafield for subsequent storage and processing fo r disposal. 
A new specially designed module is ready for use an d regulatory 
permission is awaited to start operations, see Fig.  7. The crates will be 
retrieved, overcrated, monitored (to determine fiss ile material content 
and to demonstrate acceptable levels of radiation o r external 
contamination) and transported to Sellafield for st orage awaiting 
treatment. 
Fig. 7 
The facility will be relocated at intervals of appr oximately one year in 
order to carry out operations at the five magazines  still containing TRU 
waste. The modules are steel fabrications bolted to gether, incorporating 
weathertight sealed joints capable of multiple dism antling and re-
erection over a five-year period without loss of al ignment. Each module 
is thermally insulated with floors suitably reinfor ced to sustain a ten 
tonne floor loading. The modules when assembled, pr ovide for access of 
personnel in protective clothing and systems for th e loading, assay and 
handling retrieved wastes. From knowledge of the re latively low 
prevailing dose rates within the magazines and that  wastes being 
retrieved are TRU, the principal radiological hazar d is considered to be 
the spread of contamination and release of airborne  activity. A dedicated 
ventilation extract system is provided to draw clea n air through the 
modules (low contamination) to areas of higher cont amination. 
Considerable attention has been paid to appropriate  fissile content assay 
systems. Initial monitoring takes place immediately  out of the magazine 
environment in the magazine extension. Crates and d rums will subsequently 
be moved to a Central Monitoring Facility. 
The central monitoring building, Fig. 7, contains t he following items: 
  A crate monitor of sufficient size to enclose the  largest overcrated 
TRU waste package and monitor each crate for up to 48 hours to obtain an 
accurate fissile material content. 
  A drum monitor capable of accepting up to 500 lit er drums which uses 
total and coincidence neutron counting and gamma sp ectrometer techniques 
to determine the fissile content of all drummed was te. 
  An area of the monitoring building is partitioned  so as to form the 
monitoring control room. 
  Adjacent to the central monitoring building is a storage compound for 
monitored, unmonitored and unused overcrates and dr ums. Within this area 
the monitored overcrates and drums will be loaded a nd secured inside ISO 
freight containers for transportation to Sellafield  Site. Unloaded ISO 
freight containers are to be returned to Drigg for re-use. 
Safety 
It will be appreciated from the foregoing descripti on that the retrieval 
facilities have taken account of the following key safety aspects: 
  Criticality: measurement of the contents of crate s/drums as close to 
the point and time of retrieval as possible, follow ing a careful initial 
move. 
  Plutonium ingestion: containment of magazines, co ntaminated areas and 
of the waste itself using physical barriers, air fl ows, developed 
transport containers, and suitable protective cloth ing for operators. 
  Fire: minimization of combustible material loadin g, including over-
containment, with fire-detection and alarm systems.  



  External radiation: monitoring of items, use of s uitable handling 
equipment with area gamma radiation measurements an d alarm systems. 
  Industrial safety: suitable equipment provided fo r in-magazine and 
subsequent handling of heavy items. 
CONCLUSIONS 
The three projects outlined in this paper illustrat e BNFL's structured 
approach to the retrieval of nuclear waste prior to  long term storage and 
disposal. In all cases, the key to a successful con clusion was the 
development of a team philosophy with designers, op erators and 
maintainers combining their expertise throughout pr oject life. The use of 
initial commissioning trials on inactive mock-ups p roved to be a very 
effective method of ensuring that key operational a nd safety targets were 
achieved. 
The major success factors included: 
  Safe operation of the integrated Sellafield site including storage, 
reprocessing, retrieval and waste treatment facilit ies. 
  Concentration on strategy, waste categorization a nd front end design at 
the early stages of the projects. 
  Use of TQM and a team building approach to proble m solving. 
  Investment in development and off site inactive c ommissioning 
facilities. 
The experience gained so far has demonstrated that BNFL has the ability 
to undertake difficult and complex waste retrieval and management 
projects in the UK and elsewhere in the world. 
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ABSTRACT 
Traditional alpha monitors sense the presence of al pha-emitting 
contaminants by directly detecting the alpha partic les. Thus the 
sensitivity of these monitors is limited by the sho rt range of alpha 
particles in air (typically less than 10 cm). Conta mination inside pipes 
is a particular problem; if the pipe is too small t o permit insertion of 
a monitor, there is no way to detect internal alpha  emission with a 
traditional monitor. In contrast, monitors using th e long-range alpha 
detection (LRAD) technique detect the ionized molec ules produced by 
interactions of the alpha particles with ambient ai r. Such monitors are 
limited by the lifetime of the ions (the observed s everal-second lifetime 
allows transport of the ions over many meters or te ns of meters) rather 
than the range of the alpha particle. The character istics of LRAD 
monitoring are ideally suited to measurements insid e pipes. All of the 
ions created by all of the contamination inside a p ipe can be measured in 
a single detector located outside the pipe. Because  air is the "probe", 
convoluted or twisted sections of pipe can be monit ored almost as easily 
as straight sections. A collaborative exercise betw een LANL and BNFL 
Instruments Ltd has resulted in both laboratory fie ld testing of an LRAD-
based pipe monitoring system at LANL and BNFL's Sel lafield reprocessing 



facility in the UK. In this paper, we will report t he first results of 
these tests. 
INTRODUCTION 
The decontamination and decommissioning (D&D) progr ams within the US DOE 
and BNFL have identified a continuing and significa nt need for 
development of appropriate measurement technologies  for use on residual 
activity in process vessels, pipework, and structur al material. BNFL 
Instruments Ltd, a wholly owned subsidiary of BNFL,  has shown that it 
would be beneficial to measure alpha contamination within interconnecting 
pipework both before and after removal of contamina ted material from the 
plant. Both planning and execution of decommissioni ng and subsequent 
waste disposal would be facilitated by this knowled ge. 
Traditional methods of monitoring the interior of p ipework, especially 
for alpha-emitting contaminants, are difficult at b est and impossible at 
worst. Many of the characteristics of the long-rang e alpha detection 
(LRAD) technique are ideally suited to measuring co ntamination inside 
enclosed volumes such as pipework. A collaborative exercise between LANL 
and BNFL Instruments Ltd has resulted in both labor atory and field 
testing of an LRAD-based pipe monitoring system at LANL and BNFL's 
Sellafield reprocessing facility in the UK. 
TRADITIONAL PIPE MONITORS 
Locating small quantities of alpha-emitting contami nants such as 
plutonium and americium inside small pipes is often  complicated by the 
poor penetrating ability of the alpha particle. Pro bes based on a, b, g, 
and neutron detection have been employed with varyi ng degrees of success. 
The alpha particles commonly generated by these con taminants cannot 
penetrate the walls of even a very-thin-walled pipe  and, in fact, cannot 
penetrate more than a few centimeters of air. Thus direct alpha probes 
cannot be used outside a pipe and must be close to the contamination when 
deployed inside a pipe. A small traditional alpha d etector can be 
inserted into a pipe to search for contamination. T his technique works 
well with simple systems of large diameter pipes bu t becomes rapidly more 
difficult as the complexity of the pipework increas es. 
Beta particles are not produced by many of these co ntaminants and have 
poor penetrating ability as well (although not as p oor as the alpha 
particle). Thus, except in special cases, beta part icles are not useful 
probes for alpha-contaminated pipes. 
Many (but not all) alpha-emitting contaminants also  emit low-energy 
gammarays or X-rays or both as they decay. These ga mma and X-rays can be 
difficult to detect outside the pipe when large sou rces are present and 
extremely difficult or impossible on small sources.  
Finally, passive and active neutron measurements ar e very useful for 
determining the location of large amounts of contam inant within an 
accessible pipework system before operational mater ials are cleaned out 
of the system. These techniques have only limited u sefulness in the low-
level contamination and buried pipework scenarios c ommon in facility D&D. 
Thus, traditional measuring technologies can provid e useful information 
on large amounts of alpha-emitting contaminants and  contaminants located 
in simple or exposed pipe systems. However, many co ntaminated pipes do 
not fall into one of these categories. There are of ten a number of less-
than-satisfactory alternatives including partial mo nitoring (of exposed 
surfaces), physical destruction of the pipe, comple x internal monitoring 
systems, and handling and disposal of the pipe as c ontaminated waste, 
whether or not it is truly contaminated. 



LRAD TECHNOLOGY 
In contrast to traditional particle detectors, LRAD -based monitors detect 
the ionized air molecules generated by an alpha par ticle interacting with 
ambient air. A typical 5-MeV alpha particle will pr oduce about 150,000 
electron-ion pairs throughout its several-centimete r range in air. The 
electrons attach relatively quickly to neutral air molecules, producing 
heavy negative ions in equal numbers to the origina lly produced positive 
ions (1). The ions are transported to an electrical ly conductive 
detection grid, where the current produced by the i ons can be measured 
with an electrometer or similar instrument. The obs erved current is 
proportional to the number of ions, which is in tur n proportional to the 
amount of alpha contamination in the system. Althou gh the principles of 
the LRAD technique have been discussed in detail el sewhere (2-4), we will 
discuss the basic principles, especially as related  to pipe monitoring 
systems, in this paper.  
The air ions can be transported to the detection gr id by an electric 
field (electrostatic LRAD) or an air current (airfl ow LRAD). An 
electrostatic LRAD-based system utilizes a weak ele ctric field (there is 
no gas gain in standard LRAD systems) to transport ions from a relatively 
flat surface to an ion collector plate. Airflow LRA D monitors (such as 
the pipe monitors discussed here) rely on a moving air current to 
transport the ions to a collector grid. An example of a generic airflow 
detector system is shown in Fig. 1. 
Fig. 1 
Monitoring systems based on the LRAD principle have  several inherent 
advantages over other types of detector. These can be broken into three 
categories: 1) operational advantages, 2) engineeri ng advantages, and 3) 
physics advantages. 
Operational Advantages 
Monitors based on LRAD technology operate in real t ime. The monitoring 
results are available to the workers in the field w ho can use it to 
decide about the safety of particular operation. 
In Situ monitoring has been defined many ways. One useful definition is 
that the contaminated area is undisturbed and that no secondary waste is 
generated. Well-designed LRAD-based monitors satisf y these criteria and 
provide a combination of sensitivity and portabilit y that is not 
available from other types of monitors. 
All of the ions from a widely distributed area of c ontamination can be 
collected onto a single measurement grid. This give s the LRAD monitors 
the ability to monitor extended sources in a single  measurement rather 
than requiring the summation of many smaller measur ements. 
Using ambient air as a detection and transport gas has additional 
advantages beyond those of a windowless detector. I t is very easy for air 
to flow through a complex pipe network without gett ing caught on turns or 
constrictions. Thus, the air can penetrate complex pipe networks (except 
for blind limbs) more easily than traditional detec tors. 
Engineering Advantages 
The LRAD detector system is very simple. There are no moving parts, no 
high-voltage power supplies or pulse electronics, a nd no special detector 
gases. As shown in Fig. 1, the only critical parts are the ion collector 
plate (or grid) and the dc electrometer required to  measure the ion 
current. 
This simple design implies the required field relia bility. There are no 
fine wires, thin windows, gas handling systems, opt ical connections, or 



complex electronics. This small number of parts lea ds to a long life 
expectancy, but, more importantly, LRAD-based detec tors are rugged enough 
to stand up to repeated use in field conditions. Th e "sensitive" element 
in an LRAD-based detector is typically a thick piec e of metal (generally 
aluminum or copper); temperature changes, scratches , or even deformation 
do not affect its detection ability. 
Physics Advantages  
As detailed in Ref. 2, LRAD detector systems are ca pable of measuring 
contamination levels of less than 100 disintegratio ns per minute (dpm) or 
less than 10 dpm/100 cm2. The length of time requir ed to make these 
measurements is often limited by the counting stati stics of the alpha 
particles rather than by the detector itself. 
LRAD PIPE MONITORS 
Both applications of LRAD-based monitors to D&D pro jects in general (5,6) 
and prototype pipe monitoring systems (7,8) based o n the LRAD technique 
have been described in some detail previously. The data presented here 
were taken with the 10-cm-diameter pipe monitor des cribed in Ref. 8 and 
with the more rugged and adaptable monitor illustra ted in Fig. 2 and 
described below. 
Fig. 2 
The adaptable pipe monitor consists of two modules that can be attached 
to random sizes of pipe. Each of the modules has a 15-cm iris valve for 
connection to pipes between 1 and 12 cm in diameter . The other 
significant part of the input module is a 15-cm-dia meter air filter for 
removing particulates from the ambient air. The mix ing volume allows air 
to be drawn through the entire filter rather than j ust a smaller area at 
the center. 
The second, or output, module again has an iris val ve for connection to 
the pipe. An ion collection grid (similar to that s hown in Fig. 1) is 
mounted inside the second mixing volume. The final component is a small 
fan oriented to draw air through the monitor. This system is identical in 
principle to the monitor described in Ref. 8 but is  better suited to use 
with a variety of pipe diameters and wall thickness es. 
LABORATORY TESTS 
Two important parameters that were not fully addres sed in the work 
presented in Refs. 7 and 8 are the effects of air v elocity and pipe 
diameter. Figure 3 illustrates the results obtained  when the detector was 
connected to a 600-cm length of 10-cm-diameter pipe ; the two curves 
represent the response to an alpha source which was  placed either 60 or 
540 cm away from the collection grid. The intrinsic  sensitivity of an 
LRAD sensor is expressed as detected electrons per radioactive decay. 
Converting this sensitivity into measured quantitie s [the output of the 
LRAD is measured in femtoAmperes (fA) or picoAmpere s (pA) and source 
strength is measured in dpm] reveals that a physica l measure of the 
sensitivity of the detector to radiation is fA (or pA) per dpm. 
Fig. 3 
Both response curves exhibit a pronounced peak at a bout 100 cm/sec. The 
maximum sensitivity of this detector grid at 60 cm is about 0.11 fA/dpm 
and at 540 cm it is about 0.051 fA/dpm. The 540-cm curve is lower because 
some of the ions produced at 540 cm recombine befor e detection. We 
interpret the loss of efficiency at low velocity as  loss of efficiency in 
transporting ions from the source to the detector. The loss at high 
velocity is probably due to "punch through," a phen omenon where some of 
the quickly moving ions pass through the holes in t he detector without 



being attracted to the grid. The grid is held at se veral hundred volts 
(see Fig. 1), which is insufficient to collect all fast-moving ions. 
To examine the details of LRAD detector response at  lower airflows, we 
made a series of measurements in the system illustr ated in Fig. 2. A 15-
cm LRAD grid was attached to a section of 5-cm-diam eter pipe that was 
either 1.22 m (data shown in Fig. 4a) or 6.10 m (da ta shown in Fig. 4b) 
long. The air speed through the pipe was varied by adjusting the voltage 
applied to a variable speed fan. 
Fig. 4 
The response in a 1.22-m pipe has a broad plateau e xtending from about 70 
cm/sec to above the measurement limit of 120 cm/sec . The plateau with a 
longer (6.10 m) pipe starts at a much higher airspe ed (about 100 cm/sec). 
FIELD TESTS 
We have identified a number of field tests that wil l further validate 
both the concept and practical design of the LRAD-b ased adaptive pipe 
monitor. These can be broadly divided into three ar eas: sensitivity, 
geometry, and other effects. 
Sensitivity 
To assess the sensitivity and limit of detection of  the LRAD monitoring 
system, it will be used to measure small alpha sour ces placed within 
sections of stainless steel pipe with dimensions ty pical of those 
commonly found in operating and decommissioned faci lities on the 
Sellafield site. 
Geometry 
The sensitivity tests will be repeated using pipes of varying length, 
diameter and curvature and varying the airflow thro ugh the pipe. In 
addition, the alpha sources will be placed at a num ber of positions 
within the pipes. 
Other Effects 
The effects of environmental changes will be evalua ted by repeating the 
sensitivity tests throughout an 8-hour period and l ogging the temperature 
and humidity during the same period. Additional mea surements using 
external (to the pipe) gamma-emitting sources (typi cally 370 kBq) will 
determine the sensitivity of the LRAD monitor to ba ckground radiation 
interference. 
CONCLUSIONS 
We have reached a number of tentative conclusions f rom the laboratory 
tests. Many of these will be investigated further d uring the field 
testing phase. 
  Perforated plate detectors of the same diameter a s the pipe, such as 
that illustrated in Fig. 1, have a relatively sharp  efficiency peak as a 
function of airspeed. In a 10-cm diameter pipe, thi s peak is at about 100 
cm/sec. 
  Increasing the diameter of the detection grid rel ative to the diameter 
of the pipe (as shown in Fig. 2) can widen this sen sitivity peak. 
  Increasing the air flow through a pipe can partia lly compensate for 
increased distance to the contamination. In particu lar, the optimum 
airspeed for a short pipe is not necessarily optimu m for longer pipes. 
  The results obtained in short sections of clean 5 -cm and 10-cm pipe are 
significantly different; larger changes in the pipe  will probably result 
in larger changes in optimum detector design. 
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ABSTRACT 
This paper describes a concept of a specialized dec ommissioning tool 
designed to operate underwater and to reduce the vo lume of radioactive 
components by shearing and compacting. 
The shear compactor was originally conceived to man age the size reduction 
of a variety of decommissioned stainless steel tube s stored within a 
reactor fuel cooling pond and which were consuming a substantial area of 
the pond. The main objective of this tool was to cu t the long tubes into 
shorter lengths and to compact them into a flat rec tangular form which 
could be stacked on the pond floor, thus saving val uable space. 
The development program undertaken on this project investigated a wide 
range of factors which could contribute to an exten ded cutting blade 
performance, i.e.: materials of construction, cutti ng blade shape and 
cutting loads required, shock effects, etc. The sec ond phase of this 
project was to review other aspects of the design, such as radiological 
protection, cutting blade replacement, general main tenance, pond 
installation and resultant wall loads, water hydrau lics, collection of 
products of shearing/compacting operation, corrosio n of the equipment, 



control system, operational safety and the ability of the equipment to 
operate in dry environment. 
The results of the development and study phase prov ided the confidence to 
justify proceeding to a fully detailed design, supp orted by all the 
necessary calculations. The paper summarizes the ex tended work program 
involved with this shear compactor tool. 
TECHNICAL REQUIREMENTS 
Although the volume reduction system was required t o be designed to 
handle steel tubes, the equipment had to be suffici ently flexible in 
concept to be capable of treating other decommissio ned materials. 
The prime aim of the chosen equipment was to treat stainless steel tube, 
of two sizes, both of 48 mm external diameter with a wall thickness of 
either 3 mm or 4.5 mm. Any system developed was to be able to operate in 
a reactor fuel cooling/storage pond, filled with de mineralized water. The 
depth of the operation was to be such that the pond  water would provide 
the radiological protection for the workers located  on the pond surround. 
The chosen system could, if required, utilize the p ond manipulator for 
manoeuvering long tubes and the resultant compacted  products under water. 
As the pond in which the equipment was to be operat ed could, at any time, 
be connected by a sluice door arrangement, to anoth er pond housing a 
small research reactor, the chosen system was to be  designed to avoid 
inducing any underwater shock to the reactor or the  pond structure. 
Because the space allocated to the volume reduction  system was 
restricted, the equipment had to be easily removed and parked when not in 
use. Excellent visibility in the pond had to be mai ntained at all times 
and as a result, any hydraulic systems employed had  to be water powered. 
There were, therefore, a number of important reason s why the equipment 
and any support structure used were to be of light construction, they 
being: to reduce the reaction loads in the pond wal ls to an absolute 
minimum and to prevent overloading of the pond cran e when removing any 
equipment from the pond. 
CHOOSING THE SYSTEM 
A wide variety of volume reduction processes were c onsidered for this 
application including sawing, slitting, grinding, s hearing, etc. but 
because it was the system which produced no, or min imal secondary waste 
products like swarf or chippings, the shearing proc ess was selected. 
The shearing action did, however, need qualifying. The shearing blade 
shape would need careful design to avoid any jammin g of one blade against 
another and to produce a significant volume reducti on, the shear action 
would need to be allied with a compaction system to  flatten the tubes 
between each cut. 
As a result of all considerations the combined shea r/compactor was chosen 
as the most likely candidate system for this applic ation. At this point 
in the investigations, it was decided to attempt to  combine the shearing 
with the compaction operation, all in one machine, if possible. Before 
proceeding with the detail design, however, it was necessary to undertake 
some development work. 
RESEARCH AND DEVELOPMENT 
Compaction Tests 
The first objective was to determine what loads wer e required for 
compacting the 4.5 mm thick tube, the worst case to  be considered. A 
small rig was designed and built, generally as show n in Fig. 1. The test 
rig consisted of a base carrying two vertical pilla rs, these pillars 
guiding a moveable top plate. Both base and top pla te were arranged to 



carry the various shear blades to be tested at a la ter date, but for the 
compacting tests the shear blade slots were blanked  off. 
Fig. 1 
By positioning this rig on the bedplate of a 1000kN  Amsler tensile test 
machine and using the machine in it's compressive c ondition, the top 
anvil of the Amsler could be brought to bear on the  top plate of the test 
rig, the applied load being accurately recorded on the tensile test 
machine's control system. During these tests, the d egree of compact was 
recorded for a given load and tube thickness, by me asuring the distance 
between the base and top plate of the rig. It is in teresting to note that 
even though the tubes were compacted to a theoretic al dimension of 2 x 
thickness, the actual dimension after relaxation of  the compaction load 
was always slightly more, the recovery being due to  the natural 
hysterisis of the stainless steel material. A varie ty of different 
lengths of tube were compacted, the tests showing t hat a length of 200 mm 
would be the optimum for underwater handling by the  pond manipulator. 
A summary of the results of the tests to compact a 48 mm diameter x 4.5 
mm wall stainless steel tube of 200 mm length are s hown in Table I. 
Table I 
Shearing Tests 
The most common form of shear blade is shown in Fig . 2a. The problem 
associated with this particular form is that of the  offset load, tending 
to force the blades apart. If the blades are not su fficiently stiff, the 
condition shown in Fig. 2b. arises, resulting in ei ther a broken blade or 
the tube becoming jammed between the blades. The la st condition would be 
particularly disastrous on a remotely operated mach ine in radioactive 
conditions. If the blades were made stiff enough to  prevent these 
conditions occurring, the resultant weight would be  such that they would 
prove very difficult to manoeuvre with remote tools . The risk of one 
blade galling or self welding to its partner could also not be 
overlooked, especially in an unlubricated system wh ich relies on two 
heavily loaded faces moving past each other with ve ry little clearance. 
It was, therefore, decided that the most promising form of shear blade to 
test was that shown in Fig. 2c. It was hoped to des ign the blades to 
provide sufficient load to reach the maximum tensil e stress of the tube 
material before the cutting edges touched each othe r. If this could be 
achieved in the tests, it would mean that a definit e stop could be 
installed on the final design of the machine to pre vent the edges 
contacting and thus give a longer cutting edge life  and minimize the need 
to change them. This type of blade would also prove  very difficult to 
jam. The resultants of the cutting load would be eq ual and opposite to 
each other, imparting no side loads on the machine,  providing the blades 
are correctly aligned. It was decided to test a var iety of blade 
materials, hardness required, included angles, degr ee of pre-compaction, 
etc. 
A derivative of the double blade is shown in Fig 2d . This type of cutter 
utilizes one of the previously discussed pairs in c onjunction with a flat 
plate and was considered to be of interest because it obviates the need 
for the accurate alignment of the double blade arra ngement. This 
variation was tested to compare the cutting loads r equired of the two 
systems. 
Fig. 2 
In reviewing the results of all the shearing tests,  it was decided to opt 
for the double blade system, with an included angle  of 750, because of 



low load requirements, tool life and general durabi lity. The tests had 
also revealed that the high stress/ no blade contac t theory was valid and 
identified the gap that was required between the bl ades to achieve the 
desired tensile stress. The principle of compacting , while shearing took 
place, ensured that the sample was not ejected when  the stress produced 
the break in the material. For the same reason, no shock was evident, a 
distinct requirement of the pond location. A summar y of the results of 
shearing are shown in Table II. 
Table II 
To summarize, a combined shearing / compaction oper ation on a 48 mm 
diameter tube with a wall thickness of 4.5 mm and a  length of 200 mm, 
employing a double shear blade with an included ang le of 750, required a 
load of 970 kN. This force resulted in a product me asuring 200 mm long x 
13 mm thick. The combined shearing/compacting resul ts are shown in Table 
III. 
Table III 
THE SHEAR / COMPACTOR MACHINE 
To ensure that no shearing / compacting loads were transferred into the 
pond wall structure, the machine was designed as a self consuming load 
system. However, before commencing the design work,  a number of important 
decisions were made, particularly in the light of t he development test 
program results. These were: 
  as a water hydraulic cylinder capable of an outpu t force of 1000kN was 
commercially available and any larger unit would ha ve to be specially 
constructed, it was decided to use that equipment. It was constructed in 
the correct grade of stainless steel and had a prov en performance when 
operating on a demineralized water fluid. 
  as a force of only 1000kN was available, with lit tle in reserve over 
the required 970kN developed during the test progra m, it was agreed to 
limit the degree of compaction to provide a finishe d thickness of 
approximately 17 mm against the proposed 13 mm, dem anding a reduced 
compaction load of 680kN. This important decision m eant that the 
designers had some 30% spare capacity in the availa ble hydraulic cylinder 
with a corresponding penalty in the finished thickn ess of the compact. 
It was considered acceptable to pay this loss of re duction for the cost 
advantage gained from using proven, available equip ment. 
The initial design layouts indicated that the overa ll size of the machine 
would be determined by two basic factors :  
  the maximum movement required between the two cut ting blades and 
  the diameter of the power unit used to produce th e force of 1000 kN 
The size of the hydraulic cylinder mounting flange determined the 
dimensions of the cylinder mounting block. See arra ngement of machine in 
Fig. 3. Parallel to the cylinder block and joined t o it by four large tie 
bars, is the reaction block. Sliding along the four  tie bars and moved by 
the hydraulic cylinder piston rod, is the moving bl ock. Positioned on 
both reaction and moving blocks are the cutting bla de location fittings, 
designed to permit the changing of the cutting blad es without having to 
remove the machine from the water. These location f ittings are so 
designed that they ensure correct alignment of the cutting blades and the 
tube being treated, an important requirement reveal ed by the test 
program. 
Fig. 3 
To ensure that the cutting edges do not come into c ontact with each 
other, four reaction blocks are fitted to the corne rs of the blades. The 



shape of the blade and the reaction blocks control both the cutting and 
degree of compaction obtained. Two cutting edges ar e fitted to each 
blade, the top horizontal set for cutting vertical tubes and the vertical 
set for the horizontal tube arrangement. Both sets of blade location 
fittings have been designed to bolt to the flat sur faces of the moving 
and fixed reaction blocks. Thus, with the 250 mm st roke available from 
the hydraulic cylinder and a change of location fit ting and cutting 
blade, tubes up to 190 mm diameter can be dealt wit h if required. 
Bridging the bottom two tie bars and positioned bel ow the blade location 
fittings, is a fixed stop plate which is 200 mm fro m the horizontal 
cutting edges. To one side of this fixed stop plate  are two location pins 
which locate the adjustable and removable horizonta l stop. This stop can 
be adjusted to any distance up to 910 mm from the v ertical cutting edges. 
On the top surface of the reaction block is a singl e lifting lug for 
removing the machine from the support structure. Fi tted either side of 
the cylinder block are the machine support plates, joined at the top by a 
cylindrical bar. 
All materials specified for the machine is generall y stainless steel. 
Where friction of moving couples was involved, the stainless steel for 
construction was changed to a type with a high moly bdenum content, thus 
minimizing the risk of galling or self welding. As weight was a dominant 
factor, particularly as the capacity of the pond cr ane was limited, and 
the reactions in the pond structure should be as lo w as possible, 
considerable thought was given to providing a light  but structurally 
stiff assembly. 
The estimated weight of the machine, in air, is 2,0 40 kg. 
SUPPORT STRUCTURE 
The support structure for the machine is constructe d of three basic 
components: 
  the top section which straddles the pond surround  and clamps to it. To 
prevent overloading the wall with this manually ope rated clamp, a collar 
is placed between the handwheel and the clamp shaft  support  
  built into the top section is an operator's platf orm, complete with 
guard rails, giving an uninterrupted view of the ma chine some 3 m below 
the water level. All materials used in the construc tion of the top 
section are of normal carbon steel suitably protect ed against corrosion 
by plastic coating. 
  The lower machine support section is suspended fr om the platform 
assembly by a stainless steel, 3 tube configuration . The three tubes are 
cross braced at regular intervals by fabricated dia phragms, to reduce the 
strut length of the rear tubes which are subject to  a compressive load. 
Each of these tubes was left open at each end to pe rmit the entry of 
water, thus maintaining adequate shielding for the operating personnel.  
The fabricated lower machine structure is also fabr icated from stainless 
steel, suitably stiffened with welded ribs. To redu ce the weight of the 
machine support, each of the heavy side plates are,  in fact, formed from 
two light plates some 25 mm apart, joined on all ed ges by a bridging 
closure plate. To provide an amount of positive buo yancy and reduce the 
wall reactions, no water is allowed to enter the en closed hollow side 
plates. 
The shear / compactor machine locates in the tapere d vertical slots and 
the overhung machine weight is reacted through the adjustable stops 
provided on the inside of the side plates. Attached  to the lower support 
structure is a perforated aluminum alloy tray fitte d with a collector box 



for the compacted tubes. The collector box can be r emoved when full and 
the tray can be hinged downwards when the space is required in the pond. 
The estimated weight of the support structure, in a ir, is 910 kg. The 
arrangement of machine, support structure and pond wall reactions are 
shown in Fig. 4. The wall reactions were all calcul ated for the 'in air' 
condition. The true reactions when the equipment is  suspended in water 
will be reduced due to a degree of buoyancy inheren t in the system. 
Fig. 4 
HYDRAULIC SYSTEM 
To keep the size of the shear / compactor to an abs olute minimum, a 
pressure of 210 kg.cm-2 is used to obtain an output  from the hydraulic 
cylinder in excess of 1000 kN. The return stroke of  the cylinder delivers 
in excess of 690 kN. 
A normal oil pump is used to pressurize an actuatin g cylinder which is 
mechanically linked to a smaller diameter injection  cylinder. The 
injection cylinder is filled on its suction stroke with demineralized 
water. On the injection cylinders pressure stroke, the shear / compactor 
machine cylinder is pressurized and moved a small d istance. By continuing 
to inject demineralized water into the machine cyli nder, the complete 
stroke is obtained by means of a series of small st epped movements. 
By using this form of circuit, only the injection c ylinder, machine 
cylinder, non return valves and vent valves are fil led with demineralized 
water, thus reducing the stainless steel hydraulic equipment to a 
minimum. 
OPERATING PROCEDURE 
With the support structure clamped to the pond wall , the shear / 
compactor machine can be lowered into the water, wi th hydraulic system 
pipes connected, until the machine's horizontal bar  locates into the 
tapered slots in the support structure. By continui ng to lower the 
machine it will rotate about the bar until the mach ine is horizontal and 
supported in a cantilevered attitude. The crane hoo k should then be 
disengaged from the machine lug. Removing the machi ne from the pond is 
the reverse of the above procedure. 
The recommended procedure for operating the machine  is to undertake the 
horizontal cutting of the long tubes using the guid e to produce lengths 
of around 900 mm, the resultant pieces being handle d with the in-pond 
manipulator. It is accepted that a length of some 2 00 mm adjacent to the 
cut will be compacted but this will not affect the later operations. 
With the bottom stop adjusted the 900 mm lengths ar e handled vertically 
into the machine until the tube rests on the stop. Operation of the 
hydraulic cylinder will result in a 200 mm compacte d length falling from 
the cutting blade area, on to the inclined tray and  then into the 
collector box fitted to the tray. This procedure to  continue until the 
box is sufficiently loaded with compacted samples, when the crane hook 
can be used to remove and park the filled box elsew here in the pond. A 
replacement box can be fitted and the operations co ntinued. 
MAINTENANCE 
The only regular maintenance envisaged for the mach ine is the inspection 
and, if necessary, the changing of such items as th e hydraulic seals, 
sliding bearings and the shear blades. Obviously, t he life of these items 
will depend on usage and the period between changes  will have to be 
determined by operational experience. 
The equipment most frequently changed, however, wil l be the shear blades, 
although the development program indicated that som ething in excess of 



200 cuts should be achieved before their efficiency  is impaired. It was 
for that reason that the shear blade assemblies wer e made removable. 
CONCLUSIONS 
The main conclusion reached at the termination of t his design/feasibility 
study was that a machine with a capability to produ ce 1000 kN of force, 
would produce a compacted product measuring 69 mm x  17 mm x 200 mm, with 
the machine suspended in water from a pond wall, wi th all operations able 
to be achieved remotely. 
Although this shear / compactor machine was designe d to handle tubes of 
48 mm diameter, the stroke of the main cylinder and  the distance between 
the tie bars is such that larger diameter tubes cou ld be treated, if 
required. To undertake the larger tubes, however, i t would have to be 
accepted that the wall thickness would need to be l ess. For example, it 
has been calculated that a tube of 190 mm diameter could be treated in 
the machine, providing the wall thickness did not e xceed 1.8 mm. 
Different shear blades would be required for such a n operation. 
Other candidate materials which could be considered  for treatment would 
be fuel assembly structures and tie bars, etc. 
The machine was designed primarily for underwater o peration, but as it 
could be demounted from it's support structure, it could be transferred 
to a 'hot cell' if necessary. It could, in that cas e, still employ the 
demineralized water hydraulics but would need a ben ch stand to position 
the machine at a height suitable for viewing throug h a cell window. 
All of the very detailed development work, design a nd calculations 
produced for this exercise provided the authors wit h the confidence that 
the equipment should be built to become an essentia l tool for any cooling 
pond decommissioning project. Being a light structu re throughout, the 
results of decommissioning this tool at the end of it's life would not 
add significantly to the overall cost of any disman tling program. 
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ABSTRACT 
This paper presents a method for the rapid characte rization of gamma-ray-
emitting radioisotopes in large samples of earth-li ke materials: concrete 
shielding blocks in this case. Active regions are i dentified with a 
sensitive radiation-survey instrument and then exam ined in detail with a 
high-efficiency lead-shielded Ge spectrometer. Natu rally-occurring gamma-
ray emissions from the decays of uranium, thorium, and potassium are used 
to calibrate the spectrometer. A simple relationshi p exists between the 
observed counting rate in a characteristic gamma ra y and the activity in 
the block. This method, taking only tens of minutes  per sample at the 



nano-Curie/gram sensitivity level, replaces much of  the expensive coring 
and laboratory analysis methods needed otherwise.  
 INTRODUCTION 
Following many years of productive work, the SuperH ILAC and Bevalac 
accelerators at Lawrence Berkeley National Laborato ry were closed, 
leaving thousands of concrete shielding blocks avai lable for reuse or 
disposal. The process history of these blocks as sh ielding precludes free 
release pending radiological characterization.  
For the first half of its nearly 40 year lifespan, the Bevalac 
accelerator ran beams of protons at energies as hig h at 6.2 GeV. 
(Subsequent heavy-ion beams contributed small amoun ts of additional 
activation.) Interactions of these primary-beam pro tons on targets and 
machine components generated secondary particles, p redominantly neutrons 
with long mean-free-paths, that activated parts of the shielding. As 
detailed in Refs. 1 and 2, the dominant process by which accelerator 
shielding blocks are activated involves capture by thermal neutrons. The 
isotopes 46Sc, 59Fe, 60Co, 65Zn, 134Cs, 152Eu and 1 54Eu are produced this 
way. To a lesser extent, fast neutron activation ac counts for the 
production of 22Na and 54Mn. As discussed in Refere nces 1 and 2, thermal-
neutron activation may increase slightly with depth , reaching a maximum 
several cm into the concrete. Fast neutron-activati on, on the other hand, 
is at a maximum at the surface. Activities fall off  approximately 
exponentially after the maximum with a half-thickne ss on the order of 10 
cm. The very few blocks at 0 to GeV beams could hav e very different 
distributions. Since most of the high-intensity lig ht-ion runs at the 
Bevalac occurred prior to 1971, only the longest li ved products remain, 
namely 60Co and 152Eu.  
A large number of Bevalac shielding blocks have bee n examined with a 2.54 
cm diameter x 2.54 cm thick NaI survey instrument a nd found to exhibit 
surface activities over a range from several mR/hr above background to 
over 1000 mR/hr above background. Subsequent to thi s survey, several 
examples of blocks were examined with a high-effici ency lead-shielded Ge 
spectrometer to identify and quantify the activity.  This spectrometer can 
easily distinguish natural activity (U, Th, and 40K ) from added activity 
(mainly 22Na, 60Co, and 152Eu). The natural activit y may be used to 
calibrate the detector for the quantification of ad ded activities. 
Following calibration, this technique makes most co ring and laboratory 
analysis unnecessary.  
THEORY 
As shown in Fig. 1, the detector views a volume of the sample defined by 
the solid angle of the lead collimator and a depth determined by the 
gamma-ray attenuation in the sample. Each unit volu me contributes gamma 
rays that may be detected in a lead-shielded detect or located next to the 
slab. For an activity of Av Disintegrations/minute/ unit volume, and a 
fraction (BR) of disintegrations that produce a par ticular characteristic 
gamma ray, Av x BR gamma rays at the energy E of th e characteristic gamma 
ray are emitted per unit volume. The observed count  rate in the detector 
in counts/minute (CPM) is: 
Fig. 1 
Eq. 1 
where m(Z,E,r,ri) is the gamma-ray absorption in a thickness ri, (Z is 
the effective atomic number, E is the gamma-ray ene rgy, and r is the 
density.) e(E,W) is the detector efficiency. (Depen dent on gamma-ray 
energy E and detector solid angle W, and the sum ex tends over all 



elements DVi. Note that e(E,W) depends on W, and no t on the distance 
between the sample and the detector face.  
Converting to disintegrations/gram: A r = Av 
Eq. 2 
where e is, essentially, the absorption- and effici ency-weighted mass of 
the sample examined and is determined by comparing the CPM observed with 
the activity determined by measuring the activity o f a core sample in the 
laboratory. 
The activity A is determined by: 
Eq. 3 
PROCEDURES 
Part I: Determination of Intrinsic Activity by Labo ratory Analysis 
The intrinsic activity of the bulk concrete is dete rmined by gamma-ray 
analysis of kg-sized samples obtained by drilling 2 .5 cm diameter holes 
into the concrete. Typically 6 holes 15 cm deep wer e used to obtain 
enough material. The hammer-drill used pulverized t he material into a 
fine powder which was collected in a plastic bag. T he contents were 
transferred to a Marinelli beaker and counted for 1  day on a calibrated 
30% p-type germanium spectrometer at the LBNL Low B ackground Facility. 
Concentrations of uranium, thorium, and potassium w ere determined for 
various samples of normal- and high-density concret e.  
Part II: Detector Calibration 
Prior to drilling, a lead-shielded 80% Ge spectrome ter was used to 
measure activity in-situ at the same sites as the c ore samples were 
taken. (This procedure, shown in Fig. 2, will be de scribed more fully in 
the next section.) The detector response e is deter mined by comparing the 
observed count-rate (CPM) from characteristic gamma -rays from U, Th, and 
K observed in-situ with the U, Th, and K activities  (A) determined via 
laboratory analysis as described above. 
Fig. 2 
Eq. 4 
Bevalac shielding blocks are made of two different kinds of concrete 
having different physical and radiological properti es. Normal-density 
concrete, specific gravity 2.4, and high-density co ncrete, typically 
containing iron-ore aggregates of specific gravity 3.5 were used in 
different parts of the shielding. Normal-density co ncrete contains the 
natural decay products from U, Th, and 40K at level s 10 times higher than 
high-density concrete. 
Part III: In-situ Measurements 
The spectrometer used consisted of an ORTEC 80% p-t ype germanium detector 
mounted in a low-background cryostat and powered by  an ORTEC Nomad 
system. The 8192 channel analog-to-digital converte r and internal memory 
accumulated and stored data for read-out via an att ached lap-top PC. 
Resolution was 1.9 keV @ 1333 keV. The spectrometer  shielded with 5-10 cm 
of lead (5 cm in the early measurements and 10 cm i n later measurements) 
and mounted on a cart as shown in Fig. 2. The cart is positioned next to 
the block for measurements. Note that the distance between the 
spectrometer and the block is not critical as long as the field of view 
from the detector sees only the sample. 
Characteristic gamma rays from naturally-occurring radionuclides over the 
energy interval 238-2614 keV were used to generate detector response 
curves as shown in Fig. 3. The response to characte ristic gamma-rays from 
added activities were determined by interpolation. The curve from Fig. 3 
was used to generate a table relating the observed CPM in a 



characteristic line to activity. This table was use d to determine added 
activities. 
Fig. 3 
Most of our observations involved counting times on  the order of 1 day, 
with the exception of background counts (with an ad ditional 5-10 cm lead 
shielding over the front face of the detector) whic h lasted several days. 
With these counting times, we were able to measure activities <0.01 pCi/g 
for 60Co, <0.1 pCi/g 152Eu, and <0.2 pCi/g 22Na. Fo r activities in the 
nCi/g range, counting times of only a few minutes a re required. Figure 4 
shows a spectrum from a sample containing 10 pCi/g of 60Co, adjusted to 
represent a 5 minute counting time.  
Fig. 4 
Part IV: Comparison with a Survey Meter 
The naturally-occurring radioactivity in concrete c an easily provide 
surface dose rates of several micro-R/hr above back ground, rates at which 
a survey meter with a 2.54 cm diameter x 2.54 cm th ick NaI crystal can 
easily measure. Such a meter can be used to survey large areas in short 
times. For 60Co in high-density concrete, an empiri cal relationship 
between dose measured with the survey meter and act ivity was determined: 
Dose rate (mR/hr) = 1.7 * Activity (pCi/g) 
For example, 10 pCi/g of 60Co provides approximatel y 17 mR/hr reading on 
the survey instrument, an amount easily detectable above the several 
mR/hr background in the region where we did our mea surements. Thus, 
release criteria of 10 pCi/g for 60Co, for example,  can be determined 
reasonably well with a survey meter. Readings <10 m R/hr, uniform over the 
surfaces, are probably from naturally-occurring rad ionuclides alone. 
Readings above 20 mR/hr, particularly if they are n ot uniform over the 
surfaces, almost certainly indicate manmade isotope s. Criteria such as 
these, combined with judicious application of the d etailed 
characterization described in Part III, can provide  inexpensive and 
sufficient characterization of large samples, such as concrete blocks, 
for disposition. 
CONCLUSIONS 
The combination of survey-meter readings and the de tailed 
characterization techniques described above, provid e inexpensive and 
thorough characterization of concrete blocks for re use or disposal. 
Following detector calibration, The characterizatio n technique is simple 
enough that a technician can be trained to perform in-situ measurements 
in tens of minutes per sample, including analysis. On-the-spot decisions 
regarding the suitability of a sample for transport ation or disposal can 
then be made. Spectra are retained as permanent rec ords of the 
radioisotopes in the block. 
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ABSTRACT 
A solvent extraction bench-scale treatability study  was performed for the 
U.S. Department of Energy (DOE) Rocky Flats Environ mental Technology Site 
(RFETS) in Golden, Colorado by Resources Conservati on Company (IONICS 
RCC) and Harding Lawson Associates (HLA) using IONI C RCC's patented Basic 
Extraction Solvent Technology (B.E.S.T.) and additi onal process 
technologies for which patents are pending. The ben ch-scale treatability 
study was performed in two phases. Each phase was d esigned to address 
feasibility study data needs regarding the effectiv eness of solvent 
extraction to remove radionuclides from RFETS soil and vegetation. 
Two surficial soil samples and one vegetation sampl e were collected from 
three separate areas downgradient of the 903 pad in  Operable Unit Number 
2 (OU 2). Before treatment, soil sample #1, soil sa mple #2, and the 
vegetation sample contained the following plutonium  concentrations: 740 
picocuries per gram (pCi/g), 1200 pCi/g, and 640 pC i/g, respectively. 
During the time this treatability study was perform ed, cleanup levels 
were not yet established. Therefore, the effectiven ess of this technology 
was primarily evaluated on the basis of the percent  of total plutonium-
239 and plutonium-240 removed from each soil and ve getation sample 
following treatment. 
The most favorable results of the bench-scale study  showed plutonium 
concentrations in soil sample#1, soil sample #2, an d the vegetation 
sample were reduced to 83 pCi/g (89 percent removed ), 102 pCi/g (92 
percent removed), and 23 pCi/g (97 percent removed) , respectively. The 
plutonium was concentrated in a residual solvent si destream that was 
estimated to be a small fraction of the original co ntaminated soil and 
vegetation sample weight. The success of the bench- scale treatability 
study indicates that plutonium can be removed from RFETS soil and 
vegetation effectively. After cleanup goals for the  radionuclides have 
been established, a pilot-scale study should be per formed to refine the 
process parameters and costs for full-scale applica tion. 
INTRODUCTION 
Facilities at Rocky Flats Environmental Technology Site (RFETS) had two 
main historical missions during the period of opera tions from 1952 until 
1990: producing triggers for nuclear weapons and pr ocessing retired 
weapons for plutonium recovery. The past manufactur ing activities have 
resulted in the contamination of soil and vegetatio n with radionuclides 
(i.e., plutonium and uranium), organic compounds, a nd metals. The samples 
collected for this specific treatability study were  contaminated 
primarily with uranium and plutonium, and included two soil samples and 
one vegetation sample from three separate locations  downgradient of the 
903 pad area. 
The 903 pad is located on the south eastern side. T his pad was 
established in 1958 to store plutonium-contaminated  oil and uranium-
contaminated oil drums outside. The pad covers an a rea of 113 meters by 
120 meters. Deterioration of drums and contaminatio n of soil in the 903 



pad area was reported in 1964. From 1967 to 1968 th e drums stored at the 
903 pad were transported to a building (Building 77 4) onsite for 
processing. However, during the years of 1967 throu gh 1968, high winds 
and heavy rainfall spread contamination to surround ing areas including a 
ditch near the 903 pad. From 1968 through 1969 inst allation of a concrete 
pad to cover the contaminated soil on the 903 pad w as started and 
completed.  
Under the Federal Facilities Agreement (1991) for t he Rocky Flats Plant 
DOE has agreed to investigate and remediate contami nated soil at RFETS. 
Since 1991, an ongoing remedial investigation/feasi bility study (RI/FS) 
has been conducted for the RFETS in an attempt to a ssess the nature and 
extent of contamination of all media. As part of th e ongoing feasibility 
studies (FS) for remediation of soil and vegetation  at the RFETS, solvent 
extraction was selected as a potential technology f or further evaluation 
in the FS process. Harding Lawson Associates (HLA) and Resources 
Conservation Company (IONICS RCC) assisted the Depa rtment of Energy (DOE) 
in evaluating the feasibility of solvent extraction  to remove 
radionuclides from RFETS soil and vegetation sample s by performing a 
bench-scale treatability study. To fulfill the purp ose of this 
treatability study, the following overall program o bjectives were 
established: 1) evaluate the effectiveness of solve nt extraction on the 
basis of the percent of total plutonium 239 and plu tonium 240 removed 
from each sample; 2) assess whether the technology could reduce uranium 
and plutonium concentrations to levels within the t reatability study 
benchmarks (TSBs) range; and 3) identify the near o ptimum operating 
parameters including the number of extraction stage s required to meet the 
TSB range. The target radionuclides identified for solvent extraction 
treatment for this study are presented in Table I w ith their associated 
TSBs based on residential hypothetical cancer risk.  
Table I 
OVERVIEW OF THE SOLVENT EXTRACTION PROCESSES 
The specific solvent extraction processes selected for the RFETS bench-
scale treatability study were the B.E.S.T. process developed and patented 
by IONICS RCC and a enhanced solvent extraction pro cess for which patents 
are pending. The B.E.S.T. process can be used to ex tract organic 
contaminants from mixed wastes. The radionuclides c an then be extracted 
using the enhanced solvent extraction process. Both  of these solvent 
extraction processes are described separately in th e following 
paragraphs. 
The B.E.S.T. process exploits the unique solvent pr operties of 
triethylamine to remove water from soil or sludges and contaminants from 
both soil and water. In the B.E.S.T. process, triet hylamine works to 
remediate soil or sludges in two basic steps. First , the triethylamine, 
through its inverse miscibility property (discussed  below), effectively 
removes water from the soil or sludge. Secondly, af ter soil and sludge 
moisture is removed, the triethylamine can directly  extract organic 
contaminants from soil particles. 
Triethylamine exhibits an inverse miscibility prope rty by being 
completely miscible with water at or below 60 degre es Fahrenheit (F); 
however, when heated above 60F, triethylamine and w ater are only 
partially miscible. The inverse miscibility propert y is used to remove 
water bound to contaminated soil particles by initi ally extracting 
contaminated soil with chilled (below 60F) triethyl amine to form a 
homogeneous, single mixture of triethylamine/water/ contaminant (primarily 



organics). After soil moisture is removed, the effi ciency of subsequent 
extractions, performed at warmer temperatures, is e nhanced because the 
triethylamine is able to achieve complete contact w ith each component of 
the contaminated soil. 
Before the extraction process is begun, feed materi al is screened to 
remove oversize material (i.e.,greater than 1/4-inc h diameter at bench 
scale; greater than 2-inch diameter at full scale) and the pH adjusted to 
an alkaline condition (pH > 10.5). The feed is then  mixed with 
triethylamine in an extraction vessel until equilib rium is reached, and 
the solids are removed from the solution phase by s ettling or, if 
necessary, by centrifugation. Multiple extraction s tages may be required 
to achieve contaminant removal target levels. 
The liquid fraction, a single-phase triethylamine/w ater/contaminant 
mixture, is heated to a temperature greater than 60 F and two distinct 
phases from a heavier aqueous phase, and a lighter organic phase made up 
primarily of organic material and triethylamine. Th e phases are separated 
by decantation. The organic contaminant mixture/tri ethylamine phase 
contains contaminants initially present in the soil . The triethylamine is 
recovered from the organic contaminant mixture/trie thylamine phase by 
evaporation, leaving a concentrated organic contami nant fraction. 
Recovered triethylamine is chilled and recycled for  use in subsequent 
extractions. 
The B.E.S.T. process produces water, a concentrated  organic contaminant 
fraction, and treated solids. Ideally, the product water can be conveyed 
to a water treatment facility where it may require minimal treatment 
before discharge to the environment. The concentrat ed organic contaminant 
fraction, which contains contaminants originally in  the influent soil, 
amounts to a very small fraction (i.e.,0.1 percent)  of the influent 
contaminated soil weight. This fraction may require  further treatment 
(i.e., incineration) if the contaminant levels in t he feed soil are high. 
The treated solids fraction may be returned to the site and possibly 
revegetated or sent to a disposal facility.The enha nced solvent 
extraction process combines the pretreatment of con taminated soils or 
sludges with oxidizing and complexing agents,to rem ove contaminants 
(i.e.,metals and radionuclides) from the solid wast e materials into the 
water phase. The contaminants can then be removed f rom the water phase by 
using the B.E.S.T. solvent extraction process to pr eferentially dehydrate 
the weak aqueous solution to concentrate and captur e the contaminants by 
leaving the contaminants in a dense brine phase. 
This paper presents the bench-scale solvent extract ion program test 
design and the results of the bench-scale solvent e xtraction program 
performed for RFETS. The bench-scale solvent extrac tion program included 
three components: sample preparation, Phase I bench -scale tests, and 
Phase II bench-scale tests. Each of these component s is discussed below. 
BENCH-SCALE PROGRAM DESIGN 
Sample Preparation 
The two soil samples were prepared by screening, bl ending, and dividing 
each sample into separate test and analytical sampl es. The screening 
process involved using a standard Tyler sieve to re move material greater 
than 1/4 inch in diameter. The blending process inv olved splitting the 
screened sample into two portions, recombining the split sample, and 
mixing the recombined soil thoroughly. The blending  process was performed 
a minimum of eight times. Following the blending, e ach separate soil 
sample was split into analytical and bench-scale te st samples. Chemical 



analyses of the analytical samples provided baselin e chemical 
characterization data to evaluate the effectiveness  of the blending 
process and plutonium removal efficiencies during b ench-scale testing.  
The "as received" vegetation sample consisted of tw o root balls and their 
accompanying stems and leaves. The stems and leaves  were clipped with 
scissors and set aside. The root balls were rinsed with water to remove 
most of the soil adhering to the surface of the veg etation. Any floating 
material was skimmed off the water surface and set aside. 
The remaining root balls, stems, leaves, and skimme d material were 
combined and then ground in a meat grinder. The res ulting ground 
vegetation mixture was blended by hand using the sp lit and recombine 
technique described above for the two soil samples.  Following the 
blending step, analytical and bench-scale test samp les were split. 
Chemical analysis of these vegetation analytical sa mples provided 
baseline chemical characterization data to evaluate  the effectiveness of 
the blending process and to evaluate plutonium-239, 240 removal 
efficiencies during bench-scale testing. 
BENCH-SCALE TEST DESIGN 
Bench-scale testing was performed in two phases. Ea ch phase was designed 
to address feasibility study data needs regarding t he effectiveness of 
solvent extraction to remove radionuclides from RFE TS soil and 
vegetation. The bench-scale tests for Phase I consi sted of screening 
tests and solvent extraction tests. The results of the screening tests 
were used to direct the approach in the Phase I sol vent extraction tests. 
Phase II consisted of solvent extraction tests usin g the most effective 
combination of operating parameters identified duri ng the Phase I solvent 
extraction testing.  
Phase I Screening Test Design 
Screening tests were performed to evaluate plutoniu m removal efficiency 
using several combinations of oxidizing, reducing, and complexing 
reagents as well as other potential solubilizing ag ents. Each screening 
test consisted of adding one or more reagents and c onducting one 
extraction stage. Generally, an extraction stage co nsisted of adding 
reagent, mixing the sample with the reagent solutio n, separating liquids 
from solids (centrifugation), and recycling solids to the extraction 
vessel. Gross alpha screening was performed on the extract solution after 
each reagent addition to evaluate plutonium removal  for each reagent or 
combination of reagents tested. Screening tests sho wing greater than 
approximately 20 percent plutonium removal were tes ted further using a 
maximum of six extraction stages. These subsequent extraction stages are 
referred to as solvent extraction tests. The specif ic technical approach 
used during the screening tests for soil sample#1 a nd soil sample#2, and 
the vegetation sample are described in the followin g paragraphs. 
Fifteen screening tests were performed on soil samp le#1 and eleven 
screening tests were performed on soil sample#2 dur ing Phase I testing. A 
summary of the test parameters used in the soil sam ple#1 and soil 
sample#2 screening tests is provided in Table II. G enerally, 100 grams of 
soil were used for each test. The reagents added to  the soil for each 
test are presented in Table II. The addition of rea gent resulted in a 
liquid-to-solid ratio ranging from 1:1 to 100:1 by weight. The liquid and 
soil mixture was then agitated for 30 to 60 minutes  at temperatures 
ranging from 34 degrees Fahrenheit (F) to 190F. A s mall aliquot of 
extract solution was removed after each reagent add ition for gross alpha 
screening. Screening tests showing greater than 20 percent gross alpha 



removal were subject to additional extraction stage s, up to a maximum of 
six extraction stages, with modifications to the sc reening test 
parameters. However, with the exception of soil sam ple#1, Test 1 was a 
control test and used five extraction stages. 
Eight screening tests were performed on the vegetat ion sample during 
Phase I testing. A summary of the test parameters u sed in the screening 
tests is provided in Table II. Generally, the test parameters were 
similar to those described for soil samples #1 and 2. For example, 50 
grams of vegetation were used per test, reagents li sted in Table II were 
added to the vegetation resulting in a liquid-to-so lid ratio of 8:1, the 
liquid and vegetation mixture was agitated for 30 t o 90 minutes at 
temperatures ranging from 34F to 190F, and a small aliquot of extract 
solution was removed after each reagent addition fo r gross alpha 
screening. Screening tests showing greater than 20 percent gross alpha 
removal were subject to additional extraction stage s with modifications 
to the screening test parameters. 
Table II 
Phase I Solvent Extraction Tests 
Solvent extraction tests were performed following e ach soil and 
vegetation screening test showing greater than 20 p ercent gross alpha 
removal. Each solvent extraction test consisted of subsequent extraction 
stages following the screening test (the screening test being the first 
extraction stage of the solvent extraction test). G enerally, each 
extraction stage consisted of adding reagent, mixin g the sample with the 
reagent solution, separating liquids from solids (c entrifugation), and 
recycling solids to the extraction vessel. After co mpletion of all 
extraction stages, triethylamine was added to the s eparated reagent 
solution, contaminants were concentrated, and water  and triethylamine 
were recycled. (Triethylamine was used to remove th e water from the 
contaminant solution, allowing the water to be recy cled without 
evaporation or other separation techniques.) A bloc k diagram of the 
bench-scale test process is presented in Fig. 1. 
Fig. 1 
Four screening tests for soil sample#1 (Tests 1, 4,  10, and 15) and soil 
sample#2 (Tests A, B, C, D) were subject to subsequ ent extraction stages, 
with modifications to the screening test parameters , as shown in Table 
III. These subsequent extraction stages are referre d to as solvent 
extraction tests. A step-by-step description of soi l sample#1, Test 15 is 
given below to further clarify the extraction seque nce used during Phase 
I sample testing. 
Table III 
A 100-gram portion of soil sample #1 was placed in a 1-liter extraction 
vessel. A solution of hydrogen peroxide, used as an  oxidizing agent, was 
added to the extraction vessel to achieve a liquid- to-solids ratio of 8 
to 1 by weight. The solution was agitated for 60 mi nutes at 150F. After 
stopping the agitation, the settling characteristic s of solids were 
observed and it was concluded that centrifugation w ould be required. The 
solids were then separated from the extract by cent rifugation. The 
extract solution was sampled and analyzed using a g ross alpha screening 
technique to obtain an estimate of the extraction e fficiency of the 
peroxide solution. 
Citric acid, used as a complexing agent, was then a dded to the extraction 
vessel. The mixture was again agitated for 60 minut es at 160F. The solids 
were separated from the extract by centrifugation. The extract solution, 



referred to as interstage extract solution, was ana lyzed using a gross 
alpha screening technique to obtain an estimate of the extraction 
efficiency of the peroxide/citric acid solution. Th is extract solution, 
free of suspended solids, was sampled and later ana lyzed for isotopic 
plutonium. The extracted solids, referred to as int erstage solids, were 
sampled and later analyzed for isotopic plutonium. 
The above extraction procedure was repeated three m ore times for Test 15, 
starting with the addition of hydrogen peroxide to the solids and liquid 
remaining in the extraction vessel, for a total of four extraction 
stages. The final treated solids and final extract solution were later 
analyzed for total uranium and isotopic plutonium. After the final 
extraction stage, a composite extract solution was formed by combining 
the extract solution from each extraction stage. Tr iethylamine was then 
added to the composite extract solution to concentr ate the contaminants 
to a minimal volume. (Addition of triethylamine for ms a two-phase system; 
a light phase containing triethylamine and water, a nd a heavy phase 
containing the contaminants and a small amount of w ater.) The heavy phase 
was then analyzed for isotopic plutonium. 
Four solvent extraction tests (Screening Tests V-1,  V-2, V-3, and V-7) 
were performed with modifications to the screening test parameters, as 
shown in Table III. The step-by-step procedure used  for the vegetation 
sample was similar to that discussed for soil sampl e #1. 
Phase II Solvent Extraction Tests 
Phase II solvent extraction tests were performed us ing the most effective 
combination of oxidizing/reducing agents, complexin g agents, 
triethylamine, extraction time, and extraction temp erature identified 
during Phase I solvent extraction testing. The proc ess operating 
parameters used in Phase II testing are presented i n Table IV for soil 
sample #1, soil sample #2, and for the vegetation s ample. The sample size 
and number of extraction stages were increased duri ng Phase II testing as 
compared to Phase I testing (sample sizes were doub led during Phase II 
testing and 12 extraction stages were conducted dur ing Phase II instead 
of the 3 or 4 stages used during Phase I testing). Generally, each 
extraction stage consisted of adding a reagent, mix ing the sample with 
the reagent solution, separating liquids from solid s (centrifugation), 
and recycling solids to the extraction vessel. Afte r completion of all 
the extraction stages, triethylamine was added to t he separated reagent 
solution, contaminants were concentrated, and water  and triethylamine 
were recovered. (Triethylamine was used to remove t he water from the 
contaminant solution, allowing the water to be recy cled without 
evaporation or other separation techniques.) A bloc k diagram of the 
solvent extraction bench-scale test process is pres ented in Fig. 1. 
Solvent extraction testing procedures used during P hase II for soil 
sample #1, soil sample #2, and the vegetation sampl e are described in 
further detail in the following paragraphs. 
Table IV 
Two solvent extraction tests were conducted during Phase II testing on 
soil sample #1 and soil sample#2. The test paramete rs used for each test 
are presented Table IV. A step-by-step description of one of the two 
tests for soil sample#1 is given below to further c larify the extraction 
sequence used during Phase II sample testing. 
A 200-gram portion of soil sample #1 was placed in a 1-liter extraction 
vessel. A solution of hydrogen peroxide, used as an  oxidizing agent, was 
added to the extraction vessel to achieve a liquid- to-solids ratio of 8 



to 1 by weight. The solution was agitated and heate d to 190F. Citric 
acid, used as a complexing agent, was then added to  the extraction 
vessel. The mixture was agitated for 60 minutes at 190F. After stopping 
the agitation, solids settling characteristics were  observed and it was 
concluded that centrifugation would be required. Th e solids were then 
separated from the extract solution by centrifugati on. This extract 
solution, free of suspended solids, was analyzed fo r isotopic plutonium 
and total uranium. 
The above extraction procedure was repeated 11 more  times, starting with 
the addition of hydrogen peroxide to the solids and  liquid remaining in 
the extraction vessel, for a total of 12 extraction  stages. The final 
treated solids were analyzed for total uranium and isotopic plutonium. 
After the final extraction stage, two composite ext ract solutions were 
formed by combining the extract solutions from extr action stages 1 
through 6 and the extract solutions from extraction  stages 7 through 12. 
An aliquot of each of these two composite samples w as analyzed for 
isotopic plutonium and total uranium. These two com posite extracts were 
then combined to form a single extract solution com posite. Triethylamine 
was then added to the extract solution composite to  concentrate the 
contaminants to a minimal volume. (Addition of trie thylamine forms a 
light phase containing triethylamine and water, and  a heavy phase 
containing the contaminants and a small amount of w ater.) The heavy 
phase, produced by adding triethylamine to the comp osite extract 
solution, was then analyzed for isotopic plutonium and total uranium. The 
water recovered from the extract solution was sampl ed and later analyzed 
for isotopic plutonium and total uranium. 
One solvent extraction test was performed on the ve getation sample using 
the test parameters shown in Table IV. The step-by- step procedure used 
for the vegetation sample was similar to that for s oil sample #1. 
RESULTS AND DISCUSSION OF THE BENCH-SCALE SOLVENT EXTRACTION PROGRAM 
The Phase I and Phase II bench-scale tests produced  both process and 
analytical results. Process test results for each s oil and vegetation 
sample included approximate values for extraction t emperature, extraction 
time, solids settling and centrifugation characteri stics, 
oxidation/reduction agent addition, complexing agen t addition, feed to 
reagent (i.e., oxidation/reduction and complexing a gent) ratios, and 
solvent to reagent ratios. Phase I screening test s howing greater than 20 
percent plutonium removed were tested further using  a maximum of six 
extraction stages and some modification to process parameters. The 
additional testing performed on these screening tes t samples were called 
the Phase I solvent extraction tests. These analyti cal and process 
parameter results from the Phase I bench-scale solv ent extraction testing 
were then used to identify the process parameters t o be used during Phase 
II testing. In addition, the analytical results pro vided data for mass 
balance calculations. Results from the three compon ents of the bench-
scale testing (sample preparation, screening tests,  and solvent 
extraction tests) are summarized in the following p aragraphs for soil 
sample#1, soil sample#2, and the vegetation sample.  
Sample Preparation Results 
Following the sample screening, blending, and split ting, the chemical 
characterization analytical samples were submitted to the laboratory for 
chemical analysis to provide data to evaluate the e ffectiveness of the 
blending process. The results of the plutonium char acterization analyses 
for each sample are presented in Table V, which pre sents the analytical 



results for both the Phase I and Phase II feed samp les. The variations in 
the vegetation and soil feed concentrations may be attributed to 
analytical variance and the inherent heterogeneity of the sample matrix. 
A statistical evaluation of the chemical characteri zation analytical 
results was performed and the results are presented  in Table V. 
Table V 
Phase I Solvent Extraction Tests 
The process data collected during Phase I bench-sca le testing of soil 
sample #1 are summarized as follows: 
  The extraction temperatures varied from 34F to 19 0F. 
  The extraction times varied from 30 minutes to ap proximately 14 hours. 
  Solids settling times of up to 30 minutes were te sted and 
centrifugation was required. 
  The oxidation/reduction and complexing agents tes ted are presented in 
Table VI. 
  The ratio of feed to reagent (i.e., oxidation/red uction and complexing 
agents), expressed on a weight-to-weight basis, var ied from 1:1 to 1:100. 
  The ratio of solvent to reagent, expressed on a w eight-to-weight basis, 
varied from pure solvent to a ratio 19:1. 
Table VI 
Table VII 
The results of plutonium 239,240 and total uranium analyses conducted on 
soil sample#1 and soil sample#2 feed, interstage (i .e.,first extraction, 
second extraction, etc.), and final treated solids from Phase I solvent 
extraction tests are presented in Table II. The ana lytical results show 
that in Tests 10 and 15, plutonium-239,240 was redu ced from a mean feed 
concentration of 740 picocuries per gram (pCi/g) to  86 pCi/g and 95 
pCi/g, respectively, in the final treated solids. T he analytical results 
for soil sample #2 indicate that in Tests A and C, plutonium-239,240 was 
reduced from a mean feed concentration of 1200 pCi/ g to 170 pCi/g and 180 
pCi/g, respectively, in the final treated solids.  
The process data collected during Phase I bench-sca le testing of the 
RFETS vegetation sample are summarized as follows: 
  The extraction temperatures varied from 34F to 19 0F. 
  The extraction times varied from 30 to 90 minutes . 
  Solids settling times of up to 30 minutes were te sted and 
centrifugation was required. 
  The oxidation/reduction and complexing agents tes ted are presented in 
Table VI. 
  The ratio of feed to reagent (i.e., oxidation/red uction and complexing 
agents), expressed on a weight-to-weight basis, was  1:8. 
  The ratio of solvent to reagent, expressed on a w eight-to-weight basis, 
was 5:1. 
The results of plutonium-239,240 and total uranium analyses conducted on 
feed, interstage (i.e.,first extraction, second ext raction, etc.), and 
final treated solids from Phase I solvent extractio n vegetation testing 
are presented in Table II. The analytical results s how that in Test V-2, 
plutonium-239,240 was reduced from a mean feed conc entration of 640 pCi/g 
to 87 pCi/g in the final treated solids. Because th e vegetation samples 
could not be ground to a small uniform particle siz e, the observed 
variability in the interstage solid results may ref lect heterogeneities 
between the small sample aliquots used. 
SUMMARY OF RESULTS AND CONCLUSIONS 



Results of the solvent extraction treatability stud y using the enhanced 
solvent extraction process indicate that significan t removal of 
plutonium-239,240 from RFETS soil and vegetation sa mples was achieved. 
The most favorable Phase II test results indicate p lutonium 
concentrations in soil sample#1, soil sample#2, and  the vegetation sample 
were reduced to 83 pCi/g (89 percent removed), 102 pCi/g (92 percent 
removed), and 23 pCi/g (97 percent removed), respec tively. Additionally, 
Phase II test results indicate plutonium was concen trated in a residual 
solvent sidestream that was estimated to be a small  fraction of the 
original contaminated soil and vegetation sample we ight. After cleanup 
goals for the radionuclides have been established, a pilot-scale study is 
recommended to refine the process parameters and co sts for full-scale 
application. 
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 GLOSSARY OF TABLE TERMS 
< Less than 
C12H27O4P Tributyl phosphate 
C6H8O7 Citric acid 
H2O2 Hydrogen peroxide 
HNO3 Nitric acid 
min Minute 
N No 
Na2CO3 Sodium carbonate 
Na2S2O4 Sodium dithionite 
Na3C6H5O7 Sodium citrate 
pCi/g  Picocuries per gramtemp Temperature 
TSBs Treatability study benchmarks 
Y Yes 
F Degrees Fahrenheit 
g/g Micrograms per gram 
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This study shows that a laser-induced breakdown spe ctroscopy (LIBS) 
monitor is effective at identifying peak times of w orker exposure to 
beryllium and enables the industrial hygienist to b etter evaluate peak 
exposure levels of airborne beryllium. 
Los Alamos National Laboratory (LANL, Laboratory), a US Department of 
Energy laboratory managed under contract to the Uni versity of California, 
has developed an instantaneous read-out instrument,  which is based on 
laser-induced breakdown spectroscopy (LIBS) and ind icates the airborne 
concentration of beryllium. The principal investiga tors (PIs, 
investigators) tested the instrument during operati ons at LANL's 
Beryllium Operation Facility. To evaluate the real- time instrument, we 
compared and contrasted data from current industria l hygiene monitoring 
methods to the instantaneous data from LIBS.  
The investigators took short duration side-by-side personal samples by 
attaching the LIBS monitor onto one lapel of a work er's personal 
protective clothing and a standard personal industr ial hygiene sampling 
train onto the other. Each sample collected by the LIBS monitor covered a 
30-second interval. The computer then summed all in tervals and also 
stored the data electronically for further study. T he sum of all the 30-
second intervals indicates the steps of the berylli um operation that are 
associated with peak personal exposures, providing an "exposure profile."  
Using the relative peaks and lows of real-time data , the investigators 
correlated work practices and control measures. In addition, we used the 
LIBS device to identify "hot spots" or potential ar eas of increased 
exposure. Our assessment of procedures at the Beryl lium Operation 
Facility verified that instantaneous read-out equip ment facilitates 
exposure assessments and control. n sulfide, carbon  monoxide, cyanide, 
mercury vapor, and a few other substances. Their us e is generally limited 
to intermittent evaluations to determine if respira tory protection should 
be used and when to initiate personal monitoring. C olorimetric tubes are 
also used for screening, but not generally used to determine an exposure 
profile, because it is difficult to take sufficient  samples and the time 
lag in between samples ranges from one minute to 20  minutes. 
This study shows that a laser-induced breakdown spe ctroscopy (LIBS) 
monitor is effective at identifying peak times of w orker exposure to 
beryllium and enables the industrial hygienist to b etter evaluate peak 
exposure levels of airborne beryllium. 
Beryllium is a highly toxic chemical with an occupa tional exposure limit 
(OEL) of 2g/m3 during an eight-hour workday (1,2). OELs also exist for 
the 30-minute ceiling of 5g/m3 and the instantaneou s peak limit of 
25g/m3. The proposed pathogenesis of chronic beryll ium disease (CBD) is 
that certain individuals can develop a cell-mediate d immune response to 
beryllium that has been associated with the develop ment of a pulmonary 
granulomatous reaction. One CBD case revealed that a facility relied 
unduly on averaged beryllium concentrations and dis regarded the 
significance of peak exposures that were hidden in the mean exposure 
figures. Excessive exposures that last hours, days,  or weeks may cause 
CBD; peak exposures must be taken into account (3).  
Established industrial hygiene sampling technology cannot measure 
instantaneous peak or ceiling OELS for many air con taminants, such as 
metals. If real-time instrumentation is unavailable , costly generation of 
a large number of samples is necessary to determine  peak exposure times. 
Beryllium sample analyses range from $25 to $100 pe r sample. Large 
numbers of samples limit an in-house laboratory's a vailability to provide 



analytical support for industrial hygiene evaluatio n of other processes. 
Even if a large number of standard industrial hygie ne samples were taken, 
it remains difficult to determine what part of a fa cility's operation is 
creating the different exposure levels. The standar d sampling method only 
provides average concentrations over the sampling p eriod; therefore, one 
can make only an estimate of the actual time of hig hest exposure. 
BACKGROUND 
LANL scientists developed the LIBs monitor (see Fig . 1) in the early 80s 
(4). LIBS can rapidly detect airborne or surface pa rticles. In the LIBS 
method, powerful laser pulses are focused to genera te microplasma. 
Material in the plasma is vaporized and reduced to its elemental 
constituents, which are electronically excited. The  LIBS monitor can 
identify the unique spectral signatures of atoms by  spectrally resolving 
and recording the energy radiated as the excited at oms drop to lower or 
ground-state energy levels. 
Fig. 1 
METHOD 
Investigators used a portable LIBS monitor equipped  with a focused high-
powered Q-switched neodymium:yttrium-aluminum garne t (Nd:YAG) laser. The 
laser beam induces a dielectric breakdown of air in  the sample stream and 
forms a plasma spark. Beryllium particles in the re gion of the spark are 
vaporized and the beryllium is excited. A fiber-opt ic cable focused on 
the sample port collects the light emitted with exc itation decay. The 
light is directed to the entrance slit of a small s pectrograph tuned to 
the most intense beryllium (II) line of 313.1nm. In  this study, a 
photomultiplier tube detected the beryllium emissio n and an analog-to-
digital processor located inside a computer integra ted the signal and 
digitized the resulting voltage. The resulting sign als were stored in the 
computer's memory. The laser has a repetition rate of 10 hertz with a 
sample interval of 30 seconds.5 The laser spark vol ume was 0.03 cm3 and 
the output energy was 100mJ/pulse. The computer con trolled all instrument 
operations. 
A plastic shipping container completely contained t he instrument to 
reduce potential contamination. Figure 2 shows a ph otograph of the LIBS 
monitor and the spray chamber. The computer was kep t in an area of low 
contamination and attached to the monitor with a 30 -foot cable. A 0.95-
cm-diameter hose approximately 10-feet long, which had a flow rate of 
10.7 Lpm, was attached to the LIBS monitor. The com puter displayed two 
real-time histograms: a "shot" histogram for the 30 -second intervals and 
an "average" histogram of the accumulated sums of t he 30-second interval 
intensities. All histograms are stored electronical ly for future study. 
Fig. 2 
PIs studied the beryllium powder-spray operation by  conducting seven 
sampling events. We collected side-by-side samples using both the LIBS 
monitor and standard industrial hygiene technique. For most of the 
sampling events, the LIBS monitor was inside the be ryllium-limited access 
area, with the computer located outside in the air- lock room. Work inside 
this area requires full personal protective equipme nt that includes 
respiratory protection.  
We conducted separate sampling events that took pla ce during various 
operations: cleaning the spray chamber, spraying pa rts, and conducting 
equipment repair and troubleshooting. In Fig. 2, on e can see the spray 
chamber (behind the LIBS monitor), a vessel approxi mately four-feet in 
depth by three-feet in diameter. The chamber is clo sed during spray 



operations and filled with an inert gas. The chambe r must be opened for 
workers to retrieve the sprayed part, clean the ins ide, or repair the 
equipment. 
The investigators collected industrial hygiene samp les using pre- and 
post-calibrated pumps operating at approximately 3. 5 Lpm. We analyzed 
samples using inductively coupled plasma according to the National 
Institute for Occupational Safety and Health 7300 m ethod (6). From the 
seven sampling events, the PIs could use eight air sample results to 
correlate with the LIBS monitor's response. 
RESULTS 
Of the seven sampling events, only four generated s tandard industrial 
hygiene samples. During two runs, the LIBS instrume nt had unreliable 
responses that were possibly due to either overheat ing from the laser 
enclosure or radio frequency interference from the plasma spray 
operation. Results from another run, submitted to a n analytical 
laboratory accredited by the American Industrial Hy giene Association, did 
not provide valid results as evidence of a blind qu ality control sample. 
For the first sampling event, the principal investi gators (PIs, 
investigators) attempted to correlate area industri al hygiene samples 
with the LIBS monitor response. The sample location  we selected held the 
highest potential for airborne beryllium. However, the LIBS monitor was 
not responding at the location of the area sampled;  therefore, we 
conducted personal samples. 
We obtained exposure profiles for sample operations  using the "average" 
histogram and field notes. Two types of data are av ailable for an 
exposure profile. The instrument logs the sum of in tensities and the sum 
of the number of "shots" with response-above-backgr ound for the 30-second 
intervals. The latter is used for most figures in t his paper to display 
the exposure profile data. Figure 3 shows a samplin g event conducted when 
a worker was cleaning the inside of the spray chamb er. The investigators 
did not collect all of the personal exposure becaus e the LIBS monitor was 
sampling areas for the initial part of the sampling  event. From this 
data, we found clear evidence that the spraying of vacuumed parts with a 
cleaning agent and wiping them creates airborne ber yllium. We concluded 
this cleaning method should be avoided and replaced  by either spraying a 
towel with the cleaning agent or using a wet sponge . 
Fig. 3 
Figure 4 shows a sampling event that occurred when workers were 
troubleshooting and repairing equipment. From the e xposure profile, one 
may easily learn what parts of the operation create  the highest airborne 
concentrations: airborne beryllium levels were rela tively high for 
opening the chamber, working deep inside the chambe r, removing the plasma 
spray torch, and wiping the surface of parts. Airbo rne beryllium levels 
were relatively low for repairing the equipment, va cuuming inside the 
chamber, and installing parts inside the chamber. T he data show clearly 
that engineering controls do not capture all partic les when workers 
initially open the chamber, parts must be vacuumed prior to their 
manipulation, and a vacuum attachment should be use d to reduce the amount 
of time or eliminate working inside the chamber. 
Fig. 4 
Another sampling event showed that the workers them selves were generating 
airborne beryllium when they moved about in berylli um-contaminated 
clothing. Consequently, this study resulted in a ch anged work practice; 
workers now change their visibly contaminated cloth ing. 



Airborne beryllium concentrations and sample times for the industrial 
hygiene samples range from 5.7 g/m3 to 105 g/m3 and  11 minutes to 62 
minutes respectively. Figure 5 shows one sampling r un in which standard 
industrial hygiene sample results were imposed on e xposure profiles from 
the LIBS monitor. From this study, we observe corre lation of LIBS 
response and standard industrial hygiene sampling d oes not result in a 
straight-line. Many factors could have contributed to the differences: 
concentration variability from one lapel to another ; overheating of 
equipment; particle size effects; and the 2g upper particle size limit 
for total vaporization of the sample (7). 
Fig. 5 
CONCLUSION 
The value of this study is that it proves the LIBS instrument detects 
airborne beryllium in the workplace. The instrument  identifies operations 
of higher exposure potential associated with higher  concentration levels. 
Use of the LIBS monitor demonstrates that some esta blished, accepted work 
practices produce unexpected exposure situations. C onventional industrial 
hygiene sampling methods would not have shown the l evel of detail 
necessary to determine when exposures occur. Becaus e of the data 
collected by this real-time instrument, the investi gators identified work 
practices producing emissions which were than easil y modified, therefore 
reducing potential worker exposure to a highly toxi c chemical. 
Regardless of the contaminant, most exposures in a non-manufacturing 
production line setting occur during short interval s. Personal experience 
shows that while screening tests may show higher ai rborne concentrations, 
a full-shift sample generally does not approach the  OEL. Therefore, one 
could deduce that most of the exposure comes from h igher short-term, 
intermittent levels that are not adequately evaluat ed by an eight-hour 
sample. 
In general, there has been limited use of real-time  monitors to create 
exposure profiles of work operations. Limited use c ould be due to the 
lack of available contaminant-specific equipment, d ifficulty in storing 
or logging results, time commitments, or undue reli ance on averaged 
standard industrial hygiene sampling methods. Howev er, this study makes 
it clear that even though an instrument may not be fully quantitative, 
real-time monitors can still be a very valuable too l. The industrial 
hygiene community should increase its use of real-t ime monitors in 
conjunction with personal sampling to obtain better  evaluations of peak 
levels. 
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ABSTRACT 
The University of California Contract and DOE Order  5480.10 require that 
Los Alamos National Laboratory (LANL) perform healt h hazard 
assessments/inventories of all employee workplaces.  In response, LANL has 
developed the Chemical Exposure Assessment Program.  This program provides 
a systematic risk-based approach to anticipation, r ecognition, evaluation 
and control of chemical workplace exposures. Progra m implementation 
focuses resources on employee exposures with the hi ghest risks for 
causing adverse health effects. Implementation guid ance includes 
procedures for basic characterization, qualitative risk assessment, 
quantitative validation, and recommendations and re evaluations. Each 
component of the program is described. It is shown how a systematic 
method of assessment improves documentation, retrie val, and use of 
generated exposure information.  
INTRODUCTION 
The Los Alamos National Laboratory (LANL) Chemical Exposure Assessment 
(CEA) Program provides a systematic, risk-based app roach to the 
anticipation, recognition, evaluation, and control of chemical workplace 
exposures. The program's purpose is to ensure that employees are not 
adversely affected from exposure to chemical stress ors in the workplace. 
Primary functions of the program are the qualitativ e assignment of risk 
and the quantitative validation of potential chemic al workplace 
exposures. Because workplace exposures cannot be to tally eliminated, this 
program strives to control hazards to an acceptable  level and be an 
effective primary prevention tool against occupatio nal injuries and 
illnesses.  
DEFINITIONS 
Exposure Group (EG) A group consisting of an employ ee(s), job 
 assignment(s)/task(s), and chemical 
 stressor(s), such that exposure monitoring of 
 one individual within the group is 
 representative for all individuals within the 
 same group.  
Exposure Rating (ER) A numerical value between 0 an d 4 that 
 represents the qualitative employee 
 exposure risk to a chemical stressor. The 
 exposure rating is based on the level of 
 hazard control, the frequency and duration 
 chemical use, and the ability of a chemical 
 to become airborne. 



Health Effects Rating(HR) A numerical value between  0 and 4 that 
 represents the severity of a chemical's 
 health effect and/or its toxicity. 
TWA Time-Weighted Average: The 
 time-weighted average exposure 
 concentration for a normal 
 8-hour workday and a 40-hour workweek, to 
 which nearly all workers may be repeatedly 
 exposed, day after day without adverse 
 health effects.  
STEL Short-Term Exposure Limit: A 15-minute 
 TWA exposure which should not be 
 exceeded at any time during a workday. 
Ceiling Value An exposure concentration which shoul d not 
 be exceeded during any part of the working 
 exposure. 
PROGRAM IMPLEMENTATION 
The components of the LANL CEA Program (described i n the ensuing 
subsections) follow the AIHA strategy for occupatio nal exposure 
assessment (1). Figure I graphically illustrates th e relationship of each 
component. 
Fig. 1 
Basic Characterization 
The first component in the LANL CEA process is basi c characterization of 
the workplace, work force, and occupational chemica l stressors. Workplace 
characterization highlights operations, activities,  and areas with 
potential chemical exposure pathways. It provides i nformation on process 
flow and process chemistry. Information is gathered  on routine operating 
conditions (e.g., temperature, pressure, concentrat ion), types of process 
equipment, types of process controls, and potential  exposure 
considerations. Work force characterization involve s gathering employee 
demographic information for an understanding of how  employees interact 
with operations, processes, or tasks. Chemical stre ssors are 
characterized so that the industrial hygienist has sufficient information 
on frequency, duration, personal protective equipme nt, and controls to 
make informed qualitative decisions on exposure ris k. 
The outcome of Basic Characterization is a complete  demographic inventory 
of employees, their job assignments/tasks, the chem ical stressors that 
they are exposed to, and a description of the proce sses that they 
perform. Exposure Groups (EGs) are formed using the  information gathered 
during basic characterization. 
Qualitative Risk Assessment (QRA) 
QRA is performed on each chemical stressor. The pur pose of QRA is to 
identify the degree of exposure risk posed by each chemical within an EG. 
The element of the QRA process are the Health Effec ts Rating, Frequency 
of Use Rating, Level of Control Rating, Dispersion Rating, and Exposure 
Rating (2). It is important to note that decisions regarding the degree 
of exposure risk and its application to the CEA Pro gram are often 
subjective and professional judgement by competent industrial hygienists 
is mandatory. 
Health Effects Rating 
All chemicals are given a Health Effects Rating (HR ). The HR is a 
numerical value ranging from zero (low) to four (ve ry high). The HR is 
used to define the toxicity or potency of target or gan response to 



hazardous material exposure, using criteria develop ed at LANL (3). The HR 
provides a first cut evaluation of the degree of ri sk for an adverse 
health effect upon exposure to a chemical stressor.  The objective is that 
if a chemical has a low risk of conveying an advers e health effect then 
less scrutiny is placed on it. Thus, chemicals carr ying an HR of 0 (zero) 
or 1 are documented and automatically assigned an E xposure Rating of 0 
(zero). An exception to this occurs when profession al judgement dictates 
that factors not adequately reflected in the HR (e. g. dose, oxygen 
deficiency, flammability, reproductive or mutagenic  properties) produce 
an adverse exposure scenario. In this instance, che mical stressors remain 
in the QRA process for further exposure risk evalua tion. Chemical 
stressors carrying an HR of 2, 3, or 4 automaticall y continue in the QRA 
process. 
Frequency of Use Rating 
The Frequency of Use Rating reflects the degree of workplace chemical 
use. Duration and other chemical use factors are ta ken into account and 
used with professional judgement to assign the appr opriate Frequency of 
Use Rating. Table I is used to assign Frequency of Use Ratings. Chemical 
stressors assigned a Frequency of Use Rating of 2 o r less are assumed to 
carry a reduced risk for an adverse exposure. This qualitative assignment 
is documented and the chemical stressor is given an  Exposure Rating of 
zero. Again, professional judgement must be used to  determine whether an 
adverse exposure could occur, even at low Frequency  of Use Ratings. If 
so, the chemical remains in the QRA process for add itional exposure 
evaluation. All chemical stressors carrying a Frequ ency of Use Rating 
greater than 2 continue in the QRA process. 
Table I 
Level of Control Rating 
The extent an exposure is prevented or reduced thro ugh the use of 
engineering controls, work practices, or personal p rotective equipment is 
evaluated with the Level of Control Rating. As show n in Table II 
administrative controls and personal protective equ ipment are not assumed 
to be adequate substitutes for engineering controls . Even so, 
professional judgement is used to adjust the Level of Control Rating when 
administrative and/or personal protective equipment  is effectively used 
in association with engineering controls. All chemi cals carrying a Level 
of Control Rating equal to 1 are documented and are  given an Exposure 
Rating of zero. Those chemicals having a Level of C ontrol Rating greater 
than 1 continue in the QRA process. 
Table II 
Dispersion Rating 
The Dispersion Rating reflects the ability of a che mical to become 
airborne and available to the inhalation pathway in  the work environment. 
Table III defines the criteria used to assign the D ispersion Rating for 
each chemical. All chemical stressors making it to this step in the QRA 
process are assigned a Dispersion Rating and are ap plied to the ER Matrix 
discussed below. 
Table III 
Exposure Rating (ER) 
An ER is a numerical representation of the degree o f exposure risk to a 
chemical stressor. An ER of 1 through 4 is assigned  to those chemical 
stressors that have been applied to each step in th e QRA process. The ER 
is determined by use of Eq. (1) and its application  with the ER matrix 
shown in Table IV. 



Eq. 1 
Where: 
 F = Frequency of Use Rating 
 L = Level of Control Rating 
 D = Dispersion Rating 
Table IV 
VALIDATION 
A required follow up to QRA is quantitative validat ion of assigned ERs. 
Elements of the validation process are described be low. 
Sampling 
A sampling strategy is developed based on a chemica l stressor's ER. Table 
V shows how the ER dictates the number of annual sa mples required for 
quantitative validation. Exposure scenarios in LANL 's research and 
development environment do not always allow for cla ssical sampling 
strategies. Thus, professional judgement must be us ed to determine a 
practical approach. 
Table V 
Monitoring 
All monitoring is conducted in accordance with LANL  policy and with NIOSH 
or OSHA sampling and analytical methods. When a NIO SH or OSHA sampling 
and analytical method is not available for a chemic al stressor, a chemist 
in the analytical laboratory is consulted for an al ternative collection 
strategy. 
Interpretation and Decision Making (2) 
This element of the validation process provides sta tistical insight into 
the significance of exposure measurements collected . For the purposes of 
this paper all exposure distributions are assumed t o be lognormal.  
Centering Value 
A Centering value is used to measure the center of an exposure 
distribution. For lognormal exposure distributions the centering value 
used is the geometric mean. 
Tolerance Level Value 
The Tolerance Level Value is calculated to measure the variability in the 
exposure distribution. This statistical tool reflec ts the percent of the 
expected exposure values that are below a set level . For example, the 90% 
Tolerance Level Value is the exposure value at whic h 90% of the exposure 
opportunities are below. Thus, the calculated geome tric 90% Tolerance 
Level Value is that exposure level at which 90% (i. e., 900 out of 1,000) 
exposure values are likely to be at or below. 
Eq. 2 
Where: 
Tol90  = 90% Tolerance Level 
GM = Geometric mean 
GSD = Geometric standard deviation 
1.28 = Number of standard deviation units correspon ding with the 
  90th percentile of the distribution 
Confidence Level 
The Confidence Level is a measure of the distributi on of exposure values 
around the Centering Value. A 95% two-tailed Confid ence Level is 
determined using the calculated standard errors of the exposure 
distribution. 
Eq. 3 
Where: 
GSD = Geometric standard deviation of the distribut ion of exposure 



  values; 
n = Number of samples in the data set. 
A 95% two-tailed Confidence Level is now calculated : 
Eq. 4 
Eq. 5 
Using the statistical tools above, this discussion now answers the 
following question: 
Q: What is the exposure level of an employee in an exposure group? 
A: The Centering value provides an estimate of the most likely exposure 
level. The Tolerance Level Value and Confidence Lev el provide an estimate 
of how extreme the exposures can be. 
Validation of ERs 
Qualitative ERs can now be validated by application  of the 90% tolerance 
limits to the appropriate exposure rating matrix sh own in Tables VII & 
VIII. If an exposure rating is not validated then e rrors in the QRA 
process are investigated. 
Table VI 
Table VII 
RECOMMENDATIONS AND REEVALUATION  
Recommendations 
LANL CEA Program recommendations are based on valid ation of a chemical's 
ER. An exception exists when an imminent hazard is identified during 
basic characterization. In this case, a recommendat ion for increased 
control measures is made immediately, prior to assi gnment and validation 
of an ER. In general, typical program recommendatio ns identify the need 
to alter existing control methods and the level of effort required for 
chemical sampling and monitoring. In a broader usag e of LANL CEA Program 
information, recommendations are made to aid in the  performance of 
reproductive health hazard assessments, carcinogen use hazard 
assessments, personal protective equipment hazard a ssessments, and 
determinations for the need of employee medical sur veillance. 
Reevaluation 
It is the intent of the LANL CEA Program to reevalu ate Exposure Groups 
(EG) annually. This periodicity may be insufficient  for some EGs and too 
frequent for others. Thus, there are three guidelin es which are followed 
to determine the necessity of a reevaluation: 
  Awareness by a field industrial hygienist of a ne w EG or change in 
status or scope of an existing one. 
  The presence of a highly dynamic EG. The more dyn amic the EG the 
greater the periodicity of an exposure assessment.  
  Three years have past without the performance of an exposure 
assessment. 
LIMITATIONS 
The LANL CEA Program is limited to evaluation of no rmal operating 
conditions. Off normal occurrences are more complex  and beyond the scope 
of this paper. This program utilizes a single stres sor model for exposure 
assessment. This means that an overall ER does is n ot calculated for 
simultaneous exposure to multiple chemicals. In the  case of exposure to a 
mixture of chemicals having additive (similar toxic ological effects) or 
independent effects the exposure is documented and a professional 
industrial hygienist determines an appropriate char acterization strategy. 
Also, ERs applied to sensitized individuals may not  adequately reflect 
their risk for an adverse response to a chemical ex posure. During Basic 
Characterization, if a sensitizer is detected then the information is 



documented and a professional industrial hygienist determines the 
appropriate action to take to minimize the exposure  to an acceptable 
level. 
CONCLUSION 
The LANL CEA program shows that chemical exposure a ssessment can be 
performed in a systematic fashion. Using a risk bas ed approach aids in 
prioritizing time and resources to areas where they  are needed most. The 
validation component of the LANL CEA Program gives the industrial 
hygienist a template for determining the type and d egree of exposure 
sampling required for a given EG. Through the use o f computer automation 
CEA information can be rapidly shared among the man y program 
stakeholders. Occupational medicine can use employe e exposure information 
as a tool for primary prevention of injury and illn esses. Exposure 
Ratings can be used to justify the need for increas ed control measures to 
operational and line management. Regulators can be shown the risks of 
chemical exposure, where they are occurring, and wh at employees are 
receiving them. 
It is this author's opinion that exposure assessmen t is not a new 
concept, but simply a systematic way to apply the f undamental principles 
of industrial hygiene. Too often, industrial hygien e programs are forced 
to operate in a reactive mode to satisfy the multit udinous needs of their 
customers. This hinders program consistency and mak es retrieval and 
historical use of exposure assessment information e lusive and difficult 
to decipher. A standardized approach, like the LANL  CEA Program, 
addresses these problems and helps an industrial hy giene program 
proactively manage exposure assessment information.  
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ABSTRACT 
Characterization is a critical step in the remediat ion of contaminated 
materials and facilities. Severe physical- and radi ological-access 
restrictions made the task of characterizing the Wo rld War II-era 
underground radioactive storage tanks at the Oak Ri dge National 
Laboratory (ORNL) particularly challenging. The inn ovative and 
inexpensive tank characterization system (TCS) deve loped to meet this 



challenge at ORNL is worthy of consideration for us e in similar 
remediation projects. 
The TCS is a floating system that uses the existing  water in the tank as 
a platform that supports instruments and samplers m ounted on a floating 
boom. TCS operators feed the unit into an existing port of the tank to be 
characterized. Once inserted, the system's position  is controlled by 
rotation and by insertion and withdrawal of the boo m. The major 
components of the TCS system include the following:  
  boom support system that consists of a boom suppo rt structure and a 
floating boom, 
  video camera and lights, 
  sludge grab sampler, 
  wall chip sampler, and 
  sonar depth finder. 
This simple design allows access to all parts of a tank. Moreover, the 
use of off-the-shelf components keeps the system in expensive and 
minimizes maintenance costs. 
The TCS proved invaluable in negotiating the hazard s of ORNL's Gunite and 
Associated Tanks, which typically contain a layer o f radioactive sludge, 
have only one to three access ports that are usuall y only 12- or 24-in. 
in diameter, and range from 12 to 50 ft in diameter . This paper reviews 
both the successes and the difficulties encountered  in using the TCS for 
treatability studies at ORNL and discusses the pros pects for its wider 
application in remediation activities. 
INTRODUCTION 
As the contractor for the Oak Ridge National Labora tory's (ORNL's) 
Remedial Investigation/Feasibility Study (RI/FS), B echtel is responsible 
for developing plans and procedures, conducting fie ld investigations, and 
reporting characterization results. The 8,800 acres  of the ORNL 
reservation have been divided into 20 Waste Area Gr oupings (WAGs) with 
approximately 250 known Comprehensive Environmental  Response, 
Compensation, and Liability Act (CERCLA)-contaminat ed sites and RCRA 
solid waste management units. In one of these WAGs,  Bechtel developed and 
deployed a new robotic system to characterize under ground radioactive 
waste storage tanks. These underground storage tank s were built in the 
1940s of Gunite, a sprayed-on concrete frequently u sed for in-ground 
swimming pools. Detailed characterization of these tanks was required to 
provide information to an ongoing Treatability Stud y. 
The tanks contain sludges and liquids. They have be en used to collect, 
neutralize, store, and transfer radioactive and/or hazardous chemical 
wastes since the beginning of ORNL operations in 19 43. A significant 
portion of the sludge in this tank farm was recover ed during a sludge 
mobilization campaign in 1983. That sludge removal project was stopped 
before the tanks were completely cleaned; the prese nt work is to 
characterize the remaining contents. These tanks ar e either 25 or 50 feet 
in diameter and have dome-shaped roofs up to 18 fee t high. They are 
buried under approximately 6 feet of soil. There ar e between one and 
three available entry risers for each tank, with in ternal diameters of 
either 12 or 24 inches. 
The needs of the ongoing Treatability Study program  were as follows: 
1. selectively retrieve samples of sludge and objec ts (from areas 
throughout the tanks) to determine waste properties  for remediation 
system designs; 



2. measure the depth of the sludge to refine volume  estimates for waste 
management planning; and 
3. videotape the inside of the tanks for waste mana gement and remediation 
engineering planning. 
To perform these studies, we designed and fabricate d a number of unique 
tools and a deployment system to pass through 24-in ch, and in some cases 
12-inch, manholes and enter the tank. Seven Gunite tanks were 
characterized using the newly developed ORNL Tank C haracterization System 
(TCS). The ORNL TCS uses simple principles and off- the-shelf technology 
to solve difficult problems. It includes four major  subsystems: the 
floating boom and support system, the video camera and lights, samplers 
including a grab sampler and a concrete chip sample r, and a sonar depth 
finder. These systems aided in determining the loca tions, quantities, and 
compositions of materials in the tanks as the basis  for remediation 
planning. With the TCS, we were able to inspect the  tank above and below 
the water, map the sediments in the bottom of the t anks, take samples of 
the sediments or debris, and take small samples of the Gunite walls of 
the tanks. The TCS tools reach up to 50 feet horizo ntally away from the 
manhole. 
FLOATING BOOM AND SUPPORT SYSTEM 
This is the structural portion of the TCS and consi sts of a flexible 
floating boom and boom support (Fig. 1). It is used  to transport tools 
and characterization instruments to any lateral loc ation in the tank.  
The boom support is fabricated from aluminum and co nsists of a base, a 
"lazy Susan," and support channels that extend down  into the tank through 
the riser. The boom support can be installed by two  men in less than 30 
minutes at the manhole. In our application, the bas e was simply clamped 
to the riser flange at the tank manway. The support  channels can be 
lowered at least 25 feet into the manhole, and the "lazy Susan" can be 
rotated 360 degrees. 
The floating boom is constructed from commercially available plastic 
chain. The chain is rigid laterally and is built to  roll in only one 
direction. Foam is added for flotation, and the boo m is deployed by 
sliding the chain down the support 
channels to the water surface. By rotating and inse rting or withdrawing 
the plastic boom, any part of the tank can be reach ed. By measuring the 
length of boom inserted and the angle of deployment , the operator can 
pinpoint the location of the tool at the end of the  floating boom. 
Fig. 1 
VIDEO CAMERA SYSTEM 
The TCS includes a custom-mounted video camera that  can inspect either 
above or below the waterline. All camera system fun ctions are controlled 
from a control box outside of the immediate work ar ea. The camera system 
consists of the following sub-systems: camera with built-in pan-and-tilt, 
waterproof housing, and lights (Fig. 2). 
The video camera is a standard resolution color cam era with 8 times zoom, 
manual focus, 1 lux light rating, and auto iris. Th e pan-and-tilt unit is 
an integral part of the camera with 180 degrees pan  and 180 degrees tilt 
envelope. This is an inexpensive off-the shelf unit  that was modified for 
remote operation and placed in a specially fabricat ed waterproof housing. 
The waterproof housing was fabricated from PVC. It is designed to be 
rugged, lightweight, and able to float without the use of any additional 
flotation material. It houses the camera, pan and t ilt unit, and an 
electrical connector for the camera control cable. The face of the 



housing is a clear plastic dome that allows the cam era to operate through 
its full pan-and-tilt range. The camera system can be removed for 
maintenance or adjustments by sliding the top cover  out of the housing, 
The housing system also includes a pneumatic actuat or that tilts the 
whole housing up to 90 degrees so that the camera's  180 degree tilt can 
cover floor-to-ceiling or front-to-back underwater.  
The basic lighting system consists of a 50 watt qua rtz halogen light 
lamp. The bulb was placed inside the metal housing,  which serves as a 
heat dispenser and allows it to operate both in and  out of water. The 
unit is then placed in a waterproof PVC housing. Th e light is also 
designed to be self-floating. An electronic transfo rmer in the control 
box is used to supply 12 volt AC to a dimmer that c ontrols the 
brightness. Additional lights can be mounted on the  floating boom or 
camera housing, and drop lights suspended from the boom to just a few 
inches above the sediments were also successfully t ested. 
Fig. 2 
REMOTELY ACTIVATED SAMPLERS 
The ORNL TCS includes two remotely activated sample rs, a clamshell 
grappler for taking samples of bottom sediments and  debris, and a 
concrete wall chip sampler. The clamshell grappler system is designed to 
retrieve sludge and debris samples and small object s from tanks with 
limited access. The grappler system consists of two  sub-systems: grappler 
and winch. 
The grappler is a double-jaw sampler operated pneum atically from a remote 
location (control box). It can be open or closed as  often as required 
without the need for manual reset. Force at the jaw s can be adjusted 
anywhere from 0-60 pounds on the current design, an d more with minor 
modifications (Fig. 3). All parts are waterproof an d fully submergible. 
The body is fabricated from PVC, which was selected  for its light weight, 
low cost, and ease of cutting and machining. 
The winch system is an electric driven winch floati ng on the water 
directly above the grappler. It will lower and rais e the grappler to and 
from the bottom of the tank remotely. Deployment de pth is determined by 
monitoring lowering and raising times, by an electr onic pulse read at the 
control box, and/or by direct observation with a vi deo camera. A worm 
drive gear reducer can stop and hold the grappler a t any depth and at any 
distance from the winch system to facilitate the en try and exit from the 
tank manhole.  
Fig. 3 
The concrete wall chip sampler consists of a small pneumatic die grinder 
that is mounted on a float at the end of the floati ng boom. The grinder 
is maneuvered to the desired sample location and th e bit is placed in 
contact with the wall. A small venturi is used to c reate suction and 
collect the grindings in a sample bottle. By grindi ng the wall, small 
samples of concrete are collected for radiological analysis. These data 
will be used to model dose rates and residual conta mination levels. 
SONAR SLUDGE MAPPER 
An off-the-shelf sonar depth finder was mounted on the TCS floating boom 
to map the depth of sludge in the tanks. By varying  the sensitivity of 
the sonar, the operator can distinguish the sludge surface (high 
sensitivity) and the concrete floor of the tank (lo w sensitivity). This 
technique allowed us to refine sludge volume estima tes in any tank with 
at least 2 feet of water. Figure 4 shows examples o f the sludge maps 
generated from TCS data. 



Fig. 4 
CONCLUSION 
The ORNL TCS demonstrates that innovative use of of f-the-shelf 
technology, combined with remote operations know-ho w, can solve difficult 
problems at low cost. This system was used to chara cterize seven highly 
radioactive underground storage tanks at ORNL. Data  collected included 
sonar depth information, sediment samples, debris s amples, concrete 
samples, and video observations. The TCS concept ca n be easily modified 
to accept a variety of samplers and sensors. For ex ample, addition of 
radiation detectors would be a simple matter as wou ld collection of 
liquid samples, if these data were required by a pr oject. Data from the 
characterization campaign in now being used in plan ning and executing the 
treatability study that will lead to final remediat ion of these tanks. 
The floating boom concept is ideal for characteriza tion of large 
underground tanks, aboveground tanks, waste basins,  and ponds. 
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ABSTRACT 
Navigating the regulatory maze to identify and inte rpret mandatory 
training requirements is often a perplexing, frustr ating experience. By 
necessity, training regulations indicate only gener al categories of 
information that should be covered in a training pr ogram, not how the 
information relates to a particular site or how it should be presented to 
employees. Training regulations are, by definition,  performance-oriented 
because they are designed as guidelines for meeting  specific safety, 
health, and environmental management needs. The reg ulations leave it to 
employers to figure out how to implement a program that will ensure that 
workers can perform their jobs in a manner that mee ts the statutory 
requirements. 
Cost-efficient training is not simply training that  is cheap to design 
and deliver. Cheap training that is ineffective wil l be costly over the 
long term. Cost-efficient training is a function of  effective, valid 
training outcomes. Because the training regulations  are performance-
oriented, the training program must be performance- based to ensure that 
critical job-related knowledge and skills are acqui red by the trainee. 
The key to the challenge of creating cost-efficient  training that meets 
regulatory requirements is to wisely invest time at  the front end of the 
process, i.e., thoroughly analyze job functions and  assess the tasks that 
are performed. When trainers clearly understand the  individual components 
of a job, they can more effectively design training  to address critical 
job-related knowledge and skills and integrate mean ingful information 
that meets regulatory mandates. Cost-efficient trai ning accurately 
targets the employee population requiring each spec ific training course 
thereby optimizing training resources and minimizin g employee down time. 
This paper focuses on the job analysis process that  must take place 
before designing a training program. Job analysis i s a crucial, and often 
underutilized, step in a systematic approach to tra ining. Three methods 
for acquiring job analysis data are presented, and the advantages and 
disadvantages of each method are discussed. This pa per also describes the 



process for assessing the analytical data and empha sizes the importance 
of using automated data processing tools to optimiz e the analysis process 
by increasing data management efficiency. 
PROBLEM 
A number of unsatisfactory outcomes, ranging from m ildly irritating to 
potentially disastrous, may result from training pr ograms that are 
designed without the benefit of a thorough job anal ysis. Some of the most 
common outcomes resulting from inadequate or absent  job analysis 
information include the following: 
  Training content does not reflect relevant job-re lated knowledge and 
skills; therefore, it is of limited effectiveness. 
  Trainee time is wasted or is minimally productive . 
  Training is not useful because it deals with know ledge or skills that 
the trainee does not need or has already acquired. 
  Training does not ensure competent job performanc e. 
  Inadequate training programs compromise worker he alth and safety or may 
result in adverse environmental impacts. Training s taff and managers may 
be held liable for these consequences. 
A training program that is designed without the ben efit of a thorough job 
analysis is like a sailboat without a rudder. The r udderless boat may 
look majestic and proud when its sails are unfurled , but it will have no 
directional control. It may by sheer chance reach i ts intended 
destination, but the route is likely to be costly i n terms of time and 
energy. More likely, it will simply drift and floun der at the whim of the 
winds and currents, never quite reaching its goal. Data from job analyses 
give a training program directional control and cla rify the destination. 
After that, it is up to the training design and imp lementation to provide 
the most direct route to the destination, but when the way is in sight, 
the probability of success greatly increases. 
SOLUTION 
Using a systematic approach to training, managers c an create a sound, 
defensible training program by documenting the link s between job 
functions, training requirements, and available tra ining. The process 
will also identify gaps in the training program and  serve as a 
navigational aid to future program development. 
Job analysis forms the foundation on which the rema inder of the training 
program is built. Assessing the job analysis data e stablishes the 
boundaries for the design and development steps tha t follow, ensuring 
that training resources are targeted appropriately.  Job analysis data 
helps managers prioritize their training decisions based on sound 
rationale and a hierarchy of needs, especially impo rtant when training 
resources are limited. 
Fortunately, job analysts have a choice of strategi es available to derive 
the necessary data. The method that is ultimately c hosen is based on 
several considerations as described in the examples  that follow. 
Method 1Observation/Interview 
This job analysis strategy, which is the most compr ehensive of the three 
methods described in this paper, involves observati ons of workers 
performing assigned job duties and in-depth intervi ews with key 
personnel. This method is applicable when work proc esses, procedures, and 
workers' job functions are not adequately documente d and validated. 
Under ideal circumstances, the job analyst observes  workers perform the 
full suite of functions within a given duty area. A  duty area is a set of 
similar job functions. For example, a worker who ha s a duty area 



assignment of "waste handling" may perform several related waste-handling 
functions, such as waste acceptance, transport, sto rage, treatment, and 
disposal. A set of discrete "tasks" describes subac tivities within a 
given function. For example, the waste storage func tion may include tasks 
involving overpacking, bar coding, palletizing, and  stacking drums. 
Typically, a given duty area comprises job function s that are performed 
at variable intervals, i.e., some are performed fre quently (on a daily 
basis), while others may be performed only as a res ult of an unusual and 
infrequent occurrence (e.g., a spill or other emerg ency). For this 
reason, it is not always feasible or practical for a job analyst to be 
able to observe the performance of every job functi on. In such instances, 
interviews with one or more persons knowledgeable a bout the task is 
necessary. 
Whether the information is derived from personal ob servation or 
interview, the job analyst must be an astute observ er, a probing 
questioner, attentive to detail, and a meticulous n ote taker. Video 
cameras and audio tape recorders are useful tools f or documenting 
observations and interviews. Videotape of the funct ion can be used later 
when developing training or writing procedures. Vid eo can be especially 
useful in this era of computer-based, multimedia tr aining delivery. 
The job analyst uses the observation and interview material to draft 
detailed job function descriptions. The draft descr iptions are reviewed 
for accuracy and completeness by the workers who we re observed and other 
subject matter experts (SMEs). Final descriptions p rovide the basis for 
identifying task-specific individual qualification requirements and 
training plans. 
Method 2Table Top Job Analysis 
An innovative method called Table Top Job Analysis (TTJA) optimizes the 
use of SMEs to develop comprehensive task lists thr ough a consensus 
decision process. In contrast to the method describ ed above, which can 
take weeks to complete, a TTJA can elicit detailed job information in a 
matter of two to three days, even for complex jobs.  
TTJA can be used in place of the observation/interv iew method. It is 
especially useful when a new or significantly modif ied operation is being 
initiated and when work processes are not adequatel y described in written 
procedures. The TTJA process pools the collective k nowledge of several 
qualified SMEs. (Three to five SMEs is ideal; less than three reduces the 
synergy effect and more than five becomes unwieldy.  An odd number is best 
to avoid tie votes.) A skilled facilitator is an es sential ingredient in 
the success of the TTJA method. 
In the TTJA method, a facilitator first guides the SMEs through a 
brainstorming session that results in identifying m ajor functions that 
comprise a given duty area. The facilitator must be  skilled at keeping 
the discussions focused at the appropriate level du ring this stage and at 
establishing positive group dynamics for the diffic ult decisions to come 
later. When the group agrees that all major duty ar eas and functions have 
been identified, the discussions shift to identifyi ng and sequencing all 
tasks associated with performing each function. Dep ending on the 
complexity of the job, this can be an interesting p rocess, as the SMEs 
must reach consensus on each item. 
An assistant helps the facilitator document the dec isions as they are 
made by entering the functions and task statements into a database. The 
lists can become the basis for writing procedures a nd developing training 
for each job function. 



Method 3Documentation Review 
This final job analysis method is the simplest and fastest of the three 
methods; however, it is only applicable when job de scriptions, 
procedures, and work processes are adequately docum ented. Taking 
advantage of a variety of written documents, such a s standard operating 
procedures, detailed operating procedures, special work permits, 
management plans, emergency plans, health and safet y plans, and job 
descriptions, the job analyst examines the document ation, identifies the 
major job functions, and extracts task statements t hat represent each 
function. Data gathering can be enhanced through pe rsonal interviews 
and/or the use of questionnaires. The task statemen ts are validated by 
job incumbents, supervisors, and other SMEs and bec ome the basis for 
training decisions. 
PROS AND CONS 
There is no one perfect job analysis method. Given careful consideration 
of each situation, the job analyst can optimize the  advantages by using 
the most appropriate method. Disadvantages can be m inimized by 
acknowledging the limitations imposed by the method . It is important to 
use a sound, systematic approach, and each of the m ethods described 
yields information that meets this requirement. A t able comparing the 
advantages and disadvantages of each method is disp layed in Table I. 
Table I 
TASK RATING CRITERIA 
As previously mentioned, effective job analysis use s a systematic 
approach. As we have seen, the first step in the pr ocess is to identify 
duty areas, functions, and related tasks for each f unction using one or 
more of the methods described above. The next step involves assessing 
each task against task criteria to answer the follo wing questions: 
  How difficult is the task? 
  How important is the task? 
  How frequently is the task performed? 
Applying an objective approach to answer these ques tions results in 
train, no train, or overtrain decisions. 
To optimize the rating process, each task must be d escribed in the form 
of a simple task statement, e.g.,inspect waste drum s, use forklift to 
move drums to staging area, overpack damaged drums,  contain spills, 
record data on inspection checklist, etc. SMEs rate  each task against 
specified task rating criteria. Figure 1 provides a n example of typical 
rating criteria. It is necessary to ensure that eac h rater assesses each 
task against clearly identified criteria. When the rating process is 
completed, the analyst compiles the numerical avera ges of the responses 
and uses a decision matrix to make initial determin ations of tasks 
selected for training. Figure 2 is an example of a decision matrix that 
is useful to aid in the rating process. Decision ma trices are available 
in job analysis textbooks or other publications, or  they can be 
customized to fit the specific facility and operati ons environment. The 
matrix depicted in Fig. 2 was adapted from the DOE Training Accreditation 
Program Performance-Based Training Manual (1). The task rating process 
results in recommendations to train, not to train, or overtrain as 
follows: 
  TRAINProvide initial training (either classroom, self-paced, on-the-
job, drills, simulations, job performance aids, or a combination). 
  NO TRAINNo formal training is necessary; the task  can be learned on the 
job or through required reading. 



  OVERTRAINProvide a combination of formal training  plus periodic 
retraining at specified intervals.The initial train ing decisions are not 
unyielding. They are intended to be guides to makin g reasonable training 
decisions using an objective approach. Training dec isions can, and 
should, be modified using the analyst's knowledge o f the task or by 
applying regulatory requirements as intended and ne ededselectively, as 
appropriate for the facility and job functionusing a graded approach. 
Modifications to initial training decisions should be based on sound, 
logical rationale and the reasons should be documen ted and consistently 
applied to other similar situations. 
Fig. 1 
Fig. 2 
DATA MANAGEMENT 
Because the job analysis process typically generate s a significant volume 
of information, it is advantageous to use automated  data processing 
software to manage the data. Benchmark developed a customized relational 
database for this purpose. The Total Training Tool (T3) can be used to 
record duty area and task statements. T3 simplifies  the task rating 
process by automating the calculations and the deci sion process. Training 
specialists identify mandated training requirements , assess existing 
training, and create the linkage to functions and t asks. Using T3, 
individual training plans and other customized repo rts can be quickly 
generated for facility managers, line supervisors, auditors, and 
inspectors. T3 is useful for generating reports sor ted in a variety of 
ways, e.g., by worker, regulatory requirement, job function, task, or 
training course. 
CONCLUSION 
Training should not be conducted simply as a knee-j erk reaction of blind 
adherence to a regulatory requirement. Training req uirements do not exist 
solely for the purpose of being complied with. Comp liance should serve a 
purpose, i.e., it should address behaviors and atti tudes and provide 
workers with the necessary skills and knowledge to perform their jobs 
safely, effectively, and in a manner complying with  applicable 
regulations. Training should support this purpose b y being appropriate 
for the workers, applicable to the operations, and instrumental in 
fostering improvements in the workplace. 
Facilities that use the "blanket" approach to train ing may have a 
compliant program, i.e., everyone is covered, there by ensuring 
compliance, but the program is unlikely to be cost- efficient. Cost-
efficient training goes beyond compliance by integr ating mandatory 
training requirements with performance-based job-re lated knowledge and 
skills and selective application of training to the  appropriate audience. 
The key to successful, cost-efficient training is u nderstanding the finer 
points of the work processes and worker behaviors. Gaining this 
understanding requires putting in the effort at the  beginning to save 
time and energy along the way. Job analysis informa tion provides the 
navigational map and clarifies the goal. Using an a ppropriate job 
analysis method, assessing the job analysis data, a nd following through 
with an approach that reduces the subjectivity in t he training decision-
making process will result in a defensible training  program that will 
withstand the regulatory challenge and meet the nee ds of workers. 
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ABSTRACT 
In 1995 the Ohio General Assembly considered legisl ation that would 
enable Ohio to begin work on the siting, licensing,  construction, and 
operation of a low-level radioactive waste disposal  facility for the 
Midwest Compact. The legislation was signed into la w on June 9. Prior to 
their vote on the enabling legislation, members of the General Assembly 
and their aides gathered information related to low -level waste. They 
frequently turned to a team at The Ohio State Unive rsity that had 
produced educational materials designed to provide the citizens of Ohio 
and their elected officials with accurate, research -based, unbiased 
information on radiation and low-level waste. This paper outlines the 
types of educational materials developed and ways i n which a State 
University was able to serve as a resource to the S tate Legislature as it 
prepared to deal with a technical, and somewhat unf amiliar, subject. 
BACKGROUND 
When Michigan's membership in the Midwest Interstat e Low-Level 
Radioactive Waste Compact was revoked in the summer  of 1991, and Ohio 
became the Compact's first host state, a team of fa culty members at The 
Ohio State University (OSU) recognized that Ohio's citizens and their 
elected officials would eventually be discussing lo w-level radioactive 
waste. The team from the OSU Nuclear Engineering Pr ogram and OSU 
Extensiona anticipated the need for accurate, resea rch-based, easy-to-
understand materials on low-level waste. A proposal  to prepare such 
materials was written, and funding was sought. In t he spring of 1992, the 
Midwest Compact Commission agreed to fund the educa tional program. 
MATERIALS DEVELOPMENT 
A great deal of information on low-level radioactiv e waste has been 
prepared. Some of it has been written by groups wit h a specific point of 
view to express. Some is in technical sources such as textbooks, formal 
reports, and research journals. Materials written i n an effort to 
persuade the reader to support a particular point o f view can be 
inaccurate or incomplete. On the other hand, many o f the technical books 
and journals, while accurate, are written for a sma ll, technically-
trained audience and are not widely distributed. Th ese materials often 
fail to provide the information people want. 
When citizens and their elected officials are discu ssing and making 
decisions on technical issues, they would like to h ave accurate, unbiased 
information that is easy to understand. A universit y is a logical source 
of such information. Faculty have access to the lat est texts and research 
journals and the expertise to interpret them. In ad dition, faculty 
working in technical fields can team with professor s having expertise in 
development of educational materials for the genera l public to produce 
easy-to-understand documents on highly technical to pics. 



Educational materials developed for the public on a  technical topic 
should be made available in several formats. Each i ndividual has a 
preferred method for receiving information. For exa mple, some like to 
watch a video, while others prefer to listen to a p resentation and ask 
questions, and still others want something they can  read and study at 
their leisure. If the technical information is to b e truly accessible to 
the non-technical audience, it must be presented in  multiple formats that 
meet the audience's needs. 
Under the Statewide Low-Level Radioactive Waste Edu cation Program at Ohio 
State, materials development began with the writing  of 27 fact sheets. 
Each fact sheet was only one or two pages long and addressed a single 
issue. The fact sheets fell into four general categ ories: 1) radiation 
science, 2) characteristics of low-level waste, 3) technology related to 
low-level waste, and 4) historical and legal topics . Information in these 
fact sheets was to become the basis for the develop ment of educational 
materials in several other formats. 
First, however, to ensure that each fact sheet was accurate, unbiased, as 
complete as possible, and easy to understand, an ex tensive review was 
conducted. A fact sheet written by a team of nuclea r engineers and 
faculty with expertise in presenting technical info rmation to the public 
was first reviewed by other people with technical e xpertise on the topic 
being addressed. After revisions were made based on  comments by the 
technical experts, the fact sheet was sent to a 5-p erson review panel. 
This volunteer panel consisted of a physician worki ng in nuclear 
medicine, a nuclear engineer with expertise in nucl ear safety, an expert 
in science education, a representative of a nationa l environmental group 
who specialized in nuclear energy, and a retired ju dge. The panel 
reviewed all fact sheets in an effort to ensure tha t they were 
technically accurate, easy to understand, and unbia sed. Finally each fact 
sheet was sent to all "interested parties" for thei r comments. The 
"interested parties" included environmental groups in Ohio, generators of 
low-level waste, some legislators, journalists, edu cators, and anyone 
else who indicated that he or she would like to rev iew the fact sheets. 
After the fact sheets were completed, information i n them was used to 
prepare several other types of educational material s. A set of four 
table-top exhibits was built for use in places such  as mall shows, county 
fairs, and meetings of civic groups. Overhead trans parencies were 
produced to be used at live presentations by team m embers, and a slide-
tape program and a video were made using some of th e same visual images. 
In addition, a large exhibit was built for use at t he Ohio State Fair. 
The educational materials were distributed both by the project team in 
Columbus and through the OSU Extension network whic h has an office in 
each county. Sets of fact sheets were delivered to County Commissioners, 
local health departments, hospitals, newspapers, li braries, high school 
teachers, college faculty members, civic organizati ons, and interested 
citizens. Approximately 13,500 sets of fact sheets were distributed. 
Exhibits were displayed at many meetings and commun ity events. Dozens of 
presentations were made to local officials and inte rested groups. In 
addition, time was spent serving as a resource for the State Legislature. 
The remainder of this paper focuses on those activi ties. 
RESOURCES FOR THE STATE LEGISLATURE 
When the fact sheets were completed, about a year a nd a half before 
enabling legislation related to low-level waste was  considered in the 
Ohio General Assembly, the Low-Level Radioactive Wa ste Education Project 



Leader briefed members of the Ohio House and Senate  and their aides on 
the fact sheets. A set of fact sheets was delivered  to each legislator's 
office. They were intended not only for use by the legislators and their 
aides but also as reference material that legislato rs might copy and send 
to their constituents who were interested in the to pic. Following 
elections, sets of fact sheets were sent to new leg islators. Project Team 
members answered questions from legislators or thei r aides related to the 
fact sheets and provided additional sets to constit uents when asked. 
Approximately four months before the enabling legis lation was introduced, 
the Project Leader presented a half-day seminar on fundamental concepts 
related to low-level waste to state agency personne l. A group of state 
agencies, including the Environmental Protection Ag ency, Department of 
Health, and Department of Natural Resources, asked that the seminar be 
held for people in their agencies who might be aske d to field questions 
on low-level waste from state legislators. The semi nar included 
information on radiation science, characteristics o f low-level waste, 
technologies related to low-level waste (such as tr eatment, minimization, 
transportation, and disposal), and the history of l ow-level waste 
management in the United States. This seminar was d esigned to give agency 
personnel background information that could help th em provide accurate 
and timely information to legislators. 
Shortly after enabling legislation was introduced i nto the Ohio Senate, 
the Education Project Leader was asked to give a se minar for aides to the 
State Senators. The goal of the seminar was to prov ide the aides with 
basic information on radiation and low-level waste.  The presentation 
focused on fundamental scientific concepts, sources , volumes, and 
characteristics of low-level waste, alternative tec hnologies available 
for managing low-level waste, and additional source s of information that 
the aides might consult. The four table-top exhibit s were set up at the 
seminar.  
The Project Leader was also asked to testify at hea rings on the low-level 
radioactive waste legislation held by the Senate En ergy, Natural 
Resources and Environment Committee. Testimony at t hese hearings focused 
on the goals and organization of the Education Proj ect. It seemed 
necessary to establish that a major effort had been  made to have the 
educational materials reviewed by people with a wid e range of views on 
low-level waste and to produce accurate, unbiased d ocuments. 
When the enabling legislation moved to the Ohio Hou se, the Chairman of 
the House Committee on Energy and the Environment i nvited the Project 
Leader to be the first witness at the hearings on t he bill. The Chairman 
specifically asked that the Project Leader not brin g and read the usual 
written testimony but rather that she bring overhea d transparencies and 
present a seminar. The goal of the presentation was  to provide Committee 
members with an understanding of some of the basic concepts in radiation 
science, the nature and sources of low-level waste,  and the technologies 
used to treat and dispose of that waste. Committee members were 
encouraged to ask questions, and several did. Copie s of the overhead 
transparencies were provided to the Committee. 
Two months later, the House Committee Chairman aske d the Project Leader 
to return for another "seminar". Committee members had heard a great deal 
of testimony, some of which had prompted more quest ions about radiation 
science. In addition, Committee members had questio ns about how 
radioactive material moves through the environment and what factors 
should be considered when determining how hazardous  a particular 



radioactive isotope might be. The first part of tes timony in the 
"seminar" format was a review of the material prese nted earlier. The 
second half focused on how radioactive material mig ht escape from a 
disposal facility and how factors such as particle size, chemical form, 
solubility in water, and affinity for soil might af fect how the material, 
once released, moves through the environment. Some Committee members also 
wanted clarification of the definitions of low-leve l and high-level 
radioactive waste. 
As a vote on the enabling legislation neared, one O hio Representative 
asked the Education Project Leader to present some fundamental concepts 
related to low-level waste at a town meeting in his  district. Both 
proponents and opponents of the legislation spoke a t the town meeting. 
The Education Project Leader's role was to speak fi rst, providing 
background information and defining some of the ter ms that would be used 
in the ensuing discussion. She did not take part in  the discussion other 
than to clarify definitions or to provide technical  descriptions. 
DISCUSSION AND CONCLUSIONS 
From its inception, Ohio State University's Low-Lev el Waste Education 
Project was designed to provide accurate, research- based, unbiased 
information. It established that position with a pr oject team made up of 
faculty with diverse backgrounds and by having all of its materials 
reviewed by dozens of people with widely varying vi ews on low-level 
waste. The Project took no position on the low-leve l waste legislation. 
The Project Leader was, therefore, able to serve as  a credible witness, 
one to whom legislators could turn for sound, funda mental technical 
information they required to make a decision. 
States throughout the nation are struggling with th e problems related to 
storage and disposal of radioactive waste, decontam ination and 
decommissioning of nuclear facilities, and cleanup of contaminated sites. 
Legislators will have to make decisions on some of these matters, but 
nuclear science is not a topic familiar to most leg islators. By 
anticipating the information needs of the legislato rs, preparing 
accurate, unbiased, easy-to-understand educational materials on those 
topics, and making themselves available to talk wit h legislators, their 
staffs, and their constituents, university faculty members with nuclear 
expertise can provide a valuable service to their s tates. 
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ABSTRACT 
The use of the World Wide Web (WWW) to improve scie nce teaching and to 
provide more equitable access to science resources,  including those that 
apply to nuclear energy and radioactive waste manag ement, are addressed 
in this paper. For the past five years, the Yucca M ountain Office of the 
DOE has been supporting science education in Nevada  through greater use 
of educational technology, most recently by support ing rural school 
connectivity to the WWW. This paper gives the detai ls of how six rural 
Nevada schools are being connected to the Web. It f urther addresses how 



they will take part in an international effort of t he International 
Alliance in Education for Radioactive Waste Managem ent to a) promote 
nuclear literacy and b) educate the public to be mo re receptive to the 
need for safe repositories to store radioactive nuc lear waste. 
INTRODUCTION 
The improvement of science, mathematics and technol ogy instruction in pre 
university level education continues to be an educa tional priority of 
government and business in the United States and ot her industrial 
countries in the world (1). In the belief that scie nce and math education 
are tied to our economic well being and standard of  living, the U. S. 
federal government has made it an educational prior ity and set goals for 
improving it. One educational goal of the Bush admi nistration was to 
establish a coordinated government effort to improv e science and 
mathematics education (2). The new national standar ds in mathematics and 
science and the proposed standards in technology ar e all aimed at 
improving education in what the federal government considers to be the 
essential areas needed to protect our technological  advantage in the 
world economy (3).  
Federal money continues to support two key areas in  education. First, 
pre-service and in-service training for teachers of  science and 
mathematics. Second, the development of better curr iculum and instruction 
in science and mathematics. To support this second key area, the federal 
government has made networking and infrastructure d evelopment, 
particularly support of the Information Superhighwa y (the Internet) a 
priority. In 1991, the federal report America 2000,  directed the 
secretary of education, in consultation with the pr esident's science 
advisor and the Director of the National Science Fo undation (NSF), to 
determine how electronic networks might provide Ame rican schools with 
ready access to the best information, research, ins tructional material 
and educational expertise (4).  
By the spring of 1995 35% of American schools had a ccess to the Internet 
but only three percent of instructional rooms (clas srooms, labs, and 
media centers) were connected to the Internet (5). No data is currently 
available on what per cent of schools using the Int ernet have a graphical 
user interface (GUI) such as Mosaic or Netscape to give graphical 
retrieval ability from the World Wide Web (WWW). Bu t, according to 
information compiled by mkgray@netgen.comnet.Genesi s Corp. of Cambridge, 
Massachusetts, there are nearly 16,000 Web hosts in  the world ranging 
from Armenia to Venezuela. [The World Wide Web is a  special segment of 
the Internet that supports the transfer of document s containing text, 
graphics, sound and full motion video (6). The Web is further defined as 
a graphical representation of Internet resources ba sed on the "hypertext" 
concept. In hypertext, the reader is not constraine d to follow text in a 
linear fashion, but, can view randomly through reso urces on the WWW that 
include graphics, sound and video.] 
This paper will address how the U. S. Department of  Energy (DOE) is 
supporting the improvement of science instruction, through the use of 
educational technology. Specifically, it will discu ss how WWW access is 
being developed in rural Nevada schools, and the po tential that access to 
Web sites offers for improving science education in  all schools.  
RATIONALE 
In line with two of the national goals of science e ducationa, the DOE, 
through the Yucca Mountain Project Office, already has a history of 
supporting the use of educational technology to imp rove science education 



in Nevada, particularly in rural schools. Previous DOE help has included 
the donation of many personal computers, the purcha se of modems, support 
for dedicated phone lines, and underwriting the tra ining for teachers on 
how to use the Internet. One major justification of  the DOE for this 
support has come from the need to try to equalize e ducational 
opportunities throughout the state. Research indica tes that rural areas 
do not have the learning opportunities both in and outside the schools 
that are present in the large urban areas, e.g. Las  Vegas and the smaller 
urban area of Reno (7). For many years, Canada and the U. S. have had 
telecommunications that carry educational programmi ng to rural schools 
and other sites (8). The equipment required is gene rally quite expensive, 
especially when two way video is used at each site.  The authors of this 
paper have suggested that the WWW might be a much l ess expensive way to 
provide instruction as well as make educational opp ortunities in science 
more equitable in rural schools.  
From a science pedagogy point of view, further just ification for the WWW 
is the support it offers to the Science Technology Society (STS) teaching 
method and the Constructivist Learning Model (CLM).  The STS teaching 
method and the CLM are being promoted to improve sc ience teaching in both 
Benchmarks of AAAS and the National Science Educati on Standards of the 
National Research Council. Currently the STS scienc e teaching method and 
the CLM are thought to be the best ways of promotin g science literacy in 
all students. Furthermore they can make science mor e relevant and 
interesting by helping students see the connections  between science 
concepts and technology applications in society. In  this paper, the STS 
teaching method is defined as the science teaching method and philosophy 
that believes science should be taught in the conte xt of human experience 
and that science is a necessary part of the educati on of every citizen 
(9). From the perspective of the CLM, knowledge is a mental 
representation of the natural world and learning is  a social process 
during which students use what is already known to make sense of new 
experiences (10).  
Studies have shown that student performance in scie nce and mathematics is 
enhanced by access to and experience with computers  and various science 
equipment (11). The WWW offers the prospect for hel ping students 
experience a connection between their lives and the  science that occurs 
outside the classroom. As science teachers try to m ake students see the 
connections of science to other disciplines, e. g.,  social studies, 
mathematics and foreign languages, the WWW can prov ide the information 
source. With the WWW, students have the possibility  of interacting with a 
variety of resources inside and outside the U.S. th at would not usually 
be available inside their classrooms. Moreover, the  real life experience 
of collecting and sharing a variety of information on the WWW supports 
the STS teaching method and the CLM. Many science t eachers and students 
already use networks such as Newton (where question s can be posed to 
working scientists in the DOE), NASA, the Weather U nderground, Ask Eric 
(an education resource for teachers) and some of th e environmental 
science networks, e. g. EcoNet, that address a numb er of common problems 
such as global warming and air pollution.  
Unfortunately, only a small number of rural schools  have the capability 
of accessing and downloading the color graphics fou nd on the WWW. The 
possibilities for improving science instruction wit h the WWW are truly 
exciting. As a small example, think of a class stud ying and comparing 
various energy sources such as solar, nuclear, wind  power and fossil 



fuels. If that class had access to the WWW it could  in fact access a 
computer in Sweden (http://www.ida.liu.se/~her/) an d view a diagram of 
the Chernobyl, Soviet designed nuclear reactor. Thi nk what an exciting 
learning experience this could be for a classroom i n anisolated rural 
school and how much more relevant and interactive s cience would be to 
that class. 
A MODEL FOR ESTABLISHING RURAL SCHOOL WWW ACCESS 
Background 
As mentioned earlier in the paper, the DOE has been  active in helping 
Nevada schools gain more educational technology. DO E help for Nevada 
schools started four years ago with the donation of  surplus computers and 
support for teacher training on how to use the Inte rnet. The support for 
teacher training on the Internet has continued for the past four years. 
More recently funds were provided, in collaboration  with the University 
of Nevada at Reno, for the purchase of a file serve r for the Nevada 
Schools Network (NSN), an Internet server which is now used by over 2,000 
students and teachers throughout the state.  
In the current project, the DOE Yucca Mountain Offi ce has provided the 
money for some equipment, software and training to establish WWW 
capability in six rural Nevada schools. The number of sites is limited 
because of funds, hardware and connectivity pre req uisites. Some 
requirements for rural school access to the Web inc lude a computer with 
preferably at least eight megs of RAM, a Macintosh or a computer with 
Windows, a high speed modem and a local Internet ac cess provider which in 
this case is the Great Basin Internet Service. 
The establishment of WWW capability is part of a la rger DOE grant that 
supports the International Alliance in Education in  Radioactive Waste 
Management (IAERWM). The International Alliance has  representatives from 
12 of the OECD/NEA countries. All of these 12 OECD/ NEAb countries have 
the need for an organization with links to public e ducation and dedicated 
to: a) Finding ways of raising the level of nuclear  literacy in the 
general public; and b) Educating the public to be m ore receptive to the 
need to site and build safe repositories to store r adioactive waste. 
Acknowledgement that common educational strategies to address a) and b) 
above was first agreed upon in an educational works hop on radioactive 
waste management (RWM) held in Switzerland (12) and  attended by educators 
from 12 of the OECD/NEA countries in 1991. The Inte rnational Alliance of 
the 12 countries was formalized in the fall of 1991 .  
Since that time Alliance Conferences have been host ed by the UK, The 
Netherlands and Canada. Educational materials on RW M from participating 
countries were shared at each of the three conferen ces. One goal of the 
1993 meeting in The Netherlands was to explore the use of the Internet 
for disseminating educational information on RWM. N o Alliance meeting was 
held in 1994 but the 1995 meeting in Canada continu ed to explore the use 
of the Internet as a way of disseminating RWM infor mation to schools. A 
four hour workshop dealt with the possibility of us ing the Internet and 
some of it's tools, e. g. gopher and the WWW, to es tablish nuclear 
education links between the Alliance countries. All  participants of the 
conference agreed that having Web sites in their in formation agencies 
would be an ideal way to provide access to educatio nal materials on 
nuclear energy and radioactive waste management. To  carry this out it was 
suggested that each Alliance country; a) Establish a homepage and support 
access to it by students and teachers from a few sc hools; and b) List on 



their homepage their educational resources on nucle ar energy and RWM for 
teacher and student access and retrieval.  
Nevada Web Sites 
During the Fall of 1995 and continuing into the Spr ing of 1996 at least 
six sites with WWW graphical access will be establi shed in rural Nevada 
with the monetary support of the DOE and technical support from the 
College of Education, University of Nevada in Reno.   
The development of the school sites with web capabi lity will be a 
cooperative effort which will involve each school's  science teacher in an 
effort to establish specific education in science i ncluding nuclear 
energy and RWM. Additional curriculum materials wil l be available on the 
DOE Yucca Mountain Office web site (http://www.ymp. gov/). One author of 
this paper is responsible for part of the technical  support, including 
teacher training and any help needed to establish a  good platform for 
accessing the Web.  
The Web development at the initial six rural school  sites involved the 
consideration of several components; including spec ialized 
telecommunications lines, computer hardware, specia l 28.8 modems, and 
HTML editing software. The first phase of the devel opment also involved 
discussion with the local telephone company for det ermining the best 
telecommunication line setup so that schools will n ot be hindered when 
graphically accessing the WWW. Initially the five o f the six schools will 
have a regular dial-up remote connection at the 28. 8 baud rate which is 
provided with a charge by Great Basin Internet Serv ice. The goal is to 
move up to the faster speeds that are provided by I SDN lines. At this 
point only one of the six schools is scheduled for an ISDN line. 
The second phase of the development is focusing on science education 
content and the process of developing the content i nto home pages. This 
phase will also include teacher training at each si te so that each school 
can develop its unique educational interest in scie nce education for the 
WWW. This second phase will also directly involve d evelopment of nuclear 
energy educational curricula by DOE at Yucca Mounta in. At the end of the 
second phase, each school should have graphical acc ess to the WWW with 
the knowledge of how to setup and manage a homepage . The six rural Nevada 
schools (Virginia City, Lovelock, Hawthorne, Battle  Mountain, Silver 
Springs and McDermit) will also be helped to establ ish school partners in 
other OECD/NEA countries initially through AECL (ht tp://www.aecl.ca) in 
Pinawa, Canada and OECD (http://www.nea.fr/) in Par is, France. Another 
site recently opened through British Nuclear Fuel i n the UK and certainly 
other sites will continue to be developed.  
As other nuclear information office homepages come on line with 
additional nuclear energy curriculum materials, Nev ada students will make 
use of the information. At this point, the web serv er homepage 
(http:://nspweb.ed.unr.edu:443/) for the six school s is on line and 
located in the Department of Curriculum and Instruc tion of the University 
of Nevada, Reno. Many science links are already ava ilable on the homepage 
and more information is being added each week. Thre e rural schools are 
now using the WWW and the other three will soon be connected. Soon, 
training will be provided at each site to show the teachers how to use 
the Web for direct instruction and how to set up th eir own web page.  
Evaluation 
An attitude scale (see appendix) was designed to be  taken by students 
prior to the establishment of WWW capability in the ir schools. So far, 
only three six in the three on-line schools have ta ken it. The other 



three schools will take it as soon as they are conn ected. The attitude 
scale will not be repeated until after the Waste Ma nagement Symposium and 
that data will not be available until at least Spri ng after the students 
have had at least two months to use the Web. Contro l group classrooms, 
not on the Web, are also being used for comparison to classrooms with web 
capability.  
The 15 item attitude scale is designed to measure t he attitudes of the 
students toward science in general with a few speci fic questions on 
nuclear energy. It is broken into three, five quest ion parts; feelings 
toward science, knowledge of science, and science b ehaviors. The 
independent variable is the new instructional strat egy, use of the WWW. 
It is hypothesized that when students use the Web t o access, retrieve and 
share information on science topics, e. g. nuclear energy, student 
attitudes toward the study of science in general an d nuclear energy 
topics in particular will improve. The learning pro cess provided by the 
Web as well as the additional science information a vailable to students 
are both expected to be a positive influence on att itudes toward science 
learning, including nuclear energy. This informatio n is important in 
Nevada, a state where there is a lot of negative fe eling toward the 
possibility of Yucca Mountain becoming the U. S. nu clear waste 
repository.  
CONCLUSION  
Complete conclusions regarding the survey and any a necdotal information 
from teachers, students and principals can not be m ade until all six 
schools are on-line and have had a few months to us e their WWW 
capability.  
Some comments are offered concerning what changes i n attitudes are 
expected as a result of the WWW use by students and  teachers in the 
identified rural schools. It is generally expected that student attitudes 
toward science, including nuclear energy, will impr ove for several 
reasons; some of which are based on variables that cannot be 
realistically controlled in this kind of research. First, the teachers 
and schools were selected based on past interaction  with them that 
indicated a greater probability for setting up succ essful WWW capability. 
The identified teachers already use computers and o ther contemporary 
technology in science instruction and they wanted t o take part in a 
project that would give them WWW capability. They a re teachers that have 
been identified as science teachers who are known t o have characteristics 
that are attributed to exemplary science teachers ( 13). Such 
characteristics include making science interesting,  using lots of 
materials and resources, showing a high interest in  science, asking lots 
of questions, and letting students pursue ideas in which they have an 
interest. Furthermore, the principals of the school s generally have a 
record of supporting technology and helping their t eachers gain access to 
better instructional tools.  
It is hoped that the data from the six sites will h elp a) further the 
research on the use of educational technology to im prove science 
teaching, b) improve student attitudes toward scien ce and c) improve the 
knowledge base of students in nuclear energy and RW M. Unquestionably, the 
possibility for helping equalize education opportun ities in rural schools 
by providing WWW capability is a worthwhile educati onal goal in its own 
right and should be pursued.  
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APPENDIX 
Survey of attitudes toward science  
More and more information is in the daily news to e xplain the importance 
of studying science in school. It is said that stud ents need a better 
understanding of science in modern society because science impacts on so 
many everyday life issues that good citizens in a d emocratic society are 
expected to have a understanding of even if they ar e not scientists or 
engineers. It is also said that students who have t aken more science 
courses are easier to train for jobs that require s ome understanding in 
science. For whatever the reason, science is becomi ng a basic requirement 
in the education of American students as well as st udents in other 
industrialized societies such as Germany and Japan.  
In the following 15 questions, please circle your r esponse using the 
scale of 1-5. The key for the numbers is a follows:  
 1. Strongly Agree 
 2. Agree 
 3. No Opinion 
 4. Disagree 
 5. Strongly Disagree 
1. I like science because it is more interesting th an other subjects. 



 1    2    3    4    5 
2. I like science because it is useful in my everyd ay life. 
 1    2    3    4    5 
3. I like science because it affects me personally.  
 1    2    3    4    5 
4. I like science because I know it is important fo r my future. 
 1    2    3    4    5 
5. I like science because it makes me curious about  the things around me. 
 1    2    3    4    5 
6. I like science because it helps me analyze wheth er people know what 
they are talking about when they state an opinion. 
 1    2    3    4    5  
7. I like science because it helps explain things i n life that I have 
questions about, e. g., photosynthesis, spontaneous  combustion and 
radioactivity. 
 1    2    3    4    5 
8. I like science because it helps me solve problem s outside of school, 
e. g. how to predict changes in the weather. 
 1    2    3    4    5 
9. I like science because it helps me identify and try to solve problems 
that affect the community; e. g.; water resources, air pollution or 
hazardous waste disposal. 
 1    2    3    4    5 
10. I like science because it gives me the knowledg e to make 
 decisions about important science based issues, e.  g. the nuclear 
 waste repository in Nevada. 
 1    2    3    4    5 
11. I like science because it teaches me how to des ign an experiment 
  to test a hypothesis, e. g. to test my ideas. 
 1    2    3    4    5 
12. I like science because it teaches me how to use  the right resource 
  to find information when I need it. 
 1    2    3    4    5 
13. I like science classes because I don't just stu dy ideas but I get to 
do 
  things with interesting materials and resources.  
 1    2    3    4    5 
14. I like science because I get to discuss and com pare my ideas with 
  other students. 
 1    2    3    4    5  
15. I like science because I get to identify proble ms and try to solve 
  them. 
 1    2    3    4   5 
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ABSTRACT 
In response to suggestions from internal and State of California 
auditors, the Hazardous Waste Management Division ( HWM) at Lawrence 
Livermore National Laboratory prepared an Inspectio n Schedule and 



Guidance Document that summarizes the Laboratory's inspection schedule 
and procedures for waste treatment, storage, and di sposal facilities 
(TSDFs). Because it explains and comments in detail  on the inspection 
schedule, forms, and procedures, this document is a  centralized reference 
for HWM managers and personnel performing TSDF insp ections at the 
Laboratory. It is also a training tool for experien ced and new 
inspectors, standardizing the inspections of person nel with experience 
and explaining to novices what to look for and why.  This poster 
presentation traces the team effort that created th is document and 
provides specific examples of how the document was developed and how it 
is used. 
THE REGULATORY FRAMEWORK 
The environmental regulations governing the hazardo us waste treatment, 
storage, and disposal facilities (TSDF) at Lawrence  Livermore National 
Laboratory (LLNL) are basically the same as those g overning any TSDF 
anywhere in the United States. Although our regulat or and permitter is 
the California Department of Toxic Substances Contr ol (DTSC), the 
regulations we must abide by are those of the U.S. Environmental 
Protection Agency (EPA) and the Resource Conservati on and Recovery Act 
(RCRA). The EPA has given CDTSC authority over wast e management 
operations at LLNL and throughout California becaus e CDTSCs regulations 
are as stringent as or more stringent than EPA's an d RCRA's. 
So, what is true of waste management operations as a whole is therefore 
true of the inspections of the TSDFs at the Laborat ory that keep them 
safe. At LLNL, waste management operations are the responsibility of the 
Hazardous Waste Management Division (HWM), a part o f the Laboratory's 
Environmental Protection Department (EPD). 
Both federal (40CFT264.15 - General Inspection Requ irements) and State of 
California (22CCR666264.15 - General inspection Req uirements) regulations 
require that an owner or operator of a hazardous wa ste management 
facility must inspect the facility for malfunctions  and deterioration, 
operator errors, and discharges that may be causing  or may lead to 1) 
release of hazardous waste constituents to the envi ronment or 2) a threat 
to human health. 
These regulations provide a general framework for i nspections but rely on 
the owner or operator to provide the specifics in t erms of what units are 
inspected and the format of that inspection. Howeve r, the regulator has 
approval and audit authority over all of the above,  and ultimately, the 
inspection schedule and its particulars are subject  to regulatory 
approval. 
The owner or operator must develop and follow a wri tten schedule for the 
inspection (i.e., an inspection log or checklist) o f monitoring 
equipment, safety and emergency equipment, security  devices, and 
operating and structural equipment (such as dikes a nd sump pumps) that 
are important to preventing, detecting, or respondi ng to environmental or 
human health hazards. The inspection schedule must be kept at the 
facility and the schedule must identify the types o f problems that are to 
be looked for during the inspection. 
Specifically, the regulations require that abovegro und portions of all 
tank systems be inspected once each operating day t o detect corrosion or 
release of waste. Regulations covering tanks also i nclude a schedule and 
procedure for inspecting overall controls. Data gat hered from monitoring 
and leak detection equipment must be inspected to e nsure that the tank 
system is being operated according to its design. T he construction 



materials and the area immediately surrounding the externally accessible 
portion of the tank system, including the secondary  containment system, 
must be inspected daily to detect erosion or sign o f releases of 
hazardous waste. The owner/operator must document a ll of these items on a 
daily basis. 
Once each week (every 7 days), all container storag e units must be 
inspected. During these inspections, the emphasis i s on a wider range of 
issues (e.g., safety equipment, labeling, compatibi lity, etc.) as well as 
on leaks and spills. 
Finally, other areas subject to spills but not alwa ys in continuous use 
must be inspected daily when-in-use. Examples are l oading and unloading 
areas, container storage areas not in constant use,  treatment and 
filtration units used intermittently, and staging a reas used for 
temporary placement of waste during facility moves or prior to shipment. 
IMPLEMENTATION OF THE REGULATIONS AT LLNL 
The Hazardous Waste Management Division at LLNL has  had an inspection 
program in compliance with federal and state regula tions in place for 
many years. Over the years, the forms for the daily , weekly, and daily 
when-in-use inspections have evolved to cover the L aboratory's expanding 
and increasingly complex waste management and treat ment needs, and the 
inspection process includes fairly complex correcti ve action and close-
out procedures to make sure that health and safety issues revealed by the 
inspections are resolved. 
Several years ago after an audit of the Laboratory' s inspection schedule 
and process, State of California auditors requested  that HWM prepare a 
guidance document that would summarize the Laborato ry's TSDF inspection 
schedule and procedures and explain and comment on them as a centralized 
reference source for the HWM managers and personnel  performing these 
inspections. In addition, our in-house quality assu rance personnel came 
to a similar conclusion following an internal audit  of the adequacy of 
HWM's inspections and the effectiveness of state/fe deral inspection 
program implementation. HWM therefore agreed to pre pare and update 
annually an inspection schedule and guidance docume nt. This document is 
not a procedure as defined at LLNL, but it has been  formalized by the 
"controlled document" process and is readily availa ble to all supervisors 
and inspection personnel. The inspection logs upon which this guidance 
document is based are included with the Laboratory' s Part B Permit 
Application and its revisions and updates. 
Document Development Team and Resources 
The task of preparing and updating this Inspection Schedule and Guidance 
Document fell to HWM environmental scientists. The environmental 
scientist assigned the task formed a team that incl uded an editor/writer 
and managers and supervisors of HWM storage yards a nd treatment 
facilities. 
The environmental scientist and the editor/writer r eviewed all of the 
existing inspection forms with the members of the t eam to determine the 
scope of each kind of inspectiondaily, weekly, and daily "when-in-use"and 
its general compliance with RCRA regulations. They also reviewed each 
individual inspection form with their contacts from  HWM operations to 
learn the particulars of each feature of each stora ge area or treatment 
facility inspected. They accompanied inspectors on numerous daily and 
weekly inspections of all storage areas and treatme nt facilities to 
become knowledgeable first hand of what specificall y was being inspected, 
how, and why. The goals of this long and sometimes arduous process were 



first to learn the inspection forms and processes u p close and then to 
reconcile, insofar as possible, differences in insp ection forms and 
practices from one part of HWM's facilities to anot her as well as to 
standardize the forms accordingly based on the inpu t and consent of those 
responsible for the inspections. 
Then the environmental scientist and editor/writer set about making minor 
revisions in the forms and drafting the Inspection Schedule and Guidance 
Document. They chose an "Information Mapping"a form at for the document 
because of its reader friendliness and organized th e document around the 
basic types of inspectionsdaily, weekly, and daily "when-in-use," adding 
appendices for each type of form where samples of a ll the forms are 
collected as well as an appendix for the National F ire Protection 
Association (NFPA) 704 System signs and one explain ing the various 
classes and types of fire extinguishers. 
After an initial draft of the document was complete d, it went through an 
extensive review process that included HWM manageme nt and supervisory 
personnel, a seasoned representative from the EPD's  Operations and 
Regulatory Compliance Division (ORAD), and experien ced HWM inspection 
personnel. The guidance provided by the document wa s revised repeatedly 
and extensively based on the input of these various  reviewers before its 
ultimate review and approval by top HWM managers, p ublication, and 
distribution. 
The Document Development Process 
To provide a sense of how we developed the guidance  provided by the 
Inspection Schedule and Guidance Document, we will focus on one part of 
one inspection form and the development of the guid ance provided there. 
We have chosen the General Facility section of the Weekly Inspection Log 
for Area 514 Facility Storage Units. Figure 1 shows  the entire Weekly 
Inspection Log for the Area 514 Facility Storage Un its; Fig. 2 shows the 
General Facility Section of that log. We will conce ntrate on the part of 
the General Facility section dealing with emergency  equipment, Question 
10, and discuss how our research, team interaction,  interviews, tours, 
and staff reviews led us to the guidance provided b y the document. 
Fig. 1 
Fig. 2 
Question 10 of the General Facility section of all weekly logs for all 
facility storage units is the same and asks for eva luation of the 
functionality and accessibility of fire extinguishe rs, showers, 
eyewashes, and telephones/paging system. According to our investigation 
of the inspection process, this part of the weekly inspection logs did 
not need to be revised, but it did need extensive c larification and 
explanation. 
Fire Extinguishers. Through discussions with facili ty supervisors, HWM 
inspection personnel, and our ORAD contact, we disc overed that all fire 
extinguishers in HWM's facilitiesand, indeed, at th e entire Laboratoryare 
examined at least every 12 months by the Laboratory 's Fire Department to 
ensure that they are charged and in proper, safe wo rking order. This 
inspection is documented on an inspection tag attac hed to the 
extinguishers. Thus, one of the first jobs of an HW M facility inspector 
is to examine the inspection tag to see that the ex tinguisher has been 
inspected within the last 12 months. They then look  at many of the same 
features of the extinguishers that are examined by Fire Department 
inspectors. For example, they must inspect the no-t amper seal attached to 
the pin that must be pulled to activate the extingu isher to see if the 



seal is present and remains unbroken. They look at the pressure gauge to 
see that it is in the operating range. They also ex amine other salient 
features of the extinguisher, such as the hose and nozzle, for defects 
and wear. And they affirm that the extinguisher is unobstructed and 
visible, that the operating instructions on the nam eplate are legible and 
facing outward, and that the unit is properly mount ed off the ground or 
floor. Finally, the HWM inspector dates and initial s the inspection tag. 
If, however, all is not well with a given extinguis her or extinguishers, 
the inspector notes this fact on the inspection for m and follows the 
guidance in Section IV. Corrective Action and Close -Out to correct the 
problem(s). 
As a supplement to the section on fire extinguisher s, we included an 
appendix on the types of fire extinguishers availab le. We used the 
National Fire Code and a booklet entitled "Fire ext inguishers: Your small 
fire NFPA Defense" to develop the appendix. The inf ormation is intended 
to serve as a quick reference for the technicians w ho attend specific 
training on this subject. We included the symbols f or the classes of 
fires and types of extinguishers and other symbols that might be found on 
the extinguisher. These symbols include pictographs  indicating what type 
of material the extinguisher is used for, e.g., tra sh, wood, liquids, 
grease, electrical equipment. Appendix E also expla ins the relative 
rating on Class A and Class B extinguishers. It als o has an important 
reminder to the HWM inspector. In the event of a fi re in the treatment 
and storage facilities, employees should call 911 i mmediately to report 
the fire. They should use a fire extinguisher to fi ght a fire ONLY if 
they are trained to do so and know, based on the tr aining, that the 
extinguisher is appropriate to the kind of fire pre sent. 
Showers. All emergency showers and eye washes in HW M facilities are 
physically collocated, but because they have differ ent purposes and 
function somewhat differently, they are covered sep arately in the 
guidance document so that the inspector will look a t each piece of 
equipment in its own right. Both, however, must be accessible if they are 
to be used in an emergency. Therefore, one of the i nspector's primary 
jobs is to make sure that the "Keep Clear" caution at the unit is being 
observed and that the unit is unobstructed and can be accessed quickly in 
an emergency. 
From the experience of HWM personnel and that of ou r advisors in ORAD, we 
learned that other basic concerns with the showers are that the water 1) 
must be easily and quickly turned on, 2) must stay on by itself, and 3) 
should flow at a constant rate and sufficient press ure to do its 
cleansing work. We have provided guidance according ly. In addition, we 
caution inspectors to capture the water generated b y their tests in a 
large bucket stored near the shower so that the ber med area around the 
shower stays dry and the inspection tests do not, t herefore, create a 
cleanup problem. Satisfied that the shower is worki ng properly, the 
inspector initials and dates the tag attached to th e shower. Again, if 
there are problems with a shower, the inspector not es the deficiencies on 
the inspection form and follows the guidance in Sec tion IV of the 
guidance document to correct the problem. 
Eye Wash(es). Basically, the inspection guidance co ncerns for the eye 
washes are the same as those for the showersflow in itiation, rate, 
pressure. However, because the water from the eye w ashes is used to 
cleanse the eyes, it is important that the inspecto r also checks to see 
that it is free of rust by checking water clarity a nd color. Also, the 



eyewashes have two nozzles, both of which should be  operating at equal 
pressure and flow rate, and these nozzles are prote cted when the eye wash 
is not being used by caps. The water pressure shoul d be sufficient to pop 
these caps off when flow is initiated; the caps nee d to be replaced after 
inspection and testing. 
Telephone(s)/Paging System. Phones are found throug hout our waste 
management facility. However, some of the phones ar e rarely used, so it 
is important to test them on a weekly basis to assu re that they are 
working. The inspector tests the phone by calling t he HWM operator. HWM's 
paging system is connected in the two largest of ou r facilities, the 
Facility 612 Area and the Facility 514 Area. To tes t them, the inspector 
calls the appropriate number listed in the guidance  document. Again, the 
inspector reports his finding in the prescribed way  on the inspection 
form and schedules remedial action if a deficiency is found as described 
in Section IV of the guidance document. 
To illustrate the document development process and how it influenced the 
guidance provided, we have intentionally chosen a s imple example with 
obvious health and safety implications. We should n ote, however, that the 
Hazardous Waste Management storage and treatment fa cilities inspected at 
Lawrence Livermore are numerous and include complex , sophisticated waste 
treatment equipment and storage areas containing ma ny kinds of both 
hazardous and low-level radioactive waste. Yet the process used to 
develop guidance for this equipment and these stora ge areas was 
essentially the same as that used for the less comp lex emergency 
equipment discussed above. Through a variety of mea nsaccompanying 
inspectors on their rounds, discussions with facili ty personnel and 
managers, reviews by in-house experts, research of the regulationswe 
sought to get to the heart of the area or piece of equipment being 
inspected, to see what made for its safe operation within regulatory 
guidelines. Our goal was to provide the inspector w ith a clear sense of 
what to look for and why in order to assure a thoro ugh and complete 
inspection. Such inspections are an important way o f promoting the safe 
operation of equipment and storage of waste as well  as the health and 
safety of those who use that equipment and maintain  those storage 
facilities. 
RESULTS 
The Inspection Schedule and Guidance Document puts the inspection process 
in Lawrence Livermore's waste treatment and storage  facilities into a 
comprehensive plan. Rather than a set of individual  forms and a loose set 
of procedures for regulatory-driven inspections, we  now have an organized 
approach to the complete inspection process that ca n serve as a refresher 
for experienced inspectors and a training tool for novices. 
In one place, HWM inspectors and their managers can  find: 
  The inspection logs. 
  A discussion of the rational behind and the regul atory basis for 
inspections. 
  A schedule of inspections. 
  A compendium of what facilities get inspected how  frequently. 
  Procedures for documenting inspection findings, i nitiating repairs, and 
following up to ensure that a deficiency has been c orrected. 
  And perhaps most important of all, what to look f or in particular when 
doing an inspection of a specific area or piece of equipment. 
The Information Mapping format of the document make s it easy to follow 
and use. And an annual update of the inspection Sch edule and Guidance 



Document ensures that the information about the ins pection logs, the 
inspection process, and the equipment and facilitie s being inspected is 
kept current. 
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ABSTRACT 
The U.S. Department of Energy (DOE) Uranium Mill Ta ilings Remedial Action 
(UMTRA) Project has, over the last three years, dev eloped an 
Environmental, Safety, and Health (ESH) audit proce ss that is continuing 
to demonstrate positive results. The audit process is a cooperative 
effort between DOE and DOE contractors, the Remedia l Action Contractor 
(RAC), and the Technical Assistance Contractor (TAC ). 
The UMTRA audit process stresses site compliance wi th numerous code 
enforcement authorities using best management pract ices to design site 
safety and health procedures and site operating pro cedures that can be 
applied to all sites. 
The audit process demonstrates proactive ESH progra ms that are reducing 
incident rates on the DOE UMTRA Project. The UMTRA ESH Audit Process 
paper discusses the cooperative audit process. 
UMTRA ESH AUDIT PROCESS 
The U.S. Department of Energy's (DOE) Uranium Mill Tailings Remedial 
Action (UMTRA) Project is an environmental restorat ion and protection 
program. The UMTRA Project's congressional mandated  mission is to clean 
up and control residual radioactive materials from designated DOE-owned 
inactive uranium processing sites. Also, the UMTRA Project is required to 
eliminate present and future environmental health h azards that may result 
from those sites. 
The DOE goal is to achieve its mission in a manner that protects the 
public and the environment; ensure safety and healt h of workers; meets or 
exceeds requirements of applicable federal, state, tribal, and local 
laws, regulations, permits; and uses "best manageme nt" practices. 
The DOE policy is to conduct operations in complian ce with both the 
letter and the spirit of applicable environment, sa fety, and health 



statutes, regulations, and standards. The DOE striv es for continuous 
improvement and excellence rather than just meeting  minimum compliance 
requirements. Thus, the UMTRA Project is firmly com mitted to implementing 
the most technologically advanced environmental pro tection practices, 
while following proactive safety and health managem ent policies and 
goals. 
The UMTRA Project is committed to sound environment al management and 
worker safety practices; minimizing risks to the en vironment, the public, 
and workers; while anticipating and addressing pote ntial problems before 
they pose a threat to workers, the environment, or the public. 
The UMTRA Project is committed to employing "best m anagement" practices 
to minimize generation of contaminants, wastes, and  other residual 
materials requiring disposal or release to the envi ronment through source 
reduction, recycling, treatment, and other pollutio n-prevention methods. 
Protection of the environment, workers, and the pub lic is of paramount 
importance to the UMTRA Project. Project administra tion has always 
recognized this, and as a result, the Project exper iences a level of 
public trust not evident in many environmental rest oration endeavors. 
DOE's policy is that all contractors must incorpora te this commitment to 
worker safety and environmental protection in all o f their activities. 
The DOE requires its contractors to conduct their o perations in an 
environmentally sound and safe manner that reduces risks to the 
environment, workers, and the public to as low as r easonably achievable 
(ALARA). The UMTRA Project actively oversees its co ntractors' activities 
to ensure compliance with this policy. 
The DOE developed the UMTRA Project using a Remedia l Action Contractor 
(RAC) to perform field restorations at 24 former ur anium mill sites 
located mainly in the western United States. To ass ist DOE UMTRA Project 
management in administering environmental, safety a nd health 
(ESH)policies on the RAC-controlled sites, a Techni cal Assistance 
Contractor (TAC) was retained. The TAC provides tec hnical expertise to 
DOE UMTRA Project management. 
The UMTRA Project, RAC, and TAC management have dev eloped an audit 
process to ensure ESH procedures implemented at UMT RA sites are adequate 
for worker, public, and environmental protection an d comply with all 
applicable regulations. 
Audits are scheduled to correspond with site constr uction schedules to 
place UMTRA, TAC, and RAC auditors at UMTRA sites d uring times of 
critical operations. Auditors provide additional as sistance and resources 
to site ESH personnel. Programmatic and records rev iew audits are 
conducted throughout the operating seasons. Audits are conducted a 
minimum of three times per construction season at e ach UMTRA site. Audits 
are conducted more frequently at sites experiencing  elevated ESH 
incidents. Unannounced audits are conducted through out the construction 
season at all sites. 
Audit reports are DOE documents, prepared for the U MTRA ESH manager by 
the TAC audit group. Reports focus on key ESH aspec ts of the fundamental 
implementation of an adequate ESH program at the UM TRA sites. ESH 
procedures, training, implementation, operations or  practices that are 
less than minimum code requirements are reported as  Findings. Comments 
that will improve ESH programs are expressed as Obs ervations and 
Recommendations. Findings must be acted upon immedi ately by site 
personnel while Observations and Recommendations ma y or may not be acted 



upon by RAC ESH personnel. UMTRA ESH management may  require the site to 
respond to Observations and Recommendations with an  action plan. 
RAC ESH groups that have developed innovative ESH p rocedures or operating 
procedures, called Noteworthy Practices, are recogn ized by comments in 
the audit report. The comments describe the practic e and are sent to all 
sites for possible application. 
The audit process begins when the UMTRA ESH manager  hosts a monthly 
scheduling meeting with UMTRA, RAC, and TAC ESH per sonnel. A tentative 
schedule is developed for each UMTRA site for the a nticipated 
construction season. Audit schedules are flexible s o audits can be 
conducted at the most opportune time to cover as ma ny construction 
aspects as possible. Also, audit schedules must rem ain flexible so 
circumstances of personnel, equipment, weather, and  site operations can 
be considered. Cooperation between all participants  makes the audits a 
very valuable tool in providing effective health an d safety programs on 
the UMTRA Project. 
The UMTRA ESH manager is responsible to notify the RAC ESH manager in 
writing of the actual date the announced audit will  be conducted. 
Notification is required ten (10) working days prio r to the site audit 
starting date. 
Upon arrival at the site by all personnel necessary , the DOE UMTRA 
Project ESH Quality Assurance Implementation Plan i s followed. The 
opening meeting is held, all necessary site orienta tion and training of 
auditors are completed, and then the audit is condu cted. 
DOE UMTRA PROJECT ESH QUALITY ASSURANCE IMPLEMENTATION PLAN 
INTRODUCTION 
Provide guidance for use during DOE auditing activi ties at the UMTRA 
site. 
POLICY 
Statement requires DOE and contractors to take all reasonable precautions 
in the performance of UMTRA Project work to protect  the health and safety 
of workers, the public, and the environment. 
DEFINITIONS 
Audit Opening Meeting 
Daily Close-out Meeting 
Site, Final Audit Close-out Meeting 
Final Audit Close-out 
Objective Evidence 
Finding 
Noteworthy Practice(s) 
Observations 
Recommendations 
Stop Work Authority 
SEQUENCE OF AUDIT 
Audit Preparation 
Site, Written Notification 
Audit Opening Meeting 
 Introductions 
 Logistics 
 Schedules 
 Site-Specific Training 
Audit Activities in the Field 
 Contractor representative with auditors 
Daily Close-out Meeting 



 Discussion of daily objective evidence 
Site Close-out Meeting 
 Discussion of all objective evidence 
 Provide copy of all objective evidence 
POST AUDIT ACTIVITIES 
Initial Draft to DOE ESH manager 10 Days from site close-out meeting 
Meet with DOE, RAC, and TAC to discuss Initial Draf t Final Draft to DOE 
ESH manager 10 Days following draft discussion 
RAC Corrective Actions Response to DOE ESH manager 10 days from receipt 
DOE Review and Request Additional Responses or Clos e Audit 
Post Final Audit Report at Contractor Site 
AUDIT RESULTS REPORTING 
Additional Site Conditions, Deficiencies, or Notewo rthy Practices 
AUDIT RECORDS 
Complete Audit Files To Document Control 
The UMTRA, RAC, and TAC auditors are escorted by th e RAC site ESH 
management personnel and sub-tier contractor ESH re presentatives. All 
personnel travel together at the site(s) to observe  the physical plant, 
operations, and personnel safety performance. 
Whenever a question concerning health and safety of  personnel, public, or 
property is raised, the site RAC ESH manager is mad e aware of the 
situation, and the information is recorded as "obje ctive evidence." 
Objective evidence collected during the day is disc ussed with the UMTRA, 
RAC, RAC sub-tier contractors, and TAC representati ves each day during 
the daily close-out meeting. Audit ESH checklists a re used throughout the 
audit process. 
Audit checklists have been developed from 29 CFR 19 10 and 29 CFR 1926 for 
general health and safety codes, construction and d emolition codes, and 
industrial hygiene issues. The use of checklists is  for review by the 
auditors and are not specifically checked at each a udited site. 
Auditor on-site participation is completed upon con clusion of the final 
audit close-out meeting where all objective evidenc e is discussed with 
UMTRA, RAC, and TAC representatives. Objective evid ence is compared to 
codes, regulations, and best management practices. Results obtained by 
reviewing the objective evidence is placed in the f inal audit report. 
The UMTRA, RAC, and TAC auditors recognize that sit e work will be on-
going during the audit, and attempts to minimize di sruptions to site work 
are made. Site operational/ESH responsibilities com e first and RAC and 
subcontractor site ESH personnel are to leave the a uditors and manage 
their responsibilities to keep work activities safe . 
The UMTRA, RAC, and TAC auditors follow the DOE UMT RA Project Audit 
Quality Assurance Implementation Plan and develop t he site Health and 
Safety Audit Report. 
HEALTH AND SAFETY AUDIT REPORT 
INTRODUCTION 
UMTRA site contractors, personnel, and personnel re sponsibilities. 
BASIS FOR AUDIT 
DOE, state, tribal, and local codes that influence operations at the 
site. 
SITE OPERATIONS AND CONDITIONS 
Current operations and conditions at the site. 
DEFINITIONS 
Objective Evidence 
Findings 



Observations 
Recommendations 
Noteworthy Practices 
AUDIT SUMMARY 
Audit team summary of audit, including specific obj ective evidence to 
support summary. 
AUDIT RESULTS 
Objective Evidence is discussed to demonstrate infl uence on operations 
and health and safety of workers, the public, and t he environment. 
Findings are condition(s) as found, that violate sp ecific codes. 
Observations and Recommendations are based upon aud itor experience to 
improve operations. RAC response is not required un less UMTRA ESH manager 
requests. 
LIST OF CONTRIBUTORS 
All personnel conducting the audit, review, and tec hnical investigations. 
The ESH audit report format has been standardized f or this project and is 
used for all sites. 
The TAC auditors complete the final audit report an d submit it to the 
UMTRA ESH manager for transmittal to the RAC. The T AC maintains records 
of all audits and subsequent correspondence for aud it closure. This 
record provides valuable tracking of audit document s and is used to audit 
internal performance. 
DOE UMTRA SITE AUDIT RECORD 
  Site 
  Date -- Doe Notification Letter To RAC 
  Date -- Actual Audit Dates 
  Date -- Draft Mailed to RAC for Review  
  Date -- Draft Returned From RAC Review Date -- Fi nal Draft Mailed to 
RAC 
  Date -- RAC Response 
  Date -- DOE Acceptance or Rejection of RAC Respon se 
  Date -- DOE Audit Closure. 
The audit process and documents currently developed  for UMTRA audits have 
been in use for three audit seasons. The process is  flexible in 
application but remains independent of biased influ ence and accurately 
reflects current ESH conditions at each site. The U MTRA, RAC, and TAC 
auditors must be flexible in approach to achieve th e best possible ESH 
program for the UMTRA Project. Also, auditors must focus independently on 
the ESH issues and be determined to achieve quality  ESH programs. Audits 
from each UMTRA site are shared with management at all other UMTRA sites. 
The audit process followed on UMTRA sites has produ ced positive results 
in program development, training, implementation, a ccountability, and has 
reduced the number of incidents and losses at UMTRA  sites. RAC and TAC 
contractor records indicate incident rate at approx imately 10-15% of the 
rate other contractors experience in similar indust ry categories. 
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ABSTRACT 
Waste Minimization and Pollution Prevention (WM/PP)  programs are integral 
elements of waste management operations at Departme nt of Energy (DOE) 



field offices. One of the major challenges for thes e field offices is 
effective accomplishment of the activities required  to develop, 
implement, and oversee training and awareness progr ams in support of a 
comprehensive WM/PP program. 
WM/PP Training Programs involve the development of a Waste Minimization 
Program Training System and related courses for per sonnel involved in 
waste minimization programs, as well as for general  site employees. The 
WM Program Training System will provide input for t he updating of site-
level general training courses to the latest WM/PP program requirements. 
The programs may consist of the following elements.  
1) Development of a core Waste Minimization Trainin g Program; 
2) Updating the Waste Minimization Sections of site  training courses such 
as Comprehensive Annual Training, General Employee Training, and 
Radiation Worker Training; 
3) Evaluating and updating WM training modules for technical personnel 
such as design and operations engineers; and 
4) Evaluating and updating training requirements an d related training 
modules for Pollution Prevention Opportunity Assess ments. 
A properly implemented WM/PP Awareness and Marketin g Program will support 
the development and implementation of efforts targe ted to the DOE site 
office as well as for DOE prime contractors and sub contractors. This 
program may consist of the following elements: 
1) Program planning -- This effort addresses develo pment of a Pollution 
Prevention Awareness and Marketing Program Plan for  implementation of a 
comprehensive pollution prevention education campai gn. 
2) Documentation of Accomplishments -- This involve s documentation of WM-
PP accomplishments and developing highlights in ter ms of reduced cost, 
site savings, and disposal avoidance. 
3) Implementation of a "Green Building" Program -- This includes 
development and maintenance of a program to promote  building-specific 
opportunities for WM/PP. 
The proposed approach to WM/PP programs, developmen t of modules for WM/PP 
training, and the targeting of these modules for sp ecific audiences 
presents a specialized approach that may be of bene fit to any personnel 
involved in WM/PP programs. An effective WM/PP trai ning and awareness 
program may be implemented by targeted training and  promotion of WM/PP 
concepts through an awareness campaign. 
BACKGROUND AND OVERVIEW 
WM/PP programs are becoming increasingly important elements of integrated 
environmental operations for industrial and federal  facilities, and in 
particular at DOE field offices. At many sites, WM/ PP operations have 
been instigated by organizations responsible for la rge-scale oversight 
programs such as waste management (WM), environment al restoration (ER), 
and decontamination and decommissioning (D&D). For these programs, WM/PP 
goals are accomplished by: 
  Administrative planning and controls to limit the  generation of primary 
and secondary wastes, and to avoid creating uncontr olled releases; 
  Engineering considerations for systems, equipment , processes, and 
technologies to minimize the generation of wastes a nd to manage pollution 
and waste streams; and 
  Incorporation of operational concepts such as reu se, recycling, and 
free release to minimize the volumes of wastes and pollutants generated 
during site projects. 



Due to the limited capacities of on-site waste trea tment and pollution 
control facilities at many sites, the concepts of w aste minimization and 
pollution prevention have become critical elements of continued 
operations and of cleanup efforts. The limited avai lability of adequate 
off-site waste treatment and disposal capacity and the protracted delays 
in permitting of planned disposal sites for wastes have contributed to 
the elevated emphasis on WM/PP programs. 
Parsons Engineering Science (Parsons) has been acti ve in providing 
support for the analysis of WM/PP opportunities and  in the development 
and implementation of WM/PP programs. WM/PP program s have been designed 
to support the planned and future ER, WM, D&D effor ts which are 
considered to be a major portion of the activities to be conducted at 
aging industrial and federal facilities. Since thes e programs and process 
have the potential to generate considerable amounts  of radioactive, 
hazardous, and mixed waste products, the applicatio n of the concepts of 
WM/PP are paramount to effective and efficient envi ronmental compliance 
and protection program management. 
WM/PP PROGRAM OBJECTIVES 
Most WM/PP programs have common bases, or objective s that necessitate the 
development and implementation of such programs. Th ese bases must be 
integrated into the development of training and awa reness programs. In 
most cases, WM/PP programs are designed to: 
  Foster a philosophy to conserve resources and cre ate a minimum of waste 
and pollution in achieving environmental management  objectives. 
  Promote the use of nonhazardous materials in ER, WM, D&D operations to 
the extent practicable in order to minimize the pot ential risks to human 
health and the environment; 
  Enhance employee awareness of pollution preventio n goals, objectives, 
and methods; 
  Enhance communications of waste minimization obje ctives, goals, and 
ideas laterally and vertically among site/facility organizations; 
  Promote integration and coordination of waste gen erators and waste 
managers on waste minimization matters; 
  Create incentives for pollution prevention; and 
  Collect and exchange waste minimization informati on through technology 
transfer, outreach, and educational networks. 
All of these elements must be included in comprehen sive site-wide WM/PP 
programs, and emphasized as functional bases for tr aining and awareness 
programs development. 
Implementation of WM/PP policies and procedures is a function typically 
assigned to a specific site organization associated  with waste management 
programs. This organization will oversee the public ation of site-wide 
procedures that evolve from policy/program implemen tation. New procedures 
must be written, or existing procedures revised, to  ensure that WM/PP 
goals and ideas are put into practice. Other means of communication such 
as presentations and articles in employee newslette rs should be utilized 
to the extent practicable. Employees should be enco uraged to attend 
seminars and to communicate with other sites on WM/ PP practices. 
REGULATORY BASIS FOR WM/PP PROGRAMS 
Other than the advantages of voluntary establishmen t of WM/PP programs, 
there are regulatory 'drivers' and incentives that give emphasis to WM/PP 
program implementation. At the federal level, direc tion may be derived 
from specific sections of: 
  The Resource Conservation and Recovery Act (RCRA) ; 



  The Comprehensive Environmental Response. Compens ation and Liability 
Act (CERLCA); 
  The Superfund Amendments and Reauthorization Act (SARA, of CERCLA), 
Title III, which includes the Emergency Planning an d Community Right-To-
Know Act, Sec. 313; 
  Executive Order 12856, Federal Compliance with Ri ght-To-Know Laws and 
Pollution Prevention Requirements; and 
  The Pollution Prevention Act (PPA). 
These laws are augmented by other EPA guidance that  has been released in 
published format, such as "Waste Minimization Certi fication" (09/85), 
"Waste Minimization" (10/85), "Waste Minimization R equirements" (06/87), 
and "EPA Waste Minimization Program Activities." (0 6/87). 
In typical applications, these rules and guidance a re supplemented by 
program- or site-specific guidance. For example, th e U.S. Department of 
Energy (DOE) derives guidance for WM/PP programs at  DOE nuclear weapons 
production sites under several directives: 
  DOE Order 5400.1, General Environmental Protectio n Program 
  DOE Order 5400.3, Hazardous and Radioactive Mixed  Waste Program 
  DOE Order 5820.2A, Radioactive Waste Management 
  DOE/S-0108, DOE Strategic Plan 
In order to define, establish, and implement an eff ective WM/PP program, 
it is important to understand the directives under which this program 
must perform. When incorporated into the training a nd awareness program, 
these regulatory and statutory bases provide creden ce to WM/PP 
implementation. 
TYPES OF WM/PP PROGRAMS 
In most instances, an integrated program of WM/PP i nvolves activities 
that take advantage of every opportunity for effect iveness. The types of 
WM/PP programs that may be developed, implemented, maintained and that 
must be addressed training include: 
  Source Reduction, which is the major priority in WM/PP programs; 
eliminates problems associated with waste handling;  and includes concepts 
such as materials substitution, process optimizatio n or modification, 
technology changes, and administrative changes (inc luding inventory 
control and housekeeping practices such as waste se gregation). 
  Recycle, Reuse, Reclamation, which is used for wa stes that cannot be 
eliminated or minimized; allows potential waste mat erials or materials 
destined for disposal to be put to beneficial use; and includes resource 
recovery (use, reuse, reclamation). 
  Treatment of Wastes, which includes techniques to  reduce the volume, 
toxicity, and/or mobility of waste streams and wast e forms. 
ELEMENTS OF WM/PP TRAINING 
WM/PP training typically is performed by presentati on of audio/visual 
material. The course presentation may be classroom,  computer based, 
video, or self-study as deemed appropriate by the r esponsible 
organization. The course materials should be approv ed and entered into 
the site training database in order to ensure that the site program 
receives credit for accomplishments. Specific task elements required to 
establish a WM/PP training program may include: 
  Conduct of Job/Task Analysis; 
  Description of Course Terminal and Enabling Objec tives; 
  Development of Lesson Plans; 
  Development of Study Guides; 



  Preparation of Training Support Material, includi ng graphics, visual 
aids, computer-based training, case studies, and/or  printed material for 
handouts, as appropriate; 
  Development of Test Plans; 
  Conduct of Examinations; 
  Issuance of Course Evaluation Forms; and 
  Documentation of Results. 
Training activities for WM/PP are most effective wh en combined with other 
[existing] site-wide training programs. The goal is  to make each employee 
and contractor aware of waste generation, its impac t on the site and the 
environment, and means by which waste can be reduce d and pollution 
prevented. The training program should include wast e minimization 
concepts that can be incorporated into every job as pect, thereby ensuring 
that these concepts will be integrated into each ph ase of an operating 
procedure or design consideration. 
PROGRAM PLANNING FOR WM/PP 
WM/PP program planning involves the development of a Pollution Prevention 
Awareness and Marketing Program Plan for implementa tion of a 
comprehensive pollution prevention education campai gn directed at both 
internal and external audiences. Key elements for a n effective internal 
communications program will include developing info rmation products that 
are customized for use within each DOE site employe e communication 
framework, and providing liaison with the site orga nizations responsible 
for disseminating the information. 
Key elements of the external communications program  will include 
developing information products appropriate for ext ernal audiences, 
including other DOE sites, commercial industries an d the general public, 
and coordinating with the site public affairs depar tment in implementing 
offsite release of information. 
Key elements of the external communications program  will include 
developing information products appropriate for ext ernal audiences, 
including other DOE sites, commercial industries an d the general public; 
providing liaison with offsite photographers/videog raphers or other 
documentary services during production of program e lements; and 
coordinating with the appropriate DOE site public a ffairs department in 
implementing offsite release information. 
DOCUMENTATION OF WM/PP ACCOMPLISHMENTS 
In order to foster the culture of an effective, imp lemented WM/PP 
program, the awareness and training organization sh ould document 
accomplishments and display this documentation in a  manner that provides 
convenient employee access. The elements of this pr ocess may include: 
development and updating of a book (a living docume nt with scheduled 
updates) to document WM/PP active programs and rela ted accomplishments; 
gathering information on pollution prevention accom plishments by fiscal 
year; and developing text highlighting accomplishme nts in terms of 
reduced cost, site savings, and disposal avoidance.  
IMPLEMENTATION OF A "GREEN BUILDING" PROGRAM 
The "Green Building" concept has been popularized t hroughout the federal 
government, and has a high notoriety for involvemen t of personnel at the 
various levels of an organization. The idea is that  a "Green Building" is 
a more environmentally friendly facility, providing  some impetus for 
productive competition among corresponding units. T his concept involves: 
initiating and promoting a "Green Building" waste m inimization program 
that highlight building-specific opportunities for WM/PP; maintaining 



open lines of communication with custodians of site  buildings that have 
committed to the program of WM/PP; pursuing the "Gr een Building" program 
in non-participating buildings by developing educat ion materials on 
recycling, eliminating waste streams, and the benef its of each; and 
encouraging site management support of the "Green B uilding" program by 
developing presentations with programmatic recommen dations. 
EMPLOYEE AWARENESS PROGRAMS 
The WM/PP training program has a very important fun ction: increasing the 
awareness of employees and contractors on topics of  WM/PP. Awareness 
programs may include display of WM/PP progress and success stories by use 
of pictorial essays, graphs and charts that track s pecific elements, site 
bulletin boards, and communications utilizing site media (e.g., 
newsletters, electronic mail, routine staff meeting s, etc.). 
Slogan contests have been conducted routinely as aw areness program 
activities. By involving the site personnel in thes e contests, the 
awareness of WM/PP issues is heightened. 
Incentives such as awards, plaques, and other forms  of recognition may be 
utilized to provide motivation, and to boost employ ee cooperation and 
participation. Meeting WM/PP goals provides a measu re for evaluating the 
job performance of managers and employees through t he performance 
management system and applicable performance object ives. 
Suggestion boxes provide a vehicle to elicit partic ipation from 
employees. Awards may be given to employees whose s uggestions result in 
gains in WM/PP objectives such as volume or cost re duction. 
PPOA TRAINING 
A specialized and very important area of WM/PP trai ning is Pollution 
Prevention Opportunity Assessment (PPOA) training. A performance-based 
WM/PP training course focusing on the PPOA program should be designed to 
examine methods for developing, conducting and usin g waste minimization 
audits to determine PPOA's. This type of course sho uld highlight key 
elements and protocols for effective audits. The co urse is to be entered 
into the site training computer database. D&F will provide support in the 
form of instruction of the pilot presentation of th e course to a selected 
audience in order to receive comments and incorpora te changes prior to 
turnover. 
BENEFITS OF WM/PP TRAINING AND AWARENESS PROGRAMS 
A well designed and implemented WM/PP training and awareness program will 
yield the following benefits: 
  Reduction or elimination of liabilities associate d with the generation 
of project wastes; 
  Compliance with applicable regulations; 
  Reduction of waste management and compliance cost s; 
  Reduction of resource usage; 
  Reduction or elimination of reportable inventorie s and releases of 
hazardous chemicals; and 
  Improvement of public perceptions and concerns. 
In order to achieve these benefits, the effective i mplementation of a 
WM/PP training and awareness program must include c ertain iterative and 
cyclic elements that ensure that appropriate measur es are conducted. 
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ABSTRACT 
Her Majesty's Inspectorate of Pollution (HMIP) has responsibility for 
authorizing and regulating releases of radioactive waste to the 
environment in England and Wales under the Radioact ive Substances Act 
1993. To ensure that solid low level radioactive wa ste (LLW) disposals 
are within authorized limits, waste consignments ar e seized before 
disposal and their contents assessed. This paper ou tlines the regulatory 
framework for control of LLW disposal in the UK, de scribes the methods 
used for independent assessment and indicates the f indings obtained. 
INTRODUCTION 
UK Legislation  
The disposal of radioactive waste to the environmen t is subject to the 
provisions of the Radioactive Substances Act 1993 ( RSA'93) (1). Although 
a recent Act its purpose was to consolidate an earl ier one, the 
Radioactive Substances Act 1960 (RSA'60) (2) with a mendments introduced 
by subsequent legislation including Part V of the E nvironmental 
Protection Act 1990 (3). RSA'60 also replaced earli er legislation; the 
Radioactive Substances Act 1948. There is therefore  a long-established 
legal framework in the United Kingdom for exercisin g regulatory control 
over radioactive wastes. 
Authorization 
Limits and conditions on the disposal of radioactiv e wastes are detailed 
in site specific Authorization Certificates. Over 1 100 sites in England 
and Wales are authorized. The majority of these con sist of hospitals, 
universities and industrial research or manufacturi ng centers. The more 
significant radioactive discharges however are from  a relatively small 
number of sites licensed under the Nuclear Installa tions Act 1965 (4). 
These are generally referred to as "nuclear sites" and are also 
authorized under RSA'93 to discharge radioactive wa stes. These nuclear 
sites include nuclear fuel fabrication and reproces sing plants, nuclear 



power plants, atomic research establishments and is otope production 
centers.  
Regulatory Authorities 
Her Majesty's Inspectorate of Pollution (HMIP) is r esponsible for 
administration and enforcement of RSA'93 in England  and Wales. In the 
case of nuclear sites in England, Authorizations fo r disposal of 
radioactive waste are issued jointly by HMIP and th e Ministry of 
Agriculture, Fisheries and Food (MAFF). In Wales th ese functions are 
undertaken by HMIP and the Welsh Office with the su pport of MAFF. 
Separate but similar arrangements exist in Scotland  and Northern Ireland 
where Her Majesty's Industrial Pollution Inspectora te and the Alkali and 
Radiochemical Inspectorate are the respective regul atory authorities. 
Independent Monitoring 
Operators are required to determine and record the radioactive content of 
waste disposals in accordance with conditions speci fied in 
authorizations.  
In support of its regulatory function HMIP undertak es its own monitoring 
programmes to act as both a check on site operators ' results and to 
provide independent data on the exposure of the pub lic. These results are 
published annually (5). As part of these programmes  HMIP carries out 
independent checks on solid LLW destined for land d isposal. Consignments 
of waste are seized by HMIP Inspectors and sent to HMIP's Waste Quality 
Checking Laboratory (WQCL). The present paper focus es on this process and 
the subsequent checking procedure and describes how  HMIP uses the results 
to obtain added assurance that disposals are in com pliance with disposal 
Authorizations. 
SOLID LLW ARISINGS AND DISPOSAL ROUTE 
Low Level Radioactive Waste 
In the UK, radioactive waste is classified under br oad categories, 
according to its heat - generating and activity con tent. Low level waste 
(LLW) is regarded as waste containing radioactive m aterials other than 
those acceptable for disposal with ordinary refuse and with activity 
contents not exceeding 4 GBq/te of alpha emitting r adionuclides or 12 
Gbq/te of beta/gamma emitting radionuclides. 
The largest volumes of solid LLW originate from the  fuel cycle plants 
operated by British Nuclear Fuels plc (BNFL), the M agnox, AGR and PWR 
power stations operated by Nuclear Electric plc, an d the research 
establishments of the UK Atomic Energy Authority an d Ministry of Defence. 
More than 99% of the waste seized has originated fr om these nuclear sites 
and was destined for disposal at the landfill site in Drigg, Cumbria 
operated by BNFL for the disposal of solid LLW.  
Drigg 
The Drigg disposal site is located in West Cumbria about 6km south-east 
of BNFL's reprocessing facility at Sellafield. The site started 
operations in 1959. It receives waste mainly from S ellafield but also 
from other nuclear and non-nuclear establishments e lsewhere in the UK. 
The site occupies about 120 hectares (300 acres) cl ose to the Cumbrian 
coast. 
Wastes were historically deposited by tumble tippin g into trenches cut 
into clay to a depth of about 8 metres. This method  of disposal ceased in 
1994. Suitable wastes, mainly from Sellafield, are now compacted and 
placed in ISO-containers in a new facility at Sella field. After transport 
to Drigg the wastes are fixed in a concrete grout p rior to their orderly 
emplacement in a concrete lined vault. 



The majority of the waste typically comprises disca rded protective 
clothing (overalls, overshoes, gloves, paper hats e tc.) and general trash 
from areas of low contamination. The waste is gener ally accumulated in 
200 litre drums and the total activity of such a dr um is typically 1 to 2 
Mbq beta/gamma but can vary between 1 Kbq and 20 Mb q due to the inherent 
inhomogeneity of this type of waste. 
At this stage the waste will be un-compacted and sm aller items are likely 
to be in plastic bags within the drums. Waste gener ators are increasingly 
using compaction and there are also some sites whic h utilize super-
compaction. It is HMIP policy to seize waste for in dependent monitoring 
before it has been super-compacted. The majority of  consignments selected 
have been taken after they have been delivered to t he Drigg site but as 
some waste may be compacted prior to delivery consi gnments are also 
seized from sites before despatch to Drigg.  
WASTE QUALITY CHECKING LABORATORY 
The independent monitoring or quality checking of s olid low level 
radioactive waste is carried out at a laboratory es tablished by HMIP for 
this purpose at the Winfrith Technology Centre in D orset, England. The 
Waste Quality Checking Laboratory (WQCL) was first postulated in 1983 and 
a contract to build the laboratory was awarded to a  consortium lead by 
Taylor Woodrow in 1985. During this first contract the design and 
construction of the facility were completed and the  laboratory was 
equipped and staffed by scientists and technicians.  The work took 
approximately three years to complete with the labo ratory being 
commissioned in 1988. 
From 1988 to 1991, the laboratory was contracted to  perform research into 
the analytical methods required to identify and qua ntify the wide variety 
of radioisotopes which can potentially be found in LLW. During this 
period valuable foundation work on the quality syst em and quality 
checking techniques were completed. 
The present contract to operate and staff the labor atory was awarded to 
Taywood Environmental Consultancy, one of the Taylo r Woodrow group of 
companies in 1991. The main emphasis within this co ntract is the routine 
quality checking of solid low level radioactive was te consigned for 
disposal in England and Wales in support of HMIP's regulatory work.  
Laboratory Description 
The WQCL monitoring facility is located on the Winf rith nuclear licensed 
site operated by the UKAEA. This provides facilitie s for consignments of 
radioactive waste to be received at the laboratory and secondary waste 
arisings to be disposed of via site services. The l aboratory also makes 
use of other site services such as health physics, dosimetry and site 
security. The facility is housed in part of a large  building, once used 
for an experimental reactor, and consists of a suit e of offices, 
laboratories, a workshop and waste receipt and stor age areas. 
Waste consignments can be transported to the labora tory in a variety of 
containers, these include full height and half heig ht ISO freight 
containers, individual drums and loose or packaged waste in skips. 
Following acceptance of the waste at Winfrith and r eceipt of the 
consignment at the WQCL, the transport container is  moved to a suitable 
area for unloading. For most consignments this take s place at the WQCL 
waste receipt area, where the container undergoes a  series of checks 
prior to opening and unloading. These are described  in more detail under 
non-destructive testing. For drummed waste received  in ISO freight 
containers the drums are unloaded and stored in thi s area. For loose or 



packaged waste received in skips, a tented enclosur e can be erected for 
repacking the waste into drums in preparation for n on-destructive 
testing. 
In addition to the waste receipt area the ground fl oor of the facility 
also houses the gamma spectrometry laboratories and  a temporary X-
radiography facility. The upper level of the facili ty comprises office 
accommodation and a suite of radiochemistry laborat ories where the 
destructive testing and waste sampling is performed . 
Quality Assurance  
All the quality checking operations undertaken at t he laboratory are 
carried out within a quality assurance system which  was developed to 
ensure that all the work is performed to recognized  and acceptable 
standards and that the results reported to HMIP are  accurate and 
reliable. The quality system together with a number  of key test methods 
were assessed by the National Measurement and Accre ditation Service 
(NAMAS) in November 1993 and accreditation formally  awarded to the 
laboratory in January 1994. Since then further test  methods have been 
assessed and accredited by NAMAS as part of an ongo ing programme to 
maintain and develop the laboratory's QA infrastruc ture. Formal 
accreditation provides assurance that the measureme nts made on the waste 
are accurate and traceable to national and internat ional standards. 
Non-destructive Testing 
Upon receipt of a waste container at the laboratory , the consignment is 
given a unique identification number and each trans port container is 
examined for evidence of damage or loss of integrit y, any such findings 
are photographed and recorded. The labels attached to the transport 
container are photographed and the information on t he labels also 
recorded. Seals placed on the container by HMIP are  examined and 
photographed. The container is also checked for non  fixed external 
contamination and radiation dose rate and finally t he gross weight and 
external dimensions of the container and measured a nd recorded. 
Following completion of the transport container che cks, the waste 
consignment is opened and the contents unloaded. Fo r drummed waste 
received in ISO containers the drums are unloaded d irectly into the waste 
receipt area of the laboratory and are logged into the QA system. Further 
checks are carried out on the waste drums at this s tage, these include, 
radiation dose rate measurements, contamination che cks, drum weight 
measurement and a note of the condition and integri ty of the drum. 
Since the non-destructive testing procedures carrie d out at the 
laboratory require the waste to be contained within  100 or 200 litre 
steel drums, any waste which is not received in thi s format such as loose 
waste in skips must first be repacked into drums. T his requires direct 
handling of the waste by operators who must be suit ably protected with 
the appropriate personal protective equipment. Repa cking operations may 
also require a certain amount of size reduction in order to fit bulky 
items such as lengths of wood or pipe into the 200 litre drums. 
Each drum received or packed at WQCL is given a uni que identification 
number and a seal is placed on the lid to prevent t ampering. The non-
destructive testing is carried out on the whole of the waste consignment 
and involves two tests, these are X-radiography and  Segmented Gamma 
Scanning (SGS). 
Firstly each drum is X-radiographed to determine it s contents. A total of 
nine X-radiographs are taken with three equally spa ced around the 
circumference of the drum and at three equally spac ed positions down the 



height of the drum. Following processing, each X-ra diograph is examined 
by trained staff to determine the contents of the d rum. This is important 
for the identification of prohibited items as defin ed in Authorization 
Certificates and the BNFL's Conditions of Acceptanc e for wastes for 
disposal at Drigg. These include, free liquids, aer osol canisters, 
materials that are likely to cause fire or explosio n hazards and large 
amounts of putrescible or rotable materials. The id entity of any drum 
containing non-permitted items is noted for opening  and more detailed 
examination and any non-permitted items found are r emoved from the waste. 
X-radiography is currently carried out for the labo ratory under contract 
to a third party organization, however it is planne d to construct a 
permanent X-radiography facility at the laboratory and to include this 
work in the WQCL repertoire of non-destructive test ing. 
The most important non-destructive technique used i n waste quality 
checking is Segmented Gamma Scanning (SGS). Using t his technique the 
gamma emitting radioisotopes within each drum can b e identified and 
quantified. Each drum is placed in turn on a liftin g turntable within the 
instrument which allows the radioactivity within de fined segments of the 
drum to be determined. Up to 40 segments can be def ined within a single 
drum. A schematic diagram of the SGS is shown in Fi g. 1.  
Fig. 1 
The total radioactivity within the drum is then cal culated by adding the 
results from each segment. A correction for the att enuating effect of the 
drums waste content is made by use of an external g amma emitting 
transmission source. The instrument is routinely ca librated and checked 
using reference radioactive sources traceable to na tional standards. 
The wide range of waste material densities together  with the large number 
of gamma emitting radioisotopes found in LLW can gi ve rise to significant 
uncertainties in the radioactivities determined by the SGS. In an effort 
to reduce these uncertainties and achieve NAMAS acc reditation for SGS 
measurements, an extensive research programme has b een undertaken. 
Experimental measurements have been made using know n reference sources 
with a wide range of gamma ray energies placed at d ifferent positions 
with a series of drums which have been filled with materials of differing 
densities. Analysis of the data collected from thes e experiments has 
enabled the laboratory to identify areas where impr ovements can be made. 
On completion of the non-destructive testing campai gn the gamma emitting 
radioisotopes identified are listed and the total g amma emitting 
radioactivity for the waste consignment is calculat ed for comparison with 
the waste producer's declaration. 
Destructive Testing 
In order to determine the alpha and beta emitting r adioisotopes within a 
consignment of LLW, destructive testing must be per formed on a 
representative portion of it. In general approximat ely 5% of the packages 
or drums within a consignment are analyzed destruct ively for 
radiochemical content. The criteria used for the se lection of drums for 
sampling is dependent on HMIP requirements and the nature of the waste 
being assessed. Examination of the X-radiographs fo r example, may reveal 
prohibited items such as aerosol canisters or free liquids which must be 
removed. The presence of dense objects seen on the X-radiographs may 
conceal sources of radioactivity which may not have  been revealed by SGS 
monitoring. Drums may also be selected from examina tion of the gamma 
emitting radioisotope content as found by the SGS a nd by specific request 
from HMIP eg based on the origin of the waste withi n the producer's site. 



Once a drum has been selected for destructive testi ng it is taken to the 
radiochemistry laboratory and attached to the waste  receipt glove box. 
The lid of the drum is then removed from inside the  glove box and the 
contents of the drum are examined. The waste receip t glove box is fitted 
with a fixed video camera and all drum opening oper ations are recorded on 
video tape. Any prohibited items found in the drum are photographed to 
provide evidence of the finding and segregated from  the remainder of the 
waste which is then transferred to a second glove b ox. Here the waste is 
packaged if necessary and the contact radiation dos e rate and weight of 
the package are measured and recorded. Representati ve sub-samples are 
then taken and transferred to a fumehood for radioc hemical analysis. 
Destructive testing begins with the preparation of an aqueous solution of 
the solid sample taken from the waste. This can be accomplished in a 
variety of ways depending on the type of waste mate rial found. Methods 
such as acid dissolution, fusion, digestion or leac hing, are commonly 
used, the principal objective being the extraction of all the radioactive 
species into solution. Once the primary solution ha s been prepared, 
aliquots are first taken for the determination of t otal alpha, total 
beta, total and individual gamma emitting radioisot opes. 
The total alpha measurements are made by preparing a counting disc from 
the primary sample solution by evaporation onto a p lanchette. This is 
then analyzed in one of eight alpha spectrometer ce lls, counting times 
being calculated from count rate measurements. The results are used to 
identify the component alpha emitters and quantify the total alpha 
radioactivity of the sample. 
Total beta determinations are made using Liquid Sci ntillation Analysis 
(LSA). An aliquot of the sample solution is added t o a vial containing a 
scintillation medium and is then analyzed using a l iquid scintillation 
counter. As for the alpha measurements the results are used to identify 
component beta emitters wherever possible and calcu late the total beta 
radioactivity of the sample. 
Component gamma emitting radioisotopes within the s ample are determined 
by analyzing a 50ml aliquot of the primary solution  in a fixed geometry 
on a gamma spectrometer. A separate low energy gamm a spectrometer is used 
to determine low energy gamma emitting radioisotope s such as Fe-55, I-125 
and I-129. 
For all three of these techniques the chemical and radiochemical 
concentration of the solution must be controlled to  optimize the counting 
characteristics and reduce interferences. All the a nalysis instruments 
used are regularly calibrated and checked using ref erence sources 
traceable to national and international standards. To ensure that the 
methods used and the results obtained from destruct ive testing are 
acceptable the laboratory participates in regular i nter-laboratory 
comparison exercises organized by HMIP. 
In addition to the total alpha, beta and gamma tech niques described, the 
laboratory has a number of other specific radioisot opic methods which can 
be used for destructive testing.  
The determination of specific radioisotopes by dest ructive testing first 
requires radiochemical separation from the other sp ecies found in the 
primary sample solution. The method adopted will de pend on the chemistry 
of the element being isolated and may involve solve nt extraction, 
distillation or ion exchange. The laboratory has an alysis methods for 
most of the radioisotopes commonly found in low lev el radioactive waste. 
REPORTING AND APPLICATION OF RESULTS 



All the results produced by the laboratory from qua lity checking 
operations on waste consignments are reported to HM IP. Written reports 
are produced on the finding of the non-destructive and destructive 
testing campaigns, these are then forwarded to HMIP  for review. 
Some typical results obtained from the quality chec king of a waste 
consignment are shown in Table I. The tables compar e the results obtained 
by NDT and DT for 4 different drums taken from 3 se parate waste streams 
within a single waste consignment. It can be seen t hat in general there 
is very good agreement between the two techniques. 
Table I 
From the regulatory point of view the results of th e checking process may 
be considered as being in two distinct categories. Firstly, there are 
qualitative issues such as whether there was free l iquid in the waste or 
whether the waste contained non-permitted items. Se condly, quantitative 
results can be compared with the activity as declar ed by the waste 
producer. 
Results reports are always issued to the relevant H MIP site Inspector who 
makes the judgement as to what action, if any, shou ld be taken against 
the waste producer. Qualitative issues are usually an indication that 
either the operator's procedures are deficient in s ome way, or that the 
procedures have not been complied with. These are c oncrete issues which 
the Inspector would take up formally with the opera tor and would ensure 
by subsequent site inspections that adequate correc tive actions had been 
taken. Quantitative issues can be much more complex , particularly where 
the results are from destructive testing and analys is. Results from SGS 
analyses are not dependent on sampling as all drums  in the consignment 
are analyzed whereas for chemical analyses a propor tion (typically 5%) of 
the drums are selected and a further selection of m aterial within a drum 
is sampled. Nevertheless the correlation of total a ctivities calculated 
by the two methods is generally much better than mi ght be expected. This 
increases confidence in the results. If the check a nalyses indicated that 
authorized or declared activities had been exceeded  further samples or 
analyses would be carried out to confirm the result s. In all cases the 
follow up action is taken by the Inspector for the appropriate site and 
in severe cases an operator would be liable to pros ecution. Independent 
monitoring has so far given confidence that operato rs have taken a 
responsible and thorough approach to complying with  disposal 
authorizations. Non-compliances found have been in the nature of 
qualitative breaches as described above and appropr iate corrective 
actions have been undertaken by operators.  
EUROPEAN NETWORK ACTIVITIES 
Since October 1992 the laboratory has participated in the European 
Network of Testing Facilities for the Quality Check ing of Radioactive 
Waste Packages. This network was formed to promote co-operation between 
laboratories within the European Union who are invo lved in quality 
checking activities. The countries represented in t his network are: 
Belgium, Germany, France, Spain, Italy, The Netherl ands, Austria and The 
United Kingdom. Each country has laboratory partici pants and regulatory 
observers represented on the Steering Committee and  Executive board of 
the network and a number of working groups have bee n established to focus 
on important aspects of quality checking. There are  currently 5 working 
groups whose remits are: gamma measurements, volati le releases from waste 
packages, quality assurance, neutron measurements a nd destructive 
testing. 



The Steering Committee and Working Groups meet twic e a year to discuss 
technical issues and matters of mutual interest. Th e network is currently 
involved in jointly submitting a number of research  proposals to the 
European Commission as part of the fourth framework  programme on nuclear 
fission safety. This research programme attracts jo int funding from the 
European inter-laboratory comparison test for gamma  measurements on 220 
litre waste drums. This exercise will have obvious benefits to the 
quality assurance of SGS measurements performed at the WQCL. 
CONCLUSIONS 
Independent monitoring carried out by the Waste Qua lity Checking 
Laboratory is a key element of HMIP's regulatory wo rk under the 
Radioactive Substances Act 1993. The quality and re liability of the 
laboratory's work is underpinned by formal accredit ation of its test 
methods under the UK's National Measurement and Acc reditation Service and 
its participation in the European Network of Testin g Facilities for the 
Quality Checking of Radioactive Waste Packages. 
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ABSTRACT 
Nuclear waste packages have to comply with the spec ifications of interim 
storage facilities and have to meet the waste accep tance requirements for 
final repositories. In the FRG, the compliance with  the acceptance 
criteria is preferably proved by process qualificat ion of the waste 
treatment. However, the quality of waste packages o riginating from non-
qualified processes has to be checked by control me asurements.  
 On behalf of German nuclear regulatory authorities  the Research Center 
Jlich (KFA) currently performs quality inspections on Low Level Waste 
(LLW) packages. Nondestructive assay methods as wel l as destructive 
analysis methods are used for quality checking. The  routine inspection 
procedure consists of a fixed set of basic methods applied to all waste 
drums transported to KFA Jlich and a variable set o f extended 
measurements applied to selected packages for which  further information 
is desired. 
  Experience has been gained in the application of these methods over a 
wide range of waste types to be disposed of. The pa per describes the 
current working program and gives a survey of the i nspection procedures 
and quality checking methods applied routinely. Exa mples are discussed 



where extended nondestructive testing methods (e.g.  digital radiography 
and computerized tomography) are used to validate a nd improve the 
accuracy of activity determination.  
 INTRODUCTION 
In the FRG all types of radioactive waste including  low and intermediate 
level waste will be disposed of in deep geological underground 
repositories (salt or hard rock formations). Condit ioned radioactive 
wastes have to meet the specifications and acceptan ce requirements 
defined by national regulatory and waste management  authorities in the 
FRG. These requirements are specified depending on the type of waste, the 
waste form and the type of container (1). The fulfi llment of the 
acceptance criteria for interim or final storage is  preferably proved by 
the qualification of waste treatment and conditioni ng processes. In 
addition quality checking of waste packages is done  on the basis of 
random sampling inspections (2).  
The Research Centre KFA Jlich is engaged in R&D act ivities for the 
quality checking of nuclear waste packages since ma ny years. Within 
national and European funded projects KFA has devel oped various 
nondestructive and partially destructive methods to  characterize waste 
packages and to quantify the activity inventory. Th e nondestructive 
systems range from gamma scanning and neutron count ing to transmission 
and emission computerized techniques (TCT, ECT, DR) .  
Many waste packages produced in the early 1980's an d before originate 
from non-qualified waste treatment processes. As a consequence they do 
not generally meet the acceptance criteria without quality control 
actions. On behalf of German nuclear regulatory aut horities KFA Jlich is 
currently responsible for the realization of qualit y control measurements 
on 1200 conditioned waste packages stored at the in terim storage facility 
of Gorleben.  
For waste characterization and quality checking non destructive testing 
methods as well as destructive analysis methods are  applied. The routine 
inspection consists of a fixed set of basic measure ments applied to all 
waste drums and a variable set of extended measurem ents applied to 
selected packages when more information is desired.  After the completion 
of the inspection procedure a report is produced fo r each individual 
waste package that forms the basis for the document ation of all necessary 
waste characteristics. The documentation of these d rums is then checked 
by the German 'technical inspection agency' (Techni scher 
berwachungsverein, TV) which operates on behalf of the radiation 
protection board BfS (Bundesamt fr Strahlenschutz).  If the acceptance 
criteria are fulfilled the waste packages may be di sposed of in the final 
repository Morsleben which will be operating until 30.06.2000. The 
disposal of the waste packages has to be accepted b y the radiation 
protection board (BfS). For waste packages which do  not fulfill the 
requirements specific waste treatment processes wil l be suggested 
(conditioning, drying etc.).  
On the average the time spend to examine and handle  one waste package 
amounts to half a day. This means that the current work program (1200 
drums of which 400 have been examined up to now) wi ll last roughly two 
and a half years. Therefore one major objective is to set up and optimize 
an inspection program for routine application while  maintaining a high 
quality in performing the methods.  
WASTE FORMS AND CHARACTERIZATION 



Site specific acceptance criteria have been derived  from radiation 
protection regulations and from the safety assessme nt of a repository. 
The waste acceptance requirements distinguish betwe en several types of 
waste with respect to their chemical and physical c omposition and 
different types of containers. Concerning solid was te (waste category A1) 
to be disposed of in the German final repository of  Morsleben 
requirements on the waste forms and activity limita tions for certain 
radionuclides and nuclide groups must be fulfilled.  Activity limitations 
have been derived for more than 150 nuclides depend ing on different 
considerations like normal operation, assessment of  incidents, 
criticality and long-term radiological impacts. The  inventory of at least 
sixty-four of those nuclides must be given in the d ocumentation.  
Acceptance Criteria for Waste Category A1 - Solid W aste 
Solid waste to be disposed of in the repository of Morsleben has to 
fulfill the following basic requirements (1): 
  solid waste form, 
  no free liquids, not even in bottles, 
  no internal canisters, 
  no toxic materials, 
  no chemical and biochemical reactivity (no corros ion, rotting or 
fermentation), 
  no flammable substances, 
  normal atmospheric pressure inside the drum (no g as production). 
Activity Limitations 
The waste category A1 is subdivided into five radia tion protection groups 
(S1 to S5). Solid waste belonging to the lowest rad iation protection 
group (S1) must fulfill the following limitations: 
  dose rate near the surface      D < 2 mSv/h 
  total activity of a-emitters        A < 0.4 GBq/m 3 
  total activity of b/g-emitters     A < 4 GBq/m3 
  surface contamination             a < 0,5 Bq/cm2 , b/g < 5 Bq/cm2 
For waste contained in standard 200 l drums some ac tivity limits are 
listed in Table I for radioactive nuclides that can  be detected by 
nondestructive assay. The second column gives typic al detection limits 
for a real waste drum on the basis of nondestructiv e gamma scanning 
(measurement time: 40 minutes; weight of the matrix : 400 kg; 10 MBq of 
Co-60 and Cs-137 activity in the matrix). 
Table I 
The activity inventory is usually derived from qual ity checking of the 
waste treatment processes, random sampling inspecti ons and calculations 
(enrichment of the nuclear fuel, burnup history, ma terial activation, 
cooling time etc.). In fact, many relevant isotopes  cannot be measured 
directly by nondestructive means because of their l ow concentration in 
the waste. 
Therefore the concept of 'detection of key-nuclides ' has been established 
for quality checking which is applied for instance within closed 
operational procedures at nuclear power plants. Fro m the measurement of 
certain key-nuclides (mainly Co-60 and Cs-137) the activities of all 
other relevant isotopes are calculated on the basis  of 'predefined' 
correlation factors. The correlation factors are de rived from detailed 
radiochemical analysis of the respective waste stre ams. These correlation 
factors have to be approved by nuclear regulatory a uthorities.  
Classification of the Types of Waste Encountered in  the Program 



Within the current quality checking program all was te packages result 
from nuclear power plants. Sometimes they may also contain cross-
contaminants from fuel fabrication or research acti vities. Thus the 
activity is mainly due to fission and activation pr oduct activity. 
Nevertheless, it is necessary to assure the absence  of a-emitting and 
fissile nuclides above certain limits. The type of waste examined so far 
can be subdivided in the following categories: 
  unconditioned waste (scrap etc.) with low to medi um density and low 
activity, 
  cemented waste (density ca. 2g/ccm) with medium t o high activity 
content, 
  compacted waste - so called 'pellets' - (ashes, i ron scrap etc.) with 
medium to high density (up to 3g/ccm) and medium to  high activity, 
  packages with internal shielding structures (weig ht more than 600 kg) 
and high activity content (up to more than 1 GBq), 
  filter cartridges in special shielding containers , 
  special items: packages containing free liquids, elevated pressure or 
containing radioactive gases (Rn-222 or tritium rel ease from corrosion 
processes). 
EQUIPMENT AND PROCEDURES 
The routine inspection procedure consists of a fixe d set of basic 
measurements applied to all waste items and a varia ble set of extended 
measurements applied to selected packages where mor e information is 
desired.  
Basic Measurement Program 
The basic measurement program is intended to charac terize the waste 
according to the desired specification items (weigh t, dose rate, surface 
contamination, pressure, gas production rate, gas c omposition, integrity 
of the drum etc., integral gamma spectrum).  
The basic measurement program involves the followin g methods and 
procedures: 
  visual inspection of the surface of the drum, 
  g-dose rate measurements in contact and in 1 m di stance, 
  a- and b/g-surface contamination, 
  weighing the drum, 
  measurement of the pressure inside the drum, 
  gas sampling and gas analysis 
  integral gamma scanning with a collimated HPGe-de tector and evaluation 
of the total inventory of all detectable radionucli des, 
  segmented gamma-scanning to analyze the spatial d istribution of the 
prominent g-emitters,  
  visual inspection of the drum filling by opening the drum.  
The following gas components are analyzed by: 
  standard organic and inorganic components by mass -spectrometry/gas-
chromatography (MS/GC), thermal conductivity detect ion (TCD): 
 H2, O2, N2, CH4, CO2, CO, FCKWs, other organics 
  radioactive gas components by radioanalytical GC:  
 H-3, C-14, Kr-85, Rn-222. 
 After the completion of the basic inspections and evaluation of the data 
the technical inspection agency decides whether fur ther investigations 
have to be conducted. On the average about 90 perce nt of all drums can be 
released for final disposal without additional meas urements.  
Extended Measurement Program 



The extended measurement program serves two purpose s. One objective is to 
obtain more information on the internal structure o f the drum (internal 
shielding, density or activity distribution). The o ther objective is to 
take samples for destructive analysis. Very often t he first step helps to 
identify 'regions of interest' within the drum wher e representative 
samples can be taken.  
The extended analysis procedure may involve the fol lowing methods:  
  taking samples for radiochemical analysis, 
  core drilling of cemented wastes, 
  radiochemical analysis of samples by a- and g-spe ctrometry and by LSC 
techniques, 
  transmission and emission computerized tomography  (TCT, ECT), 
  digital radiography (DR), 
  passive neutron counting, 
  correction techniques for internal shielding. 
DETERMINATION OF THE ACTIVITY INVENTORY 
Activity of the Key-Nuclides 
Measurement of the activity of the key-nuclides in the drum is achieved 
by the well established method of gamma-scanning (4 ). A collimated HPGe-
detector is moved along the drum axis, while the dr um itself rotates on a 
turn table (Fig. 1). The standard measurement time is 40 minutes for a 
scan. The collimator has a diameter of 40 mm.  
Fig. 1 
The activity inventory is calculated for all detect ed nuclides from the 
evaluation of the integral gamma-spectrum according  to the following 
relation between the measured net peak count rate Z  and the activity 
concentration a = A/m (3) which is valid for homoge neous fillings of the 
drum: 
Eq. 1 
The above relation can be extended to situations wh ere a homogeneous 
activity concentration is shielded by an additional  inner shielding 
structure. For all undetected relevant isotopes the  activity will be 
calculated in correlation to the measured key-nucli des (mainly Co-60 and 
Cs-137) using the specific isotope vector of the wa ste under 
consideration.  
Activity of a- and b-Emitting Nuclides 
If the inventory of a- and b-emitting nuclides has to be measured samples 
are taken for radiochemical analysis. This yields t he isotopic 
composition of the waste in correlation to the prom inent g-emitters. The 
a/b-inventory of the drum is then calculated by mul tiplying the activity 
of a key-nuclide with the relative abundance of eac h a/b-nuclide.  
Problems Associated with Standard Procedures 
The main difficulties associated with the standard methods of activity 
determination are well known. Uncertainties are mai nly due to the 
following effects or difficulties: 
  the activity of activation and fission isotopes g enerates a background 
in the gamma- 
  spectrum so that the LLD for other nuclides is de teriorated, 
  non uniform activity distributions and inhomogene ous matrix 
compositions may cause deviations between real and measured total 
activities, 
  external shieldings must be identified to account  for g-absorption, 
  samples taken for destructive analysis may not be  representative for 
the complete drum (more than one pellet per package ). 



 To account for inhomogeneities of activity or matr ix distribution more 
advanced nondestructive testing methods like comput er tomography and 
digital radiography are used in addition to gamma-s canning. These 
techniques generate tomographic pictures of selecte d slices of the object 
or projected side views (6). Thus the opportunity i s given to evaluate in 
detail the distribution of relevant gamma-emitting nuclides which yields 
more reliable values for the activity within a drum . The analysis is 
especially useful for the quality checking of radio active waste packages 
resulting from non-qualified conditioning processes  or with insufficient 
documentation. Figure 2 shows a simple sketch of th e top view of the 
detection system to perform TCT/ECT- and DR-measure ments (5).  
Fig. 2 
The tomographic scanning system developed with fina ncial support of the 
European Union in the Institute for Safety Research  and Reactor 
Technology (ISR) at KFA Juelich combines two detect ion systems. Three 
HPGe-detectors can be used for gamma scanning and s pectroscopy 
simultaneously. For transmission measurements in co mputed tomography 
(TCT) or digital radiography (DR) four fast plastic  scintillators are 
used. The transmission source is Co-60 with an acti vity of 7 Ci. The time 
for generation of a tomographic slice amounts to ty pically 15 minutes 
whereas radiographs are produced in 1-2 hours depen ding on the desired 
quality of the data. The system set-up and testing has been finished this 
summer.  
SELECTED RESULTS AND DISCUSSION 
In the final section of this paper some specific 'p roblems' encountered 
during the work program will be discussed. The inte ntion is to introduce 
and discuss some of the extended nondestructive tes ting methods that have 
been developed to examine waste packages which cann ot be investigated 
satisfactorily with the standard procedures.  
Generation of Nuclide Specific Activity Distributio ns 
The first example is a drum containing several wast e 'pellets' (compacted 
canisters filled with waste). Some of these 'pellet s' contain ashes 
produced by incineration and/or non-combustible was te coming mainly from 
nuclear power plants. In rare cases small quantitie s of a-contaminated 
waste can also be found originating from nuclear fu el fabrication.  
The identification of a-contaminants like U-235 or Am-241 can be achieved 
by g-assay of the emission lines at 185.6 keV or 59 .5 keV. These energies 
may be strongly affected by absorption in the waste  matrix especially in 
the case of higher densities (> 2 g/ccm). The total  a-activity inventory 
is calculated on the basis of destructive sampling and radiochemical 
analysis of the isotopic vector. The reliability of  the determination of 
the isotopic vector is strongly affected by the rep resentativeness of the 
samples taken out of the drum. In order to obtain ' representative 
samples' it is important to quickly identify which pellets contain a-
contaminants and whether the activity is distribute d homogeneously. 
As an example Fig. 3 shows the two dimensional dist ribution of the count 
rate of the 185.6 keV peak of U-235 measured at the  drum's surface. It is 
clearly visible that a-contaminants are located onl y in the upper pellet 
(the drum contained two of them). The angular profi le at the 
circumference suggests that the material is not dis tributed homogeneously 
within the pellet.  
Fig. 3 
Due to the detailed analysis of the distribution of  the a-contaminants 
samples could be taken of the hot spot regions of t he upper pellet where 



an activity concentration of approximately 20 Bq of  U-235 per gram of 
waste was detected.  
Density Correction by Transmission Mmeasurements 
The second item is an example of a drum with a mass  of more than 800 kg. 
This weight implies the existence of a heavy shield ing structure. Another 
result of the basic inspection was that the Co-60 a nd Cs-137 were 
concentrated in the middle part of the drum (Fig. 4 b). Thus it was 
necessary to perform shielding corrections for both  key-nuclides. 
Therefore a digital radiograph of the drum and addi tional transmission 
and emission tomograms at 500 mm height above the b ottom of the drum were 
produced. The results are shown in the Fig. 4 a-d).   
Fig. 4 a-d 
The radiograph clearly shows the existence of a mas sive cylindrical 
shielding structure (probably cast iron) with an in active layer of cement 
at the bottom. From the visual inspection only a ce ment layer at the top 
can be identified.  
The effective thickness of the shielding structure as well as the average 
density of the region filled with active material c an be determined from 
the tomographic data. The correction factors for ab sorption are then 
calculated by computerized modeling of the shieldin g structure on the 
basis of the measured values. For the above mention ed drum the detected 
shielding amounts to an absorption factor of ca. 12 0 +/- 15 for of Co-60 
and ca. 660 +/- 80 for Cs-137.  
CONCLUSIONS 
The effort to characterize waste originating from n on-qualified waste 
treatment processes can be very time consuming and expensive if the waste 
producer has to proof the fulfillment of the requir ements for interim 
storage or final disposal. Thus emphasis is given t o the development of a 
comprehensive quality control system for all waste treatment and 
conditioning processes. In Germany there are roughl y 60000 to 80000 waste 
packages with insufficient quality evidence concern ing up to date 
requirements which have been produced before ca. 19 80. Therefore, nuclear 
regulatory and management authorities have to defin e and initiate quality 
inspection programs before these waste packages can  be disposed of in a 
final repository. Such programs should be routinely  applicable with high 
throughput and high quality.  
The work described in this paper has shown that qua lity control 
inspections for waste drums originating from non-qu alified processes can 
be performed on a routine basis with sufficient qua lity. The application 
of state-of-the-art nondestructive assay techniques  can help to reduce 
the time effort and costs spend for such inspection s by decreasing the 
amount of destructive measurements. Another advanta ge is the validation 
and improvement of accuracy of the activity determi nation which is based 
on other techniques like gamma scanning. Furthermor e such extended assay 
techniques can help to minimize the radiation expos ure for the personal 
staff involved.  
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ABSTRACT 
The safety of nuclear installations in the United K ingdom is regulated by 
Her Majesty's Nuclear Installations Inspectorate (N II), on behalf of the 
Health and Safety Executive (HSE), using a largely non-prescriptive 
licensing system. This paper summarizes the roles o f these organizations 
and the way in which they exercise regulatory contr ol. It also touches on 
the inspection and assessment which NII carries out  to satisfy itself 
that a licensee's safety case is adequate. In parti cular it considers the 
application of regulatory control to projects assoc iated with the 
retrieval of intermediate level Magnox waste at Sel lafield, which is 
operated by British Nuclear Fuels plc. 
Drawing on two examples of current projects, the pa per analyses some 
safety aspects related to waste retrieval. Of centr al importance is the 
need to ensure that waste forms are chemically and physically stable, and 
so suitable for safe long term storage.  
NII has gained valuable experience through its regu lation of these 
projects. This paper sets out the key regulatory le ssons learnt in the 
hope that this experience will benefit delegates to  this conference.  
Note: The views in this paper are those of the auth ors and do not 
necessarily represent those of Her Majesty's Nuclea r Installations 
Inspectorate. Introduction 
1. Since the 1950s, the reprocessing of irradiated Magnox (magnesium 
alloy clad) fuel at Sellafield, operated by British  Nuclear Fuels plc 
(BNFL), has given rise to a considerable volume of intermediate level 
waste. The waste of special interest to this paper is the Magnox cladding 
which, when removed prior to reprocessing of the ir radiated fuel rod, is 
known as swarf.  
2. Until recently the stripped cladding was stored underwater in silos. 
One of the drawbacks of this is that, under certain  conditions, Magnox 



swarf corrodes under water giving rise to an essent ially insoluble 
residue, referred to as sludge. Magnox sludge and s warf can be physically 
and chemically unstable, and have the potential for  giving rise to a 
significant radiological release should an incident  cause a breach of 
containment. Therefore, the form of the waste is a matter of regulatory 
concern.  
3. This paper outlines the work carried out by Her Majesty's Nuclear 
Installations Inspectorate (NII), part of the Nucle ar Safety Division of 
the Health and Safety Executive (HSE), to regulate projects associated 
with the post operational clean out and decommissio ning of intermediate 
level Magnox waste storage facilities at Sellafield . In particular it 
refers to projects currently in progress, or planne d, to retrieve this 
waste.  
4. The first part of the paper describes the UK's r egulatory framework 
for the control of safety on nuclear licensed sites ; briefly discusses 
the HSE's publication 'Tolerability of Risk' and ho w the philosophy 
described therein is applied through the 'Safety As sessment Principles 
for Nuclear Plants'; and relates this to the specif ic regulatory 
assessment of licensee's safety cases insofar as th ey relate to 
radioactive waste. The paper then summarizes the UK  policy on radioactive 
waste management and decommissioning, and goes on t o describe the 
regulation of work carried out by BNFL to retrieve Magnox waste. From 
this, the paper discusses the safety significance o f waste retrieval and 
draws out several significant regulatory lessons le arnt, each of which 
has generic application. 
5. BNFL's paper to this conference (1) deals with w aste retrieval from 
the operator's view point and contains more details  of plants and 
processes at Sellafield.  
UK NUCLEAR REGULATORY SYSTEM 
6. All civil nuclear installations in the UK are su bject to the Health 
and Safety at Work etc. Act 1974 (2). Amongst the r elevant statutory 
provisions of this Act are those parts of the Nucle ar Installations Act 
1965 (3) which refer to issues of safety. Under the  Nuclear Installations 
Act, no site may be used for the purposes of instal ling or operating any 
prescribed nuclear installation unless a nuclear si te license has been 
granted by the HSE and is, for the time being, in f orce. The HSE has 
delegated responsibility for administering this lic ensing function to 
NII.  
The Licensing Regime 
7. The licensing regime is established by NII throu gh powers under the 
Nuclear Installations Act to attach conditions to t he site license which 
are enforceable in a court of law. In addition ther e are the powers 
available under the Health and Safety at Work etc. Act, for example to 
issue enforcement notices. This regulatory regime h as been successfully 
applied to a wide variety of nuclear installations within UK over many 
years and has been shown to provide a powerful yet flexible system of 
control capable of being matched to the degree of h azard involved. The 
licensing regime covers a nuclear installation thro ugh its full life 
cycle from design to decommissioning and takes into  account the need to 
regulate and control the management of radioactive waste.  
8. The site license is predominantly non-prescripti ve and most conditions 
attached to it require the licensee, who has the so le responsibility for 
ensuring safety, to make and implement adequate arr angements to take 



account of specified requirements. An example of th is for Accumulation of 
Radioactive Waste (License Condition 32) is: 
The licensee shall make and implement adequate arra ngements for 
minimizing so far as is reasonably practicable the rate of production and 
total quantity of radioactive waste accumulated on the site at any time 
and for recording the waste so accumulated. 
This Condition also gives the HSE the power to form ally approve the 
arrangements, to specify any limitations to the arr angements or, if it 
wishes, to specify the place and manner of waste ac cumulation. 
9. A similar Condition gives the HSE the powers to direct the licensee to 
dispose of the accumulated or stored waste in accor dance with an 
authorization, issued by the appropriate Authorizin g Department, under 
the relevant legislation. Other Conditions relating  to the control of 
nuclear matter on the site include monitoring, reco rd keeping, 
radiological protection, training, documentation, e mergency arrangements, 
quality assurance and, in particular, the requireme nt for the licensee to 
produce a safety case to justify safety during all stages of the 
installation's life. Safety aspects of the movement  of radioactive matter 
within, onto and from the site and the keeping of r adioactive material on 
site are also regulated by NII under the provisions  of the Ionizing 
Radiations Regulations 1985, made under the Health and Safety at Work 
etc. Act. 
The Regulators 
10. The aim of the NII is to secure the maintenance  and improvement of 
standards of safety at civil nuclear installations and to protect workers 
and members of the public from ionizing radiation. To achieve this aim 
the NII is structured to enable priorities to be de cided centrally; to 
respond rapidly to technical innovation and operati onal experience; to be 
consistent in the development and application of st andards; and to apply 
the regulatory requirements consistently and cohere ntly across the whole 
nuclear industry. 
11. The NII is divided into inspection, assessment and policy branches. 
The inspection branches, as their name would sugges t, are primarily 
involved in carrying out site inspection activities  to confirm that 
licensees are complying with their legal obligation s. The assessment 
branches provide specialist technical advice on the  adequacy of the 
licensee's safety cases. The policy branches co-ord inate the setting of 
NII policy on a range of issues, making sure that i t accords with that 
set by other government departments and agencies. 
12. A licensee's safety case must include reference  to radioactive waste 
management and accumulation facilities on the site.  In addition the 
licensee has to obtain authorization for discharges  from the site. These 
discharges are regulated by authorizations issued u nder the Radioactive 
Substances Act 1993 by the Authorizing Departments (Department of the 
Environment - principally HM Inspectorate of Pollut ion - the Welsh Office 
and the Ministry of Agriculture, Fisheries and Food  or the Scottish 
Office, as appropriate). In order to ensure consist ency within the UK 
national policy on radioactive waste, and to ensure  a minimum of 
duplication of work between government bodies, a me morandum of 
understanding clarifies the responsibilities of the  various government 
departments and agencies involved. 
Tolerability of Risk 
13. In response to a recommendation by Sir Frank La yfield in his 1986 
report of the Sizewell Inquiry into the UK's first commercial pressurized 



water reactor HSE produced 'Tolerability of Risk' w hich, after 
consultation and revision, was republished in 1992 (4). The document is a 
straightforward account of risk written for the gen eral public. It 
discusses how people normally approach risk, shows how industrial risks 
(and nuclear risks in particular) are regulated, th e nature of risk from 
radiation and how risks are calculated. 
14. Three levels of risk are identified: 
a.   a risk which is so great or the outcome so una cceptable that it must 
be refused altogether - the 'unacceptable' or 'into lerable' risk. These 
cannot be justified except in extraordinary circums tances; 
b.   a risk which is or has been made so small that  no further precaution 
is necessary - the 'broadly acceptable' region wher e no detailed working 
is needed to show that risks are as low as reasonab ly practicable; 
c.   risks that fall between these two states, that  have been reduced to 
the lowest level reasonably practicable bearing in mind the benefits 
flowing from its acceptance and taking into account  the cost of further 
risk reduction. The Health and Safety at Work etc. Act requires that such 
risks must be reduced so far as is reasonably pract icable - the 
'Tolerable' region. 
The document goes on to quantify these regions whic h, in turn, form the 
basis for the quantitative guidance to NII assessor s developed in NII's 
Safety Assessment Principles. 
Safety Assessment Principles 
15. The NII's Safety Assessment Principles (5) are used as guidance by 
NII assessors in their examination of licensees' sa fety cases for all 
licensed installations including nuclear chemical p lant. The Principles 
are not 'standards' imposed on licensees but noneth eless they have been 
published so that anyone can be aware of the criter ia against which 
safety cases are judged. They are intended primaril y for use with new 
plant and major modifications, but are also used wh en reviewing older 
plant in comparison with modern standards. 
16. The majority of the Principles reflect good eng ineering practice 
which can be regarded as the basis of safe design. However, they also 
contain overall risk targets (derived directly from  Tolerability of Risk) 
which NII uses to assess whether the licensee's pro babilistic analysis 
demonstrates that the risks from its plant are bala nced and not dominated 
by a single failure or fault sequence. Tolerability  for risks associated 
with normal operation and accident conditions are s eparately addressed, 
each having defined levels of tolerability denoted by a Basic Safety 
Limit, and a broadly acceptable level by a Basic Sa fety Objective. 
17. In the UK's non-prescriptive regime the license e is free to propose 
any means to achieve an appropriate level of safety  but must demonstrate 
in a clear and unambiguous fashion that the proposa ls are adequate. This 
is achieved through the safety case which demonstra tes, in an objective 
and traceable manner, the safety adequacy of the pr oposed operation from 
the design through commissioning and operation to t he end of plant life 
and decommissioning. In particular it must link the  underlying safety 
concepts, supporting research and development to th e design criteria. 
From this the safety case identifies the operationa l limits and 
constraints for safe operation of the plant through out its lifetime. It 
will be appreciated that not all this information i s available from the 
very start and so the safety case is usually develo ped in a phased 
fashion. 



18. The involvement of the regulator does not remov e the licensees' 
responsibility for safety. NII's assessment of a sa fety case is carried 
out using its experience and expertise on a samplin g basis to establish 
confidence in the arguments put forward and to dete rmine whether the 
licensee has, as a minimum, met their own criteria.  The assessment is 
carried out in a probing manner, using the Principl es as the framework, 
to test the licensee's claims and assumptions - tak ing into account the 
safety significance of the chosen aspects. Dialogue  between the assessors 
and the licensee is maintained until NII is satisfi ed with the safety 
arguments. 
19. In pressing for the licensee to meet acceptable  standards the test of 
'reasonable practicability' is always an argument o pen to the licensee to 
limit their obligations. As a result much depends o n the magnitude of the 
potential hazard. For example, the qualitative engi neering Principles are 
more likely to be liberally interpreted where the p otential hazard is 
low. The underlying rationale for the NII's assesso r is to ensure that 
the licensee has avoided, or adequately contained, all identifiable 
potential hazards within the bounds of reasonable p racticability.  
UK POLICY ON RADIOACTIVE WASTE MANAGEMENT AND DECOMMISSIONING 
20. The UK national policy on radioactive waste man agement was reviewed 
in 1994/95 and the conclusions of that review were set out in 'Review of 
Radioactive Waste Management Policy' (6). From this , NII has derived 
policy statements on radioactive waste management a nd decommissioning to 
ensure that UK policy is properly implemented, taki ng due notice of best 
international practice. In summary, the policy stat ements cover amongst 
other things the need for the licensee to: 
   undertake strategic and site/plant specific plan ning of radioactive 
waste management and decommissioning; 
   prepare programs and arrangements for decommissi oning, and commence 
decommissioning at a time acceptable to NII; 
   demonstrate a systematic and progressive reducti on of hazards 
presented by the site or plant; 
   take a balanced account of radiological risks to  workers, the public 
and the environment; 
   demonstrate that wastes are not unnecessarily cr eated, and that 
generation and accumulation has been reduced as far  as reasonably 
practicable; 
   segregate and characterize radioactive wastes, w here practical and 
cost effective; 
   store wastes in a passive and retrievable form a nd, where appropriate 
facilities are available, dispose of the wastes as soon as reasonably 
practicable; 
   have a valid safety case for waste storage facil ities, including 
maintenance and surveillance programs and periodic safety reviews. 
The two examples of waste retrieval projects which follow show how NII 
applies UK policy in practice. 
RETRIEVAL OF INTERMEDIATE LEVEL MAGNOX WASTE 
21. Historically, NII were concerned that certain f acilities for the 
storage of potentially high hazard waste were being  operated for longer 
than first envisaged. Over a period of time NII enc ouraged BNFL to 
develop a strategy for safe long term storage; and BNFL themselves 
realized the need to take action, for both safety a nd commercial reasons. 
An acceptable overall strategy is being developed, and considerable 
progress has been made. Central to the strategy is that the waste should 



be retrieved, and then immobilized to render it saf e for long term 
storage and disposal. The remainder of this paper c oncentrates on the 
first step of waste retrieval. To illustrate some o f the generic nuclear 
safety issues and regulatory lessons learnt, two ex amples of current 
waste retrieval projects have been chosen:  
Example 1 - Sludge Retrieval from Magnox Pond and D ecanning Plant 
22. The Magnox pond and decanning plant was commiss ioned in 1959/60 for 
the purpose of receiving and decanning Magnox fuel,  and for exporting 
irradiated fuel rods for reprocessing on site. It o perated until 1986, 
when its function was taken over by a new building.  Spent Magnox fuel 
rods were placed in skips in a pond for a period of  cooling, to allow 
shorter lived isotopes to decay to acceptable level s, and to provide a 
shielded environment.  
23. BNFL opted for storage of Magnox clad fuel unde r water to minimize 
the likelihood of fire if Magnox and irradiated ura nium were exposed to 
air. However, Magnox cladding corrodes in untreated  water to form an 
essentially insoluble residue mostly made up of mag nesium hydroxide, 
commonly referred to as 'sludge', and this corrosio n reaction evolves 
hydrogen. Overtime the amount of sludge in the Magn ox pond and decanning 
plant built up so that by 1986 the plant had accumu lated around 1800 
cubic meters of sludge. The levels of radiation in the building and of 
airborne activity started to rise, and the potentia l existed for 
personnel to exceed statutory dose limits unless sp ecial preventive 
measures were applied.  
24. BNFL have since embarked on a series of plant i mprovements 
(particularly the addition of new ventilation syste ms) and post 
operational clean out projects, with the objective of removing all fuel, 
sludge and debris and so reduce local levels of rad iation, to enable 
further decommissioning to proceed safely. Although  this work is 
scheduled to continue well into the next century, c onditions within the 
plant have already improved significantly. 
25. NII has reviewed the overall program of post op erational clean out 
activities and has decided to carry out a detailed examination of a 
sample of projects, of which the most significant i s the retrieval of 
sludge from one of the five original wet bays. BNFL  has designed the bay 
sludge retrieval facility to transfer this sludge t o settling tanks as 
custom-built interim storage. Facilities are now be ing planned to enable 
treatment and immobilization of this sludge at a fu ture date. 
26. The facility has been developed from commercial ly available units, 
though with the addition of specialist control equi pment. The real area 
of difficulty in this project lies in the requireme nt to install and 
commission the facility safely in an area where the  levels of radiation 
and contamination are high and where access is rest ricted. This called 
for a thorough study of possible options and method s of work to ensure 
that dose uptake is as low as reasonably practicabl e. These studies 
required a knowledge of the working environment, an d a precise breakdown 
of specific operations. The culmination of this wor k is a series of BNFL 
documents which lay down the steps to be taken and identifying those 
responsible for specific actions.  
27. The facility was tested extensively, using a sc ale model and a full 
size off-site rig. Off-site commissioning enabled o perating and 
maintenance personnel to gain a first hand experien ce of the facility in 
totally inactive conditions, whilst at the same tim e proving the 
equipment and demonstrating the correct operation o f safety systems. The 



use of off-site commissioning to eliminate dose upt ake during inactive 
commissioning has been a prominent feature of the S ellafield waste 
retrieval projects, one which NII wholeheartedly su pports.  
28. Active commissioning of the facility is underwa y and quantities of 
sludge have been transferred to settling tanks. A r eview of early 
commissioning results was carried out to gain a bet ter understanding of 
the physical and chemical processes involved during  sludge retrieval, and 
so to make sure that the levels of conservatism wer e sufficiently high 
given the uncertainties inherent in work of this ty pe. The review 
confirmed that commissioning could proceed on a car eful, step by step, 
approach; and that at each step commissioning resul ts need to be compared 
to expectations and any deviations properly justifi ed.  
Example 2 - Swarf Retrieval from Solid Active Waste  Storage Facility 
29. Swarf from the decanning process has been store d underwater in 
concrete compartments at the Solid Active Waste Sto rage Facility from 
1964 until recently, when the Magnox Encapsulation Plant started 
receiving swarf directly from the fuel handling pla nt for encapsulation. 
The risk of a fire due to the generation of hydroge n as a result of swarf 
corrosion is a dominant feature of the safety case for the building. The 
corrosion reaction is exothermic, and so cooling an d inerting 
capabilities have been fitted.  
30. The other significant aspect is the potential f or leakage of water 
from the compartments, and indeed a major leak occu rred in 1976. NII 
carried out an investigation of this leak, and publ ished their findings 
(7). The incident helped clarify the position with respect to interim 
storage: further storage capacity was limited, and the strategy of 
retrieval, immobilization and safe long term storag e adopted. 
31. It was agreed that BNFL would first retrieve th e more recently 
deposited and essentially intact swarf, because it represents the 
greatest risk of hydrogen generation. No equipment existed at the time to 
fulfil this objective, and BNFL commissioned the sw arf retrieval 
facility, a plant novel to the company. In essence,  the design principles 
of this facility were that it should be able to wor k within the same 
physical envelope as those existing machines which service the 
compartments, be capable of retrieving swarf and ke ep it under water for 
export using a standard flask, and to effect a seal  so that inerting of a 
compartment could be carried out in the event of de tection of significant 
levels of hydrogen.  
32. The basis of the facility is a simple petal gra b which is lowered 
into a compartment, collects a quantity of swarf, a nd then deposits the 
swarf into a water-filled bin which is raised into a flask and 
transported for later encapsulation. It was designe d in a modular form to 
accommodate existing crane capacity. Its substantia l weight (around 170 
tonnes) represents a significant additional load fo r the building to 
support and necessitated verification that the buil ding could support the 
facility. The seismic capability of the building al so had to be re-
examined to make sure that the facility did not aff ect it significantly.  
33. The facility was fabricated, and subjected to a  thorough inactive 
commissioning program, before being brought on-site . This was done by 
BNFL to iron out any operational problems without a ttracting any dose 
detriment, and also for training operators and main tenance personnel. 34. 
BNFL has drawn up a strategy to empty the building,  and waste retrieval 
has started. At present, recovery of swarf from one  compartment is 
complete, and retrieval from another compartment is  underway. In the near 



future, we expect BNFL to present to NII its plans for post operational 
clean out of the remaining eighteen compartments in  the building, which 
will be developed from experiences gained to date. 
REGULATORY LESSONS LEARNED 
35. Several issues have emerged which are common to  other waste retrieval 
projects, and their identification will aid the ass essment of future post 
operational clean out and decommissioning activitie s: 
i)  Waste Retrieval and Immobilization. The regulat or's aim is to ensure 
that the licensee renders any potential hazardous w aste safe at source. 
However, Magnox sludge and swarf has existed for so me years mainly in a 
form which presents a potential threat due to its p hysical and chemical 
characteristics. Clearly the top priority for deali ng with such waste is 
to retrieve and immobilize the waste as soon as rea sonably practicable, 
and so render it suitable for safe long term storag e or disposal. BNFL 
has recognized the importance of this work, and ret rieval of the waste is 
well underway.  
ii)  Understanding the processes. The removal of sl udge from the Magnox 
pond and decanning plant exemplified the need for o perator and regulator 
to fully understand the processes involved in waste  retrieval. The 
uncertainties inherent in work of this type call fo r high levels of 
conservatisms which can only be refined through exp erience gained from 
predictable and consistent commissioning results. T he regulator should 
look for the licensee's commissioning plan to proce ed on a careful, step 
by step, approach; and at each step commissioning r esults should be 
compared to expectations and any deviations properl y justified.  
iii) The Role of the Regulator. Once the NII had ac cepted BNFL's strategy 
for the treatment and safe long term storage of int ermediate level waste, 
BNFL displayed firm commitment to hazard reduction by cleaning out the 
plants and encapsulating the waste on a reasonable timescale. It can take 
time for the regulator and licensee to reach agreem ent about the long-
term strategy for such activities, but it is an ess ential first step in 
that it provides the necessary framework. Thereafte r, provided the 
licensee maintains adequate progress and demonstrat es adequate control of 
the safety of its work, regulation is relatively st raightforward. 
iv) Regulatory Standards. For the two waste retriev al projects described 
earlier, the buildings did not represent satisfacto ry long term storage 
arrangements, and there was a need for action to pr event further 
deterioration. In such situations, there may not be  sufficient time 
available to allow the licensee to develop ideal im provements - it may be 
better to adopt a solution which is fit for purpose  and is available 
quickly. Hence there is a need for a balanced appro ach to regulation, 
wherein the regulator should apply appropriate stan dards, although modern 
standards remain as a benchmark against which to ba se these regulatory 
judgements.  
v)  Risks associated with modifications. The regula tor should ensure that 
the licensee has demonstrated that there is an over all net benefit to be 
gained by modifying plant to effect waste retrieval . But the regulator 
should also bear in mind that a short term increase  in risk may be 
necessary to secure real long term improvements to safety. 
vi) Safety during Installation and Commissioning. R egulation of waste 
retrieval projects has reinforced the need to consi der the risks to the 
work force associated with performing a modificatio n in a hazardous 
environment. The regulator needs to ensure that the  operator has carried 



out a systematic study of all potential hazards (nu clear and non-nuclear) 
and that they have in place effective managerial co ntrols. 
vii) Design Safety Case. The plant buildings descri bed above were mostly 
constructed around 30 to 40 years ago. They were no t designed to cope 
with the additional loads associated with waste ret rieval, and in general 
they were not specifically designed to resist earth quakes. In such 
situations, the regulator should ensure that struct ural capability has 
been assessed retrospectively, and that the integri ty of the structures 
is sufficient to sustain waste retrieval over a giv en period of time.  
viii) Off-Site Commissioning. Waste retrieval equip ment at Sellafield 
often has had to be installed in areas of complex l ayout and with high 
background radiation, making working conditions dif ficult. This has 
necessitated remote handling, extensive use of off- site facilities for 
testing and training, and special attention to the need to keep doses as 
low as reasonably practicable, which called for a t horough identification 
of safe working practices and effective administrat ive controls. Off-site 
commissioning has come to be regarded as an essenti al component of the 
safety case of a waste retrieval project. Therefore  the regulator has to 
be involved in the off-site activities of the licen see. 
ix) Novel Plant. The use of plant novel to the nucl ear industry to effect 
waste retrieval is often unavoidable, in which case  the licensee must pay 
more attention to design proving studies, model tes ting and full scale 
mock-ups. It also means that the regulator should p ay special attention 
to the assessment of the adequacy of the plant and its ability to fulfil 
its function without undue risk. 
CONCLUSIONS 
36. This paper has outlined some of the ways in whi ch the NII has used 
and continues to use its regulatory influence to im prove the safety of 
projects associated with the retrieval of Magnox wa ste. Progress has been 
possible through the co-operation of BNFL, who have  responded positively 
and responsibly in the course of dialogue with NII inspectors and 
assessors to the regulatory requirements of the NII . 
37. The NII has gained valuable experience through its regulation of 
waste retrieval projects at Sellafield, experience which we hope will be 
of interest to delegates at this conference. 
REFERENCES 
1. E. J. WILLIAMSON et al, BNFL. Successful Retriev al of Radioactive 
Waste by BNFL at Sellafield in the UK. Paper No 644  presented at WM'96. 
2. Health and Safety at Work etc. Act 1974 (as amen ded). ISBN 0 10 543774 
3 
3. Nuclear Installations Act 1965 (as amended). ISB N 0 10 850216 3. 
4. Health and Safety Executive (1992). The Tolerabi lity of Risk from 
Nuclear Power Stations. HSE Books ISBN 0 11 886368 1. 
5. Health and Safety Executive (1992). Safety Asses sment Principles for 
Nuclear Plants. HSE Books ISBN 011 88 2043 5. 
6. Review of Radioactive Waste Management Policy, F inal Conclusions. Cm 
2919. HMSO. 
7. Report on the silo leak at Windscale, by the Chi ef Inspector of 
Nuclear Installations. Health and Safety Executive,  1979. ISBN 0 7176 
0042 4. 
8. Radioactive Waste Management Advisory Committee.  Fifth report, June 
1984. ISBN 0 11 751721 6. 
ANNEX 1 
UK Classification of Radioactive Wastes 



The reader should note that Magnox sludge and swarf  are classed as 
Intermediate Level Waste, in accordance with the cl assification system 
set out by the UK's Radioactive Waste Management Ad visory Committee, Ref 
8.  
The categories adopted by the Committee are : 
High-level or Heat Generating Wastes  
Wastes in which the temperature may rise significan tly as a result of 
their radioactivity, so that this factor has to be taken into account in 
designing storage or disposal facilities. 
Intermediate-Level Wastes  
Wastes with radioactivity exceeding the boundaries for low-level waste, 
but which do not require the generation of heat to be taken into account 
in the design of storage or disposal facilities. 
Low-level Wastes 
Wastes containing radioactive materials other than those acceptable for 
dustbin disposal, but not exceeding 4 GBq/te alpha or 12 GBq/te 
beta/gamma. 
Very low-level Wastes  
Wastes which can be safely disposed of with ordinar y refuse (dust-bin 
disposal), each 0.1m3 of material containing less t hat 400 kBq of 
beta/gamma or single items less than 40 kBq of beta /gamma. 
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ABSTRACT 
A comprehensive program is currently in progress at  several laboratories 
for the development of sensitive, practical, non de structive assay 
techniques for the quantification of low- level tra nsuranics (TRU) in 
bulk solid wastes. 
This paper describes the method being developed to assay high density TRU 
waste packages using photon interrogation. The syst em uses a pulsed 
electron beam from a linear accelerator (LINAC) to produce high-energy 
photon bursts from a metallic converter. The photon s induce fissions in 
TRU waste package which is inside an original Neutr on Separating and 
Counting Cavity (NS2C). When fission is induced in trace amounts of TRU 
contaminants in waste material, it provides "signat ures" from fission 
products that can be used to assay the material bef ore disposal. We give 
here the results from counting photofission-induced  delayed neutrons from 
239Pu, 235U and 238U in sample matrices. We counted  delayed neutrons 



emitted after each pulse of the LINAC by using the Sequential Photon 
Interrogation and Neutron Counting Signatures -SPHI NCS- technique which 
had been developed in the present framework. The SP HINCS method enhances 
the available counts by a factor about 20 compared with the counting of 
delayed neutrons only after the irradiation period.  Furthermore, the use 
of SPHINCS measurement technique coupled with NS2C facility improves the 
signal to noise ratio by a factor about 30. This de creases the detection 
limit.The electron linear accelerator operates at 1 5 MeV, 140 mA, and 2.5 
ms wide pulse at a 50. and 6.25 Hz rate. The dynami cs of photofission and 
delayed neutron production, NS2C advantages and per formances, use of an 
electron linear accelerator as a particle source, e xperimental and 
electronics details, and a future experimental work s are discussed. 
INTRODUCTION  
Radioactive waste management is an issue in every c ountry with a civil 
and/or military nuclear program. Thus, assaying was te contaminated by 
alpha emitters with long half-lifea is vital for bo th safety and long-
term waste management. The wide variety of material s and contaminants, 
the low concentrations and large volumes involved m ean that such type of 
assay is a complicated matter. In France, actinide concentrations in 
surface-stored waste packages are limited to a maxi mum 100 nCi[a]/g . The 
average value on storage sites must be below 10 nCi [a]/g. 
Over the last few years, considerable progress has been made in the field 
of assay techniques for low-level a contaminated wa ste. References (1) 
and (2) contain a wide survey of these developments . 
This document presents an active detection method f or radioactive waste 
embedded in high-density matrices, mainly concrete packages. The high 
density of the packages, as well as their high wate r content (up to 20%), 
means that only high-energy neutrons or gamma parti cles have an enough 
high range to activate the enclosed actinides. Our aims were to evaluate 
the feasibility of dosing transuranians by induced photofission, and to 
optimize an experimental system with a view to impr oving detection 
limits. 
The experimental process described below (SPHINCS) coupled with the NS2C 
irradiating cavity is one of the first to use a LIN AC assay method 
combined with sequential detection using delayed ne utrons. 
PRINCIPLE OF THE METHOD 
The induced photofission assay method consists of i rradiating radioactive 
matter with high-energy photon bursts in order to p roduce (,fission) 
reactions in the enclosed transuranics. Measurement  is based on detecting 
prompt and delayed photofission neutrons to establi sh the quantity of 
"photofissile"b material present. Two measuring met hods can be used:  
i)  irradiation at low levels of photon energy foll owed by counting the 
prompt photofission signal, 
ii) high energy irradiation followed by counting of  delayed neutrons. 
The first method has the advantage of being statist ically satisfactory. 
The number of prompts neutrons emitted in fission i s approximately 100 
times greater than the number of delayed neutrons e mitted after fission. 
But the (,n) reactions on different materials other  than TRUs produce 
signal interference that increases proportionally t o the energy of the 
incident photons. Consequently, we have to use rela tively weak levels of 
gamma energy. Since the photofission cross-section increases in 
proportion to the energy of the photons, this reduc es the number of 
useful reactions. It should also be noted that the interrogation photons 
may "blind" the measurement system for a period of about one millisecond 



(the "gamma flash") (3). This limits the counting o f the prompt signal, 
which population decreases within a few hundred mic roseconds. 
The chief drawback of the second method, i.e. count ing the delayed 
signal, is the small proportion of delayed neutrons . This results in 
increasing measurement uncertainly. However, the me thod has the advantage 
of being unaffected by photoneutron interference an d the "gamma flash". 
Thus using high energy photons increases the photof ission reaction rate 
without affecting the background noise during count ing. 
Our investigations led us to opt for a pulsed irrad iation and counting of 
the delayed signal between the LINAC pulses which i s called Sequential 
Photon Interrogation and Neutron Counting Signature s ; the SPHINCS 
technique. This method enables us to increase sensi tivity at least ten 
times. 
PHOTOFISSION AND DELAYED NEUTRONS PRODUCTION 
The production of delayed neutrons resulting from t he decrease in 
radioactivity of fission fragments is directly link ed to the photofission 
rate T. This is given by:  
Eq. 1 
The number of delayed neutrons emitted by group i d uring time tc, after a 
pulse is: 
Eq. 2 
Since the detection follows each pulse, the total n umber of delayed 
neutrons for all the groups (i=1,...6) emitted duri ng the n counting 
periods will therefore be:  
Eq. 3 
If counting is only carried out after n pulses, the  total number of 
delayed neutrons is:  
Eq. 4 
With: 
Eq. 5 
Counting the delayed neutrons signal between the LI NAC pulses (SPHINCS) 
increases significantly the sensitivity. 
As Eq. 1 shows, the photofission rate is in proport ion to the integral on 
the energy of the product of the effective cross-se ction s[g,F](E) and 
the Bremsstrahlung spectrum S(E). This integral inc reases as a function 
of the electrons energy (see Fig. 1). 
Fig. 1 
The choice of this energy is limited by the thresho ldc of the reaction  
Reaction 
equal to 15.9 MeV. It is also limited by the rate o f photoneutrons that 
increases with the energy. These photoneutrons can interfere with the 
delayed signal when counting between pulses. 
EXPERIMENTS 
Photon Source 
Our series of experiments was carried out using the  linear accelerator 
(LINAC) of the DGA/ETCA/DPN at Arcueil. this accele rator has the 
following characteristics: pulse width 2.5 ms, repe tition frequency 
ranging from 6.25 Hz to 400 Hz, electron energy ran ging from 15 MeV to 30 
MeV and a peak current intensity of 140 mA. The tun gsten braking target 
is 3 mm thick. When the electron beam strikes the t arget, photons are 
emitted following the deceleration of the electrons  in the nuclei coulomb 
field. This is the Bremsstrahlung radiation phenome na. 
Experimental Setup 



Figure 2 is a diagram of the experimental setup use d. The distance 
between the target and the element to be irradiated  is approximately 120 
cm. Neutron counting is carried out using proportio nal counters with a 
useful length of 100. cm and a diameter of 2.55 cm.  The counters are 
filled with at a pressure of 4 atmospheres. These c ounters are covered in 
cadmium-coated polyethylene and are placed approxim ately 40 cm away from 
the beam axis. Neutron detectors around the outside  of the waste package 
are then used to detect neutrons from the photofiss ions. Fission neutrons 
passing through the cadmium barrier (the cadmium en ergy cut off is 
approximately 0.417 eV) are thermalized in the poly ethylene before being 
detected by the 3He counters. We use the end point energy (electron 
energy) of 15 MeV. The duration of irradiation puls e is 2.5 ms. 
Fig. 2 
Electronics 
Four 3He counters are arranged as in Fig. 2. The co unters are linked by 
40 m cable to a signal amplifier operating in curre nt collection mode 
(drawer type TADS manufactured by the French Eurisy s Mesures company). 
Pulses transmitted by this setup are used by a mult iscale board operating 
in multisweep mode Counting synchronization versus time is performed by 
the start pulse of the LINAC. 
Detection efficiency is measured for a single count er using an Am-Li 
source (without any matrix) with an energy spectrum  close to that of the 
delayed neutrons and located approximately 40 cm fr om the detector unit.  
Insert A 
Due the large size of the accelerator hall, the pho toneutrons produced 
instantaneously on the components of the embedding matrix or the braking 
target, persist as thermal neutrons long after the gamma flash. Their 
half-life is of the order of 4.80 ms. Hence the nee d for the cadmium 
shielding. Figure 3 shows a recording versus time o f neutrons (g,n) made 
by a counter unit with and without cadmium shieldin g. 
Fig. 3 
NS2C IRRADIATION CAVITY  
As shown in Fig. 3, the surrounding cadmium of the detection system 
absorbs the majority of the photoneutron background  noise. However, the 
experimental results obtained with and without cadm ium cover are not in 
agreement with our predictions. This could be expla ined either: 
  by "leakage" of the cadmium shielding,  
  or by a non-thermal neutronic component which sti ll active during the 
counting time.  
The first reason is, to our knowledge, not signific ant due to the high 
quality of the cadmium shielding manufacturing.  
A contrary to, the second possibility appears more probable. This could 
be explained by the "huge" size of the experimental  cell (13m x 13m x 3m) 
which leads to a greater thermalization time for he  photoneutrons (about 
20 ms). Consequently, during the useful counting ti me (12 ms after photon 
burst) a significant amount of background noise com ing from this origin 
still exists. 
In order to reduce the life time of such neutrons, we build a specific 
cell which surrounded the sample and it matrix (see  Fig. 4). This new 
cell, called NS2C (Neutron Separating and Counting Cavity) allows us to 
cut both external photoneutrons (coming from the br emsstrahlung target 
and cell walls) and internal photoneutrons (coming from photon 
interactions on matrix and on NS2C walls). Moreover , the NS2C leads us to 



detect, with low background noise, the delayed neut rons from photofission 
reactions (useful signal).  
Experimental results using the NS2C are very satisf actory: The 
corresponding signal to noise ratio is about 200. c ompared to the one 
obtained without such new cell which is about 30. ( see Table I) 
Table I 
Fig. 4 
EXPERIMENTAL RESULTS 
Samples of UPu (weight 3.83 g) , 238U (weight 100g,  194g and 292g) and 
235U (weight 1.90 g) are used (see Table II). They are placed in blocks 
of polyethylene (diameter 10 cm and height 20 cm), glass (diameter 10 cm 
and height 9 cm) and concrete (diameter 56 cm and h eight 110 cm) with 
respective densities of 0.95, 1.70 and 2.35 g/cm3. The background 
radiation level is obtained by irradiating the bloc ks devoid of all TRU 
matter. The foreground is obtained by subtracting t he background from the 
global signal ("photofissile" matter + package). 
Table II 
Figure 5 shows a global recording for 100 g 238U sa mple without matrix -
inside the NS2C casemate- and the corresponding rec ording without the 
NS2C casemate. 
Fig. 5 
Neutron counts versus time for 100 g 238U inside th e NS2C casemate and 
the corresponding recording without the NS2C casema te 
DETECTION LIMITS 
The samples shown above are contained in three diff erent matrices (except 
for the 238U). 
Measurements are taken using two counting units. 
The number of delayed neutrons emitted by the 1980- pulse cycle for the 
UPu pellet and the 235U sample placed at the centre  of the matrix are 
2.36 106 and 7.23 105 neutrons respectively. 
The detection limits are calculated taking the fals e alarm and non-
detection risks to be equal to 5%. Background and u seful signal count 
times are approximately 294 s. We shall consider th e least favorable 
situation where all the fissile material is concent rated at the centre of 
the package.  
Table III gives the detection limits in grams for a n "irradiation-
counting" time of 300 s and electron energy of 15 M eV. The irradiation 
occurs on the TRU sample which is inside the NS2C c avity.  
Table III 
Extrapolating for Entire Concrete Container 
The diameter of the photon beam at 1 m from the Bre msstrahlung target is 
taken to be around 10 cm. The photon-irradiated sec tion has a volume of 
4.4 liters. The least favorable situation is consid ered where the fissile 
material is situated along the longitudinal axis of  the container. 
Measurement is taken by axial scanning of the packa ge. It consists of 10 
reading each at a height of 10 cm during 100 s (the  height of the package 
being around 1 m). Detection limits for each sectio n are used to 
approximate the one of the whole package. The respe ctive detection limits 
in counts CmD for the whole package CmD1 and for a section are related 
by:  
Eq. 6 
Where: 
t  = counting time for the whole package 
t1  = counting time for a single section. 



The mass detection limits are related by: 
Eq. 7 
Where: 
Esp1 = Recording in counts per gram of TRU in the c ase of the 
  section 
Esp = Recording in counts per gram of TRU in the ca se of the 
  package. 
For our hypothesis this gives: 
Eq. 8 
We therefore obtain: 
Eq. 9 
For the hypothesis above (i.e. TRU matter along the  container axis and 
signal and background measurement time of 300s) the  detection limits in 
grams of actinides per gram of matrix for the UPu a nd the 235U samples 
are 8.94 10-7 g/g and 1.77 10-6 g/g. These values c orrespond to 3.24 10-6 
Ci[a]/t and 4.10-2 Ci[a]/t for 235U and UPu respect ively.  
CONCLUSION AND FUTURE PHOTOFISSION EXPERIMENTS  
Several important conclusions can be drawn from the se studies. First, 
LINAC operation in the bremsstrahlung mode can prod uce sufficient photons 
in each burst to assay TRU with high sensitivity. S econd, the use of 
pulsed irradiation and counting between pulses (SPH INCS technique) 
enhances the available counts by a non negligible f actor. Furthermore, 
using the NS2C cavity improves the signal to noise ratio considerably. 
Following this way, the systems used here offer imp ortant advantages in 
waste management applications. First of all, they a re compatible with 
passive counting systems. They can use the same or similar detection 
systems and electronic processing, since most passi ve systems assaying 
large containers will also utilize neutron detectio n. Secondly, they have 
energy variability and control of beam current. Bot h can be important in 
shorting assay time. Thirdly, they can assay large packages of waste 
barrels. or large crates. This is due to the high i ntensity available 
from the interrogating beam and to the potential fo r sweeping the beam 
across the package. Fourthly, the beam sweeping can  be used to scan 
containers to locate contaminated portions of the v olume that can 
sometimes be removed for recycling or to reduce the  overall volume to 
below 10 nCi/g. Fifthly, the photon interrogation a ssay, will minimize 
the effects of the waste matrix on the assay.  
In the future, we will concentrate on three areas o f importance for 
application of the present technique to waste assay . First, we will 
determine the yields of photoneutrons for various m atrices and the ratio 
of prompt to delayed events when TRU references are  included. From these 
determinations, we can set the limits of practicabi lity in counting 
prompt fission signatures. Second, we will build an d evaluate a prototype 
assay system scaled up to large sample volumes and based on our 
experimental setup. With higher efficiency, better neutron gamma 
discrimination and a uniform mixture of matrix and TRU in a sample, we 
would expect to decrease the detection limit. 
Finally, we will study the background problems that  occur when 
radioactive isotopes that emit beta and gamma radia tion are introduced 
into the sample matrices. For 3He detector systems,  photon-induced pulses 
are lower in amplitude, but they can "pile up" to s ignal amplitudes above 
the counting threshold and result in false counts. Shielding materials 
and thickness ones and detector operating condition s are the important 
areas to explore. 
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ABSTRACT 
The problem of radioactive waste management is both  scientifically and 
technically complex and also deeply emotional issue . In the last twenty 
years the first two aspects have been mostly resolv ed up to the point of 
safe implementation. In the Republic of Slovenia, c ertain fundamentalist 
approaches in politics and the use of radioactive w aste problem as a 
political marketing tool, brought the final radioac tive repository siting 
effort to a stop. Although small amounts of radioac tive waste are 
produced in research institutes, hospitals and indu stry, major source of 
radioactive waste in Slovenia is the Nuclear Power Plant Krko. When Krko 
NPP was originally built, plans were made to constr uct a permanent 
radioactive waste disposal facility. This facility was supposed to be 
available to receive waste from the plant long befo re the on site storage 
facility was full. However, the permanent disposal facility is not yet 
available, and it became necessary to retain the wa stes produced at the 
plant in the on-site storage facility for an extend ed period of time. 
Temporary radioactive storage capacity at the plant  site has limited 
capacity and having no other options available NPP Krko is undertaking 
major efforts to reduce waste volume generated to a llow normal operation. 
This article describes the Radioactive Waste Compac tion Campaign 
performed from November, 1994 through November, 199 5 at Krko NPP, to 
enhance the efficiency and safety of storage of rad ioactive waste. The 
campaign involved the retrieval, segmented gamma-sp ectrum measurement, 
dose rate measurement, compaction, re-packaging, an d systematic storage 
of radioactive wastes which had been stored in the NPP radioactive waste 
storage building since plant commissioning. 
INTRODUCTION 



The Krko Nuclear Power Plant is a 2 loop Westinghou se-designed PWR 
nuclear electric generating station located by the Savariver, just 
outside the town of Krko in the Republic of Sloveni a. Krko NPP, since 
startup in 1981, has supplied electric power to the  republics of Slovenia 
and Croatia providing 15 to 20 % of total electrici ty generation. As a 
normal byproduct of the generation of electric powe r by a nuclear power 
plant, wastes from plant processes are generated. S ome of these wastes 
contain radioactive materials resulting from the no rmal operations of a 
nuclear steam supply system, and must be stored in a safe and efficient 
manner in order to protect the public and plant sta ff from exposure to 
radioactive materials. 
The Krko project was originally supposed to be the beginning of a very 
ambitious Yugoslav nuclear program. At that time, d uring the seventies, 
the radioactive waste management policy was also of  general Yugoslav 
interest, concern and responsibility. When the cons truction of nuclear 
facilities was banned in 1987, the radioactive wast e policy became a 
problem of republics of Slovenia and Croatia becaus e these two republics 
owned the only nuclear power plant. According to th e agreement between 
the governments of Croatia and Slovenia, a Project team, responsible for 
preliminary activities and preparation of all neces sary documents and 
licences for the construction of final repository f or low and 
intermediate activity waste, was established within  the organization of 
NPP Krko. During six years of Project team existenc e a conceptual design 
for shallow ground and tunnel type repository was p repared, together with 
preliminary safety assessments for both types of re pository - to name 
just a few among more than ninety documents produce d. Preliminary 
screening was performed, based on available geologi cal, seismic, 
hydrogeological and other relevant data defining su itable candidate macro 
locations for the final repository according to rec ommendations of the 
International Atomic Energy Agency combined with me thods successfully 
implemented elsewhere. Preliminary results have ind icated that suitable 
locations for final repository are available in bot h Republics.  
In January 1991, the Slovenian Republic Administrat ion for Nuclear Safety 
issued "Guidelines for the Low and Intermediate Lev el Radwaste Repository 
Site Selection in Slovenia". According to the Guide lines, the site 
selection procedure is executed in four steps takin g into consideration 
forty three criteria. In February 1993 the second s tep results were 
reviewed and public announcement was made for thirt y-six potential 
locations covering the total area of 896 hectares s ituated in eastern and 
north-eastern parts of Slovenia. It should be noted  that the public 
reaction after the announcement was much milder as compared to the 
reaction after the presentation of the first step r esults in June 1990. 
Despite considerable effort the Project team was ne ver publicly accepted. 
Unfortunately, radioactive waste management was und erstood in Slovenia as 
an exclusive problem of the nuclear power plant, in stead of being 
discussed and resolved within the scope of waste ma nagement at the state 
level. For this reason in 1993 the Slovenian govern ment founded the 
Radioactive Waste Management Agency, reporting dire ctly to the 
government. As a result of the third step of the se lection process, five 
most suitable locations were identified and present ed to the public 
provoking strong disapproval within the local commu nities where the 
locations have been identified. At that point the s iting process was 
stopped and it is not expected to resume any activi ties in the near 
future. When the level of ecological consciousness of Slovenian people 



becomes high enough to understand the obligation to  dispose of waste, 
including the radioactive waste, in a controlled ma nner, the process will 
continue with detailed investigations of candidate sites. The direct 
prerequisite for such a development is the clear st andpoint of the 
Slovenian Government, Assembly and ecologists, indi cating the firm 
intention to build the repository as a part of chan ging the attitude 
towards surroundings. Temporary radioactive storage  capacity at the plant 
site has limited capacity and having no other optio ns available, NPP Krko 
is undertaking major efforts to reduce waste to all ow normal operation. 
Among many other activities, supercompaction of exi sting waste was one of 
viable options. 
KRKO RADIOACTIVE WASTE SUPERCOMPACTION CAMPAIGN 
Waste Types and Quantities 
The types of wastes stored at NPP Krko include the concentrate from 
evaporation of plant process waste liquids (EB); us ed process filter 
cartridges (F); used protective clothing, gloves, a nd rags-compressible 
wastes (CW); depleted ion exchanger resins used in water purification 
systems (SR) and previously supercompacted waste (S C). Continuous 
operation since the commissioning of the plant had,  by November 1995, 
resulted in the production of 9924 55-gallon and 61 7 85-gallon storage 
drums containing radioactive wastes. 
Table I 
Krko Radioactive Waste Storage Facility 
The Krko Radioactive Waste Storage Facility is a se ismically qualified 
1470 m2 building located within the protected area of Krko NPP (Fig. 1). 
Construction is of steel-reinforced concrete, with 1 meter thick outer 
walls and 60 centimeter thick inner dividing walls.  The roof slab is 1 
meter thick except for the slabs above the entrance  compartment, which 
are 60 centimeters thick. The facility is built on a reinforced concrete 
base pad, and is designed to withstand predicted po tential earthquakes 
and extreme weather conditions. The waste storage a reas interior to the 
building consist of six corridors 4.17 meters wide and in excess of 7 
meters high. A second level of storage area is prov ided, supported on 
steel beams which are in turn supported on steel pl ates bolted to the 
dividing walls spaced at 0.5 meter intervals. The f acility is 
continuously monitored for airborne radioactivity, and contamination 
surveys are regularly performed in accordance with the Krko site 
radiological control program. Prior to performance of the compaction 
campaign, the existing 55-gallon waste drums were s tored, in two tiers 5 
layers deep, horizontally on the concrete floor and  on steel shelving. 
The steel shelving was supported by steel plates bo lted to interior 
walls. Access for inspection and monitoring within the storage matrix was 
difficult. 
Modifications to the Storage Facility 
The storage facility was modified to accept the new  TTC (overpack 
container) and an overhead crane added to transport  them. The saddles 
used in the old storage configuration to support ho rizontally placed 
drums were removed since the new containers special ly designed for the 
supercompaction campaign are stored in a vertical p osition. For the 
second level of waste container storage, the steel support structure 
required only minor modifications to accommodate th e additional weight of 
the compacted wastes. Steel grating was installed o n the steel support 
beams, and horizontal steel restraint structures we re added in each 
compartment to provide additional stability for the  new containers. Steel 



ribs were added to the support beams to prevent sli ding of the grating 
during any seismic event. 
Fig.1 
Extended Storage Requirements 
Construction of a new radioactive waste storage fac ility, in addition to 
the existing one, was considered, but the licensing  process for 
construction of a new building would take considera ble time, and the new 
facility would thus not be available before the cur rent facility was 
completely full. Thus, NEK decided to explore techn iques for more 
efficiently utilizing the available space in the ex isting storage 
facility. 
In addition, the drums in use were not suitable for  long-term storage in 
a temporary facility, and were also not suitable fo r off-site 
transportation or for permanent disposal. Thus, it was decided to 
repackage the existing filled drums into superior, specially designed 
containers or "overpacks". These containers had to be suitable for 
extended temporary storage, transportation to the f inal waste repository, 
and to facilitate handling for permanent disposal. 
By 1995, the Radioactive Waste contained in the sto rage building occupied 
approximately 94% of the available storage space. W ith the plant designed 
to operate until the year 2023, the remaining stora ge space would be 
inadequate. However, it was determined that by supe rcompacting and 
repackaging the 8600 drums containing solidified ev aporator concentrated 
compressible waste, it would be possible to gain en ough space for 3000 
additional drums. 
Waste Volume Reduction 
In 1988 and 1989, a quantity of 1924 standard 55 ga llon storage drums 
containing compressible wastes were supercompacted using a large mobile 
"supercompactor" owned by Westinghouse Electric Cor poration.. The 
compressed drums, referred to as "pucks" were place d into 617 overpacks 
(85 gallon steel drums) and returned to storage in the storage building. 
Additionally, tests were performed in order to dete rmine the efficiency 
of the supercompactor when used to compact drums co ntaining evaporator 
concentrates solidified in vermiculite cement. Due to the porous nature 
of the vermiculite cement, and the high compaction power of the mobile 
supercompactor, the tests showed that these drums c ould be reduced in 
volume by up to 50%. Thus, it was decided by NEK ma nagement to use waste 
compaction technology to address the lack of storag e space and to meet 
the requirements of volume reduction. 
Tube Type Containers (TTCs) 
Use of the 85-gallon overpacks, which were used for  storage of the 
compacted waste drums resulting from the 1988-89 co mpaction tests, was 
determined to be impractical. These overpacks are n ot qualified to 
contain weight greater than 500 kg. The Tube Type C ontainers (TTCs) were 
thus specially designed for use in the Krko radioac tive waste facility, 
and were produced on the basis of NEK specification s. The TTCs are 
qualified as IP-2 transportation package per IAEA S afety Series No. 6, 
"Regulations for the Safe Transport of Radioactive Wastes" (IAEA, 1985, 
amended 1990). The TTCs are made of steel, 2700 mm high, with an internal 
diameter 640 mm, wall thickness of 2 mm, bottom and  top closure cap 
thickness 2.5 mm, and total weight, including waste , of 2500 kg. The 
height of the TTCs was chosen to optimize their pla cement in the storage 
building, and to contain from 4 to 10 pucks dependi ng on the type of 
waste and the volume reduction achieved or 3 standa rd 55 gallon waste 



drums if repackaging is needed. Calculations addres sing different types 
of overpacks showed that the use of these specially  designed overpacks 
would dramatically reduce the volume of the stored wastes following the 
supercompaction campaign. 
The TTCs are qualified for use for extended tempora ry storage, and for 
later transportation to a final disposal site. As p art of the 
qualification procedure, they were subjected to a s evere regime of 
stacking and drop tests. Each TTC is coated, interi or and exterior, with 
qualified primer and paint. These coatings ensure t hat moisture from 
outside cannot enter the container, and that any tr ace corrosive material 
(boric acid) will not corrode and degrade the conta iner walls. In 
addition, these coatings provide a high degree of f ire resistance. 
Before the start of the TTC filling operation, a me asured quantity of 
desiccant material was added to the bottom of the T TC. The same desiccant 
material was also used to fill the voids during the  filling process and 
to cap off the remaining empty space on the top of the TTC. This ensures 
that the pucks inside the TTC's are securely immobi lized, while at the 
same time absorbing any residual moisture. After a TTC has been filled 
with pucks of compacted waste, the closure lid is w elded to the body of 
the TTC. Welding of the closure lid of filled TTCs was performed on a 
specially designed base table, which turns on inter ior ball-bearings. The 
welder stands behind lead shielding to minimize the  radiological dose 
received while welding the closure lid, and the TTC  turns in place, 
allowing the welding to be performed in minimum tim e and with minimum 
manipulation by personnel. 
SUPER COMPACTION CAMPAIGN EQUIPMENT 
The Westinghouse/Scientific Ecology Group (SEG) Mob ile Supercompactor 
used for the campaign is a 1000 ton hydraulically o perated press 
contained in one standard 12 m truck trailer, along  with its equipment: a 
hydraulic power unit, a waste drum loading system, an air filtration 
system, a liquid collection system, and a compacted  drum unloading crane. 
To facilitate handling of the overpacks used for th e compaction campaign, 
a 4 Ton Electric Overhead Traveling Crane was provi ded. This crane 
conforms to FEM 1.001 (3rd Edition 1987) rules for hoisting appliances. 
Crane rails to support the equipment were installed  permanently in the 6 
storage cell ceilings. The crane itself is construc ted and installed so 
that it can be removed from one storage cell, and t hen installed in 
another. This provides the capability to quickly re cover any overpack or 
drum which may be damaged, and to facilitate repack aging and replacement 
within the new storage configuration. 
In order to facilitate the loading of the overpacks  and prevent dropping 
the overpack or contents, a loading platform was bu ilt for the campaign. 
The platform was designed to accommodate six (6) ov erpacks, thereby 
allowing the platform operator to select an overpac k based on partial 
fill and compacted drum size. The platform was equi pped with a hoist 
capable of picking up a compacted drum at the compa ctor exit conveyor and 
lift them to the top of the platform, there to be l owered into the 
selected TTC. Sufficient working space is available  to permit the 
lowering of uncompacted drums into the overpacks sh ould that be 
desirable. 
A conveyor system specially designed for use with t he platform was also 
installed. This included a loading conveyor where t he drums to be 
compacted were deposited by the forklift, to be fed  by gravity to the 
compactor loading arm. A special interlock built in to the system allowed 



only one drum at a time to roll into the loading ar m, allowing the next 
drum to take its loading position once the loading arm was lowered. At 
the exit end of the compactor, a gravity type conve yor system was 
installed. This conveyor, completely enclosed to pr event the spread of 
airborne contamination, ran from the compactor unlo ading chute to just 
below the overpack loading platform where the compa cted drums were picked 
up by the platform lifting hoist. A system of drip pans was also provided 
to prevent spills of liquids onto the compacting ar ea floor when drums 
containing liquids were ejected from the compactor.  
COMPACTION CAMPAIGN ACTIVITIES 
In order to ensure proper identification of the con tents of the existing 
drums prior to compaction, drums were inspected, we ighed, and scanned 
using a segmented gamma spectrometer. The segmented  gamma spectrometer 
was chosen for use in the supercompaction campaign in order to provide 
state-of-the-art measurement technology, capable of  categorizing the 
wastes much more accurately than the standard exter nal dose rate 
measurements employed at most commercial nuclear st ations. The gamma 
spectrometer was used on all but a few drums during  the campaign, and 
scanning of each drum took approximately fifteen (1 5) minutes. The 
remaining drums were above the weight limit for the  scanning equipment, 
and so were measured using the standard practice of  external dose 
measurement. 
Using the segmented gamma spectrometer, the radiolo gical (isotopic) 
content of each drum and dose rate measurements wer e taken, and the data 
from each drum recorded. These measurements provide  a detailed record of 
the contents of each TTC, and the data necessary to  calculate, in 
advance, the dose rate which will result when sever al pucks are placed 
into a TTC. Once the weight, activity and dose meas urements had been 
determined and recorded, drums were sorted by these  criteria for 
compaction. Drums identified as containing spent io n exchanger resins or 
filters were separated and not compacted. The scann ing of all waste drums 
handled during the campaign was performed by NEK pe rsonnel in accordance 
with the NEK Radiological Protection Procedures. 
The first radioactive waste storage drum was compac ted, with 
representatives of the Slovenian Safety Authorities  present, on November 
3, 1994. The compaction operation was interrupted d ue to a hydraulic 
system failure in the supercompactor, which was ret urned to the 
Westinghouse European Service Center in Belgium for  repairs. Repair work 
was completed on March 21, and the unit was immedia tely returned to Krko. 
Operations resumed on March 27, 1995. At the end of  the campaign, a total 
of 8770 drums had been compacted. These include 713 5 drums containing 
evaporator concentrates, and 1635 Compressible Wast es drums. In addition, 
387 drums containing filters and spent ion exchange r resins were 
repackaged into TTC overpacks without being compact ed, and 766 of these 
were relocated to shielded storage positions withou t being repackaged. A 
total of 1745 TTC's were used for the campaign. The  final volume 
reduction achieved was 27% of the original volume. Refer to Fig. 2 for an 
illustration of volume reduction achieved for diffe rent waste types. 
Figure 3 illustrates the type and number of drums c ompacted, repackaged, 
and stored during the performance of the campaign. 
Fig. 2 
Fig. 3 
Radiological Controls 



Health Physics coverage was performed by the NEK He alth Physics 
department. Monitoring, dose assessment, and radiol ogical controls were 
performed in accordance with Krko radiological cont rol procedures. An 
ALARA study was performed prior to the start of the  campaign, which 
provided estimates of doses expected for each membe r of the campaign 
staff. Due to extra measures taken by Krko Health P hysics and the 
campaign staff the actual total dose accumulated du ring the campaign 
(238.81 mManSv) was substantially lower than origin ally estimated dose 
(514.31 mManSv). 
Each member of the campaign crew was provided with presentations and 
instruction prior to the start of the project. Each  member's 
responsibilities and duties were explained, along w ith requirements of 
site procedures for radiological control and person nel monitoring. By 
systematically storing the drums within the storage  matrix, dose rates 
resulting from handling were reduced, and the remai ning resin/filter 
drums could be stored separately in cell D where th ey are shielded by 
filled TTC's. TTCs containing waste with higher dos e rates were placed 
interior to the storage matrix, so that high activi ty TTCs are surrounded 
by the lower activity TTCs which provide additional  shielding. This 
resulted in a considerably reduced dose rate at the  boundaries of the 
storage matrix in keeping with ALARA principles. Th e dose rate in the 
access areas of the radioactive waste storage build ing varies from zero 
to 50 (Sv per hour). In the accessible areas in fro nt of the storage 
cells, the highest dose rate in any area accessible  by personnel is 150 
(Sv per hour). 
Records Keeping and Traceability 
Project records were kept on printed paper and in a  computerized data 
base. These records show the exact number of drums compacted, their type, 
weight, dose rate, final TTC location, and the TTC location in the 
storage building. Records were kept during the perf ormance of the 
campaign by the QC/Record Keeper, who recorded each  drum location in the 
TTCs, the drum and TTC numbers, and ensured documen ted TTC desiccant fill 
and lid welding verification. The location of each closed TTC within the 
storage building was recorded, as were dose rate me asurements on contact, 
at 1 meter, and at 2 meters. 
Gamma spectrometer data were used to calculate pred icted dose rates from 
filled TTCs. When the fill was complete, predicted and actual dose rates 
were compared to ensure accuracy. Logs were kept of  the activities on 
each shift. 
CONCLUSION 
The Radioactive Waste Compaction Campaign was perfo rmed from November, 
1994 through November, 1995 at Krko NPP, to enhance  the efficiency and 
safety of storage of radioactive waste. The campaig n involved the 
retrieval, segmented gamma-spectrum measurement, do se rate measurement, 
compaction, re-packaging, and systematic storage of  radioactive waste 
which had been stored in the NPP radioactive waste storage building since 
plant commissioning. The final volume reduction ach ieved was 30% of the 
original volume. Additional storage space was provi ded for at least five 
years of normal plant operation. 
In addition to the reduction in volume, the compact ion campaign brought 
additional benefits. By placing the supercompacted drums into new type 
container with thicker walls, superior stability is  achieved, which 
diminishes the probability of handling accidents du ring storage, 
transportation and final disposal activities. Durin g the supercompaction 



campaign a more precise estimate of types and quant ities of radionuclides 
contained in wastes was achieved using a direct seg mented gamma-spectrum 
measurement, and by a combination of external dose and gamma-spectrum 
measurements. 
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ABSTRACT 
A systematic implementation of a radiological prote ction program at the 
GTS Duratek (GTSD) Vendor Treatment Facility (VTF) at the Savannah River 
Site. The project is unique in that it incorporates  a turnkey approach to 
operation and control of a waste treatment facility  by a single 
subcontractor at a DOE site. It should be of specif ic interest to those 
DOE M&O and ERMC prime contractors who subcontract waste treatment, 
radiological control, and industrial safety technol ogies and services. 
INTRODUCTION 
The purpose of this project was to implement a radi ological protection 
program at the GTS Duratek (GTSD) Vendor Treatment Facility (VTF) at the 
Savannah River Site (SRS). The VTF is a temporary i nstallation in the M-
Area of SRS consisting of buildings 341-1M and 341- 8M and tanks 100-7, 
100-8, and 100-10. The objective of the VTF is to c onvert approximately 
660,000 gallons of mixed (radioactive/hazardous) wa ste in sludge form to 
a durable, stable glass wasteform. The scope of the  VTF project also 
includes RCRA clean closure of the tanks following removal of the sludge. 
Facility-specific radiological controls for the VTF  are necessary to 
minimize safety and health risks to occupational wo rkers, as well as 
members of the general public. The Radiation Protec tion Program (RPP) 
establishes radiological requirements for all VTF o perations and support 
activities. 
DESCRIPTION OF THE M-AREA VENDOR TREATMENT FACILITY PROCESS 
Mixed wastes (hazardous and radioactive) were origi nally stored in nine 
tanks of the Interim Treatment/Storage Facility and  in the Mixed Waste 
Storage Shed by the Reactor Materials Department (M  Area) of SRS. The 
tank waste has been transferred to tanks 100-7 and 100-8 for mixing prior 
to vitrification. The wastes are aqueous based slud ges from a wastewater 
treatment facility supporting an electroplating ope ration containing 
nickel and uranium, which classify them as hazardou s and radioactive 
respectively. The wastes partially occupy three 500 ,000 gallon tanks, six 
35,000 gallon tanks, and one-hundred twenty-five 55  gallon drums. GTSD 



has coupled a single stage treatment unit to these tanks and, with the 
addition of common glass forming chemicals, convert  these wastes into a 
smaller volume of chemically durable glass, with a total waste volume 
reduction of 83.7%. At the conclusion of the vitrif ication process, the 
storage tanks will be decontaminated to RCRA clean closure standards. A 
conceptual process flow diagram of this operation i s given in Fig. 1. 
Fig. 1 
Operation 
The DuraMelter 5000 will be operational 7 d wk-1, 2 4 h d-1, 52 wk y-1 
producing glass at a nominal rate of 5 tons d-1, wi th a maximum 
production rate of 7.5 tons d-1. The system will op erate continuously 
until all of the waste has been processed. At this rate, it will take 
less than one year to vitrify all 660,000 gallons o f waste. 
Vitrification Melter 
The waste feed slurry mixture is pumped to a single  stage vitrification 
unit (DuraMelterTM 5000). Here, the slurry is depos ited on the surface of 
a molten glass bath. Heat from the glass bath is tr ansferred vertically 
through the accumulated feed pile and evaporates fr ee water from the 
slurry, calcines inorganic salts to metal oxides, a nd fuses the resultant 
mixture into a uniform melt which mixes with the mo lten glass inventory. 
Any organic species in the feed are oxidized to car bon dioxide and water. 
Vitrification Off-Gas Treatment 
The melter is coupled to a multistage off-gas treat ment system, which 
maintains the melter at a constant slightly negativ e pressure and treats 
emissions. The reactions that occur when the slurry  enters the melter 
generate steam, a variety of gases (NOx, SOx, CO2, and trace halides), 
and particulate. The front end of the off-gas syste m is composed of a 
water spray quencher followed by two aqueous based packed bed towers 
connected in series. Following the packed bed scrub bers is a mist 
eliminator and a dry filtration process which assur es the absence of 
particulate radionuclides (uranium) in the final pr ocess exhaust. These 
filtration units are baghouses and high efficiency particulate air (HEPA) 
filters. A sampling port is provided after the HEPA  filters for air 
monitoring. 
Vitrified Glass Waste Form 
The waste glass produced is a borosilicate glass de signed to meet TCLP 
release rate requirements while maintaining a high waste loading (large 
waste volume reduction). The glass will be transfor med into flat, marble-
shaped objects called "gems," and loaded into 71 ga llon steel drums. The 
71 gallon drum has a square cross section which all ows for a higher drum 
packing density.  
Radionuclide Inventory 
The Curie balance for all systems is schematically shown in Fig. 1. The 
radionuclide emission from the off-gas system, post -HEPA, is calculated 
to be 1.67 x 10-9 Curies d-1. 
RPP DEVELOPMENT 
The contracting organization for the VTF, Westingho use Savannah River 
Company (WSRC), recognized that the successful oper ation of the facility 
was dependent upon a dedicated workforce of not onl y operations 
personnel, but a health and safety staff, as well. The ability of the 
contractor to provide qualified radiological contro l personnel to the 
project at significantly less cost to WSRC was an a dded benefit of a 
contracted health and safety staff. The WSRC Site T echnical 
Representative (STR) for the VTF communicated these  concepts well 



throughout the technical and contractual decision-m aking processes at 
WSRC, resulting in a dedicated VTF Radiological Con trol Organization. 
The RPP was developed in accordance with the requir ements of three 
primary source documents: WSRC Manual 5Q, Radiologi cal Control; the DOE's 
Radiological Control Manual, DOE/EH-0256T; and WSRC -SCD-4, Operational 
Readiness Functional Area Requirements for Radiatio n Protection; as well 
as contractual commitments between GTSD and WSRC. I n late 1995, the RPP 
was reviewed and revised to incorporate requirement s of 10 CFR 835, 
Occupational Radiation Protection. Through the use of a requirement 
matrix, a Project Instruction was developed which d efined the RPP. It was 
then necessary to develop specific Implementing Pro cedures to meet the 
requirements of the developed RPP. A total of forty -two (42) procedures 
were developed under the following groupings: Organ ization and 
Administration, Internal Audits and Investigations,  Radiological 
Protection Procedures and Posting, External Radiati on Control Program, 
External Radiation Dosimetry, Internal Radiation Ex posure Control 
Program, Internal Radiation Dosimetry, Fixed and Po rtable 
Instrumentation, Air Monitoring, Radiation Monitori ng/Contamination 
Control, ALARA Program, Records, and Training. 
Development of the RPP Project Instruction and Impl ementing Procedures 
was initiated in January, 1995. After addressing mi nor comments from 
WSRC, the completed program met all requirements of  the source documents 
and contract. The program was accepted in full by W SRC in early May, with 
the concurrence of the SRS DOE site representative and the GTSD Quality 
Assurance organization. Program development time, i ncluding the review 
process, was approximately three months. The review  and revision process 
for 10 CFR 835 compliance was completed in approxim ately three weeks in 
late 1995. 
RADIOLOGICAL CONTROL ORGANIZATION AND RESPONSIBILITIES 
One of the challenges that GTSD faced in providing its own dedicated 
radiological control staff was to maintain the impo rtant delineation of 
the operations and health and safety organizations.  A Radiological 
Control Organization (RCO), consisting of a Radiati on Protection Manager, 
Radiation/Safety Supervisor, and five (5) Radiologi cal Control 
Technicians was formed to establish and conduct rad iological control 
operations at the VTF. No member of the RCO holds a n operational position 
in the VTF organization, although RCO personnel are  often called upon to 
"pitch in" on tasks such as decontamination, housek eeping, and general 
labor. Each member of the RCO is empowered to stop work or mitigate the 
effect of an activity if he/she suspects that the a ctivity will result in 
the violation of VTF RPP implementing procedures or  result in imminent 
danger or unacceptable risk. The relationship of th e RCO to the overall 
VTF organization is shown in Fig. 2. 
Fig. 2 
The Radiation Protection Manager (RPM) is the corpo rate manager with 
overall responsibility for the successful developme nt and implementation 
of the VTF RPP. In this capacity, the RPM provides program direction and 
assistance to the Radiation/Safety Supervisor (RSS) . The VTF RPM is 
empowered with final authority for resolving radiol ogical issues and 
concerns. For the purposes of the VTF project, he r eports functionally to 
the VTF Program Director. 
The Radiation/Safety Supervisor (RSS) is the indivi dual primarily 
responsible for the daily management of the radiati on protection, 
occupational health & safety, and industrial hygien e programs for the 



VTF. In that capacity, the shift Radiological Contr ol Technicians report 
to him and he in turn reports to the Director of Op erations. The RSS 
receives technical direction and assistance in the implementation of the 
RPP from the RPM. The primary duties and responsibi lities of the RSS are 
to: 
  Work closely with the Facility Operations Manager  to ensure that 
radiological control support is available for VTF o perations and 
maintenance, as appropriate. 
  Implement methods to ensure that personnel exposu re, contamination of 
areas, equipment, and personnel, and solid radioact ive waste volume are 
minimized. 
  Review radiological surveys, sample results, logs , deficiency reports, 
and incident reports as specified in VTF RPP implem enting procedures. 
  Ensure that the appropriate radiological data are  forwarded to the WSRC 
STR for assessment of RPP effectiveness. 
  Act in the capacity of VTF RPM, as specified in V TF RPP implementing 
procedures. 
The Radiological Control Technician (RCT) is respon sible for routine and 
non-routine monitoring of radiological conditions w ithin the VTF, and for 
assisting and guiding VTF personnel in the radiolog ical aspects of their 
jobs. VTF RCTs report directly to the RSS, and may receive direction in 
operational aspects of their jobs from the Shift Su pervisor or the 
Facility Operations Manager. The primary duties and  responsibilities of 
the RCT are to: 
  Perform routine and non-routine monitoring of rad iological conditions 
within the VTF, including airborne radioactivity, c ontamination levels, 
and external radiation fields.  
  Operate and perform calibration checks on all rad iological monitoring 
and detection equipment in use at the VTF. 
  Install, verify, and maintain radiological postin gs at the VTF. 
  Install, verify, and maintain radiological engine ering controls at the 
VTF. 
  Monitor access and egress from radiological areas  at the VTF. 
  Generate radiological documents (such as Radiatio n Work Permits and 
Radiological Incident Reports) and maintain radiolo gical records. 
  Assist and guide VTF personnel in the radiologica l aspects of their 
jobs. 
In addition to RCO personnel, all on-site VTF perso nnel are qualified as 
Radiological Workers. Each radiological worker must  understand that 
proper radiological control is an integral part of their daily duties. 
Radiological workers are trained to recognize that their actions directly 
affect contamination control, personnel radiation e xposure and the 
overall radiological environment associated with th eir work. 
RPP IMPLEMENTATION 
The RPP development and implementation schedule, re lative to the 
operational schedule of the VTF, is shown in Fig. 3 . 
Fig. 3 
The first step in implementing the RPP was the sele ction of the RSS and 
one RCT to set up radiological control facilities a nd equipment during 
the construction phase. Two additional RCTs were ad ded at the beginning 
of the sludge transfer phase. A fourth RCT was adde d at the mid-point of 
sludge transfer, and the full complement of one RSS  and five RCTs was 
present on site prior to startup. Prior to startup,  the onsite RCO 
typically worked five eight-to-ten hour dayshifts p er week. From startup 



through operation, the RSS typically works straight  dayshifts, not 
including off-shift tours and inspections, with one  RCT assigned to each 
of five rotating operational shifts. For the tank c losure phase, RCO 
staff will be reduced to the RSS and two RCTs. Duri ng the sludge transfer 
phase, and prior to assignment to rotating shifts, each of three RCTs was 
assigned to a dedicated duty area: sludge transfer operations, tank 
modifications, and count room. Defined work scope a nd RCT familiarity 
associated with each particular duty area maximized  RCO efficiency in 
supporting VTF operations. To minimize front-end qu alification time, RSS 
and RCT candidates were selected from applicants wi th current training 
qualifications, including DOE RCT Core Academics, S RS Site Radworker II, 
SRS Respiratory Protection qualification, and OSHA 40-hour HAZWOPER. The 
willingness and ability of the RSS to perform RCT d uties on an as-needed 
basis further added to the cost and time savings re alized on the VTF 
project. 
Since the uranium mixture described in Fig. 1 is th e sole radiological 
component of hazards present at the VTF, the bulk o f radiological control 
activities address contamination and airborne radio activity, rather than 
external radiation fields. Due to the low enrichmen t in U235 of the 
uranium mixture, criticality control was determined  to be unnecessary. 
Industrial hazard monitoring and control, though no t addressed in this 
text, required a substantial manpower commitment fr om the RCO. All 
industrial hazard monitoring and control at the VTF , including that for 
heat stress, noise, chemical hazards, combustible g as, oxygen levels, and 
confined space entry is conducted by the RCO under the guidance of a 
Certified Industrial Hygienist. Consolidation of ra diological control and 
industrial safety duties significantly reduced the cost of the VTF health 
and safety programs.  
The RCO facility at the VTF consists of a dedicated  mobile office trailer 
with desk space for three, records files, a single computer and printer, 
and the radiological count room. The count room is equipped with a 
stationary phoswich detector and scaler for alpha/b eta/gamma counting of 
airborne and surface contamination samples, a GM de tector and rate meter 
for personnel monitoring, storage space for all fie ld monitoring 
instruments, and a set of check sources for all rad iological 
instrumentation. Field monitoring instruments inclu de additional 
"friskers" for personnel monitoring, portable alpha , beta, and gamma 
contamination and dose rate meters, and stationary and portable air 
samplers. Instrumentation is calibrated at an offsi te calibration 
facility, also owned and operated by GTSD. Since in strument needs "ramp 
up" toward the end of sludge transfer and into star tup, Instruments are 
added to inventory on a "just-in-time" basis. Instr uments are also 
provided by the GTSD Instrument Services group, so no downtime is 
experienced in using the just-in-time approach. Pos ting materials, 
protective clothing, and respiratory protection equ ipment at the VTF is 
provided by WSRC. 
Currently (post-construction/start-up testing), the re are several 
radiologically posted areas at the VTF. The 341-1M Building is posted as 
a Radiological Buffer Area (RBA) with the area arou nd tanks 100-3, 4, and 
5 posted as Contamination Areas (CA). All open tank s which have not been 
decontaminated internally (100-7,8) are posted CA a nd Airborne 
Radioactivity Area (ARA). All remaining tanks have been decontaminated 
and deposted. Maximum loose surface contamination i nside any tank is 
approximately 10,000 d min-1 100 cm-2 beta-gamma, a nd 1000 d min-1 100 



cm-2 alpha. Airborne radioactivity in any tank has not exceeded 2 DAC 
total, and respiratory protection is routinely used  inside the tanks. 
Tank 100-10 RCRA clean closure is completed. The ra diological count room 
is currently posted RBA. No area at the VTF current ly requires Radiation 
Area (RA) posting, and the need for this posting is  not anticipated for 
the duration of the project. The maximum external e xposure rate recorded 
at the VTF has been 0.7 mR hr-1 at contact in a sum p used for sample 
storage in Building 341-1M. 
RESULTS 
To date (11/30/95) one Radiological Incident has be en recorded at the 
facility. The incident consisted of a contaminated system opening for 
valve maintenance, without appropriate RCO notifica tion. The incident did 
not result in any release of radioactive contaminat ion or personnel 
contamination. The incident was promptly discovered  by RCO personnel, 
with appropriate notification of the RSS and WSRC, and follow up actions 
in accordance with the RPP. No personnel contaminat ions have yet occurred 
at the facility. External radiation doses by thermo luminescent dosimeter 
have not been detected (self-reading dosimeters are  not required since no 
RAs exist at the facility). No bioassay trigger lev els have been reached, 
so no internal radiation dose has been recorded. 
CONCLUSIONS 
The following items are noted as strengths of this project which resulted 
in cost and time savings: 
  Dedicated health and safety staff provided to the  project at 
significantly less cost to WSRC. 
  Support of the dedicated health and safety staff concept by the WSRC 
Site Technical Representative (STR). 
  Abbreviated RPP and Implementing Procedure develo pment time. 
  Consolidation of radiological control and industr ial safety duties. 
  RCO personnel participating in tasks such as deco ntamination, 
housekeeping, and general labor. 
  Willingness and ability of the RSS to perform RCT  duties on an as-
needed basis. 
  Ramp-up and ramp-down of personnel and material r esources commensurate 
with project evolutions. 
  Defined work scope and RCT familiarity associated  with dedicated, 
assigned duty areas.  
  RSS and RCT candidates selected from applicants w ith current training 
and qualification. 
  Just-in-time instrument supply and calibration re sources. 
Continuous assessment of the adequacy of allocated RCO personnel and 
material resources to VTF operations must be conduc ted to ensure that the 
VTF RPP and RCO continues to support the mission of  the VTF in a cost and 
time-efficient manner. 
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A 1974 symposium on High-Level Radioactive Waste Ma nagement is revisited. 
The early year plans for waste management are brief ly reviewed. A 
selected chronology traces progress on programs for  commercial, defense, 
and foreign High-Level Waste Management from that s ymposium to date. The 
emergence of a glass waste form produced in vitrifi cation plant as an 
industry norm is apparent. 
INTRODUCTION 
This paper revisits the symposium on High-Level Rad ioactive Waste 
Management organized by this author in 1974. The sy mposium was sponsored 
by the American Chemical Society (ACS) Division of Nuclear Chemistry and 
Technology at the 167th national ACS meeting. The s ymposium papers were 
collected and published in the Advances in Chemistr y Series No. 153 (1). 
Early on, it was recognized in the US Atomic Energy  Commission that 
radioactive waste management covered a broad area o f federal government 
and commercial activities in the nuclear fuel cycle . Two simultaneous 
sources for radioactive waste were perceived; 1) na tional defense plans 
that required plutonium generated radioactive waste  of several unique 
types, and 2) commercial use of nuclear reactors to  produce electric 
power generated quite another set of radioactive wa ste forms. One common 
product of both courses was (and is) high-level rad ioactive waste. 
However, even within a single generation source, th e waste takes multiple 
forms and has no conveniently simple definition. 
By 1974 high-level radioactive waste management had  become a topic of 
discussion in the scientific and engineering commun ities, a subject for 
the nation's newspapers to interpret for the lay pu blic, and a major 
issue for activist groups. The purpose for this sym posium was to present 
a 1974 overview of high-level waste management acti vities. The invited 
papers fell into three categories: 1) Commercial Hi gh-Level Waste; 2) 
Defense High-Level Waste; 3) Environmental and Deco ntamination. 
COMMERCIAL HIGH-LEVEL WASTE 
In his overview of this category, Dr. Pitman, then director of the 
Division of Waste Management and Transportation, US  Atomic Energy 
Commission made the following points about solidifi ed high-level 
commercial waste (2). 
  "The AEC's program will provide retrievable stora ge for these 
solidified wastes in carefully maintained and monit ored engineered 
facilities for the next several decades." 
  "During this period investigation and demonstrati on of waste disposal 
in deep, stable, geologic formation will continue."  
  "After completion of an extensive testing and dem onstration program 
establishing the acceptability of permanent disposa l, the radioactive 
waste will be removed from the retrievable surface storage facility and 
disposed of permanently." 
High-level waste management at the first, and only,  commercial fuel 
reprocessing facility in the U.S. (Nuclear Fuel Ser vices at West Valley, 
N.Y.) was summarized (3). Purex processing type hig h-level and 
intermediate level wastes were neutralized and stor ed in multi-confined 
mild steel tanks. 
An Oak Ridge National Laboratory study (4) projecte d commercial waste 
generation through year 2000 indicating that it wou ld, "portend a problem 
of impressive size and complexity, but one that cou ld be handled within 
the framework of current and planned investigative programs." Natural 
salt formations were believed to offer the best pro spects for high-level 



waste disposal, although other promising geologic f ormations were being 
considered. 
Solidified waste forms for the immobilization of hi gh-level radioactive 
wastes from the commercial reprocessing of power re actor fuels and 
processes for the reliable production of the waste forms were being 
developed at Battelle Pacific Northwest Laboratorie s (5). The development 
program had begun on nonradioactive laboratory and pilot scales and was 
planned to be carried out through fully radioactive  engineering scale 
demonstrations of the processes. Development emphas ized silicate glass or 
glass-ceramic forms produced in a two step calcinat ion-melting process. 
Radioactive waste management in Europe was summariz ed (6). At that time, 
Germany, England and France were vigorously develop ing technology and 
methodology for incorporating high-level radioactiv e waste into silicate 
glass. Germany was concentrating on a spray calcina tion vitrification 
system. England had selected a rising level glass p rocess in which 
evaporation, calcination, and borosilicate glass vi trification all took 
place in a heated pot. France was operating a small -scale batch pot 
calcination - batch vitrification system and develo ping a new continuous 
system using a rotary calciner and melter with a ba tchwise draw-off. 
DEFENSE HIGH-LEVEL WASTE 
Reprocessing defense fuels to recover plutonium val ues resulted in site 
specific waste forms closely related to the chemica l processes employed. 
Consequently, high-level waste management strategy varied somewhat from 
site to site. 
Methods were being considered to immobilize Savanna h River Plant (SRP) 
wastes (7) in solid forms such a cement, asphalt, a nd glass. 137Cs and 
90Sr were recognized as the major biological hazard s and heat producers 
in the alkaline wastes prepared at SRP. In the conc eptual processes 
studied, 137Cs removed from the alkaline supernates  together with sludges 
that contained 90Sr were to be incorporated into so lid waste forms of 
high integrity and low volume suitable for storage in a retrievable 
surface storage facility for about 100 years and fo r eventual shipment to 
an off-site repository. Mineralization of 137Cs or its fixation on a 
zeolite prior to incorporations into solid forms wa s being studied. 
Methods for removal of sludge from the waste tanks were under study. 
A status report was given on high-level waste manag ement at the 
irradiated fuel reprocessing plant (ICPP) at the Na tional Reactor Testing 
Station (INEL) (8). Interim storage of an acidic hi gh-level liquid waste 
in stainless steel tanks was followed by calcinatio n of the liquid waste 
in a fluid bed calciner and storage of the calcine in bins. Conversion of 
the granular calcine to cermet, glass-ceramic, and ceramic forms was 
being carried out to test for alternative long-term  storage requirements. 
The Hanford Waste Management Program was to complet e evaporation of 
liquid tank wastes to prepare a solid radioactive s alt cake to be stored 
in mild steel tanks for the interim (9). Additional ly, megacuries of 
137Cs and 90Sr previously removed from the liquid t ank wastes were 
converted into solid 137CsCl and 90SrF to be stored  under water in doubly 
encapsulated metallic containers. Several alternati ve modes for long-term 
storage/disposal of these high-level liquid wastes were being evaluated. 
For some of these modes, conversion of the solids t o immobile silicates 
of low water solubility would be desirable. Low (10 ) and high temperature 
process development for preparation of silicate min erals was in process. 
ENVIRONMENTAL AND DECONTAMINATION 



Although it was not an exhaustive treatment, concer n for radioisotope 
containment and a clean environment was highlighted  by several papers. 
Studies on migration of plutonium (11) in limestone  and basalt indicated 
that the absorption coefficients were dependent on the types and amounts 
of other ions present in the solution. Migration co efficients were for 
flow along the surface of fissures and through the porus stone.  
Spent fuel from nuclear reactors is stored under wa ter at the Idaho 
Chemical Processing Facility. The fuel storage basi n becomes contaminated 
with 137Cs and 90Sr from fuel elements that leak an d from cut pieces of 
fuel. Both 137Cs and 90Sr were removed from the coo lant by ion exchange 
(12). 
One requirement for any nuclear facility is to moni tor the effluent waste 
water to show compliance with existing standards. A  sequential procedure 
was described for the separation of the transuranic  elements from up to 
60 l of water sample (13). 
FOLLOW-UP CHRONOLOGIES 
This concise view of the approach to Radioactive Wa ste Management can be 
opened like a time capsule some twenty years later to validate our vision 
of the seventies. I'll now address three of the cat egories adding some 
interim chronology to see how the predictions fared . It is not possible 
in the time available to make an in-depth coverage on the chronological 
progress for each discussion item; rather, the spea ker has taken the 
liberty of selecting his version of key events or s tatus points. Members 
of the audience should feel free to overlay this pr esentation with their 
own perceptions. 
Commercial High-Level Waste Chronology 
A chronology for the Commercial High-Level Waste ca tegory is shown in 
Fig. 1. The column under 1974 reflects the position s taken in the 
symposium. Author selected entries are inserted und er the appropriate 
year and opposite the appropriate 1974 entry. The N uclear Waste Policy 
Act (NWPA) of 1982 and its subsequent amendments ha ve played an important 
part in this chronology. For instance, even though an interim storage 
facility was originally envisioned and the thought was reinforced via 
NWPA, no such facility is in sight. Permanent geolo gic storage, seemingly 
on the fast track in the eighties has been loosing steam this decade much 
to the dismay of the utilities. Activities to devel op commercial high-
level waste forms have been virtually discontinued in the U.S. due to the 
demise of fuel reprocessing. There is more action o n that in the foreign 
high-level waste category, however. Nuclear Fuel Se rvices at West Valley 
is the only commercial reprocessing waste in the U. S. A vitrification 
facility has been constructed and demonstrated in t he cold mode at that 
location. Hot start-up for a 30 month campaign is p lanned in March, 1996. 
The waste filled canisters will be temporarily stor ed in the 
decontaminated process cells. 
Fig. 1 
Defense High-Level Waste Chronology 
Defense High-Level Waste Chronology is displayed if  Fig. 2 with a format 
similar to the previous figure. In this case, the t hree DOE sites where 
fuel reprocessing was conducted were considered. Wi th a number of 
alternative waste forms under consideration in 1974 , the first obvious 
move was to select a single reference waste form. T here was not enough 
space on the figure in the early eighties to record  all of the 
independent studies conducted by independent peer g roups, the National 
Academy of Engineering, etc., etc. Fortunately, the se thoughts were 



collected by Ray Walton et al in 1982, reporting th e decision that 
borosilicate glass was to be the reference waste fo rm for DOE with 
crystalline ceramic as the alternative waste form. The Defense Waste 
Processing Facility, DWPF, was designed and constru cted at SRP in the 
1980's; it has gone through waste qualification tes ts with 75 full sized 
canisters of simulated waste being produced. A numb er of these canisters 
were cut open to assess the glass quality and the c ompositional 
homogeneity. The results were suitable for qualifyi ng the waste form and 
vitrification process. Hot feed start-up is anticip ated early in 1996. At 
ICCP, the calcined waste form with a high calcium, alumina, zirconia, 
borate, and fluoride can be best solidified into a ceramic waste form. At 
Hanford, the initial plans for a vitrification faci lity, the Hanford 
Waste Vitrification Plant, HWVP, that would convert  the double-shell tank 
wastes to borosilicate glass was abandoned in 1992.  Since then an RFP has 
been prepared for early 1996 issue on the subject o f privatization of the 
vitrification process. To summarize, a substantial technical evaluation 
established borosilicate glass as being the referen ce waste form for 
Defense Wastes. Only one vitrification facility has  been put on line to 
date. Addition of future facilities in the DOE comp lex is a long way off. 
Fig. 2 
Foreign High-Level Waste Chronology 
The Chronology presented in Fig. 3 for Foreign High -Level Waste is 
impressively far ahead of the U.S. position. First,  it is clear that the 
glass waste form option was widely accepted early o n. With vitrification 
plants that have operated since the 1980's, the hig h-level waste 
management programs outside the U.S. are an outstan ding reflection of 
what was envisioned at the 1974 symposium. 
Fig. 3 
SUGGESTIONS FOR THE FUTURE 
High-Level Waste Management in the United States wi ll be best served by 
staying the course and completing vitrification of Defense High-Level 
Waste materials as expeditiously as possible. A sub stantial experience 
base will be forthcoming from the Savannah River De fense Waste Processing 
Facility operation and from the West Valley Demonst ration Project. 
Implementation of these experiences with modificati ons that accommodate 
feed type variations should assure a safe, timely c ompletion of this 
challenging task. 
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ABSTRACT 
Irradiated nuclear fuel has been reprocessed at the  Idaho Chemical 
Processing Plant (ICPP), which is a part of the Ida ho National 
Engineering Laboratory (INEL); formerly the Nationa l Reactor Testing 
Station (NRTS), since 1953 to recover uranium-235 a nd krypton-85 for the 
U.S. Department of Energy (DOE); formerly US Atomic  Energy Commission 
(AEC) and US Energy Research and Development Admini stration (ERDA). The 
resulting acidic high-level liquid radioactive wast e (HLLW) is stored in 
stainless-steel, 1,100-m3, single-shell tanks in un derground concrete 
vaults. A solidification process was developed duri ng the 1950s to form a 
granular calcine solid from the acidic HLLW with a seven-fold volume 
reduction. An engineering-scale demonstration, the Waste Calcining 
Facility (WCF) was constructed and operated in 1963 . After the successful 
demonstration of the process, the WCF was continued  as a production 
facility through 1980, calcining 15,000 m3 of HLLW to 2,160 m3 calcine. 



The New Waste Calcining Facility was designed and c onstructed based on 
the operating experience of the WCF and began opera tion starting in 1982. 
The calcined waste is stored near-surface in stainl ess-steel bins within 
concrete vaults. The bin sizes are approximately 4- m diameter by 12.5 to 
18.5-m high. Some of the bins are cylindrical and o thers are of an 
annular configuration. Currently, there is an inven tory of 3,800 m3 HLW 
calcine at ICPP consisting primarily of alumina and  zirconia-based 
calcines, resulting from dissolution of aluminum an d zirconium fuels, 
respectively, and zirconia-sodium blends. The amoun t of alumina, 
zirconia, and zirconia-Na calcines is approximately  560, 1250, and 1750 
m3, respectively. An additional 240 m3 calcine inve ntory consists of 
calcines from processing other minor fuels and star t-up bed material. 
Several technologies have been identified to date t hat could immobilize 
calcine; these include vitrification and glass-cera mic processing. 
Preliminary scoping tests were run in the 1960s, an d laboratory testing 
was started in the 1970s to develop glass formulati ons for ICPP calcines. 
In the 1980s, glass ceramic formulations were teste d to produce a high 
waste loading waste form with a nearly three-fold l ower volume than the 
equivalent glass waste forms. For alumina calcine, waste loadings of up 
to 29 wt% and 24 wt% could be obtained in a boropho sphate and 
borosilicate glass, respectively. For zirconia calc ines,  waste loadings 
of 33 wt% were observed using a borosilicate frit. Nonradioactive 
laboratory- and pilot-scale and radioactive laborat ory-scale tests were 
run using the borosilicate frit 127, and MCC-1 and MCC-2 leach tests 
indicated that there did not appear to be significa nt differences in the 
glasses formed using simulated zirconia calcine at laboratory or pilot 
scale and using radioactive zirconia calcine at lab oratory scale. This 
paper focuses on some of the history and early expe rience which has 
helped the ICPP successfully accomplish its mission  safely and with 
minimal impact on the environment. 
INTRODUCTION AND PURPOSE 
Irradiated nuclear fuel has been reprocessed at the  Idaho Chemical 
Processing Plant (ICPP), which is a part of the Ida ho National 
Engineering Laboratory (INEL); formerly the Nationa l Reactor Testing 
Station (NRTS), since 1953 to recover uranium-235 a nd krypton-85 for the 
U.S. Department of Energy (DOE); formerly US Atomic  Energy Commission 
(AEC) and US Energy Research and Development Admini stration (ERDA). A 
decision was made at the start of reprocessing to s tore the resulting 
acidic high-level liquid radioactive waste (HLLW) i n stainless-steel 1100 
m3 single-shell tanks in underground concrete vault s, rather than 
continue the practice at that time of HLLW neutrali zation and storage in 
carbon steel tanks. In another innovation in the wa ste management 
practice, a solidification process was developed du ring the 1950s to form 
a granular calcine solid from the acidic HLLW with a seven-fold volume 
reduction. A pilot-scale demonstration, the Waste C alcining Facility 
(WCF) was constructed and operated in 1963. After t he successful 
demonstration of the process, the WCF was continued  as a production 
facility through 1980, calcining 15,000 m3 of HLLW to 2,160 m3 calcine. 
The New Waste Calcining Facility was designed and c onstructed based on 
the operating experience of the WCF and began opera tion starting in 
1982.The calcined waste is stored near-surface in s tainless-steel bins 
within concrete vaults. The bin sizes are approxima tely 4-m diameter by 
12.5 to 18.5-m high. Some of the bins are cylindric al and others are of 
an annular configuration. Currently, there is an in ventory of 3,800 m3 



HLW calcine at ICPP with compositions shown in Tabl e I. Not shown in 
Table I is zirconia-Na calcine, which has a similar  composition to 
Fluorinel-Na calcine. The amount of alumina, zircon ia, zirconia-Na, and 
fluorinel-Na calcines is approximately 560, 1250, 9 50, and 800 m3, 
respectively. The remaining 240 m3 calcine inventor y consists of calcines 
from processing other minor fuels and start-up bed material with 
compositions shown in Table I.  
Table I 
Several technologies have been identified to date t hat could immobilize 
calcine; these include vitrification and glass-cera mic processing. 
Preliminary scoping tests were run in the 1960s, an d laboratory testing 
was started in the 1970s to develop glass formulati ons for ICPP calcines. 
In the 1980s, glass ceramic formulations were teste d to produce a high 
waste loading waste form with a nearly three-fold l ower volume than the 
equivalent glass waste forms. For alumina calcine, waste loadings of up 
to 29 wt% and 24 wt% could be obtained in a boropho sphate and 
borosilicate glass, respectively. For zirconia calc ines, waste loadings 
of 33 wt% were observed using a borosilicate frit. Nonradioactive 
laboratory- and pilot-scale and radioactive laborat ory-scale tests were 
run using the borosilicate frit 127, and MCC-1 and MCC-2 leach tests 
indicated that there did not appear to be significa nt differences in the 
glasses formed using simulated zirconia calcine at laboratory or pilot 
scale and using radioactive zirconia calcine at lab oratory scale. 
This paper focuses on some of the history and early  experience which has 
helped the ICPP successfully accomplish its mission  safely and with 
minimal impact on the environment. 
EARLY ICPP DEVELOPMENT 
The ICPP was purposely located on an arid tract of withdrawn public land 
previously used by the U. S. Navy for testing guns and munitions. The 
sparsely populated surrounding area and its remote location were 
particularly suitable for processing spent and irra diated nuclear fuel , 
then in its infancy. The ICPP was originally design ed to process a 
widely-varying load of enriched production reactor fuel material as well 
as uranium and uranium-aluminum alloy fuel elements  from a number of 
experimental reactors. The original design also pro vided space for the 
addition of processing facilities for stainless ste el and zirconium fuel 
elements, and for other radio-chemical processes. 
The development of the initial plant processes and the initial design 
scoping of the plant were carried out by Oak Ridge National Laboratory 
(ORNL). After completion of the design studies the AEC Processing 
Advisory Committee recommended in April 1950 that t he plant be built at 
the NRTS in Idaho. In June, 1950 the Foster Wheeler  Corporation was 
selected as the architect-engineer with responsibil ity for all detailed 
plant design except for the processing equipment. T he American Cyanamid 
Company was selected as the operating contractor in  late 1950. About this 
time Bechtel Corporation was selected as the constr uction contractor and 
excavation started. 
Construction was essentially complete by mid 1952. After a preliminary 
test, cold run, and low radiation level run period,  the plant was placed 
in routine production in March 1953. Late in 1953 P hillips Petroleum 
Company (Phillips) assumed responsibility for plant  operation. Extended 
periods of high efficiency operation demonstrated t he worth and 
dependability of the ICPP for processing a variety of irradiated reactor 
fuel (1).  



Increasing liquid waste volumes were projected as m ore and more fuel was 
committed for reprocessing. A process for waste vol ume reduction was 
desired and pyrochemical processes were evaluated ( 2). Eventually 
development of a fluidized-bed calciner reduced was te volume by 7-fold 
and converted the liquid waste to a less mobile sol id-granular form. 
This work was initiated in about 1953. The calciner  development, based on 
a concept and testing by ANL, used a 15-cm (6-inch)  diameter pilot plant 
(3). Positive results of the early development test s convinced the AEC, 
in 1956, to build a demonstration facility, The Dem onstration Waste 
Calcining Facility (DWCF), at the ICPP. Constructio n began in 1958, at a 
cost of $6 million, and was completed in 1961. Phil lips assigned a 
special section of its Technical Branch the respons ibility to begin 
testing and to prepare to start the facility. Cold testing began in 1961 
by Operations personnel and continued for one and o ne half years. In 
November 1962 , operation of the DWCF was demonstra ted. The "D" was 
dropped from the acronym and the facility became kn own as the WCF. 
Radioactive feed was introduced on December 8, l963 . The first run lasted 
11 months, until October 15, 1964, when the first C alcined Solids Storage 
Facility (CSSF) was filled. More than 1800 m3 (500, 000 gallons) of 
radioactive liquid waste from three waste tanks wer e converted to 2100 m3 
(7,500 ft3) of solids. The net output exceeded the design rate by 15% and 
the process operated at 99% efficiency. Figure 1 is  a photograph of the 
WCF and CSSFs 1-3 after construction.  
Fig. 1 
As fuel shipments to ICPP increased additional CSSF 's were built and the 
WCF was modified for higher feed rates. The facilit y operated until March 
1981, calcining about 15,000 m3 (4 million gallon) of liquid radioactive 
waste. The WCF was then replaced by the New Waste C alcining Facility 
(NWCF) which began hot operations in September 1982 . The ICPP fuel 
storage and dissolution and remote analytical facil ities were also 
subsequently replaced by state of the art facilitie s to improve 
operational safety and allow throughputs consistent  with the demand of 
fuel receipts. Figure 2 is a 1985 photo of the NWCF  and additional CSSFs 
4-6. Note the relative size of the WCF and location  of the subsurface HLW 
liquid tanks.  
Fig. 2 
ICPP WASTE MANAGEMENT CONSIDERATIONS AND DESIGN DECISIONS 
Basic decisions and considerations had a direct bea ring on the future of 
reprocessing. Specific issues included whether or n ot to neutralize acid 
wastes from the process, selection of a calcination  method, design of 
waste tanks, number of waste tanks required, and de sign of CSSF's.  
Acidic Raffinates Storage: A decision was made not to neutralize 
raffinates with sodium hydroxide as was commonly pr acticed in those days. 
This was possible due to implementation of improvem ents in extraction 
technology. Neutralization would have significantly  increased the volume 
of high-level liquid waste generated and complicate d its use as an 
isotope feed stock for ORNL's expanding isotope rec overy operations. A 
decision to neutralize would have precluded continu ous fluidized-bed 
waste calcining because of the inability of the pro cess to handle high 
concentrations of alkali nitrates present in the so lid product. 
Design and Number of Liquid Storage Vessels: A deci sion was made to 
construct a limited number of 1,100 m3 (300,000 gal lon) waste tanks of 
stainless steel. Stainless steel was available afte r the end of WW II and 
was necessary because the waste was acidic. The ini tial tanks were 



constructed of type 348 stainless steel. Corrosion testing was used to 
justify the substitution of more economical 304L st ainless steel in 
future tank construction. Tanks planned for use wit h high-level waste 
were equipped with in-tank cooling system to mainta in the solution at low 
temperature which minimized material corrosion. Aci dic waste with no 
precipitates minimized the formation of galvanic co rrosion cells between 
solution precipitates and the tank material. Today the ICPP has only 11 
major waste tanks because the tankage space as the tanks have been 
emptied using the calcining process. Also, no tank failures have been 
experienced, even for tanks used to store aluminum- complexed-fluoride 
solutions. 
Selection of Calcination Process: Initially the des ign liquid extraction 
raffinate was aluminum nitrate based. Candidate sol idification processes 
included pot calcination, spray calcination and rot ary kiln calcination 
(2). Later the fluidized bed process was chosen bec ause it was 
continuous, was readily adaptable to remote operati ons, had no moving 
parts to wear out, had adequate throughput capacity  to meet ICPP 
requirements, and was adequately developed for the demonstration (4). 
Design and Construction of Calcined Solids Storage Bin Sets: A decision 
was made that the calcined solids would be stored i n stainless steel bins 
with extended design life. The vessel design was ba sed on a critical 
centerline temperature that would prevent the radio nuclide migration. The 
first CSSF was conservatively designed and construc ted of annular bins; 
subsequent CSSF's incorporated observed heat transf er experience and 
employed a more economical cylindrical bin design .  In addition, after 
CSSF #1, subsequent CSSF's were designed with retri eval ports to 
accommodate any future desire to retrieve the calci ne for subsequent 
processing. 
ANL CALCINATION TECHNOLOGY DEVELOPMENT 
The concept of calcining radioactive liquid waste b y atomizing the liquid 
in a heated bed of inert particles was originated b y ANL. Initial 
calcination development was then accomplished joint ly between ANL and 
Phillips Atomic Energy Division through 1961. 
Early development by ANL (5) consisted of brief fea sibility studies using 
a 7.5-cm (3-inch) diameter calciner and additional more extensive studies 
using both unshielded and shielded 15-cm (6-inch) d iameter calciners. 
Tests with the 7.5-cm diameter calciner were all wi th cold feed. 
Subsequent tests with the 15-cm diameter calciners were both cold and up 
to 12% spiked, hot, as-produced feed from the ICPP.  Initial development 
was based on testing acidic aluminum nitrate soluti on but ANL later 
extended the work to include Hanford type PUREX was te. ANL development 
with aluminum nitrate waste consisted primarily of testing the behavior 
and treatment of fission products in the calcinatio n process using the 
six-inch-diameter calciner. Radioactive feed consis ted of ICPP first-
cycle raffinate diluted with simulated cold aluminu m nitrate raffinate in 
a dilution ratio which ranged from 1:1000 to 1:8. B asically ANL pilot 
plant experience indicated the fluidized bed proces s was feasible from 
the operating viewpoint and that ruthenium was the only volatile fission 
product. The tests showed that virtually all activi ty except ruthenium 
remained in the solid product over the temperature range of 350 to 550C. 
The ruthenium volatility was determined to be very temperature sensitive. 
At 350 degrees operating temperature about 88% of t he ruthenium was 
volatilized. Whereas at 550C less than l% volatiliz ed. Partial 
condensation of the off-gas removed 99.8% of the en trained non-volatile 



activity. Later use of a venturi scrubber and silic a gel bed prior to 
partial condensation resulted in decontamination fa ctors of 1,000 to 
10,000 for ruthenium and 100,000 for non-volatile f ission products.  
Both bayonet and convoluted filters were tested for  calciner off gas 
cleanup. The bayonet sintered metal filters proved highly efficient for 
removal of particulate from calciner off-gases. The  filters were 
especially effective when coated with a dust layer.  They were so 
effective that analysis of condensate and gas sampl es detected no 
radioactivity other than ruthenium. Failure of the sintered metal filters 
after being subjected to extreme temperatures (700C ) was caused by 
embrittlement. Additional tests indicated that if o perating tests did not 
exceed 400C no embrittlement would occur. Convolute d metal filters were 
tested and found to be unsatisfactory. Breakthrough  of non volatile 
activity was 10-fold greater than with bayonet filt ers. 
Since sintered metal filters required much developm ent, venturi scrubbers 
were studied as an alternative for cleaning the off -gas. The use of 
silica gel adsorbers were studied for removal of vo latile ruthenium. A 
primary advantage of these devices was low waste vo lume generation. The 
scrub solution from the venturi could be recycled t o calciner feed and 
the regenerating solution from the adsorber was ver y small. Both scrubber 
and adsorbers were then added to the ANL 15-cm (6-i nch) calciner to study 
particulate removal in parallel with ICPP studies. Venturi scrubbers were 
very effective in removing particulate from the off -gas, and silica gel 
adsorbers were very effective in removing volatile ruthenium. Tests also 
showed that the silica gel could be readily regener ated. 
ICPP CALCINATION TECHNOLOGY DEVELOPMENT 
Development at ICPP in support of a DWCF was the re sponsibility of 
Phillips, the operating contractor at ICPP from the  fall of 1953 until 
1967. Calcination of acidic aluminum nitrate waste using fluidized bed 
technology reported by ANL in 1955 was based on con ceptual studies. A 15-
cm (6-inch) diameter pilot plant calciner patterned  after the one used by 
ANL but with a number of changes to help solve oper ability problems 
reported by ANL was then built and operated by Phil lips personnel at the 
NRTS (6). The purpose of this pilot plant testing w as to provide 
equipment and process scale up data and to define p rocess parameters for 
designing the DWCF. The 15-cm diameter calciner pil ot plant as reported 
by Grimmett in 1957 (7) was fed simulated cold alum inum nitrate waste at 
rates ranging from 20 to 110 ml/min, at fluidized b ed operating 
temperatures ranging from 180C to 500C, and at oper ating period durations 
of 8 to 336 hours. 
The 15-cm diameter calciner vessel was 1.7 m (5.5 f eet) long and 
contained a charging tube, a thermowell and off-gas  tube at the top of 
the vessel. The fluidizing air distributor consiste d of a flat plate with 
twelve 1.3-cm (0.5-inch) diameter holes, spaced on a 4.3-cm (1-11/16 
inch) triangular pitch with 1.3-cm (0.5-inch) tubes  welded to the top of 
the plate to extend 0.6 cm (1/4 inch) above the pla te. The top of the 
tubes were capped with 1.4-cm (3/4-inch) discs and 0.3-cm (1/8-inch) 
holes were drilled at 90 degree intervals. Air was introduced to the 
bottom of the distributor through a 1.4-cm (3/4-inc h) pipe. The calcined 
product was removed continuously by means of a one- inch draw-off line 
extending 61 cm (2 feet) above the distributor plat e. Heat was supplied 
by 18 internal electric heaters with 15-cm (6-inch)  heated lengths 
located horizontally inside the calciner bed. Liqui d feed was introduced 
under pressure through commercially available pneum atic atomizing spray 



nozzles. To provide operating data, pressure taps a nd thermocouples were 
located throughout the bed. Calciner auxiliary equi pment included a 
cyclone, a spray scrubber, condenser, and fluidizin g gas preheater. 
Operating variables studied were feed rate, bed tem perature, fluidizing 
velocity, feed nozzle air-to-feed ratio, product dr aw off, and liquid 
feed composition. A problem with size distribution not reaching steady 
state made it difficult to determine various effect s of operating 
variables on the product. 
Feed Rate. It was generally determined that feed ra te influenced particle 
size distribution and possibly bulk density. Low fe ed rates generally 
produced smaller particles than runs at higher rate s. The effect of feed 
rate on bulk density was not conclusive. 
Bed Temperature. The data showed decreasing bulk de nsity with increasing 
bed temperature throughout the temperature range st udied. The bed 
temperature also had a profound effect on particle- size generation. Low 
bed temperatures (300C) produced large mass mean pa rticle diameters, 
whereas, 500C tended to produce fines. 
Fluidizing Velocity. Changing fluidizing velocity a ppeared to change 
particle size distribution. 
Feed Nozzle Air-to-Feed Ratio. Runs were made at co nstant air to feed 
rates, but low atomizing air flow rates possibly ca used agglomeration 
tendencies. 
Product Draw Off. A relatively small amount of air is passed 
countercurrent to product overflow. The air is an e ffective means of 
controlling particle size withdrawal. 
Feed Characterization. The concentration and compos ition of feed to the 
calciner was not studied but was expected to have a  strong effect on 
calcine structure and size distribution. Although m ost runs were made 
with aluminum fuel, some exploratory runs were made  with stainless steel 
and zirconium type fuel raffinates. 
The results of the pilot plant tests verified the f easibility of 
calcining aluminum type waste. The advantages of th e technology include 
independence from complicated moving parts, excelle nt control of bed 
temperature with uniform high heat transfer rates, reduction in corrosion 
potential of stored product, adaptability to remote  operation, and 
excellent control of particle size and properties.  
ICPP CALCINATION DEMONSTRATION AND HOT OPERATIONS 
Pilot plant tests established target ranges of prin cipal operating values 
for the full scale demonstration. The ranges for th e variables was 1) 
calciner bed temperatures of 400 to 500C, 2) fluidi zing air velocities of 
23 to 40 cm/sec (0.75 to 1.3 feet/second), and 3) a ir to liquid feed 
nozzle ratios of 500 to 750. The facility was opera ted on cold simulated 
feed for more than 4500 hours to establish that the  equipment was 
adequately reliable and safe for hot remote operati ons. Prior to "hot" 
startup of the WCF an extensive safety analysis was  conducted to assure 
no surprise hazard existed. Through 1973, the WCF a nd ICPP reprocessing 
facilities were operated alternately with common cr ews during campaigns 
that lasted several months each. This provided maxi mum use of both 
maintenance and operation personnel. In order to in crease ICPP throughput 
separate dedicated crews were provided to allow con current operation of 
the WCF and reprocessing facility. Ultimately, the WCF operated until 
March 1981, calcining nearly 15,100 m3 (4.0 million  gallons) of liquid 
radioactive waste. 



A simplified flow diagram of the WCF process is giv en in Fig. 3. A major 
portion of the equipment, ~70%, is for off-gas clea nup. The cleanup 
equipment includes a cyclone, a quench tower, a ven turi scrubber, 
entrainment separators, silica gel adsorbers, and H EPA filters.  
Fig. 3 
The WCF calciner vessel was four-feet in diameter. Radioactive feed was 
introduced into the bed through pneumatic atomizing  nozzles. The feed was 
sprayed through three nozzles equally spaced in a h orizontal plane at a 
total rate of 320 to 530 L/hr (85 to 140 gallons/ho ur) including waste, 
additives, and scrub recycle. During the first thre e campaigns and until 
June 1969, heat was supplied by an in-bed heat exch anger bundle using 
sodium-potassium alloy which operated at a bundle t emperature of up to 
760C. The NaK was pumped by an electromagnetic pump  and heated in an oil 
fired furnace. Preheated fluidizing air was introdu ced through 14 capped 
orifices equally spaced on a distributor plate. Ope ration at superficial 
fluidizing velocities between 25 and 40 cm/sec (1.0  and 1.3 feet/second) 
was satisfactory with average bed particle size ran ging from 0.6 to 0.75 
mm.  
To allow increased WCF capacity and reliability, an  in-bed combustion 
system using oxygen-atomized kerosene was installed  in 1970 (8). The use 
of in-bed combustion resulted in increased heat tra nsfer rates, a change 
in the behavior of fission product ruthenium, and l ower metal wall 
temperatures. A less volatile ruthenium species red uced concentrations in 
the off-gas by a factor of 100 to 200. However, dec ontamination on WCF 
internal surfaces became more difficult. 
Boric acid was added batchwise to aluminum nitrate feed solution to 
suppress the formation of alpha alumina and insure the product remains in 
the amorphous rather than crystalline form. The add ition of boric acid is 
essential to provide particle size control, minimiz e decontamination 
problems, and reduce erosion of pumps, valves, and piping by making the 
aluminum specie soluble in the nitric acid scrub so lution. 
Calcium nitrate is added to fluoride bearing zircon ium type waste to 
complex free fluoride. This is necessary to reduce corrosion on 
downstream process equipment and piping and to cont rol fluoride 
volatility. 
The granular calcined solids product is pneumatical ly transferred to and 
stored in vented stainless steel bins located in co ncrete vaults. 
NWCF DESIGN, CONSTRUCTION, AND OPERATION 
The WCF was retired in 1981, to be replaced by a st ate-of-the-art NWCF. 
Anticipated increasing fuel receipts coupled with e xcessive wear and the 
desire to reduce exposure to personnel during the o peration/maintenance 
cycle called for a replacement calcining facility. 
Wear and tear on the WCF equipment after many years  of operation result 
in increased delays for maintenance refurbishment. This coupled with a 
need to increase throughput to accommodate increase d fuel shipments 
prompted the need for a replacement. Design of the NWCF was initiated in 
1974 (9) and construction started in 1976. The faci lity incorporated the 
newest fluidized bed calcination, off-gas cleanup, remote operations and 
maintenance, and decontamination technologies. The design throughput was 
increased to 11,300 L/day (3,000 gallons/day).  
The calcination process didn't change significantly  with the new 
facility. The construct incorporated many improveme nts. The calciner 
vessel active bed region was increased to a 1.5-m ( 5-ft) diameter with a 
2.1-m (7-ft) diameter expanded upper section fabric ated from 347 



stainless steel. Downstream vessel sizes correspond ingly sized. Also more 
corrosion resistant Nitronic 50 was used to handle more hostile (trace 
fluoride and chloride) chemical environments and hi gher operating 
temperatures. WCF experience identified high wear a nd exposure areas. To 
greatly reduce or eliminate such problems, high mai ntenance equipment 
(pumps, valves, flanges, electrical connections, an d off-gas filters) was 
placed in readily accessible corridors for remote r eplacement using 
master-slave and electro-mechanical manipulators an d cranes. The remote 
capabilities installed at NWCF were tested in a ful l-scale mock up 
facility at the INEL and positioned for easy remova l and replacement 
without lengthy shut downs or high radiation exposu res to personnel. 
Failed equipment was transferred directly to integr al shielded facilities 
for remote decontamination and subsequent repair or  disposal. NWCF 
operating experience has demonstrated the effective ness of this concept 
and design. 
The NWCF began hot operations in September 1982, af ter extensive system 
operability and cold testing, and calcined 6,000 m3  (1.6 million gallon) 
of waste before shutting down in March 1984 when al l available liquid 
waste feed was processed. During the down period a new Distributive 
Control System was installed. The NWCF was restarte d on September 30, 
1987 and has operated successfully on various feeds  and combinations of 
feed such as Fluorinel, zirconium, and blended Fluo rinel-Na waste feeds. 
To date the NWCF has calcined over 13,600 m3 (3.2 m illion gallon) of 
radioactive liquid waste to 1,670 m3 (5,900 ft3) of  calcined solids. 
Successful operation of the NWCF and WCF have combi ned have to eliminated 
the need to build twenty-six 1,100-m3 (300,000-gall on) waste tanks, 
EARLY HLW IMMOBILIZATION TECHNOLOGY DEVELOPMENT 
As calcining of acidic liquid high-level waste beca me a reality it became 
readily apparent that methods for final disposal of  the calcined waste 
most be developed. The calcine, although physically  and thermally stable, 
was leachable for several of its radioactive consti tuents, most notably 
cesium. 
Scoping experiments were therefore started in the 1 960s to evaluate 
potential final chemically-stable waste forms. Many  possibilities were 
examined including glass, sulfur encapsulation, con crete, and ceramics 
(10). Final disposal of reprocessed nuclear-fuel wa ste was not of high 
priority during the sixties in the then current DOE  structure and 
research on these aspects languished to the end of the decade. 
By the early 1970s a reawakening occurred and resea rch funds on some 
scale became available to all of the DOE sites mana ging high-level waste, 
but most notably at the Savannah River site because  DuPont was committed 
to solidifying and disposing of its liquid waste pr ior to passing its 
operating contract on to someone else. 
At the ICPP a small program was started by the mid 1970s to evaluate 
immobilization of its calcined waste for final disp osal. The reprocessed 
high-level waste at the ICPP consists of varied nuc lear-fuel compositions 
and is also different from that of either the Hanfo rd or Savannah River 
high-level waste. The major differences are 1) the liquid waste is acidic 
as opposed to neutralized (basic) and 2) the ICPP w aste compositions are 
totally different. The ICPP calcined waste are most ly cladding material. 
Wastes from the early 1960s consists mostly of alum inum, whereas later 
reprocessed waste consists mostly of zirconia, calc ium fluoride and 
alumina and just for good measure stainless-steel f uels and sodium 
containing calcined waste is also present.  



Although early waste immobilization experiments rev isited such 
possibilities as encapsulation of the calcine in co ncrete, and explored 
sintered glass-ceramics (11), metal matrices (12), pelletizing (13), it 
became obvious more practical processes were needed . Hanford had done 
extensive experiments on conversion of their waste to glass but those 
glass formulations were not suitable for vitrifying  the high-alumina and 
zirconia calcines at the ICPP. 
Glass waste-form development at the ICPP proceeded rather efficiently 
because of the meager funding allocations available  at the time. 
Calcination was very successful and engineered stor age of the calcine was 
planned for many years. Therefore, there was no app arent urgency to 
immobilize the ICPP high-level waste for final disp osal. Nevertheless an 
efficient glass composition was demonstrated for th e high-alumina waste 
(14). Another glass composition was developed for t he zirconia-calcium 
fluoride calcine (15). For alumina calcine, waste l oadings of up to 29 
wt% and 24 wt% could be obtained in a borophosphate  and borosilicate 
glass, respectively. For zirconia calcines, waste l oadings of 33 wt% were 
observed using a borosilicate frit. Glass from this  waste has turned out 
to be of extraordinary leach resistance. In fact cu rrent Savannah River 
glass contains a small percentage of added zirconia  to provide improved 
stability. Laboratory and pilot-scale melter experi ments showed that the 
high zirconia-calcium fluoride glass can be produce d at practical melter 
temperatures, and very durable melter refractories are required because 
of fluoride corrosiveness (16, 17, 18). Nonradioact ive laboratory- and 
pilot-scale and radioactive laboratory-scale tests were run using the 
borosilicate frit 127, and MCC-1 and MCC-2 leach te sts indicated that 
there did not appear to be significant differences in the glasses formed 
using simulated zirconia calcine at laboratory or p ilot scale and using 
radioactive zirconia calcine at laboratory scale.  
Because the calcines at the ICPP are of varied comp osition, a practical 
and simple computer code was developed to not only predict glass 
stability but also determine a practical glass comp osition for a proposed 
waste composition. The code has worked effectively to determine aspects 
of permissible waste loading, immobilized waste dur ability, and amount 
and type of additives needed. 
Waste volume reduction became the byword during the  1980s. The volume of 
a glass waste form required to immobilize the ICPP calcined waste was 
considered large mostly because of requirements to add calcium to the 
waste during calcining to stabilize the fluorides p resent in the liquid 
waste. This addition is required even if the liquid  is directly 
vitrified. Direct liquid vitrification does not sav e on glass volume and 
is very corrosive to melter electrodes. 
Waste volume reduction efforts resulted in the deve lopment of a glass-
ceramic waste form during the 1980s for the ICPP ca lcined high-level 
waste (19, 20). A glass-ceramic can accommodate up to about 70 wt% 
calcine whereas a glass can only accommodate about 30 wt% calcine. In 
addition the glass-ceramic is about 50% more dense.  Therefore final 
volume reduction is greatly reduced and the glass-c eramic is equally as 
durable, if not more so. Processing a ceramic waste  form is more 
sophisticated, ideally requiring an isostatic press ing process and 
special particle and containment handling technolog y. 
Recent evaluations have proposed dissolution of cal cine and separation of 
a small high-activity waste fraction, followed by a  significantly 
smaller-scale vitrification process (21). The low a ctivity waste would be 



disposed on site as a grout. Evaluations are contin uing with a full-scale 
facility projected to process all of the calcine by  2035 in order to meet 
a legal agreement with the State of Idaho. 
CONCLUSIONS 
The ICPP fuel reprocessing operation that began in 1953 has resulted in 
approximately 3800 m3 of solid calcined HLW which i s stored safely in 
stainless steel bins with a long design life and is  scheduled for 
immobilization for shipment of the glass off-site b y 2035. 
A set of decisions and focused development activiti es during the early 
history of the ICPP has resulted in these current r elatively safe 
conditions, with no major waste leaks to the enviro nment compared to some 
of the other DOE sites. This paper describes some o f these developments 
which illustrate successful application of an innov ative technology 
including development through radioactive pilot sca le and pilot 
demonstration to result in full-scale waste process ing that is unique in 
the DOE complex. As a result, the HLW storage at th e ICPP is currently 
under a relatively minimal environmental risk compa red to other 
comparable DOE sites. 
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RADIOACTIVE WASTE DISPOSAL -  
THE EARLY YEARS (1943 - 1970) 
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ABSTRACT 
Though there were early concerns about the fate of the radioactive 
materials discharged to the environment (Arthur Com pton's 1943 letter 
concerning the likely fate of materials that would be discharged to the 
Clinch River when the Manhattan Project moved to Oa k Ridge), there was no 
major public disclosure until the control of atomic  energy was put under 
civilian control in 1954 and the first Internationa l Conference on 
Peaceful Uses of Atomic Energy in Geneva, Switzerla nd by the United 
Nations. The first International Conference on Radi oactive Waste Disposal 
organized by the International Atomic Energy Agency  was held in 1959 and 
the first congressional hearings on radioactive was te disposal were held 
in the same year. The end of innocence began in 197 0 with the start of 
the environmental movement triggered by Silent Spri ng by Rachel Carson 
but implemented by the National Environmental Polic y Act but really 
gained full momentum with 1984 law suit which put t he hazardous wastes of 
the Department of Energy under the legal jurisdicti on of the U.S. 
Environmental Protection Agency. Disposal practices  at the major sites 
will be reviewed with particular emphasis on practi ces at Oak Ridge where 
the author was head of radioactive waste disposal r esearch. International 
aspects will also be presented and compared to U.S.  practices from the 
perspective of the author who was head of radioacti ve waste disposal at 
the International Atomic Energy Agency from 1960-19 61. Recent, since 
perestroica, information about early Soviet practic es will also be 



discussed. Despite revisionist views of the early d ays, it is clear that 
in the U.S. the majority of the practices were the industrial norm or the 
tools for better information were not available (ne ither the alpha nor 
the gamma spectrometer had yet been invented) or th e general scientific 
ignorance (discharge of wastes to the ground was co nsidered standard 
practice). Speculation about future disposal practi ces will be presented.  
INTRODUCTION 
Some highlights of the USA Radioactive Waste Policy  - Past, Present and 
the Future as seen through my own clouded lens will  be presented. My 
views are prejudiced because I have been a particip ant in many of the 
activities I will describe. While the present day s ituation is known to 
many of you, I am always amazed that in the USA, du e to rapid turnover of 
civil servants engaged in these tasks and the almos t as rapid turnover in 
the operating contractors of the DOE sites and the somewhat slower 
turnover in the personnel at the DOE National Labor atories that the 
corporate memory of what took place has faded. This  is vividly shown in 
the revisionist history of Radioactive Waste Dispos al in the USA. (1) I 
hardly recognized some of the events described ther e. Even the polemical 
book Nuclear Imperatives and Public Trust by Luther  Carter gives a better 
insight into the program. (2) 
The present situation is clouded by the election of  a new congress this 
last year that has little knowledge or interest in the topic unless the 
budgets can be cut. Nor can we expect much resistan ce to this 
juggernaught from the executive and judicial branch es because as Finley 
Peter Dunne, a noted political satirist at the turn  of the century, had 
his cartoon character Mr. Dooley say "No matter whe ther th' constitution 
follows th' flag or not, th' supreme coort follows th' iliction 
return."(3) With the President promising to veto ma ny of the Congress' 
Budget Bills because of the most egregious parts of  the bills, none of 
the major fights are about nuclear energy or radioa ctive waste disposal. 
In fact, the Department of Energy's budget passed t he Congress and was 
signed into law on the first try. Where this will a ll end, is still 
uncertain. In any case, it will not be what was bef ore. Finally, I would 
like to make some guesstimates and recommendations about future policy. 
This is the safest part of the presentation because  none can dispute the 
factual content and as Abraham Lincoln said, "The w orld will little note, 
nor long remember, what we say here" (4) so I do no t expect to hear from 
any of you in the next century to say "Frank, you w ere dead wrong." 
The comments will be divided into three time period s as 1943 to 1990 
(past), 1990 to 1995 (present) and post 1995 as the  future. Because of 
the time limitations, only a few topics will be dis cussed of the major 
categories of wastes: high level wastes, and low an d intermediate level 
wastes and their environmental impact, and the gove rnmental policy and 
regulatory framework and public involvement that pr evailed during these 
time periods. 
HIGH LEVEL WASTES 
Till ownership of nuclear reactors was allowed in t he civilian sector in 
1954, McMahon Bill (5) and President Eisenhower ann ounced the Atoms for 
Peace Initiative (6), all U.S. fuel was reprocessed  after short 
irradiation times to maximize plutonium-239 product ion for bomb purposes. 
A similar concept, short storage times after remova l from reactors, was 
carried over to irradiated civilian reactor fuel. I n fact, this was 
mandated in the regulations that the solidified was te from reprocessing 
would be transferred to a federal repository no lat er than 10 years after 



separation. (7) This was the legal policy of the US A for many years, even 
after President Carter indefinitely suspended repro cessing of spent fuel 
derived from the production of civilian nuclear pow er in 1977 because of 
fears of nuclear proliferation (8) despite the fact  that the INFCE 
studies (9) and the OTA study (10) indicated that s pent fuel and 
reprocessing wastes would not be the preferred rout es for terrorists 
groups to obtain nuclear weapons. This also has rel evance today with 
heavy political pressure to transmute the plutonium  in high level wastes 
to reduce proliferation threats. With the world now  awash with surplus 
plutonium from dismantled weapons, it seems silly t o oppose reprocessing 
on proliferation grounds. Because of this concern, the United States has 
attempted to maintain a rigid separation of materia ls from weapons 
production and those from civilian use. President R eagan weakened this 
rigid separation when he authorized the burial of s pent fuel from 
civilian reactors in the same repository as high le vel waste from weapons 
production. (11) Since the U.S. is the only nation that will not allow 
reprocessing and commingling of civilian and weapon s nuclear material, 
the net deterrent is not great. This is true, parti cularly, if it is kept 
in mind that the USA has only 1/4 of the world's nu clear power reactors 
and that together these power plants produce 20 ton s per year of new 
plutonium. Though this plutonium is not weapon grad e, this does not mean 
that explosive devices cannot be made from this mat erial. The decision of 
what to do with the 50 tons of surplus U.S. weapons  grade plutonium 
already available has not yet been decided but some  indication of the 
options available can be had in the recent NAS/NRC report. (12) It may be 
thought that this is too much emphasis on nuclear w eapons and civilian 
power plutonium problems. It should be remembered f rom the consequences 
of Chernobyl, that one terrorist detonation of a nu clear device would 
doom nuclear power and any rational discussion of r adioactive waste 
disposal for many, many years. One of the first lec tures given to new 
employees at Oak Ridge, contained the sentence, "Yo u can get away with 
most anything here except a criticality accident." (13) 
Discussion of high-level waste disposal had already  appeared in 
government documents as early as 1944, (14) and in reviews by the NAS/NRC 
as early as 1956. (15) However, it was not until th e NAS Committee 
meeting in 1955 that a recommendation was made for deep geological 
disposal with emphasis on rock salt as the medium o f choice. (16) This 
decision by a non-governmental group resulted in th e start of 
experimental investigations on deep geological disp osal in salt in 1957 
at the Oak Ridge National Laboratory with a first p ublication on the 
progress in 1958. (17) The initial experiments were  simulated high-level 
liquid wastes in the operating Hutchinson, Kansas S alt Mine of the Carey 
Salt Company. Despite assurances by geologists that  salt was impermeable, 
it was quickly found that the simulated waste moved  rapidly along the 
interfaces of bedding planes of anhydrite and polyh alite and salt. 
However, the success of the laboratory work on stab ility of rock salt 
under high irradiation and the theoretical studies on the heating of the 
salt from high level wastes prompted a move to the inactive Carey Salt 
Mine in Lyons, Kansas. In today's gridlocked bureau cratic environment, it 
is useful to recall how the Lyons mine was chosen. Four of us, Joe 
Lieberman, head of the Sanitary Engineering Section  of the AEC (see paper 
by Walter G. Belter this meeting), Ed Struxness, As sociate Director of 
the Health Physics Division at ORNL, myself and Bil l Heroy, one of the 
most distinguished geologists of the time, met in a  room at the Cosmos 



Club in Washington. The Cosmos Club, a private inst itution, was then the 
informal headquarters of the scientific elite in th e U.S. and 
particularly for the earth sciences. Bill Heroy and  I had visited all of 
the operating and accessible salt mines in the U.S. , as well as a number 
of other mines to help determine the location of th ese first tests of a 
geological repository for high level wastes. In an afternoon, we did an 
impromptu, informal multiattribute utility analysis  of potential sites 
with a sensitivity analysis of the weightings of th e attributes (note, I 
have put what we did into present day jargon) and t he choice of Lyons, 
Kansas was robust. Therefore, at the end of the mee ting, Lieberman said 
to me "go ahead and do it Frank." That was it, the authorization and the 
appropriation. As an aside, I do not believe our bu dget ever came close 
to a million dollars per year. For local transporta tion, we had a 
shopworn panel truck from the government car pool i n Kansas City. Yet 
despite this, the first set of Engineering Test Rea ctor fuel assemblies 
(thermal flux of 1.5 x 1014 n/cm2sec and irradiatio n times of 23 days 
with an initial loading of 400 gm of 235U resulting  in a curie content of 
240,000 curies per canister at time of emplacement)  were placed in the 
test facility during November 17-19, 1965. After ha ving reached the 
design objectives of a total dose to salt of 5.3 x 108 rads and a peak 
temperature of 200C, the third and final set of irr adiated fuel 
assemblies were removed on June 26-27, 1967. (18) B asically all of the 
equipment and procedures being used in test facilit ies today are based on 
designs developed then. What has been going on in t he last 30 years?  
The results were so satisfactory that in June 1970,  the AEC tentatively 
selected a full scale high level waste repository s ite in the bedded salt 
at Lyons, Kansas, pending confirmation tests, that would be completed in 
1978 at a total cost of 25 million dollars. (19) Wi th the political 
climate prevailing at that time, it would have been  possible to do that. 
However, that site was found to be inadequate. Inst ead of utilizing an 
eminently suitable site (Naval Air Station) only 10 s of miles from Lyons, 
there have been a long series of failed attempts to  establish a 
centralized above ground surface interim storage fa cility for spent fuel 
and a repository. They have failed for complex reas ons, both technical 
and political. After the abandonment of the Lyons s ite, the AEC in 1973, 
while making a centralized surface storage facility  the "near-term 
objective," reaffirmed that the "major effort" was to be a Federal 
Repository "to be ready in the early 1980s." (20) I n 1974, the new 
Chairperson of AEC, Dixy Lee Ray, downgraded geolog ical disposal to a 
separate objective. (21) In 1977, the Department of  Energy in the course 
of announcing a new centralized storage facility (a way from a reactor) 
also noted that a geologic repository was still req uired. (22) The 
Interagency Review Group on Nuclear Waste Managemen t in March 1979 called 
for a "stepwise approach to the development of HLW repository." (23) In 
February 1980, President Carter made the first Pres idential Announcement 
on Nuclear Waste Policy (24) and said that the goal  was permanent 
geologic disposal of nuclear waste. The Nuclear Was te Policy Act of 1982 
favored permanently disposing of high-level radioac tive waste in a 
geologic repository and provided a mechanism for na rrowing the choices to 
three sites which would be examined simultaneously.  (25) The repository 
would only be allowed to dispose of 70,000 MTU, les s than the expected 
wastes from presently existing nuclear power plants  excluding the 
vitrified wastes from defense activities, which cou ld potentially be 
greater than that from civilian wastes. In May 1986  in a blatant 



political move DOE announced the cessation of the s earch for the site for 
the second repository. (26) The Nuclear Waste Polic y Amendments Act of 
1987 directed DOE to terminate all site specific ac tivities at all 
repository sites except Yucca Mountain. (27) Needle ss to say, no 
centralized facility for spent fuel storage is avai lable today and 
defense high level wastes continue to be stored as liquids in tanks at 
Hanford, Savannah River, Idaho Falls and West Valle y (the only commercial 
reprocessing plants to operate in the U.S.) and as calcined material in 
bins at Idaho National Laboratory. Civilian spent f uel is stored in pools 
at nuclear power plants. Where there is insufficien t space in pools, dry 
storage on site in silos and "roach motels" is prac ticed. 
Because of the concern that there would be insuffic ient space at civilian 
nuclear power plants for spent fuel and that a geol ogical repository 
would not be available in time to receive this spen t fuel, the Congress 
established a Monitored Retrievable Storage Review Commission to advise 
them on what should be done about a centralized sto rage facility. (27) As 
can be seen from Table I by 2025 most existing nucl ear power plants will 
have reached the end of their licensed lifetimes an d the problem will 
grow more acute. The MRS Review Commission after an  extensive study 
recommended: 
1) Construct Federal Emergency Storage Facility of 2000 MTU 
2) Construct a User-Funded Interim Facility of 5000  MTU 
3) Congress should reconsider interim storage by th e year 2000, taking 
into account uncertainties that have been resolved in the meantime, new 
developments and experience with the facilities rec ommended in 1 and 2. 
(28) 
Table I 
Though almost universally declared a superior techn ical document, it was 
rejected by those who wanted a centralized storage facility with a much 
larger storage capacity and those who wanted no cen tralized facility at 
all, and the report disappeared into a black hole, but has recently been 
resurrected. Preparations for a user-funded facilit y (Mescalero Indians) 
are proceeding rapidly. Because of delays in the co nstruction of a 
repository, the DOE is again attempting to site a c entralized interim 
storage facility. Some members of Congress, includi ng the influential 
Senator Bennett Johnson, formerly Chairman of the S enate Energy 
Committee, have become so discouraged by the slow p ace and high cost of 
determining whether Yucca Mountain is suitable for a final repository, 
that he presented a bill to halt further studies of  Yucca Mountain in 
favor of a centralized storage facility at that sit e. (29) That portion 
of the bill has been defeated. So where does that l eave us with respect 
to high-level waste? Bluntly, a behind schedule pro gram to vitrify 
defense wastes for the repository with no agreement  in place that the 
wastes will be acceptable when and if they are vitr ified, and no 
guarantee that the Federal Government will pay its fair share of the 
repository costs. For the civilian spent fuel progr am, producers feel 
betrayed because in 1970 Federal Regulations AEC re quired high level 
wastes at reprocessing plants to be converted to so lid form within 5 
years of its generation and transferred to a Federa l Repository within 10 
years after the irradiated fuel is reprocessed. (30 ) In the 1982 Waste 
Policy Act, the Congress seemed to promise that in exchange for the 
$0.001/ kwhr of nuclear energy sold, the DOE would take title to spent 
fuel no later than January 1998 and dispose of it i n a geologic 
repository. Because of the 1970 regulations the uti lities did not build 



large spent fuel pools as the government would take  the spent fuel within 
a few years after discharge and in 1982 guaranteed a date certain of 
January 31, 1998. Government lawyers do not agree w ith that 
interpretation of the law so the utilities are left  with building their 
own on-site out of reactor spent fuel storage facil ities with increasing 
likelihood that the State Public Utility Commission s will not allow both 
costs as direct pass through to the consumers. With  the increasing 
competitiveness of the electrical generation and su pply business in the 
United States, even if both costs were allowed, the  nuclear utilities may 
not be able to recoup their costs and still remain competitive. So if 
there is progress such as starting up the Defense W aste Processing 
Facility (DWPF), it will be only token. Despite the  accelerated schedule 
for making a decision about the suitability of the Yucca Mountain, it is 
highly unlikely that those dates will be met, as EP A has not yet issued 
its final regulations. The new regulations, require d by court remand, 
(31) need to take into account the study of the req uirements by the 
National Academy of Sciences/National Research Coun cil (NAS/NRC) mandated 
by the Congress. (32) Even if they do adopt the NAS /NRC recommendations, 
(33) there are likely to be court challenges to the  regulations. So 
despite the US's early successes 30 years ago in sh owing that it was 
possible to successfully emplace and retrieve spent  fuel from deep 
geological facilities, we are likely to see a Belgi an or Swedish attempt 
to pass the United States and become the first nati on to construct a 
geological repository and place wastes in it just a s the French overcame 
the early U.S. lead in reprocessing to become the f irst nation to 
successfully commercialize the process. 
The Waste Isolation Pilot Plant, first authorized i n 1980, (34) and 
completed in 1990 is still waiting to open. 
LOW LEVEL SOLID WASTE DISPOSAL 
In some ways the saga of low level radioactive wast e disposal is even 
more fascinating than that of high-level waste disp osal, because it is so 
widely dispersed and affects far more individuals a nd institutions. 
Consequently, there are a plethora of books dealing  with the subject, but 
I shall only sketch in the historical background an d complexities so as 
to reach some conclusions. From 1942 to 1950, all b urial (almost entirely 
weapons connected wastes) was done nearby onsite, a s though they were 
municipal wastes, which were largely unregulated at  the time (I shall 
deal with liquid wastes as an environmental problem ). As the amount of 
radioactive wastes from the civilian sector, power,  industry, research 
etc., increased and it became apparent that the def ense work would 
continue and grow, it became necessary to centraliz e and control the 
disposal of both the defense and civilian wastes at  AEC sites during the 
1950s. As the 1960s began, it became apparent that though the volume of 
waste was so substantial that commercial sites shou ld be established. As 
a consequence, six commercial sites were licensed. Within a few years, 
three, all in the humid region, had closed. The rea son for the closures 
have been administrative, regulatory, perception, a nd failure to achieve 
the containment that was promised even though the p ublic health and 
environmental impact was low. Since then a fourth h as closed and only 
Barnwell, South Carolina and Hanford, Washington ar e still open.  
Once the shortcomings of municipal waste type dispo sal were recognized, 
enhanced containment and shielding of wastes with h igher external 
radiation was practiced both at AEC's and commercia l sites. The burial 
sites were still open to precipitation during dispo sal operation and 



stabilization of wastes was not mandated or practic ed. Only after the 
French developed the surface tumulus method involvi ng stabilization and 
engineered containment did the U.S. begin to move i n that direction. Most 
proposed compact designs are some variant of the Fr ench system though 
none of the sites presently operating in the U.S. u se that system for all 
disposal at their sites. Some other countries, e.g. , Sweden, United 
Kingdom and Germany have gone to deep underground g eological disposal for 
greater containment.  
Without going through the vicissitudes of low level  waste compact 
formation allowed by the Low Level Waste Policy Act  of 1980, (35) and the 
subsequent amendments, (36) no new sites have yet b een licensed. Suffice 
to say that South Carolina has temporarily shattere d the system by 
opening its site to anyone, except North Carolina, who can afford their 
fancy prices. How long this will continue is entire ly problematical. The 
price of disposal has risen astronomically from $1/ ft3 in 1975 (Class A 
wastes) to more than $300/ft3 at Barnwell at presen t. The failure to site 
new facilities has been due to a variety of causes which many English in 
her book on the topic has labeled Trust, Justice, R isk, Authority and the 
Quest for Legitimacy. 
ENVIRONMENTAL 
It would be inappropriate to conclude this retrospe ctive view without 
some mention of the environmental impact of all of these developments. At 
one level the cost of remediation is at least on or der of magnitude 
greater than the high level waste disposal program and much greater than 
that of the low level waste program. (38) More impo rtant, the environment 
in its broadest sense is where this impact on human s and the natural 
environment (humans, of course, are part of the nat ural environment) 
takes place. Though the early practice followed wha t was standard at the 
time, utilize the dilution capacity of the environm ent and the cleansing 
power of the soils, there was far less fundamental knowledge of these 
processes than there is today and the environmental  standards were far 
different than they are today. Even as avid a propo nent of restriction of 
radioactive dosages to humans as K.Z. Morgan was wi lling to accept 
geologists' views that shale was impermeable and al low low level liquid 
wastes to be discharged to open basins to evaporate  because the potential 
evaporation was greater than precipitation. We quic kly learned from the 
leakage from these open basins about heterogeneitie s and anisotrophy and 
kinetics and the stochastic nature of precipitation  and evaporation. We 
also learned about the "bathtub effect." However, t he practice continued 
with covering of the basins or trenches to reduce t he worker dosages from 
the radiation from the nuclides which had sorbed to  the sides of the 
basins. 
Despite claims to the contrary, there was environme ntal awareness. The 
Clinch River Study, carried out in 1960-1964, showe d that even with 
practices of that time, no one downstream from the Oak Ridge Reservation 
was subjected to doses greater than the permissible  levels. (39) The 
objective after that study was to maintain Strontiu m-90 releases to less 
than two curies per year. Sadly, this is not true a t some sites in the 
former Soviet Union where greater than permissible doses are received by 
the downstream population and the releases of Stron tium-90 to the river 
per year range from 20 to 100 curies per year, with  a projected increase 
to as much as 1000 curies per year into the Techa R iver, which has an 
average flow one two hundredth that of the Clinch. (40) 
CONCLUSIONS 



While we have obviously become more sophisticated a nd knowledgeable since 
those early days, it has not enabled us to forecast  the future any 
better. Despite that, I will take a flyer on where we will be. For a 
solution of the high-level waste problem, it is cle ar that further 
refining of models to reduce projected doses for ti me periods up to a 
million years from the releases from deep geologica l repositories from 
their current 10-6 to 10-16 Sr/yr to even lower lev els will win no new 
adherents. If these calculations are robust, then r esearch to establish a 
repository should be carried out only to the degree  necessary to obtain a 
license. There are still may fundamental scientific  questions raised by 
the repository investigations. Resolution of these questions should 
compete for funding with other basic research quest ions. 
For low level wastes, where the wastes will decay t o innocuous levels in 
short time periods, less than 300 years, then solid ification 
(vitrification) and engineered containment should b e carried out to 
prove, by extrapolation, that the hazardous substan ces can be safely kept 
from the environment for that period of time. 
For remediation of the polluted environment, as can  already be seen, the 
funds available will dictate the degree of cleanup.  For the most part the 
risks are not imminent, except to workers. However,  there are still 
unstabilized, potentially mobile wastes, e.g., high -level waste in tanks, 
that must be immobilized. (41) The degree of cleanu p needs to be related 
to the risk and this will necessitate more attentio n to future land use. 
Not mentioned at all in this paper, is perhaps the most important topic 
of all, i.e., to prevent future contamination of th e environment, i.e., 
pollution prevention. This is, perhaps, a reflectio n of the lack of 
emphasis given the topic in the early days till now . All these decisions 
will be dependent upon public involvement, trust, p olitical will, and 
good fortune, a tall order. 
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ABSTRACT  
For over 40 years, the country has been pursuing a goal of developing a 
practical system which would provide for the contro l and permanent 
isolation of the quantities of waste generated in t he civilian power 
program. Today, despite the expenditure of hundreds  of millions of 
dollars and the efforts of many skilled scientists,  we seem no closer to 
realizing that goal than we were when the AEC's civ ilian waste management 
program began in the early fifties. Reflecting on t he history of the 
development of the AEC's civilian waste management program and the 
experiences at Lyons, KS it should be quite clear t hat neither the 
presentation of data on waste form stability, geolo gic stability, the 
verification and validation of environmental transp ort models or 
geochemical relationships, bio-chemical interaction s or health effects 
can, over the periods of time in question, be incon trovertibly 
demonstrated to the satisfaction of serious critics . 
We are dealing with a largely political problem whi ch cannot be resolved 
by purely technical arguments; it is a problem whic h exists now, which 
cannot be avoided and one which may be resolved onl y through the 
legislative process. If, from a purely political pe rspective, spent fuel 
can not be left on the reactor site under the close  scrutiny of national, 
state and local regulators, the DOE must build a mo nitored, retrievable 
surface storage facility. Irrespective of the outco me of the Yucca Mt. 
studies, construction and operation of an RSSF shou ld not be delayed any 
longer if we wish to keep any semblance of a nation al nuclear power 
program alive. 
INTRODUCTION 



In the early days of the AEC's civilian power progr am, most papers on the 
subject of civilian waste management seemed to be i ntroduced with the 
phrase "as nuclear power assumes an ever increasing  role in meeting our 
nation's energy demand, the quantities of radioacti ve waste will grow 
proportionately...." Some growth! In 1970, we were projecting nuclear 
power production to be on the order of 1000Gwe by t he year 2000. There 
would be, in that year, one reactor brought on line  each week and every 
shipyard in the world would be busy fabricating rea ctor pressure vessels! 
Today, we may be on the verge of losing our nuclear  power option and, in 
the near future, we may find ourselves buying from other countries the 
very technology we developed. 
One of the major objections to the increased use of  nuclear power in this 
country has been waste disposal. There is no better  example of the 
politico-technical dilemmas which face our nation i n many areas than the 
issue of radioactive waste disposal. For over 40 ye ars, the country has 
been pursuing a goal of developing a practical syst em which would provide 
for the control and permanent isolation of the quan tities of waste 
generated in the civilian power program. Today, des pite the expenditure 
of hundreds of millions of dollars and the efforts of many skilled 
scientists, we seem no closer to realizing that goa l than we were when 
the AEC's civilian waste management program began i n the early fifties. 
As early as 1953, in an article in "American Scient ist", Dick Hatch of 
Brookhaven wrote: 
 "..if the atomic energy program is to grow and bec ome worldwide, as 
seems highly probable, much will depend on the deve lopment and 
maintenance of a high sense of responsibility to fu ture generations in 
regard to the disposal of waste from that industry.  Meanwhile, if we are 
to anticipate the need of disposing of large quanti ties of longer-lived 
radioactive waste products on a permanent basis for  our own benefit, we 
must face up to a new kind of responsibility, that is, setting up for our 
own use a system of standards and practices under w hich this generation 
would not be the principal beneficiaries." 
At the time that article was written, the highly ra dioactive liquid 
wastes produced during the recovery of plutonium we re being stored in 
tanks at the AEC's Hanford and Savannah River produ ction sites. Outside 
of the production groups, the rest of the AEC commu nity had only a 
limited picture of the scope and magnitude of the w aste management 
practices at these sites. Even then, it was clearly  recognized, as Hatch 
noted in his article, that total reliance the indef inite storage of 
highly mobile, highly radioactive liquid waste in t anks was not a very 
good idea. 
 "..Certainly it would be unimaginative, uneconomic  and eventually 
downright dangerous to continue to pursue the same course in the 
management of (civilian) waste disposal affairs...T hus it is quite 
generally recognized that any stored waste should b e reduced to the least 
practical volume, possibly to the solid state..." 
By the early 50's, the AEC's civilian waste managem ent research program 
had already taken shape. Lab-scale studies at Brook haven, Oak Ridge, 
Hanford and Idaho were showing great promise in con verting liquid waste 
to stable, solid forms. Perhaps recognizing the pot ential magnitude of 
the problem and the need to get advice from the sci entific community, the 
AEC requested the National Academy of Sciences to c arry out an 
examination of the problem. They were to review cur rent research efforts 
and to make recommendations on the future direction  of the AEC's waste 



management program. That Committee, made up of some  rather eminent 
personages, met in Princeton NJ in 1955 and arrived  at a number of 
conclusions: 
1) Safety is a primary concern, taking precedence o ver cost and 
2) Radioactive wastes should be isolated as permane ntly as possible from 
the biosphere 
More importantly, the Committee suggested a number of possibilities for 
future work which included 1) disposal in salt 2) d eep-well disposal in 
permeable formations and 3) conversion of liquid wa stes to solids 
Supported by these recommendations, work began in e arnest to develop 
improved techniques for converting liquid wastes to  stable solids and for 
examining various methods for their "disposal". 
By the early sixties, studies on the fluidized bed solidification of fuel 
reprocessing waste generated at the Idaho Chemical Processing Plant 
(ICPP), on the "pot calcination" and rising level g lass processes at Oak 
Ridge, the phosphate glass and rotary kiln processe s at Brookhaven and on 
the spray calcination process at Hanford had all re ached the point of 
successful cold engineering demonstration. Indeed, so successful was the 
fluid bed calciner project at the ICPP that the pil ot plant was converted 
to a production unit which became fully operational  in 1963. 
These cold pilot plant engineering studies had clea rly demonstrated the 
feasibility of converting wastes to a variety of st able, solid forms and 
the advantages of solidification became obvious to all: 
  Large reductions in waste volumes 
  Rendered waste less soluble and relatively immobi le 
  Lowered storage costs 
  Permitted safe transportation of waste and the de velopment of practical 
methods of disposal 
Accordingly, the AEC decided to take the next logic al step in this 
development effort: a hot pilot plant demonstration . Thus began the Waste 
Solidification Engineering Prototype (WSEP) demonst ration project at PNL. 
Approved in 1962, this project was designed to demo nstrate, using full 
levels of radioactivity, the solidification of liqu id waste with 
compositions representative of those expected to be  produced in several 
commercial fuel reprocessing flowsheets. Three indi vidual processes were 
to be tested: the ORNL pot calcination process, the  Brookhaven phosphate 
glass process and the PNL spray solidification proc ess. A follow-on 
product evaluation was also planned to be carried o ut to characterize the 
long-term behavior of the solidified products in si mulated storage 
environments. 
Fig. 1 
The WSEP program was nothing short of a remarkable success. Highly 
radioactive strontium and cesium concentrate, graci ously donated by the 
AEC Production Division's B-Plant at Hanford, were shipped over to the 
WSEP facility to produce synthetic waste solutions with representative 
levels of self-heating and radiation. Interchangeab le modular units for 
each process were designed, tested, installed and o perated without a 
hitch. Hot operations began in 1966. Fantastic engi neering by the boys of 
Battelle. It should be pointed out that the WSEP pr ogram was solid proof-
of-principle. WSEP demonstrated the basic feasibili ty and practicality of 
several solidification technologies, applicable to a variety of 
reprocessing flowsheets. With the data from this pr ogram, the industry 
could readily adapt this technology to meet their o wn specific needs. 
Remember that, at this time, the industry had some very explicit and 



singular responsibilities for demonstrating the saf ety of their plant 
designs and processes. 
We mentioned `commercial fuel reprocessing'. Now, t he story of civilian 
radioactive waste management cannot be separated fr om the story of spent 
fuel reprocessing. In the sixties, you may recall, there was a system 
that we referred to as the nuclear fuel cycle, wher ein the large 
quantities of unfissioned uranium and the plutonium  bred in the fuel 
during power production would be chemically separat ed from the highly 
radioactive fission products and recycled for re-us e. That separation 
process produced a waste stream that used to be cal led high-level waste. 
In the AEC/Congressional blueprint for the civilian  power program, the 
reprocessing of spent reactor fuel would be carried  out as a commercial 
operation, since the fuel was, in fact, the propert y of the individual 
power reactor operators. The unfissioned uranium an d plutonium would be 
sold back to the AEC. Remember the $10/gm plutonium  buy-back policy? 
Based on the power growth curve, the quantities of spent fuel discharged 
from the civilian reactors were expected to increas e dramatically. By 
1966, the AEC was in the process of issuing an oper ating license for the 
first commercial fuel processing facility, the 1MT/ da. Nuclear Fuel 
Services (NFS) facility at West Valley, N.Y. That f acility design was 
based on the successful PUREX reprocessing plant wh ich has been in 
operation at Hanford for some time; like PUREX, tha t facility had 
provisions for tank storage of liquid waste. At tha t time also, GE had 
submitted its application for their 1 MT/da Midwest  Fuel Recovery Plant 
(MFRP) adjacent to the Dresden Nuclear Power Statio n. What later became 
the Allied-Gulf Nuclear Services corporation was al so involved in 
discussions with the licensing arm of the AEC on th eir plans for the 
construction of a 5 MT/da plant adjacent to the AEC 's Savannah River 
plant at Barnwell, S.C. Such a high throughput faci lity, it was believed, 
would lead to dramatically lower processing costs a nd thus would AGNS 
could attract substantial business from the utiliti es since lower fuel 
cycle costs would, at that time, increase the utili ties profitability. 
The Atlantic Richfield Hanford Company (ARCHO) also  expressed an interest 
in getting into this business as did National Lead,  purveyor of fuel 
shipping casks. So the commercial fuel reprocessing  business was shaping 
up as expected. 
Fig. 2 
Meanwhile, back on the waste disposal front, the su ccess of the waste 
solidification program now allowed for the real pos sibility of disposing 
of high level waste at sites other than at the site  where the fuel was 
reprocessed. This made the concept of storage in be dded salt (suggested 
by the NAS) feasible. Project Salt Vault, which was  carried out by the 
ORNL during the period from 1963 to 1967, followed up on some earlier 
experiments on the storage of simulated liquid and solidified wastes in 
an abandoned salt mine at Lyons Kansas. Project Sal t Vault was an 
engineering demonstration of techniques for the han dling and emplacement 
of wastes in bedded salt and for determining the re sponse of salt to the 
effects of heat and radiation. Fully radioactive sp ent fuel elements from 
the MTR (or was it the ETR?) at Idaho were buried i n an abandoned mine in 
Lyons Kansas in 1963 and, over a period of three ye ars, data was obtained 
on the behavior of salt under such adverse environm ental conditions. 
Following completion of the project, the fuel was s uccessfully removed 
from the mine and sent safely back to Idaho. Salt V ault clearly 
demonstrated that there were no serious adverse eff ects on the salt from 



heat and radiation, that conventional mining techni ques were adequate for 
dealing with structural problems in a disposal faci lity and that wastes 
could be transferred to and handled safely in a und erground environment. 
The success of the waste solidification program and  the results of the 
Project Salt Vault demonstration provided encourage ment that a solution 
to the civilian high-level waste disposal problem w as well in hand. 
Again, the AEC looked to the NAS for approbation of  its overall waste 
management program. Another NAS committee was forme d, reviewing the 
progress made in solidification and "disposal" sinc e the last study. That 
Committee issued its report in 1966 and noted, amon g other things: 
"The containment of fission products in an inert so lid is still the 
manner of waste disposal the Committee most favors"   
and:  
" Continuation of the studies toward ultimate dispo sal of high level 
solid waste in salt was recommended by the Committe e...the use of caverns 
in salt beds as permanent storage sites for high le vel radioactive solids 
has promise of being successful and satisfactory". 
That report came close on the heels of another stud y carried out in 1964 
by the American Association of Petroleum Geologists  which identified, 
among other sites, the salt beds of Kansas as a pro mising site for waste 
disposal. 
While all this was going on, the Commission was rev iewing developments in 
the licensing of commercial fuel processing plants.  As noted, NFS, GE, 
AGNS, ARCHO and National Lead were all, in some fas hion, getting heavily 
involved in the fuel processing business. At one Co mmission briefing by 
the staff, Commissioner Jim Ramey asked, not altoge ther rhetorically, 
whether the Commission, as a matter of policy, shou ld continue to permit 
the random siting of fuel processing plants with th eir related waste 
storage facilities or whether these plants should b e restricted to pre-
defined sites, more suitable from the waste storage  perspective. This 
question may have been triggered by a comment in th e 1966 NAS report that 
no current Commission site was acceptable from the standpoint of long 
term waste storage. 
This humble but incisive question begat the monumen tal Fuel Reprocessing 
Plant Siting Study. That study, which focused exclu sively on the civilian 
sector, considered nuclear power growth, the reacto r mix (as defined by 
the Systems Analysis Task Force, SATF, study for th e year 2000), fuel 
reprocessing technology, the status of solidificati on and waste disposal 
technology. The results of that study, supported by  the magnificent ORNL-
4451 "The Siting of Fuel Reprocessing Plants and Re lated Waste Management 
Facilities" (to which many, many experts contribute d), led the Commission 
to a number of conclusions, among which was the bel ief that fuel 
reprocessing plants could be located in most places  provided the site was 
not going to be used as a site for a permanent wast e disposal and that, 
importantly, disposal of the high level reprocessin g waste should not be 
permitted on privately owned land with federal (rat her than state) 
ownership indicated. 
This study provided the bases for the Commission ap proving the issuance 
of the landmark Appendix F to 10CFR50 in August, 19 70 which established, 
for the first time, the responsibility of the Feder al Government to 
provide for the long-term management of high level waste generated in 
this country. That policy stated that: 
  reprocessing plants may be located on privately o wned land 



  high level liquid waste inventories must be limit ed in volume to the 
quantity produced in the prior five years 
  all high level wastes must be transferred in AEC- approved dry, stable, 
solid form to a federal repository no later than te n years following 
separation of fission products from irradiated fuel  
  the Federal government will assume permanent cust ody for these wastes 
when it accepts the wastes and a single payment fro m industry which would 
cover all costs of disposal 
  repositories will be on land owned and controlled  by the federal 
government 
  a design objective for reprocessing plants shall be to facilitate 
decontamination and removal of wastes from temporar y storage at the time 
of decommissioning 
Parenthetically, there were some state officials wh o took umbrage at 
Federal preemption of this activity. Today, that's hard to believe but in 
fact, some officials in Louisiana, South Carolina a nd New Mexico were 
all, at one time or another, interested in playing host to the federal 
repository. 
Today, we hear much about acceptance criteria for t he form of the waste 
and the long term performance of the multiple barri ers designed to 
prevent release to the environment. Interestingly, it may be recalled 
that in formulating this policy, the question of th e acceptability of the 
waste form was given every consideration by the AEC  staff since such] 
criteria would have a direct impact on fuel reproce ssing plant designs. 
Given interment in a geologic repository, AEC staff  believed, and the 
Commission agreed, that the form of the waste was o f importance only 
during the period of interim storage, transportatio n and emplacement in 
the repository. The staff held to the belief, corre ctly I think, that the 
very long term integrity of either the waste form o r its packaging could 
never be convincingly demonstrated over the periods  of time involved. 
Ultimate reliance was therefore being placed on the  stability and long 
term integrity of the geologic disposal environment  to isolate the waste 
from man's biosphere. Here, the geologic record wou ld, we believed, 
provide a more convincing and demonstrable argument  for assurance of 
long-term isolation. 
At that point in time, everything seemed to be coal escing. The 
technologies of reprocessing, waste solidification and disposal were 
coming together and we saw that the nuclear fuel cy cle could, and would, 
we thought, be closed in a way envisioned by the pi oneers in the field. 
After numerous endorsements by the NAS, bedded salt  was clearly the 
disposal environment of choice for the federal repo sitory and, at this 
point, the Commission felt confident it could proce ed with the systematic 
and disciplined development of the first Federal Wa ste Repository. 
Then we had the fire at the Rocky Flats weapons pla nt. Without going into 
details, the Rocky fire produced some rather large volumes of plutonium 
contaminated wastes which could not, as a practical  matter, be stored on 
the Rocky site. Plans were made to ship these waste s to the NRTS in 
Idaho. Frank Church, who was then Senator from Idah o, objected and asked 
the Commission in effect `why Idaho? Why, if these wastes couldn't be 
stored safely in Colorado, would it be acceptable t o store them in 
Idaho?' The Commission clearly needed a solution to  this dilemma. One of 
the Assistant General Managers asked his program ma nagers whether the 
salt repository could accept plutonium wastes. When  the answer was "yes", 
the Commission committed to removing the plutonium wastes from Idaho by 



some definite future date (20yrs) and put the repos itory project on the 
fast track; in hindsight, perhaps too fast. 
In 1971, ORNL was charged with developing criteria which would allow us 
to evaluate potential salt disposal sites and to pr oceed with the 
development of a conceptual design and cost estimat e for such a 
repository. That information would be used to suppo rt a FY 1972 
Congressional budget request for construction of th e repository. Based on 
the criteria developed by ORNL and our knowledge ab out Kansas geology, 
the Lyons site was selected. Preparation of the req uired Environmental 
Impact Statement was begun. It was anticipated that , if funding was 
received, the Lyons facility could become operation al sometime in 1974, 
barring unforeseen problems. Incidentally, the esti mated costs for the 
Lyons facility was on the order of $25-30 million. It must be noted that 
the Commission staff considered the selection of Ly ons as tentative. 
There were clearly many questions that we, and our USGS consultants, felt 
needed to be answered before we started digging. Ly ons was, however, a 
good bet for many reasons. There was, in the abando ned portion of the old 
Lyons mine, a place for the disposal of the mined s alt as well as 
facilities for marketing what we didn't put back in  the ground. Lyons was 
located on three railroads, the salt had been stabl e for several millions 
of years and its thickness was more than adequate f or heat dissipation. 
Because of their experience with Project Salt Vault , there was, at the 
local level, general public acceptance of a reposit ory. 
Fig. 3 
Again, the Commission went back to the NAS to solic it their views on this 
tentative, but monumental decision. NAS reviewed th e plans for the Lyons 
repository project and gave its blessing to the sit e subject to the 
completion of certain additional studies which it f elt were necessary to 
provide assurance of long term geologic and hydrolo gic stability. 
During October of 1970 amid much fanfare, briefings  on the AEC plans were 
provided to state and local officials as well as re presentatives of the 
local scientific community . Little did we realize what was in store. New 
technical issues requiring resolution were raised ( e.g., the Wigner 
effect: energy storage in crystals). There were alm ost blackmail-like 
demands from various researchers and other interest ed parties for AEC 
support to carry out a variety of geologic and envi ronmental studies in 
the area. Following publication of the Lyons Enviro nmental Impact 
Statement and the receipt of many comments, Congres sional hearings were 
held in March of 1971. At those hearings, testimony  and serious 
opposition in principle to the project was expresse d formally for the 
first time. A member of the U.S. House of Represent atives, Joe Skubitz by 
name, was the first, I believe, to raise the NIMBY question at Joint 
Committee hearing on Lyons. Congressman Skubitz sai d to us, in effect, he 
didn't care how safe the facility was, it wasn't go ing to be in Kansas! 
He was, as I recall, supported by Senator John Past ore who, years 
earlier, had objected to federal plans to build a H oof and Mouth Disease 
laboratory in his state of Rhode Island. 
Subsequently, the anti-Lyons fervor rose and the re pository became a hot 
political issue. Many technical issues, real and im agined were raised. 
Ultimately, as a result of many meetings with inter ested and affected 
parties, the many technical issues and red-herrings  raised during the EIS 
review process had been boiled down to a few reason able questions upon 
which all parties agreed: 1) the ability to find an d plug boreholes left 
over from earlier oil exploration activities in the  area, 2) the ability 



to quantify the rock mechanics properties of overly ing formations (which 
protected the salt from dissolution) to ensure that , under conditions of 
repository operation, their integrity would be main tained and 3) that 
retrievability of wastes be demonstrated and mainta ined until some period 
of confirmation had been completed. A proposed plan  was developed to 
provide this information jointly by the US Geologic al Survey, the Kansas 
Geological Survey and the ORNL. These studies follo wed closely the NAS 
recommendations. 
Subsequent to, or almost concurrent with, the 1971 Congressional 
hearings, rather serious questions on site suitabil ity were raised 
following the disclosure of solution mining activit ies in a salt mine 
adjacent to the Lyons mine. These questions ultimat ely led to the 
abandonment of the Lyons project, even though the K ansas Geologic Survey 
indicated its support for a disposal project in the  Kansas salt beds at a 
site other than Lyons. We were now on the run. Then -AEC Chairman 
Schlesinger wanted to withhold announcement of the decision to leave 
Lyons until Democratic Governor Docking could be re placed by a Republican 
in the election of 1972, This would clearly show th e clout a Republican 
governor had with the White House. I don't believe the AEC ever openly 
acknowledged abandoning Lyons, they sort of walked away from it, focusing 
attention elsewhere. Although exploratory work was initiated at a few 
other sites in Kansas, ultimately, none of these pr oved to be as good as 
Lyons. 
The Commission management was finally beginning to see the need to 
develop contingency plans. The USGS had earlier ide ntified a small area 
in New Mexico which appeared to have many features which would make it a 
suitable repository site. The Commission decided to  follow up on this 
suggestion and do some exploratory work while at th e same time, 
identifying other bedded salt sites for further exa mination. 
Sensing the obvious weaknesses in the Commission's waste program, the 
flood gates were opened for new suggestions and it seemed everyone and 
his brother joined what became a feeding frenzy. A new cast of characters 
entered onto the waste management stage, the Joint Committee was 
neutered, the NRC was split off from the Commission , the residue became 
ERDA and nuclear power relegated to a lesser role i n the national energy 
plan. There was renewed interest by these newcomers  in old suggestions 
for disposal,e.g., space disposal, disposal in anta rctic icecaps, tossing 
wastes into the subduction zone of drifting contine ntal plates, disposal 
of wastes into cavities specially created by nuclea r weapons, 
transmutation, sealed casks at Hanford, seabed disp osal. Much time and 
not an insignificant amount of money was spent chas ing these old ideas 
and, aside from the sealed cask concept, none went anywhere. I often 
wonder how much money was spent on these pipe-dream s. Certainly, their 
pursuit resulted in deferring needed decisions on t he development of more 
practical waste management solutions based on our L yons experiences. 
Because of the favorable initial findings at the Ne w Mexico site and 
reflecting on the continued problems of public acce ptance in Kansas 
(which appeared to be due, in large measure, to the  precipitous action on 
our part), the Commission made a decision in Decemb er of 1971 to proceed 
with the development of a "Bedded Salt Pilot Plant"  wherein all civilian 
wastes stored would be easily retrievable by proven  means and in which an 
experimental program to demonstrate the analytical techniques used to 
assure safety could be carried out concurrently. La ter, that facility 
would be expanded to accept plutonium wastes which were being safely 



stored in "20-year retrievable" storage facilities in Idaho. In 1973, a 
`Governor's Committee' was formed in New Mexico to ensure competent, 
objective evaluations of the complex technical prob lems involved and to 
preclude the political grandstanding and research b lackmail evident in 
the Kansas exercise.  
Since the delay in the development of a full scale repository would 
require extended storage of waste at the fuel repro cessing plants, 
intervenors were then beginning to use the absence of a repository as a 
reason for blocking the construction of nuclear pow er plants. For this 
reason, the Commission, in 1972, made a decision to  proceed with plans to 
store high-level reprocessing plant waste in a retr ievable surface 
storage facility (RSSF) for a period not to exceed 100 years, thus 
allowing it to meet its commitment to the nuclear i ndustry to accept 10 
year old solidified fuel reprocessing waste. This a ctivity would be 
carried out concurrently with the BSPP development and other work to 
identify and evaluate alternate repository sites. 
Once again, the NAS was asked to form a panel to co mment on the plans for 
the interim storage of the high-level reprocessing plant wastes. That 
Committee issued a report in 1975 which stated, amo ng other things, the 
following: 
1) retrievable surface storage is an acceptable int erim stage in a 
comprehensive system for managing high level radioa ctive wastes 
2) the Panel recommended an optimized version of th e sealed storage cask 
concept 
3) recommended a number of additional research task s which needed to be 
carried out, including optimization of the form and  containerization of 
the waste (providing for multiple barriers) 
4) precautions should be taken in siting and design  of a sealed storage 
cask facility to minimize the risks of earthquakes,  tornados, "sabotage, 
act of war, accidental air crash, etc" 
5) the facility should be made unattractive to plan ts and animals 
6) noted that retrievable surface storage is not a substitute for 
ultimate disposal and recommended an immediate and comprehensive 
assessment of sites in "salt, shale, or other suita ble geologic media" 
for the disposal of high-level waste followed by a demonstration 
repository at the earliest possible time, and 
7) increased research on processes for economically  separating and 
disposing of, or using, long-lived actinides. 
Whatever happened to the RSSF is not altogether cle ar to me. It seems to 
have evaporated. The NRC staff even went as far as developing regulatory 
guides for licensing as "ISFSI" (independent spent fuel storage 
installation), but then nothing happened. Somewhere  along the line, I 
think the Bedded Salt Pilot Plant turned into the W aste Isolation Pilot 
Plant (WIPP) designed solely for the receipt of low  activity plutonium 
waste, a facility which has yet to accept any real waste. 
In retrospect, we have, since the mid-seventies, cr eated an Office of 
Nuclear Waste Isolation, a Center for Nuclear Waste  Regulatory Analysis; 
we have asked the American Physical Society and Nat ional Academy of 
Sciences to carry out thorough and independent revi ews of the nuclear 
waste program; we have prepared plans, schedules, P ERT charts, 
established time limits, issued extensive regulatio ns, conducted site 
examinations (Hanford, Deaf Smith e.g.) and held "w aste confidence" 
hearings. We have revisited already demonstrated wa ste solidification 
technology. Hundreds, if not thousands of millions of dollars have been 



spent on testing, model development, lab experiment s, field work on 
natural analogs, all of which seem to have helped t he decision-makers not 
at all. We are perhaps worse off than we were in 19 72 since the public 
and the Congress have been witness to paralysis in the waste management 
area. In its frustration, the Congress has enacted various pieces of 
legislation to try to move the process along. While  well intentioned, 
some elements of the legislation were clearly misgu ided. Perhaps the most 
visible example were some elements of the Waste Man agement Act of 1982. 
This act not only provided a golden trough (through  mandatory utility 
contributions to a waste management superfund) at w hich all waste 
management practitioners could feed but also provid ed essentially veto 
power to a wide variety of diverse interests: state s, localities, Indian 
tribes, all of whom, while acting with the purest o f motives, could 
effectively block any attempt to establish any sort  of waste management 
facility anywhere. 
As we know, the Carter administration killed the fu el cycle as we once 
knew it in the interests of non-proliferation. We n o longer have the 
problem of disposing of wastes from the reprocessin g of civilian reactor 
fuels. Now we have spent fuel piling up at reactor sites around the 
country. Whether solely to continue the feeding fre nzy at the trough of 
the waste fund or for other reasons, spent fuel is now considered as 
waste, despite the tremendous economic value of the  resources contained 
therein. 
Many of those who labored so brilliantly in the ear ly days of the waste 
management program feel this whole situation is reg rettable, to say the 
least. Fifty years should have been enough time to bring this matter to 
some form of closure. No one in authority seems to be able to make a 
decision, probably because any decision in this are a is considered 
potentially damaging politically. It is almost emba rrassing to look at 
the progress of the European nuclear programs, all developed as a result 
of pioneering work done in the U.S.: Granite dispos al in Sweden, salt 
disposal in Germany, glassification in Belgium and France. Why we, in 
this country, have not proceeded more expeditiously  is truly puzzling to 
the international community. 
The lessons of Lyons and subsequent happenings shou ld be clear if anyone 
chooses to look back. Years ago, Alvin Weinberg wro te an article titled 
"Science and Transcience" in which he identified pa rt of our current 
dilemma. We are still trying to make political deci sions with technical 
information. We wrap a political issue in a white l ab coat and say "look 
at this data, the answer is crystal clear". The dat a we have developed 
o'er these many years doesn't seem to convince anyo ne who feels 
potentially adversely impacted; our pure scientists  will never be 
convinced we can, with acceptable levels of uncerta inty, predict very far 
into the future. So we, like Sisyphus, may be doome d to pushing that rock 
up the hill, only to have it roll back to the botto m each time we get 
near the top. 
As a recent example, the NAS has again reviewed the  waste disposal 
problem from the standpoint of our regulatory postu re and has come up 
with some recommendations, among which, if I unders tand it correctly, is 
that the time frame over which we need to demonstra te waste isolation 
should be during the period of maximum hazard and t his examination should 
consider a period on the order of 1 million years; further, that during 
the period of maximum hazard the radiation dose to a maximally exposed 
individual should be on the order of 15 mrem. That study has, it would 



appear, raised some other virtually intractable iss ues (such as future 
population distribution, land use, maintenance of h uman control) which, 
in combination, can only serve to further delay the  decisions that need 
to be made.  
If history is any teacher, it should be quite clear  that neither data on 
waste form stability, geologic stability, the verif ication and validation 
of environmental transport models or geochemical re lationships, bio-
chemical interactions or health effects can, over t he periods of time in 
question, be incontrovertibly demonstrated to the s atisfaction of serious 
critics. One needs to question the continued pursui t of these ghosts. 
Interesting science but of little help to those who  need to make the 
decisions and those who have waste which requires " disposal". 
It may be that the only way out of this maze may be  for the Congress or 
the courts, to force the issue through legislation or court order, 
forcing implementation of some plan, any plan, ther eby taking the 
political heat off those responsible. I would note that a decision in the 
current court fight between the DOE and a group of utilities on DOE's 
contractual obligations to take responsibility for spent fuel by January, 
1998 may do more to get this program back on track than anything our poor 
scientists can do. 
It is clearly time for the country to get on with t he job of moving fuel 
away from reactor sites where it was never meant to  be for very long. But 
what to do with it? We all know really! If, from a purely political 
perspective, spent fuel can not be left on the reac tor site under the 
close scrutiny of national, state and local regulat ors, the DOE must 
build a monitored, retrievable surface storage faci lity. The next 
question is "where". The most likely prospect is at  the Nevada Test Site. 
Since weapons testing is in a period of suspension,  the impact of an RSSF 
should not be a problem from the standpoint of our national security. 
Since retrievability is assured, public acceptance may be easier to 
secure. Moreover, it is unlikely that that site, gi ven its past history, 
could be used for other purposes. Assuring the long  term protection of 
that site from human intrusion is not a rhetorical question to be 
endlessly debated. At that site, among others, long  term site control is 
a fact of life which can not be avoided. There are other sites which may 
be just as acceptable: Hanford for one, the INEL fo r another. With the 
cancellation of the new production reactor and pote ntial reductions in 
almost all of DOE's facilities and operations, the presence of an interim 
repository for spent fuel might prove quite attract ive from the point of 
view of the local economy. 
While the RSSF is being built and operated, efforts  could continue at a 
more leisurely pace (if that's possible) on resolvi ng the transcientific 
problem of how to demonstrate long-term isolation. The issue seems to be 
one of HOW to demonstrate, not the demonstration of  a specific site 
itself. With regard to current attempts to demonstr ate the acceptability 
of Yucca Mt., one ought to review the 1966 NAS repo rts and the EPA's 
comments on the bedrock storage concept at Savannah  River to see what may 
lie in store for the unsuspecting at a public heari ng. 
If construction of one or more RSSF's is to be purs ued, one of the major 
considerations that must be dealt with in terms of public acceptance is 
the issue of transportation. The Lyons exercise dem onstrated that this 
topic is not, in the eyes of the public, an insigni ficant issue. The 
numbers of shipments, the condition of rights-of-wa y, container testing, 
inspections, notification of routings and emergency  action plans are all 



elements of a system that must be developed and doc umented before an RSSF 
can get off the ground. 
In an altogether different vein, I have often wonde red if this waste 
management problem might be viewed from another per spective. It would 
seem that, other than heavy metal poisoning, the on ly demonstrable hazard 
presented by either spent fuel or high level reproc essing waste is the 
induction of some form of cancer, production of gen etic abnormalities, or 
irreversible damage to sensitive biota. Ought we no t, once again, go back 
to the NAS and ask that they conduct a study or sur vey to estimate the 
likelihood of developing a cure for cancers and gen etic abnormalities 
over the next 100, 200, or 500 yrs. Such a survey m ight prove 
enlightening in terms of helping us view the proble ms of radioactive 
waste storage in a more balanced light. If the NAS really believes that 
it is possible to predict, with acceptable levels o f uncertainty, events 
1,000,000 years into the future, or to confidently assess radiological 
doses over comparable periods, it should certainly be possible, with even 
greater confidence, to project when a cancer cure w ill be developed or 
when genetic engineering will advance to the point that genetic 
abnormalities can be reversed. From that perspectiv e, the waste 
management problem might degenerate to a 1000 year problem, one for which 
there is a much more reliable basis for predicting future impacts and 
thus a more solid base upon which to secure public acceptance. That 
acceptance is, in the final analysis, the key ingre dient in this stew. 
To summarize, the lesson of Lyons and subsequent ev ents suggest that we 
are dealing with a largely political problem which cannot be resolved by 
purely technical arguments; it is a problem which e xists now, which 
cannot be avoided and which must be addressed throu gh the legislative 
process. The Congress came very close to legislatin g what would seem a 
prudent solution: i.e., to mandate the construction  of an RSSF. 
Surprisingly, last October the current administrati on came out against 
such a proposal. However, the Congress and the cour ts may yet force this 
issue. While a decision to continue work on the Yuc ca Mt. repository can 
be debated, it seems unlikely that, based on past e xperience, the results 
of this work could ever develop the sort of incontr overtible proof of 
long term integrity that the various opponents seem s to require. In any 
event, the development of an RSSF can not and shoul d not await the 
outcome of the Yucca Mt. studies. 
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ABSTRACT 
A historical look at the waste management practices  in three segments of 
the nuclear fuel cycle--uranium ore mining and mill ing, reprocessing of 
spent fuel from power reactors and high level waste  handling, and 
disposal methods is presented. The technical and po litical decisions that 
affected these practices are also presented. The in itial practices of the 
mining and milling segment came from the mining ind ustry. These practices 
were changed because of studies showing adverse hea lth effects leading to 
public pressure to change or through legislation. R eprocessing technology 
was based on technology developed under U. S. gover nment defense 
programs. While safely containing the reprocessing waste streams, 



improvements have been made to reduce the volume of  waste generated and 
reduce plant operating costs and personnel exposure s. The decision of the 
U. S. not to reprocess spent fuel while many other countries continue to 
do so has led to quite different approaches to high  level waste handling 
and disposal between these nations. The U. S. is tr ying to find a 
permanent repository for storage of the spent fuel while the other 
countries are reprocessing and thus significantly r educing the volume of 
waste, vitrifying the waste and temporarily storing  it for up to 50 
years. At the same time these countries are studyin g the best underground 
geological formations for a permanent repository. W hich approach will 
lead to the most economical and best solution to pr oblem is yet to be 
determined. 
INTRODUCTION 
This paper will present a historical review of the practices, significant 
decision points and the effects of these decisions on selected parts of 
the nuclear fuel cycle. The elements of the fuel cy cle presented will be 
uranium ore mining and milling, reprocessing of spe nt fuel from 
commercial nuclear reactors, and high level waste h andling and disposal. 
Eight segments constitute the nuclear fuel cycle. T he three selected 
segments represent the beginning, one of the interm ediate segments, and 
one of final elements of the cycle. While I have wo rked in all parts of 
the fuel cycle and there is value in examining the entire fuel cycle, 
time restraints and my much greater personal involv ement in the selected 
segments led to restricting the paper to the above subjects. 
The objective of the paper is to preserve some of t he history and the 
lessons learned so we can continue to improve and h opefully expand the 
use of nuclear energy.For each of the fuel cycle se gments, the paper will 
describe the process and the waste streams generate d, give some 
background on their history, state any decision poi nts that caused a 
change in practices, along with some of the factors  that influenced the 
decision, reflect on the actual effects of the deci sion, and if 
applicable, describe what may have happened if alte rnatives under 
consideration at the time had been chosen.  
URANIUM MINING AND MILLING 
The Atomic Energy Act of 1947 authorized the Atomic  Energy Commission 
(AEC) to purchase uranium ores and concentrates. Th e carnotite and 
roscolite ores of the Colorado Plateau had previous ly been mined and 
concentrated for the recovery of radium, uranium an d vanadium. The radium 
was used for painting watch dials so they would be visible in the dark 
and for some limited use in medicine. The vanadium was used to increase 
the strength of steel, and the uranium was used as a coloring agent in a 
glaze on crockery. Most of material for the Manhatt an Engineering Project 
came from the Belgium Congo's very high grade pitch blende deposits 
assaying 30-70% U3O8. Some came from the Vanadium C orporation of 
America's government funded mill at Monticello, Uta h, which produced a 
uranium- vanadium sludge. These Colorado Plateau or es were much lower 
grade, normally 0.2 to 0.3% U3O8 (1). After World W ar II, the U. S. 
almost immediately entered the cold war with the US SR and wanted to 
develop an indigenous supply of uranium; therefore,  the U. S. began an 
aggressive effort under the AEC's Division of Raw M aterials to explore 
for uranium , develop mines , build uranium process ing mills, and 
encourage companies to do likewise. The AEC reopene d and operated the war 
time built uranium-vanadium mill at Monticello, Uta h from 1948 until 1960 
(1). Its purpose was to produce needed products but  was also used to 



determine actual milling costs. This information wa s used in contract 
negotiations with private companies such as Union C arbide, Vanadium 
Corporation of America and later with Anaconda and Kerr McGee to buy 
their production. The practices adopted in this new  industry were those 
of the mining industry. Some had been in use since the gold rush days of 
late 1870's. Although a government agency, the AEC' s Division of Raw 
Materials personnel were largely from the mining in dustry so their 
technology and their management policies were akin to the mining industry 
rather than other parts of AEC or the Government in  general. 
Fig. 1 
Figure 1 shows the main elements of mining and mill ing and the various 
waste streams produced. Many of the early mines wer e small underground 
mines. Most were dry mines, so there was not the pr oblem of acidic water 
discharges that are prevalent in the eastern U.S. c oal mining regions. 
Relatively little of the material removed from this  type of mine was 
dumped at the site. By the late 1960s, 70 percent o f uranium production 
came from underground mines that were larger in siz e and produced more 
waste rock. Some of these mines contained water (3) . In wet mines, mining 
costs were about 30 percent higher (3). At about th e same time, the much 
larger open pit mining operations, ranging in depth  up to 400 feet, were 
begun in New Mexico and Wyoming. Large amounts of o verburden and waste 
mixed with ore were removed (15-150 percent more) a nd left at the mine 
site. Some of this was voluntarily returned to old open pits but most was 
not. Still,because of the arid conditions in the we stern U. S., these 
open pit mines did not pose the same ecological pro blems of erosion and 
acid water pollution that similar mining practices caused in Appalachia. 
The other major operating problem for the undergrou nd mines was providing 
adequate ventilation. Inadequate ventilation could adversely affect 
personnel in the form of radon and dust exposures, which could result in 
silicosis to the lungs of the miners. 
The milling operation required dust collection equi pment to contain the 
dust from crushing the ore. This was particularly t rue of the limestone 
ores that fed the Anaconda plant. The dust from the se systems was 
captured and in most cases injected back into the s ystem to recover any 
values. In the early 1950s, five of seven plants re covered vanadium and 
uranium. This was done by mixing the ore with 7-15 percent salt (NaCl) in 
a hearth roaster at a temperatures of ~850F. The fu mes and any dust 
rising from the operation were passed through scrub bers and/or a "bag-
house" of filters before exiting up a stack. This o peration improved over 
the years. The roasted product was then dissolved i n sulfuric acid 
(H2SO4) by most of the mills; but a few mills used sodium carbonate 
(Na2CO3) as a dissolvent. Ores not containing vanad ium could be dissolved 
directly. The mills separated the solids from the p regnant liquors by 
thickeners and filtration. Later the mills added a step to increase the 
concentration of the uranium and remove more impuri ties by using either 
solvent extraction or ion exchange processes to rec over the uranium (4). 
Two of the primary waste streams from the milling o peration were: 1) A 
fine material left after the uranium and vanadium w ere extracted, called 
tailings. Tailings were usually impounded and stack ed in tailing piles; 
and 2) waste liquors streams, which consist of cont ained liquors in the 
tailings and other plant discharges. The chemical c omposition of these 
liquors was dependent on the treatment rendered and  could be either 
acidic or basic in nature and could contain varying  quantities of H2SO4, 
NaClO3, NH4SO4, and small amounts of cyanide.  



Significant Decisions 
There have been several significant decisions that have effected the 
waste management practices of uranium mining and mi lling industry. These 
were: 1) a series of laws and regulations which for ced further treatment 
of the waste and effluents from the mines and plant s; and 2) public 
pressure to change practices. 
These laws included the establishment of the Enviro nmental Protection 
Agency (EPA) in 1970 but more importantly, the Reso urce Conservation and 
Recovery Act (RCRA) of 1976 and the Comprehensive E nvironmental Response 
Compensation and Liability Act (CERCLA) in 1980 whi ch implemented 
hazardous and waste management practices in this an d other industries. 
The Uranium Mill Tailings Radiation Control Act (UM TRA) in 1978 was 
specifically directed to the industry. These laws p lus the Clean Air Act 
of 1970 and the Clean Water Act of 1972 imposed fur ther restrictions (5). 
Examples of these effects are as follows: Efforts w ere made to impound 
the liquids and allow them to evaporate in the tail ings ponds. However, 
the ponds would eventually dry out. These were the same methods used in 
other parts of the industry and produce the same re sults. When the piles 
dried out, the winds would blow the fine tailings a s dust clouds over the 
surrounding landscapes. This was not considered a p roblem and only if the 
tailings were near populated areas, (i.e.,the old t ailings pond from gold 
milling operations at Colorado Springs, Colorado) w as it even considered 
a nuisance. For many years nothing was done about i t but problems arose 
in the uranium industry when the residents around G rand Junction began 
using the tailings from the Climax Uranium Mill. Th e first use was for 
mulch and fertilizer for rose beds and gardens. The  retained chemicals 
made things grow wonderfully. It wasn't until they decided that tailings 
would also make good building material and cement a nd concrete blocks 
that were used to build houses, buildings, sidewalk s etc. that problems 
developed. Radiation levels began to climb from thi s use and under UMTRA 
and CERCLA legislation a massive program to remove the material and 
reconstruct the buildings was instituted. The progr am also included the 
remediation of the milling sites and contaminated p rivate properties in 
the vicinity. These programs returned the overburde n back into the mines, 
moved certain tailings to more remote locations, pl aced multilayer 
coverings over the tailings piles, and treated any aqueous waste residues 
or soils, not only at the mill site, but in private  properties 
surrounding the mills (5). 
Liquid Waste Streams 
In regard to the liquid waste streams, the State of  Colorado accused 
Union Carbide of polluting the Colorado River from their Rifle, Colorado 
Plant. However, Carbide won the argument when they showed that the river 
was cleaner after it left the plant than upstream. It seems that the hot 
springs at Glenwood Springs about 10 miles upstream  had considerable 
radioactivity. Rifle Creek, a pure mountain stream,  also ran through the 
plant and discharged into the Colorado River. Dilut ion was sufficient to 
mask any discharges from the plant and even lowered  the initial 
radioactivity content of the Colorado River  
In the Grants, New Mexico area the results were dif ferent when the 
uranium mills decided to inject their waste solutio ns into deep wells in 
the desert near the mills. This was practiced for s everal years but then 
the Indians living on the nearby desert detected th ese chemicals in their 
well water. The practice was halted because of stro ng public pressure.  
REPROCESSING OF SPENT NUCLEAR FUEL  



This section addresses the reprocessing of spent fu el from nuclear power 
plants and the disposition of waste streams it gene rates. This will 
include the early reprocessing at Nuclear Fuels Ser vices West Valley 
plant, the only plant in the U. S. to actually oper ate in a commercial 
mode (6,7). It will also discuss the efforts of Gen eral Electric at 
Morris, Illinois (8,9) and Allied General Nuclear S ervice at Barnwell, 
South Carolina (10) to operate their plants. Both p lants were built and 
began pretesting, but neither were actually ever in  production mode. 
Exxon Nuclear at Oak Ridge, Tennessee (11), only go t to the detailed 
design stage before it was stopped. The paper will also discuss practices 
outside the U. S., where countries such as France, the UK, and Japan 
consider reprocessing an integral part of the fuel cycle. In many cases 
the technology is the same as reprocessing fuel fro m the defense program 
reactors. However, each industry faced some unique problems. I refer 
readers to Mr. William McVey's WM-96 paper "Evoluti on of Spent Nuclear 
Fuel Technology and High Level Waste Management" fo r a discussion of the 
technology in the defense plants. 
Fig. 2 
Figure 2 shows the main elements of reprocessing an d the waste streams it 
generates. These waste streams have been numbered f or easy 
identification.  
The reprocessing of light water reactor (LWR) spent  fuels throughout the 
world has the same basic flowsheet. However, there are a number of gas 
cooled reactors, particularly in the UK for which t he head end of the 
process must be altered. The spent fuel from the re actors is generally 
placed in fuel storage pools. The pools are filled with very high purity 
water. The French at their UP-3 plant have now intr oduced a new dry 
storage facility which does not require the extensi ve water treatment 
required in pond storage and eliminates waste strea m-1 (WS-1). The 
removal of the fuel element-end pieces generates WS -2. These pieces are 
compacted and packaged. Shearing the fuel bundles i nto 1.27 cm to 7.62 cm 
(0.5" to 3.0") segments produces WS-3 from the rele ase of off gases from 
the fuel elements plenum section and dust fragments  which are captured in 
a dust collection system. The ceramic material cont aining uranium, 
plutonium and fission products in the sheared piece s are dissolved away 
with nitric acid from the zircaloy or stainless ste el metal casing. The 
radioactive metal hulls, WS-4, are washed and place d in containers. The 
resultant nitrate solutions are clarified and the s olids, WS-5, are 
combined with other streams and treated. The uraniu m, plutonium and 
americium, if present, are separated from the fissi on products using a 
solvent, tributlyl phosphate (TBP) in a diluent (i. e. kerosene) in a 
process called PUREX. These fission products become  WS-6, a high-level 
waste (HLW). NFS only evaporated, sampled, and stor ed this WS-6 (HLW) as 
a solution. The other U. S. mills had plans to vitr ify these waste. The 
French and the UK vitrify the HLW and Belgium has s uccessfully vitrified 
HLW from Germany. The second stage of the PUREX pro cess then separates 
the uranium from the plutonium. These products are then solidified as 
oxides. The second stage of solvent extraction and the product 
purification and solidification steps waste streams  produces two waste 
streams that have always been processed to recover the nitric acid and 
clean the solvent. WS-7 resulted from acid recycle.  This system uses 
evaporation and acid fractionating towers to recove r the acid and remove 
the contaminants. These processes are primarily to reduce waste volumes 
rather than recover the monetary value of the acid.  These acid wastes 



require neutralization. It was common practice in t hese early 
reprocessing plants to use ferrous sulfamate as a p lutonium reduction 
agent. However, this created a large amount of wast e when it was 
neutralized. As a result, current plants use combin ations of N2O4, 
hydrazine and hydroxyl ammonium nitrate (HAN) for t his purpose which 
significantly reduces the waste. The Barnwell plant  planned to use an 
electropulse column for this reduction (10). WS-8 i s created from the 
solvent recovery operation. This process involves r emoval of heavy metal 
and fission products in chemical complexes and solv ent degradation 
products. The cleanup consists of alternate carbona te and acid washes 
with the waste products either being sent to an int ermediate level waste 
storage or to rework. NFS stored most of these wast e as liquids but the 
later plants concentrated and solidified these wast e.  
These operations also generate off-gases. The usual  practice was to treat 
vessel off gases separate from the dissolver off-ga ses. The off-gas from 
the plants contain iodine, krypton, and tritium. Fr om the earliest days, 
processes were in place to contain and remove the i odine through a series 
of iodine strippers, absorbers and passage through silver zeolite beds. 
These off-gas systems also employed high efficiency  particulate filters 
(HEPA) before the off-gas exited through a stack. T he replacement of HEPA 
filters add to the HLW waste volume. The French and  UK plants also 
recover krypton. Although considerable R&D has been  performed and pilot 
operations conducted, no reprocessing plant is reco vering the small 
quantities of tritium in these off-gases. Failed eq uipment will be 
another increasing waste stream as plants age. 
Significant Decisions 
The first significant decision effecting reprocessi ng occurred in 1973 
when the AEC's Regulatory Division [now the Nuclear  Regulatory Commission 
(NRC)] banned shipments of liquid plutonium. This c aused U. S. plants to 
include plutonium solidification circuits to their flowsheets. The 
imposition of much stricter seismic criteria by thi s same regulatory body 
led NFS to abandoned plans to enlarge their plant. Since they believed 
their 1 MTU/day plant could not compete with the la rger plants being 
built at Barnwell and being designed by Exxon at Oa k Ridge, the existing 
plant was closed. General Electric also ceased tryi ng to operate the 
Midwest Plant in Illinois. However, their reasons w ere due to technical 
difficulties. The plant's different flowsheet, usin g a uranium 
denitration-fluorination purification circuit (9), did not scale up from 
pilot runs. This coupled with difficulties in maint aining certain 
equipment led them to close the plant before it got  into production. The 
most significant decision was President Carter's de claration of a 
moratorium on reprocessing in the U. S. and to simp ly store the spent 
fuel. This was done because of the fear of nuclear proliferation and to 
set an example that we hoped other countries would follow. The Carter 
decision forced the cessation of operation of Barnw ell and Exxon to stop 
all work at the Oak Ridge facility. At about the sa me time, the NRC 
stopped any further consideration of a plan to util ize mixed uranium and 
plutonium oxides in either breeders or LWRs. This d ecision led to intense 
studies of whether some modification of the fuel cy cle would have greater 
proliferation protection than the conventional PURE X process. Both 
international and domestic teams made these studies  and the results 
showed that there were just marginal differences in  the proliferation 
risks of the processes. None of the foreign countri es followed our lead 
except, several years later, the West Germans becau se of strong pressure 



from their "Green Party" abandoned plans to build t he Wackersdorf 
Reprocessing Plant. President Reagan lifted the U. S. moratorium in 1981, 
stating that the policy was to support private inve stment in reprocessing 
of LWR spent fuel by removing unnecessary regulatio ns and creating stable 
long-term conditions under which commercial reproce ssing would be viable. 
As a result, interest was shown by Bechtel in buyin g and operating the 
Barnwell plant. However, because of decreased deman d for uranium and no 
market for plutonium, the sale did not proceed. Mea nwhile, the French 
have built and are operating major additions to the ir facilities at La 
Hague (UP-3 & UP-2-800) and the UK has completed an d are operating the 
THORP Plant at Sellafield. The Japanese are buildin g the JNFL plant at 
Rokkasho-Mura, and the Russians, other Eastern Bloc  countries and India 
continue reprocessing. These countries lack the nat ural resources the U. 
S. has and as result of the 1974 oil embargo, have a strong commitment to 
ensure an indigenous energy supply which they can c ontrol. 
U. S. Government sponsored R&D, as well as R&D spon sored by other nations 
and through cooperative programs between nations, w as motivated in early 
years to develop processes that would increase reco very of uranium and 
plutonium and to reduce personnel exposures. There was fear in those days 
that we would run out of uranium and it would becom e so costly that 
nuclear energy growth would end. There was also ear ly recognition that 
reprocessing dealt with very high radiation levels so worker protection 
was essential. While little R&D is being done in th e U. S., it is still 
being done abroad. Today the driving force is to re duce operating and 
maintenance costs and the above objectives are stil l valid as they are 
viewed as a means to that end. This has meant that waste quantities are 
being reduced and improvements made in the vitrific ation process for high 
level waste. 
HIGH LEVEL WASTE HANDLING AND DISPOSAL 
The handling and disposal of high level waste (HLW)  has been studied, 
practiced and argued about for the past 50 years. T he U. S. has always 
followed the path of proceeding as rapidly as possi ble to entomb the HLW 
in a permanent storage repository. The Europeans, U nited Kingdom and 
Japanese have a different strategy. They store the HLW in a temporary 
repository for 50 years while they decide which is the best permanent 
disposal method to use and where these repositories  should be. The first 
U. S. attempt to build a permanent repository was a t Lyons, Kansas (13). 
In the 1960s it was planned that the LWR spent fuel  would be reprocessed 
and vitrified waste canisters would be the principa l item to be stored. 
Studies by the National Academy of Science indicate d that the salt beds 
underlying Lyons would make a safe storage media. T he Oak Ridge National 
Laboratory (ORNL) had conducted many measurements u sing fully irradiated 
fuel elements from a test reactor to simulate waste  canisters in an 
abandoned Carey Salt Company mine. By ORNL moving e mployees and their 
families to Lyons, the local townspeople accepted s uch a facility. They 
believed that ORNL engineers would not endanger the ir own families by 
placing them in an dangerous location. Therefore, t he operation would be 
a safe one and they welcomed the jobs it would prod uce.  
Significant Decisions 
The support for the Lyons repository was not shared  by people in the rest 
of the state, especially not by Congressman Skubitz . His first objection 
was to the trucks and railcars which would cross Ka nsas and the fear they 
would have accidents and contaminate the area. Even  though these casks 
which would contain the waste had been subjected to  extensive and 



demanding test conditions, I doubt if he and his su pporters ever changed 
their minds. However, that was not a deciding facto r in the fate of the 
Lyons repository. Adjacent to the Lyons mine was th e American Salt 
Company's mine. The mine had employed solution mini ng techniques in an 
effort to reduce costs. This practice was perceived  to endanger the Lyons 
mine and probably was the final factor that caused AEC to abandon the 
Lyons site and became the first significant decisio n affecting the HLW 
program. I do not know if the AEC ever seriously co nsidered buying the 
American Salt Mine and closing it. It was reported that the American 
Company's salt was uncompetitive in nearby Kansas C ity with salt from the 
Gulf of Mexico barged up the Mississippi and Missou ri Rivers so the sale 
price of the mine would be low. Had that occurred i t would have removed a 
serious obstacle in locating a repository at that t ime. Additional 
details and perspectives of the operations at Lyons  can be found in C. R. 
Barlett's, Dr. Frank Parker's and W. G. Belter's pa pers given at this 
conference. 
As discussed in the previous section, the second ma jor decision was that 
U. S. chose to store spent fuel elements rather tha n vitrified waste from 
reprocessing. Opponents of reprocessing cite prolif eration risks and 
claim that reprocessing is not economical compared to disposing of spent 
fuel. Proponents of reprocessing state that reproce ssing is not that 
great a proliferation risk, that storing fuel eleme nts in effect creates 
a plutonium mine because the fuel elements can be r eclaimed and converted 
to plutonium if a nation desired. Furthermore, with  the collapse of the 
Soviet Union, the far greater threat is from some t errorist group or 
nation stealing a bomb from one of countries that h ave been created since 
the Soviet break-up. Proponents also state it is im possible at this time 
to determine which route is more economical because  while reprocessing 
costs are known and some information is available o n temporary storage of 
both spent fuel and vitrified waste, there is no in formation available on 
the permanent storage of either spent fuel or vitri fied waste. 
With the decision to store spent fuel and the aband onment of Lyons, the 
U. S. turned its search elsewhere, (i.e.,. Yucca Mo untain, Nevada, 
Hanford, Washington and Deaf Smith, Texas). The str ategy at that time 
foresaw the possibility that a permanent repository  may not be ready 
before the reactor spent fuel pools were filled to overflowing, so 
provisions were made to build a monitored retrievab le storage (MRS) 
facility at Oak Ridge. Again the host location was receptive to this 
facility but the Tennessee state officials waged a successful campaign to 
kill the project at Oak Ridge based on perceived th reats of major 
contamination from transportation accidents and the  fear that a permanent 
repository would never be built and the waste would  remain permanently in 
Oak Ridge. To pay for the storage, the utilities wi th nuclear plants were 
accessed a charge of 1 mill/kwhr of electricity sol d. Congress then 
decided to only consider the Yucca Mountain site so  all efforts have been 
focused there. With no reprocessing, the site will store spent fuel 
elements and is trying to decide if they can be ret rievable.  
Despite the many millions of dollars spent on the N evada repository, the 
U. S. is still a long ways from an operating storag e facility. Instead 
most utilities have been required to build addition al on-site storage for 
their spent fuel besides paying 1 mill/kwhr of elec tricity generated for 
the government to store the fuel.  
In contrast, reprocessing has significantly reduced  the quantities to be 
stored in the UK and Europe and temporary HLW stora ge vaults are being 



built (14). The plan is for the containers of vitri fied waste to be 
stored for up to 50 years. Concurrently, an intensi ve program of 
investigating three different underground host rock  formations for a 
permanent storage facility is underway. This progra m includes underground 
laboratories at Mol, Belgium to study clay formatio ns, at Gorleben, 
Germany to study salt formations, and near Marcoule , France to study 
granite formations. 
OVERALL SUMMARY AND CONCLUSIONS 
The waste management practices of uranium mining an d milling industry in 
the early 1950s through the 1960s were based on tho se of the mining 
industry and were accepted by the public. Health st udies, changing public 
attitudes and legislation resulting from conditions  in Grand Junction, 
Colorado and in the Grants, New Mexico area resulte d in major changes 
being made. This includes returning overburden and waste rock back into 
the mines, the covering of mill tailings ponds, rem ediation of 
contaminated soils both at the mills and at surroun ding properties and 
the cessation of injecting waste solutions deep int o the ground. This 
again was another example of the failure of waste i njection into the 
ground as being a safe method of waste disposal. 
The technology used in reprocessing power reactor s pent fuels is based on 
the PUREX technology developed at ORNL and used in U. S. government-owned 
plants. Although the early U. S. plants did a reaso nable job in 
containing the waste streams generated particularly  for iodine, the major 
shortcoming was that many of the waste streams had large volumes and were 
stored in the liquid state. Efforts through the yea rs have focused on 
reducing the volume of these wastes and then solidi fying the high level 
waste. This is now done routinely in France and the  UK and has been done 
in Belgium. The U. S. decision to forego reprocessi ng and curtail 
practically all R &D has left this development to o ther countries. Their 
programs have resulted in lowering reprocessing cos ts, reducing waste 
volumes and lowering worker and the public's radiat ion exposure. 
There are marked differences in the approach of the  U. S. from other 
countries such as the UK, France and Japan in handl ing and disposal of 
high level waste. The U. S. continues to follow the  path of entombing the 
spent fuel and other HLW in a permanent storage rep ository. In contrast, 
the above named countries, vitrify the reprocessed liquid HLW, place them 
in temporary storage for up to 50 years and are con ducting an intensive 
study of the best way to permanently store the wast e through testing in 
underground laboratories in different geological fo rmations. Arguments 
are made for each approach that revolve on whether one is a greater 
proliferation risk than another and whether it is m ore economical to 
permanently store vitrified reprocessing waste or s pent fuel. Neither 
approach addresses the problem that the most seriou s proliferation risk 
may come from the stealing of nuclear weapons. Whil e we have obtained 
costs on reprocessing and some initial costs on the  temporary storage of 
spent fuel and vitrified waste it is still impossib le at this time to 
determine which route is more economical since no o ne knows what the 
respective costs are for permanently storing either  product will be. 
While Europe and Japan have allocated up to 50 year s to find a solution, 
the U. S does not have a specific time table but is  trying to do it as 
soon as soon as possible. The Yucca Mountain site h as not as yet been 
proven to be an acceptable site. There is no centra lized temporary 
storage location so the spent fuel is being stored at the over 50 reactor 
locations in the U. S. and the rate payers continue  to pay the 1 



mill/kwhr charge for permanent storage. Who will ar rive at the final 
solution to problem first and at what cost is still  to be decided. 
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The Waste Management Programmatic Environmental Imp act Statement (WM 
PEIS) is a nationwide study examining the environme ntal impacts of 
managing five types of radioactive and hazardous wa stes that result 
primarily from nuclear defense activitiesthe develo pment, production, and 
testing of nuclear weapons at a variety of U.S. Dep artment of Energy 
(DOE) sites located around the United States. The f ive waste types are 
low-level mixed waste (LLMW), low-level waste (LLW) , transuranic waste 
(TRUW), high-level waste (HLW), and hazardous waste  (HW). The waste types 
are described, and the major sites are identified. The range of decisions 
and various alternatives for treating, storing, and  disposing of wastes 
are discussed. The analysis process and major resul ts and insights are 
summarized. Finally, preferred alternatives are dis cussed. 
INTRODUCTION AND OVERVIEW 
The management of both current and anticipated volu mes of low-level mixed 
waste (LLMW), low-level waste (LLW), transuranic wa ste (TRUW), high-level 
waste (HLW), and hazardous waste (HW) require safe and efficient handling 
and disposition of these wastes, compliance with al l applicable Federal 
and State laws, and protection of public health and  safety. Each waste 
type has unique physical and regulatory requirement s (see Table I) and 
accordingly is managed separately. For each waste-t ype system, facilities 
are needed to treat, store, and dispose of the wast e. For the first time, 
the U.S. Department of Energy (DOE) has attempted n ot only to examine in 
an integrated fashion the impacts of complex-wide w aste management 
decisions for each waste type but also the specific  cumulative impacts 
for all the waste facilities at a given site. In th is context, management 
of these wastes includes: 
  Modifying existing waste management facilities or  constructing new 
facilities at particular sites; 
  Operating modified or new waste management facili ties at those sites; 
  Transporting waste among waste management facilit ies, as necessary; and 
  Sampling and analyzing waste constituents as nece ssary. 
Table I 
The Waste Management Programmatic Environmental Imp act Statement (WMPEIS) 
provides information on the impacts of various siti ng alternatives that 
DOE will use in deciding where to locate additional  treatment, storage, 
and disposal facilities for each waste type. Howeve r, the location of a 
facility at a selected site will not be decided unt il completion of a 
subsequent sitewide or project-specific environment al impact analysis. 
To assist DOE in making decisions regarding the sit es at which it should 
locate waste management facilities, the WMPEIS cons iders four categories 
of alternatives for each waste type: a no action al ternative that is 
generally consistent with current practice; a decen tralized alternative 
that would, in general, result in wastes being mana ged where they are 
generated or stored currently; a regionalized alter native that would 
locate waste management facilities at a lesser numb er of sites throughout 
the nation; and a centralized alternative that woul d locate large waste 
management facilities at only one or two sites. For  certain waste types, 
DOE considers more than one regionalized or central ized alternative to 
present a wide variety of options on the number and  location of sites 
having major waste management facilities and the si tes at which the 
facilities could be located. 
Figure 1 identifies the sites where wastes are gene rated or stored for 
one or more of the types of waste evaluated in the WM PEIS. "Major" 
sites, as shown in the figure, are those candidate locations identified 



under the WMPEIS alternatives that may receive wast es generated off-site 
and/or host disposal facilities. These sites receiv ed detailed evaluation 
in the WM PEIS. 
Fig. 1 
Table II summarizes the range of decisions that DOE  needs to make with 
respect to the treatment, storage, and disposal of the waste types 
discussed. The location of waste management facilit ies to implement these 
decisions is addressed in the alternatives. 
Finally, DOE has conducted a significant outreach p rogram to obtain 
public input on the Draft WMPEIS. The public commen t period was extended 
from its initial duration of 90 days beginning Sept ember 21, 1995 to 150 
days, now ending February 19, 1996, several times t he normal time 
provided by DOE for other major impact statements. In addition to 
receiving written comments for this period, DOE con ducted 14 public 
hearings at 18 locations throughout the nation, sel ected in accordance 
with the management and siting alternatives analyze d in the WM PEIS. All 
of these hearings, which were attended by approxima tely 600 people, were 
conducted via interactive televideo conferencing. T his innovative method 
saved DOE more than $400,000 compared with the norm al procedure for 
hearings. 
Table II 
DOE will consider the public comments as part of an  evaluation of the 
alternatives during the course of the decision proc ess. Table III 
illustrates examples of the factors and criteria DO E may use to screen, 
evaluate, and narrow the current alternatives to se lect a preferred 
alternative for each waste type considered in the W M PEIS.  
Table III 
DOE will identify all of its preferred management a lternatives by waste 
type in the Final WMPEIS, which is expected to be i ssued by late summer 
1996. After issuance of the Final WMPEIS, DOE is co nsidering holding 
another public comment period to receive input on t he Department's 
preferred alternatives before Records of Decision a re issued. DOE is also 
working with site-specific advisory boards and the DOE Environmental 
Management Advisory Board to develop appropriate pr ocesses for reaching 
consensus. Specific decisions regarding Department wide management of 
each waste type may be staggered over the coming ye ars upon consideration 
of all appropriate information, including but not n ecessarily limited to 
the findings of the Final WMPEIS. 
ALTERNATIVES 
In the WM PEIS, an alternative is defined as a conf iguration of sites for 
treating, storing, or disposing of a specific waste  type. The 
alternatives for each waste type fall within the af orementioned 
categories: the no action alternative, and decentra lized, regionalized, 
and centralized alternatives. These four broad cate gories of alternatives 
encompass the range of reasonable alternatives avai lable to DOE for 
siting of facilities for the management of the five  waste types that are 
considered in the WM PEIS. However, under each cate gory of alternatives, 
there are many possible combinations for the number  and location of DOE 
sites for treatment, storage, and disposal faciliti es. In addition, there 
is more than one option for treatment of some waste  types. To narrow 
these combinations to a level permitting meaningful  analysis, DOE 
selected a total of 36 representative configuration s to be ultimately 
analyzed over all the waste types considered in the  WM PEIS. 



To identify reasonable proposed sites for waste man agement facilities, 
DOE determined where the largest waste volumes were  located and where 
transportation requirements would be minimized. The  characteristics of 
the waste, specialized treatment requirements, and existing facilities 
were also taken into consideration in site selectio n. For example, some 
wastes that require special treatment were analyzed  separately, and 
treatment sites were selected for analysis based on  the volumes requiring 
special treatment rather than on total volumes. In some cases, treatment 
facilities could be used for more than one waste ty pe. Therefore, some 
sites were evaluated as candidate sites even where the volume of a 
particular waste type was not among the largest. Ta ble IV presents 
details by site for the alternatives evaluated in t he WM PEIS. On-site 
LLMW wastewater treatment and minimum LLW treatment  facilities would 
occur under all the alternatives.  
Table IV 
Table IV con't. 
To illustrate the alternative selection process, co nsider the case of 
LLMW. The no-action alternative is to continue trea tment at existing 
facilities. However, this alternative does not addr ess disposal or comply 
with the Resource Conservation and Recovery Act. Th e decentralized 
alternative considers treatment at the 37 sites now  generating or storing 
LLMW and considers disposal at 16 sites. Four regio nalized alternatives 
were defined with treatment considered at from 4 to  11 sites and disposal 
considered at from 1 to 12 sites. The centralized a lternative only 
considers 1 site, Hanford, for treatment and dispos al of all LLMW. 
ANALYSIS AND KEY RESULTS 
To evaluate the potential environmental impacts of the alternatives, DOE 
first identified the type, characteristics, quantit y, and special 
requirements (e.g., handling requirements) of each waste type. To frame 
the analysis within reasonable bounds and to make t he analytical process 
more manageable, DOE developed and applied specific  assumptions. DOE then 
determined the health risks, environmental impacts,  and costs of waste 
treatment, transport, storage, and disposal as appl icable for each waste 
type. Figure 2 graphically depicts this framework. Key results will be 
discussed in four areas: human health effects, tran sportation, the 
environment, and program costs and benefits. 
Fig. 2 
The human health analysis yielded four major result s: First, in general, 
the human health impacts from constructing and oper ating waste management 
facilities would be low. Second, waste management a ctivities would 
generally result in greater risks to waste manageme nt workers than to the 
off-site public. These risks would be primarily due  to physical hazards, 
which could include construction accidents or other  accidents related to 
typical industrial activity. Third, the incineratio n of transuranic waste 
requires special technologies or considerations to avoid adverse effects 
in the off-site population. Fourth, safe disposal o f low-level waste and 
low-level mixed waste at certain facilities may req uire limitations on 
the type or quantity of radionuclides. Without impo sing such limitations 
as needed on a site-specific basis, groundwater con tamination could 
exceed standards for drinking water. The analysis o f transporting wastes 
between sites yielded three major insights: First, transportation poses a 
greater risk to the general public than the constru ction and operation of 
waste management facilities. This risk is primarily  related to traffic 
accidents rather than exposure to radiation or chem icals. Second, 



transporting waste by rail generally poses less ris k to the public than 
transporting by truck. Based on highway accident st atistics, shipping 
high-level waste over 40 years and other wastes ove r 20 years by truck 
could potentially result in from 12 to 69 fatalitie s. The majority of 
these fatalities would be from traffic accidents. S hipping all wastes 
except hazardous by rail over this same time period  could result in 2 to 
6 fatalities. Third, transporting wastes to consoli dation facilities 
would generally be less expensive than building fac ilities at many DOE 
sites, but could result in increased air emissions and traffic 
fatalities. This situation is a very clear example of the tradeoffs that 
DOE must consider and the decisions it must make. 
The primary environmental impact areas examined wer e air and water 
quality. The following sites, RFETS, Hanford, NTS, LANL, WIPP, and ORR 
could have air quality impacts under some of the re gionalized and 
centralized alternatives. (See Table IV for full si te names.) Regulatory 
standards for air may be exceeded as a result of in creases in emissions 
from on-site construction equipment and vehicles, a nd from thermal 
treatment of transuranic or hazardous waste. In add ition, the groundwater 
analysis shows that using a generic disposal facili ty, Hanford, SRS, 
FEMP, SNL-NM, and PGDP could experience groundwater  impacts under one or 
more of the PEIS alternatives. However, steps can b e taken to avoid air 
and water impacts. The potential impacts identified  can be reduced or 
eliminated by carefully choosing the technology to be used, facility 
location, method of vehicular transport, or other m itigating measures. 
For example, predicted impacts could be avoided or reduced by the use of 
rail instead of truck transport for some types of w aste, or by avoiding 
certain types of treatment for particularly toxic w astes. 
The social and economic impacts of these decisions will be very important 
to DOE, as illustrated in three major findings. Fir st, using commercial 
facilities to treat DOE hazardous waste could resul t in lower costs than 
building new DOE facilities. Generally, DOE treats its wastewater at the 
DOE sites and uses commercial facilities to treat a nd dispose of its 
remaining hazardous waste. According to the WMPEIS analysis, this 
approach may be more cost effective and result in f ewer impacts than 
constructing new DOE facilities. Second, the cost t o manage all five 
waste types over 20 years could range from $20 to $ 45 billion. Costs 
depend on which alternatives are chosen and tend to  decrease as the 
number of treatment and disposal sites decrease (fo r example, under the 
centralized alternatives). Third, socioeconomic imp acts would be 
relatively small, with the maximum increase in jobs  generated in the 
economies around any site being in the range of one  to three percent. On 
a national basis, the largest economic benefits wou ld result from 
decentralized alternatives and generally would decr ease as alternatives 
become more centralized. Of course, a site chosen f or a centralized 
alternative would experience the maximum economic b enefit. 
It should be emphasized that the WMPEIS analyses we re based on generic 
assumptions appropriate for a programmatic document . Before any new large 
waste management facilities are built at a site, mo re detailed and site-
specific analyses would be conducted. Therefore, th e results presented 
provide early indications of where problem areas ma y be encountered and 
are not the basis for construction and operation of  new facilities. 
SUMMARY AND PRELIMINARY CONCLUSIONS 
Many lessons have been learned from the evaluations  of the treatment, 
storage, and disposal of the waste types. The key p oints for each waste 



type are as follows. For LLMW, the highest risks ar e to waste management 
workers associated with construction activities, al though some individual 
site environmental impacts occur under the Centrali zed Alternative, which 
utilizes the lowest number of workers. Costs range from $8 billion for 
the Centralized Alternative to $13 billion for the Decentralized 
Alternative. Radionuclide- and/or chemical-specific  limits will be 
required for disposal at most sites. 
For LLW at the national level, costs, risks, and im pacts are greater for 
volume reduction than minimum treatment. Transporta tion poses the highest 
risks to the public. Centralized disposal results i n a large 
transportation volume with commensurately greater t ransport risk from 
both traffic accidents and radiation exposure. Rail  transport has 
significantly lower risks than truck transport. As for LLMW, 
radionuclide-specific limits will be required for d isposal at most sites. 
For TRUW, the LDR treatment of TRUW poses greater r isks, air quality 
impacts, and costs than lesser levels of treatment.  Transportation risks 
and costs were roughly equivalent for all alternati ves involving shipping 
to WIPP. For HLW, costs and risks are slightly high er for centralized 
storage at Hanford, but the differences are not sig nificant. Alternatives 
are roughly equivalent from the standpoint of envir onmental impacts and 
costs. The acceptance rate at the candidate reposit ory controls length of 
storage time. For HW, risks and impacts are similar  for each alternative 
and the costs favor commercial treatment. 
As part of the preparation of the WM PEIS, DOE has identified the 
following preferred alternatives for treatment or s torage of the five 
waste types. These preferences are based on the les sons learned as cited 
above, on continued use of effective or proven DOE practices, and in part 
on the DOE's proposed site treatment plans for LLMW : 
  The No Action (status quo) Alternative is preferr ed for treatment of 
non-wastewater hazardous wastes, which continues us e of commercial 
facilities. Treatment of hazardous wastewater would  continue at DOE 
sites. 
  DOE prefers to continue to store HLW on-site at t he Hanford Site, INEL, 
and SRS pending disposal in a geologic repository. This arrangement can 
be accommodated under the No Action, Decentralized,  or Regionalized 
alternatives. DOE does not yet have a preference on  where to store West 
Valley HLW pending disposal in a geologic repositor y. 
  The Regionalized Alternatives are preferred for L LMW treatment because 
they most closely approximate DOE's Proposed Site T reatment plans 
developed under the Federal Facilities Compliance A ct. However, 
negotiations are underway with regulatory authoriti es regarding the 
proposed plans, and DOE's preference for LLMW treat ment may be affected 
by these negotiations. 
  At the time of this report, DOE had not yet ident ified a preferred 
alternative for management of LLW and TRUW. 
Finally, DOE is now reviewing the public comments. The most significant 
issues raised were the relationship and integration  of the WMPEIS with 
other significant DOE proposed actions; currency of  waste inventory data 
used in the analysis; long-term storage of wastes v ersus disposal; the 
effect of the analysis if the WIPP and Yucca Mounta in facilities do not 
become available; privatization of WM facilities ve rsus DOE ownership and 
operation; relationship of environmental restoratio n activities to WM; 
transportation planning, risks and emergency prepar edness; and "not-in-
my-backyard" concerns, particularly for disposal of  wastes. Other issues 



frequently mentioned involved environmental justice , groundwater 
contamination in sensitive areas, and adverse econo mic impacts such as 
decreased land value near sites chosen for WM facil ities. All these 
issues will be addressed in the preparation of the Final WMPEIS. 
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ABSTRACT 
Past practices at U.S.Department of Energy (DOE) fi eld facilities may 
have resulted in the presence of minute amounts of radioactive 
contamination in some hazardous wastes shipped from  these facilities. In 
May 1991, the DOE Office of Waste Operations issued  a nationwide 
moratorium on shipping potentially mixed waste from  DOE facilities to 
commercial treatment, storage, and disposal (TSD) f acilities. A potential 
waste-clearance strategy was developed to address t he DOE mixed-waste 
moratorium issues, which had resulted from a lack o f existing regulations 
regarding volume contamination. A radiological asse ssment model was 
developed on the basis of the detailed radiological  assessment performed 
for eight commercial hazardous waste TSD facilities . The model 
incorporates waste- and site-specific data to estim ate potential 
radiological doses to on-site workers and the off-s ite public from waste-
handling operations at a TSD facility. The describe d waste-clearance 
strategy would provide both DOE and commercial TSD facilities with a 
rapid and cost-effective methodology for assessing potential human 
exposures from the processing of chemical wastes co ntaminated with trace 
amounts of radionuclides. This strategy also has im portant potential 
applications for establishing site clearance limits  to ensure that worker 
and public risks would remain well below regulatory  limits. The clearance 
strategy issues pertaining to current free-release practice, dose limits, 
data requirements, and conservatism are discussed.  
INTRODUCTION 
U.S.Department of Energy (DOE) facilities have hist orically disposed of 
their radioactive waste at DOE-owned radioactive wa ste disposal sites. 
The nonradioactive but hazardous chemical component  of the DOE wastes has 
been treated and disposed of at permitted commercia l treatment, storage, 
and disposal (TSD) facilities. However, past practi ces at DOE field 



facilities may have resulted in the presence of min ute amounts of 
radioactive contamination in some hazardous wastes shipped from DOE 
facilities to commercial TSD facilities. 
In May 1991, the DOE Office of Waste Operations iss ued a nationwide 
moratorium on shipping potentially mixed waste from  DOE facilities to 
commercial facilities. The moratorium is to remain in effect until 
procedures are approved and implemented to ensure t hat hazardous wastes 
contain no radioactive materials added by DOE opera tions (i.e., the "no-
rad added" policy). The "no-rad added" policy was i mposed because of the 
lack of existing policy and regulations on the rele ase of slightly 
contaminated bulk materials. Assessment of previous  DOE wastes at TSD 
processing facilities revealed extremely low radiol ogical risks to both 
TSD workers and members of the public (1). 
Strategies for clearance of radioactive materials b ased on low-risk 
criteria have been prescribed by international orga nizations (2). A 
potential waste-clearance strategy is discussed in this paper for 
addressing the DOE mixed-waste moratorium issues, w hich resulted from a 
lack of existing regulations regarding volume conta mination. The 
radiological doses evaluated from waste processing at eight TSD 
facilities are orders of magnitude below federal li mits and guidelines, 
as well as the average dose from natural background  radiation in the 
United States (discussed in the section "Comparison  of Doses and Risks"). 
This leads to the potential establishment of "autho rized limits for 
release" as an interim measure, according to curren t DOE guidance, and 
ultimately leads to waste clearance based on risk ( the section "Strategy 
towards Waste Clearance" describes this process). A  radiological 
assessment methodology was developed as part of the  clearance strategy on 
the basis of detailed radiological assessment of th ese TSD facilities 
(described in the "Development of Dose Assessment M odel" section). This 
methodology provides a simplified physical concept of the potential human 
exposure associated with the radioactive contents o f hazardous chemical 
wastes.  
COMPARISON OF DOSES AND RISKS 
On-site worker and off-site public doses were calcu lated for the eight 
commercial TSD facilities. The preliminary results are discussed below. 
Estimated Doses to Workers and the General Public f rom Waste-Handling 
Operations at TSD Facilities 
The worker doses include the external exposure as w ell as the inhalation 
dose. Maximum annual worker doses were extremely lo w, ranging from 210-5 
to 710-2 mrem. In the absence of more specific data , cumulative worker 
doses were calculated on a conservative basis, i.e. ,assuming that each 
worker was engaged in the same operations for every  year the DOE wastes 
were received on-site. These cumulative doses range d from 210-5 to 810-2 
mrem. 
Two types of workers, inspection/sampling workers a nd incinerator 
workers, received the highest annual and cumulative  doses. Doses to these 
workers were dominated by internal doses. Doses to inspection/sampling 
workers were mostly due to sampling of solid materi als (i.e., dirt), 
which can result in the generation of airborne resp irable particulates. 
Doses to incinerator workers were mostly due to inc inerator maintenance. 
Because of the greater uncertainty, the estimation of internal doses was 
based on more conservative assumptions than that of  external doses, 
resulting in relatively higher internal doses. For example, resulting 
data were not available to directly evaluate airbor ne concentrations 



during incinerator maintenance and sampling of soli d materials; 
therefore, a relatively conservative airborne dust concentration of 10 
mg/m3 was employed to model these doses. Based on b oth the likely 
particle distribution and our experience, it is pro bable that these 
values exceeded the actual respirable concentration s by 10- to 100-fold. 
The potential radiological doses to the general pub lic residing in the 
vicinity (within 50 mi [80 km]) of the TSD faciliti es were assessed. 
Based on an examination of the operations and dispo sition of the wastes, 
no credible off-site release of radioactive materia l to the atmosphere 
were identified at two facilities (1). At the remai ning six facilities, 
for which population doses were evaluated, maximum annual individual 
doses ranged from 110-7mrem to 610-3 mrem. Cumulati ve maximum individual 
doses, calculated for the entire period that DOE wa stes were shipped to 
commercial TSD facilities, ranged from 210-7 to 610 -3 mrem (1). The 
maximum annual collective population doses ranged f rom 410-7 to 310-1 
person-rem. The total population dose was 0.4 perso n-rem for all DOE 
wastes sent to TSD facilities. 
Comparison with Federal Standards and Regulations 
Federal radiation protection limits differ for memb ers of the public and 
those exposed as a result of their occupation. The calculated maximum 
individual public radiation doses are less than 0.1 % of the air pathway 
limit of 10 mrem/yr established by the U.S.Environm ental Protection 
Agency (EPA) for protection of the public (3). The calculated public 
radiation doses are less than 0.01% of 100 mrem/yr,  which is the DOE 
limit (4)for protection of the public from all sour ces and all pathways 
combined. Maximum annual doses to workers are less than 0.1% of the 100-
mrem/yr DOE guideline for the general public, such as the unmonitored 
workers who might have been exposed at the TSD faci lities. In addition, 
DOE has issued guidance establishing a collective d ose limit of 10 
person-rem/yr (5). The calculated total population dose from all pathways 
combined is less than 5% of the established guidanc e. Figure 1 lists some 
of these standards, their applications, and sources  (3-4, 6-12).  
Fig. 1 
Comparison with Background Radiation 
To provide some perspective, the calculated doses t o workers and the 
public were compared with those derived from natura l background 
radiation. In the United States, the average annual  dose from natural 
background radiation is about 300 mrem to an indivi dual (9). In 
comparison, the estimated dose in any one year to t he maximally exposed 
worker does not exceed 0.03% of the average annual dose from background 
radiation. The estimated dose in any one year to a maximally exposed 
member of the off-site public does not exceed 0.002 % of the average 
annual dose from background radiation. For the enti re population within 
80 km (50 mi) of the various sites, the estimated m aximum population dose 
in one particular year does not exceed 0.00001% of the average dose from 
natural background radiation received by a similar population. 
Comparison with Potential Release Levels 
Although no international or U.S.standard exists fo r the release of bulk 
materials contaminated with radioactivity, there ar e principles or 
examples with which the derived TSD dose (or risk) levels can be 
compared. In Safety Series No.89 (2), the Internati onal Atomic Energy 
Agency (IAEA) states the principles for exemption o f radiation sources 
and practices from regulatory control. The IAEA rec ommends that an 
individual dose of 1 mrem/yr (annual risk level of 10-6 to 10-7) to a 



"critical group" of the general public would offer sufficient protection 
for exemption purposes. The level of 1 mrem/yr repr esents only 1% of the 
current recommended limit of 100 mrem/yr to the gen eral public. In 
comparison with the IAEA exemption level of 1 mrem/ yr, the calculated TSD 
doses are lower by a factor of 10 or more.  
Comparison was also made with environmental assessm ents (11,12) of 
specific cases that have been (or are in the proces s of being) prepared 
for the release of radioactively contaminated metal s. The calculated TSD 
dose levels in these cases are quite comparable wit h the other dose 
values.  
STRATEGY TOWARD WASTE CLEARANCE 
Numerical guidance exists for the unrestricted rele ase of surface-
contaminated materials, such as that found in Regul atory Guide 1.86 (13) 
of the U.S.Nuclear Regulatory Commission (NRC) and equivalent guidance in 
DOE Order 5400.5 (4). However, equivalent guidance for the unrestricted 
release of volume-contaminated materials does not e xist. Generic guidance 
on release of bulk contamination is contained in DO E Order 5400.5 (and 
also in the proposed DOE 10 CFR Part 834 ruling), w hich allows 
establishment of "authorized limits for release" ba sed on as low as 
reasonably achievable (ALARA) analysis.  
Interim guidance on ALARA has been issued by DOE (1 4). Essentially, 
compliance with ALARA incorporates the following fa ctors: objective, 
options, cost-benefit analysis, and control. Althou gh the objective for 
hazardous waste is release, the options may consist  of disposal as low-
level radioactive waste or off-site shipment for tr eatment and/or 
disposal. Costs would be incurred for the activitie s associated with the 
options. Release for off-site treatment or disposal  would require further 
activities of surveying, monitoring, and control pr ior to the release.  
Weighing costs against risks is certainly the most important element of 
ALARA and, therefore, for the entire release strate gy. Estimating costs, 
however, is not the subject of this paper. This pap er focuses instead on 
the potential risks incurred in the release of wast e for off-site 
treatment or disposal. As discussed earlier, potent ial individual risks 
from release of DOE wastes have been found to be ve ry low, generally 
below 510-8. For this reason, it would be feasible to establish a waste-
clearance process based on risks. This can be accom plished by 
establishing the "authorized limits for release." H ow to characterize 
risks, therefore, becomes a crucial element in this  process.  
Although it would be feasible to establish a cleara nce approach for the 
release of DOE wastes to the commercial TSD facilit ies, it is important 
that such releases would also meet state or local r egulations. In 
general, state regulations are tied to existing fed eral statutes. 
However, because no federal statutes exist regardin g the clearance 
(unrestricted release) of radioactively contaminate d wastes, most states 
do not have regulations, although some have establi shed release limits of 
their own. As a result, the stakeholder's acceptanc e of DOE wastes 
becomes an integral component of the waste-clearanc e strategy. In this 
regard, DOE needs to establish a clear communicatio n and consensus with 
state regulators, as well as with commercial TSD si te operators. Also, as 
an input to the ALARA analysis, a baseline cost est imate should be 
established. Achieving such consensus is not a triv ial matter; past 
experience, however, supports the feasibility of su ch an approach (11). 
Aside from the licensed radioactive disposal cost, cost elements 
associated with waste characterization, surveying, instrumentation, 



decontamination, packaging, interim storage, transp ortation, and so forth 
are also important in reaching an ALARA decision. 
The authorized limits are intended as an interim me asure before a 
universal unrestricted standard is developed. The a uthorized limits are 
basically intended for site- or region-specific con cerns, with each limit 
based on specific cost and risk information as inpu t to ALARA practice. 
It is possible that as time evolves, commonalities can be identified 
among sites and the wastes generated such that a co mplex-wide standard 
can be developed. Furthermore, international agenci es such as the IAEA 
and the Commission of the European Communities are in the process of 
developing an unconditional clearance standard for slightly contaminated 
radioactive materials. 
DEVELOPMENT OF DOSE ASSESSMENT MODEL 
A computer dose model has been developed to support  the waste-clearance 
strategy for DOE wastes. The dose assessment model considers exposure to 
two groups: on-site workers and off-site members of  the public. This 
model, depicted in Fig. 2, was developed in the fol lowing steps on the 
basis of previous detailed analysis of the TSD faci lities studied. 
Fig. 2 
Identification of Major Receptors and Major Operati ons 
The receptors identified for the TSD facilities inc lude four 
classifications of on-site workers, an off-site ind ividual, and the 
general population. Operations are carried out in t he same sequence as 
those for waste processing, including the following :  
  Transport of wastes from DOE generator sites and transport of 
incineration residues off-site; 
  Acceptance of waste at TSD facility  including un loading, sampling, 
check-in, and storage; 
  Waste incineration, which involves incineration, transport of 
incineration residues on-site, and incinerator main tenance; 
  On-site landfilling of incineration residues. 
Incineration and landfilling operations contribute to the off-site public 
dose.  
Selection of Isotopes 
The radionuclides incorporated in the model were ba sed on previous DOE 
waste inventories at TSD sites. Additionally, the m odel also incorporates 
the radionuclides regulated under 10 CFR Part 61. T he model currently can 
be applied to wastes containing uranium (U-232, U-2 34, U-235, U-236, U-
238), plutonium (Pu-238, Pu-239, Pu-240, Pu-241, Pu -242), americium (Am-
241), carbon (C-14), cesium (Cs-137), cobalt (Co-60 ), curium (Cm-242), 
iodine (I-129), nickel (Ni-59, Ni-63), niobium (Nb- 94), strontium (Sr-
90), technetium (Tc-99), and tritium (H-3).  
Selection of Pathways 
External exposure, inhalation, and ingestion were c onsidered for all 
receptors. To extend the model to a broader range o f radionuclides and 
site conditions, simplified groundshine and ingesti on pathways were added 
to the plume-based inhalation.  
Calculation of Doses  
Simplified formulas were derived to calculate doses  to on-site workers 
and off-site members of the public for each referen ce operation. By using 
conservative parameter values derived from the eigh t TSD facilities, 
bounding dose calculations were performed on the ba sis of unit activity. 
On-site worker external doses were based on scaling  of microshield 
calculations. On-site worker internal doses were de pendent on mass 



loading factors to determine the quantity inhaled a nd ingested. Off-site 
receptor doses were based on the CAP88-PC gaussian plume exposure model 
(15). 
Development of Graphical User Interface  
A Windows graphical user interface was developed to  estimate the worker 
and off-site public doses (both external and intern al) for a specific 
TSD. The model enables the user to: 
  Easily adjust key parameters for a site-specific assessment;  
  View context-specific help; 
  View results in tabular or graphical form; 
  Save site-specific data to retrievable files; 
  Access data forms through multiple means: menu, i cons, and command 
buttons; 
  Easily select applicable radionuclides; 
  Discriminate site-specific values from default va lues; 
  Easily identify maximally exposed receptors; and 
  Compare resultant doses with regulatory limits. 
SUMMARY 
In summary, it is feasible to establish a DOE waste -clearance strategy 
for TSD facilities on the basis of existing guidanc e on ALARA. A risk 
tool in dose assessment is being developed as an im portant component of 
the clearance strategy. Other requirements for succ essful implementation 
of such a strategy include acceptance by states and  stakeholders, as well 
as other logistics that include cost estimates and implementation of 
details to be identified later.  
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ABSTRACT 
This study provides a scoping safety assessment for  disposal of toxic 
metals contained in Department of Energy (DOE) mixe d low-level waste 
(MLLW) at six DOE sites that currently have low-lev el waste (LLW) 
disposal facilities - Savannah River Site, Oak Ridg e Reservation, Los 
Alamos National Laboratory, Hanford Reservation, Ne vada Test Site, and 
Idaho National Engineering Laboratory. The study ha s focused on the 
groundwater contaminant pathway, which is considere d to be the dominant 
human exposure pathway from shallow land MLLW dispo sal. A simple and 
conservative transport analysis has been performed using site 
hydrological data to calculate site-specific "permi ssible" concentrations 
of toxic metals in grout-immobilized waste. These c oncentrations are 
calculated such that, when toxic metals are leached  from the disposal 
facility by infiltrating water and attenuated in lo cal ground-water 
system, the toxic metal concentrations in groundwat er below the disposal 
facility do not exceed the Maximum Contaminant Leve ls as stated in the 
National Primary Drinking Water Regulation. The ana lysis shows that arid 
sites allow about 100 times higher toxic metal conc entrations in 
stabilized waste leachate than humid sites. From th e limited available 
data on toxic metal concentrations in DOE MLLW, a m argin of protection 
appears to exist in most cases when stabilized wast es containing toxic 
metals are disposed of at the DOE sites under analy sis. Possible 
exceptions to this conclusion are arsenic, chromium , selenium, and 
mercury when disposed of at some humid sites such a s the Oak Ridge 
Reservation. This analysis also demonstrates that t he U.S. Environmental 
Protection Agency's prescriptive regulatory approac h that defines rigid 
waste treatment standards does not inherently accou nt for the variety of 
disposal environments encountered nationwide and ma y result in either 
underprotection of groundwater resources (at humid sites) or an excessive 
margin of protection (at arid sites). 
INTRODUCTION 



Six DOE sites - Savannah River Site (SRS), Oak Ridg e Reservation (ORR), 
Los Alamos National Laboratory (LANL), Hanford Rese rvation (HR), Nevada 
Test Site (NTS), and Idaho National Engineering Lab oratory (INEL) 
currently dispose of low-level waste (LLW), and eac h is planning to 
dispose of mixed low-level waste (MLLW) (1). This s tudy has focused on 
the groundwater contaminant pathway, which is gener ally considered to be 
the dominant human exposure pathway from shallow la nd disposal facilities 
such as these (2). A simple and conservative transp ort analysis has been 
performed to estimate site-specific "permissible" t oxic metal 
concentrations in stabilized waste. Toxic metals pr esent in MLLW were 
identified and the permissible toxic metal concentr ations in groundwater 
at the site performance boundary (MCLs)were defined . From these 
concentrations the disposal facility "permissible" toxic metal 
concentrations in stabilized waste for the disposal  facility were derived 
based on the estimated concentration attenuation pr ovided by the waste 
form and on environmental transport from the dispos al facility to the 
performance boundary using the conceptual groundwat er pathway model 
described below. These "permissible" stabilized was te concentrations were 
then compared with data on toxic metal concentratio ns in DOE MLLW to 
assess the feasibility of disposal of toxic metal c ontaminated wastes in 
DOE LLW disposal facilities. The results of the ana lysis are used to 
discuss the U.S. Environmental Protection Agency (E PA) regulation related 
to disposal of chemotoxic wastes. 
Requirements for managing DOE LLW are established i n DOE Order 5820.2A 
(3). While the Order does not give specific guidanc e on toxic components 
of mixed waste, it requires that the hazardous comp onent of DOE MLLW be 
managed to conform to the Resource Conservation and  Recovery Act (RCRA) 
requirements of appropriate regional authorities. T he list of toxic 
metals regulated under the RCRA (commonly referred to as RCRA metals) is 
given in Table I. The toxicity of waste is determin ed by the Toxicity 
Characteristic Leaching Procedure (TCLP), a test of  the leachability of 
solids containing any one of a list of specific con taminants. A 
concentration of RCRA metal in the extract above it s regulatory level 
(column 2 of Table I) renders the waste hazardous. 
Table I 
The Hazardous and Solid Waste Amendments (HSWA) to the RCRA prohibit land 
disposal of untreated hazardous wastes. This portio n of the HSWA is 
referred to as the Land Disposal Restrictions (LDR) . Treatment standards 
for wastes containing toxic metals have been establ ished by EPA in the 
form of maximum permissible hazardous constituent c oncentrations in waste 
TCLP extracts. Corresponding concentrations are lis ted in column 3 (LDRs 
for characteristic wastes) and column 4 (universal treatment standards 
(UTS) for listed wastes) of Table I. EPA has recent ly proposed that the 
metal UTS replace LDR treatment standards for chara cteristic metal wastes 
in order to reduce confusion and make compliance ea sier (60 FR 43654, 
August 22, 1995). This proposed rule is not yet fin alized. 
TECHNICAL APPROACH 
Model Assumptions 
In accordance with performance assessment guideline s established by the 
DOE Performance Assessment Task Team (4): 1) a buff er zone of 100 m is 
used in assessing compliance with the performance o bjective for 
protection of groundwater resources, and 2) the req uirement in 5820.2A to 
"protect groundwater resources consistent with fede ral, state, and local 
requirements" is taken to mean that the human expos ure benchmarks are 



Maximum Contamination Levels (MCLs) based on 40 CFR  141, the National 
Primary Drinking Water Regulations. The same docume nt recommends a 
10,000-year period of compliance for the performanc e objectives for 
groundwater protection. 
The MCL values for RCRA metals that are used as hum an exposure benchmarks 
in the analysis are listed in column 5 of Table I. Arsenic (As), lead 
(Pb) and silver (Ag) do not currently have MCLs. Th e MCL values 
promulgated in 40 CFR 141.11, which were effective until December 7, 
1992, were used for As and Pb. Silver is not consid ered in the analysis 
because it does not have an MCL, and the only poten tial adverse effect 
from exposure to Ag in drinking water is argyria (a  discoloration of the 
skin), considered a cosmetic effect which does not impair health (56 FR 
3526, January 30, 1991). 
Immobilization/solidification techniques using ceme nt-based grouts are 
considered the most common and universal option for  the treatment and 
ultimate disposal of MLLW for variety of waste matr ices (5,6). In 
particular, this stabilization technique is likely to be applied to the 
majority of MLLW streams containing toxic metals (i .e., inorganic solids 
and aqueous liquids (7)). Therefore, the analysis c onsiders cement-based 
grout as a reference waste form for stabilization o f the MLLW. 
Because the uncertainty in hydrogeologic and geoche mical parameters is 
frequently large even at well characterized sites, a simple and 
conservative groundwater pathway model (6), shown i n Fig. 1, has been 
used in this analysis. The following major assumpti ons were used (6): 
Source Term Assumptions. 1) The waste form was grou t-stabilized. 2) 
Effects of contaminant solubility limits were negle cted. 3) Performance 
of the disposal facility's engineered barriers is l imited in time. After 
failure of the engineered barriers, the infiltratio n through the disposal 
facility is equal to the natural infiltration throu gh local soils. 4) A 
continuous contaminant source was assumed for the t ransport calculations.  
Environmental Transport Assumptions. 1) A one-dimen sional analysis was 
performed. 2) Leachate dilution with groundwater wa s the only 
concentration attenuation mechanism accounted for. The contaminant-plume 
mixing depth in the saturated zone used in the "mix ing cell" dilution 
model was estimated from either a) constraining hyd rogeology (e.g., thin 
aquifers, sequences of units of high and low permea bility) or b) vertical 
transverse solute dispersion. The last method was b ased on a one-
dimensional flow, three-dimensional transport model  (8). 3) Effects of 
longitudinal dispersion were neglected. (Once a con tinuous source model 
is assumed, this assumption is of minor importance. ) 4) Fractured flow in 
the vadose zone was addressed by removing the fract ured section from the 
stratigraphic column, implying complete and instant aneous transport 
through the fractured zone. 5) Fracture flow in the  saturated zone was 
treated as an equivalent matrix porosity. 
Calculations 
The contaminant concentration attenuation in the gr oundwater pathway was 
calculated by assuming a mixing cell beneath the di sposal facility in 
which contaminated leachate is mixed with clean gro undwater (Fig. 1). The 
resulting concentration in the groundwater is calcu lated based on mass 
balance with the following formula: 
Fig. 1 
Eq. 1 
where Cl is the leachate concentration (M/L3), Ql i s the leachate 
volumetric flux (L3/T), Qgw is the groundwater volu metric flux (L3/T), a 



is the length of the disposal facility parallel to the groundwater flow 
(L), b is the width of the disposal facility perpen dicular to groundwater 
flow (L), ql is the infiltration rate through the d isposal facility 
(L/T), dm is the mixing depth in the aquifer (L), a nd qgw is the 
groundwater Darcy velocity (L/T). The parameters a and b were assumed to 
be 50 m (6). Attenuation caused by environmental tr ansport was 
represented by a dimensionless concentration reduct ion factor (CRFDW)  
Eq. 2 
The contaminant arrival time at the 100-m performan ce boundary was 
calculated as the sum of the retarded contaminant t ravel time in the 
vadose (tv) and saturated zones (ts): 
Eq. 3 
where lv is the depth from the disposal facility to  the saturated zone 
(L), ls=100 m is the distance between the disposal facility and 
performance boundary, the qv and n are the volumetr ic moisture content in 
the vadose zone and the porosity in the saturated z one, respectively 
(dimensionless), and the retardation factors Rv and  Rs (dimensionless) 
for the vadose and saturated zones are given by 
Eq. 4 
where Kd,v and Kd,s are the metal-soil distribution  coefficients (L3/M) 
(discussed in the next section), and rb,v and rb,s are the soil bulk 
densities (M/L3) for the vadose and saturated zones , respectively. 
Similar to the attenuation for environmental transp ort, the toxic metal 
concentration attenuation provided by the waste for m is represented by 
the source concentration reduction factor, CRFS. Th e CRFS was estimated 
based on the assumption that the toxic metal concen tration in the waste 
form leachate is determined by desorption into infi ltrating water (6): 
Eq. 5 
where Cw is the toxic metal concentration in the gr outed waste form 
averaged over the entire volume of waste in the dis posal facility (M/L3), 
qG is the volumetric water content of the grouted w aste form 
(dimensionless), Kd,G is the distribution coefficie nt of the toxic metal 
in the grout (L3/M), rG is the bulk density of the grout waste form 
(M/L3), and fm is the mixing fraction, defined as t he ratio of the volume 
of disposed waste in a unit volume of the facility (dimensionless). The 
following parameter values have been used in the ca lculations for 
equation (5) (6): qG =0.3, rG = 1.76 g/cm3, fm = 0. 66. 
Once the CRFDW and CRFS are calculated for each sit e and each toxic 
metal, the permissible waste form leachate concentr ations (Cpl) and 
permissible concentrations in stabilized waste (Cpw ) were calculated for 
the toxic metals as 
Eq. 6 
Eq. 7 
Sorption Parameters for Toxic Metals 
The RCRA toxic metals can be divided into three bro ad classes: 1) 
cationic elements (Ba, Cd, Pb, Hg), 2) anionic elem ents (As), and 3) 
redox-sensitive elements (Cr, Se) (9). In most case s, adsorption and 
precipitation cause very low mobility of cationic s pecies in subsurface 
environments. For anionic species, adsorption and i on exchange will cause 
relatively little retardation in the subsurface, th ough oxyanions (e.g., 
AsO33-, CrO42-, SeO32-) are adsorbed specifically b y mineralogical 
surfaces which carry a positive charge. Chemical sp eciation and mobility 
of the redox sensitive elements are strongly depend ent on specific 
hydrochemical conditions. 



Whenever site-specific RCRA metal sorption paramete rs were available, 
these were used in transport calculations. However,  for a number of 
metals, site-specific sorption data were lacking. T o provide the model 
with input parameters in the latter case, a generic  toxic metal 
distribution coefficient (Kd) list was compiled (Ta ble II). Literature 
review revealed applicable quantitative sorption da ta for some RCRA 
metals that are very limited for soils and especial ly for grout matrixes. 
In the latter case, values for sorption parameters have been assigned 
based on modeling or empirical relationships. The m ercury (Hg) geosphere 
and grout Kd values are based on predictions of the  MINTEQA2 geochemical 
model for the "medium pH of solution, medium in iro n oxides and natural 
organic content matrix" conditions and "high pH of solution, low in iron 
oxides and natural organic content matrix" conditio ns respectively (13). 
As and Cr were assigned grout Kd values based on em pirical pH-dependent 
"metal-sediment" partitioning relationships (15) as suming pH=12.5. Grout 
Kd values for the toxic metals are rounded to the n earest order of 
magnitude so as not to imply more precision in esti mated values than is 
justified (6). 
Table II 
RESULTS AND DISCUSSION 
Toxic Metal Concentrations in DOE MLLW 
Very limited data are available on actual concentra tions of toxic metals 
in DOE MLLW. Waste concentrations of RCRA toxic met als in several Oak 
Ridge Reservation MLLW waste streams are presented in Table III. Whether 
these data are representative of the entire DOE MLL W inventory is 
unknown, although similar processes should provide similar waste streams. 
The final column of Table III gives the weighted av erages of all the 
waste streams. 
Table III 
Site-Specific Analyses 
The summary (6) of the site-specific models and dat a for the six DOE 
sites considered in this analysis is presented in T able IV. Due to the 
extremely arid nature of the Nevada Test Site hydro geological 
environment, a groundwater pathway is not believed to exist, implying 
total groundwater protection at this site (6). Ther efore, no water 
pathway analysis was included in this work for the NTS. Calculated site-
specific concentration reduction factors due to was te leachate mixing 
with groundwater (Table IV) show that leachate dilu tion provided by arid 
sites (INEL and LANL) is about two orders of magnit ude greater than for 
the humid sites (ORR and SRS). The semi-arid Hanfor d Site has an 
intermediate dilution value. Estimated site-specifi c CRFDW (Table IV) and 
CRFS (Table II) were multiplied by the RCRA metal M CLs (Eqs. 6 and 7) to 
produce site-specific permissible leachate concentr ations and stabilized 
waste concentrations for the RCRA metals (Table V).  Values in Table V can 
be used as the basis for guidance to establish site -specific waste form 
performance criteria and waste acceptance criteria.  
Table IV 
The travel time calculations (Table V) show that, e xcept for a few 
estimates (e.g., Ba and Se travel times for the Han ford Site), 
characteristic RCRA metal travel times for the arid  and semi-arid sites 
exceed the DOE recommended LLW disposal compliance period of 10,000 years 
(4). For humid sites, the contaminant arrival times  at the performance 
boundary will occur at least 500 years beyond the a ssumed performance of 



engineered barriers, with most of the contaminant t ravel times falling 
within the higher range of thousands and tens of th ousands years.  
The last column of Table V shows estimated toxic me tal concentrations in 
the example stabilized ORR waste. These estimates a re based on data in 
Table II, assuming that the grout to MLLW mixing ra tio is 1:1 and that 
the stabilized waste density is the same as the gro ut density. Assuming 
that RCRA metal concentrations in these example was te streams are typical 
for DOE sites, the data in Table V show that dispos al of MLLW at the 
sites under analysis will satisfy or nearly satisfy  groundwater 
protection requirements for most toxic metals. Exce ptions are the anionic 
and redox-sensitive elements As, Cr and Se, and Hg.  The concentrations of 
these metals are approximately an order of magnitud e higher than the 
estimated permissible concentrations at some humid sites (e.g., ORR). 
Although this analysis is conservative, it indicate s that care must be 
taken when disposing of As, Cr, Se, and Hg in humid  environments. Waste 
streams containing a large amount of these elements  may require enhanced 
stabilization (other than grout stabilization) prio r to disposal, or even 
relocation for disposal to a semi-arid or arid envi ronment. However, more 
detailed analyses that take credit for additional a ttenuation factors may 
provide higher permissible waste concentrations. 
Table V 
Implications for Regulation of Chemotoxic Waste Dis posal 
The rationale for the EPA TCLP-based TC, LDR, and U TS standards (Table I) 
is that corresponding concentration levels in the T CLP waste extract are 
considered to be an upper bound of contaminant conc entrations in the 
disposed waste leachate under field conditions (55 FR 11862, March 22, 
1990). The TC levels for toxic metals have been est ablished as 100 times 
the MCLs which were in effect at the time of the ru lemaking, with a 
generic 100-fold dilution/attenuation factor estima ting attenuation of 
the toxic constituent leachate concentration in gro undwater during 
subsurface transport from the disposal facility to the point of human 
exposure (45 FR 33084, May 19, 1980; 55 FR 1862, Ma rch 22, 1990). The LDR 
and UTS standards are also based on technology (i.e ., based on 
performance of the Best Demonstrated Available Tech nology [BDAT] for 
hazardous waste treatment) (55 FR 22689, June 1, 19 90; 59 FR 47982, 
September 19, 1994). However, the health risk consi derations are implicit 
in the EPA rulemaking, because, with the exception of Se, the LDR 
standards for toxic metals are exactly the same as the TC levels. 
Comparison of the site-specific permissible leachat e concentrations 
estimated in this study (Table V) with TC, LDR and UTS standards (Table 
I) shows that, except for a few species (e.g., As),  the UTS standards 
compare well with the estimates of permissible leac hate concentrations 
for humid sites and will therefore ensure groundwat er protection for most 
disposal environments, including humid ones; the LD R and TC standards 
will provide adequate protection at semi-arid and a rid sites only. At the 
same time, the UTS waste treatment standards provid e unnecessarily large 
margins of groundwater protection in arid disposal environments. Thus, 
the current EPA regulatory approach of setting a si ngle waste treatment 
standard inherently does not account for a variety of hydrogeological 
disposal environments encountered nationwide. The r esult of such 
regulatory action is either potential underprotecti on of humid 
environments or unnecessarily high protection of ar id sites. A 
performance-based regulatory approach, consisting o f setting a 
performance objective to be fulfilled in every regu latory action, would 



provide a much more consistent, flexible, and cost- effective way of 
protecting human health and the environment (2). 
CONCLUSIONS 
Arid sites appear to provide a greater degree of gr oundwater protection 
from land disposal of toxic metals because of highe r attenuation and 
longer contaminant travel times. Arid sites also al low about 100 times 
greater leachate concentrations for stabilized wast e compared to humid 
sites (e.g., Los Alamos National Laboratory vs. Oak  Ridge Reservation). 
Most RCRA toxic metals are, in general, immobile in  the subsurface 
environment, even at relatively humid sites. Except ions to this 
conclusion are anionic species (e.g., arsenic and s elenium), which tend 
to have lower Kd values. However, more specific ana lyses are needed to 
better determine the environmental fate of these an d other metals. 
From the limited available data on toxic metal conc entrations in DOE MLLW 
and the estimated performance of grout-stabilized p rocess waste, a margin 
of protection appears to be present in most cases w hen wastes containing 
RCRA toxic metals are disposed of at the evaluated DOE sites. Exceptions 
to this conclusion are As, Se, Cr and Hg when dispo sed at some humid 
sites. Waste streams containing large amounts of th ese elements may 
require enhanced stabilization (other than grout st abilization) prior to 
disposal, or relocation for disposal to semi-arid o r arid sites.  
The EPA's prescriptive approach of explicitly defin ing regulatory levels 
for toxic waste does not inherently account for the  variety of disposal 
environments encountered nationwide, and may potent ially result in either 
underprotection of groundwater resources at humid s ites (e.g., TC levels) 
or an unnecessarily large margin of protection at a rid sites (e.g., UTS 
levels). 
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A STRATEGY FOR RCRA PERMIT COMPLIANCE 
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ABSTRACT 
The Resource Conservation and Recovery Act (RCRA) o f 1976 established 
national requirements for safe management of hazard ous wastes. All 
generators and transporters of hazardous waste and all operators of 
treatment, storage, and disposal (TSD) facilities, including federal 
facilities, are responsible for handling and dispos ing of that waste as 
prescribed by the act and its implementing regulati ons. 
The objective of one program established by RCRA, u nder Subtitle C, is to 
ensure that hazardous waste is handled in a manner that protects human 
health and the environment. Under Subtitle C, any f acility that treats, 
stores, or disposes of hazardous waste must obtain an operating permit. 
As part of the permit conditions, configuration and  operating conditions 
cannot be changed without notification of or approv al from the regulator. 
A change to a permitted facility requires a permit modification if it 
affects a specific permit condition. 
Because of the large number and wide differences in  the hazardous and 
mixed waste units managed at the U.S. Department of  Energy's Idaho 
National Engineering Laboratory, it was necessary t o develop and 
implement a new business practice to maintain compl iance with its RCRA 
permit. 



The new business practice, reviewing TSD facility c hanges for RCRA permit 
modifications, applies a six-step process to ensure  permit compliance at 
INEL facilities. The review process includes permit  applications under 
regulator review, as well as issued permits. Lesson s learned from 
problems encountered during implementation have bee n used to refine the 
process, which can be applied to other permitted fa cilities. 
The key to success in developing such a program is the involvement of all 
the affected organizations: document control, maint enance, engineering, 
training, and RCRA permitting. The program is easie r to implement if the 
facility has an effective change control or configu ration management 
program in place. Each facility should balance the risk of non-compliance 
with the cost of the permit review program to be es tablished for the 
facility. 
BACKGROUND 
The INEL was established in 1949 as a center where nuclear power reactors 
and support facilities could be built, tested, and operated with maximum 
safety. The INEL site covers 890 square miles and i s 22 miles west of 
Idaho Falls. Fifty-two reactors have been built at the INEL, and 12 are 
still operable. The primary mission of the INEL is to utilize its 
engineering and scientific capabilities, site, and facilities to support 
national defense and energy programs. Current major  programs at the INEL 
include water reactor safety, materials and fuels t esting, nuclear fuel 
storage, high-level waste calcining, breeder reacto r operation and 
research, manufacturing of tank armor, and manageme nt of hazardous, low-
level, transuranic, and radioactive mixed waste. A total of 53 hazardous 
or mixed waste units will be permitted. These units  include container 
storage areas, tank treatment and storage systems, incinerators, and 
other facilities. 
REQUIREMENTS FOR PERMIT MODIFICATION 
At facilities operating under a RCRA permit, operat ing conditions and 
documents and equipment related to the permit canno t be changed without 
notification of or approval from the regulating age ncy. Changes at 
permitted facilities require permit modifications i f conditions specified 
in the permit are affected. 
The Environmental Protection Agency (EPA) developed  regulations for 
permit modification to help owners and operators of  TSD facilities comply 
with the regulations and to reduce the possibility of fines or civil or 
criminal prosecution for environmental compliance f ailures. Consistent 
identification of needed permit modifications is es sential for permit 
compliance.  
The process developed at the INEL to review facilit y changes for possible 
permit modification was designed to accomplish the following goals. 
  maintaining configuration control of all items re lated to RCRA permits 
or permit applications 
  processing RCRA permit or application modificatio ns to meet regulatory 
time frames 
  providing training and information, including ide ntification of RCRA 
permit compliance items, to facilitate reviews 
The review process included permit applications und er review by the 
regulating agency as well as issued partial permits . 
Owners or operators of facilities that treat, store , or dispose of 
hazardous waste are required to submit a comprehens ive, two-part permit 
application that covers all aspects of the design, operation, and 
maintenance of the facility. Based on the applicati on, the regulating 



agency determines if the facility is in compliance with Subtitle C 
regulations and develops a facility-specific operat ing permit. The review 
by the regulating agency may take from one to three  years. 
During the term of a permit (usually 10 years), sit uations may arise that 
justify modifying, revoking and reissuing, or termi nating the permit. The 
regulating agency may initiate revocation (and reis suance) or termination 
of a permit for noncompliance with the permit. The owner (or operator) or 
the regulating agency may initiate a permit modific ation to prevent 
noncompliance. Permit applications are modified dur ing the review period 
to reflect any facility changes that occur before t he permit is issued. 
The most common conditions requiring modifications to permits or permit 
applications are listed below. 
  Substantial alterations or additions are made to the facility. 
  New information about the facility becomes availa ble. 
  New statutory or regulatory requirements affect e xisting permitted 
activities. 
Regulations for modifying a permit, established in 40 CFR 270.40-43, 
provide a permit modification classification system  and administrative 
procedures for permit modification, including inter actions with the 
regulating agency and the public. In addition, the regulations authorize 
the regulating agency to grant temporary permits to  allow facilities to 
respond promptly to changing conditions. 
Within the state of Idaho, RCRA permits are adminis tered and enforced by 
the Idaho Department of Health and Welfare (IDHW). The RCRA permit 
modification provisions are established in the Idah o Administrative 
Procedures Act (IDAPA) 16.01.05012, which adopts th e EPA permit 
modification regulations. 
RCRA permits, as defined in the federal regulations  and IDAPA 
requirements, are issued by facility, and the IDHW has identified the 
INEL as a single facility, owned and operated by th e Department of Energy 
Idaho Operations Office (DOE-ID). In practice, howe ver, the permit 
requirements are applied to specific TSD units (als o called facilities). 
TSD units may include containers, tank systems, sur face impoundments, 
waste piles, land treatment units, landfills, incin erators, and 
miscellaneous units. At the INEL, a single permit i s issued for the INEL 
as a facility, with partial permits issued for the individual TSD units. 
The partial permits are issued to DOE-ID, as the fa cility owner and 
operator, with the specific contractor for the TSD unit identified as co-
operator. 
RCRA PERMIT MODIFICATION CLASSES 
To facilitate classifying RCRA permit modifications , the EPA identified 
foreseeable changes at a facility that would requir e a permit 
modification and designated a modification class fo r each. The identified 
changes and their designated classes are incorporat ed into the 
regulations at 40 CFR 270.42, Appendix I, Classific ation of Permit 
Modification. 
If the proposed change is not listed, the reviewer may propose a 
modification class based on established class defin itions and similarity 
of the proposed modification to previously classifi ed modifications. The 
modification may be submitted as a Class 3 modifica tion or a request for 
the IDHW to determine the modification class based on the proposed class. 
The regulations classify modifications into four ty pes: class 1, class 1 
requiring approval (class*1), class 2, and class 3,  as shown in Table I. 



Temporary modifications may be allowed for class 2 or 3 permit 
modifications for 180 days or less. The advantage t o temporary 
modifications is that public interaction is not req uired. 
Table I 
TYPES OF FACILITY CHANGES 
During the operation of TSD facilities at the INEL,  waste management 
practices will be adapted, as needed, to keep pace with both 
technological and regulatory developments. Many of these adaptations will 
require changes to conditions specified or material  incorporated by 
reference in a RCRA partial permit or permit applic ation. 
The following conditions require a RCRA permit or p ermit application 
modification. 
  changing TSD unit design, operation, capacity, or  waste types processed 
if RCRA permit or permit application specified cond itions are affected 
  transferring the TSD unit to a different owner or  operator 
  managing newly regulated wastes or waste manageme nt units 
Changes associated with the TSD unit ownership or w aste management 
regulations are unusual and can be anticipated by p ersonnel managing RCRA 
permit compliance. Changes associated with the TSD unit design, 
operation, capacity, or waste type processed are th e target of the RCRA 
permit modification review process. Although each f acility has its own 
mechanisms for initiating changes, three types of c hange methods apply to 
most permitted facilities: 1) work orders for maint enance and 
modifications, 2) document changes, and 3) projects . 
Work Orders 
Work orders are used at the INEL to implement physi cal changes to TSD 
units or waste management processes. As part of the  review and approval 
process, work orders are reviewed for needed RCRA p ermit or permit 
application modifications. Permit modifications ori ginating from work 
orders will most likely be class 1 changes. 
Document Changes  
Document changes, used to implement changes to oper ating practices or 
designs for a TSD unit, may include generation of n ew documents or 
revisions to or cancellation of existing documents (procedures, manuals, 
lesson plans, process run plans, databases, forms, plant drawings). 
Reviews for RCRA permit or permit application modif ications are part of 
the normal review and approval process for document  changes at the INEL. 
Project Changes 
Projects are used to implement large-scale physical  changes at a TSD 
unit, including construction of a new TSD unit. New  projects or 
modifications to existing projects are reviewed for  RCRA permit or permit 
application modifications as part of the developmen t of the environmental 
checklist required for federal facilities by the Na tional Environmental 
Policy Act. Project changes are the most likely to require class 2 or 
higher permit modification requiring approval from the regulating agency. 
GENERAL APPROACH TO PERMIT COMPLIANCE 
Any change at a TSD unit that affects specified con ditions or referenced 
information in a RCRA permit or permit application requires a 
modification to the permit or application. Some cha nges may not affect 
compliance with applicable RCRA permits or permit a pplications. For 
example, an item of equipment whose manufacturer na me and model number is 
specified in a RCRA permit or permit application ca n be replaced with an 
identical item (the same manufacturer name and mode l number) without 
affecting compliance with permit or permit applicat ion conditions. 



However, if the same item of equipment is replaced with an item from a 
different manufacturer, a permit or permit applicat ion modification will 
be required. Permit modifications, which can be bot h time-consuming and 
costly, should be requested only when necessary or when they can be 
considered with another modification. The RCRA perm it modification review 
process is used to confirm that modifications will be necessary. 
To ease adjustment to this additional review proces s for TSD units at the 
INEL, a phased approach was used for implementing t he RCRA permit 
compliance program. The basic goal of the phased ap proach was to maintain 
permit compliance while minimizing impacts and cost s by using the 
existing infrastructure. Early compliance was made possible through a 
pilot phase to implement and evaluate trial-use pro cedures and training. 
Long-term compliance was made possible by issuing f inal procedures, 
distributing process and instrumentation diagrams s howing hazardous waste 
equipment, and issuing RCRA document, instrument, a nd equipment lists on 
a controlled basis. Wherever possible, existing pro cedures and practices 
were adapted to implement the RCRA permit modificat ion reviews. 
Because a large number of changes are processed at the INEL, reviews for 
RCRA permit modifications need to be performed in a ccordance with the 
schedule for implementing the change and the overal l priority of the 
change. After trained reviewers determine the need for RCRA permit or 
permit application modifications, permit applicatio ns can be updated in 
conjunction with implementation of the change, prev enting any 
backtracking later. For modifications to issued per mits, the permit 
modification process can be initiated as quickly as  possible, preventing 
unnecessary delays in implementing the change. 
BASIC STEPS FOR IDENTIFYING PERMIT MODIFICATIONS 
The basic steps for determining whether a proposed change requires a 
permit modification are essentially the same for al l types of changes. 
1. Determine whether the change will impact any per mit or permit 
application condition. 
2. As applicable, determine the permit modification  class. 
The steps of the RCRA permit modification review ar e shown in Fig. 1. 
Fig.1 
IMPLEMENTING THE COMPLIANCE PROCESS 
The initial steps to implement the program for RCRA  permit compliance 
included 1) identifying permit conditions for compl iance, 2) establishing 
procedures to implement the program, 3) developing a training program, 
and 4) developing the reviewer resources needed. 
Identifying Permit Conditions for Compliance 
Permit application writers reviewed the permit appl ications and the 
issued partial permits to identify the possible per mit conditions for 
development of environmental requirements. The list s of conditions they 
developed included the application or partial permi t, volume, section or 
module, revision, specific requirement, and impleme nting document for 
each identified condition. 
As the final partial permits are issued, the lists will be revised to 
reflect changes. 
Establishing Program Procedures 
During the pilot phase, the trial-use procedures we re based on current 
procedures for processing work orders, document cha nges, and projects. 
Supporting forms were developed from forms currentl y in use. 
When the RCRA permit modification review program be came effective, 
existing change control procedures were revised to include the permit 



modification review, and supporting forms were revi sed to include a block 
for documenting review results. 
A RCRA permit modification review flow diagram (Fig . 1) was developed to 
help the reviewing organizations decide if changes required permit 
modification. The review results are documented on the change proposal 
documents or a separate RCRA permit modification re view form. Figure 2 
shows the block used to record RCRA permit modifica tion review results on 
INEL change forms. 
Fig. 2 
The only difference in the review and approval proc ess for changes that 
do not impact permit conditions will be documentati on to indicate that 
the change has been reviewed and found to have no i mpact. 
For changes that do impact a permit condition, the reviewing organization 
will request that RCRA permitting personnel prepare  the required permit 
modification notice or request. If the reviewing or ganization cannot 
determine the impact on permit conditions, RCRA per mitting personnel may 
be asked to make the determination. 
Training 
Training was designed to be consolidated as much as  possible to avoid 
duplication and to target the individuals who need to perform RCRA permit 
modification reviews. Two types of training were de veloped at the INEL: 
1) performance training for reviewers who will dete rmine if proposed 
changes impact RCRA permits or permit applications and 2) awareness 
training for individuals who need to know about RCR A permit modification 
reviews and the impacts on their work activities. 
The 7-hour reviewer training includes a RCRA overvi ew, study of the RCRA 
permit organization and the permit modification cla sses, a session to 
work through facility-specific examples, and writte n and performance 
tests. Personnel passing the class become qualified  RCRA permit 
modification reviewers; personnel may exempt the cl ass by challenging and 
passing both the written and performance tests. Rev iewers will be 
retrained (or requalified by testing) every two yea rs. 
Awareness training was implemented by sending a let ter of information 
sent to all TSD unit managers, document control, wo rk control, and 
engineering personnel, project managers, and other personnel who could 
initiate or process changes that could be related t o a RCRA permit or 
application. The letter addressed facility-specific  change methods, 
provided awareness training in a question and answe r format, and listed 
contacts for additional information or individualiz ed training. 
Reviewer Resources 
A RCRA permit modification reviewer guide was devel oped and issued to 
each reviewer as an aid for determining if changes will impact permits or 
permit applications. The guide includes resources d eveloped to assist 
reviewers in identifying permit-compliance items. 
Copies of the issued partial permits and the permit  applications prepared 
for TSD units were made available at convenient loc ations. In addition, 
electronic versions of the partial permits and perm it applications were 
made available on an automated image management sys tem and the Internet. 
Documents included in or referenced in a RCRA permi t or permit 
application are listed by number on a document list . The list provides 
the specific volume and section in the permit or pe rmit application where 
the documents are referenced or included. The docum ent list is controlled 
and distributed to the reviewers. 



Plant equipment and instruments identified in a RCR A permit or permit 
application may be located by number on equipment o r instrument lists. 
Controlled copies of the equipment and instrument l ists were issued to 
the reviewers in the reviewer guide. 
Equipment and instrument lists are available throug h existing maintenance 
and engineering databases. The lists can be accesse d in the equipment 
catalog under the main menu for each system. Equipm ent identified in a 
RCRA permit or permit application is indicated as " RCRA" in the 
environmental permit field. 
Plant piping (waste lines) and large equipment (tan k, vessels, etc.) 
identified in a RCRA permit or permit application a re marked on 
applicable piping and instrumentation diagrams (P&I Ds) with the following 
indications: see insert 
Reviewers were instructed to assume that any equipm ent and instruments on 
the line, in addition to the equipment marked on th e P&IDs (including 
pumps, valves, and jets), are also RCRA-identified equipment. 
Regulatory interpretations and other information to  clarify regulatory 
language or resolve problem areas in the review pro cess were provided to 
reviewers as they were developed. 
APPLICABILITY AT OTHER FACILITIES 
This program could be adapted for use at other larg er TSD facilities that 
will be operating under a RCRA permit. A formal pro gram similar to the 
INEL program is necessary for larger TSD facilities . Small TSD facilities 
can use a single point of contact, familiar with th e permit, to review 
all the change requests. 
The key to success of developing such a program is the involvement of all 
the affected organizations: document control, maint enance, engineering, 
training, and RCRA permitting. The program is easie r to implement if the 
facility has an effective change control or configu ration management 
program in place. Each facility should balance the risk of non-compliance 
with the cost of the permit review program to be es tablished for the 
facility. 
BASIC ELEMENTS FOR AN EFFECTIVE PROGRAM 
Evaluating the development and implementation of th e RCRA permit 
compliance program at the INEL provides a list of b asic steps and 
decisions that apply for similar programs. 
1. Obtaining senior management approval. To obtain senior management 
approval for implementing the permit compliance pro gram, the planned 
program must be demonstrated as workable, acceptabl e, and thorough. 
2. Identifying permit requirements and compliance i tems at the facility. 
Specific requirements and references (RCRA permit o r application, module 
or section) from the applicable partial permit or p ermit application 
should be identified. Structures, systems, equipmen t, equipment 
configurations, and documentation related to those permit requirements 
should be identified as compliance items, if change s to the items could 
affect the compliance status of the TSD unit. Corre sponding implementing 
documents (procedures, drawings, databases, manuals ) should be specified. 
3. Identifying change methods in use at the facilit y. Using the permit 
compliance conditions identified from the permit or  permit   application, 
the methods used for making changes to those items can be identified. 
RCRA permit modification reviews should be incorpor ated into the change 
methods to ensure that all changes that could affec t a permit or permit 
application are reviewed and tracked. 



4. Establishing program procedures. Specific proced ures for accomplishing 
RCRA permit modification reviews for facility chang es should be 
established, with the following elements. 
  Timely reviews: the RCRA permit compliance review  should occur 
    early enough in the process for any required no tifications to be 
    made. 
  Documentation of reviews: the review for permit c ompliance 
    should be documented on the change approval doc uments or 
    attached forms or on electronic change document s. 
  Implementing the program for different change met hods: permit 
    compliance reviews should be adapted for differ ent change 
    methods, including complex work orders and simp le document 
    revisions, which vary from facility to facility . Because of the 
    complexity of the INEL, implementing the progra m and 
    addressing site-wide change methods is presentl y in process. 
  Implementation of class 1 modifications: because the regulating 
    agency must be notified within 7 days after the  changes are in 
    effect, procedures for processing class 1 permi t modifications 
    must be specific. 
5. Identifying and training reviewers. A pool of re viewers familiar with 
the RCRA permit or application should be establishe d to evaluate proposed 
facility changes. 
  Identifying the reviewers: personnel involved wit h management or  
    change processes at RCRA-permitted facilities s hould be 
    assigned and trained as RCRA permit modificatio n reviewers. A 
    listing of qualified reviewers should be availa ble to personnel who 
    normally make facility changes. 
  Comprehensive training: training should be develo ped to 
    accommodate personnel unfamiliar with RCRA and personnel 
    with different levels of knowledge. 
6. Providing reviewer resources. Resources to facil itate RCRA permit 
modification reviews of facility changes should be provided to the 
trained reviewers. Review resources include documen t and equipment lists 
and copies of the permit or permit application. Ide ntifying RCRA 
equipment and instruments on P&ID's flags the RCRA- related items for 
reviewers and facility and engineering personnel. 
7. Assessing program effectiveness. A built-in syst em for feedback and 
program assessment provides information about the r eview program and its 
effectiveness. 
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ABSTRACT 
The Maralinga Nuclear Test Range, located in South Australia, is a former 
nuclear weapons test site that was used by the Brit ish in the 1950's and 
early 1960's. Both nuclear detonations (major trial s) as well as chemical 
detonations of warheads (minor trials) resulted in extensive 
contamination of the site. At Taranaki, Maralinga's  most heavily 
contaminated area, a series of minor trials involvi ng the explosive 
dispersal of plutonium and uranium resulting in ext ensive contamination 
of surface soil and generated massive quantities of  contaminated debris. 
The heavily contaminated debris from the trials was  subsequently buried 
in a series of shallow pits at Taranaki.  
The Commonwealth Government's Department of Primary  Industries and Energy 
(DPIE) is undertaking a program to rehabilitate the  most heavily 
contaminated areas at the site. A major part of the  program is directed 
to reduce the risk presented by the contaminated de bris buried in the 
pits at Taranaki. DPIE has identified the in situ v itrification (ISV) 
technology as the preferred technology for treatmen t of the Taranaki 
Pits. As part of this program, Geosafe recently com pleted two multi-ton 
radioactive demonstrations of the ISV technology at  the site. The 
demonstrations involved preparing test pits which i ncluded 37 wt% steel, 
and other debris including lead, baryte shielding b ricks and organic-
based materials. Actual plutonium-contaminated debr is originating from 
the original weapons tests was used in one demonstr ation and each 
demonstration involved the vitrification of one kg of uranium oxide.  
Results indicate that all demonstration objectives were met and that 
>99.999% of the radioactive materials were retained  in the melt. No 
detectable activity was found inside the off-gas co ntainment hood or on 
the insides of the off-gas piping. Preliminary radi ochemistry analyses 
and X-Ray Fluorescence analyses indicate that the r adioactive materials 
are uniformly distributed through the vitreous prod uct. Leach tests of 
the vitrified product using the Product Consistency  Test procedure at 7 
and 28 day leaching intervals indicate that the nor malized leach rates 
are extremely low (<0.1 g/m2) for all oxide species . 
This international application of the ISV technolog y on TRU-contaminated 
buried waste represents a major milestone in the de ployment of the DOE-
developed ISV technology. This paper will present a  overview of the 
Maralinga Rehabilitation Program and discuss the tw o radioactive ISV 
demonstrations conducted at the site. In addition, plans for the 
remaining phases of work will be discussed.  
THE MARALINGA SITE 
Atomic weapons were developed and tested in Austral ia at Maralinga by the 
British Government from 1955 to 1963. Seven atomic explosions during 1956 
and 1957 resulted in fission product fallout. Sever al hundred ancillary 
experiments were conducted, some of which involved explosive dispersion 
or burning of metallic plutonium, uranium and beryl lium in the open 
environment. Weapons development ceased in 1963, fo llowing the Partial 
Test Ban Treaty. Several attempts at clean-up of th e Maralinga site were 
made by Britain. The last was Operation Brumby in 1 967, during which 



contaminated areas of soil were plowed to mix and d ilute the level of 
surface contamination, and debris pits containing p lutonium were capped 
with concrete. The site then reverted to Australian  control. Details of 
the operations at Maralinga were summarized by Symo nds (1). Interest in 
rehabilitation of the site was revived in 1984 by t he Australian Royal 
Commission into British Nuclear Tests in Australia.  The recommendations 
of the Commissioner (2) included a further clean-up  to permit 
unrestricted access of Aboriginal people to the for mer test sites.  
Maralinga is situated in the State of South Austral ia, between the 
Nullarbor Plain and the Great Victorian Desert, 40 km north of Watson 
siding on the Trans Australia Indian Pacific Railwa y (Fig. 1). The area 
of the site is 3,210 km2. Maralinga has a semi-arid  environment with an 
average of 200-mm annual rainfall. Average temperat ures range from 33C in 
January to 18C in July, with summer temperatures fr equently in excess of 
40C. The weapons development tests were conducted o n Tietkens Plain, an 
outcrop of limestone and dolomite, partly covered b y sand and bordered by 
vegetated sand hills.  
Fig. 1 
THE MARALINGA REHABILITATION PROGRAM 
The Technical Assessment Group (TAG) was establishe d by the Australian 
Government in February, 1986, to conduct scientific  and engineering field 
studies, laboratory research and pilot operations n ecessary to define a 
range of realistic and cost-effective rehabilitatio n options. The 
scientific studies commenced with an aerial radiolo gical survey of the 
former test sites, and included field and laborator y work to assess 
concentrations of residual radioactive isotopes in native foodstuffs, 
soils and inhalable dusts at Maralinga.  
Dosimetric modelling of potential radiological dose  through the pathways 
of ingestion, inhalation and wound contamination du ring the activities of 
a semi-traditional Aboriginal lifestyle led the TAG  to conclude that the 
current radiological hazard at Maralinga resulted f rom the dispersal by 
chemical explosive of about twenty two kilograms of  metallic plutonium in 
twelve Vixen "B" one-shot minor trials at the Taran aki test site between 
August 1960 and April 1963. In these trials, each n uclear device was 
detonated by chemical explosive on an exposed "feat herbed" structure. The 
"featherbed" consisted of massive steel plates and walls of lead and 
barytes bricks mounted on rolled steel joists. The detonation of the 
devices produced a measurable, but negligible, nucl ear energy yield in 
most shots. Plutonium was dispersed as fine oxide d usts, as sub-
millimeter particles, and as surface contamination on larger fragments of 
debris from the destruction of the "featherbed". En gineering studies by 
the TAG defined a series of engineering work packag es using established 
technologies for treatment of contaminated land and  debris pits.  
REMEDIATION OPTIONS 
The report by TAG (3) to the Australian Government contained nine 
rehabilitation options and about 29 sub-options. Th e options ranged from 
low cost/resource/risk (e.g., fencing and exclusion  of contaminated 
areas) to high cost/resource/risk (e.g., collection  and disposal of 
contaminated soil and the contents of debris pits).  The scope of 
rehabilitation covered access by semi-traditional A boriginal Communities, 
primarily the residents of Oak Valley, ranging from  casual access to 
fully unrestricted habitation. 
Data from safety trials conducted at the Nevada Tes t Site (4) indicated 
that about twenty percent of the plutonium detonate d (i.e., about four 



kilograms of plutonium) might have been deposited i n the near field of 
the detonations. Twenty one numbered shallow debris  pits in a fenced area 
at Taranaki have been reported to contain about 820  tonnes of debris and 
1150 tonnes of soil contaminated with plutonium fro m the Vixen "B" 
trials. Pending further evidence, the pits have bee n assumed to contain 
between four and twenty kilograms of plutonium. Thi s paper is focused on 
the stabilization of the contents of these debris p its. 
STABILIZATION OF DEBRIS PITS 
TAG (3) considered three options for stabilization of the plutonium 
debris pits: exhumation and reburial of the pit con tents, stabilization 
by concrete grouting, and stabilization by in situ vitrification. 
Exhumation processes considered involved excavation  of debris and 
contaminated soil into rectangular steel boxes, for  disposal either in 
deep boreholes, or in a lined and capped sub-trench  below the trench for 
disposal of collected contaminated surface soil. Ex humation would require 
intensive radiological protection of personnel agai nst inhalation of 
plutonium dusts. 
Grouting procedures assessed included a combination  of in-pit grouting, 
grouting of adjacent rock and soil, with concrete c apping, cut-off walls 
and tumuli over the grouted pits. A major problem i n the grouting option 
was the uncertain degree of void filling and conseq uent doubtful degree 
of improvement in long-term safety.  
In situ vitrification (ISV) is a U. S. Department o f Energy developed 
process being commercially applied by Geosafe Corpo rationa. The process 
involves electric melting of contaminated soil and debris and/or other 
earthen materials for purposes of permanently destr oying, removing, 
and/or immobilizing hazardous and radioactive conta minants. Melt 
temperatures typically reach 1400-2000C by passage of (typically) 3 to 4 
MW of electrical power with a square array of four electrodes. Off-gases 
are collected for treatment in a steel containment hood that spans the 
area being processed. When electrical power is shut  off, the molten mass 
solidifies into a vitrified monolith with unequalle d physical, chemical, 
and weathering properties compared to alternative 
solidification/stabilization technologies. For the Maralinga application, 
the ISV process would melt the soil and debris cont ained in the pits. The 
plutonium oxide would be incorporated into a stable  leach resistant 
vitreous/ceramic block, with steel debris melting t o form an encapsulated 
steel ingot.  
The ISV process appeared to have advantages of impr oved occupational, 
public, and environmental safety together with grea tly improved 
containment of the radioactive materials in the vit rified product that 
would be much more durable compared with alternativ e stabilization 
methods. This conclusion was subject to the proviso  that the presence of 
limestone and the contents of the pits did not adve rsely affect process 
efficiency and that the logistics for operation of the process at 
Maralinga could be resolved. The Australian Governm ent decided to proceed 
on the basis of an option which involved collection  and trench burial of 
the more highly contaminated surface soil, and dete rmination of the 
applicability of ISV for stabilization of the conte nts of the debris 
pits. 
DESCRIPTION OF THE MARALINGA ISV PROJECT 
The ISV project was structured as a four phase proj ect. Phase 1, 
conducted in 1993 and 1994, involved an initial stu dy to determine if the 
ISV process was suitable for the application. The s tudy included a site 



visit to evaluate the site conditions and involved engineering-scale ISV 
tests and crucible melt studies using debris and un contaminated soils 
from the site. Phase 1 results indicated that the I SV process could be 
applied to the soil and debris combinations at the site.  
Phase 2, conducted in 1995, involved a series of te n on-site engineering-
scale tests and three intermediate-scale demonstrat ions to obtain site-
specific process data. Two of the intermediate-scal e demonstrations used 
radioactive materials, including blast debris from the original weapons 
tests. These two radioactive demonstrations are the  subject of this 
paper. The principal goal for the intermediate-scal e radioactive ISV 
demonstrations was to collect sufficient data to de termine if the ISV 
process could be expected to effectively treat the contaminated soil and 
debris in the Taranaki pits and to obtain data to c onfirm the behavior of 
plutonium in the process. Data from the tests and d emonstrations were 
also gathered to support the design of a full-scale  ISV process machine 
that will be tailored for the site-specific conditi ons and to develop a 
remedial design plan which will define the approach  and logistics 
associated with the full-scale treatment at the sit e. Specific objectives 
were established for each demonstration so that the  performance of the 
ISV process and the resulting vitrified product cou ld be evaluated 
against the performance criteria established for th e project.  
Science and engineering advisors representing the C ommonwealth helped 
determine ISV process performance criteria for the application and were 
present to observe activities during key stages of the demonstration 
project.  
The demonstrations were configured in a manner that  was thought to best 
represent the configuration of the actual pits as w ell as the actual 
types and amounts of debris buried in the pits. Sta ndard scaling 
relationships established for the ISV process were used in conjunction 
with historical data that describes the pits and th e pit contents to 
develop scale mock-ups of a typical Taranaki pit.  
An intermediate-scale (85 kW) system capable of pro ducing melts up to 
4,500 kg (5 tons) was constructed for the project. Figure 2 is a 
photograph of the ISV equipment as positioned for t he second radioactive 
demonstration involving plutonium. This size of sys tem provides cost 
effective data that can be directly scaled to the f ull-size application. 
The off-gas treatment system was designed specifica lly to handle the 
higher off-gas generation rates and higher off-gas temperatures expected 
to result from processing buried wastes. In additio n to the steel and 
radioactive materials, the pits contained significa nt amounts of gas 
generating materials such as sulfates, carbonates, and organics. 
Fig. 2 
RADIOACTIVE ISV DEMONSTRATIONS 
The two radioactive demonstrations involved the tre atment of soil, 37 wt% 
steel debris, and other debris including bitumen-st abilized soil, lead, 
plastic, electrical cable and barytes bricks. The b arytes bricks were 
originally used as radiation shielding material and  are composed of 
barium sulfate. Figure 3 is a photograph of one of the pits being filled 
with debris and soil. One kilogram of uranium oxide  was buried in each 
pit to serve as a surrogate for plutonium. For each  demonstration melt, 
the uranium oxide was contained in a plastic bag an d located in the 
center of the pit to serve as a highly localized ar ea of contamination. 
The second radioactive demonstration included a ste el plate, originating 
from the weapons tests, that was contaminated with approximately 0.5 



grams of plutonium oxide (predominantly 239Pu with about 3% being 241Pu). 
About 90% of the 241Pu originally on the plate had decayed to 241Am. 
Fig. 3 
Each demonstration melt was conducted at opposite e nds of a trench. In 
order to best represent the geochemistry of the lim estone-based soil 
surrounding the Taranaki pits, the tests were condu cted in the Taranaki 
area adjacent to two of the larger waste burial pit s. 
The two demonstrations were conducted in September and October of 1995. 
The first demonstration occurred over an 84 hour ti me period while the 
second demonstration occurred over a 96 hour time p eriod. During the 
operations, process-related data, such as electrica l power and off-gas 
related data, was collected to support the design p rocess for a full-
scale ISV machine that will be tailored specificall y for the site.  
Following the two demonstrations, the resulting vit rified monoliths were 
excavated for examination, weighing, and sampling. The mass of the first 
demonstration monolith was determined to be 3,766 k g (4.15 tons). The 
mass of the second demonstration monolith was deter mined to be 4,292 kg 
(4.73 tons). Figure 4 is a photograph of the second  demonstration 
monolith being weighed. 
Fig. 4 
RESULTS AND OBSERVATIONS 
Both demonstrations were completed successfully. Ph ysical 
characterization of the vitrified blocks and prelim inary radiochemical 
analyses have been completed. Additional analyses, including a variety of 
leach tests, are currently underway. Based on the a vailable data, the 
following observations and conclusions can be made concerning the 
demonstrations: 
  The ISV process was demonstrated to be capable of  melting the soil and 
debris combinations in the pit including the 37 wt%  steel. In addition, 
the non-steel debris in the pit (barytes bricks, ca ble, lead, bitumen 
stabilized soil, and plastic) did not pose any proc essing difficulties. 
  The voids and gas generating materials in the pit s (carbonates, 
sulfates, and organics) did not pose any processing  difficulties with 
respect to off-gas containment. The off-gas treatme nt system's high off-
gas flow rate was fully sufficient to accommodate t he high steady state 
off-gas generation rates and transient off-gas surg es that resulted from 
processing the gas generating materials and voids. 
  The volume reduction for the soil and debris trea ted was 47% for the 
first demonstration melt and 55% for the second dem onstration melt. 
  Based on isokinetic off-gas sampling, the amount of uranium oxide 
retained in the first demonstration melt was 99.999 87% and the amount 
retained in the second demonstration melt was 99.99 968%. Using the same 
isokinetic off-gas sampling methods, the amount of plutonium retained in 
the second demonstration melt was determined to be in excess of 
99.99999%. 
  Following the demonstrations, health physics-rela ted surveys of the 
equipment established that the insides of the off-g as containment hood, 
off-gas piping, and primary HEPA filters were free of detectable 
contamination above background levels (less than 0. 25 Bq alpha and beta 
combined per 100 cm2 surface area). Consequently, d econtamination of the 
equipment was not required. 
  The plutonium, uranium, and americium in the vitr eous phase are not 
smearable. Significant intrusive sampling activitie s resulted in the 
creation and handling of many small fragments of vi trified product, 



including dusts, but did not result in the transfer  of any detectable 
contamination to tools or personnel. 
  Based on X-Ray Fluorescence analyses and alpha sp ectrometry analyses of 
samples, the plutonium and uranium oxides were foun d to be uniformly 
distributed throughout the vitreous phase. Table I provides a summary of 
the data for several samples from the plutonium dem onstration. 
  The metal phase at the base of each melt was dete rmined to be free of 
plutonium and uranium based on qualitative analyses . Quantitative 
analyses of the metal phase have not yet been compl eted. (Earlier Phase 2 
tests involving cerium as a plutonium surrogate est ablished that the 
cerium did not partition to the metal phase.) 
  Leach tests of six samples of vitrified product, conducted in 
triplicate, using the Product Consistency Test Proc edure at intervals of 
7 and 28 days indicate that the normalized leach ra tes for all oxides in 
the vitrified product are less than 0.1 g/m2. The l each tests included 
standard PCT tests as well as modified leach tests using leachants with 
pH values of 5, 7 and 10.  
Table I 
CONCLUSIONS 
The data and observations resulting from the radioa ctive ISV 
demonstrations conducted at the Maralinga site supp ort the following 
primary conclusions concerning the likely performan ce of the ISV process 
on the Taranaki pits: 
  The ISV process, at full-scale, can be expected t o effectively treat 
the soil and debris combinations in the Taranaki pi ts. 
  The data indicates that an ISV process machine de signed specifically 
for this application will be capable of handling th e higher off-gas 
temperatures and transient off-gas flows associated  with the treatment of 
the buried wastes.  
  The vast majority (>99.999%) of the plutonium and  uranium will be 
retained in the melt and will be uniformly distribu ted throughout the 
vitreous phase. 
  The vitrified product will be a uniform, dense, h ard product of high 
strength with exceptional leach resistance.  
  Plutonium will not be distributed to any signific ant extent to other 
phases in the melt. 
  The ISV process can be safely applied to the mate rials present at the 
Taranaki site. 
PLANS FOR SUBSEQUENT PHASES OF WORK 
The two radioactive demonstrations provided an oppo rtunity to obtain 
site-specific process performance data to evaluate the ISV process for 
this application. The data will be used to develop a remedial design plan 
for the full-scale application to determine the mos t efficient, safe and 
economical approach to treat the Taranaki pits with  the ISV technology. 
In addition, the data is being used to design a ful l-scale ISV process 
machine that is being tailored to accommodate the s pecific 
characteristics and treatment requirements of the s ite. Phase 3 will 
involve the construction of the full-scale ISV mach ine. Phase 3 is 
expected to commence in 1996. Phase 4 involves the actual treatment of 
the Taranaki pits. Phase 4 is expected to commence in 1997.  
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ABSTRACT 
In the framework of a cooperation agreement between  SIA "Radon" (Russia) 
and SGN (France), the cold crucible technology deve loped by Radon has 
been tested with two different simulated wastes. Th ese surrogates are 
representative of VVER (nuclear reactor of water-wa ter type used at 
Nuclear Power Plants) and Radon waste respectively.  The operating 
conditions, the performance of the cold crucible, t he off-gas treatment, 
and properties of the produced glass have been dete rmined. 
Moreover, joint vitrification of low-level liquid w astes with solid 
wastes and crushed lead-containing cathode ray tube s (CRT) glass were 
conducted. Glasses produced from sodium nitrate or sodium borate based 
wastes and lead-containing waste can be melted at 1 200-1300oC and these 
are high chemically durable. Their viscosity range is between 2 and 7 Pa 
s. These glasses, with resistivity 0.02-0.05 Wm, ar e able to be produced 
by induction melting in a "cold crucible". When a " yellow phase" forms, 
it may be dispersed in molten glass by high active agitation followed by 
a rapid temperature decrease to solidify the "yello w phase" (sulfates) in 
the glassy matrix. Vitrification tests in the exper imental plant based on 
cold crucible were performed and the operating cond itions and the glass 
properties were determined. 
Experimental results have shown that lead glass is a suitable additive 
for radwaste vitrification. Joint vitrification of radwaste with lead-
containing waste yields glass or glass-composite ma terial with low leach 
rate both alkali cations and lead. 



The next milestone of the joint development program  to reach industrial 
scale-up are also described. 
INTRODUCTION 
Successful application of the cold crucible technol ogy at SIA "Radon" for 
intermediate-level waste vitrification (1) stimulat ed a search of new 
applications, including the use of the cold crucibl e for lead-containing 
toxic waste immobilization (2). In the frame of a c ooperation agreement 
between SIA "Radon" (Russia) and SGN (France), the cold crucible 
technology developed by Radon has been tested with two different 
simulated wastes. These surrogates are representati ve VVER and RBMK 
(channel-type uranium-graphite reactor) wastes.  
The tests were conducted in an experimental plant b ased on coreless 
induction melter - cold crucible with industrial-sc ale dimensions.  
The main aims of these tests are characterization o f this technology with 
simulated intermediate-level Radon and SGN specifie d wastes, 
determination of basic process parameters, heat and  mass balance, 
product, off-gas and secondary waste characterizati on and determination 
of the ability of cold crucible to maintain an unde rpressure at 
operation. 
Glasses prepared were analyzed for chemical composi tion, viscosity, 
resistivity, chemical durability, and homogeneity. Aerosol concentration 
and chemical composition, gas specific activity, co mponents volatility 
and gas concentration (HCl, SOx, COx, NOx) have bee n determined from off-
gas analysis. The estimation of sleeve filter worka bility (operation 
efficiency and regenerability) was carried out as w ell. 
Experiments on the joint vitrification of low-level  liquid and solid 
wastes and crushed lead-containing CRT glass were a lso conducted. The 
same cold crucible based plant was used. Glass prop erties, lead 
volatilization and leaching were studied.  
EXPERIMENTAL 
Plant Description 
The basic unit of the plant design (Fig. 1) is an i nduction melter - a 
cold crucible (IMCC). The melter was manufactured f rom water cooled 
stainless steel pipes. It has a water-cooled lid. A n agitator may be 
installed in the lid if necessary. 
Fig. 1 
The crucible was installed in a protective access b ox, equipped with 
exhaust ventilation and filter. The cold crucible d imensions during test 
No. 1 and 2 were 590 mm in length, 300 mm in width,  655 mm in height and 
10.18 dm2 in melt surface area. The crucible was su rrounded by a two-turn 
inductor energized from a high-frequency (HF) gener ator. The generator' s 
power and operating frequency were 160 kW and 1.76 MHz respectively. The 
plant is equipped with water flow rate indicators. Generator's lamp was 
cooled with distilled water. 
Tests No. 3-5 with lead glass were performed with s mall cylindrical cold 
crucible (100 mm in diameter) energized from HF gen erator operated at 
1.76 MHz with 60 kW of power. 
Batch preparation was carried out manually in conta iners. The batch 
prepared was charged in a mixer followed by feeding  into the melter. 
Glass melt was poured into metallic container (meas ures 400x400x150 mm). 
Off-gas was purified on coarse (sleeve) filter and cooled in a heat-
exchanger. 
Experimental Procedure 



Five vitrification tests were performed. During the  first test a 
simulated SGN waste was vitrified and during the se cond test a simulated 
"Radon" waste was treated with borosilicate additiv es. The salts were 
crushed previously to be undersized of 10 mm and dr y blended to glass 
forming additives. SGN and Radon waste compositions  are presented in 
Table I. 
Table I 
The glass-forming additive compositions including l oam clay and CRT glass 
are given in Table II. 
Table II 
Dry batches compositions for the resulting glasses are shown in Table 
III. Before the first and the second tests water wa s admixed to batch to 
produce a paste with moisture of about 20 wt.%. The  prepared paste was 
fed into the mixer in 20-22 kg batches. The batch c apacity was evaluated 
by change of level in mixer taking into account its  density. 
Table III 
Initiating of melting in the cold crucible was prod uced by means of 
heating a short-circuited loop (titanium ring) in a n electromagnetic 
field followed by the titanium ring oxidation and i ncorporation of 
titania in the glass. 
After the melt formation the batch was fed into the  cold crucible in 
batches of 0.5-1 kg. A need for charge was determin ed visually by measure 
of melt surface opening in the crucible. An average  melt capacity was 
evaluated by measuring the weight of the containers  filled with glass. 
The current, voltage of feeding supply line, genera tor's electric 
parameters, flow rate and temperature of cooling wa ter, underpressure in 
the cold crucible and filter resistance were checke d every 20 minutes 
during the experiment. The glass samples were taken  at the cold crucible 
discharge as well as from the containers after cool ing. The condensate 
after heat-exchanger was drained and studied. Durin g the first test the 
vitrification of SGN waste vitrification. The exper iment was carried out 
for 16 h. Sampling was started after the operation conditions hit and was 
carried out in accord with feed cycle. 
During the second test the batch contained simulate d "Radon" waste. The 
experiment was conducted for 7 h. Two hours of this  time a batch 
containing the radionuclide 137Cs with total activi ty of 5.5 MBq was 
vitrified. Off-gas sampling was carried out at filt er outlet to exclude 
the effect of water soluble constituents of aerosol s.  
The next three experiments were performed to determ ine a feasibility and 
conditions of lead-containing toxic waste vitrifica tion. At first, broken 
CRT glass without additives was remelted. Then, joi nt vitrification of 
Radon waste and lead glass was performed. Finally, joint vitrification of 
SGN waste, soil and lead glass was carried out.  
During all of the experiments the underpressure of 15-20 mm H2O was 
maintained, the off-gas flow rate was checked and f ilter inlet and outlet 
temperatures were recorded. Simultaneously the gas flow rate and the 
filter resistance were recorded. A filter regenerat ion was carried out by 
transitory (0.2 s) pulse air feed in every sleeve b y turns in two cases: 
when filter resistance reached 1.5 kPa and at insta nt of glass pouring. 
Glasses, off-gas deposits and condensates produced were analyzed for 
constituents by atomic absorption spectroscopy (S-1 15 spectrophotometer, 
Russia) and emission spectral analysis techniques ( unit based on ISP-30 
spectrograph). A glass resistivity and viscosity we re measured with 
Institute of Glass (Russia) unit modified in Radon.  Leach rates of sodium 



and potassium ions and 137Cs were measured by IAEA technique (MCC-1 test) 
(3). 
Specific activity of glasses containing 137Cs was m easured by counter SI-
8B supplied with device PSO-2/4 in comparison with standard source. 
Incorporation of Simulated SGN and Radon Wastes in Borosilicate Glass 
Before the first test the melter was filled with gl ass that remained from 
the previous experiments. Before and after the oper ation the glass level 
was set the same this level, corresponded to the mi nimum possible level 
of glass left after the glass pouring. Average proc ess variables are 
shown in Table IV.  
Table IV 
The generator power was elevated as far as glass le vel in melter was 
elevated. Glass properties are given in Tables V.  
Table V 
In the middle of the first test some problems occur red with the glass 
sampling due to a change in glass composition that resulted in the 
increase of glass resistivity (4). "Yellow phase" f ormation due to high 
sulfate content was also observed. An attempt to di sperse the "yellow 
phase" by means of agitation before pouring was not  successful because of 
low melt viscosity. 
No problems were encountered with Radon waste vitri fication. Glass 
compositions are given in Table V. These are simila r to common Radon 
waste glass (5). 
At 1200-1300oC both melts had a suitable viscosity and fluidity, which 
all the melt pouring to be implemented for 2-3 minu tes. 
The effect of melt agitation on melter capacity was  estimated during 
Radon waste vitrification. Melt agitation was carri ed out by blade 
stirrer installed at an angle to melt surface. A 10  kg batch was fed in 
the mixer and the time for every batch treatment wa s determined. Two 
batches were doped with 137Cs. According to prelimi nary data, agitation 
increased glass productivity by approximately 15-20 %. 
The glasses prepared had a low specific activity. T herefore a significant 
error occurs at 137Cs volatilization and leach rate  measurements. 
Volatilization and chemical durability of glasses h ave been evaluated 
more precisely from volatilization and leaching of sodium and potassium 
cations. It is seen from data shown in Table IV tha t volatilization 
during melting and leach rate of these cations from  glasses are similar 
to other known borosilicate glasses. Approximate me asurements showed 
cesium leach rate has the same order of magnitude a s sodium and 
potassium. 
Solubility of SGN and Radon waste glasses in HF ind icating vitreous phase 
fraction is 90% and higher (Table V).  
Incorporation of Mixed Waste in Glass 
Melting of broken CRT glass yielded a homogeneous m elt containing minor 
inclusions of metallic contacts. Their low content did not result in an 
accumulation of molten metal phase at the crucible bottom. Process 
variables are represented in Table IV.  
Glass compositions of the joint vitrification were determined from a 
laboratory study (2). Two of the mixtures (Table II I) were fully melted 
at 1200oC. Melt resistivity at this temperature ran ged between 0.02 and 
0.05 Wm. This range is suitable for electric meltin g in the cold 
crucible. Sodium, potassium, lead and boron losses were measured (Table 
IV). Glasses (Table V) contained about 30% of Radon  and SGN waste 
respectively. No problems were encountered during m elting. Lead-



containing glasses were able to dissolve an increas ed quantity of sulfate 
and chloride ions (6) and "yellow phase" formation was not observed. 
Homogeneous glasses with good chemical durability w ere produced. Sodium, 
potassium and lead leaching was insignificant (Tabl e V). 
Off-gas Analysis 
Cesium and other components losses from the melter were determined from 
off-gas specific activity and dust content taking i nto account the off-
gas flow rate. 
After the first run with simulated SGN waste, 3.1 k g of dust was 
collected in sleeve filter as well as 200 g of dust  was deposited on off-
gas pipe walls. Chemical composition of off-gas pip e and sleeve filter 
deposits are given in Table VI.  
Table VI 
Relative fraction of insoluble compounds (calcium, magnesium, aluminum 
and iron silicates and sulfates) from the off-gas p ipe was higher 
compared to the product discharged from the collect or and filter sleeves. 
A sleeve filter was charged with filter cloth from carbon fiber with a 
filter surface area 2.8 m2. An average off-gas flow  rate during the test 
time was 50 m3/h (recalculated to normal condition) . Inlet temperature 
was maintained at the level 130-160oC and filter ou tlet temperature was 
90-120oC. Gas filtration flow rate at filter operat ion was 0.8-1.0 cm/s. 
Filter resistance ranged between 0.3 and 1.5-2 kPa.  Reverse blow-out 
decreased the resistance to 0.5-1.2 kPa. After slee ve filter parameters 
at SGN and Radon waste vitrification aerosol concen tration was decreased 
from 930 to 22 and from 1500-2000 to 15-30 mg/m3 re spectively. Off-gas 
specific activity at Radon waste treatment was decr eased from 7.25 to 
0.16 Bq/m3. Trapping efficiency of aerosols and 137 Cs was 97.52.0 and 
96.20.7% respectively.  
During simulated liquid waste treatment the gas con stituents 
concentrations were measured. Average HCl and SO2 c oncentrations were 11 
and 6 mg/m3 respectively during batch feeding and 1 4 and 4 mg/m3 
respectively during glass pouring. Nitrogen oxides concentration ranged 
between 27 and 38 (averaged -31) g/m3. Carbon monox ide in the off-gas had 
not been revealed. Oxygen concentration was found t o range within 
conventional values (19.5-21 vol.%). During simulat ed waste vitrification 
without agitation the off-gas dust content ranged b etween 0.3 at the end 
of batch portion melting and 4.8 g/l immediately af ter the next batch 
portion feeding.  
A test run conducted to determine material loss fro m the melter during 
batch feeding of 10 kg portions has shown that melt  agitation increases 
the solid aerosols losses by factor of 2-3: from 0. 27% without agitation 
to 0.87% with agitation. A dust content in off-gas in the latter case 
increased to 9.7 g/m3. An increase of solid entrain ment at melt agitation 
resulted in greater dust deposition in off-gas tube  (480 g per 1300 g of 
free-flowing bulk material from collector and filte r sleeves. Overall 
dust entrainment has achieved of 1.9% from produced  bulk glass. 
At the end of the experiment two runs of batch feed ing spiked with 137Cs 
were carried out. Overall batch activity of 4.45 MB q was fed into melter. 
Average off-gas specific activity at sleeve filter inlet was 7.3 Bq/l 
(maximal value - 14.3 Bq/l). Radioactive cesium los s from melter (with 
respect to off-gas specific activity) was 12.6% fro m loaded activity. 
These data should be considered as preliminary due to very short time of 
the test. 



Condensate compositions obtained after the heat-exc hanger contained 
mainly nitric acid. Moreover minor chloride and sul fate ions were 
detected (up to 2.5 and 0.1 g/l respectively). Aver age specific activity 
of the condensate at simulated "Radon" waste operat ion was 520 Bq/l. 
CONCLUSION 
Simulated SGN and Radon waste vitrification tests i n a "cold crucible" 
have demonstrated the good workability, reliability  and high 
productivity, and ability of the cold crucible to m aintain an 
underpressure during the operation. Cold crucible c apacity can be 
increased by additional melt agitation. The quality  of glasses produced 
is also high. Lead-containing broken CRT glass can be remelted with 
formation of chemically durable glass. Common vitri fication of lead glass 
and intermediate-level waste also yields homogeneou s glass. Leach rates 
of sodium, potassium cations and cesium radionuclid es were low and they 
were found to be on the level of good borosilicate glasses. 
REFERENCES 
1. I.A. SOBOLEV, S.A. DMITRIYEV, F.A. LIFANOV, S.V.  STEFANOVSKY and A.P. 
KOBELEV, "Low- and Intermediate-Level Waste Vitrifi cation: Basic 
Principles, Process Units and Product Characterizat ion", Waste 
Management'95. "HLW, LLW, Mixed Wastes and Environm ental Restoration - 
Working Towards A Cleaner Environment". Abstracts. Tucson. 1995. P.12. 
2. I.A. SOBOLEV, G.V. MAKARTCHENKO, S.V. STEFANOVSK Y and F.A. LIFANOV, 
"High-Temperature Immobilization of Hazardous Waste  in Glass", Glass and 
Ceramics (Russ.) 3 (1991) 8. 
3. ISO 6961-82, Vienna, 1984. 
4. F. A. LIFANOV, S.V. STEFANOVSKY, A. P. KOBELEV, V. I. KORNEV, A.E. 
SAVKIN, O. A. KNYAZEV, T. N. LASHCHENOVA, S. MERLIN  and P. ROUX, 
"Vitrification of Simulated Intermediate-Level Fren ch and Russian Wastes 
in "Cold Crucible" Based Plant", Scientific Basis f or Nuclear Waste 
Management - XIX, Boston (November 1995) (in press) . 
5. I.A. SOBOLEV, S.A. DMITRIEV, F.A. LIFANOV, S.V. STEFANOVSKY, A.P. 
KOBELEV, V.I. KORNEV, O.A. KNYAZEV and O.N. TSVESHK O. "Vitrification of 
Intermediate Level Radioactive Waste by Induction H eating", ICEM'95. 
Proceedings of the Fifth International Conference o n Radioactive Waste 
Management and Environmental Remediation, Berlin, G ermany, Sept.3-7, 
1995. Vol.2. P.1125-1128. 
6. S.V. STEFANOVSKY and F.A. LIFANOV, "Glasses for Immobilization of 
Sulfate-Containing Waste", Radiochemistry (Russ) 31  (1989) 129. 
 
27-4   
MULTIPLE APPLICATIONS OF COLD CRUCIBLE MELTING 
Antoine Jouan  
Jean-Pierre Moncouyoux 
Commissariat  l'Energie Atomique (CEA) 
Rhne Valley Research Center,  
BP171, 30207 Bagnols-sur-Cze, France 
 
Serge Merlin 
Patrice Roux 
Socit Gnrale pour les Techniques Nouvelles (SGN) 
1, rue des Hrons,  
78172 Saint-Quentin-en-Yvelines, France 
ABSTRACT 



Induction-heated cold crucible melting is increasin gly seen as a 
promising technique by the international scientific  and technical 
community. It is capable of achieving high temperat ures and power 
densities with virtually no melter corrosion, makin g it an ideal solution 
for many applications ranging from simple melting o f metals, molten salts 
or glass, to complex processes involving chemical r eactions in molten 
baths, or even to the incineration of combustible w aste or ion exchange 
resins. 
This technique has been developed by the Commissari at  l'Energie Atomique 
(CEA) for many years, and is now reaching maturity in many sectors of 
activity. 
  Metals. A prototype melter has been built in Fran ce to ensure the 
containment of irradiated fuel cladding scraps. The  unit produces ingots 
20 cm in diameter and 1 m high weighing 200 kg each , with a volume 
reduction factor of nearly 6. 
  Molten salts or glass. The CEA operates several p rototype units 
primarily intended to vitrify fission product solut ions. They routinely 
achieve glass production rates of 50 kg per hour, a nd may be coupled with 
a calciner to evaporate and calcine the feed soluti on. Similar units can 
be used to obtain metals from their oxides by reduc tion in a molten bath; 
metal alloys have also been produced. 
  Waste treatment. Cold crucible melters are used t oday for simultaneous 
incineration and containment of combustible wastes including plastics or 
resins; the latter are burned directly on the surfa ce of the glass melt 
in which the residue is directly confined, and whic h may be cast into a 
container for direct disposal. 
As a result of these developments, induction-heated  cold crucible melting 
has reached a level of maturity that makes it a fea sible alternative for 
practically all high-temperature waste treatment pr ocesses. 
INTRODUCTION 
The ever more pressing need to develop a satisfacto ry solution to the 
problem of radioactive waste, for lack of a means o f eliminating the 
radioactivity entirely, has led to efforts to confi ne and contain the 
waste in increasingly small material volumes. This represents an 
implementation of the "2C" principle - containment and concentration - as 
opposed to the "2D" principle - dilution and disper sion. 
Three decades of work in this area have shown that this objective 
requires the use of high-temperature processes, whi ch destroy any organic 
matter and produce radioactive waste in metallic or  generally in oxide 
form, stabilized within a suitable matrix (1). In F rance, these 
principles are implemented by the Commissariat  l'E nergie Atomique (CEA) 
and its subsidiaries, COGEMA and SGN; the exemplary  operating record of 
the fission product solution vitrification faciliti es at Marcoule (since 
1978) and La Hague (since 1989) clearly demonstrate  the benefits of this 
technique (2). 
Nevertheless, the CEA is continuing to develop incr easingly effective 
processes applicable to an increasingly wide range of waste materials. 
This is the impetus behind the induction-heated col d crucible melting 
technique (3) described here. 
PRINCIPLE 
The technique is based on the use of a water-cooled  structure that is 
transparent to the electric field produced by an in duction coil 
surrounding it; this allows currents to be generate d inside the material 
contained in the structure. The upper diagram in Fi g. 1 shows a closed, 



water-cooled cylindrical metal structure forming a Faraday cage: the 
electric field inside is nil, as the current flows only around the 
periphery. The second diagram in Fig. 1 shows a sec torized metal 
structure that allows currents to flow in each sect or - notably on the 
inner face, creating a nonzero electric field that induces currents in 
the material and thus heats it by Joule effect. The  process material is 
thus molten at the core, and solidified on contact with the cooled melter 
wall. 
Fig. 1 
Schematically, the current penetration depth p (cf.  Fig. 1b) depends 
primarily on the resistivity r of the material and on the current 
frequency F: 
Eq. 1 
where k is a constant depending on the units used. The penetration depth 
should be roughly equal to the crucible radius for maximum efficiency. 
FEATURES AND ADVANTAGES OF COLD CRUCIBLE MELTING 
The salient feature of the process lies in the fact  that all the 
equipment components may be cooled. The molten mate rial at the center of 
the crucible thus solidifies near the melter walls,  which never exceed 
temperatures of about 200C. This has a number of im plications: 
  The crucible is protected against any risk of cor rosion, ensuring a 
very long operating lifetime and allowing it to be used to process a wide 
range of materials containing even highly corrosive  elements: glass with 
high P2O5 and even SO3- concentrations may be produ ced without 
difficulty. A glass melter has been used at Marcoul e for more than a 
decade, during which it has produced a broad spectr um of glass 
compositions and highly corrosive molten salts, and  yet it still appears 
virtually new today. 
  Extremely high - practically unlimited - core tem peratures may be 
reached in the process material. Crucibles of this type have been used to 
melt uranium and zirconium oxides at temperatures e xceeding 2500C, as 
well as zirconium metal at 1800C and even hafnium a t over 2200C. 
  A cold-crucible melter may be easily dismantled. Neither glass nor 
metal adheres to the cooled wall, which is therefor e never subject to 
strong contamination. 
The melter is highly compact, considering its abili ty to generate 
extremely high power densities in the glass - much higher than in an 
electrode furnace, where the power density is limit ed by electrode wear. 
Cold crucible melters are thus particularly well su ited for obtaining 
high throughput in a small volume, and extend the r ange of potential 
compositions for solidifying fission product soluti ons or any other type 
of waste for which this type of treatment is applic able. 
COLD CRUCIBLE MELTING OF METALS 
Hull Melting 
Metal melting applications mainly involve metal was te consisting of 
irradiated fuel cladding "hulls" (4) produced by re processing spent fuel 
from different types of reactors. After the fuel su bassemblies are cut up 
and the fuel is dissolved in a nitric acid solution , the waste consists 
primarily of short cladding tube scraps made of zir caloy in pressurized 
water reactors, or of stainless steel in fast react ors. The hulls are 
both alpha and high-level beta-gamma wastes, as the y may contain 
transuranic nuclides in residual undissolved fuel a s well as high-level 
fission or activation products. 



The melting process is illustrated schematically in  Fig. 2. The water-
cooled copper crucible is surrounded by an inductor . A water-cooled 
mobile bed is initially positioned so that its top face is level with the 
bottom of the inductor. The hulls are then placed i n the crucible and 
melting occurs in the presence of oxide or fluoride  flux that fills the 
gap formed by magnetic striction between the molten  metal and the cold 
crucible. Hulls are fed continuously to the melter with a suitable 
percentage of slag. When the molten metal bath reac hes a predetermined 
level, the bed begins to move downward continuously  to maintain a 
constant level in the crucible. The metal solidifie s as it exits the 
inductor, allowing the extraction of an ingot with the diameter of the 
crucible and with any desired length, surrounded by  a thin layer of 
solidified slag. Most of the slag detaches naturall y from the ingot 
during cooling, and is suitable for further treatme nt. The flux is 
important in digesting the oxides formed during mel ting, as well as any 
residual (e.g. uranium and plutonium) oxides still contaminating the 
hulls after fuel dissolution. 
Fig. 2 
A full-scale prototype unit implementing this proce ss has been built by 
the CEA. The facility includes the following major components: 
  the melter assembly comprising a 20 cm ID cold cr ucible surrounded by 
an inductor supplied with 10 kHz current from a 300  kW motor generator; a 
conical manifold above the crucible provides for pr ocess inlet and outlet 
flows (hulls, flux, argon, off-gas); the complete a ssembly is cooled with 
demineralized water; 
  the hull feed system, including a feed hopper and  a rotating disk 
distributor; 
  the flux feed system installed in a glove box and  connected to the cold 
crucible via a series of shutoff valves; 
  the off-gas treatment system, comprising a partic le separator, a 
scrubbing column and a HEPA filter stage; 
  the ingot drawing machine. 
Melting is performed automatically using a centrali zed control system to 
produce ingots 200 mm in diameter and 1000 mm long.  Tens of metric tons 
of nonradioactive zircaloy and stainless steel hull s have been melted in 
this prototype unit. 
Development work on this project is temporarily sus pended, as COGEMA is 
now considering a compaction process to handle such  wastes in its 
reprocessing plant at LaHague. 
Other Applications 
A cold crucible melter is not limited to merely rem elting metals. It may 
also be used to implement chemical reactions, for e xample to produce 
metals - including uranium. Uranium metal is genera lly produced by 
metallothermic reactions between UF4 or U3O8 and re actant metals such as 
calcium, magnesium or aluminum. A cold crucible rea ction process would 
present a number of advantages: high-frequency indu ction melting of raw 
materials creates suitable reaction conditions; mag netodynamic phenomena 
created by the electric fields may favor coalescenc e of the metal and 
improve the uranium ingot quality; the cold structu re is capable of 
removing the heat generated by the exothermic react ion, and thus shorting 
the fabrication cycle; the process is well suited t o continuous 
production. The feasibility of the method has been demonstrated by 
calciothermic tests with UF4 and U3O8. 



Cold crucible induction calciothermy may also be ap plied to other metals. 
Tests with neodymium fluoride to produce Nd-Fe allo ys have yielded 
promising results. 
COLD CRUCIBLE MELTING OF MOLTEN SALTS AND GLASS 
Molten salt processes will only be mentioned here a s a potential 
application for which work is only is only beginnin g, i.e. the 
interactive chemistry involving molten salts and me tals, with possible 
applications in reprocessing. The advantages of the  cold crucible are 
obvious in this context, where the extent of the co rrosion problems 
encountered has hamperered the design a suitable co ntact reactor; today 
this is no longer an obstacle and a new avenue of r esearch has been 
opened. 
The following discussion covers glass melting, begi nning with the 
solidification of fission product solutions. Direct  induction is possible 
in molten glass (5), which is slightly conductive w ith an electrical 
resistivity ranging from 1 to 50 Wm. The required i nduction frequency is 
inversely proportional to the crucible radius, betw een 200 and 300 kHz 
for a melter a few tens of centimeters diameter. 
Figure 3 shows a cold-crucible melter of the type u sed today at Marcoule, 
ranging from 30 to 55 cm in diameter and from 30 to  70 cm high. Several 
units are in use, and have logged a cumulative tota l of several thousand 
hours in operation, supplied either directly with g lass or with a calcine 
and frit mixture from a calciner similar to the one s used in the R7 and 
T7 vitrification facilities at LaHague. 
Fig. 3 
Melting may be initiated using a microwave system b y incorporating a few 
hundred grams of a suitable glass composition, or b y placing an annular 
aluminum, titanium or zirconium starter element tha t burns in air when 
induction heated, melting the surrounding glass and  allowing induction 
currents to develop in the melt. 
The capacity of this type of melter depends on both  the surface area and 
the operating temperature. The actual value is roug hly proportional to 
the surface area and to the fourth power of the tem perature: melting 
occurs by radiation from the molten glass to the su rface. Table I 
indicates the rates extrapolated from a throughput rate of 30 kgh-1 for a 
melter 55 cm in diameter operating at 1200C, as dem onstrated with the R7 
glass used at LaHague. In fact, these values are un derestimated, as they 
do not allow for the effects of stirring the melt ( which could easily be 
obtained either by sparging or mechanically using a  cooled stirring 
device), which would increase the capacity by at le ast 50% - assuming the 
generator is powerful enough to maintain the glass in the molten state 
under these conditions. 
Table I 
A new melter 1 meter in diameter has been built at Marcoule and is now 
being tested with a 160 kW transistor generator at a frequency of 100-200 
kHz. This unit opens the way to a new generation of  large melters that 
have been thoroughly modeled by the CEA, and which will probably 
constitute the most suitable means for vitrifying t he very large backlog 
of high-level fission product solutions now in inte rim storage throughout 
the world. This potential was not lost on the inter national experts 
called together by WHC at Hanford in mid-1994 to se lect a melting process 
for vitrification of the high-level waste at the si te: the cold crucible 
melter tied for first place with the liquid-fed cer amic melter. 
Similarly, COGEMA has undertaken a program to nucle arize the cold 



crucible melter for testing in one of the vitrifica tion facilities at 
LaHague. 
Low- and medium-level radioactive waste produced in  variable quantities 
by power reactors - VVERs in the East and PWRs in t he West - could also 
be vitrified in cold crucible melters. The feasibil ity of this 
application has been demonstrated in France using a  two-step process of 
calcination in a rotating kiln followed by melting in a 50 cm diameter 
cold crucible supplied with both calcine and a natu ral aluminosilicate 
mineral, clinoptinolite. This operation was conduct ed to substantiate the 
potential for vitrifying liquid waste with high bor on and soda content 
from the Czech power plant at Temelin; several cubi c meters of simulated 
solution were vitrified in a few hundred kilograms of glass (6). 
The possibility of feeding the process solution dir ectly to the molten 
glass in a cold crucible has been investigated and tests have been 
conducted. This procedure significantly diminishes the melter capacity, 
especially with dilute feed solutions. Russian scie ntists routinely use 
this method in cold crucible melters by first conce ntrating the solution 
and its additives (7). The advantage of this approa ch is to eliminate the 
prior calcining step, and is most appreciable in th e case of solutions 
that are difficult to calcine, e.g. those containin g large amounts of 
sodium, as with low- and medium-level waste solutio ns. A drawback, 
however, is the increased entrainment of particle m aterial, which 
complicates the design of the off-gas treatment sys tem. 
Incinerator ashes are another waste form that can e asily be melted in a 
cold crucible. Whether produced by a or bg incinera tors, they contain 
mainly silica (SiO2) and other oxides (CaO, MgO, et c.). The refractory 
nature of their components makes them generally dif ficult to melt as is; 
simply adding basalt or a small amount of sodium ca rbonate flux largely 
facilitates the process. This is a simple operation  that today routinely 
yields several tens of kgh-1 of a glass or vitrocry stalline material with 
potentially very good containment properties, and a llowing volume 
reduction by at least a factor of five. 
NEW DEVELOPMENTS AND APPLICATIONS FOR COLD-CRUCIBLE MELTING 
New Developments and Applications for Cold-Crucible  Melting 
In addition to increasing the capacity - an experim ental unit 1 m in 
diameter has already been demonstrated with a capac ity of 100 kgh-1 - the 
CEA is now orienting its research program toward an  increasingly wide 
range of wastes, and notably incinerable waste. The  objective is to 
achieve incineration (i.e. thermal decomposition of  the organic 
structure) and vitrification of the inorganic resid ue simultaneously and 
directly in the molten glass. This process is of pa rticular interest for 
plastic and cellulosic wastes - as well as ion exch ange resins, which are 
currently conditioned in cement of polymer matrices  representing a 
significant waste volume for disposal. A number of difficulties must be 
overcome before incineration-vitrification becomes a viable process: 
  The combustion off-gases are generally chlorinate d in the case of 
plastic wastes such as polyvinyl chloride, and gene rally sulfated in the 
case of resins, many of which are sulfonated. The C EA has acquired 
considerable experience in incinerating highly chlo rinated plastic 
wastes, and has developed an incineration process f or a-bearing waste 
(8,9) now implemented in industrial facilities at t wo French nuclear 
centers and which could be of interest to the world  nuclear community. 
Virtually all the chlorine from the feed material e nters the off-gas 
stream and is eventually converted to hydrochloric acid from which all 



the radioactivity must be eliminated. Similarly, th e sulfur contained in 
sulfonated resins will most likely be recovered in sulfuric acid or 
sulfate form. 
  A second difficulty involves the actual formulati on of the glass or 
vitrocrystalline material used to confine the inorg anic residue and thus 
the radioactivity. It is virtually impossible to in clude chlorine or 
sulfur in significant amounts in vitreous or vitroc rystalline materials 
with good containment properties. The advantage of the cold crucible 
technique in this area is that it obviates all the corrosion problems 
attributable to chlorine and especially sulfur, whi ch at very high 
temperatures, and often as a molten salt, is incomp atible with the use of 
conventional refractory or metal materials. 
Laboratory tests are in progress at the CEA's Marco ule center, and a 
small-scale pilot facility is now under constructio n with a 30 cm 
diameter cold crucible and a suitable off-gas treat ment system. 
Another potential application of cold crucible tech nology has also been 
investigated: the incineration of graphite. Under a  CEA research and 
development program to recover plutonium from the g raphite at a French 
defense site, the feasibility of this approach was demonstrated using a 
cold crucible 30 cm in diameter together with a pos t-combustion chamber. 
The problem here, of course, is not to burn the gra phite, but to control 
its combustion. The nonradioactive tests completed to date have been 
conclusive, and the process will be implemented to burn plutonium-
contaminated graphite in French defense centers. 
CONCLUSION 
Vitrification today is gradually supplanting other waste conditioning and 
containment processes. It is clearly of economic in terest in that it 
provides for a very significant volume reduction - unlike the other 
available processes, which increase the volume of t he final waste form. 
It is also of ecologic interest, by creating a high  quality containment 
matrix with excellent long-term behavior. 
Cold crucible melting will continue to advance as s imple, relatively 
inexpensive techniques that generate no secondary w aste are demonstrated 
and proven industrially. High-level waste has been vitrified by COGEMA in 
France for more than 15 years; low-level waste will  one day be vitrified 
- and followed by other liquid and solid waste form s. 
The cold crucible melter is unrivaled for its flexi ble operation, for the 
extremely high temperatures it allows, for its high  specific capacity and 
compact size, for its operating lifetime and virtua l absence of secondary 
waste, and for its potential to "digest" practicall y any form of liquid 
or solid waste including both metals and combustibl e materials. 
It is now necessary to develop units with higher ca pacities and to 
conclusively demonstrate the possibility not only o f melting but also of 
incinerating liquids as well as solids. Considerabl e work remains to be 
done, but the future of cold crucible melting is ex tremely promising. 
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ABSTRACT 
In order to obtain yearly generation volume and com position data for low- 
and medium-Level radioactive waste, we investigated  the characteristics 
and generation trends for each waste which has been  produced at nuclear 
power plants in Korea. The data were utilized for t echnical and 
economical assessment. For technical assessment, fo ur promising melters, 
which were the cold crucible heated by direct induc tion (CCM), the cold 
crucible melter heated by vertical electrodes (CCVE ), the quantum 
catalytic extraction process (QCEP), and the plasma  torch melter (PT), 
were selected to determine the best available melte r in the view point 
from Korean situation. Four melters were evaluated according to 
evaluation factors such as waste feeding, melter li fe, replacement 
materials during melter life, throughput, entrainme nt of volatile Cs and 
toxic material, and recycle potential of spent scru bbing solution to 
melter itself. Economical assessment was carried ou t for four treatment 
strategies with the melters selected in the technic al assessment. For 
each strategy, the capital and the operation cost w ere estimated and the 



disposal volume was calculated with reasonably esti mated volume reduction 
factors with respect to the waste type and the trea tment concept. Then 
the disposal costs were calculated according to the  several unit disposal 
costs. The treatment and disposal cost were plotted  for several unit 
disposal costs from 2,500 to 20,000 US$/m3. The res ults showed that the 
strategies adopting the CCM and/or the PT were more  economical than the 
current treatment system for overall unit disposal cost range if the 
waste treatment system is newly constructed accordi ng to the strategies, 
and they were more economical only for the unit dis posal cost of 6,250 
US$/m3 and more in case that the current system is modified with the CCM 
and/or the PT. 
INTRODUCTION 
In Korea, new treatment technology development of L ow-Level radioactive 
waste (LLW) is necessary due to high concern for th e protection of 
environment, the difficulty in disposal site select ion, and the disposal 
cost increase. The vitrification technology is cons idered as the most 
promising one of new LLW treatment technologies and  it is a world-wide 
trend to apply it for the treatment of LLW. Korea E lectric Power Research 
Institute (KEPRI) has already launched a feasibilit y study on LLW 
vitrification to determine whether or not vitrifica tion technology is 
adopted to treat LLW from domestic nuclear power pl ant and to suggest a 
reasonable development strategy in the case that it s adoption turns out 
to be reasonable. Therefore, the objectives of this  study are focused on 
the technical and the economical assessment of vitr ification for LLW from 
nuclear power plant in Korea. 
For the study, waste generation trends are first an alyzed to determine 
the yearly generation volume and characteristics fo r each waste stream. 
Secondly, we will compare and analyze the character istics of glass 
melters which are being developed and studied in th e world, including 
melter type, operation temperature, expected life t ime, waste feed, 
throughput, pre-treatment method, off-gas system, e tc.. In order to 
select melters being utilized for economical assess ment, detailed 
technical assessment is going to be conducted for f our promising melters. 
Then the economics for four LLW treatment strategie s with the melters 
selected is to be evaluated in detail, considering comparison of 
treatment and disposal cost for each strategy. 
WASTE CHARACTERISTICS AND GENERATION VOLUME 
LLW generated at nuclear power plant could be categ orized as combustible 
and non-combustible dry active waste (DAW), spent r esin, spent liquid 
filter, and evaporator bottom products (borated liq uid waste 
concentrate). In order to obtain yearly generation volume and composition 
data for low- and medium-Level radioactive waste, w e investigated the 
characteristics and generation trend for each waste  which has been 
produced at nuclear power plants in Korea (1-4). Ta ble I shows the waste 
characteristics and the maximum volume generated at  a site having two 
1,000 MWe PWR. Total generation volume turned out t o be 346.5 m3 (216.97 
TON) and was composed of combustible DAW of 200 m3 (40 TON), non-
combustible DAW of 50 m3 (75 TON), evaporator botto m products of 80 m3 
(88 TON), spent resin of 14 m3 (10.22 TON), and spe nt liquid filter of 
2.5 m3 (3.75 TON). Radiological data in Table I wer e quoted from EPRI 
report (5) in which main nuclides were Fe-55, Co-60 , Ni-63, and Cs-137 
and specific activity for each waste stream was inc reased as order of 
spent resin - spent filter - DAW - evaporator conce ntrate.  
Table I 



In Korea, combustible and non-combustible DAW have been drummed after 
sorting according to four classification categories . In other words, 
combustible waste has been classified as vinyl seat s & shoes cover, 
protection clothes & shoes, paper & wood, and spong e, etc., and in the 
case of non-combustible DAW as concrete & asbestos,  air filters, glass & 
metallic, and sand, etc.. Table II and III show, re spectively, 
composition and ingredients for each DAW. As shown in Table I to III, LLW 
was composed of very complex ingredients which woul d generate various 
types of chemicals if DAW was pyrolysed or incinera ted (6).  
Table II 
Table III 
TECHNICAL ASSESSMENTS FOR FOUR PROMISING MELTERS 
For the technical assessment, we chose four types o f melters such as the 
cold crucible heated by direct induction (CCM), the  cold crucible melter 
heated by vertical electrodes (CCVE), the quantum c atalytic extraction 
process (QCEP), and the plasma torch (PT). Table IV  shows the 
characteristics for each melter such as melter life , throughput, 
operation temperature, and waste feeding & volume r eduction factor, etc. 
which were drawn from materials provided by compani es (7-9). As shown in 
Table V, important items were selected as evaluatio n factors, which have 
scoring range of 1 to 5, and weighting multiplier w ith respect to 
importance for cost benefit of operation and mainte nance. The assessment 
items include the throughput, the maintainability, the off-gas 
entrainment for volatile material like Cs nuclide, the melter life, and 
the waste feeds. Evaluation criterion for throughpu t, 150 Kg/h was 
calculated based on the assumption that a vitrifica tion facility could 
deal with all waste in Table I and was operated for  2,080 hours per year. 
Table IV 
Table V 
The technical assessment resulted in Table VI in wh ich the CCM was the 
most promising system from the viewpoint of Korean situation. It is also 
desirable that both the CCM and the PT are applied to LLW treatment for 
two reasons such that 1) The molten glass of CCM ha s good retaining 
capability for nuclides and toxic materials having low boiling point 
(10), and the spent scrubbing solution can be recyc led to the CCM. 
However, there is a limit on the content of metalli cs for input into the 
CCM; 2) The PT can treat all kinds of waste without  any pre-treatment, 
but the PT has disadvantages that lots of radioacti ve Cs might be 
volatilized to increase the shielding cost for off- gas treatment system 
and the generation volume of spent scrubbing soluti on which can not be 
recycled to the PT. Therefore the PT might generate  a lot of secondary 
wastes. 
Table VI 
ECONOMICAL ASSESSMENT FOR FOUR TREATMENT STRATEGIES 
The economical assessment was conducted for four tr eatment strategies as 
follows: 
  Strategy I: the current treatment concept adopted  in Korea.  
Currently, the DAW is compacted by super compactor.  The spent resin is 
solidified with cement by the in-line mixing system  and spent liquid 
filter is drummed into cement lined container. The liquid radwaste has 
been concentrated with the evaporator and then soli dified with cement. In 
the near future, evaporator bottoms will be dried a nd solidified with 
paraffin if the dryer installation is completed. 
  Strategy II: 



  1) the metallic waste and the air filter of non-c ombustible DAW: super 
  compacting, 
  2) the liquid filter: drumming into cement lined container, 
  3) the evaporator bottoms: vitrification (CCM: 20 0 Kg/h throughput) 
  after drying. 
  4) the non-combustible DAW excluding metal and th e air filter, the 
  combustible DAW, and the spent resin: direct vitr ification (CCM) 
  without incinerator, 
  Strategy III: 
  1) the non-combustible DAW and the liquid filter:  treatment with 
  plasma torch melter (PT: PACT-2 throughput(see Ta ble VIII)), 
  2) the spent scrubbing solution and the evaporato r bottoms: 
  vitrification (CCM: 200 Kg/h throughput) after dr ying, 
  3) the others: direct vitrification (CCM) without  incinerator. 
  Strategy IV: 
  1) the spent scrubbing solution: vitrification (C CM: 10 Kg/h 
   throughput) after drying, 
  2) the others: treatment with plasma torch melter  (PT: PACT-6 
  throughput). 
Table VII shows the reasonable estimated volume red uction factors (VRF) 
with respect to the waste type and the treatment co ncept, final volume, 
and treatment cost for each strategy. Treatment cos ts were calculated 
with data of Table VIII in which almost all data we re provided by 
companies and a few data were taken from EPRI (11) and EPA (12) report. 
This data was recalculated considering escalation r ate. 
Table VII 
Table VIII 
For strategies II to IV, both minimum and maximum V RF were applied to 
combustible DAW, spent resin, and evaporator concen trate which were 
likely to have very wide range of VRF. Because all VRF data for the 
plasma torch could not be found. So we determined s omewhat larger values 
than those of vitrification. If spent resin is trea ted by plasma torch 
melter without considering radiological aspect, max imum VRF for spent 
resin is likely to be around 150. However, it was d etermined as 30 
because 1) it is desirable that nuclides contents i n glass/slag waste 
forms do not exceed class C; 2) SEG (U.S.A) suggest ed that maximum VRF 
for spent resins was about 30 if they were treated by QCEP which had 
capability to obtain similar VRF as a plasma torch melter. We also 
assumed that 1) generation volume of spent scrubbin g solution from plasma 
torch melter (PT) and cold crucible (CCM) were abou t 1.0 and 0.3 m3/TON 
of waste, respectively; 2) only air filter of nonco mbustibles contributed 
to generation of spent scrubbing solution; 3) all s and and glass of 
noncombustibles were used as glass/slag former. Thi s resulted in abnormal 
high VRF for noncombustibles. 
For treatment cost calculation, all equipment costs  utilized for a 
strategy were summed and divided by the amortizatio n period (15 years). 
Then operation costs were added to them. Total trea tment costs for 
strategy II to IV have lower and upper values. Uppe r values includes the 
capital and operation cost per year in case that th e waste treatment 
system is newly constructed in accordance with the strategies, and lower 
value means in case that the current system is modi fied with plasma torch 
and/or vitrification melter. For strategy IV, TCY= 730.7 and 343.3 
represent treatment cost with evaporator and vitrif ication melter, 
respectively. 



As compared with strategy I, Strategy II to IV redu ce the disposal volume 
by 70 - 92 %. Disposal costs were calculated with r espect to the several 
unit disposal costs from 2,500 to 20,000 US$/m3. Fi gure 1 and 2 show that 
treatment and disposal cost for each strategy with respect to 
construction type (new or modification) of waste tr eatment system when 
minimum VRF is applied. From the figures, it can be  shown that the 
strategies adopting the CCM and/or the PT are more economical than the 
current treatment system for overall unit disposal cost range if the 
waste treatment system is newly constructed accordi ng to the strategies, 
and they are more economical only for the unit disp osal cost of 6,250 
US$/m3, which is lower than the disposal cost of Ba rnwell site (8,300 
$/m3), and more in case that the current system is modified with the CCM 
and/or the PT. 
Fig. 1 
Fig. 2 
CONCLUSIONS 
In Korea, the maximum volume generated at a site ha ving two 1,000 MWe PWR 
turned out to be 346.5 m3 (216.97 TON) and was comp osed of combustible 
DAW of 200 m3 (40 TON), non-combustible DAW of 50 m 3 (75 TON), evaporator 
bottom products of 80 m3 (88 TON), spent resin of 1 4 m3 (10.22 TON), and 
spent liquid filter of 2.5 m3 (3.75 TON).In order t hat these all wastes 
are economically encapsulated into glass/slag waste  forms, it is 
desirable that both the direct induction heated col d crucible and the 
plasma torch hearth are adopted. From the viewpoint  of technical and 
economical aspects, it might be concluded that stra tegy (III) is the best 
concept in which noncombustibles and spent liquid f ilter are treated by 
the plasma torch hearth and the others by the cold crucible. 
The vitrification facility to be constructed by str ategy (III), which has 
enough throughput of 250 kg/hr (CCM: 200 kg/hr, PT:  50 kg/hr) to deal 
with all wastes from a site having four 1,000 MWe P WRs, will have the 
average volume reduction factor of 12.63 - 24.87. T he number of 
glass/slag waste forms generated from 12 units (1,0 00 MWe PWR) for 30 
years will be 12,060 - 23,580 drums (200 liter size ). 
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ABSTRACT 
This paper describes the redirection of the Tank Wa ste Storage Program. 
The redirection will allow placement of all tanks i n a well-defined 
safety envelop and will prepare the tanks for treat ment and long-term 
disposal of tank waste. 
This paper will present the new directions and asso ciated 
accomplishments. The redirections are the result of  Tank Waste 
Remediation System (TWRS) fiscal constraints, chang es in U.S. Department 
of Energy management philosophies, and changing reg ulatory and oversight 
requirements - quantum changes from past business p ractices. 
INTRODUCTION 
The federal government established the Hanford Site  in South-Eastern 
Washington near the City of Richland in 1943 to pro duce plutonium for 
national defense purposes. The Hanford Site occupie s approximately 1,450 
square kilometers (560 square miles) of land North of the City of 
Richland. The production mission ended in 1988, tra nsforming the Hanford 
Site mission to waste management, environmental res toration, and waste 
disposal. Thus the primary site mission has shifted  from production to 
the management and disposal of radioactive, hazardo us, and mixed waste 
that exist at the Hanford Site.  
This paper describes the focus and challenges facin g the Tank Waste 
Remediation System (TWRS) Program related to the du al and parallel 
missions of interim safe storage and disposal of th e tank associated 
waste. These wastes are presently stored in 2.08E+0 5 liters (55,000) to 
4.16E+06 liters (1,100,000) gallon low-carbon steel  tanks. There are 149 
single- and 28 double-shell radioactive underground  storage tanks, as 
well as approximately 40 inactive miscellaneous und erground storage 
tanks. In addition, the TWRS mission includes the s torage and disposal of 
the inventory of 1,929 cesium and strontium capsule s created as part of 
waste management efforts. 



Tank waste was a by-product of producing plutonium and other defense 
related materials. From 1944 through 1990, four (4)  different major 
chemical processing facilities at the Hanford Site processed irradiated 
(spent) fuel from defense reactors to separate and recover plutonium for 
weapons production. As new and improved processes w ere developed over the 
last 50 years, the processing efficiency improved a nd the waste 
compositions sent to the tanks for storage changed both chemically and 
radiologically. The earliest separation processes ( e.g.,bismuth phosphate 
coprecipitation) carried out in TPlant (1944-1956) and BPlant (1945-1952) 
recovered only plutonium. All remaining dissolved f uel elements, 
including enriched uranium, were sent to the tanks as alkaline waste. 
Later processes, such as the Reduction Oxidation Pl ant Process (REDOX) 
and Plutonium Uranium Extraction (PUREX) flowsheets  were developed to 
also recover uranium which was then recycled back i nto making reactor 
fuel. The process of purification of both plutonium  (ZPlant) and uranium 
(BPlant) also lead to the creation of waste streams  which, after 
neutralization to a pH10, were added to the tanks.  
Most processes associated with plutonium recovery f rom spent fuel 
involved dissolving the material in nitric acid. Af ter extensive acid 
side chemical separations to recover plutonium, ura nium, and often 
neptunium, the waste streams were made alkaline by addition of sodium 
hydroxide and/or calcium carbonate prior to their t ransfer to the low-
carbon steel waste tanks. Making waste alkaline pro duced large quantities 
of metal oxyhydroxides, which along with solids fro m the bismuth 
phosphate process formed the sludge found in the bo ttom of the tanks. The 
waste composition in tanks was complicated further by the recovery of 
uranium by sluicing during 1952-1958. The waste was  made alkaline to 
prevent corrosion of the low-carbon steel tanks, th ereby introducing 
large volumes of sodium nitrate and other sodium sa lts into the waste 
tanks. Sodium nickel ferrocyanide was added to 20 o f the tanks during the 
1950s in order to precipitate solids and create add itional space in the 
tanks. 
To increase useful storage capacity, volume reducti on methods (e.g., in-
tank and external evaporation), and recovery of hea t producing cesium and 
strontium in BPlant (1968-1985) were carried out. T he concentration of 
the originally soluble sodium salt-rich waste led t o the production of 
the saltcake, which is often found overlying the sl udge waste in the 
tanks. Most of the hazardous chemicals and radionuc lides are found in the 
sludge. Only radio-cesium, -iodine and -technetium are significantly 
soluble in alkaline salt solutions.  
The single-shell tanks were taken out of active ser vice in 1980, and no 
new waste has been added to these tanks since then.  Sixty-seven (67) of 
these tanks are assumed or confirmed leakers. Remov al of drainable liquid 
by saltwell pumping (interim stabilization), waste sampling in support of 
characterization, installation of new monitoring eq uipment, and/or any 
mitigation or remediation deemed necessary to assur e interim safe storage 
of the waste are the only significant intrusive act ivities into these 
tanks. Drainable liquid removed from the single-she ll tanks, as well as 
dilute waste resulting from decontamination of prod uction facilities are 
added to the double-shell tanks after due considera tion of waste 
compatibility concerns. There are approximately 2.1 2E+08 liters (55 
million gallons) of waste in the TWRS single- and d ouble-shell tank 
system. 
THE TWRS MISSION 



The TWRS Program is the largest environmental clean -up program in the 
United States. 
The purpose of the TWRS interim safe storage missio n is to place all 
tanks in a safety envelope and prepare for long-ter m disposal of tank 
waste. 
Mission Related Activities Include: 
1. Continuation of the current program of tank moni toring and maintenance 
including any enhancements needed to assure interim  safe waste storage 
(see the discussion of controlled, clean, and stabl e below);  
2. Resolution of safety issues related to interim s afe storage and/or 
disposal of the waste in the tanks;  
3. Removal and transfer of pumpable liquids from si ngle-shell tanks by 
saltwell pumping (interim stabilization); 
4. Performing waste and tank characterization to th e extent needed to 
either resolve tank safety issues or to support saf e retrieval, transfer, 
processing (pretreatment) and disposal of the waste ;  
5. Continuation of receipt and storage of newly gen erated waste in 
double-shell tanks; and  
6. Concentration of waste to the maximum extent saf ely practical in the 
242-A Evaporator. 
These activities form the basis for assuring that t he tank contents and 
the farms themselves are maintained in a controlled , clean, and stable 
mode until the waste is retrieved and processed for  disposal. 
In addition, major resources are being expended on:  
1. Development and application of systems engineeri ng to assure 
integration of the overall TWRS mission activities;  
2. Preparation for phased waste retrieval, treatmen t and waste 
vitrification efforts that form DOEs first major st ep in demonstrating 
waste disposal utilizing private sector resources ( privatization); and  
3. Achieving an integrated and responsive authoriza tion basis to assure 
continued safe operation of the tank farms as the m ission changes from 
storage to disposal. 
4. Gaining knowledge of tank waste. 
The remainder of this paper will highlight recent a chievements in the 
areas of resolution of tank waste safety issues, pr ogress toward putting 
the tank farms into a controlled - clean - stable m ode, and transition to 
an operating mode in which privatization is a key o perating factor. 
TANK WASTE SAFETY ISSUES 
All U.S. Department of Energy (DOE) facilities that  store hazardous or 
radioactive materials have documented safety analys es, which establish a 
range of operating parameters (e.g., temperature, p ressure, 
concentration) within which routine operations are conducted. These 
safety analyses also evaluate the effects of potent ial accidents, 
abnormal events, and natural disasters. The DOE has  a formal program 
which requires identifying any known or suspected c onditions that have 
not been analyzed or fall outside of the observed s afety range as an 
Unreviewed Safety Question (USQ). Following identif ication of a USQ, a 
review takes place that may result in a change to t he safety 
documentation or a change in operations. Following the review process, 
the USQ may be closed from an administrative standp oint when conditions 
surrounding the safety issue have been reviewed and  their effects 
bounded. However, the safety issue may still exist and may require 
operational constraints, ongoing monitoring or miti gation. [In that 
fashion, safety issues, and USQs are related but no t identical] 



Concern over waste tanks having the potential for r eleasing high-level 
radioactive wastes to the environment resulted in t he passing of Public 
Law 101-510, section 3137, "Safety Measures for Was te Tanks at Hanford 
Nuclear Reservation," also known as the Wyden Amend ment. In response, DOE 
has developed a set of criteria to identify tanks w ith potential safety 
concerns as "watch list" tanks. There are currently  54 "watch list" 
tanks, with 10 tanks that are listed in more than o ne (1) of four (4) 
different categories based on the specific safety c oncerns described 
below.  
Over 50 years of fuel reprocessing at Hanford has r esulted in the 
accumulation of nearly 2.12E+08 liters (55 million gallons) of waste in 
the single- and double-shell tanks. Prior to the 19 90s, it was generally 
believed that the stored wastes were chemically unr eactive under both the 
present storage conditions and plausible accident s cenarios, as well as 
being chemically stable. This paradigm was proven w rong when detailed 
evaluation of tank contents and behavior discovered  that: 
1. Twenty-five (25) of the stored single- and doubl e-shell tanks waste 
tanks were generating, storing, and releasing hydro gen in quantities that 
might lead to flammable gas concentrations above th e safety margin of 25% 
of their lower flammability safety limit (The Flamm able Gas Issue). 
Recent measurements have shown that changes in atmo spheric pressure may 
cause changes in liquid levels in some of these and  other waste tanks. 
This may indicate a greater amount of gas stored in  the waste than 
previously believed, and 25 additional tanks may be  added to the 
flammable gas watch list until this issue is resolv ed. Screening of all 
waste tanks for potential flammable gas accumulatio n has been initiated.  
2. Twenty (20) single-shell tanks contain organic m aterials in the 
presence of excess sodium nitrate and sodium nitrit e oxidizing agents 
that could lead to a potential propagating reaction , and ensuing release 
of radioactive and hazardous materials to the envir onment, if the waste 
was dried and heated to threshold temperatures abov e 200C. (The Organic 
Safety Issue) 
3. Eighteen (18) single-shell tanks contained sodiu m nickel ferrocyanide 
which could similarly pose a threat of a propagatin g reaction, if dried 
and heated to above 250C. Ferrocyanide based deflag ration represents the 
bounding "worse case" accident scenario previously identified in the 
Hanford Environmental Impact Statement. (The Ferroc yanide Safety Issue) 
4. A single-shell tank (241-C-106) contains suffici ent heat producing 
radio-strontium that it requires addition of coolin g water to prevent 
tank failure from structural damage, if its tempera ture is allowed to 
fall outside of safe operating criteria. (The High Heat Issue) 
The Waste Tank Safety Program was chartered in 1990  to address the four 
(4) safety issues discussed above. If risks were hi gh, relative to 
interim safe storage of the wastes until they could  be retrieved and 
permanently disposed, then the safety program assur ed that either 
adequate controls were in place to prevent the cond ition of risk from 
occurring, or if that were not possible, mitigation  or remediation of the 
condition was initiated to actively remove the caus e at the tank farms. 
Until such data were collected and interpreted to a ssure continued 
safety, the tanks associated with safety concerns w ere placed under 
stringent operating controls. 
Extensive work and increased knowledge over the las t few years has led to 
the demonstration and documentation of a significan tly lower-risk 
condition with the tank waste. This will allow us t o close some of the 



safety issues discussed above. For example, laborat ory studies with 
simulants and analyses of actual waste samples have  bounded the 
energetics of the fuel-rich materials added to the tanks. In addition, 
storage of the wastes over the last 30 to 40 years resulted in 
degradation of the organics and ferrocyanide signif icantly reducing the 
potential for explosive reactions. 
Key Understandings Leading to Safety Issue Resoluti on Include the 
Following: 
  Demonstration that radiolytically or chemically i nduced waste aging 
processes have destroyed or significantly lowered t he energy content of a 
vast majority of organic materials added to the tan ks. Therefore, 
conditions exist which can no longer have the poten tial for a propagating 
reaction in even a dry tank. Furthermore, the explo ration of waste 
species energetics, waste species solubility, and w aste tank chemistry 
demonstrate that the organic rich tanks contain a s ufficient amount of 
moisture to preclude a risk from propagation under even the bounding 
"worse case" accident scenario. A combination of ex perimental work and 
waste characterization is continuing to provide dat a to substantiate 
these findings of waste safety. 
   Results of extensive tank monitoring and surveil lance show that most 
of the tanks on the Flammable Gas Safety Watch List  pose little potential 
for exceeding 25% of the lower flammability limits for generated gases, 
or if such gas accumulation potential exists, it ca n be mitigated by 
installing a low-flow ventilation system on the tan k.  
PROGRESS TOWARD PLACING THE SINGLE-SHELL TANK FARMS INTO A CONTROLLED - 
CLEAN - STABLE MODE 
An essential element of the strategy for meeting th e TWRS mission is 
achieving a Controlled, Clean, and Stable condition  in the Tank Farms. 
This strategy is essential in achieving an interim,  safe, low-cost status 
until retrieval and disposal operations commence in  the tanks. 
The definition of controlled, clean, and stable is as follows: 
1. Controlled 
a) All necessary (as determined by safety analysis)  active and 
                  passive safety systems are in pla ce. 
b) Resolution of any safety issues related to inter im safe storage 
                  and/or disposal of the waste stor ed in watch list 
tanks. 
c) All controls necessary to provide assurance of m eeting risk 
                  acceptance criteria for current o perations associated 
with these 
                  USQs are in place. Continuous, re mote, on-line 
monitoring of key 
                  parameters, such as waste volume and temperature is in 
place to 
                  adequately control the Hanford Si te high-level waste 
tanks. This 
                  includes continuation of the curr ent program of remote 
tank 
                  monitoring and maintenance, inclu ding any enhancements 
                  needed to assure interim safe was te storage. 
2. Clean 
a) Surface contamination areas are cleaned and redu ced to 
 radiological control areas or even less controls. 
b) Unused contaminated equipment is removed from th e tank farm. 



c) Reusable equipment is stored, if not in use. 
3. Stable 
a) Removal and transfer of pumpable liquids from si ngle-shell tanks by 
 saltwell pumping (interim stabilization); 
b) All penetrations where liquids could intrude int o the tanks are 
 sealed. 
Controlled, Clean, and Stable Strategy 
The controlled, clean, and stable strategy has the following four (4) 
elements, which are discussed below: 1) reduce the mortgage; 2) provide 
safe storage; 3) reduce worker exposure to hazards;  and 4) maintain 
compliance with regulatory requirements. 
1. Reduce the Tank Farm "mortgage." - The "mortgage " is the current 
operational costs to monitor the tanks and their wa ste. This task is 
currently a high labor-intensive effort that includ es a large number of 
tank farms and tank entries. The procedures for sin gle-shell tank farm 
entries will be modified to: 
a) Require tank farm entry only on a non-routine ba sis. 
b) Provide remote monitoring of all essential param eters. 
c) Allow access for waste sampling and characteriza tion, if required. 
2. Provide safe storage prior to retrieval. - This task includes updates 
to safety analyses as well as specification of nece ssary engineering 
design features, and operational and administrative  controls. It also 
includes any equipment modifications and developmen t of procedures and 
training for the equipment. 
3. Reduce worker exposure to hazards. - Every time a worker enters a tank 
farm, or operates equipment in or near a tank, ther e is some level of 
potential exposure to radiological and chemical haz ards. The reduction of 
the areas specified as either radiological controll ed areas (RCAs) or 
surface contamination areas (SCAs) reduces worker e xposure to these 
hazards. 
4. Maintain compliance with regulatory requirements . - The Hanford Site 
Tank Farms' are regulated as a Treatment Storage an d Disposal Facility 
with associated permits and closure agreements in c ompliance with 
regulatory requirements. All interim storage activi ties must be performed 
in a manner to assure current and continued future compliance with 
regulatory requirements. 
Planned Upgrades in Support of Controlled - Clean -  Stable 
Focused tank farm upgrades are planned to improve t he reliability of 
safety-related systems, minimize on-site health and  safety hazards, 
improve the regulatory compliance of tank farm supp ort systems, and put 
the tank farms into a controlled, stable work envir onment until disposal 
is completed. The following upgrades are planned: 
  Instrumentation such as automatic tank data gathe ring, management 
control systems, and closed circuit television moni toring will be 
upgraded or added to minimize personnel exposure an d to provide more 
accurate data for tank status assessment. 
  Tank ventilation systems will be upgraded to repl ace outdated 
ventilation systems. 
  Electrical systems will be upgraded to meet capac ity needs for both 
routine monitoring and to support retrieval, as wel l as to comply with 
current electrical codes; and 
  Piping systems will be upgraded to enable transfe r of liquid or waste 
slurries from the decontamination and decommissioni ng of other selected 
Hanford Site facilities to the tank waste system. 



CHARACTERIZATION OF TANK WASTES 
Another essential element of the strategy to achiev e the TWRS mission is 
the characterization of tanks wastes. "Characteriza tion" is understanding 
the Hanford Tank Waste chemical, physical, and radi ological properties to 
the extent necessary to ensure safe storage, interi m operation, and 
ultimate disposition of the waste. Due to the many processes that have 
been used at the Hanford Site and the varied waste resulting from them, 
coupled with ongoing reactions in the waste storage  tanks, there is a 
great deal of uncertainty about the exact waste inv entory in many of the 
tanks. Knowledge of the waste in the tanks is essen tial to define the 
extent of existing safety issues, to resolve the sa fety issues, and to 
support retrieval, treatment, and disposal system d esigns. 
There are currently five (5) sampling methods used to gather information 
on tank wastes. 
1. Grab sampling of supernatant liquids for laborat ory analysis. (Use of 
a bottle to "grab" liquid at the tank waste surface ) 
2. Vapor sampling for both on-line and laboratory a nalysis. 
3. Core sampling of solid wastes using core samplin g systems designed to 
drill or push into the waste to retrieve segments t hat are about 2.5 cm 
(1-inch) in meter by 50 cm (19 inches) long. These segments are then 
transported to on-Site laboratories for extrusion a nd analysis. 
4. Auger sampling of the top 40 cm of waste in the tanks. 
5. In-situ measurement of the void volumes in the w aste and the viscosity 
of the waste.  
To address the challenge of safely characterizing t he waste tanks and to 
bring focus to the program, the TWRS Tank Character ization Project was 
formed in February 1995. This led to the following accomplishments during 
the year: 
  Two (2) new rotary core sampling trucks were deli vered and accepted in 
July 1995. Field testing was completed in September  1995, and operational 
production commenced in October 1995. 
  Key improvements were made to the drilling equipm ent and the drill bits 
to make them more compatible with the type of waste  being drilled and to 
improve sample recovery. This resulted in sample re coveries increasing 
from an average of 20% to over 90%. Sampling equipm ent improvements 
included: 
-  developed equipment for sampling different types  of waste (dry or wet 
salt cake, sludge, liquid) which are highly radioac tive and/or toxic as 
well as potentially flammable. 
-  developed shielding equipment for protecting per sonnel from 
potentially high radiation exposure and contaminati on. 
-  developed a complete core sampling system includ ing the sampler, 
sample truck, nitrogen purge supply, exhauster, x-r ay imager, and a cask 
truck for transportation of the waste samples. 
-  secured radiation hardened video cameras for in- tank color 
photography. 
  New x-ray imaging system was added to sampling tr uck to determine the 
amount of sample recovery in the field immediately following sample 
removal from the tank. 
  The Tank Waste Characterization Basis document wa s completed for the 
safety program in June 1995, and upgraded to includ e the disposal program 
in August 1995. This document: 
-  established a prioritization basis for sampling which integrates known 
safety and disposal programmatic needs. 



-  defined the key waste tanks to be sampled based on grouping tanks into 
similar categories and selecting tanks to answer sp ecific safety 
questions. 
  Four (4) core sampling crews were trained and cer tified. 
  Data quality objectives were issued for the five (5) primary sampling 
needs: safety program; retrieval, pretreatment, and  disposal program; 
waste compatibility; historical model evaluation; a nd privatization waste 
characterization. 
  Analytical laboratories were upgraded, and the go al throughput of five 
(5) analytical equivalent units was achieved in Oct ober 1995 for the 
first time. 
These changes resulted in a ten-fold increase in th e number of samples 
taken during CY1995 compared to CY1994. This was pa rticularly important 
for the full-length core samples where 49 core samp les were obtained 
compared to five (5) core samples during CY1994. Sa mple loads through the 
analytical laboratory more than doubled. Finally, b y the end of CY1995, 
116 of the 177 underground storage tanks had been s ampled using one (1) 
of the five (5) sampling methods listed above. 
Improvements in characterization capabilities plann ed for this year 
include: 
1. Deployment of a core sampling system capable of retaining gas in the 
core samples and then analyzing those samples for t he gases that are 
trapped in the waste. 
2. Deployment of a cone penetrometer system for in- situ measurements of 
rheological properties of the waste and moisture co ntent (using a neutron 
moisture probe). The cone penetrometer includes a R aman spectroscopy 
system capable of in-place speciation. 
3. Deployment of Surface Moisture Measurement Syste m capable of measuring 
the moisture content of surface wastes within the t anks up to 6 feet off-
center below the 4-inch tank risers into the tank v apor space. 
4. Deployment of a Light Duty Utility Arm capable o f robotic operations 
over 10 feet off- center in the vapor space below 1 2-inch risers into the 
tanks. This system will provide significant flexibi lity for operations 
within the tanks including: inspection, sampling, g ripping, and cutting 
operations. 
5. Redesign of some of the core sampling equipment to allow rotary 
sampling (necessary to retrieve samples from very h ard wastes) from tanks 
that could potentially contain explosive mixtures o f gases within the 
waste. 
SUPPORT OF DOE PRIVATIZATION EFFORTS 
In September 1995, DOE announced its intent to "pri vatize" the disposal 
part of the tank waste remediation program. The ide a was to turn clean-up 
of Hanford's tank waste over to a private company t hat would do the 
design work and pay construction costs without Fede ral appropriations. 
The company would then be paid for the glass waste logs it produced. The 
privatization would be done in two (2) phases: 1) d esign and construction 
of waste treatment, and immobilization facilities f or a small fraction of 
the waste (6-13%), followed by; 2) design and const ruction of waste 
retrieval, treatment, and immobilization facilities  for the bulk of the 
waste. Characteristics of the two (2) phases are su mmarized in Table I 
(Page 11). During Phase I, waste retrieval would be  performed by the 
existing Site contractor. 
Table I 



A draft Request for Proposal (RFP) was issued for c omment in November 
1995, and a final RFP is expected to be released in  March 1995 for the 
first phase. In August 1996, up to three (3) compan ies will be selected 
for more in-depth design work. Each company will de sign a prototype 
vitrification plant to immobilize the low-level rad ioactive wastes. 
Bidders will also have the option of adding a proto type plant to glassify 
high-level radioactive waste. In February 1998, DOE  will pick the best 
two (2) of the three (3) bidders proposals to build  the low-level waste 
plants with hot operations to begin by December 200 2. It is possible that 
a third plant to vitrify high-level wastes will be authorized for the 
same time period. 
DOE's goal is for the two (2) prototype plants to p rocess 13,200 (~3%) of 
waste in the first 2l/2 years and another 24,200 to ns (~5-6%) in the 
second 2l/2 years. As the first phase nears complet ion, DOE will put out 
an RFP to build two (2) larger low-level waste vitr ification plants, plus 
a full-scale high-level waste vitrification plant. The second phase 
bidding process will be open to any company interes ted, not to just the 
successful Phase I bidders. Construction of the lar ger second-phase low-
level waste plants is scheduled to begin in 2008. T he second-phase high-
level waste plant is to begin operating in 2010, an d the low-level waste 
plants are to start in 2011. All of Hanford's liqui d radioactive wastes 
are to be immobilized by 2028. 
SUMMARY 
To date, 8 tanks have been "characterized"; that is , present requirements 
for the tank waste information for those tanks have  been met. Several 
tank farms have been designated controlled, clean, and stable. 1995 was a 
year in which giant steps were taken on the path of  real progress in 
closure of safety issues and ultimate disposal of t ank waste. 
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ABSTRACT 
A new approach, termed SIPS (Small In-Tank Processi ng System), that 
enables the in-tank processing and separation of hi gh-level tank wastes 
into high-level waste (HLW) and low- level waste (L LW) streams that are 
suitable for vitrification, is described. Presently  proposed pretreatment 
systems, such as enhanced sludge washing (ESW) and TRUEX, require that 
the high-level tank wastes be retrieved and pumped to a large, 
centralized processing facility, where the various waste components are 
separated into a relatively small, radioactively co ncentrated stream 
(HLW), and a relatively large, predominantly non-ra dioactive stream 
(LLW). In SIPS, a small process module, typically o n the order of 1 meter 
in diameter and 4 meters in length, is inserted int o a tank. During a 
period of approximately six months, it processes th e solid/liquid 
materials in the tank, separating them into liquid HLW and liquid LLW 
output streams that are pumped away in two small di ameter (typically 3 cm 
o.d.) pipes. The SIPS module would be serviced by s ix small diameter (~3 
cm o.d.) pipes - the two output pipes for the HLW a nd LLW streams 



mentioned above, a water input pipe, a nitric acid (~3 M) input pipe, and 
input/output pipes to hydraulically load/unload ion  exchange beads. An 
illustrative SIPS processing cycle is described. Du ring the first half of 
the cycle, solid/liquid slurry from the tank is adm itted to an internal 
compartment in the module (Compartment "B"), where the material is water 
washed. The liquid component flows to another inter nal compartment 
(Compartment "D") where cesium is extracted by an i norganic ion exchange 
bead material (e.g., silico-titanates). The cesium free liquid then flows 
out as part of the LLW output stream. The solid par ticle components 
remaining after water washing are trapped using a m agnetic particle 
seeding/trapping process. After several hours of wa shing/trapping, the 
solid/liquid feed from the tank is switched to Comp artment "C", while the 
remaining trapped solids in Compartment "B" are dis solved by nitric acid. 
The resultant acidified liquid HLW stream is then c ontacted in a fourth 
compartment ("E") with a selective extractant (e.g. , a chelating polymer 
with ultra filtration) that removes a portion of th e non-radioactive 
component in HLW streams so that they can be combin ed with the LLW 
stream. This reduces the volume of the HLW to be vi trified. Compartments 
"B" and "C" alternate functions every several hours . When "B" is water 
washing, "C" is acid dissolving; they then switch f unctions, and "C" 
washes while "B" acid dissolves. The ion exchange m aterial in Compartment 
"D", together with the extracted cesium, is hydraul ically unloaded every 
several days, and a fresh change of material hydrau lically loaded. When 
the ~6 month processing interval is completed, the SIPS module would be 
moved to a fresh tank. Using an array of only 10 mo dules, the total 
inventory of 179 Hanford tanks could be processed i n a few years. The 
construction and operation parameters for the SIPS module, based on 
Hanford process data, are described. 
The SIPS approval appears attractive. It enables a lower cost and more 
redundant and maintainable processing system. It is  very flexible, and 
can readily adapt to continuing technology improvem ents and widely 
disparate feed streams. It can be developed quickly , and is amenable to 
privatization. 
DESCRIPTION OF THE SIPS CONCEPT 
SIPS (SIPS In-Tank Pretreatment System), utilizes a  small, low cost 
module that is lowered into a tank to pretreat the waste and separate it 
into LLW and HLW streams. Virtually all solids are dissolved inside the 
tank, so that the waste streams leave the tanks as solutions, not 
slurries. 
Figure 1A shows an overall view of the SIPS module inside a waste tank. 
The module is lowered through a small opening (eith er preexisting or 
added) in the tank cover into the tank, and positio ned either above or 
under the liquid surface. Small diameter flexible l ines are connected to 
the intake and discharge ports in the module. Two s mall diameter lines 
lead into the tank carrying waste and nitric acid, while two small lines 
carry out the LLW and dissolved HLW streams. These connect to external 
transfer lines that lead to final processing facili ties. 
Fig. 1 
Two designs of the SIPS module have been investigat ed, a "baseline" 
design, and an "advanced design." The baseline desi gn essentially serves 
as the head end of the TRUEX process. The supernate  and water soluble 
solids in the tank flow out as the LLW waste stream  to an external 
central facility that extracts 99+% of the Cs (poss ibly also Tc and 
complexed Sr). The remaining solids are then dissol ved in 3M nitric acid 



and flow out as the HLW stream, to be further proce ssed in an external 
facility. 
In the advanced design, the SIPS module removes Cs (Tc and Sr also, if 
required) from the LLW stream using an inorganic io n exchange material so 
that the LLW stream requires no additional processi ng before 
vitrification. A separate processing zone in the ad vanced module extracts 
a portion of the non-radioactive components in the HLW stream, adding 
them to the LLW stream. No additional processing of  the HLW is then 
necessary. 
Figure 2 shows a "black-box" view of the baseline S IPS concept. Four 
small diameter (~3 cm) liquid flow pipes are attach ed to the support 
column that holds the SIPS module. Two of the pipes  transport process 
feed liquids into the SIPS module from external lin es outside the tank, 
i.e., H2O with colloidal ferromagnetic particles, a nd nitric acid 
solution (~3 M). The other two pipes transport proc ess liquids away from 
the SIPS module to external lines outside the tank - i.e., liquid 
supernate to the cesium extraction and LLW vitrific ation facility, and 
nitric acid with dissolved HLW solids to the TRUEX processing and HLW 
vitrification facility. 
Fig. 2 
As illustrated in Fig. 3, colloidal ferromagnetic p articles suspended in 
stream 1 are first combined with a slurry of tank s olids and liquids 
(stream 2) in the mixing chamber (Region A). The co lloidal ferromagnetic 
particles absorb on and bind to the solid particles . The slurry mixture 
then flows into a region where the particles that a re not soluble in 
water are magnetically trapped. Based on the large body of experiments 
and process experience with magnetic separation, th e undissolved 
particles should be quantitatively removed from the  slurry that flow 
through Region B, leaving only a clear supernate th at contains the water 
soluble materials (including cesium). A portion of this supernate flows 
back into the tank (Stream 5), with the remainder f lowing out of the tank 
to the LLW processing facility (Stream 4). While th e nonsoluble solids 
(i.e., the HLW solids) trapping process is being ca rried out in Region B, 
the previously trapped solids are being dissolved i n Region C by nitric 
acid (Stream 6) fed from outside the tank. The diss olved solution (Stream 
7) then flows out from the tank to an external proc essing facility, and 
ultimately to a vitrification unit where the concen trated HLW is 
converted to glass. After a suitable time interval,  the flows through 
Regions B and C are interchanged, so that the trapp ed HLW solids in 
Region B are dissolved, and fresh HLW solids are tr apped in Region C. The 
interchange of flows relies only on a simple on-off  flow control valve. A 
total of 11 valves is required. These could be hydr aulically or 
electrically actuated. If desired, all valves could  be located outside of 
the tank for easy accessibility. 
Fig. 3 
The flow rates are small, and the process equipment  volume in the SIPS 
module and its associated piping are quite reasonab le. Table I gives the 
average values for the process flow rates, based on  the Hanford TWRS flow 
sheet (1) and the stated overall efficiency for sim ple sludge washing. 
The integrated total volume of the LLW stream for a ll Hanford tanks is 
251,490 kilogallons. For an inventory of 177 tanks,  this corresponds to 
an average LLW flow volume of 1420 kilogal per tank . Over a 6-month 
processing interval this would require an H2O feed rate of 5.4 gal per 
minute into the tank, and an equal LLW removal rate  of 5.4 gal/minute out 



of the tank. Based on a feed pipe inside diameter o f 2.5 cm for these 
streams, the corresponding flow velocities would be  67 cm/sec (~2 
ft/sec). The pressure drop at this flow velocity is  very small, on the 
order of 10-3 atmosphere (0.015 psi) per meter of l ength. Even smaller 
pipes could be used, if desired. The TWRS flow shee t shows the total mass 
of the vitrified HLW waste as 2.28x104 metric tons.  Based on the stated 
loading of 45% by weight of waste oxides in the vit rified HLW output, 
1.03x107 kilogram of waste oxides is carried in the  36,040 kilogal of 
sludge sent to the HLW plant. This corresponds to a n average solids 
loading of 75 grams per liter in the liquid/solid s ludge flow stream. 
Table I 
The flow rates for streams 6 and 7 account for the fact that: a) the mass 
of solids left after washing by stream 1 will be gr eater because simple 
sludge washing - i.e., washing with H2O - is used r ather than enhanced 
sludge washing, which involved the use of 3M NaOH t o reduce the volume of 
HLW solids; and b) there will be additional colloid al ferromagnetic 
particles added to trap out the solids. In addition , the equivalent 
solids loading in the solution after dissolution by  nitric acid may not 
equal 75 grams/liter. With regard to point a), West inghouse states that 
enhanced sludge washing removes an additional 40% o f the solids that 
remain after simple sludge washing. With regard to point b), 20% 
additional solids in the form of colloidal ferromag netic particles are 
included. With regard to the last point, the equiva lent solids (i.e., 
dissolved) loading in the dissolved solution (strea m 7) to be 50 grams 
per liter, or only 66% of the loading in the TWRS f low sheet. Even with 
conservative assumptions, the flow rate of dissolve d HLW solution from a 
SIPS module in the waste tank is quite small, and e asily handled in a 2.5 
cm diameter line. With more concentrated solutions even smaller lines 
could be used. 
MAGNETIC TRAPPING OF SLUDGE PARTICLES 
The magnetic trapping process is illustrated in Fig . 4. Water containing 
colloidal ferromagnetic particles, e.g., iron oxide , is mixed with tank 
sludge. The colloidal ferromagnetic particles adsor b on the solid 
particles in the sludge. The combination is attract ed to, and held on 
surfaces where the magnetic field concentrates. Thi s can be provided by 
contact between ferromagnetic bodies with different  geometric shapes 
(e.g., teeth or cones contacting a plate, particle beds, packed filters, 
etc.) or by periodically varying the dimensions of the ferromagnetic body 
(e.e., a helical screw surface). A toroidal magneti c geometry minimizes 
the magnetizing requirements. Liquid flows radially  inwards along the 
module. Radial flow geometry allows a lower liquid velocity than axial 
flow, resulting in less hydrodynamic drag on trappe d particles. 
Ferromagnetic particles suspended in the liquid are  attracted to zones of 
higher magnetic field, and stick to surfaces where the magnetic field 
lines converge. One possible trapping arrangement u ses toroidal iron 
plates that are flat on one side and bumpy on the o ther. Magnetic flux is 
greatest where the iron projections contact the bot tom of the adjacent 
plate. Ferromagnetic particles will tend to concent rate at these contact 
points so as to decrease the magnetic reluctance of  the toroidal circuit. 
Flat-topped cones enable good magnetic contact betw een adjacent plates, 
and result in flow passages that are well interconn ected with a good open 
area for flow. Other types of geometries can be con sidered, including 
iron fibers or balls between flat plates.  
Fig. 4 



The ferromagnetic material in the SIPS module must not react (i.e., 
dissolve or rust) in the water or acid wash or with  the trapped solids. 
Uncoated iron or steel probably is not satisfactory ; however, it can be 
treated with a protective coating. Non-reactive fer romagnetic material, 
such as nickel, can also be used. Magnetic excitati on is necessary to 
create the magnetic flux in the toroidal circuit. T his can be provided by 
a current winding, or by excitation from high coerc ive force permanent 
magnets, such as neodymium-iron. Only about 2 perce nt of the magnetic 
circuit has to be neodymium-iron; the remainder is ordinary iron/steel or 
nickel. If a current winding excitation is used, th e current can be de-
energized whenever it is desired to flush away any particles that remain 
after the acid dissolution step. If permanent magne t excitation is used, 
its excitation can be temporarily nulled out by usi ng a pulsed current 
winding. The magnetic field in the toroidal trappin g region would then go 
to zero when the pulsed deexcitation winding is tur ned on. 
The excitation power to energize the field in both Regions B and C is 
low, i.e., only about 13 kilowatts. This is very re asonable. The 
conductor winding weighs approximately 800 kilogram s; this weight could 
be reduced by a factor of four with an aluminum win ding. If permanent 
magnet excitation is used, the time-average magneti c excitation power 
would be much less - below a kilowatt - because the  deexcitation winding 
would be on for a very short time. 
PROCESS PERFORMANCE OF THE BASELINE SIPS MODULE 
Estimates of SIPS performance are based on TWRS exp eriments (2) and 
design studies (1). SIPS can operate in a batch was h mode. However, this 
is not as efficient as the continuous wash mode. In  the continuous mode, 
sludge particles are pre-mixed with water containin g colloidal 
ferromagnetic particles (Region A) and then continu ously flow into Region 
B or C (depending on which phase of the process cyc le the module is 
operating in), where they are magnetically trapped and washed. The 
soluble solids dissolve, leaving behind the insolub le solids which are 
dissolved later by HNO3, during the acid dissolutio n phase of the cycle. 
The volume of the trapped insoluble solids builds u p with time as the 
water wash phase proceeds. (In addition, there is a lways some volume of 
trapped soluble solids that has not yet dissolved.)  After four hours, the 
total volume of trapped insoluble solids is about 1 1 gallons. However, 
approximately 200 gallons of soluble salts have was hed away, so that the 
insoluble fraction remaining after washing is only 5.2%. 
A long wash period, e.g., four hours, is adopted. T he insoluble solids 
occupy only about 11% of the flow passage area. Add ing the soluble solids 
that have not yet dissolved, the total fraction of the flow passage area 
occupied by solids is about 25%, assuming a period of 20 minutes to 
dissolve soluble solids. With a typical flow passag e dimension of ~1 
millimeter, this corresponds to an average solids t hickness of ~250 
microns. This should not significantly change flow hydraulics in the 
trapping region. The average flow velocity through the passages in the 
trapping region is very small, about 0.05 centimete rs per second. The 
wash period of four hours should dissolve all solub le solids. There 
probably would be a wash-only stage at the end duri ng which fresh solids 
were not introduced. This wash-only stage would be 20-30 minutes out of a 
4-hour cycle. 
The corresponding 4-hour-long acid dissolution phas e for the residual 
solid appears adequate, based on experiments by Lum etta (2). Undissolved 
solids would be flushed out into the tank, to reent er later for 



additional treatment during the 6-month-long proces sing campaign. At the 
end of the campaign, there should be a very small a mount of residual 
undissolved solids left in the waste tank. If 5% of  the HLW solids that 
remained after simple washing (which itself removed  95% of the solids) 
did not dissolve in the acid dissolution phase, the re would be about 500 
gallons of undissolved solids in the tank. These co uld be treated for an 
additional month or so with special solutions to di ssolve most of the 
remaining material. However, even if no further dis solution occurred, the 
residual solid volume would still be well below the  allowable level of 
<1% specified in the TPA. It appears likely that sp ecial processing will 
remove virtually all of the 500 gallons of residual  solids. 
ADVANCED SIPS MODULES 
The baseline SIPS module generates LLW and HLW liqu id waste streams that 
go to an external facility for further processing. Cesium is extracted 
from the LLW stream by ion exchange, while most of the non-radioactive 
components in the HLW stream are extracted by the T RUEX process. 
The advanced SIPS module would eliminate external p rocessing. To achieve 
this, the advanced SIPS module must remove 1) 99% o f the cesium in the 
LLW stream before it leaves the module, and 2) 75% of the non-radioactive 
components from the HLW stream before it leaves the  module [removal 
fraction may depend on the element being removed] w hile retaining 99% of 
the radioactive species present in the HLW stream. The process 
technologies for these two functions must be compat ible with the 
relatively small volume of the SIPS module. Moreove r, they also must be 
simple to operate, reliable, and of acceptable cost . 
Candidate technologies include both existing proces ses, as well as 
promising new processes under development. The 1995  Efficient Separations 
and Processing Cross Cutting Program (ESP) Annual T echnical Exchange 
Meeting summarizes some of these promising new proc esses (3). 
The cesium removal rate in an advanced SIPS module will be about 0.25 kg 
per week, assuming a 6-month period to process the tank. Ion-exchange is 
a proven technology and compatible with a small SIP S module if the IEX 
material is periodically replaced, i.e., every week  or so. It appears 
simple to hydraulically load and unload IEX beads f rom the module; 
alternatively, the spent IEX beads could be periodi cally dissolved and 
added to the HLW stream. For simplicity, a non-elut ing, inorganic type of 
IEX material is desirable. Promising new ion-exchan ge materials have been 
developed for cesium extraction from tank waste sol utions. One of the 
most attractive are the crystalline silico-titantat es (CST). These show 
very high selectivity for cesium (4) at the conditi ons expected for the 
LLW stream: highly alkaline (pH ~15), high sodium c oncentration (~5 M 
Na), and low cesium concentration (~2 ppm). Distrib ution coefficients for 
cesium extraction of ~2000 mL/g have been measured for CST in simulated 
alkaline Hanford waste (5). Based on these experime nts, the absorptive 
capacity of CST in an ion exchange column with a 2 ppm cesium feed is 
estimated as~4x10-3 g cesium per g of absorber. Thi s corresponds to a CST 
inventory in the SIPS module of ~80 Kg (30% extra a bove saturation to 
allow for a breakthrough margin) if the ion-exchang e material were to be 
replaced on a weekly basis, [~35 kg if replaced on a semiweekly basis]. 
The corresponding volume in the SIPS module is well  below 100 liters. The 
replacement schedule appears acceptable. The volume  of the HLW solids to 
be vitrified increase by ~5% if the spent IEX mater ial is added to the 
HLW stream without further processing. This minor i ncrease would not 
significantly impact vitrification cost, nor should  it affect repository 



cost and availability. If Sr is present in signific ant concentration in 
the LLW stream from the SIPS module, an inorganic I EX material could 
extract it. Distribution coefficients in excess of 10,000 have been 
demonstrated for Sr removal from alkaline LLW type waste streams using 
sodium titanate. The amount of IEX material to remo ve Sr removal would be 
considerably smaller than for cesium extraction. 
There are a number of candidate technologies to rem ove non-radioactive 
components from the HLW stream. Solvent extraction processes are probably 
not satisfactory for an advanced SIPS. A water solu ble chelating 
polymer/ultra-filtration process appears attractive . Retentivity values 
of 99.9% (much greater than required) of plutonium and americium have 
been demonstrated under acidic conditions (6). Chel ating polymers for 
retaining cesium and strontium require development.  Another candidate is 
fractional precipitation; here, water would be extr acted from the HLW 
stream using reverse osmosis, resulting in a fracti onal precipitation of 
the dissolved solids. Since the non-radioactive com ponents are present at 
very low concentrations, i.e., a few parts per mill ion, non-radioactive 
components will preferentially precipitate, which w ould then be 
transferred to the LLW stream. However, since co-pr ecipitation will 
undoubtedly occur, it probably will be necessary to  fractionally 
precipitate several times to adequately decontamina te the separated non-
radioactive material. 
SUMMARY 
The SIPS concept appears attractive for pretreating  high level wastes, 
since it would: 1) process waste in-situ in the tan ks, 2) be cheaper and 
more reliable than a larger centralized facility, 3 ) be quickly 
demonstrable at full scale, 4) have less technical risk, 5) avoid having 
to transfer unstable slurries for long distances, a nd 6) be simple to 
decommission and dispose of. Further investigation of the SIPS concept 
appears desirable, including experimental testing a nd development of 
subscale demonstration units. 
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UNDERSTANDING WASTE PHENOMENOLOGY TO REDUCE THE AMOUNT OF SAMPLING AND 
ANALYSIS REQUIRED TO RESOLVE HANFORD WASTE TANK SAFETY ISSUES 
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ABSTRACT 
Safety issues associated with Hanford Site waste ta nks arose because of 
inadequate safety analyses and high levels of uncer tainty over the 



release of radioactivity resulting from condensed p hase exothermic 
chemical reactions (organic solvent fires, organic complexant-nitrate 
reactions, and ferrocyanide-nitrate reactions). The  approach to resolving 
the Organic Complexant, Organic Solvent, and Ferroc yanide safety issues 
has changed considerably since 1990. The approach f ormerly utilized core 
sampling and extensive analysis of the samples with  the expectation the 
data would provide insight into the hazard. This re sulted in high costs 
and the generation of a large amount of data that w as of limited value in 
resolving the safety issues. The new approach relie s on an understanding 
of the hazard phenomenology to focus sampling and a nalysis on those 
analytes that are key to ensuring safe storage of t he waste. 
INTRODUCTION 
Safety issues arose for the 177 (149 single-shell a nd 28 double-shell) 
Hanford Site underground storage tanks because of u ncertainty over the 
release of radioactivity resulting from condensed p hase exothermic 
chemical reactions. There are three distinct safety  issues that involve 
condensed phase exothermic chemical reactions: orga nic solvent fires, 
organic complexant-nitrate reactions, and ferrocyan ide nitrate reactions. 
A comprehensive safety program was begun in 1990 to  examine and resolve 
these safety issues. Only limited understanding of the hazards existed; 
consequently, sampling and analysis activities were  directed towards 
sampling the condensed phase and performing complet e suites of analyses. 
The large number of analyses conducted on each wast e sample resulted in 
few tanks being sampled and a large quantity of dat a that had only 
limited use in resolving the safety issues. 
Much progress has been made on understanding the wa ste phenomenology and 
the safety hazards. This understanding has focused sampling effort and 
narrowed the suite of analyses to those contributin g to resolution of the 
safety issues. The following sections review the ba ckground and current 
understanding of the waste phenomenology, as well a s characterization 
needs based on the current understanding of the saf ety issues. 
ORGANIC SOLVENT SAFETY ISSUE 
Background 
Various separation processes involving organic solv ents have been used at 
the Hanford Site. These organic solvents were sent to the underground 
storage tanks, and subsequent waste transfer operat ions might have 
distributed organic solvent among several of the 17 7 high-level waste 
tanks (1). Given a sufficient ignition source, ther e are two potential 
hazards associated with organic solvent, an organic  solvent pool fire, 
and ignition of organic solvent that is entrained i n waste solids (a wick 
fire). A solvent fire would generate and heat heads pace gases, 
pressurizing the tank. This pressurization might be  significant enough to 
collapse the tank dome, releasing radioactive mater ial to the environs. 
Hazard Phenomenology 
The organic solvent used at Hanford contains semivo latiles compounds 
(e.g., dodecane, tridecane, and tributyl phosphate) ; therefore, there is 
a direct relationship between liquid organic solven t in a tank and the 
organic solvent vapors found in the headspace. Tank s containing organic 
solvent can be identified by vapor sampling the tan k headspaces. The mass 
transfer of semi-volatile species in an organic liq uid to the headspace 
vapor is determined by several parameters, includin g the mass transfer 
coefficient, gas-liquid contact area, ventilation f low rate, and solvent 
volatility.  



If organic solvent is present, organic solvent vapo rs should be 
detectable in a tank headspace, even if the tank is  actively ventilated. 
Most single-shell tanks are only passively ventilat ed (i.e., the 
ventilation flow rate is quite small); thus the org anic solvent vapors 
should be present at roughly equilibrium concentrat ions. Indeed, this was 
the case for tank 241-C-103, which contains a float ing organic solvent 
pool. Analyses of the liquid organic solvent pool a nd the vapors in the 
headspace suggest that semivolatile concentrations are present at close-
to-equilibrium concentrations in the tank headspace . 
Currently, one tank (241-C-103) is known to contain  an organic solvent 
pool. Additional tanks that might contain an organi c solvent pool will be 
identified through vapor sampling of the tank heads paces. Criteria for 
organic solvent headspace concentrations have been developed using 
theoretical analyses and organic solvent sample dat a from tank 241-C-103. 
All 149 single-shell tanks will be vapor sampled an d screened against the 
criteria to identify potential organic solvent tank s. 
The 28 double-shell tanks do not require headspace sampling for organic 
solvent. Double-shell tank design will accommodate a substantially larger 
pressure transient than single-shell tanks. An orga nic pool or wick fire 
could not build enough pressure to collapse the dou ble-shell tank dome. 
Therefore, this safety issue only applies to single -shell tanks. 
Organic solvent pool fires are difficult to ignite (2). Sparks, impacts, 
shocks, and friction sources lack sufficient energy  to ignite pool fires, 
and credible ignition sources have been narrowed to  robust and/or 
sustained energy sources. Experiments with a waste simulant (dodecane) 
required exposure to a propane torch for 10 - 15 se conds (>1000 Watts) to 
ignite a 5cm puddle. 
Even if a pool fire could be ignited, consequences from such a fire would 
be very low (within risk acceptance guidelines) if an adequate vent path 
area exists. A pool fire would heat headspace gases  pressurizing the 
tank. The fire would burn until the oxygen was depl eted. The 
pressurization from a postulated pool fire would in crease with the fire 
spread rate. Calculations indicate that a puddle wo uld have to be larger 
than 2m2 to create enough pressure to collapse the tank dome. If adequate 
vent path area was available, the tank dome would n ot collapse and any 
radioactive release would be minor. Of the 43 tanks  recently vapor 
sampled, only one has a floating organic solvent po ol (241-C-103) and 
adequate venting is available in this tank (2). 
Entrained organic solvent is also difficult to igni te. Hot steel spheres 
(greater than 270 Joules) and an electronic match ( about 138 Joules) 
failed to ignite entrained organic solvent (dodecan e) during ignition 
experiments. Sparks, impacts, shocks, and friction sources could not 
ignite entrained organic solvent either. 
The consequences from an entrained organic solvent fire are less than an 
organic pool fire. Open literature and preliminary calculations show that 
the spread rate for an entrained solvent fire is ab out an order of 
magnitude lower then that for a pool fire and would  not result in tank 
over-pressurization. Therefore, the safety issue is  bounded by the 
organic solvent pool fire hazard. 
Resolution of the organic solvent safety issue requ ires two steps 
a)identification of tanks containing significant qu antities of organic 
solvent (i.e., greater than a 2m2 puddle), and b)en suring adequate vent 
path in those tanks that contain significant organi c solvent. 
Characterization Needs 



By understanding hazard phenomenology, the characte rization needs can be 
reduced to vapor sampling of single-shell tanks. Co re sampling of the 
tanks is not required to resolve this safety issue.  Only the 149 single-
shell tanks need to be vapor sampled for the presen ce of organic solvent 
and this will be completed by the end of FY 1998. 
ORGANIC COMPLEXANT SAFETY ISSUE 
Background 
Organic complexants were sent to the high-level was te tanks during the 
defense mission at the Hanford Site. These compound s and their 
decomposition products have the potential to react exothermically when 
combined with an oxidizer. The waste tanks also con tain high quantities 
of sodium nitrate, a strong oxidizer. The organic c omplexant hazard is 
represented by two distinct types of reactions, spo ntaneous chemical 
runaway (self heating) reactions, and propagating c hemical reactions 
typified by a passing reaction front. These reactio ns could produce gases 
that pressurize the tank and cause failure of the t ank dome. The aerosols 
produced would carry radioactive materials to the e nvirons, resulting in 
unacceptable onsite and offsite doses. 
Hazard Phenomenology 
Spontaneous chemical runaway reactions are not poss ible under current 
storage conditions. This conclusion was reached by evaluating the energy 
balance for the tanks. For a spontaneous chemical r unaway reaction to 
occur, the chemical heating rate must exceed the ta nk cooling rate (3). 
This can be evaluated by comparing the tank cooling  response time (i.e., 
the time required to reach a new equilibrium temper ature following an 
instantaneous change in the heating rate) with the waste storage time. 
Calculations show that the tank cooling response ti mes range from a few 
hours to 3.1 years. Some waste has been stored for more than 40 years, 
and there has been no transfer of waste into the si ngle-shell tanks for 
about 15 years. Several cooling response times have  passed over the last 
15 years of storage; consequently, it can be conclu ded that bulk runaway 
reactions are not a hazard under current storage co nditions. In addition, 
no credible mechanisms have been identified that wo uld increase tank 
temperatures and cause a chemical runaway reaction.  
Propagating reactions require an ignition source an d sufficient fuel and 
oxidizer. Tube propagation tests with waste surroga tes and theoretical 
analyses have shown that ignition sources greater t han 1 Joule (10,000 
times more than that required to ignite flammable g as) are required to 
initiate organic complexant reactions in dry waste.  Sparks and static 
electric shocks lack sufficient energy to initiate organic complexant 
propagating reactions. 
It may be possible to show that no credible initiat ors exist that cannot 
be controlled. Laboratory experiments on simulants indicate about 5 
weight percent (wt%) free water will prevent initia tion of propagating 
reactions by 100 J ignition sources. Tests on actua l waste samples will 
be conducted to determine a minimum moisture concen tration under in-tank 
waste storage conditions. Confirmation that waste f ree water 
concentrations exceed approximately 5 wt%, would re duce the amount of 
sampling and analysis required to resolve the safet y issue. 
Safe storage criteria have been established through  theoretical analysis 
and tests on waste surrogates. The minimum fuel con centration required to 
support a propagating reaction has been determined using a contact-
temperature ignition model (4). A necessary (but no t sufficient) 
condition for a propagating reaction is that the fu el concentration be 



greater than 1200 J/g (4.5 wt%total organic carbon) , on an energy 
equivalent basis (4). 
For fuel concentrations between 1200 and 2100J/g, t he waste moisture 
(free water) content required to prevent a propagat ing reaction varies 
linearly from 0 to 20 wt%. Above 20 wt%, the fuel-m oisture linear 
relationship no longer holds because the mixture be comes liquid 
continuous and a stoichiometric fuel-oxidizer mixtu re will not support a 
propagating reaction (4). All of the waste in the d ouble-shell tanks have 
aqueous supernatants and the waste would be too wet  to support a 
propagating reaction. 
Experiments on waste simulants indicate that fuel c oncentrations in the 
tanks have been decreased by saltwell pumping and w aste aging (i.e., 
decomposition of the high energy waste into low ene rgy products). 
Experiments show that the reactive organic complexa nt salts (e.g., sodium 
acetate, EDTA, HEDTA) remain soluble in the tank so lutions and are 
removed by saltwell pumping (5). Most of the single -shell tanks have been 
saltwell pumped (113 out of the 149 total) and the liquid sent to the 
double-shell tanks. Hence, much of the fuel values in the single-shell 
tanks might have already been removed. 
Experiments also indicate that organic compounds ag e to less energetic 
products (e.g., oxalate) (6). Laboratory experiment s have shown that 
these organic salts will not support propagating re actions (4). 
Therefore, any remaining fuel in the single-shell t anks might not be 
reactive enough to be a hazard. 
It might be possible to show that the fuel concentr ations in the single-
shell tanks are too low to support propagating reac tions. The solubility 
model indicates that energetic organic species are present principally as 
solutes in tank liquids. The aging model indicates that organic 
complexants age over time to less energetic species , providing additional 
confidence regarding the stability of stored waste.  Organic speciation 
analyses of actual waste will be conducted on selec ted tanks to confirm 
that the organic complexants remained soluble, and to confirm that any 
remaining fuel has aged. 
It might be possible to show that tank waste conten ts meet the safe 
storage criteria. Information from the solubility a nd aging models and 
sample data from selected tanks will be used to ass ess the potential fuel 
and moisture concentrations in the tanks. In situ m oisture monitoring 
capability is being developed in an attempt to prov ide representative 
measurements of waste moisture concentration in the  single-shell tanks. 
Characterization Needs 
From an understanding of hazard phenomenology, the sampling needs can be 
focused and the number of analyses performed can be  reduced. Only 
selected single-shell tanks require sampling to res olve the safety issue. 
Analyses have been reduced to include only measurem ent of energetics, 
total organic carbon, moisture, and some organic sp eciation to confirm 
organic solubility and organic aging. If tests on a ctual waste samples 
indicate that the waste will retain 5 wt% free wate r, the sampling and 
analysis needs will be reduced further. 
FERROCYANIDE SAFETY ISSUE 
Background 
During the 1950s, additional tank storage space was  required to support 
the defense mission. To obtain this additional stor age volume within a 
short time period, and to minimize the need for con structing additional 
storage tanks, Hanford Site scientists developed a process to scavenge 



cesium-137 from tank waste liquids. In implementing  this process, 
approximately 140 metric tons of ferrocyanide were added to waste that 
was later routed to eighteen Hanford Site single-sh ell tanks. 
Ferrocyanide, in the presence of oxidizing material  such as sodium 
nitrate, can propagate by heating it to high temper atures or by providing 
an electrical spark of sufficient energy. Because t he scavenging process 
precipitated ferrocyanide from solutions containing  nitrate, an intimate 
mixture of ferrocyanides and nitrates may have exis ted in some regions of 
the eighteen ferrocyanide tanks. 
Hazard Phenomenology 
Ferrocyanide ages (i.e., decomposes to lower energy  products) when 
exposed to tank waste conditions. Three parameters strongly affect the 
rate of aging, temperature, exposure to high pH, an d radiation dose (7). 
The current fuel concentration is a function of the  starting 
concentration and the amount of aging that has occu rred. Historical data 
(8) show that all the ferrocyanide tanks have been exposed to enough 
caustic to promote aging (i.e., had pH values highe r than 10). However, 
ferrocyanide sludge depths in the tanks range from 0.1 to 2.6 meters (9) 
and there is some question whether the caustic solu tions would penetrate 
more than one meter into ferrocyanide sludge (10). Therefore, 
ferrocyanide at greater depths might not have been exposed to high pH 
solutions and might not have aged. 
Tanks with high ferrocyanide concentrations and slu dge depths, and low 
temperature and radiation dose histories, have been  selected for core 
sampling to bound aging. If the ferrocyanide has ag ed in these tanks, 
then as much or more aging should have occurred in the remaining 
ferrocyanide tanks. 
Nine ferrocyanide tanks have been selected for samp ling and analysis to 
bound ferrocyanide aging. Sampling and analysis hav e been completed for 
six of these nine tanks and the data is reviewed in  Table I (11). Results 
indicate that ferrocyanide has aged to concentratio ns more than a factor 
of ten lower than the original concentrations. The remaining ferrocyanide 
concentrations are substantially below the 1200J/g minimum required to 
support a propagating reaction (4). 
Table I 
Characterization Needs 
Understanding the hazard phenomenology has reduced the number of 
ferrocyanide tanks that need to be sampled from all  eighteen to the nine 
that bound aging. The analyses required to resolve the safety issue have 
been narrowed to energetics and ferrocyanide [Na2Ni Fe(CN)6]. Six of the 
nine tanks that bound ferrocyanide aging have been sampled and analyzed, 
and only three tanks remain to be sampled. If aging  is confirmed in these 
final three tanks as expected, then no additional s ampling is required to 
resolve the ferrocyanide safety issue. 
REFERENCES 
1. J. P. SEDERBURG and J. A. REDDICK, "TBP and Dilu ent Mass Balances in 
the Purex Plant at Hanford 1955 - 1991," WHC-MR-048 3, Rev.0, Westinghouse 
Hanford Company (1994). 
2. J.E.MEACHAM, D. A. TURNER, J. C. VAN KEUREN, M. G. PLYS, M. EPSTEIN, 
H.K. FAUSKE, J.P. BURELBACH, J. M. GRIGSBY, and A. K. POSTMA, "Risk from 
Organic Solvent fires in C-103 Following Interim St abilization," WHC-SD-
WM-SARR-001, Supplement 1, Westinghouse Hanford Com pany (1995). 
3. D. A. FRANK-KAMENETSKII, "Diffusion and Heat Tra nsfer in Chemical 
Kinetics," Plenum Press, Publishers, New York, New York (1969). 



4. H. K. FAUSKE, D. R. DICKINSON, R. J. CASH, and J . E. MEACHAM, "The 
Contact Ignition (CTI) Criteria for Propagating Che mical Reactions 
Including the Effect of Moisture and Application to  Hanford Waste," WHC-
SD-WM-ER-496, Rev.0, Westinghouse Hanford Company ( 1995). 
5. G.S. BARNEY, "The Solubilities of Significant Or ganic Compounds in HLW 
Tank Supernatant Solutions," WHC-SA-2565-FP, Westin ghouse Hanford Company 
(1994). 
6. D. M. CAMAIONI, W. D. SAMUELS, B. D. LENIHAN, S.  A. CLAUSS, K. L. 
WAHL, and J.A. CAMPBELL, "Organic Tanks Safety Prog ram Waste Aging 
Studies," PNL-10161, Pacific Northwest Laboratory ( 1994). 
7. M. A. LILGA, E. V. ANDERSON, R. T. HALLEN, M. O.  HOGAN, T. L. HUBLER, 
G. L. JONES, D.J. KOWALSKI, M.R. LUMETTA, G. F. SCH IEFELBEIN, and M. R. 
TELANDER, "Ferrocyanide Safety Project Ferrocyanide  Aging Studies FY 1995 
Annual Report," PNL-10713, Pacific Northwest Labora tory (1995). 
8. D. D. WODRICH, G. S. BARNEY, G. L. BORSHEIM, D. L. BECKER, W. C. 
CARLOS, M. J. KLEM, R.E. VANDERCOOK, and J. L. RYAN , "Summary of Single-
Shell Waste Tank Stability," WHC-EP-0347, Supplemen t, Westinghouse 
Hanford Company (1992). 
9. G. L. BORSHEIM and B. C. SIMPSON, "An Assessment  of the Inventories of 
the Ferrocyanide Watch List Tanks," WHC-SD-WM-ER-13 3, Rev. 0, 
Westinghouse Hanford Company, Richland, Washington (1991). 
10. B. P. MCGRAIL, "Ferrocyanide Tank Safety Projec t: Computational 
Analysis of Coupled Fluid, Heat, and Mass Transport  in Ferrocyanide 
Single-Shell Tanks - FY 1994 Interim Report," PNL-1 0163, Pacific 
Northwest Laboratory (1994). 
11. J. E. MEACHAM, R. J. CASH, B. A. PULSIPHER, and  G. CHEN, "Data 
Requirements for the Ferrocyanide Safety Issue Deve loped Through the Data 
Quality Objectives Process," WHC-SD-WM-DQO-007, Rev .2, Westinghouse 
Hanford Company (1995). 
 
28-5   
NEW INSTRUMENTS FOR CHARACTERIZATION OF HIGH-LEVEL WASTE STORAGE TANKS AT 
THE  
HANFORD SITE 
J. W. Lentsch 
H. Babad 
T. I. Stokes 
C. E. Hanson 
G. F. Vargo Jr. 
G. N. Boechler 
Westinghouse Hanford Company 
ABSTRACT 
Four new instruments (a waste void fraction meter, a waste viscometer, a 
surface- moisture measurement system, and a cone pe netrometer) have been 
developed at the Hanford Site for in-situ character ization of selected 
physical and chemical properties of high-level wast e in underground 
storage tanks at Hanford. The basis for development  of these instruments, 
the design features, and measurement principles are  described along with 
test results to-date. Planned measurements with the  cone penetrometer and 
surface-moisture measurement system, which have not  been deployed in the 
field, are described. 
INTRODUCTION 
Extensive efforts are underway to characterize high -level waste stored in 
177 underground tanks at the Hanford Site in southe astern Washington 



State. In addition to the collection and analysis o f samples of vapor, 
supernate, sludge, and saltcake, several new instru ments have been 
developed for in-situ measurements of waste propert ies. In some cases, 
these in-situ measurements may prove to be more rep resentative of waste 
characteristics than samples that are withdrawn fro m the tanks. In other 
cases, the in-situ measurements are less expensive,  because full-core 
samples and their attendant hot cell analysis can c ost several hundred 
thousand dollars each. 
Four new instruments have been developed at Hanford  for in-situ 
characterization of selected physical and chemical properties of high-
level waste in underground storage tanks at the Han ford Site. These 
instruments consist of a cone penetrometer, a surfa ce-moisture 
measurement system, a waste void fraction meter, an d a waste viscometer. 
Measurements performed to date are described for th e void fraction meter 
and waste viscometer. Measurements that are planned  later this year with 
the surface moisture monitor and the cone penetrome ter, which have not 
yet been deployed, are described. 
WASTE VOID FRACTION METER 
A waste void fraction helps determine the quantity and vertical profile 
of potentially flammable gases, such as hydrogen, a mmonia, and nitrous 
oxide, that are stored within the thick waste sludg es. The design and 
application of this device was described by Stewart  et al. (1995) (1). 
The quantity of stored gas in the tanks continues t o be a high-priority 
safety issue at the Hanford Site. Efforts that are underway to assess and 
mitigate this issue have been described by Lentsch et al. (1994, 1995) 
(2,3). 
The principle of the void fraction meter is to inse rt the device into the 
waste and capture a sample of waste in a steel cham ber. After remote 
closure and sealing of the chamber, the sample is p ressurized to 
approximately 500 lbf/in2 (gauge) with nitrogen. Th is compresses any gas 
voids in the waste sample. The change in volume of the sample is computed 
from precision measurement of the change in pressur e of nitrogen in the 
supply cylinder. The fraction of the sample origina lly occupied by gas is 
then computed. The device is equipped with temperat ure sensors on the 
sample chamber, tubing, and supply cabinet for corr ection of computed 
volumes. 
The void fraction meter is mounted on a 0.76-m-long  pivot arm that is 
attached to a 21.34-m-long, 3-in.-diameter stainles s steel pipe weighing 
approximately 589 kgs. The chamber inlet edges are sharpened to minimize 
waste disturbance and assure representative collect ion of the samples. 
After measurement, the chamber is opened pneumatica lly to exhaust the 
sample. 
The instrument transducers and electronic processin g modules are mounted 
in an enclosure on the end of the pipe on the outsi de of the tank. A 
computer control and data acquisition system is pro vided. 
The entire assembly is lowered by crane into the ta nk. Measurements are 
typically performed from the top down, at 0.61-cm i ntervals, and repeated 
at 120-degree rotations of the arm. Following remov al and 
decontamination, the device is deployed at a second  location on the 
opposite side of the tank. 
Four double-shell, high-level waste tanks have been  measured to date (4). 
The results for three of these tanks are shown in F ig. 1. Significant 
variation is seen in void fraction, both vertically  and laterally. This 
is not unexpected because the large volume of waste  in the tanks is 



unmixed. (The tanks are up to 22.86 m in diameter, and the waste is up to 
10.67 m deep). The exception is Tank 101-SY, which is periodically mixed 
with a large mixer pump. Waste in this tank shows l ess variation. 
Fig. 1 
The thick, particulate-laden sludge at the bottom o f the tanks contains 
void fractions up to approximately 13 percent, wher eas the dense 
overlying supernate has less than 1 percent void. A verage sludge void 
fractions range from 5 to 7 percent, corresponding to tank gas 
inventories of 2,000 to 6,000 scf. 
WASTE VISCOMETER 
A waste viscometer (ball rheometer) was developed t o determine the 
density, yield strength, and viscosity of waste ver tical profiles (1). 
This information is needed for safety analyses of p otential flammable gas 
release accidents. It is also needed to design equi pment such as mixer 
pumps for retrieval of waste from the tanks for was te treatment and 
disposal. Laboratory analyses of extruded waste cor es have not provided 
accurate measurements of these parameters because o f sample disturbance. 
The waste viscometer consists of a 5.90-kg, 8.89-cm -diameter tungsten 
ball that is suspended by cable in the waste. The t ension in the cable is 
measured by a precision load cell mounted on a rise r penetration above 
the tank. The cable tension is measured with the ba ll at rest, during 
initial movement, and during raising and lowering w ith the cable spool 
motor at various controlled velocities. The density , yield strength, and 
viscosity, respectively, can then be computed from these static loads, 
starting forces, and dynamic drag forces. 
Four tanks have been measured to date with this ins trument. The results 
for one of the tanks are displayed in Fig. 2. The d ensity results show a 
heavy, convectively mixed, supernatant layer in thi s tank, with a 250-cm 
sludge layer. Densities are not accurate in the slu dge, which has a yield 
strength of 50 to 350 Pa in this tank. The apparent  viscosity of the 
supernate in this tank was initially found to be ap proximately 18 cP, 
whereas the sludge varies up to 30 million cP. Afte r repeated passes of 
the ball, the sludge viscosity decreased by an orde r of magnitude. 
Fig. 2 
SURFACE MOISTURE MEASUREMENT SYSTEM 
An instrument to measure the moisture content of th e upper waste layer 
has been developed and is scheduled to be deployed in a waste tank later 
this year. The moisture content of the waste is an important safety 
parameter that strongly determines the combustibili ty of waste materials 
that contain appreciable quantities of organic chem icals and nitrates.Key 
components of the instrument are the deployment mas t, Data Acquisition 
Van (DAV), a neutron probe, and a decontamination s pray manifold. The 
deployment mast consists of a 15.24-m-long stainles s steel pipe with a 
1.83-m cable-operated drop arm and cable-suspended probe. An upper 
enclosure supports the mast on the tank top and con tains manual winches, 
cable reels, and electronic components. The DAV sup plies power to the 
probe electronics and processes the neutron informa tion for moisture 
analysis. The probe consists of an 45.72-cm-long, 8 .89-cm-diameter 
stainless steel certified pressure housing that con tains the neutron 
signal conditioning electronics, three Boron-10-lin ed thermal neutron 
proportional detectors, and a Californium-252 fast neutron source. The 
deployment mast installs in a 10.16-cm tank riser p enetration through a 
spray ring manifold. Spray nozzles, mounted in the manifold, allow high-
pressure water to decontaminate the mast and probe upon removal. 



A 1.83-m-radius circle, on the surface of the waste , can be measured. The 
1.83-m arm allows measurement out from under the ri ser, where 
condensation and wash water may have altered the wa ter content of the 
waste surface. 
A video camera is installed in an adjacent tank ris er to help position 
the neutron probe on the waste surface. Measurement s will be made at 
multiple points inside the 1.83-m radius by rotatin g and repositioning 
the device. 
The moisture concentration is computed from ratios of the count rates 
from the three neutron detectors, which detect ther mal neutrons that are 
moderated by water in the upper approximate 20.32 c m of waste. Signal 
processing, of the neutron detector outputs, is use d to screen out gamma 
ray contributions. 
This system has been designed to measure down to 3 weight percent water 
with an accuracy of approximately 1 weight percent.  Laboratory testing is 
underway. Test plans are to validate measurements w ith this device by 
correlating the results of surface moisture measure ments with 
measurements of water in vertical waste profiles (b y core sampling and 
laboratory analysis, or by vertical measurements in  liquid observation 
wells that are installed in many of the waste tanks ). 
Following validation, the surface moisture device w ill be used for 
initial safety screening and perhaps to conduct rou tine future 
surveillance of tank moisture levels. 
CONE PENETROMETER 
A specialized cone penetrometer is completing devel opment. This device is 
used in geological investigation for soil stratigra phy, by pushing a 
bevelled sensor package into the soil under a heavy  load. The instrument 
being developed for waste tank characterization con sists of a custom 
sensor package with compressive and shear strength load cells, 
temperature sensors, a pore pressure sensor, a neut ron moisture probe, 
and a Raman spectrometer. The sensor package is sho wn in Fig. 3. 
Hydraulic actuators will place a load of up to 32 m etric tons onto the 
heavy-wall, 4.83-cm-diameter, steel penetrometer pu sh rod. A heavy-wall, 
15.24-cm steel guide tube extends through a tank ri ser down to the waste 
surface to prevent bucking of the push rod. Testing  shows that this 
device should be capable of pushing the bevelled ti p of the sensor 
package into fairly hard wastes with compressive st rengths up to several 
thousand pounds per square inch. The tip of the sen sor contains a 
magnetrometer to detect the steel tank bottom liner , preventing potential 
penetration of the tank. An inclinometer is also pr ovided to detect push 
rod bending prior to buckling. 
Fig. 3 
A moisture probe using two Boron-10-lined thermal n eutron proportional 
detectors and a Californium-252 fast-neutron source  is provided. This 
probe is inserted into the penetrometer rod by cabl e after the rod has 
been inserted. Gamma pulses are screened out by sig nal processing. 
Neutron pulse rates are ratioed from the two detect ors that are placed 
end-to-end in the probe at 30.48-cm center-to-cente r spacing. In this 
manner, a fairly linear response is obtained betwee n the near-to-far 
detector ratio and waste water concentration from 5  to 100 percent, with 
minimal effect from neutron poisons. 
The Raman probe directs a beam of near infrared lig ht into the waste 
through a diamond window, and the reflected light i s directed by fibre 
optics to a tank top spectrometer. This application  is highly 



developmental. It is hoped that qualitative data wi ll be obtained on the 
vertical distribution of chemical species such as o rganics, 
ferrocyanides, and nitrates that are of concern for  tank safety, in 
conjunction with waste temperature and moisture. 
The tip and sleeve load cells on the sensor package  will provide 
information on waste stratigraphy. The tanks are kn own to contain layers 
of crust, supernate, sludge, and hard saltcake. Thi s data will be helpful 
in waste core sampling. It will also be invaluable in determining waste 
material properties for the design of waste retriev al methods (mixing, 
lancing, etc.). 
This cone penetrometer is scheduled for deployment in the first tank in 
late 1996. 
CONCLUSIONS 
A waste void fraction meter and a waste viscometer have been successfully 
developed and deployed in four waste tanks. The res ults of these 
measurements have been useful in assessing the flam mable gas safety 
issue, and in determining physical properties of hi gh-level waste in 
underground storage tanks at the Hanford Site. 
A waste surface moisture monitor and a specialized cone penetrometer have 
been developed for deployment later in 1996. They w ill measure waste 
moisture and physical properties on the surface and  at depth. These 
measurements will be used to assess safety aspects of potential organic-
nitrate reactions, to improve core sampling operati ons, and to design 
waste retrieval equipment and processes. 
These instruments have and will continue to be used  as cost-effective 
tools for tank waste characterization, thereby supp lementing the current 
intensive core sampling and laboratory analysis eff orts. 
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ABSTRACT 
Large quantities of organic complexants were used i n support of the 
defense mission at the Hanford Site, and are curren tly stored as part of 
55 million gallons of radioactive waste. The major organic complexants 
that are believed to have been stored in the tanks are glycolate, citrate 
hydroxyethylethylenediaminetriacetate (HEDTA), and 
ethylenediameinetetraacetate (EDTA). Estimated quan tities are listed here 
in kilograms and metric tons: 
  Glycolic acid, 8.8x105 kg (880 metric tons) 
  Citric acid, 8.5x105 kg (850 metric tons) 
  Hydroxyethylethylenediaminetriacetic acid, 8.5x10 5 kg  
(830 metric tons) 
  Ethylenediaminetetraacetic acid, 2.2x105 kg (220 metric tons). 
In addition to these complexants, lesser amounts of  complexants such as 
nitrilotriacetic (NTA), di(2-ethylhexyl) phosphoric , and oxalic acids 
were used, but amounts of these complexants that ac tually were stored in 
the tanks are not known. 
Despite demonstrated safe storage in terms of chemi cal stability of the 
Hanford high level waste for many decades, includin g decreasing waste 
temperatures and continuing aging of chemicals to l ess energetic states, 
concerns continue relative to assurance of long-ter m safe storage. Review 
of potential chemical safety hazards has been of pa rticular recent 
interest in response to serious incidents within th e Nuclear Weapons 
Complexes in the former Soviet Union (the 1957 Kysh tym and the 1993 
Tomsk-7 incidents). 
Based upon an evaluation of the extensive new infor mation and 
understanding that have developed over the last few  years, it is 
concluded that the Hanford waste is stored safely a nd that concerns 
related to potential chemical safety hazards are no t warranted. 
Spontaneous bulk runaway reactions of the Kyshtym i ncident type and other 
potential condensed-phase propagating reactions can  be ruled out by 
assuring appropriate tank operating controls are in  place and by limiting 
tank intrusive activities. This paper summarizes th e technical basis for 
this position. 
CONDENSED-PHASE CHEMICAL REACTIONS 
The presence of organic complexants along with oxid izers like NaNO2 and 
NaNO3 present the potential for condensed-phase che mical reactions, 
including spontaneous runaway reactions of the Arrh enius type and 
propagating reactionsa initiated by a local ignitio n source. 
 SPONTANEOUS RUNAWAY REACTION 
Spontaneous bulk runaway reaction without ignition sources can occur when 
the chemical heat generation rate produced by an Ar rhenius type reaction 
mechanism exceeds the rate of heat dissipation by c onduction in some 
volume of waste. The requirements for stability are  therefore often 
expressed in terms of two characteristic time const ants 
Eq. 1 
where ta is the characteristic time of adiabatic ru naway 
Eq. 2 
Here T (K) is the temperature, (K/s) is the rate of  temperature rise 
corresponding to temperature T due to chemical heat ing, Ea is the 



activation energy (J/mol), R (8.314 J/mol-K) is the  gas constant, H(m) is 
the height and a(m2/s) is the thermal diffusivity. 
The characteristic cooling time tc for an infinite slab geometry is 
approximatelyb 
Eq. 3 
While values for tc can be reliably estimated for t he waste tanks, values 
for ta are not known and would be difficult to obta in from waste sampling 
and analytical measurements. 
Fortunately, this concern can be addressed by recog nizing that the waste 
has remained safely stored over a period of time (t he 149 single shell 
tanks have not received wastes since about 1977). T hat is well in excess 
of the characteristic cooling times, tc, which rang e from tens of hours 
to about 3 years (1). This observation provides pro of that Inequality (1) 
is indeed satisfied, and can be made without a know ledge of ta or the 
actual chemical composition, water content and wast e uniformity, and will 
not be altered by waste aging or long-term moisture  loss. Both shrinkage 
associated with moisture loss and increasing gaseou s porosity both have 
the effect of decreasing the characteristic cooling  times (1). 
CONDENSED-PHASE PROPAGATING REACTIONS 
In addition to satisfying a certain minimum fuel co ncentration similar to 
the lower flammability limit (LFL) for gases, a sig nificant (>10 J) 
ignition source must be available to assure a propa gating reaction. 
Measured combustion characteristics for several non -degraded organic 
complexants are summarized in Table I below (2). 
Especially noteworthy in Table I is the extremely l ow burn velocities, 
implying that if propagating reaction is possible, the chemical energy 
release rate and corresponding gas evolution rates would be small, 
limiting the possibility of tank structural tank da mage and the release 
of significant quantities of radioactive material. Furthermore, since the 
Tig values are much higher than the current waste t emperatures, onset of 
combustion also requires the presence of an adequat e ignition source. 
Potential ignition sources are discussed below incl uding  
sparks, flames, hot objects and lightning for examp le, refer to Table I 
(Sparks) and Table II (Flames). In the discussion t o follow it is assumed 
that combustible conditions exist, i.e., the fuel c oncentration exceeds 
its LCL and that moisture concentrations required t o suppress combustion 
are not available unless otherwise specified. The l ikelihood of 
satisfying the necessary fuel concentration for a p ropagating reaction is 
addressed later. 
Table I  
Table II 
SPARKS 
An estimate of the minimum ignition energy (MIE) to  initiate combustion 
can be obtained from  
Eq. 4 
where r(kg/m3) is the density of the combustible mi xture, c (J/kg-K) is 
the specific heat of the combustible mixture, Tig ( K) is the ignition 
temperature, To (K) is the ambient temperature, and  rcrit (m) is the 
critical radius which is determined from the follow ing heat balance (heat 
release equals heat loss) 
Eq. 5 
where Tf (K) is the flame temperature and k (w/m-K)  is the thermal 
conductivity, and results in 
Eq. 6 



where a(m2/s) is the thermal diffusivity. 
First, we will demonstrate that the above ignition theory can be used to 
predict the MIE of a combustible stoichiometric gas  mixture. Considering 
the following property values for a typical hydroca rbon gas mixture such 
as methane-air evaluated at Tig = 810 K; r  0.45 kg /m3, c = 1000 K, a = 9  
10-5 m2/s, Ub = 0.45 m/s and To = 300 K, we estimat e Qmin= 0.21 mJ, which 
is in excellent agreement with the measured spark e nergy value of 0.29 mJ 
(4). The suggested strong sensitivity to the burn v elocity (Q ~ Ub-3) is 
also consistent with experimental observation. 
Verification of the strong burn velocity dependence  is significant to the 
application of condensed-phase combustion involving  organic complexants 
such as included in Table I where the burn velociti es are noted to be 
quite low. Application of the above ignition theory  using the following 
property values evaluated at Tig = 520 K; r = 1500 kg/m3, c=1500 J/kg-K, 
a = 2  10-7 m2/s, Ub = 5  10-4 m/s and To = 320 K, lead to Qmin  3.3 J, 
i.e., about four orders of magnitude larger than fo r flammable hydro-
carbon mixtures. This energy is well in excess of t he maximum spark 
energies expected from discharge of various types o f electrically 
conducting objects that could be present in the Han ford waste tanks. 
Typical maximum theoretical spark energies associat ed with various 
objects are illustrated in Table II  (5). 
The above assessment of the MIE value for condensed -phase combustion in 
case of short duration sparks is considered quite c onservative. In 
contrast to a combustible gaseous mixture, the ener gy from the spark must 
be delivered to the condensed phase material. While  the power density of 
the spark is extremely high, the short duration (-s econd time scale) 
prevents a sufficient thermal boundary layer build- up required for 
sustained combustion prior to the dissipation of th e spark energy. 
Considering the previously established ignition the ory, the critical 
ignition thickness for plane geometries is  
Eq. 7 
The corresponding ignition time, tig, can be obtain ed by equating the 
thermal boundary layer thickness 
Eq. 8 
with the critical ignition front thickness resultin g in 
Eq. 9 
Setting a = 2  10-7 m2/s and Ub = 5  10-4 m/s, the critical ignition time 
is of the order of 1s. The significance of this val ue is that potential 
ignition sources, such as sparks, which have extrem ely high power 
densities but are also extremely short-lived (s ran ge), are not capable 
of initiating condensed-phase propagating reactions  in materials of 
interest. The thermal boundary layer resulting from  such ignition sources 
are much too small to satisfy the requirement for s ustained combustion. 
FLAMES 
In view of the relative ease of igniting a combusti ble gas mixture, it is 
of interest to evaluate its potential for subsequen tly initiating a 
condensed-phase propagating reaction. The maximum c ondensed-phase 
material temperature, Tmax, following a postulated burn can be estimated 
from Epstein (6). 
Eq. 10 
where s is the Boltzman constant, e is the emissivi ty, rg,o (kg/m3) is 
the initial gas density, Cv,g (J/kg-K) is the gas s pecific heat, Tg,o (K) 
is the initial flame temperature, as (m2/s) is the thermal diffusivity of 
the solid phase, V (m3) is the volume of the burn, A (m2) is the 



corresponding surface area of the burn or the surro unding condensed-phase 
material and ks (w/m-K) is the conductivity of the condensed-phase 
material. Tabulated values of (Tmax - To) and Tg,o are provided in Table 
III based on e = 1, Cv,g = 1,000 J/kg-K, V/A = 1, a s = 2  10-7 m2/s, Ks = 
0.5 w/m-K and rg,o = 1.1 kg/m3. 
Table III 
Considering that transient burning (if at all credi ble) would be limited 
to temperatures of about 1000 K, this type of ignit ion source would not 
appear to be a threat to initiating condensed-phase  propagating 
reactions. 
The above observation is consistent with the consid erable length of time 
the condensed-phase material must be exposed to a c onstant burning flame 
or fire prior to experiencing sustained combustion.  For this case, the 
time to reach the ignition temperature can be estim ated from 
Eq. 11 
where q (w/m2) is the flame heat flux and is usuall y taken to be of the 
order of 105 w/m2 (corresponding to the flame tempe rature of about 1100 
K). As such we calculate the time to ignition to be  of the order of 10 
seconds. It is of interest to note that a burning w ooden match develops 
about 100 W. When subjecting a stoichiometric mixtu re of Na3Citrate  2H2O 
and NaNO3 initially at an ambient temperature of 30 C to a burning wooden 
match, a propagating reaction was noticed after abo ut 10 seconds (7). 
HOT OBJECTS 
The necessary minimum temperature of a hot object t o initiate a 
propagating reaction if brought in direct contact w ith condensed-phase 
combustible material can be estimated from the Cont act Temperature 
Ignition (CTI) criterion (2) 
Eq. 12 
where TH (K) is the temperature of the hot object a nd s is given by 
Eq. 13 
where subscript o refers to the combustible condens ed-phase material. 
In the case of a hot steel object, the value of s i s about 8, requiring 
TH to be only about 10% higher than Tig, i.e., abou t 250C for combustible 
materials of interest (see Table I). Furthermore, r ecalling the critical 
ignition time of the order of 1 second, a minimum s teel thickness 
(considering plane geometry) 
Eq. 14 
also needs to be satisfied. Setting a = 5  10-6 m2/ s, we estimate the 
value of xmin of the order of 2 mm. It is therefore  not surprising that a 
small hot steel ball (diameter of about 1.6 mm, and  TH  1300C and energy 
content of 10 J) is capable of producing sustained combustion when 
brought into contact with combustible mixtures, suc h as those summarized 
in Table I (7). Such ignition sources, however, can  be ruled out by 
limiting tank intrusive activities. 
For completeness, we note that for such ignition so urces to be effective 
requires essentially the absence of free water. Sma ll quantities of water 
will prevent the contact temperature from reaching the ignition 
temperature (2). 
LIGHTNING 
The frequency of lightning striking a Hanford SST i s estimated to be 
about 5  10-4 per year (8). However, as discussed b elow, ignition of 
condensed-phase waste materials, including organic solvents, from such a 
scenario is not considered a credible event. It is important to recognize 
that the Hanford tanks are buried and the extensive  amount of rebar in 



the SST concrete domes provide significant overall shielding properties, 
so that there is a high tendency for lightning prod uced current fields to 
be excluded from the interior of the tanks. However , there may be 
electrically discontinuous paths short that could r esult in arcing. These 
paths include arcing between equipment extending th rough risers, and the 
risers, arcing at bolted flanges, arcing between th e riser or equipment 
and the rebar in the concrete dome. Lightning will,  if the rebar is not 
well connected and connected to the tank walls in t he SSTsc (which it is 
apparently not) arc to rebar and from rebar to the tank walls. As such, 
it would be difficult to rule out generation of spa rks that would be 
capable of igniting the presence of a flammable gas  mixture in the tank 
head space. However, considering the limiting durat ions such flammable 
gas mixtures could exist in connection with gas rel ease events, these are 
considered negligible risk scenarios (8). 
The above arcing phenomena are much more likely tha n arcing to the waste 
surface inside the tanks, as the various tank struc tures represent much 
better targets for the lightning current(s). If the re is a gap in the 
conductors carrying a lightning current, the curren t may arc across the 
gap. Quoting Uman (9), "The arc energy appears as h eated gas, in the tens 
of thousands of C range, and as heated and melted e lectrode material, 
much as in the case of purposeful arc welding. Typi cal lightning 
transfers 25 coulombs of charge, and thus an arc du e to lightning between 
metal electrodes could liberate 250 joules of energ y at the arc spot, in 
a volume certainly less than a cubic centimeter, pe rhaps as small a cubic 
millimeter." However, further quoting Uman (9). "It  is not likely that 
the total lightning current would flow across one i nterior gap in a SST 
or DST because of the many parallel paths available  to the lightning 
current. On the other hand, sparks in the millijoul e range are generally 
thought to be capable of igniting flammable gas." I t follows that 
significant steel melting in connection with such a rcing phenomena that 
subsequently could fall down onto the waste surface  would appear very 
remote. Approximately 250 joules alone would be req uired to produce a 
molten steel droplet of about 4 mm diameter, which is less than the 
capillary size of about 6 mm, i.e., the melted mate rial would quickly 
refreeze in place. 
Furthermore, we have evaluated the likelihood of ar cing directly to the 
waste relative to the above metal arcing dissipatio n mechanisms for the 
lightning current energy using the similarity betwe en the arcing caused 
by a lightning current and purposeful arc welding ( 9). 
To conservatively test the effect or relationship b etween waste material 
electrical conductivity and arcing potential, small  samples of simulated 
wastes were placed in a highly electrical conductiv e environment, i.e., 
in a small steel crucible (a pipe end cap of about 1.5 inch diameter and 
1.5 inch height) clamped to a well-grounded welding  table (see Fig. 1). 
The tungsten electrode was positioned above the was te surface, in direct 
contact with, as well as below the waste surface. V arious types of wastes 
including organic solvent consisting of dodecane (1 a), a stoichiometric 
mixture of NaCitrate 2H2O-NaNO3 soaked with dodecan e (1b), dry 
stoichiometric mixture of NaCitrate  2H2O-NaNO3 (1c ), and stoichiometric 
NaCitrate  2H2O-NaNO3 mixtures with increasing free  water inventories of 
5 and 10 wt% H2O (1d and 1e) were placed in the ste el crucibles and 
subjected to arc welding currents of approximately 200 amperes for about 
one-second intervals.  
Fig. 1 



No sign of arcing were observed with waste mixtures  a, b, and c, 
including variations in the electrode position rela tive to the waste 
material surface. With increasing water inventory, limiting arcing and 
"crackling" were observed, but in no cases was sust ained ignition 
noticed. While the increasing presence of moisture or water clearly 
increases the electrical conductivity allowing curr ent to flow, its 
presence also prevents ignition from occurring by d issipating the arc 
energy by latent heat of vaporization, keeping the waste temperature well 
below the ignition temperature. The above observati ons suggest that if 
lightning should strike an SST (a very unlikely eve nt), the lightning 
current and its energy would be largely dissipated before entering the 
interior of the tank. Multiple paths, including arc ing between equipment 
extending through risers, and the risers, arcing at  bolted flanges, 
arcing between the riser or equipment and the rebar  in the concrete dome, 
arcing from rebar to rebar and from rebar to the ta nk walls, are much 
better targets for lightning current energy dissipa tion than arcing deep 
into the interior of the tank, such as to the waste  surface or below the 
waste surface. Furthermore, arcing to the waste, if  at all likely, would 
appear to require the presence of moisture to impro ve its electrical 
properties, but this moisture would also prevent ig nition. A lightning 
strike is, therefore, not considered a significant risk scenario in terms 
of presenting an ignition potential for organic sol vents or solid wastes. 
SUMMARY 
Potential chemical safety hazards associated with c ondensed-phase 
propagating organic complexant-nitrite/nitrate reac tions have been 
assessed for the Hanford Tank Farm leading to the f ollowing observations: 
  Condensed-phase spontaneous (no ignition source r equired) bulk runaway 
reactions are not possible, and 
  Credible ignition sources, including lightning, t hat could initiate a 
condensed-phase propagating reaction can be ruled o ut by assuring 
appropriate tank operating controls are in place an d by limiting tank 
intrusive activities. 
These observations can be made without requiring a detailed knowledge of 
the wastes including fuel content, water content, a nd heterogeneity, and 
will not be altered by waste aging or long term moi sture loss. 
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ABSTRACT 
The underground storage tanks at the Hanford site c ontain wastes 
generated from many years of plutonium production a nd recovery processes, 
and mixed wastes from radiological degradation proc esses. The chemical 
changes of the organic materials used in the extrac tion processes have a 
direct bearing on several specific safety issues, i ncluding hazards 
associated with fuel-nitrate combustion accidents. This paper details the 
second year's findings of a study charged with dete rmining how thermal 
and radiological processes may change the compositi on of organic 
compounds disposed to the tanks. Our approach relie s on literature 
precedent, experiments with simulated waste, and st udies of model 
reactions. Our efforts have focused on the global r eaction kinetics of a 
simulated waste exposed to g radiation. 
Our experiments have subjected an "organic tanks" n on-radioactive 
simulant to a range of temperatures and gamma radia tion fluxes to 
determine the effects of radiation on aging of orga nic tank waste 
compounds. The simulant contained equi-molar amount s of dodecane, 
ethylenediaminetetraacetate (EDTA), tributyl phosph ate (TBP), dibutyl 
phosphate (DBP), methyl isobutyl ketone (hexone), s tearate, and citrate 
in an inorganic matrix containing hydroxide, nitrat e, nitrite, aluminum 
hydroxide, and a variety of alkali, alkaline earth,  and transition metal 
cations. We found that gas production is predominan tly radiolytically 
induced. The main gases found are hydrogen, nitrous  oxide, and nitrogen. 
Concurrent with gas generation we observe the disap pearance of starting 
organic compounds and the appearance of condensed-p hase products, 
dodecanones, heptadecane, isobutyrate, succinate, o xalate, formate, and 
glycolate. The apparent rate of "aging" is TBP>>hex one EDTA>stearate> 
citratedodecane. In the absence of radiolysis, TBP readily decomposes to 
DBP and butanol in the basic medium (1-3). However,  radiation clearly 
accelerated consumption of the other compounds. 



Our mechanistic studies, combined with literature p recedent, suggest that 
oximes and possibly organic nitro compounds are key  intermediates in the 
radiolytically-induced redox reactions of organic c ompounds with 
nitrate/nitrite. Hydrolysis, dehydration and autoxi dation of these 
intermediates lead to ultimate products in which C- C and C-H bonds have 
been converted to C-O and C=O bonds. The finding of  dodecanones in our 
simulant aging experiments, and homologous series o f nitriles, aldehydes 
and ketones in vapor spaces above tank wastes conta ining NPH, are 
consistent with this scheme. 
These results indicate that radiation promotes redo x reactions between 
organic compounds (reducing agents) and nitrates/ni trites (oxidizing 
agents) in the wastes leading progressively to comp ounds with greater 
numbers of C-O bonds and fewer C-H and C-C bonds,re sulting in an overall 
lower energy content for the organic inventory. Nit rate and nitrite are 
reduced to nitrogen compounds of lower oxidation st ate, primarily N2, N2O 
and NH3. Thus, to the extent that the tanks have be en adequately 
ventilated and wastes continually dosed by radioact ive elements, the 
total energy content of the tank wastes should have  declined. However, 
aging processes appear to be converting high energy , nonpropagating 
organic compounds such as NPH, TBP and DBP to lower  energy, propagating 
carboxylate salts. Thus, the level of current risk depends on how rapidly 
carboxylic salts of moderate energy content degrade  to low energy oxalate 
and formate. 
INTRODUCTION 
Uranium and plutonium production at the Hanford sit e produced large 
quantities of radioactive by-products and contamina ted process chemicals 
that are presently stored in underground tanks awai ting treatment and 
disposal. Having been made strongly alkaline and th en subjected to 
successive water evaporation campaigns to increase storage capacity, the 
wastes now exist in the physical forms of salt cake s, metal oxide 
sludges, and saturated aqueous brine solutions. Tho se waste storage tanks 
containing organic process chemicals mixed with nit rate/nitrite salt 
wastes are thought to be at risk for fuel-nitrate c ombustion accidents. 
To assess the hazard and provide information needed  to establish safety 
criteria, test programs must use simulants, at leas t until actual tank 
samples and hot cell test methods become available.  Historical records 
can be used to identify the organics originally pur chased and potentially 
present in the wastes, thus allowing experimental d etermination of the 
reactivity of mixtures of these materials with nitr ates and nitrites as a 
first estimate of the hazard associated with the wa stes. However, only 
postulated degradation products or analyses of indi vidual tanks can be 
used to evaluate the current hazard associated with  the organic wastes. 
To obtain more reliable knowledge of the degradatio n products, 
experimental studies are needed. 
Objective 
The purpose of the Waste Aging Task is to elucidate  how chemical and 
radiological processes will have aged or degraded o rganic compounds 
stored in the tanks. This information supports effo rts to evaluate the 
hazard as well as develop potential control and mit igation strategies. 
Background 
Each of the 177 waste tanks on the Hanford Site has  a unique and largely 
unknown composition of organic, inorganic, and radi oactive elements. A 
number of studies have been conducted to assess the  inventory of 
chemicals added to the tanks as a result of chemica l processes, such as 



uranium recovery, reduction and oxidation (REDOX), plutonium uranium 
reduction and extraction (PUREX), and waste fractio nation and 
encapsulation, that were performed at the Hanford S ite (4-10). Some of 
these studies were summarized in PNL-8339, Assessme nt of Concentration 
Mechanisms for Organic Wastes in Underground Storag e Tanks at Hanford 
(11), which assessed the concentration mechanisms f or organic wastes that 
were believed to have been added to the tanks. 
Many of the single-shell waste tanks have been samp led and total organic 
carbon (TOC) contents measured. However, knowledge of the TOC in a 
particular storage tank is insufficient to bound th e safety risk without 
knowing the kinds of organic compounds that are in the waste.Because 
nitrate reaction energies vary widely for organic c ompounds, some 
information about the identity and oxidation state of the organic carbon 
is needed as well. Organic-containing wastes have b een stored in Hanford 
Site underground storage tanks for tens of years. D uring that time the 
wastes have been exposed to radiation, temperatures  of 20 to 140C (68 to 
284F), and a reactive chemical environment having h igh concentrations of 
active chemicals, including hydroxide, nitrate, nit rite, aluminate, and 
transition metal oxides including noble metals, rad ioactive elements 
(uranium, plutonium, cesium, strontium, etc.) and m any other materials 
that could act as catalysts and affect aging pathwa ys. 
The major organic compounds that were added to the tanks are divided into 
two classes: extractants/solvents and complexants f or di-, tri-, and 
tetravalent cations. The major organic complexants that are believed to 
have been stored in the tanks are glycolate, citrat e, 
hydroxyethylethylenediaminetriacetate (HEDTA), and 
ethylenediaminetetraacetate (EDTA). Allen (4) estim ated the approximate 
quantities, which are listed here in kilograms and metric tons: 
  Glycolic acid, 8.8x105kg (880 metric tons) 
  Citric acid, 8.5x105kg (850 metric tons) 
  Hydroxyethylethylenediaminetriacetic acid, 8.3x10 5kg (830 metric tons) 
  Ethylenediaminetetraacetic acid, 2.2x105kg (220 m etric tons). 
In addition to these complexants, lesser amounts of  complexants such as 
nitrilotriacetic (NTA), di(2-ethylhexyl)phosphoric,  and oxalic acids were 
used, but amounts of these complexants that actuall y were stored in the 
tanks are not known. 
Process solvents of concern that were used in Hanfo rd Site chemical 
processes and stored in the tanks are tributyl phos phate (TBP), normal 
paraffin hydrocarbons (NPHs), and methyl isobutyl k etone. A recent 
examination by Sederburg and Reddick (12) of the PU REX plant material 
balances from 1955 to 1991 indicates that the quant ities of TBP and NPH 
that went to tank storage are 7.22x105 and 1.31x106 kg (720 and 1,310 
metric tons). Other processes also used organic sol vents and organic 
phosphate extractants, but less is known about the quantities that were 
added to the tanks. Di(2-ethylhexyl)phosphate dilut ed with hydrocarbon 
solvent was used in the waste fractionation and enc apsulation process. 
The reflux solvent extraction process used TBP/carb on tetrachloride and 
dibutyl butyl phosphonate/carbon tetrachloride for extraction solvents. 
Considerable quantities of methyl isobutyl ketone ( hexone) were used in 
the REDOX process as both extractant and solvent (1 1). For example, 
6.5x104kg (65 metric tons) of hexone were retrieved  from one storage 
tank, treated, and disposed. The evidence suggests that the quantities of 
organic solvents added to the tanks rival the quant ities of complexants. 
However, the fraction of organic solvents that have  escaped the wastes 



via evaporation, or, in the case of phosphate ester s, have been 
saponified in the alkaline wastes (1) is not known.  Sederburg and Reddick 
(12) have pointed out that during early PUREX opera tions, the organic 
wash waste was combined with high-level wastes that  generated enough 
thermal heat to cause the tank wastes to self-boil.  
For complexants such as EDTA, HEDTA, glycolic acid,  and citric acid, 
extensive studies of degradation mechanisms (aging)  have been performed 
by Argonne National Laboratory (ANL) (13-16), Georg ia Institute of 
Technology (Georgia Tech) (17) Pacific Northwest Na tional Laboratory 
(PNNL) (18) and Westinghouse Hanford Company (WHC) (19,20). The purpose 
of these studies has been to determine the mechanis ms by which organic 
wastes decompose and generate gases. Much of the wo rk has focused on the 
role that chelators play in generating H2, N2, and N2O in tanks such as 
Tank 241-SY-101. The Georgia Tech group has focused  primarily on the 
thermal non-radiolytic pathways that degrade the co mplexants, mainly 
HEDTA and glycolate, and produce H2 (21,22). The AN L and PNNL groups have 
explored direct and indirect radiation-induced path ways, as well as 
thermally activated pathways. 
The simulants used in the above work did not includ e organic solvents, 
such as hexone, TBP, and NPH, that were widely used  in the processing 
plants, mainly because the flammable gas-producing tanks of greatest 
concern did not receive significant quantities of t hese compounds. 
Analyses of core samples from Tank 241-SY-101 have shown that a 
significant portion of the organic carbon is contai ned in chelators, 
chelator fragments, and low molecular weight carbox ylic acid (i.e., 
formic, acetic, glycolic, oxalic, succinic, and cit ric acids). The NPH 
components amounted to only 2 to 3% of the organic carbon (23). In 
contrast to Tank 241-SY-101, Tank 241-C-103 contain s 15 to 21 kL of 
organic liquid composed primarily of TBP and NPH fl oating on the aqueous 
wastes (24,25). Considering the large quantities an d high energy content 
of the organic solvents disposed to the tanks, how they have aged and 
become distributed in the tanks is very relevant to  the organic tanks 
safety issue. 
As a precursor to the experimental studies describe d in this report, a 
literature review was performed to assemble a bibli ography (26) of 
literature relevant to understanding the chemical t ransformations that 
have occurred in the tanks (27). The bibliography f ocused on the 
hydrolytic, radiolytic, and free radical-mediated c hemistry of normal 
paraffinic hydrocarbons (NPH), TBP, hexone, and oth er organic 
constituents. Aging mechanisms of ferri/ferrocyanid es and the EDTA-type 
complexants were not addressed in the bibliography as they have been 
examined recently by Lilga (28), Meisel (13-16) and  Ashby (22). 
Additional literatures review were done in FY94 (29 ) to address specific 
questions concerning aging pathways and products, i .e., alkaline 
hydrolysis of nitrate and phosphate esters, effects  of oxygen and radical 
initiators on degradation of nitroalkanes, producti on of organic nitro 
compounds via reaction of nitrite with organic radi cals, and radiation-
induced decomposition pathways of phosphate esters.  
Approach 
Hazards posed by uncontrolled exothermic oxidation of organic compounds 
by nitrate and nitrite relate directly to the energ y content and 
oxidation kinetics of the various organic compounds  present in the waste. 
Until sampling and analysis of the tank wastes beco me routine procedures, 
a viable approach to assessing the current organic content of the tanks 



is to simulate the chemical conditions of the tanks  and elucidate 
mechanistic pathways that are key to knowing if the  hazards have 
increased, decreased or remained constant with time . Accordingly, this 
project is using simulants in its studies of radiat ion-induced chemical 
aging effects. The work is proceeding in three sequ ential steps: 1) 
simulant selection and preparation, 2) scoping stud ies, and 3) long term 
aging studies. To facilitate studies of radiolytic- induced chemical 
aging, external radiation from a g source rather th an use of radioactive 
chemicals are used. Radiation doses and/or temperat ures are selected to 
produce aging reactions over times ranging from a f ew days to several 
months. After being irradiated, the disappearance a nd appearance of 
detectable organic products in the simulant and evo lved gases are 
determined. 
Although simulant aging studies will provide global  pathways for aging, 
they will not allow confident elucidation of how th ese reactions proceed 
on the molecular scale because of the complexity of  the simulants. 
Therefore, in concert with and in support of the si mulant aging studies, 
less complex reaction systems that are more readily  probed and understood 
are being examined. In addition, this part of the a ging studies is 
addressing specific safety/treatment questions. As these questions arise, 
the literature is consulted for pertinent informati on, and supplemental 
experiments are designed and performed as needed. 
EXPERIMENTAL SECTION 
All of the chemicals used in this study were purcha sed from Aldrich 
Chemical Company, Eastman Kodak, or Baker Chemicals . The purity of the 
chemicals was reagent grade or better, as defined b y the American 
Chemical Society. The chemicals used in this work w ere not further 
purified. A high-shear mixer (PoyltronTM PT6000, Br inkman Instruments 
Inc., Westbury, NY), was used to mix the simulant. The mixer speed was 
~6000 rpm. Water used for preparing the simulant wa s deionized by a 
Milli-QTM Deionization System (Millipore Corporatio n, San Francisco, CA). 
Simulant Preparation 
The simulant used in this portion of the study is d esignated SY1-SIM-94C. 
Its composition is listed in Table I. The inorganic  components of SY1-
SIM-94C are largely based on analytical data for Ta nk 241-SY-101 waste 
(30). Sodium nitrate, nitrite, and hydroxide compri se the largest share 
of the mass of the inorganic and non-radioactive sp ecies (30). Also, 
significant amounts of aluminum are present, presum ably, as sodium 
aluminate, not aluminum oxide, due to high levels o f sodium hydroxide. 
Compared to SY1-SIM-93, five inorganic elements, Ce , Zr, Pd, Rh, and Ru, 
were added and levels of Cl and F were reduced. The  levels of the noble 
metals Pd, Ru, Rh (as nitrates) were chosen based a  report by Reynolds 
(30). Cerium (III) was added so as to include an el ement from the 
lanthanide series. The concentration was set at one  third the level of 
Ca. Zirconium was added and the halides reduced bas ed on information 
Scheele (31) obtained about the chemical compositio ns of Sr and Cs 
removal process waste streams. 
The organic components were limited to seven compou nds, each added on an 
equi-molar basis, to facilitate analyses of reactan ts and products in the 
condensed phase. Stearate, a long chain carboxylate  anion, and dibutyl 
phosphate were included in the simulant to reflect partial oxidation of 
NPH and hydrolysis of TBP under plutonium extractio n (PUREX) process 
conditions. Glycolate and HEDTA, present in SY1-SIM -93C, were excluded to 



simplify analyses and because their radiolytic brea kdown had been 
elucidated by Meisel (15,16). 
The simulant was prepared by first dissolving the t otal amount of sodium 
hydroxide in 700 mL of water. Sodium aluminate was added slowly, with 
stirring. The remainder of the inorganic constituen ts were weighed out 
and added successively to the mixture with periodic  mixing to homogenize 
the ingredients. The organic constituents, the firs t seven compounds in 
Table I, were weighed into a separate container, an d then combined with 
the inorganic mixture. Next, the remainder of the w ater was used to wash 
the organic residue into the mixture. The entire si mulant mixture was 
mixed for an additional 10 min. The resultant light -green solution had 
the appearance and consistency of a milk shake. The  simulant was stored 
in a tightly capped polyethylene jar at ~4C. 
Table I 
Irradiation of an Organic Tank Waste Simulant 
Until sampling and analysis of the tanks become a r outine procedure, 
hazard assessment must rely on information obtained  from studies with 
simulants. Other studies conducted at Hanford have made extensive use of 
simulants to mimic the pertinent chemistry of the f lammable gas-producing 
wastes. Their simulants did not include organic sol vents, such as hexone, 
TBP, and NPH, which were widely used in the process ing plants. This paper 
will examine both complexant and organic solvent ag ing. 
The basis of this paper was based on an experimenta l plan that called for 
an organic tanks simulant, performance of scoping e xperiments, and then a 
series of long-term aging experiments. The simulant  composition was 
determined by consensus of PNNL and WHC investigato rs involved with tank 
safety programs and having knowledge of the chemica l process streams that 
were fed to the Organic Tanks. Scoping experiments were performed to 
optimize procedures and establish the range of cond itions over which to 
collect data. The simulant was dosed with 0.6 MGy a t 90C in an O2/Ar 
atmosphere. In another experiment, the simulant was  thermostatted at 90C 
for the same time (8 d) as the previous experiment,  except it was not 
irradiated. Gas and condensed phase samples were re trieved from the 
reactor and analyzed. Based on these results, sampl ing intervals and 
temperatures were selected for the long-term aging studies. Experimental 
procedures and results are detailed in our year end  report (32). 
The schedule of experiments is provided in Table A- I of the Appendix. 
Most of the simulant irradiation experiments were r un at 50, 70, and 90C 
with samples receiving radiation doses of 0.07 to 1 .2 MGy (7 to 120 MRad) 
at a flux of 2660 to 3100 Gy/h (2.66x105 to 3.10x10 5 MRad/h). A few 
experiments were run at a much lower flux. Several duplicate experiments 
(runs 13-16, 18 and 21) were run to determine repro ducibility. Most 
experiments (nos. 31, 32, and 34) had oxygen gas in  the headspace of the 
reaction vessel at the start of the irradiations. H owever, three 
experiments were run without oxygen to learn how ox ygen effects 
radiolytic and thermal reactions of the simulant. A nd, experiments (nos. 
2, B1, B2, B3, and X1) were run in the absence of r adiation to determine 
thermal conversion levels. 
Sample irradiation experiments were performed withi n the g-Irradiation 
Facility at PNNL. The facility contains 37 stainles s steel irradiation 
tubes positioned in a 2.13-m-diameter by 4.19-m-dee p stainless steel 
tank. Two arrays of 60Co sources with a combined in ventory of 1.184x1016 
Bq are located near the bottom of the tank. For rad iation shielding 
purposes, the tank is completely filled with water,  and a concrete wall, 



1.1 m in height, surrounds the top of the tank. The  irradiation tubes, 
which are sealed on the bottom, vary in length from  4.9 to 5.5 m, and in 
diameter from 4.6 to 5.1 cm. The irradiation fluxes  of the tubes range 
from 2 to 2x104 Gy/h (200 to 2x106 Mrad/h). The uni form flux region 
varies from 15.2 cm for the tubes closest to the so urces to greater than 
30.5 cm for the tubes farthest from the sources. Al l flux measurements of 
the tubes are traceable to the National Institute o f Science and 
Technology (18). 
Vessels of the simulant are manually lowered into t he irradiation tubes 
to the desired flux where they are left in the tube s for a specific 
length of time to attain the required exposure. No nuclear activation 
products are associated with the g irradiation, thu s the samples and 
sample vessels can be transported to other faciliti es for examination 
after being removed from the tubes. 
Other ancillary equipment at the g-Irradiation Faci lity increases the 
repeatability of thermal control and sampling proce dure. The gas manifold 
system is used to connect multiple reaction vessels  to the initial 
headspace gas source, pressure monitoring equipment , and a port for 
headspace vapor removal. A gas sample is removed us ing an evacuated bulb 
sampler for analysis by mass spectrometry (MS) at a nother location. The 
data logger controls both the automated temperature  and pressure 
measurements of the reaction vessels. 
Reactor Vessel 
The reactor vessel for this study was made from 1.5 9 cm inner-diameter 
316 stainless steel pipe. One end of the pipe was s ealed by welding a 
plate of 316 steel to the pipe. The other end was w elded to a flange, 
1.59 cm inner-diameter by 3.49 cm outer-diameter. T he reactor cover has 
two openings. One opening was fitted with a 0.16 cm  swagelok fitting 
(Swagelok Company, Solon, OH) to connect to the gas  manifold via small-
diameter stainless steel tubing. The other opening was fitted with a 0.32 
cm swagelok fitting through which a K-thermocouple was inserted 15.2 cm 
into the body of the reactor from the top of the fl ange. The volume of 
the vessel to the top of the flange was approximate ly 30 mL. 
The reactor vessel was heated to operating temperat ure by heating tape 
that had been wrapped around the outside of the ves sel. The internal 
temperature of the reaction vessel was maintained b y feedback control to 
minimize thermal gradient problems (18). Reaction v essel temperatures and 
pressures were monitored using a data logger. 
Filling and Placing the Reactor 
The simulant was removed from storage at ~4C, equil ibrated with room 
temperature, and resuspended by mixing with the hig h-shear mixer. An 
aliquot of 15 mL was measured out and transferred t o the reactor. The 
reactor was then sealed and transported to the g-Ir radiation Facility. 
The staff at the g-Irradiation Facility performed t he irradiation 
experiments according to a set procedure 32. A mixt ure of 79.5% argon and 
20.5% oxygen was used as the gas phase, instead of air, to facilitate 
analyses of nitrogen gas. The vapor phase of the re action was removed at 
the end of the irradiation time via an evacuated bu lb sampler at 
temperature. The vapor was later analyzed by PNNL s taff according to the 
procedure by Goheen (33). Total moles of gases prod uced were calculated 
based on the measured pressure, temperature, and kn own volume (24 mL) of 
the gas phase of the reaction vessel plus gas manif old lines. 
Concentrations (mol%) of individual components in t he gas sample were 
determined using mass spectrometric analyses. The q uantities of specific 



gases generated were calculated from the total mole s of gas generated and 
the mole fraction data. 
No attempt was made to extract product gases that w ere either dissolved 
in the simulated waste mixtures or present as gas b ubbles. For all 
product gases except ammonia, this approach should result in negligible 
errors. Ammonia has significant solubility in the c oncentrated simulant 
mixtures (34). Solubilities of gases such as H2, N2 , and N2O are known to 
be quite low in concentrated brines as compared to their solubilities in 
pure water (35,34). Gas bubbles will contribute to the measured pressure 
in the test vessel, much as if the bubbles were bro ught to the slurry 
surface and eliminated, provided that simulant surf ace tension does not 
significantly compress the bubbles. 
Condensed Phase Analyses 
After the gas sample was removed, the reactor was c ooled to below 35C, 
removed from the manifold, sealed, and transported to another laboratory 
to retrieve the condensed phase. The lid was remove d and the mixture was 
stirred with a spatula and separated into two sampl es of ~7.5 mL. One 
sample was combined with other washings from the re actor to a total 
volume of ~20 mL and stored at -2C. The other sampl e was analyzed for the 
organic constituents by PNNL's Advanced Analytical Methods Development 
Group. 
Continual modifications and improvements to the ana lyses of the simulant 
waste samples have been made. Three different analy ses are being used to 
date to obtain quantitative information on the orga nic starting 
components. In addition, some of the degradation pr oducts from heat and 
gamma irradiation treatment have been identified. 
Gas Chromatography/Mass Spectrometry (GC/MS) is use d to quantify 
dodecane, stearic acid, hexone, and TBP. This proce dure requires 
neutralization of the caustic sample with phosphori c acid followed by 
extraction of these four organics with dichlorometh ane (CH2Cl2). Two 
surrogates, dodecane-d26 and palmitic acid, are add ed prior to extraction 
to track the efficiency of the sample preparation p rocedure. Following 
extraction, diazomethane is added to methylate stea ric acid to enhance 
its volatility for GC/MS analysis. Analyte recoveri es for the CH2Cl2 
extraction and sample preparation procedure were de termined by spiking 
known amounts of the organic analytes of interest i nto the inorganic 
portion of the simulant recipe. Triplicate experime nts gave recoveries of 
102% for dodecane, 96% for TBP, and 98% for stearic  acid. 
Recoveries for dibutyl phosphate with this sample p reparation method 
averaged only 6%. Therefore, this is not a viable m ethod for this 
analyte. Alternatives for analyzing DBP are being p ursued under the 
Advanced Organic Analysis task. Precision of the GC /MS analysis, 
determined through replicate sample injections had a standard deviation 
of less than 2% for all analytes. 
Ion-Pair Chromatography (IPC) is the method of choi ce for the analysis of 
EDTA. The aqueous layer remaining after extraction of the organics by 
CH2Cl2 for GC/MS analysis is used for EDTA analysis . An aliquot of the 
aqueous layer is diluted to a concentration within the dynamic range of 
the IPC technique. Copper sulfate is added to enhan ce EDTA detection. 
Error estimates for sampling and analysis were perf ormed under the 
Flammable Gas Safety Organic Analysis Task, but can  be applied here as 
well. The simulant waste samples have similar inorg anic matrix recipes. 
Replicate sample preparations and instrument inject ions produced standard 
deviations of 5% for control simulated waste sample s and up to 10% for 



heated and irradiated simulant waste samples. The i ncreased error in the 
stressed samples can be explained by possible incom plete separation of 
degradation products in the stressed samples. 
Ion chromatography (IC) with conductivity detection  is used for citric 
acid analysis. This technique was developed under t he Flammable Gas 
Safety Project for detection of low molecular weigh t organic acids in 
waste tank matrices. The simulant waste sample is d iluted with water. 
Dichloromethane is added to remove non-polar organi cs that could 
interfere with the IC. Recovery studies of citric a cid spiked into the 
simulant inorganic matrix gave a recovery of 97%. T riplicate weighing and 
sample preparation gave sampling error (standard de viation) of 9%. 
Multiple injections of the same sample gave a preci sion of 1%. Therefore, 
the total error for the IC analysis was determined to be 10%. 
RESULTS OF WASTE AGING STUDIES 
Gas Phase Analytical Results 
Results of headspace gas analyses have been complet ed. The analytical 
data are contained in the Appendix (Tables A-II and  A-III) of this paper. 
The quantities of gases found were calculated from reactor head pressures 
and mass spectral analyses of headspace gases drawn  from the reactor. 
Figure 1 shows a plot of the reactor headspace gas pressures as function 
of radiation dose and temperature. The pressures in  the figure have been 
corrected for the pressure increases due to raising  the reactor 
temperature from ambient to the actual run temperat ures. Control 
experiments B1, B2 and B3 that were run in the abse nce of radiation 
showed little gas increase after correcting for tem perature changes. 
Accordingly, the pressure increases are due to radi olytically-induced 
gas-producing reactions. 
Fig. 1 
Induction periods for gas production were observed.  For example at 50C, 
the rate of gas production increases significantly after the simulant has 
received a dose of about 0.2 MGy (20 Mrad). Gas pre ssures increase 
linearly with dose after the induction period indic ating that gas 
production obeys zero-order kinetics, p=kt. Inducti on periods decreased 
with increasing temperature. 
Hydrogen, nitrogen and nitrous oxide are the major gaseous products 
produced during g irradiation of the simulant. The yield of individual 
gases showed behavior similar to that for total gas  produced except 
scatter in the data is greater. Figures 1 and 2 sho w plots of the 
production of these gases at 50, 70 and 90C. Yields  in Table A-III and 
Figs. 1 and 2 are in mmol. For reference, the heads pace above the 
simulant initially contained 752 mmol of argon and 192 mmol of oxygen in 
a volume of 24 mL. Linear fits to the yield data in  Figs. 1, 2, and 3 
provide zero-order rate constants for production of  H2, N2 and N2O gases. 
Figure 4 plots these rate constants vs. inverse tem perature in K. 
Fig. 2 
Fig. 3 
Fig. 4 
As shown in Figs. 2 and 4, production of H2 gas inc reases markedly when 
going from 70 to 90C. Scatter in the data is also m uch greater at 90C. 
This behavior is attributed to the onset of thermal  pathways for 
generating hydrogen from organic degradation produc ts. Meisel et al. (14-
16) found that preirradiation of simulated wastes c ontaining glycolic, 
EDTA, HEDTA, and citric acids showed enhanced produ ction of H2 during 
thermal treatment. Meisel et al. (14-16) suggested that radiolytic 



degradation of chelators produced formaldehyde and glyoxylate, which 
decompose thermally producing H2. 
Figure 3 shows that, after an induction period, pro duction of nitrogen-
containing gases obeys a zero-order kinetic rate la w, m=kt, where m is 
moles of a gas in the headspace. N2O is produced in  greater amounts than 
N2. The ratios of N2/N2O yields approach ~0.5 at hi gher does. The ratios 
decrease with increasing temperatures consistent wi th a larger Arrhenius 
activation energy (Fig. 4) for N2O production compa red to N2 production. 
The activation energies are 73 kJ/mol for N2O and 1 3 kJ/mol for N2. The 
smallness of these barriers are in accord with the radiolytic mechanism 
offered by Meisel (16) in which both N2 and N2O gas es derive from a 
common radiolytically-generated intermediate (Eqs. 1-5). 
Eq. 1 
Eq. 2 
Eq. 3 
Eq. 4 
Eq. 5 
According to this mechanism, the combined yields of  N2 and N2O are 
dependent on the production of oximes; whereas, the  relative amounts of 
N2 and N2O depend on how hyponitrous acid (HO-N=N-O H) partitions. Meisel 
16) proposed that the oximes originate from combina tion of 
radiolytically-generated NO and organic radicals. 
Several control experiments were run to examine the  role that organic 
compounds in the simulant might play in promoting t he generation of 
gases. Table II compares results for these runs wit h results for SY1-SIM-
94C runs with and without irradiation. Experiments B4 to B6 were run with 
the inorganic portion of the simulant which contain ed only a very small 
amount of citrate that had been added as zirconium citrate. Its 
concentration was only 1/70th the molar amount of t he total organic 
constituents in the SIM-SY-94C simulant. Levels of nitrogen containing 
gases in runs B4 to B6 were four to ten times small er compared to the 
SIM-SY-94C runs with irradiation. Hydrogen gas yiel ds were similarly 
reduced. Runs B1 to B3 with SIM-SY-94C and no radia tion produced very 
little gas. These results clearly show a synergism between radiation and 
organic compounds in promoting gas production. 
Table II 
Oxygen gas in the headspace above the simulant was consumed, both in the 
presence and absence of radiation (compare runs 11 to 13 with B1 to B3 in 
Table II). Figure 5 plots headspace oxygen levels i n mmols as function of 
dose and temperature. As evidenced by the plot, oxy gen levels in the 
headspace decreased to a non-zero steady-state duri ng irradiation. The 
rate at which the steady-state was achieved increas ed markedly with 
temperature. Furthermore, the steady-state level in creased with 
temperature from 5% at 50C to 30% at 70C, and to 40 % at 90C. Fitted rate 
constants and equilibrium O2 levels are 1.1 MGy-1 ( 0.011 MRad-1) and 9.8 
mmol at 50C, 3.2 MGy-1 (0.032 MRad-1) and 57.9 mmol  at 70C, and 18.8 MGy-
1 (0.188 MRad-1) and 77.1 mmol at 90C. These equili brium levels 
correspond to 5%, 30%, and 40% of the starting amou nt of O2 in the 
reactor headspace (~15 ml). 
Fig. 5 
In the case of a simple reversible reaction, AB, th e steady-state level 
corresponds to the level at which the rates of cons umption and rates of 
production are matched. Runs 31, 32, and 33 (Table II) starting without 
oxygen gas in the headspace were run to test if ste ady-state O2 levels 



could be reached by starting without O2. Oxygen was  produced in these 
runs, although the rates of production were much sl ower than the rates of 
consumption from runs starting with 21% oxygen in t he headspace. Perhaps 
it should not be surprising that the chemical kinet ics are much more 
complex than that for a simple reversible reaction,  given the complexity 
of the simulant and of radiolytic processes in gene ral. 
Additional evidence that the oxygen steady-state le vels are due to 
radiolysis was obtained from experiments run in the  absence of radiation. 
The concentration of oxygen decreased well below th e steady-state 
concentration reached during irradiation. The degre e of consumption for a 
given interval of time is dependent upon the temper ature of the reaction 
as can be seen in experiments B1 to B3 in which the  only variable was the 
temperature. Approximately 84% of the initial oxyge n was consumed at 90C 
in 11 days. This length of time is equivalent to th e irradiation time for 
sample to receive a dose of 0.80 MGy (80 MRad) in t he g facility. 
Small quantities of "other gases" (see Table A-II i n Appendix) were 
detected in the mass spectrometric analyses, but th e ions could not be 
unambiguously assigned. To learn the identities of these gases, headspace 
gases from run 4 were analyzed using GC/MS accordin g to the procedure by 
Stromatt (37). The gases were found to be a mixture  of butanol and 
hexone. Butanol was present at 0.2 g/L, and hexone at 4.4 g/L, in the 
vapor phase. Butene and acetone, the possible produ cts of TBP and hexone 
decomposition, which have been identified in the va por of Tank 241-C-103 
(24), were evidently below detection limits. 
Condensed Phase Analytical Results 
Organic analyses for most of the irradiated samples  have been performed. 
Table A-IV contains the analytical data. Only the d ata for EDTA and 
citrate lend themselves to kinetic analysis. These data will be analyzed 
below. Data for the disappearance of hexone, dodeca ne and stearate are 
inconsistent and scattered. Data plots for these co mpounds appear in the 
FY95 year end task report (32). Control experiments  indicate that 
excellent recoveries of these compounds can be obta ined from the 
unirradiated simulant using the current analysis me thods. These compounds 
are not expected to be soluble in the aqueous phase  of the simulant. 
Therefore, sampling errors caused by sample inhomog eneity may account for 
the scatter. 
Destruction of TBP was near complete at all radiati on times. In fact, we 
observed its to be disappearing even while stored a t 4C. The simulant was 
made up to contain approximately 16 mg/g TBP. Initi al analyses found 18.6 
mg/g. But, subsequent analyses at 3 weeks, 11 month s, and 16 months found 
respectively 8.9 mg/g, 6.4 mg/g and 4.9 mg/g of TBP  in the simulant. The 
rate of disappearance in the simulant is much faste r than would predicted 
based on literature rates (1) for hydrolysis of TBP  in 1 M NaOH. 
Similarly, results in Table A-IV show it to be disa ppearing at least 10 
times faster than expected when the samples were he ld in the gamma 
facility at 50 and 70C even when the samples receiv ed no radiation dose. 
The reason for this surprising result is not known.  It may be due to 
greater interfacial surface area of the emulsified simulant and a 
catalytic effect of metal oxides, e.g. Zirconia (38 ,39), or other 
multivalent cations. Emulsification of the simulant  has lead to a 
significant increase in the effective concentration  of TPB and Dodecane 
solubility and rate of hydrolysis. These two solven ts have minimal 
solubility (10-3 M) in aqueous solutions (1). Work is currently under way 
to quantify the increased rate of hydrolysis due to  cation and mixing. 



Recoveries of DBP were only 6% from the unirradiate d simulant. Therefore, 
quantification of DBP in irradiated samples was not  attempted. The 
radiolytic and thermal reactions of DBP are being i nvestigated in a 
separate study using a less complex simulant and 31 P nuclear magnetic 
resonance detection. 
The disappearances of EDTA and citrate in the conde nsed phase fit the 
first-order kinetic rate law, A=Aoe-kt. Plots of th e data are furnished 
in Figs. 6 and 7. The radiation doses necessary to reduce the 
concentration of EDTA in the simulant by one-half w ere 0.63 MGy (63 Mrad) 
at 50C, 0.51 MGy (51 MRad) at 70C, and 0.41 MGy (41  Mrad) at 90C. Citrate 
was less reactive requiring about 5-times more radi ation to reduce its 
concentration by one-half. The greater reactivity o f EDTA relative to 
citrate is consistent with the greater number of C- H bonds in EDTA 
compared to citrate. Statistically, we would expect  an EDTA:citrate 
reactivity of 3:1. Also, 8 of 12 C-H bonds in EDTA are adjacent to both 
carboxylate and amine functionalities. This should enhance their 
reactivity relative to C-H bonds adjacent to carbox yl groups in citrate. 
Scheme 1 shows a phenomenological model that is con sistent with 
radiolytically-induced consumption of organic subst rates in the simulant. 
Scheme 1 
The scheme assumes that radiolysis intermediates HO , O-, NO3, and H 
(13,14) attack the organic compounds producing orga nic free radicals 
which are subsequently converted to products. Accor ding to this scheme, 
the reactivity of an individual substrate depends o n the rates at which 
it is attacked relative to the rates at which other  compounds including 
inorganic compounds such as NO2- are attacked. Ther efore, the rate of 
disappearance of a substrate depends on its concent ration, which leads to 
the observed pseudo first-order kinetic behavior. N itrite ion exhibits 
high reactivity towards e-, H, O-, and NO3: 4x109, 7x108, 3x108, 1x109 M-
1s-1, respectively. And, it is present in high conc entrations (3.65 M). 
Therefore, it probably is the major scavenger of at tacking intermediates. 
Figure 8 plots the disappearance rate constants vs.  inverse T (C) for 
EDTA and citrate. Least-squares fits of the standar d error-weighted rate 
constants yielded activation energies of 9.72.5 kj/ mol for EDTA and 
18.98.7 kj/mol. The smallness of these activation e nergies is consistent 
with attack on these compounds by radiolyitically-g enerated nonselective 
reactive intermediates such as H, O-, and NO3. 
Although data for dodecane, stearate and hexone do not reduce as well as 
the data for citrate and EDTA, qualitative comparis ons of reactivity are 
possible. For stearate, the 90C data reasonably fit  the first-order 
kinetic model. The fitted rate constant is 0.60.1 M Gy-1 (61kRad-1). This 
value is ~40% of the EDTA rate constant and about t wice the citrate rate 
constant at 90C. Forceda fits to dodecane data yiel d rate constants that 
are comparable to citrate. And, similar fits to hex one data yield rate 
constants that are larger that those for EDTA. Thus  qualitatively, the 
relative reactivities are hexoneEDTA>stearate>citra tedodecane. 
The first-order rate equation was assumed and the f it was forced through 
the starting concentration of substrate. 
Fig. 6 
Fig. 7 
Fig. 8 
Several solution-phase products have been identifie d: dodecanones, 
heptadecane, isobutyrate, succinate, oxalate, forma te, and glycolate. 
Table III lists amounts of glycolate, formate, oxal ate and succinate by 



IC analyses of the irradiated simulant. We suspect that docecanones are 
from dodecane, heptadecane is from stearic acid, is obutyrate is from 
hexone, and oxalate, formate, and glycolate are fro m EDTA and citrate. 
Significant quantities of succinate are found in ru ns B1, 27, 28 that 
received little or no radiation. Of the organic com ponents in the 
simulant, TBP was consumed consistently and totally  during these runs. 
Tributylphosphate rapidly hydrolyzes under the reac tion conditions 
producing butanol and DBP. Thus, butanol is a plaus ible source of 
succinate. 
Table III 
Generally, our studies use high radiation fluxes to  simulate waste aging 
over times of 1 to 14 days that are experimentally and programmatically 
practical. A few experiments have been run and are in progress to assess 
the effect of flux times that are short compared to  the age of tank 
wastes. In these experiments, similar doses were de livered over times 
ranging from 90 to 104 days. Only two experiments ( 29 and 6) run at 90C 
are directly comparable. The simulant received a do se of ~0.6 MGy (~60 
MRad) in each experiment although the flux differed  by a factor of 12. 
Similar levels of EDTA, the kinetically best behave d of the simulant 
organic compounds, was observed for high vs. low fl ux: 5.8 vs. 7.5 mg/g. 
Stearate and hexone showed similar levels in both r uns, but citrate was 
smaller in the low flux run (8.4 vs. 3.4 mg/g) whic h would be consistent 
with a thermal contribution (Ashby (15) to its cons umption at longer 
times. The gas data correspond, as well. The combin ed yields of N2 and 
N2O are just 24% greater for the low flux run, whil e H2 runs are 135%. 
Greater thermal contributions to H2 yields are expe cted (15,22). These 
meager results provide tentative evidence that the radiolytic consumption 
of organics compounds scale linearly with flux. If attack on reactants or 
generation of a product requires reaction of two ra diolytically-generated 
radicals in a single step (for example, Eq. 1), the n quadratic scaling is 
expected. If additional data confirm that N2 and N2 O yields do not scale 
quadratically then Eq. 1 may not be key in producin g of nitrogen-
containing gases. The result would be more consiste nt with the key step 
being reaction of organic radicals with nitrite. In  summary, the results 
show that thermally- and hydrolytically-stable wast e components, EDTA, 
citrate, hexone, and NPH undergo radiation-induced degradation. Based on 
the observed gaseous and condensed-phase products a nd supporting 
literature information (15,26,22,29), the organic c ompounds in the tank 
wastes are degrading by oxidative processes. Degrad ation rates depend 
mainly on the strength (flux) of the radiation fiel ds to which tank 
wastes have been exposed and, to a lesser extent, o n tank waste 
temperatures. If average radiation fluxes and tempe ratures for various 
tank wastes can be estimated, then ballpark estimat es of the lifetimes 
(i.e., 1, 10, or 100 years) of organic tank wastes can be made. 
CONCLUSION 
Many of the organic compounds thought to be in tank  wastes have been 
tested to determine which and what concentrations o f the compounds may 
react with nitrate/nitrite salts in propagating rea ctions (37). 
Surprisingly, many of the energetic organic compoun ds, such as NPH, TBP 
and DBP, did not sustain propagating reactions beca use they either 
volatilized away from the heated initiation zone or  decomposed to 
volatile compounds and gases that escaped before pr opagation temperatures 
could be reached. The compounds at most risk for pr opagating reactions 
were organic carboxylate salts and complexants. How ever, oxalate and 



formate have too little energy content to propagate  at TOC levels found 
in the tank wastes. 
In summary, the total energy content of tank wastes  should be declining 
with time. However, aging processes appear to be co nverting high energy, 
nonpropagating organic compounds such as NPH, TBP a nd DBP to lower 
energy, propagating carboxylate salts. Thus, the le vel of risk depends on 
how rapidly carboxylate salts of moderate energy co ntent degrade to low 
energy oxalate and formate, and in turn how fast th ese degrade to 
CO2/CO32-. Work is in progress that will address th is and related 
subjects. 
Under the TWRS program plan, we plan to examine the  reactivities of 
butanol (a possible source of succinate and butyrat e), of organic 
carboxylates and chelator fragments, and of DBP in tank waste simulates, 
as well as addresses other questions relating to wa ste aging. To date, 
much of our work has been with a SY-101-type simula nt. Future experiments 
are planned to examine aging in salt cake simulants  and the effects of 
moisture content on products and rates. We plan to correlate our simulant 
aging results with currently available and future t ank characterization 
data. We will examine the technical feasibility of making estimates of 
organic compound lifetimes in the tank wastes in an  attempt to predict 
the degree of waste aging based on historical infor mation (10,9). To 
support this effort, waste contents and radiation f luxes of individual 
tanks need to be estimated from Hanford Tank Conten t Estimates. 
Additional study of simulant aging is needed to det ermine kinetic 
behavior of intermediate aging products such as che lator fragments and 
low molecular weight acids. Study is also needed of  how radiolytically-
induced aging scales with radiation flux. For cases  such as Tank 241-SY-
101, in which organic analyses of tank waste core s amples exist, we plan 
to learn the actual extent of aging that has occurr ed. We expect that a 
coherent picture of aging will emerge from the plan ned work, which will 
include integrating the results of Tank Safety Wast e Aging Studies at a 
programmatic level. 
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ABSTRACT 
The scientific issues concerning disposal of radioa ctive wastes in salt 
formations have received 40 years of attention sinc e the National Academy 
of Sciences (NAS) first addressed this issue in the  mid-50s. For the last 
21 years, Sandia National Laboratories (SNL) have d irected site specific 
studies for the Waste Isolation Pilot Plant (WIPP).  This paper will focus 
primarily on the WIPP scientific studies now in the ir concluding stages, 
the major scientific controversies regarding the si te, and some of the 
surprises encountered during the course of these sc ientific 
investigations. 
The WIPP project's present understanding of the sci entific processes 
involved continues to support the site as a satisfa ctory, safe location 
for the disposal of defense-related transuranic was te and one which will 
be shown to be in compliance with Environmental Pro tection Agency (EPA) 
standards. Compliance will be evaluated by incorpor ating data from these 
experiments into Performance Assessment (PA) models  developed to describe 
the physical and chemical processes that could occu r at the WIPP during 
the next 10,000 years under a variety of scenarios.  
The resulting compliance document is scheduled to b e presented to the EPA 
in October 1996 and all relevant information from s cientific studies will 
be included in this application and the supporting analyses. Studies 
supporting this compliance application conclude the  major period of 
scientific investigation for the WIPP. Further stud ies will be of a 
"confirmatory" and monitoring nature. 
INTRODUCTION 
In 1974 the Atomic Energy Commission (AEC) began ex ploratory 
investigations for a nuclear waste repository in th e salt beds in the 
southeast corner of New Mexico. Since January 1975 SNL has pursued 
scientific investigations with the ultimate goal of  providing the 
knowledge base necessary to establish confidence in  the ability of the 
site to safely isolate Defense Transuranic Waste an d conform with all 
applicable waste disposal standards. Some early in- situ tests also 
evaluated disposal of Defense High Level Waste (DHL W) in salt beds 
because salt beds in Texas were one of three dispos al options. Those 



studies were terminated when the Congress focused H igh Level Waste 
Repository investigations on the Yucca Mountain tuf f in Nevada. 
During these investigations SNL has been assisted b y the U.S. Geological 
Survey (USGS) and by private contractors, universit y researchers, and 
consultants too numerous to individually recognize.  It is important to 
acknowledge the contributions to the WIPP scientifi c studies provided by 
the NAS and by the New Mexico Environmental Evaluat ion Group (EEG). Both 
organizations have provided valuable scientific ove rsight and critical 
review of the scientific studies since 1978. Many o f the studies and 
approaches to the issues were generated by their th oughtful examination 
of the technical concerns. 
Thanks to the efforts of these organizations and ma ny dedicated SNL WIPP 
staff, the information developed over the past 21 y ears allows an 
informed and confident assessment of WIPP's ability  to safely isolate 
transuranic waste from the biosphere and to comply with EPA repository 
standards. 
The concept of geologic isolation for disposal of r adioactive wastes, and 
in particular, utilization of salt formations, rece ived a primal 
endorsement from the NAS with the publication of th eir report in 1957 
(1). That recommendation stimulated laboratory and field studies by and 
for Oak Ridge National Laboratory (ORNL) culminatin g in the Project Salt 
Vault experiments (1963 to 1967) in bedded salt at Lyons, Kansas. These 
tests utilized irradiated nuclear fuel elements, su pplemented by electric 
heaters, to study heat and radiation effects from l arge-scale experiments 
in salt. These tests established that salt was an a cceptable host rock 
for radioactive waste disposal but local factors, b oth technical and 
potential, resulted in abandonment in 1972 of an AE C proposal to 
construct a repository at the Lyons, Kansas site.  
Subsequently, ORNL and the USGS evaluated existing knowledge regarding 
salt deposits in the United States and selected the  northern portion of 
the Delaware Basin in New Mexico as having the best  prospects of meeting 
the Site Selection Criteria. By June 1974, two bore holes had explored two 
corners of the proposed site area when site charact erization was 
suspended in favor of the Retrievable Surface Stora ge Facility (RSSF) 
concept. The RSSF was soon abandoned because of obj ections from 
intervenor groups and the predecessor to EPA during  the environmental 
hearing process. The concern was that problems crea ted by this generation 
were being postponed to future generations. 
When the Delaware Basin site characterization was r esumed in early 1975, 
the AEC asked SNL to assume responsibility for mana ging continued site 
characterization, facility conceptual design,Nation al Environmental 
Policy Act (NEPA) studies and scientific studies re lated to waste 
disposal in salt beds.  
The remainder of the paper will summarize the major  geotechnical issues 
and scientific studies that have occurred within th e WIPP program over 
the past 21 years. The discussion will be divided i nto the major 
categories of 1) site selection and characterizatio n, 2) facility seals 
and rock mechanics, 3) fluid flow in the geologic s ystem, and 4) waste 
room interactions, (including gas generation). This  paper will not 
address the equally interesting history of the poli tical and policy 
shifts over this period of time even though they of ten impacted the 
scientific program. 
SITE SELECTION AND CHARACTERIZATION 



SNL formally commenced WIPP studies in January 1975  and received funding 
in March 1975 to begin exploratory drilling activit ies and NEPA-related 
field studies. The first task was to "complete" sit e characterization by 
exploratory drilling of the remaining two corners o f the 11/2x2 mile site 
inherited from the earlier program. The first of th ese proposed 
boreholes, ERDA6, was drilled between June 13,1975 and September 23,1975. 
This exploratory boring unexpectedly encountered st eeply dipping and 
displaced strata in the Salado and Castile formatio ns and a geopressured 
brine reservoir in the uppermost fractured Castile anhydrite. This 
unexpected geologic structure and the inability to predict acceptable 
repository conditions throughout the site area led to an early 
disqualification of that site. Site selection inves tigations then focused 
on finding a more acceptable site within the Delawa re Basin (Fig. 1). 
Fig. 1 
Intensive evaluation of existing geologic and geoph ysical information 
that had been acquired by the potash and petroleum industries was 
initiated. This examination was allowed by these co mpanies on a "company 
proprietary" basis. These studies established that the evaporite 
deformation zone encountered in ERDA6 was primarily  confined to a belt 
about five miles wide paralleling the buried Capita n Reef. Drilling data 
indicated that away from this zone, toward the inte rior of the Delaware 
Basin, the Salado Formation was relatively undeform ed. The renewed site 
selection activities, continuing to focus on the No rthern Delaware Basin 
but using more restrictive site selection criteria generated from the 
evaluation (and a relaxation of borehole stand-off to one mile allowed by 
improved knowledge of the hydrology), resulted in t he same prime 
alternative site being independently identified by Sandia and USGS teams 
in December 1975.  
The center of this proposed site, about 5 miles sou thwest of the first 
location, was core drilled (ERDA9) by June 1976 and  the analyses 
confirmed the desired bedded salt properties, the a nticipated 
stratigraphy and relatively flat dip. This initial tentative site 
identification led to a broadly-based geotechnical investigation focused 
on this region. Between 1975 and 1980, 57 boreholes  were drilled and 
cored to provide basic geologic and hydrologic data , potash resource 
information, and to aid in interpretation of geophy sical surveys. These 
latter surveys consisted of gravity, aeromagnetics,  resistivity, and 
seismic reflection and refraction surveys. Seismici ty evaluations 
established that the area was basically aseismic an d concluded the 
majority of seismicity in the Central Basic Platfor m area of west Texas 
was induced by water-flooding activity. The nearest  "active" fault, i.e. 
exhibiting evidence of motion in the last 100,000 y ears, was determined 
to be 65 miles to the west on the western slope of the Guadalupe 
Mountains. Surface mapping and drilling examined fe atures suspected of 
being breccia pipes, and determined that breccia pi pes occurred only over 
the Capitan Reef and were not, therefore, to be exp ected at the WIPP 
site. 
Resource evaluations for potash and oil/gas were co nducted based on WIPP 
drill holes and seismic data coupled with knowledge  of oil/gas field 
development and potash exploration. No other signif icant resources were 
identified. With this information the site was loca ted to avoid major 
known petroleum trends and minimized conflict with potash resources to 
the extent possible. Complete avoidance of potentia l conflict with 



hydrocarbons and some potash ore was known to be un attainable in this 
portion of the Delaware Basin.  
Studies conducted by the USGS concluded that salt d issolution rates would 
not breach the WIPP for millions of years. Surface geology, hydrologic 
studies, and selected drilling and geophysical surv eys ruled out point 
dissolution and the existence of karst geohydrology  at the site. 
All this geotechnical information was summarized in  a site 
characterization report in 1978 (2). A generalized geologic cross-section 
is shown in Fig. 2. These characterization studies were conducted prior 
to the promulgation of EPA standards for nuclear wa ste repositories. 
Consequently, the site characterization criteria wh ich governed the 
studies were based upon the breach scenarios, espec ially involving 
natural processes, which were generally regarded by  the scientists in the 
national and international repository programs as b eing significant to 
repository integrity and necessary to predict the b ehavior of a nuclear 
waste repository in salt. WIPP's self-imposed crite rion for the time 
duration of repository integrity was 250,000 years,  approximately 10 
half-lives of Pu-239. 
Fig. 2 
Certain site characterization issues became the foc us of much oversight 
scrutiny during the '70s and early '80s. Chief amon g these were the salt 
dissolution aspects of which there were four. Regio nal dissolution of 
salt, both at the top of the salt section and withi n the salt beds 
themselves was one of the first issues addressed. T he former was 
addressed by geologic studies conducted by the USGS  determining both 
horizontal and vertical rates of dissolutioning ove r the past million 
years. This information established that the WIPP w ould not be threatened 
by this process for a far longer time than the 250, 000 years then used as 
a criterion. The inter-bed locus for salt dissoluti on, particularly 
within the Castile and at the base of the Salado, h ad been suggested as a 
cause of some of the local lithologic and structura l features in the 
Castile salt beds and as the cause of Castile salt bed thickness 
variations. This issue was directly addressed for s uspect areas near the 
WIPP site by borehole drilling and core examination . This evaluation 
showed no evidence of dissolution features and, tog ether with regional 
isopach and structural interpretations, led to the present concept of 
anhydrite foundering in the salt to explain the Cas tile variations in 
salt thickness. The third dissolution issue address ed "point source" 
dissolution as evidenced by features termed "collap se breccia pipes". 
These breccia pipes were cylindrical collapse struc tures, about 1000 feet 
in diameter, caused by dissolution of soluble rock at depth, ultimately 
resulting in collapse of overlying rock into the so lution cavity with the 
chimney action progressing to the surface. The conc ern for the repository 
was that since these features were known to occur n orth of the site, they 
might also be developed at the WIPP, providing a pe rmeable waterflow path 
through the repository horizon and leading to a bre ach of repository 
integrity. Studies by the USGS, based on drilling o f known breccia pipes 
and other suspect features, surface mapping and one  underground mining 
intercept, concluded that breccia pipes were not a threat to WIPP 
because: 1) they occur only over the Capitan Reef-- a source of water for 
dissolution, and 2) the examination of existing bre ccia pipes revealed 
they were not a long-term permeable path for water flow. 
The fourth dissolution issue dealt with the issue o f karst hydrogeology. 
Karst was known to be well developed to the west of  WIPP, in the Nash 



Draw topographic depression. This karst expression was postulated by some 
critics to extend to the WIPP site with the associa ted consequence of 
extremely rapid hydrologic transport of any radioac tivity release to the 
Pecos River. Subsequent geologic studies, geophysic al surveys and 
expanded hydrologic testing failed to find any evid ence of karst 
development over the WIPP site or along the indicat ed hydrologic flow 
path. Peer reviews of the extensive hydrogeologic d atabase, conducted by 
the EEG and the NAS WIPP Panel, concluded that kars t development was not 
a threat to the WIPP. 
The final stage of the site characterization phase commenced with the 
Site and Preliminary Design Validation (SPDV) in Ju ly 1981. This 
underground excavation explored the core of the sit e area and enabled 
extensive geologic mapping for one mile in the nort h-south and east-west 
directions as well as mapping of the exploratory an d exhaust air shafts. 
As a result of this geologic investigation and the accompanying 
mineralogical analyses, it was concluded that the s ite met the previously 
established siting criteria (3). DOE accepted the s ite and proceeded to 
full facility construction in July 1983.  
FACILITY SEALS AND ROCK MECHANICS 
A primary attribute of a salt repository is the abi lity of the salt to 
deform or creep over time thereby sealing man-made access and intrusions 
into the repository and preventing natural processe s from causing 
permeable fractures or faults which could allow ent ry of water. This 
creep attribute is utilized in the sealing of repos itory access shafts 
and in predicting closure of the waste rooms and re sultant encapsulation 
of the waste placed therein. To allow quantificatio n of this behavior an 
extensive rock mechanics program has been carried o ut in the laboratory 
and in-situ at the WIPP site. Additionally, evaluat ion of numerous 
materials, both cementitious and native materials ( salt and/or clay), 
which are candidate seal materials, has been comple ted. 
Prior to gaining access to the WIPP underground, la boratory tests were 
conducted on rock salt core obtained from surface d rilling. The 
constitutive data thus acquired were used in existi ng rock mechanics 
models to predict salt creep in the WIPP. The SNL m odels SANCHO and JAC 
were then benchmarked (4) in a program that compare d nine different codes 
from throughout the National and International comm unities. This exercise 
revealed that similar results could be obtained fro m the more 
sophisticated codes but only if great care was give n to assuring the same 
problem specification. Code operator set-up of the problem could 
significantly alter the results. 
Prior to implementing in-situ tests, an in-situ tes t plan (5) was 
prepared which outlined the tests to be conducted i n the WIPP 
underground. The rock mechanics tests in the WIPP r anged in size from 
single borehole to full simulation of disposal room , configured 
respectively for TRU and DHLW disposal. Defense Hig h Level Waste 
experiments in salt were conducted to provide early  information about 
issues that could face a proposed High Level Waste repository in a west 
Texas salt site. 
Measurements were begun in 1983 and the final tests  have only recently 
been terminated. These tests, which span a decade i n some instances, 
relied primarily upon strain and displacement measu rements although some 
tests required extensive thermocouple data. Some st ress gauges were 
emplaced but difficulty in interpreting their resul ts because of the 
"plastic" nature of the rock limited their utility.  At the peak of the 



in-situ test program, about 5000 channels of data, most of it for rock 
mechanics, were being continuously recorded. Figure  3 displays the 
location of the WIPP in-situ tests. 
Fig. 3 
The early in-situ observations of salt creep reveal ed that strain rates 
and room closure were proceeding at about three tim es the rate that had 
been predicted by pre-test modeling. This accuracy was not sufficient for 
sealing and room-closure prediction requirements. S everal laboratory and 
modeling studies were implemented to establish what  modifications were 
required to our predictive model and to our underst anding of the creep 
process to better predict the observed behavior.  
To be certain that errors were not introduced into the two-dimensional 
model by the geometric abstractions necessary to re present the 3-D world, 
a large (108-foot diameter) circular test room (Roo m H) with a cylinder 
of undisturbed salt 36 feet in diameter at the cent er was constructed. 
After acquiring data at ambient temperature for abo ut one year (1985), 
strip heaters around the pillar were activated to r aise the pillar 
temperature from 50 to 70C, near the center and at the pillar wall 
respectively. This greatly accelerated the creep ra te so that greater 
strains could be accumulated during the measurement  span than would 
otherwise be possible but assured the strain mechan isms would not be 
changed. Laboratory tests on salt core containing i mpurities and from the 
anhydrite marker beds permitted the model to incorp orate a more detailed 
description of the stratigraphy within and above an d below the 
excavation. Other improvements to the model were in corporated with the 
realization that transient strain could not be negl ected, even long after 
excavation, because the continuing creep and conseq uent stress changes, 
although small at long times after excavation, were  enough to cause 
continued transient creep behavior. The other major  change was to the 
stress generalization, from Von Mises to a Tresca f ormulation. This 
change was supported by results from hollow cylinde r, salt core tests in 
the laboratory. Incorporating these modifications t o the model and 
database resulted in agreement between prediction a nd observation to 
within 10 to 15 percent--satisfactory for repositor y modeling purposes. 
Full-scale simulation of DHLW, as well as a thermal  overtest, were 
conducted in two test rooms, A and B. Room B and Ro om D provided data for 
identical geometry excavations, thermal effects in Room B being the only 
difference. In a later test a 36-inch diameter bore hole 100 feet long, 
drilled between two-mined drifts, was instrumented to be certain that the 
creep phenomena observed in the large room tests an d that the model 
adaptations to predict their behavior, were not the  result of scale 
effects. The newly developed model has shown it can  predict different 
scales, geometries, heated and unheated, with equal  precision. Prediction 
of salt creep is now considered to be a resolved is sue (6). 
Discreet rock mechanics phenomena, such as fracture  development and 
healing, have presented a challenging problem. The healing of salt 
fractures at stresses typical of the repository has  been demonstrated in 
laboratory experiments. These experimental results support the logic that 
the disturbed rock zone that forms in salt around e xcavations will return 
to nearly in-situ values of density and permeabilit y. This is an 
essential element in the design of effective long-t erm seals for the 
repository. Modeling has developed to the point tha t stress conditions 
and locations conducive to fracturing can be predic ted as a rough 
function of time as an excavation deforms. Precise prediction of the time 



of failure is still not possible from modeling alth ough deformation rates 
obtained on failed rooms gives reasonable time esti mates for rooms of the 
same geometry. 
Response of the salt beds to internal room gas pres sures caused by 
decomposition of the emplaced waste is still anothe r concern to be 
addressed by the rock mechanics program. In-situ hy drofracture tests 
revealed the salt, remote from the excavation, beha ves isotropically. The 
induced fractures don't show a preferred direction on this relatively 
small scale. Since the salt is layered on a larger scale, with the 
interbeds of anhydrite containing pre-existing frac tures and with clay 
partings at the base of the anhydrites, these layer  features will provide 
paths of least resistance to propagation of fractur es on a large scale. 
These horizontal bedding features prevent fractures  from developing 
upward through the salt, but they must be considere d as potentially more 
permeable paths when evaluating propagation of flui ds horizontally to the 
site boundary. Detailed calculation of discrete fra cture development over 
large distances is not yet realistic because of nat ural heterogeneities 
in the rock. Consequently bounding approaches are t aken to model this 
issue. 
Sealing Systems (7) 
Sealing systems proposed for the WIPP depend strong ly upon the knowledge 
obtained from the rock mechanics program. The princ ipal seals, those upon 
which isolation depends, will be in the access shaf ts into the WIPP and 
will consist of physically different modules which are designed to be 
most effective over different time scales (Fig. 4).  WIPP in-situ 
experiments have demonstrated that cementitious sea ls can be very 
effective as soon after emplacement as the disturbe d rock zone (DRZ) 
heals. Materials evaluation has permitted developme nt of tailored cements 
that are relatively compatible with a salt environm ent and with the non-
halite rock of the overlying aquifers. However it i s difficult to prove 
that interface degradation will not occur over the millennia that are 
required of seals. Thus the WIPP will use materials  natural to the WIPP 
environment, i.e., salt and clay, which will not be  chemically foreign to 
the surroundings and will therefore remain stable f or as long as the salt 
beds survive. 
Fig. 4 
Utilization of natural materials requires compactio n to near in-situ salt 
densities. Experiments demonstrate that compacting crushed salt to >95% 
of natural density will achieve the desired permeab ility. This desired 
compaction can be initiated by tamping the emplaced  material. Tests show 
that densities of about 90% can be attained by tamp ing but final 
compaction will rely on additional compression obta ined over time from 
natural creep of the salt. Densification of crushed  salt by applied 
pressure has been quantified in laboratory testing.  Another advantage of 
tamping to achieve high emplacement density is that  it decreases the time 
interval required to reheal the DRZ since resistive  forces to creep 
closure build more quickly. Shaft seals relying on natural materials can 
be emplaced in the WIPP which will provide satisfac tory seals within 100 
to 200 years. During this time span, while natural material seals are 
becoming effective, sealing will be provided by cem entitious seals at 
other locations higher in the shafts. Conservative properties attainable 
for the WIPP seals are presented in Repository Seal s Program baseline 
position paper (7). 



A third component, clay, either separately or in co njunction with crushed 
salt has also been evaluated. Clay may be useful to  provide low 
permeability when water may be expected before salt  creep has made the 
salt seals effective. Compacted clay will expand wh en wetted and intrude 
into openings and crevices, helping to reduce perme ability. Another 
attribute of clay (but for which the WIPP does not take credit in 
calculating performance assessment) is its ability to sorb radionuclides 
should they be present in any fluid moving through a clay seal component. 
Should it become desirable to enhance sealing of in dividual waste rooms 
or panels or to maximize sealing of the water beari ng shaft intervals, a 
special injection technique was developed and demon strated in the WIPP 
Marker Bed 139. This development utilized a special ly ground microfine 
cement and fluidizers to allow penetration into mic rofractures. The 
demonstration test defined the degree of penetratio n and the reduction in 
flow by comparing pre- and post-grouting flow tests . 
Fluid Flow in the Geologic System 
The hydrology of the WIPP site has been a subject o f study since the 
initial site selection. Ground water flow is a poss ible dissolution 
threat as well as the primary transport mechanism f or any breach scenario 
which may be postulated. Consequently it is importa nt that the hydrologic 
system be known well enough to predict not only its  present behavior but 
the response to future natural variations in climat e as well. 
Fluid Flow in the Rustler Formation (8) 
The earliest studies, in the late 1970s, establishe d that the Culebra 
Formation, with an average thickness of 7.7m, is th e principal aquifer 
overlying the WIPP site and the aquifer of concern when modeling 
radionuclide transport. Numerous hydrologic test ho les indicated the 
transmissivity over the WIPP area varied by several  orders of magnitude 
with transmissivity generally decreasing to the eas t. Further testing 
which employed larger scale, long-term pumping test s, detected a 
"channel" of higher transmissivity (1-20 ft2/day), running north-south, 
on the east side of the site. This feature altered the water flow 
patterns somewhat but the general flow path from th e repository to the 
site boundary is still generally southward. There h as been much 
speculation about the cause of the general trends o f transmissivity over 
the area and for the origin of the higher transmiss ivity channel. The 
most commonly accepted explanation for the general trend is the striking 
correlation with the extent of apparent salt dissol ution from below the 
Culebra in the Rustler Formation. The more salt mis sing the greater is 
the observed transmissivity. The eastern edge of th e WIPP site has all 
the salt still present in the section and the trans missivity is very low 
. The explanation for the channel is less obvious-- there are no apparent 
structural or stratigraphic features that provide a n explanation. 
Resistivity surveys help to provide additional spat ial definition of this 
feature. Since geologic processes which could exten d this feature or 
cause similar new ones are unlikely over 10,000 yea rs, it is not critical 
that its origin be understood--only that we can inc orporate its effect 
into our hydrologic model (Fig. 5). 
Fig. 5 
One of the most useful tools in the hydrologic test  program was the 
implementation of the large-scale, multiwell pump t est. This test could 
be implemented with or without the utilization of c onservative tracers to 
accomplish several objectives. As a purely hydrauli c test it has been 
used to establish effective transmissivity over int ervals between pumping 



and observation wells that range from tens to thous ands of feet. By 
performing these tests at selected WIPP locations a  much better 
approximation of the transmissivity field has been established. When used 
as a tracer test it has provided additional informa tion on dispersivity, 
fracture characteristics and matrix diffusion, all important parameters 
in modeling transport of radionuclides. 
Other observations, such as examination of the Cule bra in core and in the 
air intake shaft, have provided insight into the na ture of the porosity 
and fracturing. The physical variations observed in  the Culebra have led 
to tracer studies where the different Culebra zones  are isolated by 
packers to see which horizons contribute most to th e transport and to 
what extent these horizons are isolated from each o ther. 
Some chemical aspects of the Culebra saline brines south of the site are 
difficult to explain given the current flow model a nd the assumptions of 
steady state and confined aquifer conditions. An ea rly interpretation, 
utilizing stable isotope and carbon-14 data coupled  with geologic 
interpretations of past climate and recharge, led t o an hypothesis that 
present conditions are not steady state but are rec overing from recharge 
during a prior pluvial period. Current studies, usi ng three-dimensional 
modeling capability, are examining the confined aqu ifer premise, allowing 
some small but perceptible level of vertical rechar ge to the Culebra. 
This concept of the hydrologic system can also expl ain the observed 
geochemistry. While it is not necessary to understa nd the origin of the 
chemical disparity to do transport modeling, a logi cal explanation lends 
confidence to our total understanding of the Culebr a hydrologic system. 
 In addition to the field studies, extensive tests have been run to 
establish retardation parameters for actinides of i nterest. Many of these 
tests have been batch tests for Kd determination. S ome have looked at the 
dolomite matrix while others have examined the clay  which lines many of 
the Culebra fractures. A more realistic laboratory evaluation uses long 
cores taken horizontally in the Culebra by coring f rom the Air Intake 
Shaft. These cores, some with intact fractures, wer e used in flow-through 
tests using Culebra brine and actual isotopes. Thes e studies provide not 
only a measure of chemical retardation but the exte nt of matrix diffusion 
or physical retardation. Even this best laboratory effort is at a small 
scale compared to the actual transport one wishes t o simulate. Presently 
the Project does not plan on an imminent implementa tion of an in-situ 
field test with sorbing tracers. Such a test could require several years 
and, if conducted, should be viewed as an experimen t to confirm that the 
conceptual transport model is not violated by obser vations and to 
establish beyond doubt that retardation does in fac t occur at the field 
scale.  
An extensive hydraulic and non-sorbing tracer test is now underway at the 
H-19 well complex. This test employs seven (7) well s to investigate such 
transport issues as dispersivity, fracture spacing and matrix diffusion. 
Flow in different stratigraphic layers of the Culeb ra will also be 
examined. The best interpretation of these results currently indicates 
that the Culebra aquifer is quite heterogeneous, an d different portions 
of the aquifer are best modeled as either single po rosity or double-
porosity two-layer flow. 
Fluid Flow in the Salado Formation (9) 
Salt has always been considered a favorable host ro ck for a geologic 
repository because of its propensity to creep and r ecrystallize under 
stress load. This characteristic, plus the lack of observed dissolution 



within the Salado, led to the assumption that water  flow through the 
Salado would not play a significant role in reposit ory integrity. Because 
of the potential for gas generation from the wastes , drill stem tests 
(DSTs) in the Salado were conducted from the ground  surface in the late 
1970s to establish whether formation permeability w ould confine the gas. 
At that time the precise stratigraphic location of the repository had not 
been established and the DSTs could only evaluate l arge intervals of the 
Salado. These tests indicated very low, but non-neg ligible 
permeabilities, which were sufficient to dissipate gas before build-up to 
high pressures. As a result of this finding, gas ge neration studies were 
terminated. Access to the underground in 1983 allow ed additional 
observations and tests to address the issue of flui d flow in the Salado 
units in the immediate stratigraphic interval of th e WIPP excavation. A 
limited number of early in-situ permeability and fl ow measurements in the 
salt indicated a disturbed rock zone of increased p ermeability extending 
a couple of meters outside the excavation and a "fr ee field" permeability 
much lower (<10-20M2) than determined from the surf ace DSTs. Another 
observation was the seepage of brine to the surface  of the excavations. 
This seepage was observed to vary lithologically, s patially, and to 
apparently decrease with time. Both observations le d to extensive 
testing--to establish flow parameters of the Salado  to explain and model 
the brine seepage and to implement gas generation e xperiments to better 
predict the potential for large volumes of gas. Thi s was now necessary 
since the indicated low permeability would not allo w for adequate escape 
of the generated gases. The added regulatory requir ement (RCRA) to 
consider the transport of hazardous gases imposed s till further incentive 
to understand both liquid and gas transport in the Salado. 
Extensive testing of the Salado has provided consid erable permeability 
data. The "pure" halite intervals exhibit permeabil ities at or below the 
limit of our ability to measure--(10-23 M2). The ar gillaceous salt 
exhibits low but measurable permeabilities, one to three orders of 
magnitude greater than pure salt. Brine seepage has  been studied by 
collecting accumulated brine volumes from many "sea led" boreholes. While 
the effects of the DRZ on these observations are im possible to rule out, 
the observations seem consistent with the conclusio n that brine seepage 
occurs from argillaceous halite--not pure salt--and  that interbeds and 
their associated clay seams are also a primary sour ce for and transport 
of brine. 
Despite the study devoted to this area, there is st ill dispute over the 
fundamental mechanism controlling long-term brine s eepage. One view is 
that in the undisturbed free field, the little perm eability that exists 
is not interconnected and therefore continued flow into the manmade 
porosity is not possible and brine seepage will dec rease and eventually 
stop as the brine in the DRZ is depleted. The other  view is that, 
although the permeabilities of the interbeds and ar gillaceous halite are 
very small, d'Arcy flow will govern brine seepage f rom these units, and 
brine will ultimately fill all porosity until inter nal room pressure 
balances the free field pore pressure. Because the operating mechanisms 
for either process are so slow, and the interferenc e of the DRZ so 
difficult to segregate, the existing data can be ex plained by either 
model within the range of reasonable parameter sele ction.  
A major effort to resolve this issue was to bore a 350-foot drift and 
seal the entrance with an effective airlock. Pore p ressure data outside 
the walls and brine collection inside the room were  obtained. Resistivity 



measurements monitored the redistribution of brine in the DRZ around the 
room. Despite efforts to overcome the shortcomings of earlier, smaller-
scale studies, the results of this test are inconcl usive for the same 
reasons as stated above. Consequently, for purposes  of performance 
assessment, the quantity of brine is established by  assuming d'Arcy flow 
limited only by the hydrologic parameters appropria te to the situation. 
Another aspect of the fluid flow in the Salado is t he transport by fluids 
outward from the waste rooms driven by gas pressure s in the rooms which 
potentially exceed the pore pressure in the formati on. This is 
complicated by the need to consider the creation of  fractures or 
separations at bedding planes if pressures exceed l ithostatic pressure. 
The orientations of these openings are expected to be horizontal due to 
the presence of clay partings at the base of anhydr ite interbeds and the 
presence of pre-existing fractures within the anhyd rite. Both of these 
features may provide a minimum stress path for frac ture propagation due 
to the lack of tensile strength across these featur es.  
The geometry of propagation within these horizontal  units is more 
difficult to establish. It is unlikely that a singl e fracture would 
propagate to the distance of the site boundary. Eff orts of the petroleum 
industry to create horizontally extensive fractures  has shown how 
unlikely this is. There may, however, be a tendency  for a fracture 
network to develop in a generally preferred directi on--perhaps influenced 
by such factors as regional dip. This may be accomm odated in the modeling 
by assuming a range of "flaring angles" which are m ore restrictive in 
geometry than uniform radial propagation. Present e xpert opinion, 
however, supports the view that on a large scale, i .e. one to two 
kilometers, the fracturing and flow are best repres ented by a two-
dimensional radial symmetry. It is not practical to  implement an 
experiment which would be of sufficient scale to ef fectively examine this 
issue. The natural heterogeneity of the interbeds m ake extrapolation of 
small scale results of dubious value. 
WASTE ROOM INTERACTIONS (10,11,12) 
The starting point for all the WIPP performance ass essment calculations 
is the waste disposal room and it is essential to h ave a good 
understanding of the possible range of physical and  chemical conditions 
that control the source term and behaviors that can  occur in the event of 
human intrusion. The physical process of room closu re, fluid flow and 
chemical interactions are all closely coupled and c an significantly 
affect one another. 
The physical condition of the room due to creep clo sure can be reliably 
predicted as a function of time if the nature of th e room contents 
(backfill, waste) is known. If the room is backfill ed, the room closure 
will approach its final state of closure before int ernal gas pressures 
can build enough to provide much opposition to clos ure. The studies 
performed on consolidation of backfills such as sal t or clay/salt 
mixtures show that they will compact to high densit ies and low 
permeabilities within 100-200 years. Therefore the nature of the waste 
form itself, which will vary over time with degrada tion, is the major 
uncertainty in determining the physical (and hydrol ogic) parameters of 
importance within the waste room. Experiments which  assume various 
physical waste properties have examined the compact ed properties such as 
strength and porosity, and indirectly, permeability . This range of 
parameter data is used by performance assessment to  input such values as 



the amount of spalled and entrained waste into flow  up a human intrusion 
borehole (10). 
The degree of porosity remaining after compaction b y room closure 
determines the maximum amount of brine that can ent er the room and cause 
metal corrosion and gas generation, and also establ ishes the amount of 
liquid available to solubilize the actinides. 
The chemistry within a waste room will be a determi ning factor in the 
solubility of actinides in brine. Consequently, ext ensive laboratory 
tests have been conducted to establish solubility f or the possible 
oxidation states of critical actinides at different  values of brine pH. 
In the last few years, the question of colloid form ation and their role 
in contributing to source term and transport have b een examined. Studies 
indicate most colloids will not be stable in the br ines present for the 
WIPP. Solubility, rather than colloid concentration s, is expected to be 
the major factor for establishing the waste room so urce term (11). 
The source term predictions will be based on models  developed using 
information from laboratory studies, but both solub ility and colloids 
will be the subject of tests using real transuranic  waste. These tests 
are of liter and drum size scale and are still unde rway at Los Alamos 
National Laboratory (LANL). The results will be use d to lend confidence 
to the predicted range of values and, where necessa ry, will be factored 
into the model parameters. 
The information obtained from the solubility progra m provides the 
knowledge base to tailor waste room conditions to l ower the solubility of 
critical actinides. For example, backfill with a ce ment component would 
assure basic conditions for which plutonium has bee n shown to be less 
soluble. 
GAS GENERATION (12) 
As previously mentioned, gas generation studies wer e resumed when 
permeability studies indicated gas might not escape  rapidly enough to 
prevent build-up of high pressure in the repository . This study received 
additional impetus when it became apparent that the  WIPP would have to 
comply with the no-migration variance aspect of RCR A. While volatile 
organic compounds are small in volume, they could b e carried towards the 
unit (site) boundary by the much larger volume of g ases derived from 
waste degradation. 
Gases will be generated in the WIPP primarily by an aerobic corrosion of 
iron and aluminum and by microbial decomposition of  organics, principally 
cellulose. Radiolysis has been determined not to be  a major gas 
generation mechanism relative to the other two. Rec ent studies confirm 
the gas production rates and potential established in the late 1970s. 
Provided sufficient brine is present, there could b e enough hydrogen from 
metal corrosion and CO2, (primarily) from organics to generate enough gas 
to pressurize the repository, closed by creep, to p ressures above 
lithostatic. Since pressure above lithostatic is no t a realistic long-
term pressure condition in halite, the repository w ould increase its 
volume and reduce its pressure by either expansion of rooms or creation 
of fractures as discussed in the prior section on r ock mechanics. Studies 
also examined conditions which might lead to a decr ease in gas production 
rates or volumes. Passivation of iron corrosion in the presence of high 
partial pressures of CO2 was considered for a time to be likely, but 
continued testing has shown this not to be the case . Experiments continue 
to show, however, that liquid phase water is necess ary for corrosion to 
proceed--water vapor alone is not conducive to sign ificant anoxic 



corrosion rates. If sufficient brine is present for  gas generation to 
proceed at its optimum rate, a few hundred years wo uld be required for 
pressures to reach levels similar to lithostatic pr essure. As gas 
pressure builds it will decrease, and eventually st op and reverse, the 
brine inflow into the room. Thus the brine-gas rela tionship is very 
interactive and potentially self limiting so that a  saturated repository 
and lithostatic pressures may never be realized. Th ere are factors which 
complicate this scenario and increase uncertainty s uch as the presence of 
a one-degree dip to the beds. This could allow brin e to flow in at the 
bottom gas exits at the top. This is being examined  in modeling 
calculations and will be incorporated in the final performance 
calculations. 
Gas generation studies in the laboratory have been completed. At the 
Idaho National Engineering Laboratory (INEL), tests  of gas generation 
which employ actual TRU wastes are still ongoing. T hese tests will serve 
to provide confidence in the laboratory test result s and in the bounding 
values of gas generation the average stoichiometry model can be used to 
predict. Some gas generation data will also be prod uced by the source 
term tests at LANL although this is not the primary  focus of these tests, 
and the test conditions could result in misleading rate data due to 
experimental conditions such as agitation.  
This summary of scientific studies does not touch u pon every experiment 
and test or upon every issue, but does indicate the  major areas of 
investigation. With the exception of the real waste  tests at LANL and 
INEL, all the currently-planned experimental data a re now available.. In 
some instances it has been impractical to provide t otal closure to an 
issue through experimentation. That is where other arguments such as 
bounding approaches or independent professional jud gment are adopted to 
provide an acceptable, conservative input to perfor mance assessment. 
Finally, although this discussion has focused on th e experimental tests 
and geotechnical studies, the area of performance a ssessment has been a 
major program development in and of itself (13,14).  While performance 
assessment requires the input from the technical st udies, it is the 
performance assessment result and the associated se nsitivity studies that 
can determine which experimental activities are req uired to improve 
confidence in compliance with EPA standards. Equall y important, PA can be 
used to establish when enough testing has been comp leted in a given area, 
based upon compliance needs and uncertainty bounds indicated by the 
analyses. 
Several studies have been carried out within the PA  arena to allow the 
EPA probabilistic approach to compliance to be impl emented. Codes which 
run rapidly, but reproduce the results of mechanist ic calculations, allow 
the hundreds of necessary discrete calculations to be performed. Other 
issues, such as the probability of human intrusion,  are critical in 
implementing the long-term performance modeling and  have received 
considerable study within the PA group. The only pr actical approach to 
quantifying input parameters in this arena is throu gh the application of 
expert judgment since no experiment can be devised to resolve the issues. 
SUMMARY 
Twenty-one years of geotechnical, chemical and phys ics studies have 
provided a comprehensive database to support a conf ident assessment of 
the WIPP's long-term performance. Some studies have  fully resolved 
issues--others have established bounds on a range o f uncertainty. The 
limits of our knowledge in these areas have been de fined, and these 



limits can be used in developing a conservative app roach to compliance. 
The program will continue to assess the results of continuing experiments 
and other sources of new information to assure the performance assessment 
inputs and assumptions are consistent with knowledg e obtained from longer 
duration tests. 
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ABSTRACT 
In March 1994, the Department of Energy Carlsbad Ar ea Office (DOE/CAO) 
implemented a performance-based planning method to assist in programmatic 
prioritization within the Waste Isolation Pilot Pla nt (WIPP) project with 
respect to applicable Environmental Protection Agen cy (EPA) long-term 
performance requirements stated in 40 CFR 191.13(a)  and 40 CFR 268.6. 
This method, the Systems Prioritization Method (SPM ), was designed by 
Sandia National Laboratories (SNL) to: 1) identify programmatic options 
(activities) and their costs and durations; 2) anal yze potential 
combinations of activities in terms of predicted co ntribution to long-
term performance; and 3) analyze cost, duration, an d performance 
tradeoffs. SPM results were the basis for recommend ations to DOE/CAO in 
May 1995 for prioritization within the WIPP project . This paper presents 
a summary of the SPM implementation, key results, a nd lessons learned. 
 THE SPM APPROACH 
 The goal of SPM was to provide information about h ow potential 
activitiestwenty-one scientific investigations, thr ee engineered 
alternatives, and two waste acceptance criteriawhen  viewed singly or in 
combination, could contribute to a demonstration of  compliance with EPA 
long-term performance requirements for the WIPP dis posal system (1-4). 
For each activity set (a combination of activities) , SPM calculated the 
probability of demonstrating compliance (PDC) if th e activity set was 
implemented, along with the activity set's projecte d cost and duration. 
These performance measures (PDC, cost and duration)  were contained in a 
decision matrix that was analyzed to find programma tic options that 
maximized incremental PDC while minimizing activity  set cost and 
duration. SNL performance assessment models were us ed to estimate how the 
disposal system might perform if activities were im plemented, and this 
evaluation was the basis for calculating an activit y set's PDC. SPM 
analyzed roughly 46,700 activity sets. Probabilisti c performance 
calculations for these activity sets resulted in ov er 1.3 million 
complementary cumulative distribution functions (CC DFs).  
As applied to the WIPP, SPM can be described in ter ms of eleven key steps 
(Fig. 1): 
1. definition of the performance objective (i.e., l ong-term performance 
in 40 CFR 191.13(a) and 40 CFR 268.6);  
2. development of a technical baseline for SPM calc ulations; 
3. performance modeling of the baseline; 
4. determination of whether the baseline was predic ted to succeed or fail 
in meeting the performance objectives; 
5. (if the baseline failed to meet performance obje ctives), 
identification of activities that, if implemented, could improve a 
predicted ability to meet the performance objective s; 
6. evaluation of the baseline combined with potenti al outcomes of 
activities (i.e., calculation of the probability of  demonstrating 
compliance);  
7. creation of a decision matrix containing the PDC , cost, and duration 
for all activities and subsequent decision analysis  to develop final 
recommendations; 



8. DOE/CAO programmatic decisions about which activ ities to implement, if 
any; 
9. implementation of activities; 
10. re-definition of the technical baseline with ac tual results from the 
activities, iterating the overall process as necess ary until the baseline 
is predicted to meet performance objectives; and,  
11. when the baseline is predicted to comply, final  compliance 
calculations with approved data and models, etc. 
Fig. 1 
A key to understanding how SPM works is in the rela tion between the 
output of the performance assessment models, the re gulatory performance 
requirements, and decision analysis methods used to  analyze results (5). 
It is also important to understand the role of expe rt judgment in 
performance assessment calculations.  
Performance assessment models are used by the WIPP project to produce 
performance measures that can be compared to regula tory requirements (4). 
One such measure is a CCDF, which represents the pr obability distribution 
of summed normalized releases from the disposal sys tem to the accessible 
environment. The WIPP disposal system is predicted to be in compliance 
with 40 CFR 191.13(a) if no point on the CCDF submi tted in the compliance 
certification application to the EPA exceeds the su mmed normalized 
release limits.  
While the regulatory release limits are fixed, esti mates of predicted 
performance of the WIPP disposal system is not; the y are determined by a 
state of knowledge that changes over time.Changing the state of knowledge 
through scientific investigations, implementing eng ineered alternatives, 
or modifying waste acceptance criteria can alter th e position of the CCDF 
with respect to the release limits. Our state of kn owledge can be 
expressed, in part, through probability distributio ns. For example, while 
the solubility of plutonium in WIPP brines is not k nown accurately at the 
present time, a range of solubilities under various  chemical conditions 
and based on many types of existing information can  be postulated, thus 
defining a portion of the WIPP disposal system tech nical baseline.  
Envision the design of scientific experiments to mo re accurately 
determine the solubility of plutonium in brine. The  experimental design 
anticipates a range of possible outcomes based on b oth published 
information and expert judgment. For simplicity, su ppose that the 
experimental outcomes can be classified into five r anges (really 
probability distributions), from lowest to highest solubility. Denote the 
event that the experimental outcomes are in the fir st range by x1, in the 
second range by x2, etc. Denote the five possible p robability 
distributions corresponding to the five experimenta l outcomes by f1, f2, 
etc. After the experiment is complete, our knowledg e of plutonium 
solubility changes to reflect new information produ ced by the study. All 
uncertainty, however, will not be resolved by the e xperiments. Uncertain 
repository conditions make it impossible to know wi th certainty what the 
solubility will be. Therefore, after the experiment s are completed, there 
is still residual uncertainty about the solubility which can, again, be 
expressed through a probability distribution that r eflects the new 
evidence and that incorporates new expert judgments . 
Now, suppose that we use expert judgment to specify  potential 
experimental outcomes xi and associated probability  distributions fi 
before conducting the experiment and use these dist ributions in 
performance assessment models to estimate the corre sponding CCDFs: CCDF1, 



CCDF2, etc. In addition to providing the xi and fi,  we also use expert 
judgment to specify the relative likelihood or prob abilities of the 
various events (xi), denoted by pi. Suppose that pe rformance calculations 
predict events x1, x2, x3, and x4 will indicate com pliance with long-term 
performance requirements but that the event x5 will  indicate non-
compliance. The predicted probability of successful ly demonstrating 
compliance for the five events x1, x2, x3, x4, and x5viewed prior to 
conducting the experimentis then p1 + p2 + p3 + p4.  This process is the 
fundamental basis for calculating the PDC of an act ivity set, the key 
measure of programmatic value in the SPM method. Fo r the WIPP, this 
technique applies to any activity that can be expre ssed in terms of 
effects on WIPP performance assessment components.  
Although this discussion has been restricted to com pliance with 40 CFR 
Part 191.13(a), WIPP must also comply with the RCRA  regulatory 
requirements in 40 CFR 268.6. The SPM criterion for  success was that the 
CCDF is at all points less than the release limits and that the RCRA soil 
concentration limits are not exceeded. The complian ce indicator (CI) for 
each activity set outcome indicates whether the 40 CFR Part 191.13(a) 
regulatory release limits and the 40 CFR 268.6 soil  concentration 
requirements are met by the activity set. If both r equirements are met, 
the compliance indicator is equal to one; otherwise  it is zero. 
For example, suppose an activity set composed of ac tivities x1 and x2, 
each with two possible outcomes, and suppose that p erformance results 
show that quantitative performance requirements are  satisfied only if 
activity x1 has outcome OA2 and activity x2 has out come OB2. The 
compliance indices for each of the four possible ac tivity set outcomes 
would then be equal to zero for all but the outcome  consisting of both 
OA2 and OB2, which would have a compliance indicato r equal to one. Once 
the compliance index (CI) values have been determin ed for each activity 
set outcome, PDC is calculated by summing the proba bilities for all 
activity set outcomes where CI is 1. The PDC for th e activity set 
consisting of x1 and x2 would then be calculated as  follows:  
Eq. 1 
Thus, because all terms (outcomes) with a complianc e indicator not equal 
to one would drop out of the PDC calculation, the P DC would equal 
PA2xPB2.  
Because of the multiple possible outcomes of SPM ac tivities, activity 
sets can have anywhere between two and nearly 60,00 0 possible outcome 
combinations, each of which corresponds to a CCDF a nd a compliance 
indicator. Thus, the PDC for an activity set repres ents a logically 
straightforward but very computationally intense se t of calculations.  
SPM-2 RESULTS 
The first iteration of SPM (SPM-1), the prototype o f SPM, was completed 
September 1994. It served to develop the tools need ed for the second 
iteration (SPM-2), which was completed in March 199 5 for programmatic 
decision making. SPM-2 used technical positions der ived from WIPP project 
technical staff, stakeholders, and oversight groups  as a starting point 
for establishing a baseline. Technical teams also d efined proposed 
activities and were elicited on the predicted outco mes of those 
activities. Trained elicitors external to the WIPP project worked with 
the technical teams in a formal, structured process  to elicit the 
parameters and models to describe the activity outc omes and the 
probabilities of those outcomes. Activity cost and duration estimates 
completed the activity descriptions. DOE/CAO and th e Westinghouse Waste 



Isolation Division provided information with regard  to engineered 
alternatives, potential changes to waste acceptance  criteria, and other 
programmatic guidance.  
Potential outcomes were initially elicited for thir ty-seven scientific 
investigations, eighteen engineered alternatives, a nd three waste 
acceptance criteria. These were screened to twenty- six discrete 
activities for the final SPM-2 analysistwenty-one s cientific 
investigations, three engineered alternatives, and two waste acceptance 
criteria. SPM-2 used existing WIPP performance asse ssment computer codes, 
with modifications required to model the baseline a nd activity sets, to 
calculate CCDFs of potential radionuclide releases.  SPM-2 evaluated more 
than 600,000 possible activity sets. Activities tha t had no performance 
impact were removed from the decision matrix, reduc ing the number of 
activity sets in the decision matrix to roughly 46, 700. Because each 
activity set had multiple outcomes, approximately 1 .3 million CCDFs were 
needed to complete the SPM-2 analysis.  
For activities in the decision matrix, SPM-2 showed  that the probability 
of demonstrating compliance generally increased, as  expected, with 
increasing activity set cost and duration. Figure 2  shows the overall 
structure of the results in terms of the probabilit y of demonstrating 
compliance versus activity set cost. The large clus ter of diamond-shaped 
points (each one corresponding to an activity set) on the far left 
includes only scientific activities. Activity sets near the top of Fig. 2 
all include one or more engineered alternative. Act ivity sets with a PDC 
of zero are not shown in Fig. 2 for reasons of clar ity, but are contained 
in the SPM-2 CD-ROM, an information management tool  produced as part of 
the SPM project (6). Programmatic dependencies were  also apparent from 
general trends in the data and are discussed in the  statistical 
regression portion of this paper. 
Fig. 2 
The SPM-2 baseline calculation predicted release of  radionuclides in 
violation of 40 CFR 191.13(a) but compliance with r espect to 40 CFR 
268.6. About 40% of the SPM-2 activity sets also ha d a probability of 
demonstrating compliance of zero i.e., with no pred icted value in 
supporting a demonstration of compliance. Of the re maining 60% of the 
SPM-2 activity sets, one half had a probability of demonstrating 
compliance equal to one. When conducted alone, no s ingle activitywhether 
a scientific investigation, an engineered alternati ve, or a waste 
acceptance criterionhad a non-zero PDC.  
Activity sets with a PDC of 1.0 included the scient ific activity for 
colloids investigation and one of two engineered al ternatives: either, 
(1) backfill and a pH buffer to control actinide so lubility (EA1), or (2) 
an engineered backfill (such as clay) in combinatio n with waste form 
modification (EA2). (Note that engineered alternati ves and waste 
acceptance criteria were assumed to be optimally ef fective and were 
assigned a 100% probability of yielding the predict ed performance. 
Subsequent sensitivity studies investigated the imp act of this assumption 
on the final decision.) Two waste acceptance criter ia (WAC) were analyzed 
by SPM-2. In the WAC-1 activity, steel drums used t o store the waste were 
replaced with noncorrodible materials. WAC-1 added costs to the program 
and slightly reduced the probability of demonstrati ng compliance. WAC-2, 
elimination of all high-molecular weight organic co mpounds (such as 
soils) from the waste, had no discernible impact on  the probability of 
demonstrating compliance.  



The sensitivity of SPM-2 results to the probability  of engineered 
alternative performance was straightforward to eval uate (see Ref. 3 for 
details). The DOE/CAO had a preliminary decision to  make, either: 
1. depend on a program consisting of engineered alt ernatives and minimal 
scientific investigations to provide a basis for th e final compliance 
calculations; or 
2. reserve engineered alternatives for possible use  in providing 
assurance and depend on the scientific investigatio n to demonstrate 
compliance. 
In May 1995, DOE/CAO chose the second option. Addit ional work has been 
conducted on engineered alternatives since the comp letion of SPM and the 
final balance between predicted performance of the geologic system, 
engineered alternatives, and waste acceptance crite ria will be described 
in the compliance certification application to the EPA (7). 
The final programmatic recommendations made to DOE/ CAO in May 1995 
considered the SPM-2 results along with existing in formation such as the 
1992 WIPP PA Sensitivity Analysis (4) and some sens itivity and 
uncertainty analyses. The sensitivity and uncertain ty analyses did not 
alter the recommended series of activities. Other i ssues that were 
considered in using the SPM-2 results for decision- making were: 
1. The technical baseline was for SPM use only. The  final project 
technical baseline that will be used for preparing the WIPP compliance 
certification application will incorporate informat ion from the 
activities completed subsequent to the SPM-2 effort . 
2. The results were based on calculations using mea n values, and were 
therefore valid for discriminating between activiti es intended to shift a 
mean value for a parameter but not for discriminati ng between activities 
intended to reduce uncertainty about a mean. 
ANALYSIS OF RESULTS 
The SPM-2 project generated roughly 46,700 unique a ctivity sets. In order 
to understand the structure of the probabilities of  demonstrating 
compliance among these activity sets, a statistical  regression analysis 
was conducted. This analysis employed a logit regre ssion methodology. A 
logit regression assumes that a probability, p, (or  other number bounded 
by zero and one) is related to several independent variables through Eq. 
2:  
Eq. 2 
In Eq. 2, xi are indicator variables (0,1) and bi a re regression 
coefficients to be estimated. Here, p is the probab ility of demonstrating 
compliance. Because the left side of the equation i s unbounded at p=0 and 
p=1, the probability of demonstrating compliance va lues were decreased 
slightly towards 0.5 as shown in Eq. 3:  
Eq. 3 
An initial inspection of activity sets in the decis ion matrix revealed 
two very strong relations. First, if neither colloi d activity (NS 8.1 nor 
NS 8.2) was included in an activity set, the probab ility of demonstrating 
compliance was zero. Second, if either NS 8.1 or NS  8.2 was in an 
activity set, the probability of demonstrating comp liance was one as long 
as an engineered alternative (EA 1 or EA 2) was als o in that activity 
set, and less than one otherwise. Both of these rel ations were always 
true and thus the first relation provided a suffici ent condition for 
creating a probability of demonstrating compliance to equal zero. The 
second relation provided a condition that was both necessary and 
sufficient for probability of demonstrating complia nce to equal one. 



These two relations logically limited the PDC of ac tivity sets without EA 
1 or EA 2 to 0<PDC<1. 
In the absence of EA 1 and EA 2, what scientific pr ograms should be 
undertaken to achieve a high probability of demonst rating compliance? 
This question was important because the predicted p erformance of EA 1 and 
EA 2 did not account for the possibility that an EA  might prove less 
effective than assumed. Moreover, there were reason s to believe that the 
system-wide costs of EA 1 and EA 2 might ultimately  be larger than 
initially estimated. For these reasons and to bette r understand the 
cost/benefit tradeoffs for the scientific program, a statistical analysis 
was limited to those activity sets where: both, (1)  NS 8.1 or NS 8.2 was 
present, and (2) neither EA 1 nor EA 2 was present.  
Using the logit model and excluding from the data s et those activity sets 
without either NS 8.1 or NS 8.2 and excluding those  having some 
combination of colloid activity with EA 1 or EA 2, regression 
coefficients were obtained. Based on regression res ults, activities are 
ordered from those with the greatest impact to thos e with the least 
impact, creating a series of activities such that a s activities are added 
to the series, the PDC continues to increase but at  a decreasing rate 
(see Fig. 3). If the costs of the activities are si milar, it is, in 
principle, possible to build a concave, monotonical ly increasing function 
that maximizes incremental PDC gained while minimiz ing incremental costs 
as more activities are added to the series. Two suc h activity series are 
shown in Fig. 3 (the two curves on the left-most si de of the graph) but 
they are not fully concave. The far-left curve is u nconstrained by 
duration while the middle curve is constrained by a  19-month duration. 
The reason that these curves are not fully concave is that there are both 
thresholds and interactions (synergies) among some activities. The right-
most curve in Fig. 3 is a sub-optimal activity seri es that ultimately 
reaches nearly the same PDC as the pareto-optimal s eries but without the 
same ability to maximize incremental PDC per dollar  at every point in the 
series. 
Fig. 3 
For both the duration-constrained and unconstrained  activity series in 
Fig. 3, no improvement in the probability of demons trating compliance was 
obtained by performing NS 8.1 by itself. (Here NS 8 .1 was chosen over NS 
8.2 because of equal impact on the probability of d emonstrating 
compliance and lower cost for NS 8.1.) However, for  the duration-
constrained series, the addition of NS 2 and NS 4 i ncreased the 
probability of demonstrating compliance to 0.56. Ad dition of NS 7 further 
increased the PDC to 0.82. As Fig. 3 shows, the add ition of AST 1.2 did 
not increase the probability of demonstrating compl iance. However, AST 
1.2 was necessary to gain the PDC improvement provi ded by the combination 
of RM 1, SL 4, and DR 2. In fact, without first per forming AST 1.2, the 
addition of RM 1, SL 4, and DR 2 produced a decreme nt in PDC. The same 
unexpected behavior occurred when one switched the order of the 
activities. One therefore concludes, that some inte raction is taking 
place between AST 1.2 and the collection of three a ctivities. Addition of 
any other activity to the series only brings minusc ule improvements. A 
probability of demonstrating compliance of 0.96 is achieved from the 
duration-constrained pareto-optimal series.  
The two left-most series are both considered pareto -optimal, that is, the 
series that cannot be bettered simultaneously in bo th cost and 
probability of demonstrating compliance. Faced with  programmatic options 



limited to the scientific programwithout engineered  alternatives or waste 
acceptance modificationsboth the duration-constrain ed and unconstrained 
activity series appear to be logical programmatic c hoices. However, the 
duration- 
constrained series, which eliminated two scientific  activities (NS 3 and 
NS 5), resulted in virtually the same probability o f demonstrating 
compliance as the unconstrained set and with lesser  cost. The duration-
constrained series was selected for implementation by the DOE/CAO. 
DISCUSSION 
Lessons Learned 
The SPM-2 decision matrix yielded valuable informat ion for identifying: 
1) activity sets necessary to achieve a given PDC; 2) activity sets that 
give the maximum PDC; and 3) activities that have m inimal impact on the 
PDC. Moreover, the use of quantitative analyses bal anced with expert 
judgment was essential in developing insights about  decision options in a 
highly nonlinear system. The SPM project required a  significant 
commitment of human and computational resources but  numerous improvements 
could be made to increase efficiency.  
Information needed for the SPM analysis was acquire d as expert 
elicitation from individuals directing the various activities and those 
proposing new activities. Adequate time for trainin g participants in an 
expert elicitation process is essential.  
Concerns were raised that the SPM baseline was exce ssively conservative 
and would not produce a useful basis for evaluation  of activities. A 
management review was held to assure that the basel ine was, in fact, 
appropriately balanced and integrated and that it w as acceptable as the 
basis for performance calculations. Review is recom mended of both the 
baseline and activities prior to performing calcula tions to assure 
appropriate consistency and integration of informat ion elicited from many 
different individuals. 
Side efforts (also known as side bar calculations, or side calculations) 
were also important in being able to keep the proba bilistic calculations 
tractable and in preventing unnecessary conservatis m in the baseline. 
Side efforts refer to confirmatory evaluations requ ired to address 
certain technical positions embedded in the SPM-2 b aseline. These 
confirmatory evaluations included scenario screenin g work, literature 
searches, bounding calculations, and some computer modeling. 
There are computational limitations to probabilisti c calculations 
underlying SPM. Suppose, for example, that m activi ties are to be 
considered and each activity has k potential outcom es. The number of 
endpoints to be evaluated is Si=1,m kim!/[(m-i)!i!] , which becomes very 
large, very quickly. Clearly, not all combinations of activities can be 
evaluated. But this is where judgment and an unders tanding of disposal 
system performance can be used to create reasonable  sets of activities 
for evaluation. Other computational schemes, such a s sampling certain 
computational intensive parts of the performance as sessment model, should 
be explored. In addition, multi-attribute utility a nalysis techniques (5) 
could be useful for up-front screening and focusing  an initial large set 
of potential activities into a smaller set that req uire quantitative 
evaluation. 
The usefulness of an SPM-like method depends upon t he quality of the 
elicited information about activity outcomes, their  probabilities, and 
the state of knowledge about system parameters and conceptual models. 
Retrospective analyses of SPM results can assess th e degree to which 



actual outcomes were consistent with elicited predi ctions. Bayesian 
updating methods could be used if SPM were applied on an iterative basis.  
SUMMARY 
SPM identified viable combinations of programmatic options (activities) 
that, if implemented, were predicted to lead to a p ositive demonstration 
of compliance with long-term performance requiremen ts. Moreover, analysis 
of the results also indicated that optimal programm atic pathways existed 
and that these activity series could provide useful  insights into which 
activities to cut or add if budgets changed. Indeed , the analysis 
indicated that a positive demonstration of complian ce with the long-term 
performance requirements could be anticipated withi n the DOE/CAO 
schedule.  
SPM focused on work to achieve compliance with long -term disposal system 
performance requirements and helped eliminate conce rns that activities 
would merely contribute to scientific knowledge. SP M utilized the 
existing performance assessment codes to calculate the expected results 
of various programmatic options. Use of quantitativ e performance 
assessment tools for prioritization was essential i n gaining insights 
into the behavior of a highly coupled, nonlinear di sposal system. SPM 
built upon the power of both performance assessment  and decision analysis 
techniques, providing insights for decision making.   
The general method could be applied to other comple x issues in the 
environmental and waste management arena that need to clearly focus 
scientific and engineering activities on specific ( and measurable) 
objectives within cost and schedule constraints. Be cause SPM combines 
decision analysis methods with quantitative analyse s, it is conceptually 
applicable to any complex problem for which perform ance objectives, 
performance measures, and options to achieve the pe rformance objectives 
can be defined. Projects that would likely benefit most are those with a 
complex set of technical issues and decision option s that would benefit 
from planning based on calculated performance, rath er than expert 
prediction alone. Projects with significant stakeho lder involvement or 
with multiple participants might also benefit. Fina lly, probabilistic 
techniques used to treat uncertainties in the physi cal system could also 
be used to treat uncertainties in the cost or durat ion of programmatic 
alternatives (8).  
ACKNOWLEDGMENTS 
This paper is a summary of work done by many people  who are specifically 
acknowledged in a number of reports now in preparat ion. The authors 
gratefully acknowledge their participation and impo rtant contributions to 
this project. We would like to specially acknowledg e Walt Beyeler for his 
significant contributions to many aspects of SPM.  
REFERENCES 
1. N.H. PRINDLE, F.T. MENDENHALL, D.M. BOAK, W. BEY ELER, D. RUDEEN, R.C. 
LINCOLN, K. TRAUTH, D.R. ANDERSON, M. MARIETTA, and  J. HELTON, "The 
Second Iteration of the Systems Prioritization Meth od: A Systems 
Prioritization and Decision-Aiding Tool for the Was te Isolation Pilot 
Plant. Volume I: Synopsis of Method and Results," S AND95-2017/1, 
Albuquerque, NM: Sandia National Laboratories (1996 a).  
2. N.H. PRINDLE, F.T. MENDENHALL, W. BEYELER, K. TR AUTH, S. HORA, D. 
RUDEEN, and D. BOAK, "The Second Iteration of the S ystems Prioritization 
Method: A Systems Prioritization and Decision-Aidin g Tool for the Waste 
Isolation Pilot Plant. Volume II: Summary of Techni cal Input and Model 



Implementation," SAND95-2017/2, Albuquerque, NM: Sa ndia National 
Laboratories (1996b).  
3. N.H. PRINDLE, D.M. BOAK, R.F. WEINER, W. BEYELER , S. HORA, M.G. 
MARIETTA, J.C. HELTON, D. RUDEEN, H. JOW, and M. TI ERNEY, "The Second 
Iteration of the Systems Prioritization Method: A S ystems Prioritization 
and Decision-Aiding Tool for the Waste Isolation Pi lot Plant. Volume III: 
Analysis for Final Programmatic Recommendations," S AND95-2017/3, 
Albuquerque, NM: Sandia National Laboratories. (199 6c). 
4. WIPP PA (Performance Assessment) Department, "Pr eliminary Performance 
Assessment for the Waste Isolation Pilot Plant, Dec ember 1992. Volume 4: 
Uncertainty and Sensitivity Analyses for 40 CFR 191 , Subpart B," SAND92-
0700/4, Albuquerque, NM: Sandia National Laboratori es (1993a). 
5. R.L. KEENEY, and H. RAIFFA, "Decisions with Mult iple Objectives: 
Preferences and Value Tradeoffs," New York, NY: Cam bridge University 
Press (1993b). 
6. C.L. HARRIS, D.M. BOAK, N.H. PRINDLE and W. BEYE LER, "The Systems 
Prioritization Method (SPM) CD-ROM Demonstration fo r Waste Management 
'96," Waste Management '96, Tucson, AZ, February 25 -29, 1996, SAND95-
2015C, Albuquerque, NM: Sandia National Laboratorie s (1996d). 
7. U.S. DOE/CAO, "Engineered Alternatives Cost/Bene fit Study Final 
Report," DOE/WIPP 95-2135, Rev. 0, Carlsbad, NM: Un ited States Department 
of Energy, Waste Isolation Pilot Plant, Carlsbad Ar ea Office (1995). 
8. D.M. BOAK and L. PAINTON, "Use of Probabilistic Methods for Analysis 
of Cost and Duration Uncertainties in a Decision An alysis Framework," 
1996 International High-Level Radioactive Waste Man agement Conference, 
Las Vegas, NV, April 29-May 3, 1996, SAND95-3056C, Albuquerque, NM: 
Sandia National Laboratories (1996e). 
 
29-3   
NEW MODELS FOR PUBLIC PARTICIPATION EVOLVE  
WITH DOE'S PARADIGM SHIFT 
Patty Baratti-Sallani 
U.S. Department of Energy 
Carlsbad Area Office (CAO) 
P.O. Box 3090, MS-530 
Carlsbad, N.M. 88221 
 
Ann C. Marshall 
Advanced Sciences Inc. 
Carlsbad Area Office Technical Assistance Contracto r 
P.O. Box 1270 
Carlsbad, N.M. 88221 
 
Beth Farrell-Hale 
Science Applications International Corp. (SAIC) 
2109 Air Park Rd., S.E. 
Albuquerque, N.M. 87106 
ABSTRACT 
As the Cold War and its artifacts came tumbling dow n, DOE's veil of 
secrecy began lifting. In the early 1990s, DOE bega n implementing its new 
culture of involving the public in its decision mak ing process. Most 
meetings held by DOE facilities were tied to a regu latory requirement or 
a specific milestone for which DOE was seeking stak eholder input.  



The Public Affairs Office at DOE's Carlsbad Area Of fice, which manages 
the Waste Isolation Pilot Plant (WIPP), is undertak ing a series of 
meetings that break out of the traditional meeting format and establish a 
new model for more meaningful involvement -- by bot h stakeholders and the 
DOE. It includes the following: 
  A stakeholder planning group to help plan the sta keholder forum; 
  An independent facilitator to serve as the focal point for organizing 
and managing the meeting; 
  A policy discussion on broad-ranging issues relat ed to the WIPP; and 
  Recording the meeting to preserve the ideas gener ated and shared for 
use by current decision-makers and future generatio ns. 
Key in this new meeting model is a component for fe edback to stakeholders 
to show how their input was or was not used. 
This paper documents the evaluation of a meeting fo rmat and lessons 
learned by working with stakeholders in the design of public 
participation activities. 
INTRODUCTION  
When the Waste Isolation Pilot Plant (WIPP) was sit ed near Carlsbad, New 
Mexico 20 years ago, the U.S. Department of Energy' s (DOE) standard 
procedure for interacting with those affected by an y of its activities 
was somewhere between what the DOE has termed the " Control Paradigm" and 
the "Public Relations Paradigm." That is, the DOE b elieved that while it 
was no longer exempt from public scrutiny, its empl oyees were nonetheless 
considered the "experts" and the public should trus t and accept their 
decisions. 
During that same general timeframe, more stringent environmental laws, 
such as the National Environmental Policy Act of 19 69 (NEPA), the 
Resource Conservation and Recovery Act of 1976 (RCR A), and the 
Comprehensive Environmental Response, Compensation and Liability Act of 
1980 (CERCLA), imbued the public with a new vision of what they should 
expect when it comes to protection of the environme nt and what they can 
do to protect themselves when it becomes contaminat ed. These laws 
required both public and private interests to becom e more accountable not 
only to the federal government for their impact on the environment, but 
to the public as well. 
Over time, the result was that parts of the DOE in general and its 
Environmental Restoration and Waste Management (EM)  Program in 
particular, began to adopt a Public Participation P aradigm. This paradigm 
shift allows for the views of "stakeholders", or pa rties interested in 
DOE decisions to be integrated into the DOE's decis ion-making process. 
Stakeholders include interested or affected individ uals, organizations, 
state and local governments, Indian tribes, environ mental groups and 
other federal agencies. 
As the DOE's WIPP program progressed, so did its in teractions with the 
public, which slowly changed to reflect this new pa radigm. Scientific and 
philosophical controversies surrounding the project  -- which were avoided 
or even ignored -- are now actively engaged. The DO E's Carlsbad Area 
Office (CAO), which has responsibility for the WIPP , recognizes that the 
public determines whether a risk is acceptable or n ot -- and that the 
public's concerns and perceptions of risk carry equ al validity with risk 
as determined by scientific theory. In WIPP's case this would include 
questions such as whether radioactivity or hazardou s materials will move 
beyond the boundaries of the WIPP for 10,000 years.  
WIPP INVOLVEMENT STRATEGIES UNDER THE PUBLIC PARTICIPATION PARADIGM  



The First Stakeholder Forum 
In early 1993, the DOE's EM Program issued guidance  on stakeholder 
involvement. Coincidentally, the DOE began to re-th ink its program to 
perform tests with radioactive waste in the WIPP un derground. The tests 
were designed to increase confidence in the WIPP di sposal system, 
including the handling, packaging, transportation a nd emplacement of 
waste underground. 
Consequently, the DOE held a WIPP program review --  in actuality a 
stakeholder forum -- in Washington, D.C., with 45 p articipants and 30 
observers from across the country to discuss issues  regarding the WIPP 
Test Phase. Stakeholders were called upon to assist  the DOE in assessing 
the current WIPP program strategy and exploring alt ernatives in light of 
budgetary constraints and the passage of the WIPP L and Withdrawal Act 
(LWA). Another purpose of the meeting was for the D OE to gather 
perspectives on how it can advance the program in a  way that is 
acceptable to stakeholders. 
This meeting was particularly significant because i t was one of the first 
meetings DOE has had with citizens in which input w as actually sought and 
incorporated into actions. For example, when Assist ant Secretary Grumbly 
asked the group about the soundness of DOE's intent ion of performing 
tests with radioactive waste in the WIPP undergroun d, he received 
significant, thoughtful response from stakeholders.  
Two participants from the National Academy of Scien ces (NAS) recommended 
that DOE not go forward with planned tests. They an d several others 
suggested the tests with transuranic wastes in the WIPP underground 
lacked scientific justification and needed to be be tter designed. They 
said that the planned experiments would not attempt  to confirm the entire 
WIPP performance assessment computer models, but on ly a part of them. 
Instead, they recommended, the DOE should perform s hort-term tests on key 
assumptions and hypotheses, and extrapolate long-te rm performance 
projections from the short-term tests. 
Relatedly, stakeholders expressed concerns about th e cost and budget of 
the project. Assistant Secretary Grumbly asked the group how they would 
trim the budget, given the opportunity. A member of  a technical oversight 
group said he would focus the testing program on co mpliance issues and 
eliminate unnecessary tests. 
Outcomes of the First Stakeholder Forum 
In keeping with its new public participation guidan ce, DOE officials 
considered the concerns and suggestions raised at t he meeting and three 
months later announced a decision to conduct radioa ctive waste tests in 
laboratories and re-direct WIPP's focus to showing compliance with the 
Environmental Protection Agency regulations set for th by legislation. In 
response to concerns expressed by local leaders, th e Secretary also 
established the CAO in Carlsbad, directing that DOE  staff working in 
Albuquerque on the project move to Carlsbad. These actions validated the 
DOE's willingness to involve stakeholders in the de cisions the Department 
makes. 
The Second Stakeholder Forum  
In late September 1994, the CAO held a second stake holder forum on the 
WIPP. This meeting included another evolutionary co mponent: it was 
organized as a series of citizen presentations duri ng which DOE officials 
listened and responded to questions as appropriate rather than make any 
formal presentations or defend its position on issu es. The meeting 
immediately preceded a visit from the Secretary of Energy to Carlsbad the 



following week. Stakeholder concerns aired at the f orum were summarized 
and included in the Secretary's briefing book for t he Carlsbad visit. In 
addition, stakeholders were invited to select a rep resentative to make a 
presentation on selected issues during the Secretar y's visit. 
Stakeholders' major messages, representing divergen t points of view, to 
DOE/CAO officials included the following: 
  The DOE should provide stakeholders with timely n otice of meetings and 
adequate time for document review. DOE's compressed  schedule may affect 
the quality of stakeholder interactions and relatio nships. 
  The disposal decision schedule is too inflexible;  "schedule" should not 
drive good science. 
  The DOE needs to examine the ethics of permanentl y disposing of 
radioactive waste in the WIPP and evaluate potentia l impacts on future 
generations. 
  The DOE must change the way it works with Indian tribes and recognize 
each is a sovereign nation. 
  The DOE must further examine issues of waste inve ntory uncertainty, 
engineered alternatives, treating the waste before it comes to the WIPP, 
site characterization, and the WIPP's ability to co ntain the waste safely 
for 10,000 years. 
  The DOE should continue emergency response and ho spital personnel 
training and provide public education programs on t ransportation risk. 
  The WIPP needs to open as soon as possible. It is  a solution to a 
national problem, and continued delays are costly. 
Despite coming from different perspectives on the W IPP, participants 
praised the meeting for bringing together divergent  views and giving both 
project opponents and supporters a chance to speak their minds in an open 
forum. 
Outcomes of the Second Stakeholder Forum  
In response to these stakeholder issues, the CAO ma de some key changes. 
It sought to provide earlier meeting notice and lon ger document review 
time wherever possible. It stepped up its outreach program among tribes 
and pueblos. And it has been deeply involved in was te inventory 
definition; evaluation of engineered alternatives, including solicitation 
of stakeholder views on proposed alternatives; cons ideration of waste 
treatment options; and long-term performance assess ment.  
Three issues remained to be resolved: exploration o f the ethical issues, 
the disposal decision schedule, and site characteri zation. A major goal 
of the stakeholder forum planned for 1995 had been to explore ethical 
issues related to permanent disposal of transuranic  waste at the WIPP. 
Regarding the compression of the disposal decision schedule, the CAO is 
committed to respond positively to the equal or str onger pressures to 
maintain or accelerate the schedule. Later, in resp onse to congressional 
pressure, the CAO has accelerated the disposal deci sion date from January 
1998 to October 1997. Finally, site characterizatio n has been completed, 
and without apparent need to do so, DOE does not pl an to revisit that 
issue. 
The oversight in CAO's response, however, was that the overall response 
was not documented and provided to those who attend ed the forum. 
The Third WIPP Stakeholder Forum  
At the conclusion of the second WIPP stakeholder fo rum, the CAO Manager 
invited stakeholders to take the lead in setting th e agenda for the next 
stakeholder forum, which would take the WIPP's stak eholder meeting model 
to its next step. The CAO committed to holding anot her forum by April or 



May 1995 -- but for a variety of reasons, the date was preempted and 
postponed. In late Spring 1995, the CAO held severa l meetings on the 
draft Compliance Certification Application (CCA) an d the RCRA Part B 
application. In early Fall, scoping meetings for th e second Supplemental 
Environmental Impact Statement (SEIS) superseded th e forum. 
In the interim, a former manager with the New Mexic o Environment 
Department (NMED), a person with significant credib ility and contacts 
within the advocacy community, was sub-contracted t o support, among other 
things, CAO's efforts on the next stakeholder forum . 
Part of the CAO's commitment at the September 1994 forum was that 
stakeholders would be integrally involved in the pl anning of the meeting, 
and that it would not be another DOE-planned meetin g. Thus, in the Fall 
of 1995, the CAO's sub-contractor set about organiz ing a stakeholder 
planning group to develop plans for the next stakeh older forum, which the 
CAO hoped to hold before the end of the year. 
The most surprising outcome of the initial planning  meetings was that the 
planning group advised against trying to meet befor e February 1996. At 
the first planning meeting, stakeholder participant s said the time was 
too short to meet without conflicting with previous ly planned events, 
such as tribal elections. In addition, they recomme nded that the CAO hold 
forums in smaller communities along the waste trans portation routes, in 
addition to the proposed forum in Albuquerque. 
Further, some members refused to participate in the  planning meetings 
until the CAO provided them with the budget for the  overall public 
outreach program and the proposed forum, and docume ntation of 
responsiveness to concerns expressed at previous me etings and forums. The 
overall public affairs budget inside the DOE genera lly had become an 
issue in this same time frame, focusing the attenti on of state advocacy 
groups on the WIPP as one office within the DOE. Th e issue accelerated 
when an Albuquerque paper ran a story about the num ber and make-up of the 
WIPP's outreach office, and the request for both th e overall and forum 
budget numbers should not have been a surprise. 
More of a surprise was the request for documentatio n of responsiveness. 
The CAO has prepared responsiveness matrices for mo st of the meetings in 
question. These matrices provided a thorough, organ ized way to track who 
was responsible for what, and individual action ite ms were checked off 
one-by-one. What had not been done as tenaciously, however, was to 
summarize, at the time when all the action items ha d been completed, the 
CAO's response to issues brought up at the forum an d to transmit its 
response systematically to stakeholders. We set abo ut taking that crucial 
final step. 
At a second planning meeting, the group recommended  that the CAO not hold 
the Albuquerque forum in February at all, but rathe r, concentrate on the 
recommended smaller meetings and devote available f unding to the outreach 
and involvement program for the second SEIS. They a lso asked that the CAO 
invite representatives of diverse points of view to  participate in other 
meetings it has with the public. After further disc ussion, the group 
agreed that it would be helpful to the public for a ny of the concerned 
entities -- the CAO, the state, or specific interes t groups -- to invite 
representatives of diverse viewpoints to participat e in meetings they may 
hold. This way, stakeholders would not have to atte nd many meetings to 
get a balanced picture of the issues. The group als o asked the CAO to 
publish diverse viewpoints. 
LESSONS LEARNED 



Lessons learned are always somewhat more apparent i n hindsight than they 
are in the making. The lessons below guide our futu re interactions. 
1. Working with stakeholders can have beneficial ef fects on other 
programs. Collaboration between the CAO and its sta keholders in advance 
of the planning of the stakeholder was beneficial t o the overall outreach 
effort. In our pre-forum planning, we quickly ident ified unresolved 
issues that we took action to correct. 
2. Don't get stuck in a rut. Just because something  works well the first 
and second time does not mean it will work well the  third time. We found 
that although stakeholders praised the forums of 19 93 and 1994, it was 
not necessarily the right thing to do in 1995. Stak eholder interests and 
concerns should be viewed as an on-going "video," r ather than a 
"snapshot." 
3. Be flexible. The CAO wanted to hold another stak eholder forum, but 
stakeholders stated loudly and clearly that their n eeds would be 
satisfied better by smaller meetings in different l ocations; by meetings 
at the generator sites; and by a beefed-up hearing process for the SEIS. 
The CAO's response -- without acrimony -- was, "If you do not need this 
meeting, we do not want to waste resources organizi ng it." 
4. Be innovative. The CAO's initial response to the  "rejection" of a 
stakeholder forum could have been negative. Rather,  it was taken as an 
opportunity to work with stakeholders to develop a new model for 
stakeholder interactions, particularly meetings. As  of the writing of 
this paper, CAO intends to continue to work with st akeholders to achieve 
a model that fits their information needs and CAO's  outreach and 
involvement goals. 
5. Tie stakeholder interactions to decisions to be made. The stakeholder 
forum of 1993 was for the purpose of soliciting fee dback on specific 
decisions the DOE had to make. The 1994 version had  no similar "hook," 
which perhaps caused stakeholders to see it as less  fruitful than its 
predecessor. The CAO did, however, make changes in response to that 
forum; they simply were not as far-reaching as thos e of 1993, nor did the 
CAO provide the clear message of its changes. Stake holders might have 
viewed the forum as more successful had they had a clearer idea of its 
impacts. One lesson here is that action items the D OE agrees to take 
should be viewed as promises -- as commitments to b e kept. The related 
lesson follows in #6. 
6. Make sure responses to concerns are relayed to s takeholders as soon as 
possible. While the CAO had tracked and responded t o stakeholder 
concerns, it had not completed the circle at the en d of the process by 
preparing a summary of responses and providing them  to all who attended 
the meetings in question. This lack of an "overall"  response made the CAO 
appear to be unresponsive. In these changing times of "more is better," 
it becomes a refreshing view of a new reality to se e stakeholders and the 
DOE working together to identify the best uses of l imited and shrinking 
funds for the involvement of the public in waste ma nagement decisions. 
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ABSTRACT 
The Waste Isolation Pilot Plant (WIPP) is intended to be a repository for 
defense transuranic (TRU) waste in the bedded salt deposits of 
Southeastern New Mexico. Exploration for the WIPP s ite began in 1974 but 
the repository is not open yet. The reason for this  delay is that the 
U.S. Department of Energy (DOE) has not yet complet ed the documentation 
to show that the TRU waste can be safely disposed i n the repository. From 
1974 to 1993, the DOE and its predecessor agencies planned to first 
emplace varying amounts of TRU waste at the undergr ound repository for 
"Research and Development" or "Operational Demonstr ation", etc. Only 
since 1994 has the DOE focused on completing the sc ientific evaluation 
necessary to assess WIPP as a permanent repository.  Much work still needs 
to be completed to prepare a robust document showin g compliance of WIPP 
with the Environmental Protection Agency (EPA) Stan dards for safe 
disposal of transuranic waste. This document must t hen be certified for 
compliance with the disposal regulations by the EPA . The DOE plans to 
submit the documentation in the form of an applicat ion to the EPA in 
October 1996. The WIPP Land Withdrawal Act (Public Law 100-579) of 1992 
requires the DOE to also demonstrate compliance wit h other relevant 
health, safety and environmental regulations. Final ly, the WIPP facility 
must be operationally ready with radiation protecti on measures in place 
to start receiving waste for disposal and the DOE w aste generators must 
be ready with appropriately characterized waste to start shipping the 
waste to WIPP. 
INTRODUCTION 
The Waste Isolation Pilot Plant (WIPP) has been con structed to be a 
geologic repository in bedded salt formation in sou theastern New Mexico 
for permanent disposal of defense transuranic (TRU)  waste. The repository 
is located 40 km east of Carlsbad, New Mexico, in t he northern part of 
the Permian age Delaware Basin, at a depth of 655 m eter below the 
surface. The geohydrologic setting of the site and a summary of the 
geohydrologic issues that affect the WIPP performan ce assessment are 
summarized in Chaturvedi (1993)(1). A summary of th e unresolved 
performance assessment issues for the WIPP is provi ded by Chaturvedi, 
Lee, Silva and Neill (1995)(2). 
The Environmental Evaluation Group (EEG) was establ ished in 1978 as an 
interdisciplinary group of scientists and engineers  to provide an 
independent technical evaluation of various aspects  of the WIPP project 
to protect the health and safety of the people of N ew Mexico. The group 
is funded 100% by the DOE and has offices in Albuqu erque and Carlsbad. 
WHY IS WIPP NOT OPEN YET? 
Site investigations for the WIPP in southeastern Ne w Mexico began in 1974 
following abandonment of the Lyons, Kansas site in 1972. The initial site 
for WIPP was located about 11 km northeast of the p resent site but was 
abandoned after a borehole (ERDA-6) indicated unacc eptable geologic 
deformation, and pressurized brine was encountered in that bore hole at a 
depth of 826 meter. The U.S. Department of Energy ( DOE) and its 
predecessors planned the WIPP to be a "pilot plant"  and a "research and 



development facility", and expected to justify empl acement of large 
quantities of waste  as much as 200,000 drums of co ntact-handled 
transuranic (CH-TRU) waste in 1982 (3)  before maki ng the decision to use 
the facility as a permanent repository. This attemp t to temporarily 
emplace some waste at WIPP continued until 1993 whe n it became clear that 
a scientific justification for experimenting with w aste in an underground 
repository did not exist and the cost and engineeri ng problems were too 
overwhelming to justify such an endeavor. The WIPP is not open for waste 
in 1996, 22 years after the site investigations beg an, because the DOE 
did not focus on demonstrating the suitability of t he site and the 
facility for permanent disposal of TRU waste. Becau se of the lack of this 
focus, scientific and analytical work was not targe ted towards the goal 
of making the decision to use the WIPP as a permane nt repository until 
1993. 
PROCESS OF DECISION MAKING FOR A PERMANENT REPOSITORY: THE EPA STANDARDS 
The purpose of WIPP is to isolate transuranic radio active wastes that are 
hazardous due to the long-lived alpha emitting acti nides. The WIPP waste 
will contain about 9 metric tons of Plutonium-239 w ith a half-life of 
24,000 years. Thus, the decision to permanently dis pose waste in such a 
repository has to be based on projection of the rep ository's integrity 
for several tens of thousands of years. A formal pr ocess specifically 
developed to conduct such an analysis is described below. 
Beginning in 1979, both DOE and EEG did determinist ic calculations of the 
radiological consequences of the radioactive waste returning to the 
biosphere. The 1980 DOE WIPP Final Environmental Im pact Statement 
established that the peak discharge activity would occur at 1.3 million 
years. In 1985, the U.S. Environmental Protection A gency (EPA) 
promulgated "Environmental Radiation Protection Sta ndards" (40 CFR 191) 
(4) for the disposal of high level and transuranic waste. Subpart A of 
these standards specifies maximum allowable radiati on doses received by 
members of the public as a result of management and  storage of 
transuranic waste, i.e. during operations. Subpart B of 40 CFR 191 
specifies probabilistic limits of release of radion uclides to the 
environment for 10,000 years and requires demonstra tion of projected 
releases meeting these standards through probabilis tic risk analysis 
called the "performance assessment". The following justification was 
provided by the EPA for selecting a period of 10,00 0 years for analyzing 
the integrity of a repository. 
 A period of 10,000 years was considered because th at appears to be long 
enough to distinguish geologic repositories with re latively good 
capabilities to isolate wastes from those with rela tively poor 
capabilities. On the other hand, this period is sho rt enough so that 
major geologic changes are unlikely and repository performance might be 
reasonably projected. (Federal Register, Vol. 50, N o. 182, pp. 38070-71, 
September 19, 1985).* 
The EPA's disposal standards were legally challenge d in 1987 on grounds, 
among others, that they were less stringent than th e Clean Water Act of 
1971, without providing any justification for the d ifference. The First 
Circuit Court of Boston remanded the Standards to t he EPA for revision 
and repromulgation. The State of New Mexico entered  into a formal 
agreement with the DOE within a few days to continu e to evaluate WIPP 
against the vacated 1985 Standards because the stan dards were not 
expected to change significantly. The revised Stand ards were published 
6.5 years later on December 20, 1993 (6). As direct ed by the WIPP Land 



Withdrawal Act (P.L. 102-579, Sec. 8), amendments w ere made only to those 
parts of the Standards in which the Court had found  fault, leaving the 
bulk of the Standards unchanged. 
The process of assessing compliance with the EPA St andards and the status 
of the unresolved issues in demonstrating such comp liance was described 
by Chaturvedi, Lee, Silva and Neill (1995) (2). The  following section 
describes a history of this effort and a January, 1 996 update on the 
status of the unresolved issues. 
The criteria for compliance (40 CFR 194) with the s tandards for safe 
disposal (40 CFR 191) are scheduled to be issued by  EPA in February, 
1996. 
 EVOLUTION AND STATUS OF THE WIPP PERFORMANCE ASSESSMENT 
The task of assessing the WIPP's compliance with th e EPA Standards (4) 
was first assigned by the DOE to the WIPP Managemen t and Operating 
Contractor, the Westinghouse Waste Isolation Divisi on, in 1985, and then 
to the Sandia National Laboratories in 1986. Betwee n 1986 and 1988, the 
DOE focused on making preparations to start receivi ng waste in October 
1988. One of the 8 panels, consisting of 7 rooms, e ach 91.5 m x 10 m x 4 
m (300 ft x 33 ft x13 ft), enough to store approxim ately 40,000 CH-TRU 
drum equivalents in the rooms, was excavated during  this period. But the 
first "Preliminary Comparison with 40 CFR 191, Subp art B for the Waste 
Isolation Pilot Plant" (7) was not published until December, 1990. Two 
additional "Preliminary Comparison with 40 CFR 191"  (8) and "Preliminary 
Performance Assessment" (9) were published in Decem ber, 1991 and December 
1992. The WIPP Land Withdrawal Act of 1992 (P.L. 10 2-579) allowed the DOE 
to emplace up to 0.5% of the total planned capacity  of the CH-TRU waste 
at WIPP for a test phase and also required the DOE to submit an 
application for certification of compliance with 40  CFR 191 Subpart B 
within 7 years after the first receipt of TRU waste  at WIPP. 
In less than one year after the promulgation of the  WIPP Land Withdrawal 
Act, however, the DOE abandoned the idea of conduct ing experiments with 
actual TRU waste in the WIPP underground. EEG had r ecommended that this 
decision be taken and the reasons are described in Chaturvedi and Neill 
(8). 
THE DOE SCHEDULE FOR THE DISPOSAL DECISION 
After abandoning the plans to conduct experiments w ith TRU waste in 1993, 
the DOE announced an accelerated plan to demonstrat e WIPP's compliance 
with the EPA Standards, 40 CFR 191 Subpart B. A "Sy stems Prioritization 
Method" (SPM) plan was instituted in early 1994 to determine the optimal 
set of "activities" (laboratory and field experimen ts, numerical 
simulations, analyses, etc.) that would demonstrate  compliance. The SPM 
was the focus for the DOE compliance activity from March 1994 to May 
1995. On June 2, 1995, the DOE announced the decisi on to conduct some 
experiments and not conduct others, based on the SP M analysis. The EEG's 
analysis of the SPM results showed that the particu lar activity set 
selected by the DOE was not unique for the assumed probability of 
demonstrating compliance, the cost, and the duratio n parameters. There 
appear to be 690 other activity sets that fulfilled  those requirements. 
The DOE responded by stating that the decision invo lved a management 
judgement in addition to the objective analysis. In  any case, it appears 
that the elaborate exercise further detracted the p roject from conducting 
activities that would help it demonstrate that the WIPP can be used as a 
permanent repository. 



This is particularly significant because the DOE sc hedule to submit the 
compliance application to the EPA has become progre ssively tighter. 
According to Revision 2 (October 6, 1995) of the DO E's WIPP Disposal 
Decision Plan, the Compliance Certification Applica tion will be submitted 
to the EPA in October 1996. To keep this schedule, the deadline for 
results of the experiments currently in progress fo r the "performance 
assessment" (P.A.) calculations is March 1996, and the P.A. calculations 
have to be completed by June, 1996. This schedule l eaves no time for 
resolution of the performance assessment issues (se e Chaturvedi, Lee, 
Silva and Neill, 1995) (2), and the certification p rocess of the 
application may therefore be a difficult one. 
OTHER ACTIONS TO BE COMPLETED 
In addition to the Compliance (with 40 CFR 191) Cer tification 
Application, the WIPP Land Withdrawal Act requires other actions to be 
completed before TRU waste can be disposed at WIPP.  Furthermore, the DOE 
has to make some decisions (e.g. the design of engi neered barriers, shaft 
and panel seals, etc.) in the process of preparing the application and 
has to be operationally ready to start emplacing th e waste. The following 
is a brief description of these requirements. 
Waste Characterization and Inventory 
The Waste Acceptance Criteria (WAC) for the WIPP wa ste are being changed. 
The generator sites have to prepare waste for shipm ent according to these 
criteria. The inventory of waste meeting the WAC is  not yet clear. 
Because of the lack of waste characterization facil ities for remote-
handled transuranic (RH-TRU) waste, the RH-TRU wast e is not scheduled for 
shipment until the year 2002 and that projection ma y be optimistic. Since 
RH-TRU canisters will be emplaced in the walls of t he repository rooms 
before stacking CH-TRU drums and boxes, initial CH- TRU emplacement will 
result in lost design space for the RH-TRU. 
Performance Assessment 
Deficiencies continue to exist in the scenarios for  breach that have not 
yet been analyzed, geohydrologic and waste characte ristics data to 
support the conceptual models selected, quality ass urance of data and 
computer codes, and justification of input paramete r values in the 
absence of experimental data. These deficiencies wi ll have to be resolved 
to conduct robust performance assessment for an acc eptable compliance 
application. 
Operational Readiness 
A revised Safety Analysis Report (SAR) is being pre pared to document the 
safety of the operations. Issues remaining to be re solved include: 
operation of Continuous Air Monitors (CAMs) in a he avy salt dust 
environment and the degree of reliance on CAMs, ope rational hazard 
studies, RH-TRU waste emplacement, and the procedur es and practices to 
ensure radiation protection of the workers and the public. 
Section 9 of the WIPP Land Withdrawal Act requires demonstration of 
compliance with Subpart A of 40 CFR 191 that specif ies limits of 
radiation doses to members of the public during the  operational period. 
Design and Testing of the Panel and the Shaft Seals  
Confirmation of the assumed permeabilities of the s eals, used in the 
performance assessment analyses, has to be demonstr ated through tests. 
Engineered Barriers 
Decisions to incorporate engineered barriers in the  WIPP design, as 
required by the Assurance Requirements of the EPA s tandards, have yet to 



be made. Backfill in the WIPP repository is require d by the Consultation 
and Cooperation Agreement between the DOE and the S tate of New Mexico. 
Plans for Decommissioning and Post-Decommissioning Management of the WIPP 
Site 
These plans are required by the WIPP Land Withdrawa l Act (P.L. 102-579, 
1992, Sec. 7 (b)(2)). 
Acquisition of Federal Oil and Gas Leases 
Required by the WIPP Land Withdrawal Act, Sec. 7 (b )(4), unless the EPA 
Administrator determines that such acquisition is n ot required. 
Comprehensive Recommendations for the Disposal of A ll TRU Waste 
Required by the WIPP Land Withdrawal Act, Sec. 7(b) (5), because the WIPP 
is intended only for retrievably stored waste and t he waste yet to be 
generated. About 80% of the existing TRU waste is b uried in shallow 
ground at various DOE facilities.  
Survey Identifying All TRU Waste Types at All Sites  
Required by WIPP Land Withdrawal Act (Sec. 7(b)(6).  
Compliance with the RCRA 
The TRU waste destined for the WIPP will contain vo latile organic 
compound (VOC) residues absorbed on metal, paper, c loth or other 
absorbent surfaces. The compounds present in quanti ties greater than 1 
ppm include carbon tetrachloride (CCl4), methylene chloride (CH2CCl2), 
1,1,1-trichloroethane and 1,1,2-trichloroethylene ( TCE). The WIPP is 
regulated by Solid Waste Disposal Act as amended by  the Resource 
Conservation and Recovery Act (RCRA, 42 USC 6905 et  seq) as a 
miscellaneous land disposal unit under 40 CFR part 264 Subpart X, and 
must demonstrate under 40 CFR 268.6 that VOCs will not migrate from the 
site. Absence of migration is demonstrated by a No- Migration 
Determination (NMD), to be made by the U.S. Environ mental Protection 
Agency (EPA), and by a permit to be issued by the N ew Mexico Environment 
Department pursuant to the New Mexico Hazardous and  Solid Waste Act. EPA 
made a No-Migration Determination for the now defun ct test phase of the 
WIPP. Limits allowed by the EPA in the test phase N MD were based on data 
from headspace measurements made on about 220 drums  (9). The test phase 
NMD conditions will not apply after closure, and po tential emissions from 
the WIPP must therefore be recalculated. 
Compliance with other Environmental Laws and Regula tions 
Section 9 of the WIPP Land Withdrawal Act also requ ires compliance with 
the Clean Air Act; the Safe Drinking Water Act; the  Toxic Substances 
Control Act; the Comprehensive Environmental Respon se, Compensation and 
Liability Act (CERCLA); and all other applicable fe deral laws pertaining 
to public health and safety or the environment. 
SUMMARY 
Many actions are yet to be completed by the DOE bef ore a decision can be 
made to use the WIPP facility as a permanent reposi tory for transuranic 
waste. Until these actions are completed, neither t he Environmental 
Protection Agency nor oversight agencies can judge whether WIPP is safe 
for waste disposal. 
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ABSTRACT 
The United States Department of Energy (DOE) Carlsb ad Area Office (CAO) 
has responsibility for developing and implementing the National 
Transuranic (TRU) Program (NTP). The mission of the  NTP is to integrate 
the national TRU-waste system in order to ensure th at all TRU waste under 
the purview of the DOE is effectively and systemati cally managed from its 
generation to its disposal. The mission encompasses  the generation/ 
storage/retrieval, characterization, certification,  treatment, 
packaging/transportation, and disposal of TRU waste . Each element of the 
TRU system has varying degrees of involvement and g uidance from the NTP. 
In keeping with the DOE goal of integration, the NT P is in the process of 
merging the individual generator site management ef forts into one system. 
The touchstone of this effort is the preparation of  the TRU Waste 
Management Plan. The benefits resulting from the Pl an include savings in 
costs and efforts, consistency in meeting regulator y requirements, 
widespread use of developed technologies, and accel eration of site 
cleanup and permanent disposal schedules. The proce ss for preparing the 



Plan requires scrutiny of the entire TRU waste mana gement system by means 
of utilizing a computer model which, by using diffe ring scenarios, will 
determine the optimum configuration for TRU waste m anagement activities. 
Effective integration and execution of this strateg y will require 
centralized guidance from the NTP to the generator sites. 
The DOE's goal is to eliminate temporary storage of  TRU waste and achieve 
environmentally sound and permanent disposal at the  Waste Isolation Pilot 
Plant (WIPP) near Carlsbad, New Mexico. In order to  accomplish this goal, 
the National TRU system must prepare waste to suppo rt the initial opening 
of WIPP and provide waste for a consistent and effi cient operation at the 
WIPP facility. 
INTRODUCTION 
For more than 40 years, the mission of the DOE has involved the 
production of nuclear weapons and conducting resear ch with nuclear 
materials. These activities have generated signific ant quantities of 
radioactive wastes, which are currently stored at g eneration sites 
throughout the DOE complex. Over the past decade, n ational priorities 
have shifted, and the mission of the DOE now emphas izes environmental 
cleanup and safe, permanent disposal of radioactive  wastes.  
The NTP was established in the newly-created CAO in  December 1993 to 
integrate and coordinate TRU waste management activ ities throughout the 
DOE complex. The mission of the NTP is to integrate  the national TRU 
waste system to assure that all TRU waste under the  purview of the DOE is 
effectively and systematically managed from its gen eration to its 
disposal.  
TRANSURANIC WASTE 
To ensure effective waste management and disposal, radioactive wastes are 
divided into four major categories: spent fuel, hig h-level radioactive 
waste, low-level radioactive waste, and TRU waste. The focus of this 
paper is on TRU and TRU-mixed waste. TRU waste is d efined as radioactive 
material contaminated with greater than 100 nanocur ies per gram of 
transuranic elements (elements which have atomic nu mbers greater than 
92), with half-lives greater than 20 years. TRU was te is further 
designated as either contact-handled (CH) waste or remote-handled (RH) 
waste, depending on the dose rate at the surface of  the waste container. 
If the dose rate is 200 millirems per hour or less,  the waste is 
designated as CH-TRU; if the dose rate is in excess  of 200 millirems per 
hour, the waste is designated as RH-TRU. TRU-mixed waste is TRU waste 
that also contains hazardous constituents (1). For the purposes of this 
paper, the term "TRU waste" includes both TRU and T RU-mixed waste. 
Prior to 1970, there was no classification for TRU- contaminated waste. 
Waste contaminated with TRU radionuclides was commi ngled with other 
wastes and disposed of on-site in shallow landfill configurations. These 
wastes are referred to as "pre-1970 buried" wastes.  In 1970, the U.S. 
Atomic Energy Commission (AEC) concluded that waste  containing long-lived 
alpha-emitting radionuclides should have greater co nfinement from the 
environment. Therefore, all TRU waste generated sin ce the early 1970s has 
been segregated from other waste types and placed i n retrievable storage 
pending shipment and disposal in a geologic reposit ory. These wastes are 
referred to as "retrievably stored" wastes. Until 1 984 the minimum 
radionuclide concentration level for defining TRU w astes was greater than 
10 nanocuries per gram; however, in 1984 the concen tration level was 
revised to greater than 100 nanocuries per gram (1) . 
THE WASTE ISOLATION PILOT PLANT 



In the 1950s, the U.S. Atomic Energy Commission req uested the National 
Academy of Sciences (NAS) to study the permanent di sposal of radioactive 
wastes. The NAS study concluded that disposal in de ep geologic salt beds 
offered the greatest potential for safely isolating  TRU waste from the 
environment. Consequently, the DOE began developing  plans for a deep 
geologic repository. After evaluating several poten tial disposal sites 
throughout the country, the DOE selected a site in southeastern New 
Mexico which met all selection criteria. The WIPP, located 26 miles east 
of Carlsbad, New Mexico, is the first DOE facility designed to 
demonstrate the safe disposal of TRU waste in deep salt beds (1).  
The WIPP was authorized by the DOE National Securit y and Military 
Applications of Nuclear Energy Act of 1980 (Public Law 96-174) for the 
express purpose of "providing a research and develo pment facility to 
demonstrate the safe disposal of radioactive waste resulting from the 
defense activities and programs of the United State s exempted from 
regulation by the Nuclear Regulatory Commission" (2 ).  
On October 30, 1992, the U.S. Congress passed the W aste Isolation Pilot 
Plant Land Withdrawal Act (LWA) (Public Law 102-759 ), which transferred 
control of the federal land on which the WIPP is lo cated from the U.S. 
Department of the Interior to the DOE. In addition,  the LWA established a 
set of environmental, safety, and health requiremen ts that must be met 
before waste can be shipped to WIPP, and required t he EPA to establish 
disposal standards for TRU waste (3). 
The WIPP facility, scheduled to begin receiving CH- TRU waste in 1998, has 
a design capacity of 175,600 cubic meters of CH-TRU  waste and 7,080 cubic 
meters of RH-TRU waste. The WIPP disposal horizon i s located at a depth 
of 655 meters below the ground surface. The waste d isposal area will 
consist of eight panels, each of which will contain  seven rooms. Each 
room will have nominal dimensions of 91 meters long , 10.1 meters wide, 
and 4 meters high. The storage rooms and panels wil l be excavated in 
stages, coordinated with the scheduled arrival of w aste (1). 
NATIONAL TRU PROGRAM 
In order to accomplish its mission of ensuring effe ctive, integrated, 
cradle-to-grave management of TRU wastes throughout  the DOE complex, the 
NTP is developing a National TRU Waste Management P lan. The Plan will 
provide long-term guidance for the coordination and  integration of TRU 
waste activities throughout the DOE complex. The Pl an will also identify 
specific TRU waste management initiatives and provi de a systematic 
prioritization of the projects needed to meet the p rincipal NTP waste 
management objective - the permanent disposal of al l TRU waste. The 
benefits of such a plan include savings in preventi ng duplication of 
costs and efforts, consistency in meeting regulator y requirements, 
expanded utilization of developed technologies, and  acceleration of 
sites' cleanup and permanent disposal schedules.The  process for 
developing a comprehensive National TRU Waste Manag ement Plan is 
comprised of several major activities. The first in volved establishing a 
National TRU Waste Program Management Objective, wh ich is the cornerstone 
upon which all of the NTP's goals and initiatives a re based. This 
objective is as follows: 
In the interest of ensuring the health and safety o f the public as well 
as protecting the environment, the National TRU Pro gram will pursue the 
most efficient and effective means, in terms of sch edule and budget, for 
the permanent disposal of all TRU waste (4). 



The second major activity is to identify initiative s or special studies 
and associated milestones for each of the six funct ional elements of the 
TRU waste system. These elements are the generation /storage/retrieval, 
characterization, certification, treatment, packagi ng/transportation, and 
disposal of TRU waste. Each of the elements in the TRU waste system are 
discussed in further detail later in this paper.  
Development of the National TRU Waste System Model (NTWSM) is the third 
major activity in developing the NTP Waste Manageme nt Plan. The NTWSM is 
a computer simulation model designed to evaluate th e preparation and flow 
of TRU waste from generation and storage locations in the DOE complex to 
final disposal at the WIPP. The NTWSM will integrat e the program 
initiatives, evaluate various TRU waste system conf igurations, and 
provide information for decision making and program  prioritization. The 
first product of the NTWSM will be the evaluation, documentation, and 
acceptance of a baseline system configuration scena rio. This baseline 
scenario will describe the current TRU waste system  configuration and 
capabilities and will be used to compare the effect iveness of all other 
alternative system configuration scenarios. After t he baseline scenario 
is established, multiple alternative scenarios will  be evaluated to 
determine their effectiveness in terms of cost and schedule improvements 
relative to the baseline. Once optimal configuratio ns are identified, 
they will be further developed, evaluated, and docu mented as part of the 
Management Plan, which will be used to provide comp lex-wide programmatic 
configuration recommendations for future fiscal yea rs. Successful 
implementation of the plan will result in the maxim um amount of TRU waste 
possible being removed from the generator sites and  permanently disposed 
in a safe, cost-effective, efficient manner.  
Stakeholder involvement will be incorporated throug hout all stages of the 
development process, including data collection, sce nario development, 
modeling, and post-modeling evaluations. The accept ance and 
implementation of the National TRU Waste Management  Plan will involve 
many organizations, including the DOE, regulatory a gencies, the National 
Governors Association, the DOE Federal Facilities C ompliance Act 
(FFCAct), Policy Coordination Group (PCG), and a nu mber of other 
stakeholders.  
Almost all of the TRU waste in the DOE complex gene rated since 1970, and 
future TRU waste to be generated, are destined for disposal at the WIPP. 
Therefore, the WIPP facility is a key component of the NTP disposal 
strategy.  
NATIONAL TRU WASTE SYSTEM  
To ensure that generator/storage sites throughout t he DOE complex are 
prepared to ship their TRU waste to WIPP in 1998, t he NTP has developed 
initiatives in each of the six functional elements of the National TRU 
Waste System. Figure 1 illustrates the TRU Waste Sy stem Process in terms 
of these six elements and identifies significant mi lestones to be 
accomplished in developing the National TRU Waste M anagement Plan. A 
summary of each functional element, along with a de scription of current 
initiatives for each element, is provided in the fo llowing sections. 
Fig. 1 
Generation/Storage/Retrieval 
The generation of TRU waste has evolved over time a s the DOE mission has 
changed. In the past, DOE's major role was research , development, and 
production of nuclear weapons, which produced large  quantities of TRU 
waste. Over the past decade that role has decreased  and emphasis has been 



placed on decontamination and decommissioning (D&D)  of DOE facilities as 
well as the environmental restoration of the DOE nu clear weapons complex. 
Both of these activities are expected to add large volumes of newly-
generated TRU waste to the current inventory.  
CH-TRU waste is currently stored in a variety of fa cilitiesbermed pads, 
open storage, air support buildings, expandable eng ineered sprung 
structures, and conventional buildings. RH-TRU wast e storage facilities 
consist of a mixture of shielded compartments for t he remote handling of 
highly radioactive wastes (hot cells), covered tank s, and concrete 
culverts.  
Storage capacity at the generator sites for CH-TRU waste is currently 
being built to ensure RCRA-compliant storage. If th e opening of WIPP is 
significantly delayed beyond its 1998 scheduled ope ning, additional CH-
TRU storage facilities will be needed. With regard to RH-TRU waste, all 
but two generator sites have adequate storage facil ities to accommodate 
their existing and projected waste. The sites which  do not have adequate 
storage capabilities are the Hanford Reservation (H anford) and Oak Ridge 
National Laboratory (ORNL). These two sites have th e vast majority of RH-
TRU waste. ORNL has plans to construct two new faci lities which, if 
completed as scheduled, will adequately meet its fu ture storage needs. 
Hanford has the largest demand for RH-TRU waste sto rage. Assessments have 
identified an unfinished reactor facility as a poss ible location for 
storage and treatment of radioactive wastes, but it  would require 
extensive retrofitting. Another option would be to build a facility 
specifically designed for RH-TRU waste storage. 
According to Revision 1 of the Waste Isolation Pilo t Plant Transuranic 
Waste Baseline Inventory Report (WTWBIR), there are  approximately 72,598 
cubic meters of CH-TRU waste and 1,165 cubic meters  of RH-TRU waste 
currently in storage at the 10 major facilities (la rge-quantity sites) 
and more than 20 smaller facilities (small-quantity  sites) located 
throughout the country. Locations of the major faci lities are shown in 
Fig. 2. In addition, the WTWBIR indicates that appr oximately 50,553 cubic 
meters of CH-TRU and 3,650 cubic meters of RH-TRU w aste will be generated 
from D&D and environmental restoration activities t hrough the year 2023 
(5). Table I lists volumes of stored and projected TRU waste, by site. 
Fig. 2 
Table I 
The NTP has identified several initiatives within t his functional 
element. One is to develop waste minimization progr ams at all generator 
sites. In addition, the NTP is preparing revisions of the WTWBIR, which 
will describe the WIPP inventory by waste stream an d identify important 
waste parameters of both existing and projected was te volumes at each DOE 
facility. These data will provide important input t o the Performance 
Assessment and Compliance Certification Application , which is the 
document demonstrating WIPP's compliance with EPA s tandards. The NTP will 
also define documentation and characterization requ irements for newly-
generated waste in order to preclude the need to re -characterize drums of 
newly-generated waste prior to disposal at WIPP. 
Waste Characterization 
Developing a complex-wide waste characterization pr ogram is an essential 
part of the NTP mission. This includes identifying waste characterization 
requirements and developing the required technology  and methods to obtain 
waste characterization and inventory data that supp ort regulatory 
compliance and systems planning activities. In orde r to ship waste to the 



WIPP, the generator sites will need to characterize  the waste to ensure 
that the WIPP Waste Acceptance Criteria (WAC) are m et. The WIPP WAC 
document identifies and consolidates existing crite ria and requirements 
which regulate the safe handling and preparation of  TRU waste packages 
for transportation to and long-term emplacement in the WIPP (6). Below is 
a list of the major documents and regulations which  form the basis for 
the WIPP WAC.  
  WIPP Land Withdrawal Act (Public Law 102-579)  
  Resource Conservation and Recovery Act  
-  Part B (40 CFR 264)  
-  EPA No Migration Determination (40 CFR 268) 
  WIPP Safety and Analysis Report 
  TRUPACT Safety and Analysis Report for Packaging 
  Compliance Certification (40 CFR 191, 40 CFR 194)  
The WIPP WAC provides the specific criteria each wa ste package must 
satisfy regarding content, characterization, and do cumentation. Although 
some revision to the WAC may be necessary due to th e EPA's final WIPP 
certification and the State of New Mexico's RCRA pe rmit for the WIPP, 
waste characterization can be performed now. To ens ure that the 
generator/storage sites comply with the WIPP's wast e characterization 
requirements, the Carlsbad Area Office prepared a T ransuranic Waste 
Characterization Quality Assurance Program Plan (QA PP) (7). The QAPP 
requires site-specific sampling plans, describes sa mple collection and 
custody procedures, and establishes the quality ass urance objectives for 
each method used to characterize TRU waste. The QAP P requires that CH-TRU 
waste streams be characterized using acceptable kno wledge, radioassay, 
radiography, headspace gas analysis, visual examina tion, and destructive 
analysis. Each generator site must develop a site-s pecific Quality 
Assurance Project Plan (QAPjP) which documents how the site will meet 
each of the required elements of the QAPP.  
An NTP characterization initiative which was recent ly completed was the 
development of a Waste Characterization Systems Ana lysis, which evaluated 
various configurations of equipment and facilities to determine the 
optimum configuration for meeting TRU waste storage , transportation, and 
disposal characterization requirements. In addition , the NTP recently 
developed the Mobile Waste Characterization Systems  Analysis. This 
analysis was an important element of the Waste Char acterization Systems 
Analysis, but was developed separately. The mobile analysis evaluated 
various levels of mobile characterization capabilit y, ranging from 
characterizing waste to meet only transportation re quirements, to 
characterizing waste to meet all disposal requireme nts. The systems 
analysis determined operational requirements, defin ed potential 
alternatives to enhance current fixed characterizat ion facilities, and 
identified needed characterization capabilities at TRU waste sites which 
do not have characterization facilities. 
The NTP is currently preparing Revision 5 of the WI PP WAC document, which 
will reflect several significant developments since  the previous WAC was 
last issued, such as the creation of the Carlsbad A rea Office, the 
elimination of the previously planned Test Phase, a nd the submittal of 
several permit and compliance applications. Feasibi lity studies at 
Hanford and ORNL for alternate characterization pro grams and facilities, 
including privatization, have also been conducted. 
Certification 



Waste characterization activities and data are subj ect to certification 
to meet the acceptance criteria of various regulato ry agencies. A key 
component of certification activities are the vario us Performance 
Demonstration Programs (PDPs) which assess and appr ove the performance of 
analytical facilities supplying TRU waste character ization services by 
applying a series of recurring performance tests to  specific analytic 
techniques. 
Major certification initiatives of the NTP include the development of 
PDPs for headspace gas sampling of waste drums, rad ioassay of waste 
drums, and chemical analysis of sludges, and all wi th periodic laboratory 
re-certifications. Certification initiatives also i nclude conducting site 
visits, surveillances, and audits at all DOE sites that have TRU waste 
characterization programs to verify compliance with  the WIPP WAC, QAPP, 
and site QAPjP. 
Treatment 
Treatment processes are designed to physically, che mically, or 
radiologically alter waste forms in order to comply  with specific waste 
acceptance standards. The FFCAct required the Secre tary of Energy to 
submit Site Treatment Plans (STPs) for the developm ent of treatment 
capacity and technologies for treating mixed waste for each facility at 
which DOE stores or generates these wastes. The DOE  submitted Final STPs 
to the EPA or, where applicable, the state regulati ng agency; and, by 
October 1995, Compliance Agreements or Consent Orde rs had been approved 
or issued for most sites. 
In addition, the Carlsbad Area Office conducted a t echnology study to 
fulfill the requirements of Section 19 of the LWA, which stipulates:  
 Within three years after the date of this Act, the  [DOE] Secretary shall 
submit to Congress a study reviewing the technologi es that are available 
and that are being developed for the processing or reduction of volumes 
of radioactive wastes. The study shall include an i dentification of 
technologies involving the use of chemical, physica l, and thermal 
(including plasma) processing techniques (3). 
In response to this requirement, the Radioactive Wa ste Processing and 
Volume Reduction Technology, issued in October 1995 , presents background 
information and summaries of 35 categories of waste  processing 
technologies. Within the 35 categories, 219 process es were reviewed. Of 
the processes reviewed, the vast majority apply to hazardous waste or to 
the hazardous component of mixed waste. Few process es presently exist at 
the commercial level for processing radioactive was te. Many processes 
that are in the conceptual or pilot stage may apply  to radioactive waste; 
however, their availability for future use is uncer tain. Development of 
these potential applications will depend on researc h funding, potential 
cost effectiveness relative to other technologies, and their ability to 
comply with current and future environmental regula tions (8). 
The current DOE treatment strategy consists of impl ementing the treatment 
necessary to meet the WIPP WAC. However, for waste not designated for 
disposal at the WIPP, treatment to other standards may be necessary. 
Initiatives within this element included treatment feasibility studies 
which examined the benefit and cost effectiveness o f treatment processes 
provided by private companies for TRU and alpha-low -level waste at the 
Idaho National Engineering Laboratory (INEL) and a 
treatment/characterization comparison study to dete rmine if the INEL 
treatment privatization feasibility study results c an be extrapolated and 
applied to other facilities within the TRU waste co mplex. In addition, 



data collected from the Mobile Waste Characterizati on Systems Analysis 
and the INEL feasibility study will be combined to determine the 
efficiency of using mobile characterization units t o characterize waste 
for transportation to a potential privately-owned t reatment facility in 
Idaho or at regional treatment facilities across th e DOE complex (9). 
Packaging/Transportation 
The packaging and transportation element consists o f the systems and 
equipment necessary to safely transport TRU waste b etween facilities 
within and across state boundaries. Packaging and t ransportation 
capabilities must meet NRC, Department of Transport ation (DOT), and other 
applicable regulations. In addition, transportation  systems supporting 
the WIPP have other requirements such as emergency response and generator 
site training to assure the health and safety of th e public and the 
environment. A certified Transuranic Package Transp orter (TRUPACT-II) and 
related mobile loading equipment are presently avai lable. 
The TRUPACT-II is an NRC-approved Type B packaging for the transportation 
of CH-TRU waste within the United States. The TRUPA CT-II has a maximum 
payload capacity of 2,835 kilograms, including pall ets, slip sheets, and 
waste packed in either 14 208-liter drums, two 1.9 cubic-meter standard 
waste boxes, or one ten-drum overpack (1). The DOE currently owns 15 
certified TRUPACT-IIs. The current packaging design  for RH-TRU waste is 
the RH-72B Cask. The maximum payload capacity of ea ch RH-72B is 3,629 
kilograms. The payload will consist of RH-TRU waste  in 114- or 208-liter 
drums contained in a canister. The canister is a DO T 7A Type A carbon 
steel single-shell container, with an outer diamete r of approximately 66 
centimeters and overall length of 3.1 meters. Each canister is capable of 
transporting three 208-liter waste drums (1). The R H-72B Cask has been 
designed to meet NRC Type B requirements. An applic ation has been 
submitted to DOE-Headquarters which will, in turn, forward the 
application to the NRC for a Certificate of Complia nce for the RH-72B 
cask. 
One of the NTP packaging and transportation initiat ives is to find ways 
of expanding the TRUPACT-II Envelope of Performance  by conducting tests 
to allow for an increased fissile gram loading limi t and an increased 
wattage limit, which is related to the isotopic act ivity and gas 
generation rates in the TRUPACT-II during transport . The NTP is also 
finalizing the CH-TRU Package Optimization Study, c onsisting of a 
cost/benefit analysis of developing a new CH packag e for waste 
configurations which cannot meet TRUPACT-II require ments versus retaining 
the TRUPACT-II and thereby requiring some sites to repackage the waste to 
meet current TRUPACT-II limits. Initiatives for RH- TRU waste include 
completing the final certification process for the RH-72B Cask and 
investigating alternate packaging configurations. 
Disposal 
Disposal consists of the permanent, non-retrievable  disposition of all 
DOE TRU waste. The initial disposal priority is to use the WIPP facility 
for TRU waste generated after 1970, the date retrie vable interim storage 
began. Disposal recommendations for the waste volum es which are not 
currently designated for disposal at the WIPP are b eing developed in 
conjunction with WIPP disposal operation plans. In addition, the DOE has 
management responsibility for the limited volumes o f TRU waste at 
numerous smaller facilities which can be consolidat ed to minimize the 
disproportionate waste management costs prior to di sposal. 



The DOE CAO is in the process of developing compreh ensive disposal 
recommendations to be submitted to Congress pursuan t to LWA requirements. 
The major activities necessary to support WIPP's op ening are identified 
in the WIPP Disposal Decision Plan (DDP), which pro vides milestones, 
deliverables, and coordination points for all WIPP activities. Revision 1 
of the DDP, issued October 6, 1995, shows CH dispos al operations 
beginning in April 1998; RH operations are planned to begin in 2002. 
A major initiative supporting the disposal system e lement is to complete 
the Comprehensive Disposal Recommendation Study req uired by the LWA. 
Included in the study is the portion of waste which  is not currently 
designated for disposal at the WIPP, such as any wh ich may exceed the 
WIPP capacity, pre-1970 buried waste, and non-defen se waste. In addition, 
the NTP recently completed the RH-TRU Waste Disposa l Strategy document, 
which established the management and disposal strat egy for RH-TRU waste 
and satisfied a WIPP DDP milestone. The NTP is also  conducting an RH-TRU 
Disposal Alternatives Study Assessment, which will analyze RH-TRU waste 
disposal alternatives for the WIPP and will make re commendations for the 
most cost-, schedule- and safety-effective alternat ives. 
CONCLUSION 
Since the NTP was established in the CAO in late 19 93, it has made 
extensive progress toward accomplishing its goals. However, a significant 
number of activities remain to be completed. The mo st important is the 
completion of the National TRU Waste Management Pla n. This Plan will 
establish what needs to be done at each of the gene rator sites as well as 
establish a schedule for completing the tasks. The Plan will identify 
initiatives and alternatives that will vary input d ata into the system 
model. The result will be the best combination of s cenarios to achieve 
the most efficient national system and provide the basis for resource 
allocation, consistent with DOE commitments (i.e., compliance agreements 
with states). Given the current and future resource  constraints, it is 
imperative that the diverse TRU waste programs acro ss the DOE system be 
focused toward a consistent, integrated, and long-t erm national 
management program. Once completed, the Management Plan will provide the 
necessary guidance and prioritization for ensuring an integrated and 
effective TRU waste management program consistent w ith the ultimate 
objective for the safe and efficient management and  disposal of all TRU 
waste. 
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ABSTRACT 
The Department of Energy (DOE) is preparing for dis posal operations at 
the Waste Isolation Pilot Plant (WIPP) in 1998. WIP P is a deep geological 
repository designed for the safe and efficient disp osal of transuranic 
(TRU) wastes. The Waste Acceptance Criteria (WAC) f or WIPP were initially 
developed by a DOE steering committee in 1980. Revi sion 5 reflects the 
latest negotiations and permit requirements from th e Environmental 
Protection Agency (EPA), the State of New Mexico En vironment Department 
(NMED), and the Nuclear Regulatory Commission (NRC) . The regulatory 
requirements are combined with the requirements der ived from the WIPP 
safety analysis performed for disposal operations a nd the original 
criteria established for safe waste handling operat ions.  
The WIPP WAC provides a comprehensive overview of t he requirements and 
basis for developing waste acceptance criteria to m eet today's rules and 
regulations for transportation and disposal of TRU wastes. The authors 
believe that it is a comprehensive criteria and a g uidance manual for 
generator/storage sites who must characterize and c ertify TRU waste for 
disposal at WIPP. It also provides valuable insight  to future projects 
that may develop their own waste acceptance criteri a.  
The WIPP WAC presents the requirements from the fol lowing sources: 
1) Resource Conservation and Recovery Act (RCRA) Pe rmit Application 
2) Land Disposal No-migration Variance Petition 
3) 40 CFR 191 Draft Compliance Certification Applic ation 
4) Certificate of Compliance (C of C) from the NRC for a Type B shipping 
container 
5) Federal Land Withdrawal Act for WIPP 
6) WIPP Safety Analysis Report 
7) WIPP System Design Descriptions (SDDs) 
The WIPP WAC combines operations and nuclear safety  requirements with 
transportation and hazardous waste regulatory requi rements to provide a 
comprehensive set of criteria and requirements that  ensure the safe 
disposal of TRU waste. 
INTRODUCTION 
In 1978 and 1979, the WAC for the Waste Isolation P ilot Plant were 
initially developed by a U.S. Department of Energy Steering Committee. 
The WAC Steering Committee generated a May 1980 rep ort, DOE/WIPP-069, 
titled "Report of the Steering Committee on TRU Was te Acceptance Criteria 



for the Waste Isolation Pilot Plant." The purpose o f the original WAC was 
to provide performance requirements to ensure publi c health and safety as 
well as the safe handling of TRU waste at WIPP. 
A series of revisions consistent with the intent of  the original 
DOE/WIPP-069 were subsequently published to incorpo rate the results of 
ongoing project activities and the comments and sug gestions from others. 
Revision 1, September 1981, reflects consultations between the 
Environmental Evaluation Group (EEG) and the Albuqu erque Operations 
Office WIPP Project. Revision 2, September 1985, re flected continued 
interactions with the EEG and other TRU program par ticipants. Revision 3, 
January 1989, incorporated other requirements such as those in the 
Resource Conservation and Recovery Act (RCRA) and t he TRansUranic PACkage 
Transporter-II (TRUPACT-II) Certificate of Complian ce (C of C) from the 
U.S. Nuclear Regulatory Commission (NRC). Revision 4, December 1991, 
added specific requirements for the Test Phase. Rev ision 5 of the WAC 
reflects the organizational restructuring of the DO E, deletes the Test 
Phase requirements and updates other requirements i nstituted since the 
issuance of Rev. 4. 
DOCUMENT LAYOUT 
WAC Rev 5 defines current criteria and requirements  for characterization, 
certification and acceptance of TRU and TRU mixed w aste at the WIPP. The 
derivation of the criteria defined in this WAC is s hown in Fig. 1. 
Fig. 1 
As depicted by Fig. 1 the WAC now has its basis or justification in a new 
set of documents that were not previously published . Because the WAC 
criteria can now be referenced to WIPP-specific req uirements documents 
the justification section of each criterion was del eted from the current 
revision. 
The criteria and associated requirements needed to ensure safety and 
compliance are listed in Table I "TRU Waste Accepta nce Criteria Summary". 
The "CRITERIA" column lists the individual criterio n addressed in the WAC 
and the "REQUIREMENTS" columns list the limits or c ontrols applied to 
each criterion. 
Table I 
In the WAC document the criteria and requirements f or waste certification 
and acceptance are subdivided into 3 areas, WIPP Op erations and Safety 
Requirements, Transportation Requirements, and Envi ronmental Compliance 
Requirements. Each subsection lists its own require ments for each 
criterion. The WIPP Operations and Safety Requireme nts ensures TRU waste 
is received and disposed in a manner which protects  the public and WIPP 
personnel. The requirements that limit criteria und er this area are 
derived from the WIPP Safety Analysis Report (SAR) and the WIPP System 
Design Description (SDD) for waste handling. The Tr ansportation 
Requirements ensure no release of the payload conte nts from the 
packaging, if and when subjected to extreme acciden t abuse. The 
requirements under this area are derived from the T RUPACT-II and draft RH 
72B Cask Safety Analysis Reports for Packaging (SAR Ps). Environmental 
Compliance Requirements ensure that wastes comply w ith the limits set by 
the Environmental Protection Agency (EPA), New Mexi co Environmental 
Department (NMED) and Congress. The requirements un der this area are 
promulgated in several documents. These documents a re the: 
  WIPP RCRA Permit Application 
  draft No-Migration Variance Petition 
  Waste Isolation Pilot Plant Land Withdrawal Act, Public Law 102-579 



It is the generators responsibility to ensure that the waste meets all of 
the WAC requirements. For ease of understanding and  displaying the 
criteria they were grouped into five categories. Th e categories are: 
  Container and Physical Properties 
  Nuclear Properties 
  Chemical Properties 
  Gas Generation, and  
  Data 
The WAC requirements have in the past caused some c onfusion for generator 
sites because of the number of requirements require d for each criterion 
and the concept of most limiting condition. In WAC,  Rev 5, the 
requirements have been combined in a summary table which lists the 
minimum requirements which must be met to demonstra te full compliance 
with each criterion. To further help the generator/ storage site a 
compliance description section is written for each criterion. The 
compliance section describes the activities or acti ons that must be taken 
to demonstrate full compliance with each criterion.  In addition to the 
organization of the criteria and requirements, the contact-handled (CH) 
criteria are presented separately from the remote-h andled (RH) criteria. 
TECHNICAL CONTENTS 
WAC, Rev 5 has several technical changes from the R ev 4 version. Some of 
the more extensive changes are as follows: 
  The criterion for particulate size and quantity w as deleted. This 
criterion was based on reducing the severity of a d ropped drum accident. 
The latest analysis in the WIPP SAR concluded that accident results are 
not dependent upon the amount of particulate in the  waste form. Neither 
the TRUPACT-II SARP nor RCRA addressed particulate in the waste, so the 
criterion was discontinued. 
  The requirements for liquids was rewritten to cla rify the position on 
free liquids detected in the payload containers. Th e criteria now clearly 
states that it is acceptable to have up to 2 liters  of liquid total in a 
55 gallon drum ( ~1% of the drum volume). This is n ot a change from Rev 
4, but a clarification of what has always been the intent of the 
criterion 
  The ten year life of the bar code labels on drums  has been deleted. The 
requirement for WIPP operations is that it is reada ble at the time of 
receipt at WIPP.  
  The criterion for removable surface contamination  on payload containers 
has been revised to bring it in line with the DOE R ad Con Manual. This is 
actually a reduction in allowable surface contamina tion from the Rev 4 
requirements. It is not expected that this lower re quirement will impose 
a hard ship on generators because the limits are th e same as are 
currently required by the DOE Rad Con Manual.  
  The requirements for the payload container (i.e. 55-gallon drum, etc.) 
has been rewritten to reflect the current configura tion of WIPP waste 
handling operations equipment, the TRUPACT-II and w hat has been described 
in the RCRA permit application. There are numerous other payload 
configurations, but currently, the only containers that can be 
characterized, shipped in a TRUPACT-II or RH 72B ca sk and have been 
described in the permit applications are the DOT Ty pe A 55-gallon drum, 
TRUPACT-II Standard waste Box (SWB) and the RH cani ster described in the 
RH 72B Cask SARP.  
  The CH TRU drum loading limit for acceptance at t he WIPP was reduced 
from 1000 to 80 Plutonium Equivalent Curies (PE-Ci) . The allowable drum 



loading activity of 80 PE-Ci resulted from a resent  reanalysis of the TRU 
waste inventory and calculated off-site dose form p ostulated waste 
handling accidents. The new drum loading limit of 8 0 PE-Ci was determined 
using acceptance criteria for off-site doses to the  general public at the 
WIPP exclusion area boundary rather than at the WIP P Land Withdrawal 
boundary. Drums exceeding 80 PE-Ci may still be acc epted for disposal at 
the WIPP; however, additional analysis will be requ ired to determine if 
additional safe guards are necessary to protect the  public, workers and 
environment. 
  New requirements limiting the levels of drum head space VOC 
concentrations was added. The new limits are based on Back-Calculations 
from the Health-based levels in the draft No-Migrat ion Variance Petition. 
  New requirements for waste characterization and d ocumenting the 
characterization techniques was added to the data r equirements. This 
caused a new form called the Waste Stream Profile F orm to added to the 
WAC. The new form will provide WIPP with documentat ion of actions taken 
to characterize waste for disposal in the WIPP. Thi s completed form and 
selected reports from the WIPP waste information sy stem will be part of 
the records for waste characterization that will be  kept at the WIPP. 
CERTIFICATION  
WAC, Rev 5 furnishes guidance for the preparation o f deliverables 
necessary for implementation of site and waste cert ification. Site 
certification and waste certification are imposed o n TRU waste generators 
in lieu of sampling waste at the WIPP. This is beca use sampling waste at 
WIPP is neither practical nor economical. Site cert ification involves 
generator sites developing written programs that en sure wastes are 
properly characterized and certified to the require ments required for 
transportation and disposal of TRU wastes at the WI PP. Site certification 
is the written acknowledgment by the DOE/Carlsbad A rea Office (CAO) that 
a generator site has the capability to meet the req uirements of the TRU 
Waste Characterization Quality Assurance Program Pl an (QAPP) and the WIPP 
WAC. The CAO ensures these programs are in place an d functioning properly 
by reviewing and approving key generator site docum ents and performing 
periodic (annual) audits of the generator sites for  evidence that the 
programs are functioning as described in the site s pecific documents. 
Waste certification involves determining and docume nting that the waste 
meets the requirements of the QAPP and the WAC. Was te Certification is 
the generator sites written assurance that waste co ntainers shipped to 
and disposed of in the WIPP meet the requirements f or transportation and 
disposal. The WIPP periodically reviews characteriz ation, certification 
and shipping data maintained by generator sites to verify compliance. 
Generator/storage sites (sites) must characterize t heir waste on a waste 
stream basis to site specific and WIPP approved pla ns. After 
characterization of individual payload containers a  TRU waste data 
package is transmitted to the WIPP via the WIPP Was te Information System 
(WWIS). WIPP personnel review the data package for completeness and 
acceptability and provide appropriate notification to the Site. When 
sufficient data from a particular waste stream have  been submitted, the 
site prepares a summary of the waste stream informa tion and 
reconciliation with the Data Quality Objectives (DQ Os) defined in the TRU 
Waste Characterization Quality Assurance Program Pl an (QAPP). This 
summary is compiled in a Waste Stream Profile Form.  The form is completed 
by the generator/storage site and approved and main tained on file by the 
WIPP for acceptance information on future waste shi pments waste. Waste in 



payload containers from approved waste streams are certified for disposal 
in the WIPP in accordance with the WIPP WAC. When e nough payload 
containers have been assembled to form a shipment t hey are certified for 
shipment in the TRUPACT-II for the CH wastes or the  RH 72B Cask for RH 
wastes. The disposal and shipping certification dat a is transmitted to 
the WIPP for approval using the WWIS.  
SUMMARY  
The WIPP WAC is a comprehensive document containing  the latest criteria 
and requirements for TRU mixed waste transportation  and disposal. The WAC 
provides comprehensive operational safety, transpor tation and RCRA 
requirements presented in a simple user friendly fo rmat. In addition to 
the waste acceptance criteria and requirements, gen erator/storage site 
certification, characterization and data reporting requirements are 
established.  
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ABSTRACT 
Since 1970, the Idaho National Engineering Laborato ry (INEL) has provided 
interim storage capacity for transuranic (TRU)-cont aminated wastes 
generated by activities supporting U.S.national def ense needs. 
Approximately 60% of the nation's current inventory  of TRU-contaminated 
waste is stored at the INEL, awaiting opening of th e Waste Isolation 
Pilot Plant (WIPP), the designated federal reposito ry for permanent 
disposal of defense-generated TRU waste. A number o f activities are 
currently underway to enhancing current management capabilities, 
conducting projects that support local and national  TRU management 
activities, and preparing for production-level wast e retrieval, 
characterization, examination, certification, and s hipment of untreated 
TRU waste to WIPP in April 1998. Implementation of treatment capability 
is planned in 2003 to achieve disposal of all store d TRU-contaminated 



waste by a target date of December 31, 2015, but no  later than December 
31, 2018. 
INTRODUCTION 
Transuranic waste is defined (1) as material that h as negligible economic 
value and is contaminated with alpha-emitting radio nuclides with an 
atomic number greater than 92 and a half-life great er than 20 years, and 
in concentrations greater than 100 nCi/g. Since 197 0, the INEL has placed 
approximately 60% of the nation's contact-handled ( CH) TRU-contaminated 
waste in interim retrievable storage pending establ ishment of a permanent 
disposal repository. Approximately 65,000 m3 of TRU -contaminated waste 
contained in about 129,000 drums and 11,000 boxes a nd bins are in storage 
at the INEL Radioactive Waste Management Complex (R WMC). These wastes are 
stored either in air-supported or pre-engineered me tal buildings, or on 
earthen- or tarpaulin-covered asphalt pads. The tot al stored TRU mass is 
823 kg with 500,000 Ci of activity. 
This paper will discuss ongoing activities to: 1) e nhance INEL TRU waste 
management capabilities, 2) conduct technical suppo rt projects supporting 
both local and national needs, 3) implementing full  treatment of TRU-
contaminated waste at INEL,and 4) identify future s trategic direction. 
BACKGROUND 
Since the early 1980s, the INEL has been on a path to evaluate and 
improve TRU waste management capabilities. Characte rization of various 
aged waste was performed in 1980-1985 to support de velopment of real-time 
radiography (RTR) as a nondestructive waste certifi cation technique, 
address issues related to radiolytic production of hydrogen in waste 
drums, and support development of the waste certifi cation process (2,3). 
The INEL Stored Waste Examination Pilot Plant (SWEP P) was constructed and 
placed into operation in August 1985. The SWEPP fac ility provides 
capability to weigh and nondestructively examine th e contents of waste 
containers for compliance with WIPP Waste Acceptanc e Criteria (WAC) 
without container opening, to perform nondestructiv e assay (NDA) for 
determining fissile material content and total TRU activity of a waste 
package, and to perform ultrasonic examination of d rums to verify metal 
wall thickness to meet transportation requirements.  The SWEPP facility 
was placed in operational standby in late 1989 due to delays in opening 
WIPP and promulgation of final WAC. In 1991, limite d operations were 
initiated to support the WIPP Experimental Test Pro gram and waste 
characterization activities. 
The INEL Drum Venting Facility (DVF) was designed, constructed and placed 
into operation in May 1987. The purpose of this fac ility is to remotely 
puncture a drum and install a carbon composite filt er to allow pressure 
equalization and aspiration of radiolytic-produced hydrogen. Drums 
destined for WIPP will be vented and the headspace gas sampled. Vented 
packages are required for transportation if the Tra nsuranic Package 
Transporter-II (TRUPACT-II) is used as the shipping  container. 
The INEL TRUPACT-II Loading Facility (TLF) was desi gned and constructed 
in October 1988. The facility was brought to operat ional status in 
November 1990 to provide shipments of TRU-contamina ted waste to Argonne 
National Laboratory-West (ANL-W) to support prepara tion of experimental 
bins for the underground radioactive tests currentl y at WIPP. Currently, 
shipments are made for characterizing waste to supp ort WIPP efforts to 
demonstrate compliance with regulations governing d isposal of TRU mixed 
waste. Use of the TRUPACT-II was implemented in Apr il 1992. Over 35 



shipments using the TRUPACT-II have been completed to support 
characterization efforts. 
PROGRESS TOWARDS READINESS FOR DISPOSAL 
For the past several years, the INEL has initiated projects to enhance 
operational capabilities to manage the stored TRU-c ontaminated waste, to 
evaluate and upgrade existing waste certification s ystems to meet new 
quality assurance objectives for waste characteriza tion, and to conduct 
technical support activities that meet INEL, U.S. D epartment of Energy 
(DOE)-Carlsbad Area Office (CAO) National TRU Progr am (NTP), and WIPP 
needs. 
Facility Enhancements 
In 1989, two Line-Item Construction Projects (LICP) , consisting of 
several subprojects, were initiated to enhance the existing facility 
infrastructure and increase operational capability to support waste 
storage, retrieval, and characterization needs. Fig ure 1 provides an 
overview of key construction activities. 
Fig. 1 
Construction has been completed on eight new storag e buildings. A Type I 
Storage Module was constructed over the existing DV F and primarily 
supports activities performed prior to waste examin ation at SWEPP. These 
activities include a warming area for waste contain ers, drum venting 
operations, and an aspiration area used to store ve nted drums for up to 
eight weeks to aspirate hydrogen. This storage modu le is a 3790 m2 pre-
engineered metal building, 1340 m2 of which is heat ed to support 
container warming and aspiration operations. 
Seven Type II Storage Modules have been constructed  to support waste 
storage operations. The modules were designed to co mply with Resource 
Conservation and Recovery Act (RCRA) requirements f or permitted storage. 
The modules are approximately 2675 m2 and will cont ain about 16,000 drums 
or 2000 waste boxes. The modules are pre-engineered  metal buildings with 
Type K concrete floors and 6-inch berms to meet RCR A containment 
requirements. The modules are unheated and include a forced-air 
ventilation system. Two storage modules are current ly operational and are 
receiving waste from air-supported buildings to mee t a 1992 Consent Order 
with the State of Idaho on storage of TRU-contamina ted mixed waste. The 
remaining five modules will be operational by March  1996. The storage 
modules will be operated in accordance with the RWM C RCRA Part B permit 
issued by the State of Idaho in November 1995. One storage module will be 
used only for storage of environmental-remediation- derived waste from 
activities being performed at the RWMC on pre-1970 buried TRU-
contaminated waste. 
An Operations Control Building (OCB) was constructe d and placed into 
operation in April 1995. The OCB is a single story pre-engineered metal 
building approximately 2230 m2. The OCB provides ma in access control to 
the RWMC, a changing area for operations personnel,  office space for 
managerial and technical staff, a personnel trainin g area, and conference 
rooms. The OCB will also serve as the Emergency Con trol Center for 
ensuring rapid and efficient response to abnormal o perating situations. 
Several site improvement projects have been complet ed to support new 
facilities. These improvements have included upgrad es to the power supply 
line to meet anticipated power demands, providing f ire and potable water 
to new facilities, a new sewer system and treatment  lagoon, and a new 
communications/alarm system to support the addition al facilities. 



A Retrieval Enclosure (RE) is currently being const ructed over TRU-
contaminated wastes stored on asphalt pads under ea rthen- or tarpaulin-
cover. The purpose of the RE is to reduce weather-r elated degradation of 
stored waste containers by providing an enclosure o ver the storage pads 
to allow year-around retrieval of waste containers and to provide the 
necessary utilities and systems to retrieve stored waste. The RE, which 
is weather-tight, has a nominal free span of 366 m by 61 m for one pad, 
and 146 m by 49 m for the second pad. The total are a enclosed is about 
29,170 m2. The retrieval work area will be defined by two moveable 
partitions or shrouds to provide ventilation contro l and maintain a 
negative pressure with respect to outside pressure.  Ventilation system 
exhaust air is filtered by a baghouse and High-Effi ciency Particulate Air 
(HEPA) filtration system. The shrouds support selec ted utilities needed 
in the retrieval area such as ventilation ducts, li ghting, and electrical 
connections. Heating of the active work space is pr ovided for year-around 
operation. A dry-pipe fire protection system is use d. An oil-free 
breathing air distribution system is provided to su pport off-normal 
retrieval activities, such as retrieval of a breach ed container. 
Equipment used to support retrieval operations will  include a mobile 
vacuum system for cleaning off soil overburden on w aste containers, 
forklifts, an excavator called T-Rex with interchan geable end-effectors 
for removal of soil overburden and retrieving waste  containers, and an 
isolation unit for use when dealing with contaminat ed containers. 
Construction of the RE will be completed by July 19 96. 
A Waste Characterization Facility has been designed  to provide an 
isolated and controlled environment for opening, ex amining, and sampling 
the contents of waste containers. These activities will be performed to 
meet RCRA characterization requirements specified b y final WIPP disposal 
criteria and for storage by the RWMC RCRA Part B pe rmit. Features of the 
WCF include capabilities for opening drums and boxe s in a glovebox 
environment, coring capability for sampling sludges  and other solidified 
process residues, remote waste sorting, and repacka ging capability. Other 
functions that WCF could perform include repackagin g waste that does not 
meet WIPP WAC into a form that can be shipped to WI PP for disposal, 
providing characterization of waste forms that will  be treated, and 
providing limited-scale treatment (e.g., solidifica tion, amalgamation) of 
certain waste forms. Title II design of the WCF was  completed April 1994. 
Initiation of construction has been deferred until decisions concerning 
privatization of characterization and treatment ser vices are completed. 
System Upgrades 
Upgrades to several key existing systems are being made to either improve 
the operational capability, improve efficiencies, o r implement new 
requirements defined in the TRU Waste Characterizat ion Quality Assurance 
Program Plan (QAPP) (4). 
The DVF is currently being modified to alleviate op erational constraints 
imposed to ensure organic emissions do not exceed a llowable limits, and 
to improve efficiencies and reduce costs associated  with performing drum 
headspace gas analysis to determine the concentrati on of volatile organic 
compounds (VOCs)to meet WIPP WAC and transportation  requirements. A VOC 
recovery unit consisting of an activated carbon abs orption system has 
been installed to reduce organic emissions. A heads pace gas sampling 
system has been designed and installed to automatic ally collect a gas 
sample during remote venting operations. A Fourier transform infrared 
(FTIR) spectrometer, developed to reduce waste char acterization 



analytical costs for determining drum headspace VOC s, will provide 
automated analysis of samples from each drum. A Res idual Gas Analyzer has 
also been installed to determine hydrogen and metha ne concentrations in 
the headspace gas sample. The results of these anal yses will be used to 
determine compliance with VOC concentration limits imposed by final WIPP 
WAC and the presence of flammable gases exceeding a llowable facility 
safety or transportation limits. 
Upgrades to the existing SWEPP NDA systems have bee n ongoing for several 
years. In 1993, use of high-resolution passive gamm a spectroscopy was 
implemented to support passive-active neutron (PAN)  assay measurements. 
Addition of the gamma spectroscopy system was neces sary to determine the 
relative mass ratios of various isotopes contained in the nuclear source 
material in the waste. Although the primary contami nant is weapons-grade 
plutonium, other isotopes such as U-235 and AM-241 have been identified 
and must be accurately reported to meet waste chara cterization and 
transportation criteria. Current efforts are focuse d on upgrading 
hardware and software to improve data collection, d ata analysis, and 
operation. The PAN system electronics are being rep laced with state-of-
the-art electronics, such as shift registers. The i mproved shift register 
electronics will allow higher count rate data colle ction needed for 
wastes containing high (a, n) reactions. Software m odifications are being 
developed to integrate the PAN and gamma spectrosco py systems to provide 
quantities of isotopes that must be reported, self- diagnostic checks to 
flag data inconsistencies and reduce manual review of data, and more 
user-friendly software for technicians operating th e system. 
Technical Support Projects 
Several key technical support projects are being pe rformed to implement 
new TRU Waste Characterization QAPP requirements to  support future 
production-level waste examination and certificatio n activities and 
ongoing NTP projects. 
The Waste Certification Program is currently underg oing revision to 
ensure all aspects of the TRU Waste Characterizatio n QAPP have been 
addressed and incorporated. Logic diagrams or proce ss flow sheets 
depicting the cradle-to-grave waste management proc ess have been 
developed, and activities and data that must be per formed or collected to 
meet QAPP and final WIPP WAC have been built into t he flow sheets. These 
flow sheets will form the basis for determining tas ks that must be 
completed to effectively implement all requirements  that allow 
certification and shipment of waste to WIPP.Evaluat ion of SWEPP NDA 
system performance and demonstrating compliance wit h TRU Waste 
Characterization QAPP requirements are among the mo st challenging and 
difficult aspects of future efforts to certify wast e for shipment to 
WIPP. Calibration drums representing several major stored waste streams 
have been developed, nuclear sources fabricated to meet stringent quality 
assurance requirements are being procured, and prog rams are underway to 
demonstrate NDA system compliance with precision, a ccuracy, and minimum 
detectable concentration quality assurance objectiv es. Total uncertainty, 
which is the propagated uncertainty of all correcti ons and factors used 
by the NDA system during assay, is being performed on a waste form basis. 
Because of the wide variation in stored TRU-contami nated waste forms and 
the resulting affect on NDA system response, it is not economically 
practical to fabricate calibration standards to exp erimentally assess 
total uncertainty. Two approaches have been develop ed to address total 
uncertainty. One approach uses a neutron transport and temporal response 



calculational method based on the Monte Carlo Neutr on Photon (MCNP) code. 
Total uncertainty evaluations have been completed f or graphite molds, and 
are underway for combustible, glass, and sludge was te forms. For 
solidified process waste forms, such as sludges, a statistical sampling 
method is being developed. During coring and sampli ng of sludge waste 
forms for RCRA analysis, representative samples wil l also be collected 
for destructive radiochemical analysis to quantify radioisotopes in the 
waste. The results from radiochemical analysis and the SWEPP NDA 
measurements for each of the drums sampled will be used to complete the 
total measurement uncertainty evaluation. 
The Gas Generation Test Program consists of perform ing controlled tests 
with actual containers of CH-TRU waste to collect d ata and quantify the 
gas generation properties of the waste under simula ted transportation 
thermal conditions. These tests will be performed d ue to concerns that 
hydrogen and methane concentrations in shipping con tainers destined for 
permanent storage could exceed their flammability l imits. Waste to be 
tested will be placed in one of five heated enclosu res which simulate 
temperature increases due to decay heating, warmed to 57C - 63C, and held 
until steady state is attained. An offgas collectio n system is attached 
to the carbon composite vent filter installed in th e waste drum so that 
total gas flow may be measured, and samples can be directed to a process 
mass spectrometer for analysis. The mass spectromet er measures the 
concentrations of hydrogen and methane in the offga s at frequent 
intervals during the test. Figure 2 is an internal view of the gas 
generation test assemblies. The Gas Generation Test  assembly is in the 
final stages of performance testing now, and will b e operational in 
February 1996. The Gas Generation Test Program will  also support the 
Matrix Depletion Program by measuring the concentra tions of hydrogen and 
methane to verify that the rate of gas generation d ecreases as gas 
producing matrices (e.g.,combustibles, organic slud ges) are depleted. 
NTP Support Projects 
Since 1990, the INEL has been actively involved wit h DOE-CAO efforts to 
demonstrate WIPP compliance with disposal standards  and supporting NTP 
Office objectives. Key technical support projects h ave included: 1) 
development of the TRU Waste Characterization QAPP and Performance 
Demonstration Programs (PDPs) supporting characteri zation of TRU and TRU-
mixed wastes, 2) characterization of stored TRU-con taminated waste to 
support WIPP data needs for regulatory compliance d ocuments, 3) 
development of advanced waste characterization meth ods to reduce waste 
generator/storage site costs, 4) development of a m ethod to determine 
internal waste package VOC concentrations without i ntrusive sampling, 5) 
developing a system-wide computer simulation model to support national 
strategic planning efforts, and (6) developing a pr ogram to reduce the 
impact of current transportation wattage restrictio ns on transportation 
by analyzing and modeling depletion of gas-producin g waste matrices. 
Data quality objectives have been developed to prov ide a uniform and 
complete suite of requirements that must be met pri or to disposing of TRU 
waste at WIPP. The objectives, which are compiled i n the TRU Waste 
Characterization QAPP, support ongoing efforts at W IPP to demonstrate 
compliance with regulations governing transportatio n and disposal of  
TRU waste. The QAPP has been reviewed by the extern al DOE agencies that 
have regulatory authority over WIPP. The intent of the QAPP is to provide 
generator/storage sites with a single document that  identifies 
characterization requirements that will provide dat a of known quality to 



meet various regulatory compliance needs. Additiona lly, specific guidance 
for sampling and analysis methods to be used during  TRU waste 
characterization processes was developed and docume nted in a guidance 
manual (5). Several PDPs have been developed to pro vide an independent 
method for evaluating and ensuring a waste generato r/storage site method 
for characterizing TRU waste meets quality assuranc e objectives 
established in the QAPP. To date, three PDP program s have been developed 
for DOE-CAO: 1) analysis of VOCs and gases (6), 2) nondestructive assay 
(7), and 3) RCRA constituent analysis of solidified  wastes (8). Waste 
generator/storage site implementation of these requ irements is a key step 
in achieving authorization to dispose of TRU waste at WIPP. 
Fig. 2 
Since 1991, the INEL has been actively retrieving a nd characterizing 
accessible stored TRU waste forms to supply informa tion primarily 
supporting development of the No-Migration Petition  for WIPP. 
Characterization activities, at a minimum, include headspace gas 
sampling, weighing, RTR, and radioassay. Intrusive sampling, completed to 
meet visual examination, inner bag sampling or coll ection of sludge 
samples for RCRA analysis,is performed at the ANL-W  Waste 
Characterization Area (WCA). The WCA provides capab ility to open and 
examine waste drums and collect samples in a gloveb ox environment. Wastes 
are transported to ANL-W using the TRUPACT-II shipp ing container. 
Analysis of sludge samples for RCRA constituents is  being performed by 
Oak Ridge National Laboratory. Quality Assurance Pr oject Plans have been 
prepared to implement the requirements of the TRU W aste Characterization 
QAPP. By January 1996, 595 drums have been characte rized and the results 
reported to DOE-CAO. 
FTIR spectroscopy was evaluated as an alternative a pproach to analyzing 
headspace gas from TRU waste containers. Current pr actices involve 
collection of the gas sample in a SUMMATM canister followed by analysis 
of the gas at the INEL Environmental Chemistry Labo ratory using gas 
chromatography/mass spectrometry. Use of the FTIR m ethod offered a 
simple, rapid analysis that could be performed at t he location the sample 
was collected. Significant cost savings could be re alized over the 
conventional sampling approach. A two-phase study ( 9) was completed over 
about three years to evaluate FTIR capability to si multaneously 
quantitate the 29 VOCs required by the QAPP and the n evaluate application 
of the FTIR on actual TRU waste drum headspace gas samples. Results of 
this effort have been successful, with FTIR meeting  the TRU waste 
characterization requirements of 30% accuracy and 2 5% precision. As 
previously noted, this system is being installed on  the Drum Venting 
system to support venting, sampling, and analysis n eeds. 
A test program (10) has been completed to demonstra te that VOC 
concentrations in the void space of each layer of c onfinement in vented 
waste drums can be estimated using the measured dru m headspace gas and a 
model incorporating theoretical diffusion and perme ation transport 
principles. The conditional No-Migration Determinat ion for WIPP requires 
that gas sampling of all layers of confinement with in a container for 
flammable and nonflammable volatile hazardous const ituents be performed 
unless DOE demonstrates this sampling is not necess ary. A VOC transport 
model was developed and experiments completed to me asure VOC 
concentrations in laboratory-scale simulated waste drums and actual waste 
drums. Both transient and steady-state modeling wer e completed. Results 
of this test program provided information that has demonstrated that 



headspace gas sampling of inner layers of confineme nt is not necessary to 
characterize VOC concentrations in the void volumes  of drums and to 
safely manage waste at WIPP. This provides a signif icant reduction in 
costs by not opening and sampling inner bags of was te. A position paper 
has been prepared and submitted to DOE for regulato ry compliance 
discussions. 
A National TRU Waste Model was developed by INEL to  support NTP planning 
efforts. The model, developed using commercially av ailable personal 
computer software, is a decision-making tool for ev aluating the 
preparation and flow of CH-TRU waste from eight maj or storage sites to 
WIPP. The model is designed to predict the course a nd results of 
hypothetical actions, understand observed or projec ted events, identify 
inefficiencies and problem areas, evaluate alternat ive management 
approaches, improve understanding of variables that  influence waste flow 
to WIPP, and support development of an integrated c omplex-wide plan for 
achieving disposal of TRU waste. This simulation mo del forms the core of 
a larger system being developed by INEL, Sandia Nat ional Laboratory, and 
the NTP to address other management aspects such as  budgeting and remote-
handled waste. Results of these efforts will be ass imilated into a 
complex-wide National TRU Waste Program Management Plan by September 
1996. 
The Matrix Depletion Program (11) is a cooperative effort between the 
INEL, Los Alamos National Laboratory (LANL), and Ro cky Flats 
Environmental Technology Site (RFETS) for DOE-CAO. The objective of this 
program is to investigate the phenomenon of matrix depletion as it 
affects the generation of radiolytic-produced gases  over time, and to 
develop age-dependent gas generation values. The ex pected outcome of this 
program is the development of data that will suppor t an application to 
the Nuclear Regulatory Commission for lower effecti ve gas generation 
values and corresponding higher thermal wattage lim its for wastes shipped 
in the TRUPACT-II. This will increase the amount of  untreated waste that 
can be shipped to WIPP without repackaging or treat ment. Radioactive 
tests containing various waste matrices are expecte d to begin at LANL in 
February 1996 to provide quantitative gas generatio n data and development 
of bounding effective gas generation rates. Predict ive modeling will be 
completed for actual TRU waste drums, followed by s ampling of this waste 
by INEL and RFETS, for determination of actual hydr ogen content to verify 
experimentally-derived time-dependent gas generatio n rates are bounding. 
This program is expected to be completed in Februar y 1998. 
Procurement of Treatment Services 
In 1992, efforts were initiated to evaluate the fea sibility of procuring 
treatment services needed for TRU-contaminated wast e from the private 
sector as an alternative to design, construction, a nd operation of a DOE-
funded LICP. Results of these studies have indicate d that significant 
cost savings could be achieved for DOE, and complet ion of waste disposal 
could be accomplished eight years earlier. The INEL  has issued a Request 
for Proposal (RFP) for treatment services. It is ex pected that award of 
the contract will be completed in September 1996. T reatment of all TRU-
contaminated waste will commence by March 2003. Unt il that time, 
untreated waste will be shipped to WIPP for disposa l. 
FUTURE STRATEGIC DIRECTION 
In October 1995, a settlement agreement was reached  between DOE, the 
State of Idaho, and the Department of the Navy conc erning future receipt 
of spent nuclear fuel at the INEL. This agreement w ill result in 



significant impacts to the future management progra m for INEL stored TRU 
waste. Although the stored TRU waste program was mo ving in a direction 
consistent with the general terms of the agreement,  the establishment of 
specific dates and volumes of waste to be removed f rom the State of Idaho 
will result in acceleration of planned activities. Key agreement 
conditions affecting management of stored TRU waste  include: 1) the first 
shipment of TRU waste out of the State to WIPP or a nother designated 
facility must be accomplished by April 30, 1999; 2)  by December 31, 2002, 
3100 m3 of waste (15,000 drum equivalents) must be shipped out of the 
State; 3) after January 1, 2003, a running three-ye ar average of 2000 
m3/yr must be shipped out of the State; 4) a mixed waste treatment 
facility contract must be established by June 1, 19 97, construction 
completed by December 31, 2002, and operational by March 31, 2003; and 5) 
shipment of TRU out of the State must be completed by a target date of 
December 31, 2015, but not later than December 31, 2018. Failure to 
comply with these conditions could affect the recei pt of DOE spent fuel 
at the INEL. 
As originally planned, production-level waste exami nation and 
certification operations will be initiated in the s ummer of 1997 to begin 
building a backlog of certified waste for shipment to WIPP in April 1998. 
Receipt of final WIPP WAC is assumed by December 19 96. Alternatives for 
achieving shipment of 15,000 drums by December 31, 2002, are currently 
being evaluated. 
SUMMARY 
Historically, the INEL has proactively and successf ully enhanced 
management capabilities for stored TRU waste. These  capabilities include 
facility, operational, and technical development an d support activities. 
Initiation of shipment of INEL stored TRU waste to WIPP will begin once 
WIPP is opened and authorization to ship is receive d. 
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ABSTRACT 
The Department of Energy (DOE), Office of Environme ntal Management (EM), 
Office of Information Management (EM-14), establish ed the EM World Wide 
Web Server (EMweb) to provide up-to-date informatio n to DOE Headquarters, 
Operations Offices, stakeholders, contractors, and the public. 
Information on the server is kept current through a  configuration 
management plan maintenance schedule that includes a weekly upload of new 
information. 
EMweb supports EM's mission by making data availabl e on demand to users 
throughout the world. The categories of information  currently on EMweb 
include Public Information Resources, Regulatory In formation, Waste 
Management, Environmental Restoration, Science and Technology, Facility 
Transition, Site Operations, Crosscutting Programs,  and Other Servers. 
The server also provides features to view on-line u sage statistics for 
all applications; capability to review draft docume nts before public 
release of information; a response mechanism throug h electronic mail for 
users to contact staff that manage the server or ar e responsible for 
information posted on the server; and search engine s that let users 
search the EMweb server or servers throughout the I nternet. Licensed 
access to Secretary of Energy Notices, the Code of Federal Regulations, 
the Federal Register, DOE Orders, state environment al regulations, and 
the Commerce Business Daily is also provided for st aff members located at 
DOE Headquarters. 
INTRODUCTION 
The Department of Energy (DOE), Office of Environme ntal Management (EM) 
World Wide Web Server (EMweb) was established to pr ovide up-to-date 



information to DOE Headquarters, Operations Offices , stakeholders, 
contractors, and the public. The server is located in Washington, D.C., 
and is accessible over the Internet throughout the world. Parts of the 
server are available to all users, and other parts are secured through 
passwords or specific Internet protocol (IP) addres ses. This paper will 
describe EMweb features and discuss some of the mor e widely used 
documents on the server. The uniform resource locat or for EMweb is 
"http://www.em.doe.gov." 
Information on EMweb is organized by subject catego ries and programmatic 
management authority. Because EMweb menu structures  are updated whenever 
the information posted by DOE and its stakeholders is changed, the 
current configuration of the server may not match t hat shown below. 
The main menu is currently subdivided into 
  Public Information Resources, 
  Regulatory Information, 
  Waste Management, 
  Environmental Restoration, 
  Science and Technology, 
  Facility Transition 
  Site Operations, 
  Crosscutting Programs, and 
  Other Servers. 
The server also provides several features to ensure  that users find the 
information they need and can communicate with the providers of the 
information. Server features include 
  on-line usage statistics for all applications;  
  a "limited access" review area for use by informa tion providers before 
public release of information;  
  a "feedback" mechanism that can be used to send e lectronic mail to 
those that manage the server and are responsible fo r information posted 
on the server; 
  search engines that let users search the EMweb se rver or servers 
throughout the Internet; 
  a "restricted area" that can be used to post info rmation only of 
interest to internal DOE Headquarters staff; 
  licensed access to Secretary of Energy Notices, t he Code of Federal 
Regulations (CFR), the Federal Register, DOE Orders , State Environmental 
Regulations, and the Commerce Business Daily; 
  a "What's New" feature that identifies documents or features recently 
added to the server; and 
  a "Features" highlight that denotes new items add ed to the server. 
EMweb has been registered with all major search eng ine and Internet 
directory providers so that users throughout the wo rld can locate the 
information they need on the EMweb server. In addit ion, EMweb is managed 
to ensure that information added to the server meet s the needs of DOE, 
its programs, and stakeholders. All information on the server has been 
processed through a rigorous configuration control procedure that ensures 
information accuracy and consistency. All informati on posted must conform 
to the DOE Office of Environmental Management World  Wide Web Server 
(EMweb) Hypertext Markup Language Style Guide (DOE/ HWP-164). After 
information is converted to the hypertext markup la nguage (HTML) format, 
the information is reviewed and approved by the fed eral employee who is 
responsible for the information. 



Every World Wide Web server provides access to on-l ine text and graphics. 
EMweb goes a step further to help ensure that users  get the information 
they need. EMweb provides services to download larg e documents, debate 
issues with other EMweb users, and access data in l egacy database 
management systems. 
INFORMATION PUBLISHED ON EMweb 
EMweb Public Information Resources 
The EMweb Public Information Resources directory co ntains information of 
general interest to EM and its stakeholders. Two do cuments are currently 
featured. Committed to Results: DOE's Environmental  Management Program, 
An Introduction, which is also known as the "EM Pri mer," describes the EM 
organization, its goals, and objectives. It provide s a colorful picture 
story of EM and its programs. A second document, Cl osing the Circle on 
the Splitting of the Atom, characterizes the enviro nmental legacy of 
nuclear weapons production in the United States and  describes what DOE is 
doing to address the resulting environmental proble ms. 
The EM newsletters EM Progress, EMformation, and Fu ll Circle, DOE's 
Quarterly Solid Waste Reduction and Affirmative Pro curement Bulletin are 
also featured in this section. Efforts are being ma de to ensure that 
publication on EMweb corresponds with hardcopy dist ribution to more 
effectively communicate the newsletters' contents t o DOE and its 
stakeholders. 
Other information in the Public Information Resourc es section of EMweb 
includes 
  EM Fact Sheets; 
  Environmental Management 1994; 
  Environmental Management 1995; 
  Anuario Hispano 1995 Hispanic Yearbook; 
  Estimating the Cold War Mortgage: The 1995 Baseli ne Environmental 
Management Report (Executive Summary only); 
  Resource Conservation and Recovery Act (RCRA) Cor rective Action & 
Comprehensive Environmental Response, Compensation,  and Liability Act 
(CERCLA) Remedial Action Reference Guide; 
  Speeches; 
  Integrated Risk Management Home Page; 
  Information and Announcements; 
  Press Releases; 
  Public Participation Information; 
  Conference and Meeting Information; and 
  Job Listings. 
EMweb Regulatory Information 
The Regulatory Information portion of the server co ntains information for  
  The Advisory Committee on External Regulation of DOE Nuclear Safety  
  Regulatory News and Meeting Notices  
  National Environmental Policy Act Implementation 
EMweb Waste Management Information 
The Waste Management portion of the server features  the Integrated Data 
Base (IDB) Report, the Federal Facility Compliance Act (FFCAct) Bulletin 
Board, and the Waste Management Programmatic Enviro nmental Impact 
Statement (PEIS) Bulletin Board. 
The IDB reports for calendar years 1992 and 1993 ar e currently on the 
server. The 1994 edition is currently being prepare d for publication. The 
IDB reports offer historic data on inventories and characteristics of 
both commercial and DOE spent fuel and commercial a nd U.S. government-



owned radioactive wastes. The report is published a nnually by DOE's 
Office of Civilian Radioactive Waste Management and  Office of 
Environmental Management. 
  The FFCAct Bulletin Board contains information co ncerning 
  Federal Facility Compliance Act Approved Site Tre atment Plans; 
  Overview of the Draft Site Treatment Plans;  
  Overview of the Proposed Site Treatment Plans;  
  Downloadable Documents and Files;  
  FFCAct Federal Register Notices;  
  FFCAct Issue Alerts and Fact Sheets;  
  Federal Facility Compliance Act of 1992;  
  Site FFCAct Points of Contact Listing;  
  DOE Mixed Waste Inventory by State;  
  Progress Report to Congress - 1994;  
  Progress Report to Congress - 1993; 
  Implementation Plan for the Programmatic Environm ental Impact Statement 
for the DOE Environmental Restoration and Waste Man agement Program; and 
  National Summary Report of Draft Site Treatment P lans. 
The Waste Management Programmatic Environmental Imp act Statement (PEIS) 
Bulletin Board contains information concerning 
  Waste Management Programmatic Environmental Impac t Statement (PEIS) DOE 
Update: September 1995;  
  Waste Management PEIS Site-Specific Fact Sheets;  
  National Results of the Waste Management PEIS;  
  An Overview of the Waste Management PEIS;  
  The Waste Management PEIS and Public Comment Oppo rtunities;  
  Implementation Plan for the Programmatic Environm ental Impact Statement 
for DOE EM; and 
  A description of the "Relationship Between the En vironmental Management 
Programmatic Environmental Impact Statement and the  Federal Facility 
Compliance Act." 
EMweb Environmental Restoration Information 
The Environmental Restoration portion of the server  features the DOE 
Environmental Management Benchmarking Clearinghouse , the Generic 
Technical Management Plan, and the Environmental Re storation Strategic 
Plan. 
  The Benchmarking Clearinghouse section contains 
  Benchmarking Abstracts and Reports,  
  Current DOE Comparative Performance Data,  
  Benchmarking Data Sources, 
  Points of Contact for Additional Benchmarking Inf ormation,  
  Frequently Asked Questions About Benchmarking in Environmental 
Management Projects, and  
  Remedial Action Program Information Center. 
The Environmental Restoration Strategic Plan was de veloped to guide 
decision-making in the planning and execution of DO E's National 
Environmental Restoration Program. The plan is desi gned to implement the 
Environmental Management Strategic Plan and to refl ect the roles, 
responsibilities, and authorities of Headquarters a nd field organizations 
as defined by the Assistant Secretary for Environme ntal Management. 
EMweb Science and Technology Information 
The Science and Technology portion of the server fe atures the complete 
text and graphics for the June 1995 Technology Summ ary Reports (Rainbow 



Books) that are published by DOE EM's Office of Tec hnology Development. 
The following Rainbow Book Reports are provided: 
  Robotics Technology Crosscutting Program;  
  Characterization, Monitoring, and Sensor Technolo gy Crosscutting 
Program;  
  The Landfill Stabilization Focus Area Technology Summary;  
  Contaminant Plumes Containment and Remediation;  
  Efficient Separations and Processing Crosscutting  Program;  
  Facility Deactivation, Decommissioning, and Mater ial Disposition Focus 
Area; and Tank Focus Area Technology Summary.  
Also included in the Science and Technology section  are the Technology 
Information Exchange (TIE) Bulletin Board, the U.S.  DOE Office of 
Environmental Management Oak Ridge Operations Techn ology Needs Database, 
and the U.S. DOE Scrap Metal Inventory Report. 
EMweb Crosscutting Programs Information 
The Crosscutting Programs section of EMweb is the f astest growing 
section, partly because the Internet has become an excellent mechanism 
for disseminating up-to-date information quickly an d effectively across 
the DOE complex. Home Pages on the Crosscutting Pro grams section include 
  Progress-Tracking System Information Home Page, 
  Training and Education Home Page, 
  Transportation Program Home Page, 
  Facility Representative Bulletin Board, 
  Pollution Prevention Home Page, 
  National Decommissioning Program Home Page, and 
  National Recycle Program Home Page. 
ACCESS TO SPECIAL SERVICES 
Because of the demand for on-line access to governm ent-generated laws, 
regulations, and guidance documents; DOE EM has mad e arrangements with a 
publishing company for access to 
  The Commerce Business Daily, 
  The Code of Federal Regulations, 
  The Federal Register, 
  DOE Orders, 
  Secretary of Energy Notices, and 
  State Environmental Regulations. 
Access to these services is controlled by Internet Protocol (IP) address. 
Currently, anyone within the Class B IP address sch eme for DOE 
Headquarters can access these services. EM is attem pting to acquire free 
access to these services. DOE is also negotiating w ith the service 
provider to widen the agreement to cover Operations  Offices and 
contractors if free access cannot be provided. At t he time of this 
printing, a contract has not been awarded. 
SUMMARY 
 EMweb has been established as a resource that prov ides up-to-date 
information to DOE Headquarters, Operations Offices , stakeholders, 
contractors, and the public. The server is updated weekly, so new items 
are continuously available to users.  
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ABSTRACT 
This paper summarizes the strategy and supporting a ctivities for 
developing proposed alternatives for remediation of  the Subsurface 
Disposal Area (SDA) at the Radioactive Waste Manage ment Complex (RWMC). 
These activities are being described to illustrate one approach to 
tackling a complex, comprehensive clean-up decision  using an interim 
action as a vehicle for focusing the technology eva luations. Prior to the 
start of this feasibility study the interim action was initiated to 
clean-up part of the SDA, Pit 9. The Pit 9 clean-up  comprises remote 
retrieval under containment, physical separation pr ocesses, soil 
treatment, and stabilization via thermal treatment.  The cost of the Pit 9 
interim action is estimated to be approximately $26 0 million. While this 
is clearly a significant investment it represents o nly a small portion of 
the potential cost of remediating the SDA if ex sit u treatment is needed. 
The feasibility study will include detailed evaluat ions using Pit 9 
processes as representative processes for an altern ative of retrieval and 
ex situ treatment, along with other alternatives th at will make up the 
remainder of the evaluations. 
BACKGROUND 
The SDA is a large (38.85-ha) landfill located at t he Idaho National 
Engineering Laboratory (INEL) that contains buried radioactive waste 
generated at the INEL and shipped in from other was te generators starting 
in 1952. The SDA is still being used for current lo w level radioactive 
waste disposal. A Federal Facility Agreement and Co nsent Order (FFA/CO) 
for the INEL was signed by the U.S. Department of E nergy, U.S. 
Environmental Protection Agency, and State of Idaho  Department of Health 
and Welfare to address past releases of radioactive  and hazardous 
substances, including the migration of contaminants  to the Snake River 
Plain Aquifer which underlies the INEL (1). This aq uifer was designated 
as a sole source aquifer by the EPA in 1991. The ag reement effectively 
moved the investigation and cleanup of specified re leases at the INEL 
from a RCRA to a CERCLA process. Remediation of the  SDA is included under 
this agreement, and development of a proposed remed ial alternative for 
the SDA will be conducted under a CERCLA Comprehens ive Remedial 
Investigation/Feasibility Study. 
Much of the waste disposed in the SDA was TRU-conta minated waste 
generated at the Rocky Flats Plant and shipped to t he INEL for burial 
from 1954 to 1970. Waste was buried in pits, trench es, and soil vaults, 
and historical records from the SDA indicate that p rior to 1970 TRU-
contaminated waste was mixed with non-TRU waste dur ing burial (2). After 
1970 the Atomic Energy Commission (AEC) issued a po licy regarding 
segregation and storage of waste contaminated with TRU radionuclides 



which led to the decision to cease all burial of TR U-contaminated waste 
at the SDA in that year. The general categories of waste buried at the 
SDA include construction and demolition materials, laboratory equipment 
and materials, process equipment and materials, nuc lear reactor 
components such as fuel scraps and radioactive sour ces, maintenance 
equipment and scrap metals, decontamination materia ls, and miscellaneous 
waste. Miscellaneous waste includes such things as process sludges, 
animal carcasses, contaminated jet engine component s, contaminated 
vehicles, batteries, etc.. Preliminary investigatio ns evaluating human 
health risk drivers at the SDA (3) have identified contaminants of 
potential concern (COPCs), including 43 radiologica l contaminants and 44 
non-radiological contaminants that will be evaluate d under a Remedial 
Investigation/Feasibility Study. Plutonium and Amer icium are included in 
the list of COPCs. Additionally, the waste inventor y at the SDA includes 
a large list of other hazardous constituents that d o not pose a risk to 
human health or the environment in their current st ate. These must be 
evaluated for potential problems, such as potential  worker exposure and 
interference with process equipment performance, un der a scenario where 
there is intrusion to the buried waste as part of a  remedial alternative. 
The breadth of the list of contaminants, variety of  contaminated media, 
and potential for staggering clean-up costs make fo r a daunting task to 
remediate the SDA. In 1991 an Interim Action was in itiated to clean up 
part of the SDA, Pit 9, using a private sector, tur nkey approach to meet 
key Department of Energy (DOE) objectives. Several objectives for the Pit 
9 Interim Action are directly applicable to the SDA  remediation. The Pit 
9 Interim Action is designed to be a near-term reme diation of plutonium, 
americium, and other identified risk drivers in Pit  9 at a minimum cost 
to DOE, as well as a demonstration of private indus try's capabilities for 
remediating TRU-contaminated mixed waste sites usin g innovative 
technologies (4). The remediation of Pit 9 includes  excavation and 
segregation of buried waste with greater than 10 nC i/g TRU elements for 
input to the treatment process train. Treatment inc ludes chemical 
extraction, physical separation, and/or stabilizati on to remove 
radionuclides and hazardous constituents. The remed ial design for the Pit 
9 remediation is scheduled to be complete April, 19 96, followed by a 
Limited Production Test (LPT) which will provide ea rly data on equipment 
performance and operational readiness prior to reme diating the remainder 
of Pit 9. LPT data will be available for evaluation  under the Feasibility 
Study (FS) for remediating the remainder of the SDA . 
KEY OBJECTIVES AND INTEGRATION OF THE FS 
A strategy for the FS was developed prior to detail ed scoping between 
stakeholders. The strategy included documentation o f key assumptions used 
for the FS (5). This assumptions document has been and will continue to 
be revised until completion of the FS. It provides some boundaries to the 
scope of work, and a starting point for stakeholder  consensus-building. 
The strategy also included the development of some high level questions 
that needed to be answered as part of the FS. Using  the Pit 9 Interim 
Action to answer some of these questions is a criti cal piece of the 
strategy. Key objectives for the FS include: 
  Identify and group contaminated media from the op erable unit so that a 
reasonable number of response actions can be develo ped. 
  Gather early information on technology costs/comp lexities to identify 
areas of greatest uncertainty, and rough order of m agnitude costs for 



technologies that can be used for screening decisio ns and integration 
with risk assessment activities. 
  Identify areas where costs are most significant s o that this 
information could be factored into the remedial dec isions. 
  Develop a list of remedial alternatives that will  be used to evaluate 
and compare grouped technologies in accordance with  CERCLA criteria. 
Some high level questions that need to be answered in this FS include: 
1. Is it likely that a landfill cap will be protect ive for the period of 
time necessary to prevent groundwater risk from the  SDA? To answer this 
question functional and operational requirements fo r a cap over the SDA 
need to be considered, particularly the required de sign life for a cap. 
Based on preliminary risk calculations, for example , some contaminants of 
potential concern pose risks to groundwater for tho usands of years6. 
2.  Is it feasible to consider in situ or ex situ t reatment of the entire 
SDA considering potential costs and complexities th at arise from 
treatment of such a large volume of heterogeneous w aste? 
3. Do we have necessary data, primarily from waste inventory and shipping 
records, to define partial treatment scenarios that  will reduce the 
volume of waste that would need treatment? 
4.  In the case of an alternative to retrieve and t reat waste, will the 
treatment technologies work on heterogeneous waste such as will be found 
in the SDA? 
5. Are treatability studies necessary to provide pa rt of the technical 
basis for confirming the feasibility of a technolog y/alternative or are 
existing data adequate? 
6. Can opportunities for technology development be identified in time to 
provide a window for bringing in new technologies t hat could be used to 
reduce complexity and/or cost of remediation?  
The feasibility study will include the following co nceptual response 
actions:  
  No Action 
  Occupational Period to prevent or limit access to  contaminated areas 
Containment In Situ Treatment 
  Retrieval, Ex Situ Treatment, Storage, and Dispos al 
  Retrieval, Storage, and Disposal 
The containment response action will include evalua tion of composite 
capping technologies. It will likely use water bala nce caps similar to 
those developed at the Hanford Site as representati ve technologies. 
Generally these designs are being considered for ap plications with 500 - 
1000 year design lives. 
EARLY RISK ASSESSMENT INDICATORS 
In preparation for conducting the remedial investig ation a Preliminary 
Scoping Risk Assessment (PSRA) was completed in 199 4 (6). The primary 
objective for this task was to provide early inform ation regarding 
contaminants, exposure pathways, and other factors in determining 
potential adverse human health effects from the SDA . This activity 
provided some conclusions on key sensitivities for risk assessment of the 
SDA, and will be used to prioritize modeling and da ta-gathering efforts 
in preparation for the next major task of the remed ial investigation, the 
baseline risk assessment, scheduled to begin spring  of 1996. 
The PSRA provided a list of contaminants that posed  potential risk for 
all pathways under evaluation. The groundwater cont amination pathway is 
considered the most influential in coming to a reme dial decision for the 
SDA. Using conservative assumptions resulted in thr ee inorganic 



contaminants potentially presenting the highest ris k to groundwater from 
the SDA: C-14, I-129, and Tc-99. Later evaluations of SDA inventories 
support a significantly lowered inventory for I-129 , which will result in 
a lower risk to groundwater. The main transuranic c ontaminants in the 
SDA, Pu and Am, were retained as contaminants of po tential concern but 
based on current assumptions these contaminants pos e less of a risk to 
groundwater than the C-14, Tc-99, and I-129. There has been and continues 
to be public concern about the transuranic waste bu ried in the SDA and 
this concern will also be factored into the feasibi lity study. Hazardous 
organics also pose a potential groundwater risk bas ed on early models of 
the SDA, and recent groundwater samples from monito ring wells indicate 
there may be an increasing trend in carbon tetrachl oride concentrations. 
The baseline risk assessment will be used as the fi nal tool for 
determining contaminants of concern, but until thes e results are known, 
PSRA results are useful indicators for what kind of  remediation 
alternatives are likely. 
According to the results of the PSRA, several param eters were very 
sensitive in influencing risk assessment results. R elease rate was 
considered the most important of these parameters. Release rate generally 
models how contaminants move and at what rate they move from the disposed 
waste. It includes parameters that are derived from  three main release 
mechanisms for SDA waste, namely, surface to water partitioning of sorbed 
constituents between solids and water, corrosion of  metal waste with 
corresponding release of constituents, and equilibr ium solubility limit 
applied for dissolution of liquids and solids in ox ide, hydroxide, 
nitrate, particulate form, etc. Source inventory wa s another sensitive 
parameter and is dependent on our current ability t o accurately estimate 
how much of a given contaminant was placed in the S DA. Inconsistencies 
and incompleteness in inventory and shipping record s create uncertainty 
in many contaminant inventory estimates. Discussion s with Rocky Flats 
Plant employees and others have been conducted to o btain better waste 
inventory information from process knowledge, but t here have been no 
direct measurements to calibrate current inventory estimates with field 
data. Additional information that could be gained r egarding release 
rates, source term inventory and other sensitive pa rameters would be of 
highest priority in completing the remedial investi gation/feasibility 
study since input to these terms will greatly influ ence the results of 
the risk assessment, and therefore influence the co mplexity and cost of 
any necessary remedial action. 
PIT 9 INTERIM ACTION 
The Pit 9 interim action has the potential of answe ring many questions 
regarding how effective specific retrieval and trea tment processes are 
for remediation of heterogeneous, buried waste. It also provides 
opportunities for learning how the contaminants in Pit 9 have changed and 
migrated over a period of about 25 years. The remed ial action will 
include a containment building that can be repositi oned along the length 
of the pit as excavation proceeds. Remote operation  of the waste 
retrieval process will occur within this containmen t after the clean 
overburden is removed from Pit 9. The retrieved was te and/or soil will be 
assayed to determine whether it needs treatment or not. Waste and soil 
requiring treatment will be packaged and transporte d to either the 
thermal treatment or the soil treatment process. Tr eatment residuals from 
the soil treatment process will be fed to the therm al treatment process. 
Treatment residuals from the thermal treatment proc ess will be packaged 



and stored in preparation for ultimate disposal as transuranic waste at 
the Waste Isolation Pilot Plant (WIPP). 
The Pit 9 clean-up specification calls for collecti on and analysis of 
approximately 114 soil samples during the remediati on phase. These 
samples will be analyzed for VOCs, semivolatile org anics, transuranics, 
Pu-241, Co-60, Sr-90, C-14, I-129, Cs-137, Tc-99, H -3, Ni-59, Ni-63, Hg, 
Pb, Be, Zn, As, Cr, cyanide, and nitrates. Whatever  portion of this 
information that is available during the FS for the  SDA will be used to 
understand what kind of contaminants the Pit 9 trea tment processes are 
actually seeing in the feed, and what contaminants are present in 
different areas of the pit.  
One area of significant uncertainty in conducting t he FS for the SDA is 
evaluating the viability of technologies for treati ng waste considered 
infinitely heterogeneous. Performance of any treatm ent process is highly 
dependent on the waste feed, and evaluating technol ogy performance using 
data on actual waste is the optimum situation. The Pit 9 interim action 
provides exactly this for the FS. While Pit 9 is no t representative of 
all pits and trenches in the SDA, it does provide a  relatively broad 
envelope of waste feed that will rigorously test te chnology performance. 
A list of other waste found in the SDA and not in P it 9 is being compiled 
for the FS to determine if additional testing is wa rranted or if 
assumptions can be made on technology performance w ith these wastes, with 
acceptable uncertainty to the stakeholders. The vas t majority of 
radionuclides known to be disposed in Pit 9 are tra nsuranics, therefore, 
it is assumed that very little Tc-99 or C-14 will b e processed during the 
interim action. Since these contaminants posed the highest risk to 
groundwater in the PSRA special consideration will be used to verify Pit 
9 technologies are feasible for these waste forms. 
Another area of uncertainty when evaluating technol ogies for waste 
treatment is estimating the cost of remediation, in cluding operations and 
maintenance. Particularly for the case of plutonium  operations, on-stream 
time and maintenance costs are extremely important parameters in gauging 
the success and cost of the treatment train. The Pi t 9 interim action 
will demonstrate the cost of operations and mainten ance during the 
limited production test and during the one year ful l-scale clean-up of 
the pit. This kind of cost information is far more accurate than 
estimates based on historical treatment of waste th at may not be at all 
like that found in the SDA.  
The safety of the operations will also be demonstra ted during the Pit 9 
interim action. A CERCLA feasibility study must inc lude an assessment of 
the risk of implementing each remedial alternative.  Retrieval and 
treatment of buried waste from the SDA does include  some risk, including 
potential exposure of workers to hazards of the ope ration. The Pit 9 
operations will provide data on the severity of the se hazards, and the 
ability of the equipment and operational designs to  accommodate all 
hazards that arise. This information is invaluable in convincing 
stakeholders of the viability of a remedial alterna tive. 
CURRENT AND FUTURE ACTIVITIES 
Technical activities for the FS are still in the ea rly, data-gathering 
stage. Screening decisions will begin in 1996 as th e results of the 
baseline risk assessment are compiled. Detailed eva luations of remedial 
alternatives will be finalized after the Pit 9 LPT results have been 
incorporated, tentatively as early as January, 1997 .  



Prior to screening, several parallel activities hav e been initiated. In 
preparation for the Pit 9 LPT, engineers responsibl e for the FS are 
reviewing Pit 9 design documents and test plans to identify the data most 
useful for the FS anticipated from Pit 9, as well a s data that would be 
valuable but are not currently defined within the L PT. The list of 
valuable data not currently in the scope of the LPT  will be evaluated to 
determine if additional testing should be done with  Pit 9 processes to 
generate these data, or whether the stakeholders ar e willing to accept 
the uncertainty and forego additional testing.  
Another activity that has been initiated is to answ er the question 
previously raised on partial retrieval/treatment sc enarios. While it is 
straightforward to identify pits and trenches that could not contain 
specific contaminants using available inventory rec ords, there is much 
greater uncertainty regarding which pits and trench es contain which 
contaminants. The uncertainty rises again in estima ting concentrations of 
contaminants for a given pit or trench. A prelimina ry look at which pits 
and trenches could not contain specific contaminant s showed only a small 
percentage of the SDA that did not contain some of the contaminants that 
may pose a future groundwater risk (based on PSRA r esults). Less than 40% 
by area of the SDA does not contain Pu or Am, for e xample, according to 
inventory records. About the same percentage (thoug h not necessarily the 
same pits or trenches) can be shown to not contain Tc-99 and C-14. VOCs 
were disposed in over 30% of the SDA by area accord ing to records. It has 
been estimated that retrieval and treatment of the entire volume of 
contaminated media at the SDA will cost over $1.5 b illion (7), excluding 
the cost of interim storage and final disposal of t reatment residuals. 
One can easily infer from this that even small redu ctions in volume of 
waste that must be treated would reduce the cost of  remediation by 
millions of dollars. One strategy for reducing the volume of waste that 
might require treatment is to go back to the invent ory and shipping 
records to find information that could eliminate mo re pits and/or 
trenches from the list of known pits containing con taminants of concern. 
Information that could eliminate portions of a pit or trench would also 
be useful, but this is less likely to have been doc umented in historical 
records. Another avenue for addressing this uncerta inty is to evaluate 
options for locating specific contaminants by measu rement at the SDA. If 
these measurements could only be done by intrusion into the waste the 
cost of obtaining these data could be prohibitive a nd safety issues would 
need to be addressed beforehand. If, however, some contaminants could be 
located via non-intrusive measurements through the overburden then a 
window of opportunity exists for attempting these m easurements before the 
FS is completed.  
We are just beginning to ask and attempt to answer the hardest questions 
of this feasibility study. While the focus of this paper has been on the 
importance of the Pit 9 interim action, it should b e noted that a 
significant portion of the FS will be devoted to ot her alternatives in 
addition to ex situ treatment. Containment issues, in particular, will 
require careful evaluation against the problem at h and, and making 
maximum use of existing data on capping technologie s is a key step in 
accomplishing the technical objectives of this prog ram.  
Having access to a large interim action to support this FS will be a 
great asset to this work. Unfortunately, other feas ibility studies have 
been completed with the benefit of an interim actio n and were not 
entirely successful. The usefulness of this work wi ll be bounded by our 



ability to distinguish what aspects of the interim action can be 
extrapolated to the waste that may need remediation  in pits and trenches 
outside of Pit 9, and what judgment we apply to eva luating the treatment 
processes for contaminants, and a scale of operatio ns not tested in the 
interim action. 
ACKNOWLEDGMENT 
This work was supported by the U.S. Department of E nergy Office of 
Environmental Restoration under DOE Idaho Operation s Field Office 
Contract DE-AC07-94ID13223. 
REFERENCES 
1. Federal Facility Agreement and Consent Order for  the Idaho National 
Engineering Laboratory, (December 4, 1991). 
2. "A Comprehensive Inventory of Radiological and N onradiological 
Contaminants in Waste Buried in the Subsurface Disp osal Area of the INEL 
RWMC During the Years 1952-1983,"Volume 1, EGG-WM-1 0903, (June 1994). 
3. R.M. HUNTLEY, et al, "Draft Work Plan for Operab le Unit 7-13/14 Waste 
Area Group 7 Comprehensive Remedial Investigation/F easibility Study,U 
INEL-95/0343, Appendix A, (October 1995). 
4. D.W. MACDONALD, F.P. HUGHES, and B.N. BURTON, "P it 9 Project: A 
Private Sector Initiative,U Proceedings of the 2nd International Mixed 
Waste Symposium, Sponsored by ASME/Temple Universit y, Baltimore, MD, 
August 16-20, 1993, pgs. 16.3.1 - 16.3.10. 
5. C. SHAPIRO, "WAG-7 OU 7-13/14 Comprehensive Reme dial 
Investigation/Feasibility Study Critical Assumption s for the FS Technical 
Memorandum,U INEL-95/0415, Revision 1, (November 19 95). 
6. C.A. LOEHR, et al, "Preliminary Scoping Risk Ass essment for Waste 
Pits, Trenches, and Soil Vaults at the Subsurface D isposal Area, Idaho 
National Engineering Laboratory,U EGG-WM-11181, (Ma y 1994). 
7. C.M. BARNES, "Strategy for Obtaining OU 7-13/14 Feasibility Study 
Data,U INEL Engineering Design File ER-WAG7-80, (Oc tober 1995). 
 
30-3   
COST-EFFECTIVE APPROACHES TO SUCCESSFUL REMEDIATION OF UNEXPLODED 
ORDNANCE (UXO) AT THE IDAHO NATIONAL ENGINEERING LA BORATORY (INEL) 
Terrell J. Smith 
Hanceford Clayton 
Lockheed Idaho Technologies Company 
Idaho National Engineering Laboratory 
U. S. Department of Energy 
ABSTRACT 
Unexploded ordnance (UXO) and explosively contamina ted soils were 
remediated at the Idaho National Engineering Labora tory (INEL). A 
Geographical Information System (GIS) was used to m ap areas of 
contamination and a Global Positioning System (GPS)  was used to identify 
the location of ordnance explosive waste (OEW). Usi ng these systems has 
improved the accuracy of the data collected. A cent ral demolition site 
was used instead of the traditional method of deton ating unexploded 
ordnance in place. Field screening of explosive con taminated soils was 
performed instead of using a more expensive laborat ory analysis. In 
addition, an Air Force remote excavator was used to  remediate potentially 
sensitized ordnance disposal pits in a cooperative technical 
demonstration arrangement with the Department of De fense (DoD) and the 
Department of Energy (DOE). The use of these method s and technologies has 
resulted in an enhanced remediation process and sig nificant cost savings. 



The next phase of ordnance work at the INEL will in volve using a 
computer-based site statistical sampling model for UXO estimation 
entitled SiteStats. This model will eliminate the n eed for labor-
intensive field searches to estimate ordnance conce ntrations.  
INTRODUCTION  
Before the inception of the Idaho National Engineer ing Laboratory (INEL), 
military activities such as aerial bombing practice , naval artillery 
testing, explosive storage bunker testing, and ordn ance disposal took 
place on a large portion of what is now the INEL. A s a result of these 
past activities associated with the former Naval Pr oving Ground (NPG), 
numerous unexploded ordnance (UXO) devices have bee n discovered by INEL 
personnel. In addition to UXO and ordnance explosiv e waste (OEW), 
explosive agents such as TNT and RDX, released duri ng partial detonation 
during NPG tests, have contaminated soils at the IN EL. This paper will 
describe how: a) UXO has been remediated effectivel y and in a cost-
effective manner, b) technologies have been used to  enhance cleanup, and 
c) to save money sampling explosive contaminated so ils. 
 Over the past 3 years, UXO and explosively contami nated soils have been 
removed from the INEL. Lessons have been learned on  appropriate 
approaches to take to effectively and in a cost-eff ective manner 
remediate OEW. While the cost of remediating ordnan ce from former 
military installations continues to rise, efforts a re being made at the 
INEL to reduce these costs using innovative technol ogies. 
 Beginning in 1993, work began to remediate ordnanc e and explosive 
contaminated soils at six INEL locations. This work  was completed the 
same year. The specific mission of this action was to locate, identify, 
detonate, and dispose of UXO and associated shrapne l and to characterize, 
remove, and incinerate soils contaminated with expl osive residues. 
 The first phase of the ordnance removal was to set  up search lanes in 
each area to sweep for ordnance. Five-foot lanes we re established by 
placing metal posts and running string to each poin t. A visual search was 
made first for UXO/OEW and debris on the surface. E ach potential ordnance 
item was flagged by explosive ordnance disposal (EO D) technicians. This 
search was followed by a magnetometer search to che ck for subsurface 
anomalies to a 2-foot depth. On the second search, any additional items 
were marked. Each flagged anomaly was investigated to determine if UXO 
existed. Located UXO was collected and if determine d to be safe, was 
transported to a central blast area for destruction . 
 Following the clearance of an area, a quality surv ey of the lanes 
cleared was performed. If any ordnance items were d iscovered during the 
quality check, the EOD team would reclear the lanes  while in the area. 
This ensured that a thorough clearance was performe d and saved project 
costs.  
 Historical U.S. Department of Defense (DoD) EOD pu blications were used 
to positively identify ordnance in the field. Some of these publications 
include: Bombs for Aircraft (TM 9-1980, 1944); Gene ral Ammunition 
Technical Manual (TM 9-1900, 1942); and U.S. Explos ive Ordnance (NAVSEA 
OP 1664, 1947). Since ordnance deposited by the mil itary during World War 
(WW)-II is outdated, the newer DoD publications usu ally do not identify 
the older ordnance. These historical publications a ssisted with 
identifying ordnance type, filler, and fusing. This  reduces the expense 
of blowing up inert and nonhazardous ordnance in pl ace. Another benefit 
of using these publications, eliminates the necessi ty of sending 
pictures, drawings, dimensions, and other features of the ordnance to the 



EOD Technical Center for identification. Processing  this information 
through the EOD Technical Center would slow field w ork and cause 
additional project expense.  
 Cost savings have been realized by transporting or dnance to a central 
disposal area. This eliminated the need to clear ar eas around ordnance 
that would be normally blown up in the field. Clear ing areas around 
ordnance to prevent fire danger is time-consuming a nd labor-intensive. 
Also, if each item discovered in the field is blown -in-place, 
considerably more explosives will be used and each detonation introduces 
risk. Decreasing the number of explosive detonation s decreases risk 
associated with each disposal. Additional time and money would also be 
spent filling in craters and reseeding areas if ord nance was blown-in-
place.  
 During the EOD search efforts to locate UXO, locat ions of soil 
contaminated with explosive compounds were marked. Locations with pieces 
of explosive compounds or stained soil present were  flagged by EOD teams 
for sampling and the level of soil contamination wa s identified using 
field screening methods. A field laboratory was set  up to conduct the 
sample analysis. The Jenkins Method (1) was used to  perform the onsite 
field screening for explosive contaminated soil. Th is approach proved to 
be much less expensive than traditional laboratorys ample analysis. The 
field screening cost per sample was $25, where the EPA 3380 Method for 
analysis averages $600 per sample. An estimated $29 7,000 was saved by 
using the field screening method. Ten percent of th e samples were sent to 
an offsite laboratory for the full EPA 3380 Method analysis for 
verification purposes. The verification samples ind icated the field 
screening sampling to be accurate. (2) Future sampl es of explosive 
contaminated soils will use the field screening met hods. The INEL has 
worked with the U. S. Army Corps of Engineers (Corp s) in testing and 
improving the Jenkins field screening methods (1,3)  originally developed 
by the Corps. 
 After the soils were characterized for concentrati ons of explosive 
materials, the decision was made to remediate 186 c ubic yards of soil. 
The soil was excavated, containerized, shipped offs ite, and incinerated. 
The cost to incinerate the soils was $1,000 per cub ic yard. (4) The 
current preferred method for remediation of explosi ve contaminated soils 
has changed to bioremediation. Bioremediation of ex plosive contaminated 
soils has been estimated at between 200-$400 per cu bic yard. (3) The INEL 
is exploring ways to begin bioremediation of explos ive contaminated 
soils. This new approach will realize substantial c ost savings compared 
to past incineration of explosive soils. 
 A second ordnance removal action began in 1994 and  was completed in 
1995. This activity included the removal of ordnanc e from 90 acres from 
the Twin Buttes Bombing Range and 40 acres and six disposal pits at the 
Naval Ordnance Disposal Area (NODA). 
 Collecting information to identify the location, t ype, and disposition 
of ordnance is an important part of ordnance remova l projects. In the 
past, ordnance information was manually collected a nd location 
information estimated. During the ordnance removal action in 1995, use of 
a Geographical Information System (GIS) to map area s of ordnance 
concentrations and a Global Positioning System (GPS ) to identify 
locations of OEW has aided and enhanced the remedia tion process. Using 
these systems has improved the accuracy and quality  of the information 
collected. Cost savings have been realized by elimi nating the need to 



manually input field data. The field data collected  can now be 
electronically transmitted to the GIS. The informat ion collected will 
assist in future assessments of UXO at the INEL and  provide a baseline 
for projecting further cleanup needs. 
 During cleanup of the NODA area, a potentially sen sitive ordnance 
disposal pit was identified. To mitigate the potent ial hazards of this 
area, it was determined that a remote operation was  necessary in this 
area. Costs to bring in a remote excavator were est imated at $200,000. An 
Air Force remote excavator (Track Catapiller 325) f rom Tyndall Air Force 
Base was selected, which was part of a previously s cheduled joint 
demonstration project between the U.S. Air Force an d the U.S. Department 
of Energy (DOE). The excavation of the potentially sensitive pit was 
included as part of the technology demonstration pr oject. As a result of 
these unique activities, sites at the INEL were suc cessfully remediated 
of UXO/OEW. Continued remediation will be performed  in a cooperative 
arrangement with the DOE, DoD, and the Corps, who a ll work toward cost 
reductions for ordnance removal. 
 The next phase of ordnance work at the INEL will b e to assess the 
overall levels of bothordnance contamination and th e volume of explosive 
contaminated soils. As part of this assessment, a c omputer-based site 
statistical sampling model for UXO estimation will be used. The software 
entitled SiteStats, a methodology developed by the Corps, will be used at 
the INEL. This tool will reduce the number of labor -intensive field 
searches for estimating ordnance concentrations. Si teStats will allow a 
minimal number of ordnance investigations, which wi ll result in cost 
savings. 
 Innovative and efficient ordnance removal techniqu es will save 
taxpayers' money. By using new technologies, the cl eanup of ordnance can 
be enhanced. Such techniques as field sampling for explosive contaminated 
soils versus traditionally more expensive laborator y analysis, electronic 
collection of field information, cooperative demons tration projects, and 
bioremediation of explosive soils will greatly impr ove and make ordnance 
removal projects much more cost-effective. The INEL  has developed an 
integrated ordnance remediation approach the can be  applied at other 
DOE/DoD sites. 
 It is important to promote cost-effective methods especially during 
these times of Government downsizing and reduced bu dgets. There remains a 
number of former defense sites that will require or dnance removal and 
soil remediation. Sharing information among those o rganizations 
responsible for ordnance removal will result in sub stantial cost savings.  
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ABSTRACT 
The INEL ER Program discovered early in the program  that it needed two 
things: 1) an agreement with the State of Idaho and  the EPA that 
supported working together to deal with the CERCLA problems at the INEL, 
and 2) tools to manage the program in a time of cha nge. These tools 
needed to meet the needs of the program and the int ent of the DOE Orders. 
This paper presents these tools in a condensed form at developed to do 
many communicating tasks. Three of the most used ap plications of these 
tools are: 
  Training aid for new members of the staff 
  Communication tool for all of the organizations p erforming overview 
activities of the program 
  Background for new management joining the program .  
These papers were developed in a standard format an d were called the two-
page papers. This title was derived from the requir ement that all of the 
information provided must fit on the front and back  of a single sheet of 
8 1/2  11 sheet of paper. As you read these two-pag e papers you will 
discover that each paper provides 1) Background, 2)  How the Process 
Works, 3) Who Could Use This Process, 4) Why Should  the Process Be Used, 
and 5) INEL ER Program Contacts. This format has be en very successful. 
The next step is to place these papers on the INEL internet home page so 
that everyone has access to this information. In de veloping this tool 
system we had strong support from many in the progr am but the brunt of 
the work fell on the point of contacts listed in th e papers. If you have 
questions on the subject matter of any of the tools  please contact one of 
the program contacts. If you are interested in the two-page paper process 
to outline tools please contact L. Hutterman at (20 8) 526-3647. 
THE INEL EXPEDITED CERCLA PROCESS 
Background 
The Idaho National Engineering Laboratory (INEL) ha s developed, and 
successfully implemented, guidance for a structured  process to address 
known and potential environmental restoration sites . Numerous 
environmental restoration sites are present at the INEL. Many of these 
are low-probability hazard sites, which are those w ith suspected or 
unknown quantities of contamination. Typically, the se sites are 
characterized by an uncertainty about the existence , quantity, type, or 
location of hazardous substances. 
The Federal Facility Agreement and Consent Order (F FA/CO) Action Plan 
defines these sites as Track 1 and 2 sites. A Track  1 site investigation 
involves compiling existing information combined wi th conducting a very 
conservative qualitative risk assessment. Track 2 i nvestigations are 
similar, but they allow for limited data collection . Based on the very 
conservative assumptions applied by the Track 1 and  Track 2 processes, 
remedial action project managers can make timely de cisions concerning 
these sites with a relatively high degree of certai nty. 
Track 1 and 2 sites at the INEL are a result of dis posal operations and 
waste generation from activities such as nuclear re actor testing and 
development, nuclear fuel processing, abandoned und erground storage 
tanks, and solid waste landfills spanning over 45 y ears. Many of the 
processes and associated facilities that created th ese sites were 



abandoned long ago or evolved over years, making it  difficult to obtain 
accurate documentation and make accurate assessment s. Site information is 
often nonexistent, limited, or takes months to comp ile. Personnel 
familiar with the past operations of these sites ar e either unavailable 
or unable to give factual information. 
In an effort to better incorporate these sites into  the Comprehensive 
Environmental Response, Compensation, and Liability  Act (CERCLA) process, 
Track 1 and 2 sites were deliberately separated fro m the standard 
Remedial Investigation/Feasibility Study (RI/FS) pr ocess; a subpathway to 
the RI/FS process was developed (see figure). The s ites may still require 
additional data collection, but to a lesser extent.  CERCLA provides a 
rigorous decision process for determining the need to perform remedial 
actions on hazardous waste sites. Remediation decis ions are based on the 
concept of acceptable risk. Using the RI/FS process  on the low-
probability hazard sites would divert funding from areas where remedial 
actions are required because of known unacceptable risks. The documents, 
Track 1 Sites: Guidance for Assessing Low Probabili ty Hazard Sites at the 
INEL and Track 2 Sites: Guidance for Assessing Low Probability Hazard 
Sites at the INEL, were developed as guidance for e valuating these low-
probability hazard sites and developing documented,  defensible decisions 
concerning whether the sites require a more quantit ative risk assessment 
to determine the need for remedial action. However,  the decision making 
responsibility of the remedial project managers is not diminished. 
Another process negotiated and implemented at the I NEL involves 
acceleration of the typical 40-month RI/FS schedule  in cases where the 
contaminant types and concentrations were well know n and exhibited 
unacceptable risks from the outset. During the scop ing phase of the RI/FS 
process, it was determined that sufficient informat ion was available to 
conduct a baseline risk assessment; therefore, the RI/FS work plan tasks 
could be eliminated. Additionally, using the team a pproach, the 
participating agencies significantly shortened docu ment development and 
review cycles. 
How The Process Works 
Rigorous quantitative risk analysis as outlined by CERCLA is not 
appropriate for Track 1 sites. Funding for feasibil ity studies and 
interim remediation is more fittingly directed to k nown hazard locations. 
The Track 1 guidance was developed to provide defen sible qualitative 
evaluation of low-probability hazard sites and to r ecord compliance with 
environmental regulations. The Track 1 guidance was  designed to direct 
project managers through a qualitative risk assessm ent and provide a 
compliance template for Track 1 sites. The guidance  provides detailed 
instructions for performing the essential component s of risk assessment, 
from hazard identification through a final recommen dation. A conservative 
screening technique is used that accounts for both human health risks and 
environmental impacts, with humans as sensitive ind icators for the 
environment. This technique, in conjunction with th e organized collection 
of historical data and all other available informat ion, is used to 
develop a qualitative risk assessment. The result i s a compact document 
that contains a template, references, and informati on used in the 
decision process and presents defensible recommenda tions for the Track 1 
sites under consideration. 
The Track 2 classification was developed specifical ly for the INEL to use 
in streamlining the implementation of CERCLA. Track  2 low-probability 
hazard sites are not described in the National Cont ingency Plan or in 



existing regulatory guidance. The goal of the Track  2 process is to 
evaluate such sites using existing qualitative and quantitative data to 
minimize the collection of new environmental data. The Track 2 guidance 
presents a structured format consisting of a series  of questions and 
tables and qualitative risk assessment to provide t he information 
necessary to make decisions concerning the remedial  action to take at a 
site. The process is iterative and addresses a site  from multiple 
perspectives (e.g., historical, empirical, process knowledge) in an 
effort to generate a reproducible and defensible me thod. This approach 
follows the data quality objective process and esta blishes a well 
organized, logical approach to use in consolidating  and assessing 
existing data and establishing decision criteria. I f necessary, the 
process allows for the design of a sampling and ana lysis strategy to 
obtain new environmental data of appropriate qualit y to support 
decisions. Finally, the guidance expedites consensu s between regulatory 
parties by emphasizing a team approach to Track 2 i nvestigations. 
RI/FS schedule acceleration has almost always occur red within the scoping 
process for the site under investigation. Presentat ion of sufficient 
existing data for a well defined site has allowed I NEL environmental 
restoration project managers to negotiate the elimi nation of RI/FS work 
plans. This can eliminate several months from the o verall schedule. The 
team approach has also been developed with respect to document 
development and review. Shortened review cycles, an d, in some instances, 
concurrent reviews, have been negotiated to further  accelerate the 
schedule. These shortened schedules are developed a nd documented in the 
scope of work for the specific site undergoing the remedial 
investigation. 
Who Could Use This Process? 
The INEL's expedited CERCLA process is flexible eno ugh that it could be 
used at any Federal or commercial facility with eit her low probability 
hazard sites or sites posing high risks. The expedi ted CERCLA process can 
focus the scoping phase of any CERCLA investigation . 
Why Should The Process Be Used? 
  Reduces cost and schedule of CERCLA investigation s 
  Provides a method for collecting and organizing i nformation for 
decision making process 
  Develops a team approach between agencies (encour ages open 
communication) 
  Affords an iterative/flexible process and address es sites from multiple 
viewpoints 
  Requires a rigorous approach following the Data Q uality Objective and 
Observational Approach process 
  Provides a well organized, logical approach for c onsolidating and 
assessing existing data 
  Establishes decision criteria and acceptable unce rtainty levels in a 
timely manner 
  Allows for design of a sampling and analysis stra tegy that collects 
limited data of sufficient quality to support a rem edial decision 
  Saves valuable resources and refocuses these reso urces on the higher 
risk sites that require more in-depth study. 
INEL ER Program Information 
Additional papers that have been developed explaini ng the INEL ER Program 
and procedures are available on the Internet. The a ddress for the papers 
is http://www.INEL.gov/environmental/tools/index.ht ml. This address has 



been developed as a clearing house for new ideas. A uthors not from the 
INEL with innovative ideas are able to submit 2 pag e papers for inclusion 
in the briefing papers collection. Submission param eters are: 
-    The entire paper may not exceed 2 pages 
-    The topics are; Title, Scope, How it works, Wh o could use it, Why 
should it be used, and a contact name, phone number , address, and fax 
number.  
-     Type - use 10 point Gothic 
-     Submit papers in "HTML" 
 Submit your papers to: 
 Leonard Hutterman 
 P.O. Box 1625 
 Idaho Falls, ID 83415-3921 
 (208) 526-3647 or Fax (208) 526-4373  
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ENVIRONMENTAL MANAGEMENT AT BELGOPROCESS:  
THE CENTRALIZED WASTE TREATMENT  
FACILITY IN BELGIUM 
Rik Vanbrabant 
Jean-Paule Deworm 
Jef Claes 
Belgoprocess 
Gravenstraat 73 
B-2480 Dessel 
Belgium 
ABSTRACT 
The services that Belgoprocess is offering in the f ield of radioactive 
waste treatment and storage, decommissioning of nuc lear installations, or 
the sanitation of contaminated sites generate poten tial risks to the 
workers, the public and the environment. The compan y strategy is to keep 
the risks of harmful effects for people and the env ironment to an 
absolute minimum. Therefore Belgoprocess is working  along a company wide 
environmental management program (EMP). This EMP co nsists of a set of 
combined measures (organizational, administrative, managerial and 
technological) to minimize the overall environmenta l impact according to 
the ALARA-principles and the application of BATNEEC . 
The paper is focused on the detailed analysis of th e key elements of the 
EMP:  
  internal measures 
 -   combined safety, quality and environmental man agement program 
 -    organizational structure with decentralized r esponsibilities and 
participation of all workers 
 -    the use of stretched management goals  
 -    internal communication and employee involveme nt 
 -    technological measures, including the use of BATNEEC 
 -    monitoring programs 
   external measures 
 -    communication with the public 
 -    communication with the clients 
 -    information towards authorities 
 -    environmental reporting. 
COMPANY PROFILE 



Belgoprocess is a private company, located in Desse l, Belgium, which was 
established in 1984. It is a subsidiary of the Belg ian National Agency 
for Radioactive Waste and Irradiated Fuel (NIRAS/ON DRAF). 
Nuclear energy accounts for more than half of the e lectricity produced in 
Belgium. Radioactivity plays a major role in health  care and in 
industrial and scientific applications. As the last  link, Belgoprocess 
has an essential role to play. The company ensures that radioactive waste 
is processed and stored in such a way that the safe ty of people and the 
environment is guaranteed at all times. 
It is also extremely important that nuclear install ations which are no 
longer used can be decontaminated and dismantled ef fectively. 
Belgoprocess is experienced in this field. On our s ite in Dessel, the 
Eurochemic installations are located. This reproces sing plant was closed 
down in the '70s. Belgoprocess was made responsible  for dismantling the 
installations safely and responsibly.  
ENVIRONMENTAL MANAGEMENT PROGRAM 
The services Belgoprocess is offering in the field of radioactive waste 
treatment and storage, decommissioning of nuclear i nstallations, or the 
sanitation of contaminated sites generate potential  risks to the workers, 
the public and the environment. The company strateg y is to keep the risks 
of harmful effects for people and the environment t o an absolute minimum. 
Therefore Belgoprocess gradually implements a compa ny wide environmental 
management program (EMP). This EMP consists of a se t of combined measures 
(organizational, administrative, managerial and tec hnological) to 
minimize the overall environmental impact according  to the ALARA-
principles and the application of BATNEEC. To stres s the importance for 
an environmental care taking program Belgoprocess h as signed the 
"Responsible Care Act", which has been set up by th e Federation of 
Chemical Industries in Belgium, and which summarize s the management 
principles toward safety and environmental care tak ing programs. The text 
of this act is given in annex 1. 
Environmental management is a complex issue. It is an integrated part of 
the company wide management policy and program whic h is governed by 
several external and internal forces. For industria l oriented companies 
Michael Porter developed a model to better understa nd and manage company 
strategies. The company strategy and underlying act ivities are well 
balanced taking into account the complex external f ield of forces, 
especially for the nuclear industry.  
Fig. 1  
Political decisions have a major influence on the d evelopment of the 
nuclear industry as a whole. Belgoprocess is acting  at the tail end of 
the nuclear chain. Waste management and decommissio ning of nuclear 
installations are the company domains of excellence . Even in a shrinking 
nuclear market, excellent services for waste manage ment and 
decommissioning will be needed, and will play a fun damental role for the 
overall acceptance of nuclear industry. It is in th is frame that 
Belgoprocess has set up its mission statement which  illustrates the 
essential role of environmental management for the company. Also the 
influence of the other external forces, namely the economical factors, 
the social factors and technological factors are we ll positioned. 
Table I 
INTERNAL MEASURES 
Safety, Quality and Environmental Management Progra m 



Environmental management is not a separate and inde pendent management 
program. It is part of the company wide management program, where quality 
and safety management, as well as production manage ment, human resources 
management, financial management, etc. play an equa l role. Company 
management is a holistic approach and all parts of it are interconnected 
and influenced by one another. Quality assurance, s afety management and 
environmental protection form the well known triang le of managerial 
interrelationships. 
Fig. 2  
Belgoprocess has implemented an overall QA/QC manag ement system. The 
process of treatment and conditioning of LLW is QA certified to ISO 9001 
standards. The process of decommissioning of nuclea r installations is 
prepared to be certified by the end of March 1996. Other processes will 
be gradually aligned to be certified as well in 199 6. 
The basic rules of QA can be summarized as follows:  
  write how work has to be done 
  do the work as written 
  prove that work is done as written. 
The implementation of a QA system leads therefore t o the documentation of 
all work procedures. Prior to finalize these proced ures, it is necessary 
to analyze and optimize them by incorporating safet y analyses and 
environmental impact evaluation. The QA system driv en approach will 
therefore optimize the company processes.  
Safety management, quality assurance and environmen tal management 
implemented in this way, enforce one another and le ads to an efficient 
organization. This is the reason Belgoprocess will review the actual QA-
procedures in future and integrate measures for env ironmental impact 
limitation. 
Organizational Structure  
Environmental consciousness is a matter of every em ployee, whatever his 
role is within the company. Every employee has to c onsider himself or 
herself as responsible for reaching the goals the c ompany has set for 
environmental impact limitation. It is by the combi ned action of all 
individual work done that services to clients are o ffered, and that the 
safety, quality and environmental impact goals are reached.  
Environmental management is therefore not the sole responsibility of the 
manager. Its the managers duty to set up, implement  and control the work 
being done according to the EMP. Its the employees duty to work according 
to the rules of the system. Every employee has to k now the company goals, 
the management systems, and its responsibility. Acc ording to Belgian law 
it is not the company but single employees who can be prosecuted 
according to criminal law for infraction of environ mental rules and 
regulations. 
Belgoprocess is structured according to their two m ain processes: 
radioactive waste management and decommissioning. S upporting services are 
formed for administrative work, technical services,  safety support and 
quality assurance. The manager of the safety suppor t service has been 
appointed as environmental coordinator. He reports directly to the 
manager. In this way split-up responsibilities are overcome and it is 
clear that the company stresses the importance of i mplementing a safety 
culture in association with an environmental care p rogram. The 
environmental coordinator is the initiator and cont roller of the 
environmental responsible care programs. Their exec ution is a matter of 
every employee. A working group is established with in the company which 



act as a think tank for environmental affairs. The environmental 
coordinator ensures that all legal aspects applicab le for the company are 
well known, that the company is working according t o the rules, and that 
the results of the responsible care programs are co mmunicated to the 
authorities. 
Internal Communication and Employee Involvement 
Effective execution of the EMP supposes an open int ernal communication 
network and culture.  
The manager has to set clear and stretched goals. T his information has to 
be communicated to all employees. By continually re peating communication 
about environmental company goals and policies, emp loyees know it is 
important for the company because the manager puts a lot of effort and 
time in communicating the message. Data concerning the environmental 
impact levels, analysis results etc. have to be kno wn by the employees 
immediately after measurement. In this way employee s can evaluate the 
results of their efforts towards reaching the compa ny goals. This leads 
to real involvement and foster employees at all lev els an individual 
sense of responsibility for the environment and the  need to be alert to 
potential sources of pollution associated with the operations. 
Effective internal communication has a positive imp act on external 
communication as well. Employees are in close conta ct with the 
surrounding community and are thus very effective a mbassadors. 
Technological Measures 
Environmental impact limitation is established by a pplying available 
technology. The use of suitable or best available t echnology out of a 
broad spectrum of available technology is stressed by applying the 
principles of ALARA and BATNEEC. These principles s tipulate that aspects 
as costs are part of the justification process for the selection and 
application of technology. Reduction of environment al impact has to be 
expressed in terms of reduction of costs. The costs  of the use of 
alternative technologies or the application of alte rnative working 
procedures for obtaining a lower environmental impa ct has to be of equal 
level, without it the alternative practice cannot b e justified. ALARA-
principle is mainly used for radiological impact op timization, whereas 
BATNEEC-principle is applied for other industrial s ectors or 
contaminants. 
Monitoring Programs 
Measuring the performance and efficiency of the app lied technology and 
working procedures is essential in good environment al care taking 
practices. Knowing the relevant parameters characte rizing processes and 
practices permits the optimization (justified limit ation) of residual 
environmental releases. Exploitation licenses conta in release limits for 
aqueous and gaseous effluents. It is the company st rategy not only to 
operate the technical installations at all times wi thin the imposed 
release limits, but to excessively reduce the resid ual releases as long 
as economically justifiable. The laboratory infrast ructure of 
Belgoprocess and the use of on-line measuring equip ment permits the 
control of technical installations and processes. 
EXTERNAL MEASURES 
Communication with the Public 
As part of management policy special attention is g iven towards 
communication with the public. The management princ iple is to provide the 
public with the information necessary to enable the m to understand the 
potential environmental effects of the companies' o perations and to be 



prepared to respond positively to expressions of pu blic concern. The 
headway made with the cleansing plan for the site a nd the investment in 
new equipment and working procedures are the instru ments which we are 
using to establish a new relationship of trust and understanding between 
Belgoprocess and society. The nature and frequency of communication is 
adapted to factors such as the nature of the work a ctivities, their 
impact on local amenities, the level of risk and th e level of public 
interest in information. 
The Isotopolis information center was inaugurated i n 1993. Isotopolis is 
a forum from which information on radioactivity and  radioactive waste 
products can be distributed to a wide-ranging publi c. From the beginning 
a large number of visitors have witnessed the effor ts Belgoprocess is 
taking as part of the EMP to reduce the residual re leases to an absolute 
minimum. 
Communication with the Clients 
The same open communication policy is practiced tow ards our clients. 
Belgoprocess is achieving transparency and operates  as an open book. By 
strengthening the environmental care taking practic es clients have trust 
in the good functioning of Belgoprocess and the qua lity services the 
company is guaranteeing to their clients.  
Information Towards the Authorities 
On a regular basis the measured residual releases i nto the environment 
are transferred to the controlling authorities. Eve ry six months the 
management of the company informs the authorities a bout the internal 
functioning of the company, the planning of future programs, the measures 
Belgoprocess is taken to guarantee the fulfillment of the imposed limits, 
etc. On a local basis a contact group with the muni cipalities is 
institutionalized and on a regular basis they are i nformed about the 
company strategies, programs and results. This inte nse and open 
communication process convince national and local a uthorities that the 
services Belgoprocess is offering are acceptable on  broad basis. 
Environmental Reporting 
Yearly an environmental impact report is published.  The most important 
results are summarized as follows. 
To determine the impact of the activities on the pu blic and the 
environment, the liquid and gaseous releases and th e direct radiation are 
measured. For these source-terms the federal and re gional authorities 
have fixed limit values. Its Belgoprocess' duty as nuclear responsible 
operator to assure that releases always are lower t han the imposed 
limits. Belgoprocess is further reducing the releas es to minimize its 
impact as long reasonably achievable. Based on the measured radioactivity 
the dose-impact is calculated according to a model.  For the release of 
treated wastewater in the river MolseNete the annua l dose is calculated 
being lower than 0,6 mSv for the mean inhabitant. F or the gaseous 
releases the model is based on the impact of the mo st critical person. 
The dose-impact for gaseous releases is lower than 0,6 mSv as well. The 
dose-impact for the mean inhabitant is even lower. The measurements are 
performed as part of an environmental control progr am for the 
surroundings of Belgoprocess. This program is impos ed by the competent 
authorities. The results are independently controll ed. 
Liquid Releases 
In 1994 Belgoprocess released 63615 m3 treated wast ewater into the river 
Molse Nete. This is 15% of the limit value. The mea sured radioactivity of 
the released wastewater was 5500 GBq. Activity cons ists off 99.75% 3H 



which can not be captured by the applied treatment processes and 
equipment. For the other radioisotopes present in t he released 
wastewater, the technical purification limits are r eached. The released 
wastewater contained a weighed radioactivity of 27 GBq which is 1.36% of 
the limit value. The predominant radioisotope 3H ge nerates only 20% of 
the weighed activity. b-isotopes which are present for only 0.249% 
account for 79% of the weighed activity. a-isotopes  are present for 
0.0006% and account for 1% of the weighed activity.  Also for the release 
of pure chemical substances the actual amounts were  only a few % of the 
limit values. In total only 44 tons of chemical loa d was released, or 4% 
of the limit value. The three most important groups  of substances were 
suspended materials and oxygen-binding substances, heavy metals, and 
eutrophying substances such as N and P. The dose-im pact for the 
inhabitant along the Molse Nete was lower than 0,6 mSv. The release of 
the wastewater had no negative effect on the biolog ical quality of the 
river water. The biological quality is expressed in  term of the bio-index 
(a 1 to 10 scale: bad .. excellent). The index upst ream the point of 
release was only 3, but increased up to 6 due to th e modernization of the 
community wastewater treatment station. The index d ownstream the point of 
release was 5 to 6.  
Gaseous Releases 
The release through several chimneys consists off m ainly ventilation air. 
This air is released after effective filtration. Al l installations 
keeping or treating radioactive substances are kept  in underpressure 
through a ventilation system. In this way uncontrol led releases into the 
environment are prohibited. 
Also process gases are released. The most important  ones are gaseous 
releases from the evaporation process of high level  liquid wastes, from 
the incineration of solid and liquid radioactive wa ste, and from the 
bitumization plant of radioactive sludges. Through the chimney of the 
combustion furnace, 720 MBq or only 1% of the limit  value, was released. 
For all other chimneys the releases were even lower  than 0.1% of the 
limit values. Through usage of heavy fuel with lowe r S-content, the 
release of SOx was further reduced. 
Direct Radiation 
The storage of radioactive waste on site is a poten tial burden of direct 
radiation. Waste is stored and treated in adequatel y shielded buildings. 
At the periphery of the premises of Belgoprocess th e radiation levels are 
measured, controlling the affectivity of shielding used. Around site 1 of 
Belgoprocess radiation levels of 60 to 80 nSv/h are  measured, which are 
natural background levels. Around site 2 radiation levels up to 600 nSv/h 
are measured. They are due to the presence of radia tion sources with 
limited shielding. New storage buildings have been built and waste 
packages will transferred in near future. 
The following figures illustrate the key data of th e environmental report 
1994. 
Fig. 3 
Fig. 4 
Fig. 5 
FEDERATION OF CHEMICAL INDUSTRIES IN BELGIUM 
COMPANY ENVIRONMENTAL AND SAFETY POLICY 
- RESPONSIBLE CARE PRINCIPLES - 
 Belgoprocess, who signed the Responsible Care Act,  applies 
 the following principles: 



1)  To implement an integrated company policy on sa fety and   
 environment and to apply the guidelines and codes of good practice 
  to assure this policy. 
2)  To make sure that this policy and its objective s are well known to 
all   employees and that this policy is applied. 
3)  To take actions to continuously improve the res ults of the company 
  on safety, health and environmental protection. 
4)  To gather the necessary data to be able to eval uate the impact of 
  processes, products and activities on the environ ment, and 
the   health and safety of the public, in order to control possible 
effects. 
5)  To make health, safety and environmental consid erations a priority 
in  our planning for all new products and processes . 
6)  To report promptly to officials, employees, cus tomers and the 
public,   information of company-related health or environmental 
hazards. To   oblige the employees to follow up ade quate 
protective and safety   measures and to oblige subc ontractors to do 
the same. 
7)  To inform the public, directly or through the a uthorities, to allow 
the   public to form its opinion on environmental, health and 
safety effects   of the company activities. To reco gnize and to 
respond to the    concerns of the public. 
8)  To counsel customers on safe use, transportatio n and disposal of 
  our products. 
9)   To operate our plans and facilities in an mann er that protects the 
  environment and the health and safety of our empl oyees and 
the   public, and to assist the competent authoriti es to arrange 
   corresponding external measures. 
10)  To extend knowledge by conducting or supportin g research on the 
  health, safety, and environmental effects of our products, 
processes   and waste materials. 
11)  To participate with the government in creating  responsible laws, 
  regulations and standards to safeguard the commun ity, 
workplace   and environment. 
12)  To promote the principles and practices of res ponsible care by 
  sharing, where possible, experiences with other c ompanies and 
  offering assistance to others. 
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ABSTRACT 
A remedial investigation/feasibility study was unde rtaken at Oak Ridge 
National Laboratory (ORNL). Bechtel National, Inc. and partners CH2M 
Hill, Ogden Environmental and Energy Services, and PEER Consultants have 
been contracted to Lockheed Martin Energy Systems, performing this work 
for ORNL's Environmental Restoration (ER) Program. An on-site Close 
Support Laboratory (CSL) established at the ER Fiel d Operations Facility 
has evolved into a laboratory where quality analyti cal screening results 
can be provided rapidly (e.g., within 24 hours of s ampling). Management 
of the CSL has been transitioned to T N and Associa tes this fiscal year. 
CSL capabilities include three basic areas: radioch emistry, 
chromatography, and wet chemistry. Besides environm ental samples, the CSL 
routinely screens health and safety and waste manag ement samples. The 
cost savings of the CSL are both direct and indirec t. Direct cost savings 
are estimated based on comparable off-site quick-tu rnaround analytical 
costs. Indirect cost savings are estimated based on : reduction of costs 
and liability associated with shipping for off-site  analyses, preparation 
for sampling, assistance to Health & Safety staff, use of CSL results to 
focus further sampling efforts, and sampling crew d owntime. Lessons 
learned are discussed. 
INTRODUCTION 
A remedial investigation/feasibility study (RI/FS) began at Oak Ridge 
National Laboratory (ORNL) in 1987 for ORNL's Envir onmental Restoration 
(ER) Program. Bechtel National, Inc. and partners C H2M Hill, Ogden 
Environmental and Energy Services, and PEER Consult ants are the RI/FS 
subcontract team. In 1989 the project established t he Close Support 
Laboratory (CSL) to provide rapid radiological (a/b /g) and volatile 
organics screens on samples to determine DOT classi fications before 
shipment to the off-site CLP laboratory. The advent  of the Observational 
Approach and SAFER led the RI/FS team to shift the main use of the CSL 
from preshipment screening to screening to help in technical decisions 
(e.g., delineating the extent of contamination). Ba sic wet chemistry 
techniques were added to assist in rapid and cost-e ffective sample 
characterization. CSL scope has recently changed fu rther to support other 
groups performing environmental restoration activit ies for the Oak Ridge 
Reservation. The CSL is now managed and staffed by T N and Associates, an 
8(a) small business subcontractor. Also, the CSL no w has an interface to 
the Reservation-wide Analytical Services Organizati on (ASO), to provide 
integrated analytical service to its customers. 
TECHNICAL SUPPORT 
The CSL provides the quality, quick-turnaround data  needed to support 
results-based field decision making. Analytical res ults can be provided 
to the data user overnight or within 24 hours as re quired by the customer 
(currently, a thirty day turnaround time is standar d if there is no quick 
turnaround request). Under Bechtel's contract, CSL staff assisted RI/FS 
project geologists with planning, interpretation, a nd application of 
sampling and analysis plans and associated support documents. The staff 
have supported ER field efforts with analytical pla nning, cost 
estimating, and data interpretation for the past tw o years.CSL staff 
interact with various ER project staff to provide p re- and post-field-
support activities. These including preparation of sampling kits, sample 



screening for DOT transportation/packaging and radi oactivity checks, 
analytical planning and coordination with either on - (ASO) or off-site 
confirmatory-level laboratories, receiving excess s ample returned from 
these labs, and archiving or disposing of sample re mnants (thus closing 
the chain-of-custody).  
Immobile laboratory trailers at the ORNL ER Field O perations Facility 
(FOF) house the CSL. This location is convenient fo r sampling teams to 
pick up sample kits or to deliver samples since the  FOF is the starting 
and stopping point for most ER field activities. We  routinely screen 
environmental, health and safety, low-level deconta mination and 
decommissioning and waste management samples. Our s ample screening 
results are used by ASO and off-site labs to guard against instrument 
contamination and detector saturation.  
ANALYTICAL TECHNIQUES 
The analytical scope of the CSL covers basic radiol ogical and volatile 
organics screening, and basic wet chemistry. Analys es can be performed 
rapidly, and results from complementary techniques are reviewed to 
provide a more complete technical understanding. Me thod detection limits 
are comparable to off-site confirmatory labs. 
Primary radiological contaminants of concern are 90 Sr, 137Cs, and 3H. 
Radiochemical analyses include gamma spectroscopy, tritium and carbon-14 
screens using liquid scintillation analysis, and gr oss alpha and beta 
counting. Cerenkov counting and crown-ether-based s eparation are the two 
rapid methods used for determination of radiostront ium in water samples. 
Minimum detectable activity values for radiological  samples may be 
adjusted by changing sample sizes and count times t o meet the customer's 
needs. 
Gamma spectroscopy is performed via an intrinsic ge rmanium detector with 
a computer-based multichannel analyzer. Due to the lack of an autosampler 
and the long count times often required, the gamma detector system is a 
bottleneck in sample throughput. A second detector will soon be on-line 
to increase the CSL's capacity. 
Liquid scintillation is used to perform 3H and scre ening 14C analyses. 
Samples are not distilled; instead, soil samples ar e DI water extracted 
(1:1 w/v) and instrumentation software corrects for  quenching effects in 
all samples. Carbon-14 can be excluded based on neg ative screening 
results but cannot be confirmed based on positive r esults (other weak or 
quenched b particles may cause 'false' positives). 
Gross a and b are measured using proportional count ers. Low-activity 
samples are analyzed on a low-background gas-flow p roportional counter. 
Higher-activity samples are analyzed on scalers bec ause higher-activity 
samples might contaminate the low-background counte r, and the ZnS solid 
scintillator probe is immune to the b->a cross-talk  observed in the a 
signal from the gas-flow proportional counter.The C SL analyzes 90Sr in 
water samples using one of two methods. Strontium m ay be separated from 
unfiltered or filtered samples using SrSpec columns  (EiChrom), then 
immediately counted for 90Sr as gross b before subs tantial 90Y ingrowth. 
Alternatively, after a two-week 90Y ingrowth, 90Sr Cerenkov counting may 
be performed on filtered samples using the liquid s cintillation counter 
(and no scintillation cocktail). Strontium-90 Ceren kov counting also 
requires gamma spectroscopy to provide 137Cs/60Co c orrection to the 
Cerenkov-determined 90Sr activity. 
The primary volatile organic contaminants of concer n are fuel-based 
aromatics and solvent-based chlorinated hydrocarbon s. Volatile organics 



screens are performed by gas chromatography (GC) us ing photoionization 
(10.2 eV) and Hall electrolytic conductivity detect ors and a CSL-specific 
method based on EPA methods 601 and 602. A sixteen- port purge-and-trap 
autosampler introduces samples onto the GC column. 
Basic wet chemistry for environmental waters includ es alkalinity, 
dissolved and suspended solids, ion chromatography (IC), and, (for 
various matrices) pH and resistivity. IC is used to  analyze both cations 
and anions following a CSL-specific method based on  EPA 300. Together, IC 
and alkalinity provide an ionic profile of water sa mples, and their sum 
can be compared to the total dissolved solids measu rement as a 
performance check. 
QUALITY ASSURANCE 
The mission of the CSL is to provide rapid screenin g (EPA level II) for 
the ORNL ER program. The lab delivers these results , using lab-specific 
methods, without time-consuming deliverable require ments. Controlled CSL 
procedures and the laboratory quality assurance pla n document quality 
requirements for each analysis and general laborato ry practices. QA staff 
from ORNL Oak Ridge Reservation, DOE Oak Ridge, and , formerly, Bechtel, 
routinely audit the lab's procedural conformance an d good lab management 
practices. The CSL has used independent performance  evaluation (PE) 
samples to fine tune method accuracy. The PE sample s were obtained from 
commercial sources. Recently, the lab has begun to take part in 
government-sponsored radiological (DOE MAPEP and EP A EMSL-LV) and 
chemical water pollutant (EPA EMSL-Cinci) PE studie s. Participation in 
these studies confirms the CSL's accuracy and inter laboratory 
comparability. 
COST EFFECTIVENESS/SAVINGS 
The CSL is saving dollars both directly and indirec tly. Direct cost 
savings are based on comparable off-site quick-turn around analytical 
costs; premium charges for rapid response from off- site laboratories make 
the CSL especially cost-effective. The RI/FS team h as documented CSL 
savings estimated to be greater than $1 million for  fiscal years 1993 and 
1994. 
Indirect savings are difficult to quantify. They ar e based on reduction 
of costs and liability associated with shipping sam ples off-site for 
analysis, preparing for sampling and sample shippin g, assisting Health 
and Safety (H&S) staff, and sampling crew downtime.  CSL data provides 
analytical information for proper DOT classificatio n of radioactive 
environmental samples. Sample container procurement , sample kit 
preparation, and sample chain of custody are all ce ntralized through the 
CSL for most samples analyzed by the CSL. CSL staff  also generally 
prepares and packages samples for shipment to off-s ite or ASO labs for 
further analysis. H&S staff uses the CSL to analyze  monitoring samples to 
minimize personnel risk, and field sampling crews c an be more productive 
because of the rapid turnaround of data from H&S an d sampling based on 
results of previous sampling. The RI/FS team made e xtensive use of CSL 
data in the Remedial Investigation for Waste Area G roup 5 at ORNL and 
other site characterization projects. 
LESSONS LEARNED 
Several lessons learned at the CSL may apply to sim ilar screening 
laboratories.  
  Participate in the initial scoping or DQO Process  activities to 
identify data uses and opportunities to use CSL dat a. 



  Determine a general prioritization scheme for sam ples and analyses 
before competing deadlines or customers demand one.  This planning should 
include holding time, data end-use, and lab staffin g considerations. Lab 
customers should be aware of and agree with this sc heme. 
  Establish appropriate sample selection guidelines  to identify possible 
further analyses (e.g.,perform g spectroscopy only when b activity is 
greater than x) within the screening lab or at an o ff-site confirmation 
lab. Setting up a formalized analytical decision tr ee will save money by 
reducing unnecessary analyses and documentation req uirements. 
  Invest in an expandable data handling system and integrate data 
handling into the appropriate project data manageme nt plan. Data quality 
can be undermined by a poor or 'make-do' handling s ystem.  
  Stagger staffing hours. Varied schedules reduce o vertime, improve 
morale, and serve both the first-of-the-day custome rs (generally 
technical staff) and end-of-the-day customers (gene rally field sampling 
staff). 
FUTURE DIRECTIONS 
The mission of the CSL continues under T N and Asso ciates. With the 
recent appointment of an ASO technical interface, E nergy Systems is 
taking a more active role in CSL activities. This i nterface is likely to 
strengthen as DOE analytical strategies become more  coherent. 
Improvements in data handling will ensure seamless electronic data 
delivery to CSL customers and the Oak Ridge Environ mental Information 
System. As quick-turnaround screening data are more  broadly accepted, the 
analytical capability and sample capacity of the CS L will likely expand.  
SUMMARY 
The ORNL RI/FS team established the CSL to provide rapid radiological 
(a/b/g) and volatile organics screens for ER. Basic  wet chemistry 
techniques were added to assist in rapid and cost-e ffective sample 
characterization. Today T N and Associates continue  that mission. The CSL 
provides its customers with technical and analytica l support, and lessons 
learned have potential application for similar site s or labs. ER is 
expanding the CSL's scope to support more environme ntal restoration/waste 
management activities at ORNL.  
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ABSTRACT 
The United States Air Force (USAF) is conducting a site investigation at 
Air Force Plant (AFP) PJKS near Waterton, Colorado.  The compound n-
nitrosodimethylamine (NDMA) was identified as a con taminant using gas 
chromatography/mass spectrometry (GC/MS) selected-i on monitoring (SIM) 
analysis of soil and groundwater samples. As part o f the investigation, 
several background wells were sampled to determine environmental levels 
of specific target compounds in groundwater. NDMA i s not naturally 
occurring, but was detected in one of the backgroun d wells. Upon 
reanalysis of the sample by another methodology, it  was discovered that 
an organic acid was a direct interferent of NDMA in  the SIM method. The 
interfering organic acid was also found to be prese nt in some of the 



project environmental samples with detected NDMA re sults. As a result, 
all positive detections determined by the SIM metho d were considered 
suspect. A new method of analysis was needed that m aintained the 
analytical comparability with previous data collect ed (e.g., low 
detection limit). It was decided that high-resoluti on GC/MS would be used 
to confirm any detections produced by the SIM metho d. If a result was 
confirmed by the high-resolution method, then the N DMA result from the 
SIM analysis would be reported as usable. 
INTRODUCTION 
A supplemental remedial investigation/feasibility s tudy (SRI/FS) was 
performed at AFP PJKS, near Waterton, Colorado as p art of the Air Force's 
Installation Restoration Program (IRP) to assess pa st hazardous waste 
disposal and spill sites and develop remedial actio n strategies for 
cleanup. AFP PJKS activities included rocket fuels development, 
purification, and testing activities in support of the Titan missile. 
Hydrazine fuels (hydrazine, unsymmetrical dimethyl hydrazine, and 
monomethylhydrazine) were used in the testing and d evelopment activities. 
A degradation product of these hydrazines, NDMA, wa s detected in the soil 
and groundwater. The approved detection limit of US  Environmental 
Protection Agency (EPA) method SW8270 (EPA,1987) fo r this compound (10 
parts per billion) was considered inadequate in com parison to human 
health and ecological risk levels for soil and wate r samples. As a result 
an alternative method was needed. A modification of  the EPA GC/MS method 
SW8270, for semivolatile organics, capillary column  technique, was 
developed. This method, which involved the use of S IM GC/MS, was reviewed 
and/or approved by multiple regulatory and federal agencies during work 
plan development for the investigation. After sever al years of data 
analysis using this method, it was discovered that an organic acid 
present in the samples shares the primary ion with NDMA and acts as an 
interferent, which leaves much of the data unvalida table (unconfirmed 
target compound identification) and therefore of li mited use. It was 
determined that the modified method produced false positives for some 
sample results for NDMA analyses. A description of the method and 
resolution of the interference problem are discusse d in the following 
paragraphs. 
SELECTION OF ANALYTICAL METHOD 
When determining the method for analysis of NDMA at  AFP PJKS, detection 
limit requirements were of utmost importance. The c oncentrations of 
concern, as related to ecological and human health risk assessment (12.5 
g/kg for soil samples and 0.000362 g/l for water sa mples), were compared 
to the detection limits for three analytical method s. Two of these 
methods, SW8070 and SW8270, are standard SW846 anal yses. The third is a 
modification of SW8270 using the SIM mode of acquis ition. Method SW8070 
is a GC method that requires second-column confirma tion and has estimated 
method detection limits (MDLs) of 0.15 g/l for wate r and 1.5 g/kg for 
soils. This analysis was rejected because second-co lumn confirmation of 
NDMA detections increases the cost of analysis, and  the detection limits 
were not as low as those provided by other methods under consideration. 
The detection limit for NDMA analysis by SW8270 als o was insufficiently 
low to meet risk assessment quality objectives. An alternate method with 
a lower detection limit was required. It was determ ined that a 
modification of method SW8270 would produce the low est detection limits. 
An explanation of why the SIM mode is a more sensit ive modification of 
the method is given below. 



There are two commonly used methods to acquire data  from an analysis by 
GC/MS operating in electron impact (EI) mode. Scan mode, the most 
commonly used method, acquires information continuo usly from a signal 
originating from an electron multiplier over a wide  range of ions. These 
ions have a specified mass, measured in atomic mass  units (AMU), which is 
used to help identify the compound of interest. A s can of the range of 
ions (usually 35 to 500 AMU) occurs a minimum of on e scan per second.  
SIM GC/MS functions in an identical manner with one  exception. The 
designated scan range for SIM GC/MS is much narrowe r and is specific to 
the mass of the primary ion for the compound of int erest. Therefore, when 
acquiring data in the SIM mode, a greater amount of  data is collected for 
a specific ion mass. As a result of greater amount of acquired data over 
the same amount of time, greater instrument sensiti vity is obtained in 
the SIM mode as opposed to the scan mode, resulting  in a lower limits of 
detection for the target compound. Because the SIM mode produced lower 
detection limits that were more in keeping with the  risk-based 
concentrations of concern, the SIM mode modificatio n of the SW8270 method 
was selected as the investigative protocol. 
ANALYSIS OF NDMA USING SIM GC/MS AND PROBLEMS WITH INTERFERENCE 
Analysis of NDMA using SIM GC/MS involves the follo wing procedure. A 
measured volume or weight of sample is extracted wi th methylene chloride 
at pH 11, and then extracted again at pH 2. The sol vent extract is dried 
with sodium sulfate and concentrated to a final elu ate volume of 1 ml. 
Surrogate spiking compounds are added during the ex traction phase, and 
internal standards are added prior to sample analys is and after 
extraction. After chromatographic separation, quali tative identification 
is performed using peak retention time and the rela tive abundance of the 
primary NDMA ion, at 74 AMU. Quantitative analysis is performed using the 
internal standard technique relating the response o f the internal 
standard to the response of the NDMA primary ion (7 4)(Southwest 
Laboratory of Oklahoma, 1992). 
As part of the field effort for the AFP PJKS site i nvestigation, several 
groundwater monitoring wells were chosen outside of  suspected 
contaminated areas to measure the background levels  of specific target 
compounds, including NDMA. NDMA was detected at a l evel of 39 g/l in one 
of the background wells. NDMA is not naturally occu rring and should not 
have been detected in this well. The sample analysi s was confirmed for 
NDMA when reanalyzed by method SW8270 SIM mode usin g the two secondary 
ions (42 and 43) in addition to the primary ion (74 ). The laboratory was 
asked to reanalyze the sample in the scan mode, whe re it was discovered 
that an unknown compound (an organic acid) coeluted  with NDMA. The 
unknown compound contains, as part of it's spectrum , the same ion 
abundances of 74, 42, and 43 AMU that were used in the SIM mode to 
identify NDMA. It also produced a response at 73, 5 7, 56, and 45 AMU. 
Therefore the unknown organic acid (believed to be propanoic acid) 
produced a spectral signature in the SIM mode ident ical to that of NDMA, 
and was responsible for the false positive NDMA det ection in the 
background well. Because of the shared ions and the  similar retention 
time of both compounds, the positive detections whi ch had been achieved 
so far in the investigation immediately became susp ect. It could not be 
determined by the data available which compound had  produced the positive 
results in the SIM mode. The samples that produced no detections were 
determined to be valid results, because neither NDM A or the unknown 
organic acid was present to produce a positive dete ction. 



ANALYSIS OF NDMA USING THE SIM MODE GC/MS WITH CONF IRMATION BY HIGH-
RESOLUTION GC/MS 
The immediate problem was to find a reliable method  for analysis of NDMA 
which would allow a low enough detection limit to b e comparable to the 
concentrations of concern and also allow confirmati on of the detection of 
NDMA. It was also important to maintain the compara bility of the data so 
that the results of the samples that produced no po sitive detections 
could be used. It was determined that comparability  could be maintained 
if the SIM mode GC/MS method was used with a confir mation method for 
positive detections. The confirmation method would distinguish between 
NDMA and the organic acid. 
It was decided to confirm the positive detections w ith high-resolution MS 
in the SIM mode. The original SIM mode method measu red the response of 
74+/- 0.5 AMU. The high-resolution method measured the exact molecular 
ion at 74.048 AMU specific to NDMA only. When NDMA was detected in the 
low-resolution SIM mode analysis, a confirmation an alysis using the high 
resolution technique was used. If NDMA was confirme d by the high-
resolution analysis, then the original NDMA result from low-resolution 
SIM mode analysis was reported. If the confirmation  method proved that 
the detected compound was the unknown organic acid,  then NDMA would be 
reported was not detected. 
CONCLUSIONS 
GC/MS analysis techniques are commonly thought of a s confirmational 
qualitative methods not requiring alternate analyse s with dissimilar 
columns or detectors, as is typical when using GC m ethods without a MS 
detector. When utilizing SIM mode GC/MS methods, th is may not always be 
an accurate assumption, as proven by the results fo r NDMA at AFP PJKS. 
The use of SIM methods requires knowledge of the pr oject site operational 
and analytical history. If analytical history is un available, site 
screening of soil and water by full-scan GC/MS meth ods should be 
performed prior to the use of SIM methods in order to identify possible 
sample interferences. Without sample interferences,  SIM mode analysis 
provides a qualitative and quantitative result in t he primary sample 
analysis. Confirming results using high-resolution SIM techniques is an 
alternative to site screening with full-scan, low-r esolution methods. 
Unique project considerations must be evaluated to determine the most 
cost-effective approach to this qualitative method- selection issue. 
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ABSTRACT 
A full-scale field demonstration of an innovative s ubsurface 
stabilization technique was performed on simulated transuranic waste pits 
at the Idaho National Engineering Laboratory. The d emonstration involved 
jet grouting simulated buried transuranic waste pit s with an acrylic 
polymer. The jet grouting created a monolith out of  the buried waste 
pits. The monolith can either be considered for in situ disposal of the 
buried waste with improved confinement or can actua lly enhance the 
contamination control of the transuranic material d uring a hot-spot 
retrieval effort by agglomerating the contaminants into courser less 
aerosolizable materials. The demonstration involved  pit construction, 
two-component jet grouting for the polymer pit, des tructive examinations 
of the polymer pit, and evaluation of the contamina tion-control aspects 
of using the polymer material to bind the contamina nts. 
INTRODUCTION 
This project was sponsored by the Department of Ene rgy Office of 
Technology Development Landfill Focus Area. It inve stigated two potential 
applications for jet grouting: 1) creating monolith s out of the 
soil/waste matrix for in situ disposal of buried wa ste, and 2) creating 
monoliths for interim storage of buried waste for e ventual retrieval, 
treatment, and processing. Both of these scenarios are being considered 
by the Idaho National Engineering Laboratory (INEL)  Environmental 
Restoration Program as part of the Comprehensive En vironmental Response, 
Compensation, and Liability Act (CERCLA) process. R esults of this 
investigation can be used to establish the Record o f Decision for the 2 
million cu ft of buried mixed transuranic waste com mingled with 6-8 
million cu ft of soil in shallow land burial at the  INEL. 
To accomplish these tasks, two simulated waste pits  were jet grouted with 
two different formulations of an acrylic polymer gr out provided by 3M 
Company, Inc. The grout is an acrylic chemical grou t based on an acrylic 
comonomer blend. Jet grouted into one waste pit was  a version of the 
polymer that produced a hard durable monolith out o f the waste. This 
version of the polymer simultaneously stabilized th e waste against 
subsidence and provided complete waste encapsulatio n. This monolith could 
be considered for disposal in situ of the buried wa ste. For the other 
pit, a slightly different formulation of the same b asic polymer was jet 
grouted, which resulted in the same monolithic stru cture. However, the 
mixture of soil-polymer that resulted was eraser-li ke in texture and 
easily retrievable with enhanced contamination-cont rol and dust-control 
attributes. 
The experiment involved pit construction, grouting,  retrieval of the soft 
eraser-like monolith with air sampling, and coring and destructive 
examination of the hard monolith. 
PROCEDURE 
Two identical pits (4.5  9  6 ft) were constructed with the same 
composition as the transuranic pits and trenches fo und in the INEL 
Subsurface Disposal Area. The pits contained 15 to 55-gal drums of 
simulated waste material including cloth, paper, me tal, wood, asphalt, 
concrete, glass, and sludge. Loading of the simulat ed waste in the drums 
was typical of those from the Rocky Flats Plant, wi th a range of up to 
50% voids for the metal-containing drums and 10% vo ids for the sludge 



drums. A rare-earth tracer (dysprosium oxide) was p laced in each 
container to simulate the plutonium/americium oxide  present in the actual 
buried waste. 
Past studies have shown that the rare-earth oxides move like plutonium 
under the INEL soil conditions. (1) The two pits we re typically 
backfilled with INEL soil identical to the practice  in the actual waste 
pits. The grouting phase involved jet grouting with  the CASA GRANDE C6S 
drilling/jet-grouting system using a dual concentri c annulus drill stem 
and two positive displacement pumps with balanced f lows. This allowed 
mixing of the two parts of the polymer grout in the  ground through a 
single nozzle at the bottom of the drill stem. 
One component of the grout was injected at 6,000 ps i using the CASA 
GRANDE JET5 pump, and the other component was injec ted at 1,000 psi using 
the Schwing pump. A typical grouting operation was to deliberately drive 
the 4-9/16 in. drill stem through the waste. When f ully inserted, the 
procedure was to withdraw the drill stem while jet grouting. The test 
variables were withdrawal rate, drill stem rotation , pump pressure, and 
withdrawal step size. Based on field trials, the st ep size was set at 3 
cm, with 2 revolutions per step, and 3 s on each st ep. This resulted in 
placing nominally 65 gal of combined polymer materi al into each of the 
holes. Also based on field trials, the holes where placed at 2-ft spacing 
on a closed-pack triangular pitch. 
The retrieval phase of the soft eraser-like monolit h involved placing a 
weather structure over the pits and using air sampl ers during retrieval 
to evaluate the contamination control by measuring collected dust and 
tracer. Retrieval was accomplished with a backhoe w ith thumb attachment.  
The hard monolith was evaluated by coring in two lo cations and by 
destructive examination (isolation and uncovering o f the monolith). 
Laboratory durability studies were also performed i nvolving the hard 
monolith for compressive strength, effect on compre ssive strength due to 
base attack, water immersion testing, and permeatio n of liquid phase 
volatile organics. 
RESULTS 
The demonstration involved jet grouting, retrieval (soft polymer pit), 
and destructive examination (hard polymer pit). The  main objective was to 
prove the concept for this technology. 
Grouting 
Grouting was performed in 1 working day for both th e soft polymer pit and 
the hard polymer pit. A total of 33 combined holes were grouted into the 
two pits (18 holes in the hard polymer pit and 15 h oles in the soft 
polymer pit) as shown in Fig. 1. Grout returns (a m ixture of soil and 
uncured polymer mix that flows up the drill stem du ring grouting) were 
considerably higher than returns previously experie nced when jet grouting 
lower viscosity Portland cement/water mixtures. Dur ing a Fiscal Year 1995 
demonstration called Innovative Grout/Retrieval, (2 ) jet grouting with 
Portland cement produced about 2gal of returns per 10-ft hole, and these 
returns were easily contained in a spoils collectio n hole around the 
drill stem. 
Fig. 1 
For the Fiscal Year 1995 polymer demonstration, 5 t o 7 gal of returns 
were observed in each hole, and a special collectio n pit and canal system 
were employed to manage this secondary waste materi al. Figure 2 shows the 
jet-grouting operation, with the spoils collection pit and canal system 
to divert the spoils into the collection pit. Cure time in laboratory 



mixtures of polymer and INEL soil was about 70 minu tes. Therefore, the 
jet-grouting operation had to be sensitive to timin g to avoid premature 
curing in the injection equipment. Premature curing  of the polymer 
material was not observed during grouting, and the jet-grouting apparatus 
performed even better (less breakdown time) than wi th Portland cement, 
primarily because of the lower viscosity material. Since the jet-grouting 
operation used a dual concentric annulus drill stem , any mixing of the 
two components occurred outside the injection appar atus. 
Fig. 2 
Retrieval (Soft Polymer Pit) 
Once grouted, a weather structure was placed over t he pits and 10 high-
volume (25 cfm) air samplers were oriented around t he pits. With no 
operations inside the weather structure, dust and t racer concentration 
data were obtained (8.42E-7 g/L-air; less than 30 p pm dysprosium on the 
filter). Next, approximately 3 ft of overburden was  removed while taking 
air-sampling data to establish a baseline digging s cenario for comparison 
with digging in the soft polymer pit. Comparison of  the dust 
concentration for digging of soil with no polymer v erses excavating the 
pit with polymer gives an assessment of the degree of dust and therefore 
contamination spread data. 
For the overburden removal case, the dust concentra tion was 1.21E-5 g/L-
air and the dysprosium concentration averaged 20 pp m. A dust 
concentration of 1E-5 g/L-air is comparable to digg ing in a soil 
condition during the excavations discussed in the i nnovative 
grout/retrieval demonstration report.2 During diggi ng of the soft polymer 
pit, the measured dust concentration was considerab ly lower than the 
baseline digging case. For the polymer pit, the dus t concentration 
averaged 1.11E-6 g/L-air compared with 1.21 E-5 g/L -air for overburden 
removal. The dysprosium concentration averaged 3,39 7 ppm, or a two-order-
of-magnitude increase in the concentration during o verburden removal. 
Reduction in dust concentration for digging in the polymer pit compared 
with digging in just soil was 91%. To put this into  a radiological 
perspective, if the source term were 450 nCi/g (est imated as an average 
concentration at the INEL buried  
At the INEL, bubble-suited entry above about 10 nCi /g would require 
special waivers. The two-order-of-magnitude increas e in dysprosium 
concentration for digging the polymer pit compared with either background 
or overburden removal is attributed to the presence  of an ungrouted drum 
punctured during retrieval. The drum was a metal co ntainer interred on 
the edge of the pit. During backfilling, the drum m oved outside the 
surveyed pit boundaries and was missed in the jet-g routing operation. In 
an actual pit retrieval, this event would not be a problem, because the 
area of grouting surrounding a hot spot or actual p it would extend up to 
10 ft beyond the area excavated, which would avoid the ungrouted drum 
scenario. It is unlikely that with a 2-ft grid spac ing, a drum in any 
orientation would go ungrouted. 
Examination of the debris retrieved from the soft p olymer pit showed that 
the polymer did cure and was easily retrievable. Th e pit came apart with 
standard backhoe digging as if the soil/waste matri x was merely wet clay. 
Examination of the debris showed that unlike the Po rtland cement pit 
described in past studies, (1) the individual waste  forms were coated in 
a cured polymer material. Especially impressive was  the paper material 
that had the appearance of having been first soaked  with the polymer and 
then cured. The Portland cement would not have pene trated the paper. 



Figure 3 shows a drum containing paper impregnated with the cured 
polymer. 
Fig. 3 
Examination (Hard Polymer Pit) 
The hard polymer pit was first cored with 2-in. cor ing equipment and then 
isolated and finally destructively examined. Result s of the two cores 
obtained show that the monolith was free of voids a nd that the polymer 
material did indeed cure while buried. For the dest ructive examination, 
the weather shield was removed and the monolith was  isolated (9  4.5  6 
ft). The structure maintained the monolithic shape.  The southeast corner 
was accidently removed as one piece about 3 ft long  by 4 ft wide during 
the isolation. The monolith was lifted from the pit  as one unit with a 7-
yard front-end loader but broke along the lines of the waste containers 
into three distinct pieces when placed on the groun d. Based on visual 
observations, this hard polymer may have resulted i n a considerable 
reduction in the spread of dust and contaminants du ring retrieval mainly 
because the waste can be removed in larger pieces. 
Durability Tests 
Representative samples were subjected to a set of s coping performance and 
durability tests to determine the adequacy of the p olymer for in situ 
treatment of INEL buried waste. Testing included me asuring hydraulic 
conductivity, resistance to immersion in water, res istance to immersion 
in a saturated aqueous solution of trichloroethylen e (TCE), resistance to 
immersion in alkali, and resistance to wet-dry cycl ing. These resistance 
tests were designed to evaluate the effect of the t est on compressive 
strength, which is an indicator of durability. 
Hydraulic Conductivity 
Hydraulic conductivities were measured using a flex ible wall permeameter 
following American Society for Testing and Material s (ASTM) D-5084. The 
hydraulic conductivities of duplicate samples were found to be below the 
detection limit of the permeameter. Ignoring leakag e and evaporation and 
using only the inflow volume results in a maximum h ydraulic conductivity 
of 1.210-14 m/sec (1.2  10-12 cm/sec) for the brass  blank and an average 
of 2.8  10-14 m/sec (2.8 10-12 cm/sec) for the poly mer-soil grout 
specimens. This indicates a low leaching material w ith hydraulic 
properties superior to Portland cement soil grout. 
Permeation of Volatile Organics 
Original plans called for determining the effect of  aqueous solutions of 
TCE on the hydraulic conductivity of the polymer-so il grout. It was 
postulated that the TCE might swell clay particles in the soil and 
further reduce permeability. Because of the low per meability of the 
specimens, it was impossible to perform this task. 
Baseline Compressive Strength 
Ten replicate samples of the soil grout were tested  for unconfined 
compressive strength (ASTM C-39) to determine basel ine strength. Average 
compressive strength was 20.7  0.9 MPa (3,000 130 p si). 
Water Immersion 
It is expected that stabilized buried waste may be exposed to aqueous 
environments from percolate water. The Nuclear Regu latory Commission 
(NRC) takes the position that all radioactive waste  forms must be able to 
withstand at least a rudimentary water immersion te st. Exposure of 
barrier materials to aqueous solutions can result i n swelling, cracking, 
or dissolution. Also, soils (i.e., expansive clays)  used as aggregate may 
interact with the water through swelling or dissolu tion of mineral 



components. Aggregate interactions can cause intern al stresses with 
resultant cracking and degradation of the waste for m. 
Following the testing procedure recommended by the NRC, five replicate 
samples of the acrylic/INEL soil grout were immerse d in deionized water 
for 90 days. The samples were inspected visually fo r cracking and 
swelling periodically during the course of the test . The samples were 
weighed, measured, and destructively tested for com pressive strength 
(ASTM C-39) at the end of the test period. No visua l, dimensional, or 
structural changes were observed. The average compr essive strength was 
19.6  0.3 MPa (2,840  40 psi), which shows a very s mall change from the 
baseline compressive strength of 20.7 MPa. 
Wet-Dry Cycling 
The INEL is located in a semiarid region. The soil moisture content is 
low, ranging between 3 and 15%, but occasional prec ipitation percolates 
the ground. The waste form will be under saturated conditions during 
these times. Wet-dry cycling has a severe impact on  construction 
materials such as hydraulic cement. Five replicate samples of the soil 
grout were subjected to wet-dry cycling adhering to  ASTM D-4843. No 
dimensional changes were observed. The average comp ressive strength was 
22.9  1.3 MPa (3,320  184 psi) compared with the ba seline of 20.7MPa. 
Base Attack 
At the INEL buried waste site, waste forms will be expected to see alkali 
conditions. These conditions can arise from the pH of the soil (~8.4) due 
to the carbonate content, or the buried waste itsel f can be alkali (e.g., 
sodium hydroxide used to neutralize nitric acid fro m reprocessing). Five 
samples were immersed in an aqueous, sodium hydroxi de solution at pH 12.5 
for 90 days. The average compressive strength was 1 6.2  0.6 MPa (2,340  
90 psi) for a change in compressive strength compar ed with the baseline 
of 20%. 
Volatile Organic Attack 
Five replicate samples of the acrylic polymer-soil grout were immersed in 
water saturated with TCE at room temperature for 90  days. TCE was chosen 
as the candidate medium for volatile organic compou nd solvent testing 
because it appears to be one of the predominate con taminants found 
throughout the DOE complex and it is expected in th e INEL buried waste 
site. The average compressive strength was 19.6  0. 3 MPa (2,850  40 psi), 
which compares favorably with the baseline of 20.7 MPa. 
CONCLUSIONS 
Based on the results, it was concluded that the two -component acrylic 
polymer grout can be jet grouted with the dual conc entric annulus drill 
stem and jet-grouting equipment. The resulting mono lith is a durable, 
stabilized matrix suitable for either long-term dis posal of buried 
transuranic waste or interim storage and eventual r etrieval. Indications 
from durability testing show that the polymer/waste /soil matrix is stable 
for a variety of conditions and is chemically compa tible with the 
environment at the present time. If conditions do n ot drastically change, 
the monolith of soil/waste/polymer should remain st able. 
During retrieval operations, for the soft polymer p it there is a 91% 
reduction in dust spread but a two-order-of-magnitu de increase in the 
tracer concentration in the air compared with diggi ng in soil only, 
suggesting that plutonium might have spread for thi s retrieval scenario. 
On a qualitative basis, however, it appears that th e hard monolith 
material may prove to be a superior material compar ed with the soft 
polymer for the interim storage/retrieval idea, in that the monolith is 



more cohesive. Nevertheless, further testing of tha t concept for top-down 
digging would be required to answer that question. In general, the 
concept of jet grouting a two-component acrylic pol ymer mixture was 
demonstrated, and there is a positive proof of conc ept both for leaving 
the waste for final encapsulation and for interim s torage and eventual 
retrieval. 
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ABSTRACT 
An interest in using bryophyta as bioindicators has  recently emerged 
considering their great capacity for accumulating p ollutants, more 
specifically metallic ions from their environment. For example, Phacelia 
sericea has been used to detect the presence of gol d in British Colombia 
(6). However, few studies on aquatic mosses have be en undertaken, until 
now, in Quebec. The aim of this project is to asses s the metallic ion 
content of natural bryophyta from different regions  of Quebec. To realize 
this objective, -calcium, magnesium, copper, cadmiu m, manganese, iron, 
nickel, cobalt, and chromium- were analyzed in a nu mber a species. The 
bioaccumulated load seems to differ depending on th e type of metal 
analyzed, the species, and the part of the plant st udied. The structure 
of most bryophyta is quite simple; no roots, a very  simple vascular 
system and a single thickness cells in their leaves . These plant cells 
possess many negatively charged sites where the pos itive metal ions can 
attach, hence the rapid accumulation that is observ ed initially which 
appears to be centered on an ionic exchange (adsorp tion) process. Our 
results show that mosses coming from the Cach River  near Quebec City are 
highly contaminated with cobalt. As for copper, thi s element is present 
in high concentrations at St-Alexis-des-Monts, Lore tteville and around 
Quebec City. Fontinalis dalecarlica Schimp. ex B.S. G. and Platyhypnidium 
riparioides (Hedw) Dix. tended to accumulate more t han the other species; 
thus indicating a species dependant selectivity. In  comparing two mosses 
from Loretteville, P. riparioides contained 300 tim es more copper than 
Brachytecium rivulare. Except for calcium and magne sium, our results of 
the metal concentrations found in the stems and lea ves correspond with 
those mentioned in the literature (9,4,8). 
INTRODUCTION 



Our aquatic environment is becoming more and more s tressed by the various 
pollutants generated by modern industries. One of t he main problems 
associated with the analysis of heavy metals is the ir very low 
concentration in the natural waters. In such cases it is often necessary 
to use bioindicators which concentrate the metals i n order to monitor 
their evolution over time and space (1). To date a variety of 
bioindicators have been used and depending on the c hemical substances, 
the efficiency will vary according to the type and complexity of the 
biocaptor chosen (2). Since 1970, the bryophyta are  being studied for 
biomonitoring and assessment of water pollution. Up  to now, most of the 
research is oriented toward the selectivity of the best indicators. Many 
scientists have been studying the physiological pro cesses in plants for a 
better understanding of the metal ion interactions.  Mosses are very 
simple plants that have no root structure. Their va scular system is not 
complex and suggests an easy accumulation process. The metal ionic 
exchanges reported are principally centered on the stems and leaves. 
According to some studies undertaken in Quebec, it seemed important to 
understand the metal accumulation and elimination m echanisms of these 
bioindicators. In order to use this kind of biomoni tor in an assessment 
program, it is important to know how this organism lives and the capacity 
it has for concentrating heavy metals. Moreover, it  is interesting to 
compare the metal accumulation by different plants as well as by their 
different parts which reflects the condition of the  plants' natural 
environment. The capability to accumulate specific toxic substances is 
generally determined by the species. However, the s elective sampling of 
mosses is not easy because many species often cohab itate on the same 
substrate. In addition, their identification is not  simple since there 
are only a few specialists in Quebec who can do the  identification.  
The objectives of this study are 1) to find and to study an efficient and 
a resistant biomonitor for metal monitoring in aqua tic environments 2) to 
verify the efficiency of the different parts of the  plant for 
accumulating metals in the natural environment and 3) to characterize 
different regions of Quebec according to the metals  thus bioaccumulated. 
MATERIAL AND METHODS 
Sampling site 
The mosses were collected in the summer of 1993 fro m various rivers of 
the province. Five sites were found favorable for t he sampling of the 
mosses: La Rserve Mastigouche near St-Alexis-des-Mo nts, La Rserve des 
Laurentides near Quebec city, Val-Jalbert near Robe rval , Windsor and 
Loretteville. Many mosses live totally submerged an d are attached to the 
bottom rocks by their rhizoides (a type of small ho ok on the end of a 
semi-root) while others are semi aquatic.  
Table I 
Here, only B.rivulare are considered to be a semi a quatic bryophyta. This 
moss lives in or outside of the aquatic environment . 
Once the mosses were found, they were collected by cutting the top two 
thirds of the plant rather than tearing them from t heir anchorage so as 
to preserve the survival of this species. A serie o f successive washings 
helped remove the unwanted debris (invertebrates, s and, stones, etc.). 
Then the samples were placed on ice and transported  to the laboratory for 
the acclimatization period. It is well known that m osses harvested during 
the summer season will have less difficulty adaptin g to laboratory 
temperatures (18-20C) than those collected in the f all (3). 



The physico-chemical parameters (temperature, condu ctivity, dissolved 
oxygen, pH, and oxydo-reduction potential) were mea sured with a Hydro-Lab 
Surveyor II (SVR 2 model). 
The conservation of the muscinal biomass necessary for the experimental 
stage was done in rectangular basins made of fiber glass (1 x 2.5 
meters). The water temperature was controlled by a glycol filled 
serpentine which cooled the water in an adjacent co ntainer. This 
temperature adjusted water was circulated by the co ntinuous pumping 
action of pressurized air in the return pipe. A Flu orescent "Grow Lite" 
furnished sufficient light to maintain the aquatic mosses in good health 
(7) . 
Chemical Analysis 
Each sample was subdivided in five replicates. Each  subsample was oven-
dried at 110C for 12 hours. The mass of each subsam ple was approximately 
0.3 grams dry weight. After weighing, the samples w ere digested in 
concentrated nitric acid (HNO3) for 7-8 hours until  the elimination of 
the brown fumes; the reaction was driven to complet ion with 30% hydrogen 
peroxide (H2O2) (2). When the reaction was finished , the reaction tubes 
were cooled and maintained at 4C. The digestions we re diluted to exactly 
50 mL each with distilled water. They were then man ually stirred to 
assure a completely homogeneous solution. Before pr oceeding to the 
spectroscopic analyses, it was very important to al low the solutions time 
to attain room temperature, otherwise a physical in terference was evident 
in the subsequent analysis. The digested mosses wer e analyzed by atomic 
absorption spectrophotometry (Varian model AA1275) with air/acetylene 
flame. Certified standards for water (Standard Refe rence Material 1643 C) 
and mosses (Certified Reference Material BCR No 61)  were used in the 
quality control scheme. The digested mosses were an alyzed for their Ca, 
Mg, Cu, Cd, Mn, Fe, Ni, Co and Cr content. 
RESULTS 
Fig. 1 
In Fig. 1, the cobalt concentration in F. dalecarli ca (stem) is 138 gg-1 
when coming from Quebec area (Cach River ) while th at at St-Alexis des 
Monts is only 74 gg-1. For the other metals, the co ncentration varying 
from 0 to 20 gg-1. No significant concentration was  found for chromium. 
Fig. 2 
Examining the histogram of the abundant metals, the  copper concentrations 
was elevated in seven of the cases. The highest con centrations was found 
in F. dalecarlica and P. riparioides . For the latt er species, the value 
is around 24 000 g-1 while the other cases varied f rom 7 400 to 15 000 
gg-1 (Fig. 2). The magnesium and calcium in the fiv e sites varied 
according to the species and the site, but all conc entrations are below 
3500 gg-1. 
Table II 
The cobalt concentration for all the mosses was the  highest for F. 
dalecarlica from the Cach River near Quebec City (8 1 gg-1) and from St-
Alexis-des-Monts (58 gg-1) while the copper concent ration was the highest 
in P. riparioides at St-Alexis (23 589 gg-1) and Lo retteville (24 331 gg-
1). For other species studied, the copper values pr esented a irregular 
dispersion pattern from 44 to 12 261 gg-1 (Table II ). 
Table III 
Generally, the concentration of the metals in the s tem or in the leaves 
attained a higher value than that found in the whol e plant depending on 
the type of metal. For example, F. dalecarlica from  St-Alexis-des-Monts 



had the highest values in the leaves for calcium (3  248 gg-1 ), copper 
(17 205 gg-1) and magnesium (23.75 gg-1) while it a ppears that the stem 
had the highest values for the cadmium (3.62 gg-1),  cobalt ( 74.61gg-1), 
iron (23.36 gg-1), manganese (19.29 gg-1) and nicke l (6.80 gg-1) 
concentrations. A similar pattern was founded for F . dalecarlica from the 
Cach River near Quebec City. 
DISCUSSION 
The aquatic mosses are good bioaccumulators of meta ls and as such can 
indicate their regional distributions. The results obtained from this 
study illustrates the capacity of mosses to accumul ate well copper ions. 
In addition, the comparison of the accumulation res ults shows that 
Fontinalis is a better accumulator of cobalt than t he other aquatic 
species. Mosses coming from the Cach River near Que bec City are 
contaminated by cobalt. Oddly, the Cach River is lo cated in a provincial 
park (Le Parc des Laurentides, Qubec, Canada); one must presume a natural 
mineral source of cobalt exists upstream. 
The bioaccumulation capacity of the different parts  of the plant is an 
important factor if they are to become official bio indicators. For 
example, the metal ions are more concentrated in th e stems rather than in 
the leaves except for calcium and magnesium. Our re sults are consistent 
with other reported studies except for calcium and magnesium (8). It will 
be important to consider the part of the plant in o rder to apply this 
method in different countries. Except for calcium a nd magnesium, 
Brachythecium is only slightly contaminated by envi ronmental metals ions. 
This species is not as useful for monitoring the aq uatic environment. We 
presume this low accumulation potential is due to i ts semi aquatic 
nature. The "aquatic" mosses appear to be better ac cumulators of metals 
than the "semi aquatic" ones. This result is due to  the ionic exchange 
process between the organism and the water. 
Aquatic mosses can store a considerable amount of m etallic pollution. 
Generally, they accumulate a large amount of pollut ants on their cell 
walls, whereas only a small portion of these non-es sential metal ions are 
being absorbed into their cytoplasm. One exception appears to be the 
chromium ions which are effectively excluded from t he inside of 
bryophyta.  
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ABSTRACT 
This paper describes the design, development and im plementation of 
control systems for a Self Guided Transfer Vehicle (SGTV) and a Remote 
Excavator (REMEX) used for cooperative buried waste  integrated 
demonstrations with a remotely controlled gantry sy stem. Demonstrations 
were carried out at the Idaho National Engineering Laboratory (INEL) cold 
test pit site in August 1995. The INEL test site pr ovided simulated Low 
Level Transuranic Wastes (LLTW) and facilities for demonstrating remote 
operations from workstations in a cooperative manne r for command and 
control of the remotely operated systems. These sys tems were developed in 
support of the integrated approach to retrieval and  were part of a 
contract with INEL to further develop the technolog ies from the equipment 
developed, integrated and demonstrated in 1994. 
The retrieval of Transuranic waste from landfill ty pe pits/trenches using 
remotely controlled systems is being considered as part of the Department 
of Energy (DOE) plans to remediate sites such as IN EL's Radioactive Waste 
Management Complex (RWMC). Over 65,000m3 of TRU was tes are stored in the 
RWMC in the form of barrels, boxes, large objects a nd organics. 
The purpose of these demonstrations has been to exp and on the successful 
FY94 demonstrations using the REMEX with an Innovat ive End Effector (IEE) 
to remotely excavate simulated LLTW and to perform cooperative exchanges 
with an Integrated Transfer Module (ITM) to the SGT V for remote 
conveyance of retrieved waste. To accomplish this t he Telerobotic 
Transfer Vehicle (TTV) control system was converted  into a self guided 
vehicle by incorporating a navigation control syste m combined with GPS 
and compass. In addition a path planner and high le vel controller were 
added at the remote work station to implement self guidance from the 
operator station. 
INTRODUCTION 
To upgrade the TTV (2) to an SGTV (Fig. 1) required  significant 
technology enhancements to the TTV control system b y the addition of more 



processor boards, a fully integrated dead reckoning  sensor suite, new 
collision avoidance sensor suite, GPS interface, co mpass, new software 
and a task/path planner control system in a remote workstation.  
Fig. 1 
For the REMEX (Fig. 5) a change in the innovative e nd effector size and 
reconfiguration front shovel to back hoe required r etuning of the control 
system.  
The purpose of the integrated demonstrations at the  INEL through August 
and September, 1995, was to verify performance of t he SGTV self guidance 
control system in representative cooperative retrie val demonstrations 
with the REMEX and as appropriate with a Gantry cra ne system.  
PROJECT DESCRIPTION AND OBJECTIVES 
The design, development, integration, testing and e valuation of the 
control system for the SGTV was funded by the DOE's  Office of Technology 
(OTD) through the Buried Waste Integrated Demonstra tion program managed 
by the INEL. The program was contracted by the INEL  through RAHCO 
International to Spar Aerospace in conjunction with  RSI Research Ltd. 
The control system for the REMEX was developed join tly by Spar and RSI in 
conjunction with the University of British Columbia  from 1992 through 
1993. Enhancements to the control system to meet th e needs of this 
program were undertaken by Spar Aerospace with fund ing by the OTD for end 
effector modifications and the addition of extra ca meras. 
The objectives of this program were to demonstrate self guided control of 
the SGTV, the development of a mission planner with  user friendly 
Graphical User Interface (GUI) to permit creation o f SGTV paths, 
initialization and alignment with GPS derivatives a nd to create a field 
of safe operational zones for high level control of  the SGTV. These 
objectives were to be demonstrated in conjunction w ith the REMEX in 
representative cooperative retrieval of simulated L LTW. The FY94 
demonstration program had successfully demonstrated  the concept of remote 
excavation and dust free dumping between the REMEX and TTV. 
SELF-GUIDED TRANSFER VEHICLE SYSTEM 
Control System Development 
The SGTV control system (Fig. 2) was developed from  the TTV controller 
which was designed with the "Hooks" and "Scars" for  upgrade to self 
guidance in place. The SGTV system thereby retains the telerobotic TTV 
(manual) control mode as the first failure level re covery of the vehicle.  
Fig. 2 
The control system for the TTV was developed by Spa r Aerospace and RSI 
Research Ltd in the first instance at a higher leve l to derive the most 
cost effective solution that met schedule and techn ical requirements for 
a self guided vehicle that was ultimately to operat e within a containment 
building. 
The earliest concepts by RAHCO International for re mote conveyancing 
evolved very rapidly from a static loader container  transfer station and 
straddle type crawler to a skid mounted container t owed behind the 
excavator. Robotic transfer was assumed to be achie ved by having the 
SPAR/RSI team adapt a front end loader with a self guidance control 
system for the purposes of the demonstrations. 
The SPAR/RSI team proposed a reconfiguration to a d edicated vehicle using 
an available track set and building these from the skid concept together 
with an available diesel power unit for propulsion.  Transmission and 
actuation of the TTV functions were developed from standard hydraulic 
system components typically used in mobile machiner y. Hence the basic 



vehicle represented low risk established technology  to which it was 
required to add a telerobotic control system. 
Functionally it was required that the system be des igned to provide the 
following performance criteria: Control and maneuve rability of vehicle 
within +/- 1 ft of the desired track path; ability of the vehicle to turn 
on its own centre and within a 20 ft wide roadway; variable speed control 
from zero to a maximum of 300 ft/min; capable of de tecting obstacles in 
the path of the vehicle and providing a warning ind ication to the 
operator as well as slow down or stop the vehicle; operation and status 
of the Transfer Container lid; sensors status and d isplays at the 
operator's workstation. 
Proposed Vision Tracking System 
To implement self guided control the original TTV c ontrol system had been 
designed to accommodate growth to self guidance usi ng a vision tracking 
system. The proposed vision tracking offered a comp letely external wrap 
around controller with no changes to the original T TV control system. 
This therefore would provide a completely separate system that was 
independent of the vehicle and required no inputs, calibrations, 
initializations, resets or loss/interference from E MI and/or satellite 
constellations. Vision tracking determines position , rate, collision 
detection and visual oversite of vehicle at all tim es. Later it was 
determined that the demonstrations would be conduct ed outside with many 
obstacles and that use of Differential GPS (Global Positioning System) 
was preferred. 
Self-Guided Control System 
Self-guided control is divided into two stages: Mis sion Planning (MP) and 
Vehicle Control and Command Generation (VCCG). MP i s an off-line 
operation which allows the operation to plan a path . A path (Fig. 3) 
consists a start point, pause points, flyby points and an end point. Each 
point is assigned with two circles, which are eithe r used for smooth 
acceleration or deceleration. The speed limit for e ach segment of the 
path can also be defined. VCCG is executed in real time to control the 
vehicle to follow a planned path based on the feedb ack of the sensed 
position and heading of the vehicle provided by GPS  and dead reckoning. 
VCCG generates linear rate command to move the vehi cle towards a target 
position and angular rate command to correct both t he off-track error and 
heading error. VCCG also has a simulation capabilit y which allows the 
operator to simulate the vehicle tracking prior to an actual run. To 
allow the operator interacting with the tracking op eration, a Graphic 
User Interface (GUI) was implemented. Through the G UI, the operator can 
pause, resume, reverse or stop the vehicle at any t ime. 
Fig. 3 
In the new SGTV control system, the telerobotic mod e and Direct Track 
mode are still retained from TTV developed in FY94.  Both control modes 
use a two-axis joystick to generate vehicle command s. The difference is 
that the Direct Track mode is an open loop control with the sensory 
feedback for the track servos disconnected. Also re tained is the 
lid/latch open and close control which can only be used when the vehicle 
is stationary. 
The control system architecture is shown in Fig. 2.  The sensory units 
consist of a Trimble 4000SSI differential GPS, a Pr ecision Navigation 
TCM2 electronic compass, a Systron Donner Rate Gyro , dual track encoders 
and 18 acoustic range sensors (9 at each end of the  vehicle). These 
sensors were connected to the onboard computer syst em. The onboard 



computer system comprises of five RSI Research Ltd.  microcontroller 
units. Each microcontroller is dedicated to the fol lowing functions: 
Network between microcontrollers, servo controllers  of the vehicle, 
camera control, obstacle detection and avoidance, a nd navigation 
algorithms such as dead reckoning. Two color camera s, with weather-proof 
enclosures and pan and tilt units, are mounted sepa rately at each end of 
the vehicle. A control pendant is available for loc al operation. 
The remote control room has one workstation for Sel f-guided operation and 
one for Teleoperation. The Self-guided workstation consists of Pentium 
Personal Computer system. Whereas the Teleoperation  workstation consists 
of a microcontroller based computer, a control pane l and a telemetry 
radio. The control panel consists of a two-axis joy stick, switches for 
mode selection, camera control, lid open/close and latch/unlatch, 
emergency stop, keypad and LCD display. A color mon itor displays the 
vehicle's camera's view. 
A spread spectrum radio modem provides the telemetr y communication 
between the onboard computer and control station co mputer. A redundant, 
dedicated radio controls the emergency stop of the vehicle.  
A dead reckoning system is implemented to solve the  1.5 seconds latency 
in the GPS feedback. Sensor data from rate gyro, co mpass and track shaft 
encoders are used to estimate the incremental posit ion. A final best 
estimate of the vehicle position is calculated by c ombining weighted GPS 
data and dead reckoning estimate. Dead reckoning al so estimates the 
vehicle heading using the above data. 
An Obstacle Avoidance System (OAS) was implemented in a dedicated 
microcontroller. OAS has nine acoustic range sensor s mounted on each end 
of the vehicle. The sensors can detect objects with in about 35 feet. The 
obstacle ranges are divided into three zones: detec tion zone, collision 
zone and E-stop zone. In the detection zone, the op erator is alerted but 
no action is taken. In the collision zone, the vehi cle speed is reduced 
gradually as it approaches the obstacle. In E-stop zone, the vehicle is 
stopped automatically. 
System health monitor was also implemented with sen sors installed on the 
vehicle to keep the operator advised of the control  status and to monitor 
important system health parameters. System health m onitoring includes: 
engine oil pressure, engine temperature, engine spe ed, battery level, 
hydraulic oil temperature, onboard electronics temp erature, base latch 
status, container lid status, GPS status, electroni c compass status, data 
network status and telemetry status. 
Test Results 
Factory acceptance testing of SGTV was held at the Idaho Falls National 
Engineering Laboratory (INEL) in September 1995. Th ree paths, from simple 
to complex, were used for testing the performance o f the Self-guided 
mode. Each of the path was repeated ten times to de termine the 
repeatability as well as the off-track errors. The vehicle was on average 
able to track the planned paths within +/- 1 foot e rror in steady state. 
The final docking always achieved a position error of less than 1 foot 
and the heading was locked on the target orientatio n. The errors might 
increase when the control system encountered GPS er ror, telemetry error, 
compass error or network error. Once the errors wer e cleared, the vehicle 
would return the planned path gradually. There were  several causes for 
errors encountered in operation: vibration of the v ehicle, 
electromagnetic interference from other systems ope rating in close 



proximity and GPS loss/float. The maximum commanded  rate achieved under 
self-guided mode was 150 feet/min. 
Normally, the telerobotic mode could be operated at  higher speeds, up to 
300 feet/min, than the self-guide mode, mainly beca use the telerobotic 
loop has shorter time delay. As expected, it had mu ch higher off-track 
errors, which could exceed 5 feet easily, and requi red cognitive 
attention by the operator to generate rate commands  to navigate and 
monitor the tracking.  
Due to the high sensitivity and resolution of key s ensors set up and 
calibration was found to be one of the most difficu lt tasks. For example 
the compass was sensitive to local magnetics, vehic le and vibration 
during operation. Due to metallic body of the vehic le, the compass's bias 
varied with the heading and therefore required non- linear calibration. 
When the vehicle was moving, the heading was determ ined by the weighted 
compass output, GPS output and dead reckoning estim ate from gyro and rate 
sensors. The OAS was able to detect obstacle within  the specified zones. 
The vehicle would slow down or stop according to th e obstacle range. With 
a sharp corner of an object facing the vehicle, OAS  was not able to stop 
the vehicle before hitting the object because acous tic signals were 
reflected away by the sharp corner. 
The SGTV GUI and an example of the test runs are sh own in Fig. 4. 
Fig. 4 
REMOTE EXCAVATOR SYSTEM 
The control system (Fig. 4) of the REMEX was design ed for installation on 
a conventional excavator and in this instance the H itachi EX200LC (Fig. 
5) was selected as this had already been developed by Spar Aerospace and 
RSI. The control system implementation described is  generic and therefore 
applicable to all existing excavators as these use similar systems. 
The existing manual controls for the Hitachi compri se a right hand side 
joystick for boom and bucket and a left hand side j oystick for the arm 
and swing. Travel is derived from right and left pe dal controls. These 
manual controls provide outputs to pilot valves tha t provide signals to 
control valves operating the hydraulic motors and c ylinders. 
The modifications to the excavator were designed to  demonstrate remote, 
or in the cab, coordinated motion control of the bu cket, stick , boom and 
swing functions. The travel function was not includ ed with these but was 
provided separately with manual remote controls.  
Remote coordinate motion control of the bucket is i mplemented using the 
following items: 
4-Degree of Freedom (DOF) handcontroller; control c onsole and VME CPU 
(VM30 running 68EC030 Mp); ruggedized Vehicle mount ed VME CPU (as above); 
Bucket, Stick, Boom & Swing sensors; vehicle cablin g systems and 
telemetry cable for remote operations. 
Inputs from the handcontroller are processed in the  workstation CPU 
according to mode selected and then fed to the vehi cle CPU to perform the 
inverse kinematics for coordinate control of the bu cket. Joint sensors 
data are monitored and fed to the vehicle CPU to de rive joint angle and 
rate for closed loop control of each joint. Joint a nd engine sensors data 
are also fed back to the remote workstation for sta tus and health 
monitoring. These functions are described in more d etail as follows: 
REMEX Operator's Workstation 
The remote workstation console provides system powe r up, enable and 
safety controls. Track control levers are provided for travel under 
remote control. System status is provided by LED's for remote power and 



enable, engine oil pressure, alternator and tempera ture. A mode switch is 
provided to select the following modes: Off-hydraul ics disabled; coord-
vehicle operates in coordinate motion; joint-vehicl e operates in joint 
control; manual-vehicle operated joints open loop; remote-C, J&M modes 
operated remotely via telemetry cable. 
The handcontroller provides operator inputs for con trol of the excavator 
in any of the modes and can be located remotely at the workstation or in 
the cab so that the operator always uses the same c ontrol input at either 
location.  
Fig. 5 
Handcontroller inputs are processed by the workstat ion CPU to derive 
command outputs to the vehicle CPU via the telemetr y cable in a similar 
manner to a master/slave manipulator. The design is  rugged and had been 
field proven for control of machinery in the forest ry industry. 
Modes of Control  
Coordinated Motion Control 
In coordinated motion control the operator uses the  4DOF handcontroller 
to control all of the functions of the excavator. T he handcontroller 
provides an intuitive correspondence between the mo tion of the 
handcontroller and the bucket at the designated poi nt of resolution 
(POR). 
Joint Control 
In joint motion control the deflections of each deg ree of freedom of the 
handcontroller are reproduced by each of the joints  of the excavator. The 
rates of each joint are scaled in direct proportion  to the deflection of 
each DOF of the handcontroller. In this mode of con trol the joint 
velocities are independent of load and kinematic co nfiguration as 
hydraulic pressure is modulated in each actuator. 
Manual Control 
In manual control, as in joint control, the deflect ions of the joystick 
correspond to motion of the corresponding joints. H owever in this 
instance the deflections are fed directly without f eedback from the joint 
sensors. 
The system provides diagnostics features via a port  into the vehicle CPU. 
The range of diagnostic functions offered are as fo llows: 
1) Calibrate joint sensors 
2) Calibrate handcontroller 
3) Edit faults 
4) Test Outputs (digital & binary) 
5) Display mode 
6) Download 
7) Test Response 
REMEX Modifications for Innovative End Effector (IE E) 
To fit the IEE to the REMEX in either a front shove l or back hoe 
configuration with a Balderson thumb required an ad ditional actuator, 
modified four bar linkages, joint sensor ,hydraulic  valves and circuitry. 
To provide thumb control a special unloading circui t was conceived with a 
simple switch operation. This provided the operator  with control of the 
thumb and the ability to grapple an object between the thumb and bucket 
and to retain this without the operator maintaining  control of the thumb 
switch.  
To operate the ITM lock and unlock functions anothe r single control 
switch was provided at the operator's workstation t ogether with LED's to 
indicate status. These arrangements were typical of  an R&D configuration 



but were nevertheless found to function quite satis factorily to 
demonstrate the proof of concept and operator funct ionality. For fully 
remotized operations a basic video system was insta lled on the REMEX to 
provide overview of excavation , general positionin g and interoperation 
with the SGTV and Gantry. 
CONCLUSION 
A SGTV control system and modified REMEX was develo ped and tested in an 
very aggressive schedule of four months. The system  was fully functional 
and tested successfully at INEL. The precision spec ification in self-
guided control was to track a path within +/- 1 foo t and the test data 
showed that the tracking accuracy varied from an av erage of 0.58 for 
0.972 ft. The Obstacle Avoidance System was able, e xcept when facing a 
sharp corner, to reduce or halt the vehicle motion prior to reaching an 
obstacle. Both the Mission Planner and Vehicle Comm and and Control 
Generator exceeded the specifications. The coordina ted operations of the 
SGTV, REMEX and Cooperative Telerobotic Retrieval G antry Crane was 
demonstrated in performing retrieval and conveyance  of simulated buried 
waste. The equipment used for this demonstration wa s design to 
investigate concepts for remote conveyance of burie d waste. Prototype 
hardware were used to facilitate an inexpensive, sh ort schedule and 
proof-of-concept demonstration. Based on the succes sful test results, it 
will not be difficult to upgrade the hardware to op erate in a transuranic 
buried waste retrieval environment. 
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ABSTRACT 
The world's largest remotely operated mobile work s ystem is being built 
to excavate landfills. This 1,500 ton, self propell ed machine is 260 feet 
long, 100 feet wide, and 60 feet high, and can span  landfills up to 120 
foot wide. It is designed to separate waste from th e soil, package them 
separately for transport to processing, and backfil l the pit while 
maintaining double containment and negative interna l pressure. An inert 
atmosphere can be maintained inside the system if n eeded to prevent 
ignition of pyroforic materials.  



The first application of this system is to be excav ation of Pit 9, a 379 
foot long by 120 foot wide waste burial site at the  United States 
Department of Energy's Radioactive Waste Management  Complex at the Idaho 
National Engineering Laboratory. Pit 9 was used as a waste disposal site 
between November 1967 and June 1969 and is being re mediated in accordance 
with a Record of Decision signed by the United Stat es Department of 
Energy, the United States Environmental Protection Agency, and state of 
Idaho Department of Health and Welfare.  
The mobile work system is operated entirely by remo te control. Seven 
remotely operated tool systems operate within the e nclosure. Two use 
neutron radiation detection instruments to look int o the dig face for 
radiation sources strong enough to require special handling. Two soil 
retrieval tools use brushes to dig out the soil and  expose the waste. Two 
grapple tools gather and size reduce the waste and box it for transport 
to a processing area. The seventh tool system is de signed to do routine 
maintenance on the other tools, resolve contingency  situations, take 
samples, and excavate items which require special h andling.  
The telerobotic tools are monitored by software whi ch prevents the tools 
from colliding and allows digging only in areas whi ch have passed survey 
by the criticality control survey instruments. A th ousand foot fiber 
optic umbilical connects the mobile work system to consoles located in a 
control room well away from the excavation area. Ad vanced telemetry 
systems relay commands from the consoles and provid e the operators with 
video and feedback from an extensive array of instr uments which monitor 
the status and activities of the equipment.  
The remotely operated work systems separate the exc avated soil and waste, 
package them separately in steel boxes, check the b oxes to ensure that 
radiation levels are safe for downstream handing, a nd load the boxes on 
special trucks. Specially designed, remotely operat ed equipment keeps the 
outside of each box clean as the boxes are filled, closed, and air-locked 
into trucks for transport to a processing area.  
HISTORY OF THE TECHNOLOGY  
The technology upon which this system is based has evolved from mobile 
remotely operated equipment used for sophisticated work tasks in 
unstructured environments in the offshore oil field s.  
In the early days of the offshore oil industry, des igners placed as much 
equipment as possible atop steel platforms which re sted on the sea floor 
and rose higher than storm waves. Divers did the co nstruction and 
maintenance work on the platforms and pipelines, an d on other equipment 
could not be placed above the surface. By the mid 1 970's these platforms 
were being installed in water too deep for divers t o reach the sea floor. 
This forced development of Remotely Operated Vehicl es, or ROV's, capable 
of sophisticated work tasks in the unstructured env ironment of 
construction sites deep in the ocean.  
By the mid 1980's, 100 horsepower ROV's with multip le onboard computers, 
highly dexterous manipulators, 1,000 pound "draw ba r" pull at any vector, 
and an extensive suite of tool sleds and manipulato r tools could perform 
almost any task that a 20 man saturation diving tea m could handle.  
By the early 1990's these vehicle systems were rout inely doing 
nondestructive testing of welds and were capable of  repairing pipelines 
and replacing four inch valves in well head control  units. The capability 
of these remote work systems made it practical to c onstruct and maintain 
oil production equipment installed directly on the sea floor, thereby 
avoiding the need for giant steel platforms which c an cost hundreds of 



millions of dollars. In 1995 the reliability of the se remotely operated 
work systems allowed extended sea floor work missio ns of a month or more 
without recovery to the surface for maintenance or repair.  
The Kerr Hollow Quarry site on the Department of En ergy's Oak Ridge 
reservation saw the first application of this remot e work systems 
technology to remediation of a radioactive waste si te. Remotely operated 
work systems were used exclusively to retrieve over  50 tons of mixed 
radioactive, toxic, and energetic waste and process  it for long term 
storage as low level radioactive waste. The work wa s done entirely by 
remotely operated work vehicles, and no personnel e ntered the 
contaminated zone or the processing area at any tim e.  
This remote systems technology is now being applied  to excavation of Pit 
9, a landfill site at the United States Department of Energy's 
Radioactive Waste Management Complex at the Idaho N ational Engineering 
Laboratory.  
PIT 9 SITE  
Pit 9 is a 379 foot long by 120 foot wide landfill used as a waste 
disposal site between November 1967 and June 1969. It is being remediated 
in accordance with a Record of Decision signed by t he United States 
Department of Energy, the United States Environment al Protection Agency, 
and state of Idaho Department of Health and Welfare .  
Approximately 110,000 cubic feet of waste generated  at Department of 
Energy's Rocky Flats Plant and 40,000 cubic feet of  waste generated at 
Department of Energy's Idaho National Engineering L aboratory was placed 
in Pit 9. A nominally 8 foot thick waste zone is si tuated on top of three 
and a half feet of soil and covered by six feet of overburden soil. The 
pit is to be excavated down to the underlying basal tic rock formation 
which is nominally 17 to 20 feet below grade.  
EXCAVATION SYSTEM  
An artist's concept of the remotely operated excava tion system is shown 
in Fig. 1. This self propelled machine is 260 feet long, 100 feet wide, 
and 60 feet high, and weighs over 1,500 tons. It is  designed to span and 
excavate landfills up to 120 foot wide. It moves al ong the length of the 
land fill, excavates the waste and the interstitial  soil in separate 
waste streams, packages them for transport to proce ssing, and backfills 
the pit. The system is designed to maintain double containment of all 
exposed contaminants under environmental extremes i ncluding 84 mile per 
hour winds, seismic events, and temperatures down t o -40 degrees 
Fahrenheit. Negative internal pressure helps preven t the escape of 
airborne contaminants. Extensive measures are inclu ded to help prevent 
ignition of the waste mass in the event that pyrofo ric materials are 
exposed during excavation.  
Fig. 1 
All excavation tools are deployed by bridge cranes.  Several design 
considerations led to this configuration. Since it is supported from 
overhead, the retrieval equipment can not collapse into any voids in the 
waste mass. The hoists on the bridge cranes can be readily controlled to 
ensure that the tools do not dig beyond the depth w hich has been surveyed 
and released for excavation. All power and control umbilicals run 
overhead and are therefore not exposed to damage or  entanglement in the 
waste. Perhaps most important, the bridge crane dep loyment approach 
ensures that the retrieval tools can be removed fro m the excavation area, 
isolated, and washed down prior to any manual inter vention for 
maintenance or repair.  



REMOTELY OPERATED TOOLS  
The mobile excavation system is operated entirely b y remote control. 
Seven remotely operated tool systems work inside th e enclosure. Two of 
the seven tools deploy passive neutron detection in struments to examine 
localized volumes of the dig face before it is dist urbed. Special 
excavation and handling procedures are implemented if these instruments 
detect a radiation source which approaches the esta blished limits for 
which criticality control measures are required.  
Two remotely operated soil removal tools use rotary  brushes to remove 
interstitial soil and expose the waste. Figure 2 sh ows one of the soil 
brush tools during factory acceptance tests. The X,  Y, Z position of this 
150 horsepower precision excavation machine is cont rolled by a bridge 
crane. This deployment method provides precise, rel iable control of the 
location and depth of each cut. Six independently m ounted rotating brush 
heads sweep an eight foot wide path, digging down o nly a few inches on 
each pass.  
Fig. 2 
The brush heads remove interstitial soil without di sturbing large waste 
items such as drums or gas cylinders. Figure 3 show s drums which were 
buried in a test site and then exposed by the soil brush tool. The six 
brush segments move up and down independently to re move soil from between 
waste forms such as these drums. Video observation of the freshly exposed 
surface can then identify waste items which may req uire special handling. 
Shielding materials which may have blocked the view  of the neutron 
sensing instruments can also be identified when exp osed in this manner.  
Fig. 3 
The brush heads sweep soil and loose material onto elevating conveyors 
which dump onto a vibrating screen where fines are separated from debris. 
These two waste streams are accumulated in separate  compartments on the 
tool. When approximately a ton of fines and debris have been accumulated 
the bridge crane positions the tool to dump the fin es onto the cross pit 
conveyor and dump the debris into a waste transfer box.  
The brush heads are made from materials similar to commercially available 
street sweeper brushes. Tests were conducted to det ermine the most 
effective range of bristle stiffness, size, spacing , and configuration 
for use with various soil conditions. Alternating w ire and elastomeric 
bristles were found to be effective in both damp an d dusty soils. This 
same bristle configuration has proven to effectivel y cut hard, dry, 
highly consolidated soil and exposes buried waste c ontainers without 
significantly degrading them.  
A cross pit conveyor transports soil from the soil brush tools to a 
hopper which meters out 64 cubic foot batches of th e soil into soil 
transport boxes. The soil box lids are then closed by a remotely operated 
double lid transfer system.  
After waste items have been exposed by the soil bru shes, those items 
which do not require special handling are retrieved  by one of the two 
grapple tools and placed in 4' by 4' by 8' steel wa ste transport boxes. 
Items too large to fit in a box can be cut down by a remotely operated 
shear. When a waste box is filled it moves to the e nd of the enclosure on 
a mine car trolley system and is removed from the c ontaminated area by a 
remotely operated double lid transfer system which keeps the outside of 
each box from becoming contaminated. Remotely opera ted sensors check 
radiation levels to ensure that each box meets the requirements for 
downstream handing.  



Soil and waste boxes are individually air locked fr om the retrieval 
system into specially designed truck bodies so that  double containment is 
maintained at all times. A fleet of four trucks tra nsports the 10,000 
pound boxes of soil and waste to the process buildi ng for assay and 
treatment.  
The seventh tool system is designed to do routine m aintenance on the 
other tools, resolve contingency situations, take s amples, and excavate 
items which require special handling. This tool can  also be used to wash 
down the enclosure after excavation is finished.  
All seven telerobotic tools are monitored by comput er software which 
prevents the tools from colliding and allows them t o dig only in areas 
where the survey instruments have shown that there are no criticality 
concerns. A thousand foot long fiber optic umbilica l connects the mobile 
work system to consoles safely located in a control  room well away from 
the excavation area.  
SAFETY AND ALARA CONSIDERATIONS  
The system is designed to complete the excavation e xclusively by remote 
operation, with no need for personnel to cross the pit boundary once 
excavation of waste commences. The tools are design ed to deal with any 
waste items which may credibly be encountered. Elec trical utility 
equipment, air filtration systems, and other servic e equipment are 
located in exterior rooms which are not exposed to the retrieval area.  
One of the seven bridge crane tools, called the Rob ug, is designed to 
perform most of the routine maintenance and repair tasks required for the 
other bridge crane systems. This tool and two other s are equipped with 
fire suppression systems as an additional safety fe ature. 
Occasionally a bridge crane system will require mor e extensive 
maintenance than can be accomplished by the Robug. To accommodate this 
need, any of the bridge cranes can be moved to a ma intenance area which 
is beyond the pit boundaries but still in containme nt. If a bridge crane 
should fail to move under its own power it can be m oved by one of the 
other bridge cranes. The maintenance area can be is olated from the 
retrieval area and washed down before personnel ent er.  
This approach ensures that personnel are never expo sed directly to the 
waste, and need never be exposed to a retrieval too l until after it has 
been washed to remove gross contamination. Radiatio n dose is thereby kept 
as low as is reasonably achievable, and the level o f personnel exposure 
to toxic or energetic materials is likewise minimiz ed. 
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ABSTRACT 
This paper describes the development of a surface a coustic wave/ (SAW) 
technology for the rapid characterization of waste site radiation 
emissions. Developed under an EM-50 Department of E nergy contract, the 
system was designed to rapidly assess contamination  in field conditions. 



The new technology allows capture, identification a nd analysis of 
Volatile Organic Compounds (VOCs), Non-VOCs, Dioxin s, PCBs, and 
Energetics. This is done within water and soil matr ices, within real 
time, on-site with parts per billion accuracy. The system has been 
modification capability to detect mixed waste conta inment, in radioactive 
environments. The ability to detect to picogram or ppb levels of 
compounds using fast chromatograph columns has been  demonstrated for a 
wide range of materials. The application of SAW/GC technology will lead 
to the manufacturing of low cost, field portable pr oducts for waste site 
characterization and monitoring. 
The design theory and development of the technology  will be presented as 
well as the test results from the Savannah River Fa cility field 
demonstration. The SAW sensor has demonstrated high  specificity and 
sensitivity for trace analysis screening at DOE rem ediation sites. Also, 
the results demonstrate significant cost savings wh en compared to 
reference laboratory analysis. The related deployme nt strategies for the 
various mixed waste sites and product maintainabili ty issues will also be 
noted. 
INTRODUCTION 
This paper describes research on a fast GC vapor an alysis system which 
uses a new type of Surface Acoustic Wave detector t echnology for 
characterizing organic contamination in soil and gr oundwater. The 
technology was originally developed through a Small  Business Innovative 
Research (SBIR) Contract awarded by the United Stat es Department of 
Transportation for the rapid field detection of con traband drugs of 
abuse. A proof of concept prototype was built and d emonstrated for this 
project. Follow-on awards resulted in a portable fa st gas chromatograph 
that detects contraband drugs of abuse. The system was again modified to 
detect compounds of pollution related to environmen tal site 
characterization and monitoring. The effort in deve loping this capability 
was sponsored by the United States Department of En ergy (DOE). 
PROJECT OBJECTIVES 
The DOE research objectives were to demonstrate det ectability and 
specificity of a Surface Acoustic Wave Gas Chromato graph (SAW/GC) for a 
representative number of Volatile Organic Compounds  (VOC) materials. Once 
the VOC compounds were identified, data gathering a nd field 
demonstrations of the new analyzer were executed at  a DOE site. Field 
testing of the SAW/GC was performed at the DOE Sava nnah River Facility, 
Augusta, Georgia. Matrix testing was performed with  water, soil and gas 
samples. The performance of the SAW/GC analyzer was  validated by 
comparing results taken with an on-site HP chromato graph. Through these 
tests, the system, based upon surface acoustic wave / gas chromatography, 
demonstrated the ability to identify and quantify t he presence of VOCs.  
DESCRIPTION OF THE TECHNOLOGY 
The SAW/GC instrument is comprised of a head assemb ly that contains the 
capillary column and the SAW detector and the suppo rt chassis, containing 
the helium carrier gas, laptop computer and the rel ated micro-processors. 
There are two modes of operation: Sample and Inject . The system utilizes 
a two position, 6 port GC valve to switch between s ampling and injection 
modes. In the sample position, environmental air co ntaining the suspect 
compounds, is passed through an inlet preconcentrat or or water trap and 
then through a sample loop trap. The function of th e loop trap is to 
concentrate VOC materials when in the sample positi on. During the sample 
mode, helium carrier gas flows down a capillary col umn and impinges onto 



the surface of a temperature controlled SAW resonat or crystal shown in 
Fig. 1.  
Fig. 1 
Switching the valve to the inject position causes h elium carrier gas to 
flow backward through the loop trap and onto the co lumn. After the valve 
is switched into the inject position the loop trap is rapidly heated to 
200C causing the trapped VOC materials to be releas ed into the GC column. 
The temperature of the GC column is linearly raised  to approximately 125C 
over a 5-10 second time and this causes the VOC mat erials to travel down 
the column and exit at a time characteristic of the  VOC material.  
The SAW resonator is a unique type of GC detector t hat, incorporated with 
the theory of gas chromatography, allows for the an alysis of suspect 
compounds to new ranges of specificity and concentr ation. VOC materials 
as they exit the GC column are trapped on the surfa ce of the resonator 
and cause a change in the characteristic frequency of the crystal. The 
adsorption efficiency of each VOC material is a fun ction of the crystal 
temperature and by operating the crystal at differe nt temperatures the 
crystal can be made specific to materials based upo n that materials vapor 
pressure. Also, since the crystal acts as a micro-b alance it integrates 
the total amount of material present. To obtain a c onventional 
chromatogram plot of retention time, the derivative  of frequency versus 
time is calculated. This is in contrast to a conven tional GC detector 
which detects the flux and where peak integral calc ulations are required 
to obtain the amount of each material present. 
RESULTS AND ACCOMPLISHMENTS 
To demonstrate the technology a portable laboratory  scale instrument was 
constructed and tested with the representative VOC materials listed in 
Table I. Each material was tested with a calibrated  vapor source either 
purchased as calibrated bottled gas or created by i njection into a known 
volume (tedlar bag). Calibration results based upon  a 10 second sample 
are listed in Table II. In general the sensitivity of the instrument for 
all materials was 1 ppm or better. For materials wi th lower vapor 
pressure, such as Toluene and tetrachloroethylene, sensitivity extends 
well into the ppb range. To achieve ppt sensitivity  it is only necessary 
to extend sample time. However, the advantage of a short sample times is 
near real time operation.  
Table I 
Table II 
FIELD TEST RESULTS 
The prototype instrument was shipped to the DOE Sav annah River Facility, 
Aiken, SC, where it was used to obtain real time me asurements of well 
head gases. Place in a small van, the system was tr ansported to numerous 
well heads for sample analysis. The instrument was designed for battery 
power, however, it was discovered that it could ope rate for long periods 
of time by drawing power from the transport vehicle . Power was supplied 
utilizing a 110 volt DC-AC invertor connected to th e automobile battery. 
Samples were taken under 3 modes: 1) the instrument  was stationary and 
engineers brought tedlar bags to a central point fo r well-head analysis; 
2) the system was mounted in the van and driven to various well head 
locations for sample analyte analysis using tedlar bags; 3) the system 
was driven next to a well head and with the detecta ble head unit, 
connected to a sampling port for direct injection o f sample analytes. 
To verify the accuracy of the instrument, calibrate d tedlar bag samples 
were used to calibrate the SAW/GC. A typical output  screen for one such 



bag containing approximately 100 ppm TCE and PCE is  shown in Fig. 2. The 
user interface shows two chromatograms, one is the derivative of SAW 
frequency and the other is SAW frequency vs. time. The duration of the 
chromatogram is 10 seconds and retention times for TCE and PCE is 3.54 
and 5.54 respectively. The operator can display qua ntitative information 
as ppm/ppb, in mass units of picograms or nanograms , or alternately in 
SAW units of frequency. 
Fig. 2 
Many different measurements were taken and compared  with an on-site HP GC 
as shown in Fig. 3. The results of this relative co mparison indicate that 
the SAW/GC and the HP GC agree within approximately  20%. Much of the 
variation is attributed to variations in sampling a nd preconcentration 
within each instrument.  
Fig. 3 
APPLICATION , BENEFITS AND ISSUES 
Those involved in environmental characterization an d monitoring are 
demanding innovative technologies that are signific antly lower in cost 
while providing rapid methodologies for the collect ion and analysis of 
soil, water, and air samples in the field. The SAW/ GC instrument, if 
properly integrated into the sampling/analytical pl an, represents a 
significant savings in cost and time. The instrumen t can be effective if 
the 2 major criteria are met affirmatively: 1) Is t here a need for 
measurement or monitoring decision making data "in situ"? and 2) Is there 
a critical need to make decisions in the field in r eal time, e.g. 8 hours 
or less. 
 On-site Monitoring (OM) is useful for the followin g situations: 
  Define emergency response actions  
  Assess impacts to potable water 
  Monitor purge water 
  Screen ground water during exploratory drilling 
  Screen monitor wells 
  Define the extent of soil contamination 
  Determine migration pathways 
  Estimate the amount of contaminated soils 
  Obtain ground water samples without monitoring we lls 
  Determine sources of contamination 
Rapid on-site screening and analysis has been ident ified as a potential 
solution to four major issues: 
  Operator Safety- Is the exposure level too high f or site personnel? A 
significant problem exists regarding the safety of personnel involved in 
characterization and remediation. Several solutions  exist using amino-
assay kits, however, specificity and real time anal ysis is limited. The 
SAW/GC analyzer represents a solution for identifyi ng suspect compound 
specificity and concentration in near real time ( 1 0 seconds). 
  Real-Time Analysis- How can we identify contamina ted areas by reducing 
the total number of samples taken for analysis? Pas t site 
characterization techniques follow a pattern of sen ding samples at 
regular intervals to a reference laboratory for val idation of suspected 
areas of contamination in both specificity and conc entration.. Fixed 
laboratory costs range from $600 to 700 per sample and average 6 days 
from sample submittal to reporting of anlyte result s. Mobile field 
laboratories range from $250 to $300 per sample and  can process between 
30 to 40 samples a day. A portable SAW/GC instrumen t can be utilized 
effectively by defining the three to four (instead of 40 ) compounds in 



the suspect anlyte you are searching for at the sit e. This planning will 
allow for site screening for mixed waste by identif ying commonly related 
compounds. 
  Screening- Where will we most likely find contami nation? Reducing the 
turn-around time associated with analyzing compound s will save money. 
Field personnel can make decisions in hours instead  of waiting days for 
the return and analysis of data. The use of a porta ble SAW/GC allows an 
operator to rapidly screen for suspect compounds an d in turn make cost 
effective decisions.. Compounds found in rapid scre ening are confirmed by 
a reference lab for compliance risk assessment. Thi s reduces the cost of 
site assessment and remediaton. 
  Primary Remediation Site - Can we characterize th e primary location to 
remediate by identifying the "hot spots" of contami nation? Historically, 
field portable instruments were limited because the y lacked specificity 
and sensitivity. The advantages of the SAW/GC are p ortability, accuracy, 
and speed. The new SAW sensor demonstrated sufficie nt specificity and 
sensitivity to be used as a fast trace analyzer or screening tool at DOE 
remediation sites. Using the SAW/GC analyzer as a f ield screening tool, 
cost savings over current techniques, which require  expensive laboratory 
testing, are estimated to be more than $50,000 per month. The cost of the 
SAW/GC screening instrument will be recovered withi n less than two months 
of operation. 
SAW/GC technology provides both advantages and disa dvantages to current 
analytical methods. A brief comparison is as follow s: 
Advantages 
  Easy to learn the Instrument 
  Easy to Use 
  Inexpensive, and portable 
  Capable of correlation with laboratory analysis 
  Verifiable and reproducible 
  Capable of calibration to contamination matrix 
Disadvantages 
  On Site Personnel must be mechanically competent 
  Field personnel must have the authority to make d ecisions 
  Cost effective if a large number of samples are c ollected 
  Contaminant must be known prior to site activitie s 
  Heterogeneous conditions may lead to inconsistent  data sets 
  Field screening methods may not be applicable to all site conditions 
FUTURE PLANS 
There are many related applications for SAW/GC tech nology. While at 
Savannah River the instrument was also used to meas ure catalytic 
converter performance, DNAPL probe experiments, and  to characterize VOC 
break through in carbon scrubbers. Future plans are  to use the instrument 
in field conditions to measure performance against existing methods. 
Based upon the current results the goals are to beg in development of 
SAW/GC screening instruments for use at DOE remedia tion sites. The 
commercialization effort is being carried out by El ectronic Sensor 
Technology, Inc., a limited partnership company man aged by Amerasia 
Technology and tasked with the development of SAW/G C instruments.  
The commercialization effort is being aided by a pa rtnership between 
Amerasia Technology, Inc., and the U. S. Department  Of Energy Morgantown 
Energy Technology Center. This new program will inv olve continued Field 
testing at DOE sites, EPA certification and verific ation, and the 
development of new SAW/GC instruments to detect and  quantify Dioxins, 



Furans, and PCBs at DOE sites. The new units are sm aller in size and 
contain improvements noted from the Savannah River Field work. These 
units will be available for field demonstrations an d data gathering in 
the First Quarter of 1996. Designated the Model 410 0, it has been 
designed for environmental needs. A photograph of t he Model 4100 is shown 
in Fig. 4. 
Fig. 4 
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ABSTRACT 
A successful proof of concept demonstration has bee n conducted of 
operational methods and tooling for the in situ con struction of 
underground horizontal barriers for the control and  containment of 
groundwater and contamination. The method involves jet grouting with 
specially adapted tools guided between twin, parall el directional wells 
for the placement of a grout "slurry floor" beneath  a waste site. 
This paper describes progress by principal subcontr actor Brown and Root 
Environmental on the Fernald Environmental Restorat ion Management 
Corporation (FERMCO) In Situ Land Containment Proje ct sponsored by the 
U.S. Department of Energy (DOE) Office of Science a nd Technology (OST) 
through DOE's Fernald Environmental Management Proj ect (FEMP). Two types 
of special horizontal grouting tools that operate o n different principles 
have been designed and tested through significant f ield trials. 
Experiences with the tools and results of field tes ts are presented. 
INTRODUCTION 
Brown and Root Environmental has undertaken a proje ct, under contract to 
FERMCO and DOE, to develop advanced technology for the construction of 
underground, horizontal, "slurry floor" barriers fo r application to 



environmental restoration of contaminated soil. Hor izontal barrier 
construction capability is desired within the remed iation industry and by 
DOE to enable containment of environmental contamin ation where inadequate 
natural barriers exist to mitigate the spread of th e contaminants.  
The objective of the work is to develop reliable me thods of constructing 
extensive, competent horizontal barriers underneath  waste sites without 
excavating or penetrating the waste during the proc ess. The principal 
technical objectives of the work include in situ co nstructability, the 
ability to form a barrier of sufficient width and l ength to be of 
practical value, and the ability to operate in the various types of soil 
encountered on a significant number of waste sites.  
This project stems from an approach developed by Ha lliburton Services, a 
sister company of Brown and Root Environmental whic h provides commercial 
environmental services. The approach involves an ad aptation of a 
construction method known as jet grouting. The new method is a process 
for depositing grout(or any pumpable fluid) undergr ound in the horizontal 
plane using special jetting tools. In late 1992 a p roof of concept 
demonstration was conducted which resulted in the s uccessful construction 
of a prototype horizontal barrier of limited width.  Although successful 
in placing a horizontal barrier, the demonstration revealed several 
technical hurdles relating to grouting tool design and operation that 
need to be overcome to enable practical (economical ) application of the 
method. The following sections describe the progres s toward overcoming 
the hurdles.  
HOW THE PROCESS WORKS 
To apply the process, parallel, directionally drill ed pipes (guide tubes) 
are installed under the waste site, as indicated in  Fig. 1. A special 
horizontal jet grouting tool is attached one end of  two of adjacent pipes 
so that the tool spans between the pair. The other end of the pair of 
pipes is attached to a controlled pulling device. H igh pressure grout is 
supplied through one of the pipes to the special to ol that has jet 
orifices through which the grout exits with high ki netic energy. The 
grout jets fluidize the soil into a slurry, and the  tool is then advanced 
along the trajectory between the pair of pipes by w ithdrawing the pipes 
using the pulling device. As the tool moves through  the soil it continues 
to fluidize soil in front of it and leaves behind a  panel of amended 
soil. The panel or section of barrier formed by a s ingle pass of the 
jetting tool is the unit "building block" for const ruction of a large 
horizontal barrier formed by joining several panels  side-by-side. Figure 
2 shows a single panel constructed during the proof  of concept field 
demonstration. 
Fig. 1 
Fig. 2 
The spacing of the drill pipes, and the degree to w hich they must be 
parallel depends on the design of the grouting tool . For example, rigid 
tools (described below) require placement of the dr ill pipes within close 
tolerances, say + six inches of design centerline, while the flexible 
tools have a high tolerance (+ several feet) for be ing non parallel. 
Forming competent (waterproof) joints between adjac ent panels is 
essential for successful construction of large barr iers. The technique 
devised by Brown and Root for assuring that the nex t panel formed mates 
up with the previous panel is to have the jetting t ool draw in the next 
drill pipe along one edge of the panel as it is bei ng formed. This drawn-
in pipe is used as one of the pair needed to place the next adjoining 



panel of the barrier. The grout planned for use in construction of 
horizontal barriers is cement-bentonite mixtures of  the type commonly 
used in the construction of vertical slurry walls, although any pumpable 
grout can be used in the process. Note that the gro ut must be able to 
withstand high pressure, shear and impact.  
EVOLUTION OF HORIZONTAL JET GROUTING TOOLS 
Four different concepts have been investigated for the design of the 
special tool required for in situ construction of h orizontal barriers. 
The approach planned for use of each design was the  same; that is, the 
tool spans a pair of drill pipes and is advanced by  pulling the pipes. 
The four initial concepts were as follows:  
 1. A rigid member (rigid bar tool) with a line of jets facing the 
direction of advancement of the tool. This tool mig ht resemble a comb, 
with the teeth of the comb representing the jets. T his design was 
intended to achieve a simple, no moving parts appro ach but with jets all 
along the advancing face of the tool. 
 2. A rigid tool (Rotary Tool) that rotates and ope rates in a manner 
similar to a rototiller with blades, as well as jet s that cut through the 
soil. This design was intended to provide mechanica l assist to the jets, 
form a thicker panel, and allow the rotating jets t o compensate for 
others that may become plugged. 
 3. A shuttle tool with a rigid frame and a mechani sm with forward facing 
jets on the leading edge of the tool that shuttles back and forth across 
the face of the tool. This design was intended to m inimize the number of 
jets required for formation of a single horizontal panel, since the 
higher the number of jets, the more energy is requi red to conduct the 
operation. 
 4. A flexible tool (FlexTool) that operates in a m anner resembling that 
of a cable saw. This design was intended to minimiz e the need for 
precisely parallel drill pipes, as well as to minim ize the number of 
jets. 
The four candidate tool designs were subjected to a  series of field 
trials with the objective of selecting the tool(s) with the highest 
prospect for successful application. Previous repor ts (1,2) detail 
testing and results that eliminated the rigid bar t ool (made barriers of 
variable and insufficient thickness, and failed due  to jet plugging), and 
the shuttle tool which failed from mechanical compl ications related to 
subsurface reciprocating parts. The tools selected for further adaptation 
were the RotaryTool and the FlexTool, pictured resp ectively in Fig. 3 and 
Fig. 4 in their latest stage of evolution.  
Fig. 3 
Fig. 4 
The Rotary Tool is powered from the surface by a sh aft passing down 
through one of the drill pipes to transmit torque t o a universal gear 
which rotates the tool. The Rotary Tool is construc ted of a 10-ft (width 
of horizontal tool) section of 6-in pipe with blade s affixed to 
mechanically cut a minimum barrier thickness of 12 inches. Each end is 
equipped with outboard cutting blades and jets inte nded to cut into 
neighboring barrier panels to facilitate seaming.  
The FlexTool shown in Fig. 4 was constructed of 100  feet of sealed 
bearing chain resembling the track on heavy earthmo ving equipment. This 
equipment was found to have sufficient strength to withstand the tensile 
forces placed on it by the pullers, yet have suffic ient flexibility to 
operate during barrier formation between drill pipe s at reasonable and 



approximately parallel spacing. The "treads" of the  FlexTool consist of 
6" x 12" bearing plates intended to slide horizonta lly along the 
subsurface cutting face. Jet substructures (subs) a re located at three 
positions along the tool: one at the center, and at  each end of the tool. 
The center sub has an 8" x 18" port through it to a llow passage of small 
rocks. There are twelve jets in each of the subs.  
This report focuses on the advances and results of field tests with the 
FlexTool, as testing of the Rotary Tool is less adv anced, and is intended 
to be the subject of future detailed reports. 
FLEXTOOL TEST RESULTS 
Field trials of the FlexTool were conducted in Octo ber 1995 at a testing 
facility in Duncan, Oklahoma operated by Halliburto n Services, a provider 
of high pressure pumping services. The soil at the site is dense, red 
Oklahoma clay with occasional strata of hardpan, an d is considered to 
provide stringent test conditions since the clay is  very dense, with 
standard penetrometer test results exceeding 100 bl ow counts in some 
locations of the site. The purpose of the testing w as to check out 
operating characteristics and mechanical features o f the tool, and to 
practice the type of operations to be performed wit h the tool and support 
equipment during construction of horizontal barrier s.  
Two parallel, 2 3/8-in drill pipes for advancing th e FlexTool were 
installed on 30-ft centers 6 feet below grade. The pipes were installed 
by cut and cover: trenching, laying the pipe in the  trench, and then 
backfilling and compacting. The pipes formed a gent le arc to the surface 
at each end, and the horizontal portion of each pip e was 100 feet in 
length. The cut and cover pipe placement method was  used, instead of 
installation by drilling, simply as an economy meas ure to avoid the cost 
of directional drilling. The cut and cover method i s considered to result 
in a more severe test condition, since friction on the pipes and 
resistance to advancement is expected to be greater  in the compacted 
backfill than for drilled-in pipes installed using lubricating drilling 
fluids. 
The jetting fluid used in the field trial was water  at a pressure of 
4,000 psi. With the FlexTool at the surface, jettin g was started and the 
tool pulled into the soil and advanced along the pa th between the drill 
pipes. The drill pipes were pulled with a D-6 class  bulldozer attached to 
each pipe. The method of operation was to advance o ne bulldozer 
approximately 20 feet, stop it, and then advance th e other one a similar 
distance. This operation was conducted for 60 minut es, advancing the 
FlexTool a distance of 117 feet and forming 3,510 s quare feet of 
subsurface "barrier". The operation progressed smoo thly with no 
interruptions, despite encountering a buried trash disposal pocket 
containing debris including plastic construction ba rrier fence and hose. 
Some fluid breakthrough to the soil surface occurre d at the location 
above the debris, otherwise the surface between the  buried drill pipes 
subsided uniformly by about 1 foot as the tool pass ed beneath. The 
subsidence resulted from the use of water as jettin g fluid. The water cut 
through the soil in front of the tool, forming a fl uid soil/water slurry 
which washed out behind the tool through the pathwa y the tool had 
traversed. When grout is used as the jetting fluid,  the increased density 
and viscosity of the resulting slurry is expected t o minimize washout and 
reduce subsidence.  
CONCLUSIONS  



The work produced several advances in the technolog y of barrier 
construction and provided the following conclusions  relating to equipment 
and method of operation. 
 A viable method exists for in situ construction of  horizontal, sub 
surface soil barriers using the FlexTool. Barriers of at least 30 feet 
width are constructable with present technology. 
 The FlexTool is operable for barrier formation in clay and other 
cohesive soil without cobble and large rock. 
 State-of-the-art precision in placement of directi onal drilled pipe is 
adequate for construction of horizontal barriers us ing the FlexTool. 
 Horizontal barrier can be formed at a rate of 3,50 0 sq.ft. per operating 
hour at an approximate cost of $50 per square foot.  
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ABSTRACT 
Perfluorocarbon tracer technology is being tested a t the Hanford 
Geotechnical test facility as a means of verifying subsurface barrier 
integrity. To support the experimental design of th is project modeling of 
the transport of the tracer from its injection poin t to monitoring wells 
placed outside the barrier has been conducted. The conceptual model 
considered diffusion and advection due to barometri c pumping as the 
transport processes. Simulations were performed for  intact barriers as 
well as barriers with small (1 - 10 cm) imperfectio ns in the barrier. The 
role of advection in determining the distribution o f a contaminant in the 
subsurface was also studied. 
INTRODUCTION 
Subsurface barriers are a promising remediation opt ion. Some uses of 
subsurface barriers include surrounding and/or cont aining buried waste, 
as secondary confinement of underground storage tan ks, to direct or 
contain subsurface contaminant plumes and to restri ct remediation 
methods, such as vacuum extraction, to a limited ar ea. The performance of 
these barriers will be most effective if the barrie r is continuous around 
the wastes. If a breach forms, that is, the barrier  is noncontinuous 
around the wastes, performance will be degraded. It  is recognized that 
current methods to verify the barriers integrity do  not exist (1). 
Perfluorocarbon tracer (PFT) technology is being te sted at the Hanford 
Geotechnical test facility as a means for verifying  subsurface barrier 
integrity. 
The physical system under study is displayed in Fig . 1. The approximate 
dimensions of the system are 25 feet deep and 40 fe et in diameter. The 
barrier walls slope at an angle of 45 degrees. Eigh t monitoring wells are 



uniformly spaced parallel to the barrier wall at a distance of 
approximately one meter from the wall. The final su bsurface barrier will 
consist of a close-coupled system of a polymer inne r layer and a 
soil/neat cement outer layer. To better understand the performance of the 
entire system, testing will be conducted in two pha ses. In the first 
phase, only the soil/neat cement barrier will be in  place. PFT's will be 
injected into the soil inside the barrier. Detectio n wells placed 
approximately one meter outside the barrier will be  used to follow the 
time evolution PFT concentration. In the second pha se, the polymer grout 
layer will be emplaced and the testing repeated.  
Fig. 1 
To support the PFT testing procedure, modeling of t he subsurface movement 
of the PFT gas has been conducted for the soil/neat  cement barrier. The 
modeling will be used to estimate the rate at which  the tracer will 
travel through the barrier and reach the monitoring  wells, the effects of 
small holes (1 - 10 cm) on concentration at the wel l, and the effects of 
the waste tank on movement of the gas. This informa tion will be used to 
assist in the determination of injection rates for PFT's into the 
subsurface system, the frequency and duration of sa mpling, and the time 
to flush the system prior to testing the close-coup led system. 
After the tests are completed, the data will be ana lyzed and the modeling 
will be repeated. In this stage, modeling will be u sed to attempt to 
determine the size and location of breaches (if any ), and estimate the 
range of possible values for transport parameters ( i.e., diffusion 
coefficients of the PFT's in the barrier and soil).  
This paper will discuss the modeling work performed  to support the 
experimental design of the subsurface barrier verif ication testing 
program. Currently, the data collected from the in- situ experiment is 
being analyzed and modeling to match the data will be attempted and 
reported later. 
CONCEPTUAL MODEL 
The problem involves transport of an injected trace r through an 
engineered barrier (soil/neat cement) to a monitori ng well. To model this 
requires knowledge of the rate of tracer injection,  location of 
injection, geometry of the system, location of the monitoring well, and 
transport properties of the PFT through the soil an d soil/neat cement 
barrier. 
The inverted pyramidal structure is displayed in Fi g. 1. The subsurface 
barrier consists of a cone of injected soil/neat ce ment with a subtended 
angle of 90 degrees, approximately 1250 cm in diame ter and 630 cm in 
height. The upper, open end, of the cone is covered  with approximately 60 
cm of soil. The design basis for the effective thic kness of the barrier 
is 100 cm (this is the thickness of the barrier in the plane that is 
parallel to the barrier). Monitoring wells are plac ed at a distance of 
approximately 100 cm from the outside edge of the b arrier and parallel to 
the barrier. To simulate this geometry, a two-dimen sional slice through 
the center of the cone was taken. Cylindrical geome try was used to 
represent the subsurface system. The tank in Fig. 1  was represented as a 
no flow boundary. The original plans were to inject  the PFT tracers 
inside the pyramid at the centerline near the botto m. Therefore, symmetry 
was assumed along the centerline of the inverted py ramid. 
To determine the effects of a small breach in the b arrier, simulations 
with a completely intact barrier will be performed as a baseline. Then 
the effects of having small imperfections (caused b y imperfect grouting) 



will be studied. In this analysis, the imperfection s are represented as a 
hole through the entire wall. The range of hole siz es that were modeled 
was between one and ten cm. 
The dominant transport process for air in soil syst ems is believed to be 
diffusion (2). Advection resulting from barometric pressure changes can 
facilitate the release of the tracers to the atmosp here and is also 
considered. Site specific data on appropriate trans port parameters are 
not available. Therefore, literature values have be en used. For 
simplicity and because of the lack of site-specific  data, it is assumed 
that there are two distinct materials in the subsur face system, the soil 
and the soil/neat cement barrier.  
For the base case, the diffusion coefficient of the  PFT in the soil has 
been selected as 10-2 cm2/s. This value is similar to that for radon gas 
in dry soils (3). The diffusion coefficient through  the soil/neat cement 
was selected as 10-4 cm2/s. This is on the low end of the range of 
diffusion coefficients for radon gas through reside ntial concretes (4). 
The low value was selected in an attempt to provide  a lower estimate of 
release to the monitoring wells and to insure that sampling would be able 
to detect the PFT's.  
Advection in the subsurface system as a result of b arometric pressure 
changes was modeled assuming a sinusoidal change in  velocity within the 
soil which corresponded to changes in the barometri c pressure. The 
amplitude of the velocity was 3.4 10-4 cm/s. This c orresponds to the 
velocity expected for a pressure variation of 1/30 of an atmosphere and 
permeability consistent with the range of values fo und for sandy soils 
(5). The period was five days, 2.5 days of which th e system exhaled air 
from the contaminated region and 2.5 days of which essentially tracer 
free air from the atmosphere entered the subsurface . It was assumed that 
the response to the pressure variations was instant aneous within the 
entire modeled domain. Ancillary calculations were performed to support 
this as a reasonable first approximation for the pa rameter values 
selected in this simulation. The permeability of th e soil/neat cement is 
expected to be a few orders of magnitude lower than  in the soil. 
Therefore, it was assumed that the advection veloci ty in the barrier was 
zero. 
COMPUTATIONAL MODEL 
The subsurface barrier system is modeled in cylindr ical geometry using a 
two-dimensional finite-element transport code, BLT (6). This problem has 
two size scales. The first scale is that of the sys tem itself. The height 
from the bottom of the subsurface barrier to the gr ound surface is 6.6 m. 
The radius of the barrier was also approximately 6. 6 m and a total 
distance of 12.8 m was simulated in the direction p arallel to the ground 
surface. The second scale is that of the size of th e potential breach 
which is on the order of a few centimeters. It woul d require nearly one 
million computational points to model the entire sy stem on the scale of 
one centimeter. This was not computationally feasib le. To account for the 
two scale sizes, variable mesh spacing was used. A fine mesh (order of 
one centimeter) was used in the region of the hypot hetical breach. The 
mesh was increased in size as the distance away fro m the hypothetical 
breach increased. The slanting soil/neat cement bar rier was modeled 
through definition of the finite elements used to r epresent the barrier 
to also slant at a 45-degree angle. These two detai ls caused a 
complicated mesh with three thousand computational points to be used. The 
finite element grid is displayed in Fig. 2. 



Fig. 2 
Initially, the system is tracer free and, therefore , the initial 
condition is zero concentration at all locations. T he boundary condition 
assumed zero flux at the centerline due to the assu med symmetry. Zero 
concentration boundary conditions were used at the top boundary, bottom 
boundary, and right-hand boundary defined in Fig. 2 . The right-hand 
boundary is located at a large enough distance such  that essentially no 
tracer reaches the boundary of the simulation perio d of 0.1 years. The 
top boundary was selected to have zero concentratio n to represent PFT 
concentrations in the atmosphere which are assumed to be zero. 
The source was treated as a point source being inje cted at the centerline 
at an elevation of 97 cm above the bottom of the fa cility. This is 40 cm 
above the top of the soil/neat cement layer in Fig.  2. Two injection 
scenarios were modeled: a 3.7 day pulse injection a nd continuous 
injection over the entire simulation period of 37 d ays. The air injection 
rate was assumed to be 30 cm3/min at a unit tracer concentration. This 
problem exhibits a linear response to the injection  concentration. This 
information was used to normalize all of the simula tion results to the 
injection concentration. 
PFT tracers are non-reactive in soil systems and ca n be detected at 
levels of one part in 1015. Typically, injection co ncentrations are on 
the order of one part per million. Therefore, the d etection limit will be 
approximately 10-9 of the incoming concentration. O ne objective of the 
modeling work was to define the time at which the P FT's will first be 
detected at the monitoring wells and the time evolu tion of concentration 
at the monitoring wells. For the purposes of defini ng the experimental 
protocol, the minimum detection limit was multiplie d by a factor of 100 
for the design objective. This provides a design go al for the normalized 
concentration in the monitoring wells of 10-7  
The advective-dispersive transport equation for a n on-zero velocity in 
the z-direction only is used to solve for the movem ent of the tracer from 
the injection location throughout the modeled domai n. The equation is: 
Eq. (1) 
where:  
 C(x,z,t) is the tracer concentration 
 D is the diffusion/dispersion coefficient (cm2/s) 
 V(t) is the volumetric flow rate per unit area of the gas in the 
   subsurface system,  
 Q is the volumetric air content of the porous medi um, and 
 Q(x, z, t) is the rate of contaminant injection in to the system. 
The diffusion/dispersion coefficient consists of tw o terms, one term 
represents molecular diffusion while the other repr esents dispersion due 
to advective flow in a porous medium. Mathematicall y it is expressed as: 
Eq. (2) 
where:  
 Dm is the molecular diffusion coefficient, (cm2/s) , 
 Dt is the transverse dispersion coefficient (cm), 
 Dl is the longitudinal dispersion coefficient (cm) , 
 Vx is the x component of the velocity, (zero in th is study), 
 Vz is the z component of the velocity,  
 |V| is the magnitude of the velocity, and 
 dij is the Kronecker delta = 1 if I=j and 0 otherw ise. 
For the problem under study, molecular diffusion is  expected to dominate 
over the dispersion terms. 



In the above expression, the air phase Darcy veloci ty is expressed as a 
function of time. It is assumed that the Darcy velo city responds 
instantly to barometric pressure changes at all loc ations in the modeled 
domain. As stated before, the velocity through the wall is assumed to be 
zero. Elsewhere, it is assumed to flow only in the direction 
perpendicular to the ground surface. With these ass umptions, the flow 
occurs only in the z-direction in the soil and is: 
Eq. (3) 
where:  
 V0 is the amplitude of the velocity,  
 w is the frequency of the pressure oscillation, an d 
 t is time. 
MODEL RESULTS 
The computer code BLT (6) was modified to simulate the time-dependent 
velocity as expressed in the preceding equation. Th e modified BLT code 
was then used to solve the above equations for the contaminant plume due 
to injection of the tracer. A wide range of cases w as considered to 
assist in gaining an understanding of the system be havior. The objective 
of these simulations was to estimate the time evolu tion of tracer 
concentration at the monitoring well. 
The time evolution of the contaminant plume was fol lowed for 0.1 years 
(36.5 days) using the base case parameters in Table  I. In the base case 
it is assumed that the subsurface barrier wall is i ntact and no 
substantial breach occurs. The results of this simu lation 14.6 days after 
the start of the experiment are presented in Fig. 3 . The contour plot 
color key is presented in Fig. 4. All projected con centrations are 
normalized to an injection concentration of unity. 
Table I 
Fig. 3  
Fig. 4  
In Fig. 3, it is seen that for the base case parame ters, the soil/neat 
cement wall provides an effective barrier to migrat ion of the PFT's. 
Concentrations at the well 14.6 days since the begi nning of tracer 
injection are more than eight orders of magnitude ( which is the design 
objective of the experiments and the lowest value r epresented on the 
contour plots) less than the injection concentratio n. Inspection of the 
output files indicates that the projected baseline concentrations are 
nine orders of magnitude less than the injection co ncentration at this 
time.  
To determine the effect of the barrier diffusion co efficient on release, 
the base case was modified by increasing the barrie r diffusion 
coefficient by a factor of 10 to 10-3 cm2/s. This v alue is toward the 
high end of measured radon diffusion coefficients t hrough residential 
concretes (4). In this case, predicted concentratio ns at the monitoring 
well at 14.6 days reached a maximum normalized conc entration of 7 10-6 
and averaged more than 10-6. This exceeds the desig n basis concentration 
by an order of magnitude. 
To determine the effect of a small breach in the ba rrier a 5-cm hole was 
simulated as having the same properties as the soil , diffusion 
coefficient of 10-2 cm2/s. This hypothetical hole i n the barrier was 
located at an elevation of 1.8 m from the bottom of  the modeled domain, 
0.8 m higher than the source. The total distance fr om the source to the 
edge of the hypothetical hole in the barrier is 1.8  m. The results of 
this analysis at 14.6 days after the start of the i njection, Fig. 5, 



indicate that the breach has a pronounced effect on  the contaminant 
plume. Streaming through this 5-cm breach is clearl y evident. The peak 
normalized concentration at the well is 4 10-6. Ave rage concentrations 
along the lower section of the well are above 10 -6  a three order of 
magnitude increase over the projected concentration  for the intact wall. 
In fact, the projected concentrations at the monito ring well for the 5-cm 
hole simulation was of the same order of magnitude as the case with the 
barrier diffusion coefficient increased an order of  magnitude over the 
base case value. 
Fig. 5 
In all three cases, the contaminant plume within th e region bounded by 
the subsurface barrier is almost identical. Average  concentrations in 
this region are approximately 10-3, four orders of magnitude larger than 
at the monitoring well location for the case with a  barrier breach. This 
indicates that only a small fraction of the tracer reaches the monitoring 
wells under the conditions simulated. 
The hole size was varied from 1 - 10 cm and the res ults were similar. 
Even a 1 cm. hole would permit the concentration of  PFT tracer that 
reaches monitoring well to exceed the base case (an  intact barrier) value 
by 2 - 3 orders of magnitude. 
The role of advection was studied by comparing the case with the 5-cm 
hole in the barrier to an identical simulation exce pt that the amplitude 
of the advection velocity was set to zero. In this case, diffusion is the 
only transport mechanism. Predicted concentrations at the monitoring well 
increased by as much as an order of magnitude in th e absence of 
advection. Advection tended to smear the plume and shift the plume 
slightly toward the surface on average. Therefore, it did increase the 
release of the tracer through the ground surface to  the atmosphere.  
Following the time evolution of the plume, it was o bserved that the plume 
did shift up and down with the changes of advection  velocity. Although, 
the velocity variations were cyclic, when the flow was directed out of 
the subsurface, it moved tracers from a region of h igher concentration 
upwards to regions of lower concentrations. When th e flow was into the 
system, it moved tracers in regions of lower concen trations deeper into 
the subsurface toward regions of higher concentrati ons. The net effect 
was a slight shift in the plume toward the surface as compared to the 
simulations that did not model advection. The net u pward shift is due to 
the fact that the source is injected at the bottom of the domain. It may 
not be true for a source located in the middle of t he modeled domain.  
COMPARISON OF EXPERIMENTAL RESULTS WITH MODEL PREDICTIONS 
PFT tracers were continually injected for three day s into the area 
contained by the soil/neat cement barrier, Fig. 1, just beneath the empty 
tank at the center of the region bounded by the con e. Seven monitoring 
wells were located parallel and approximately 1 met er outside of the 
barrier. The wells were approximately 1 meter from the barrier. 
Measurements for PFT tracers were taken from each w ell for 18 days after 
the start of injection. PFT concentrations within t he region bounded by 
the barrier were measured for the three-day injecti on period 
The data showed a net drift toward one side of the barrier. The interior 
monitoring well designated as N, for North, had mea sured concentrations 
approximately one order of magnitude greater than t he interior well 
designated S, for south. This indicates that advect ion is occurring. The 
cause of this net drift is not known, however, it h as been postulated 



that it is due to the injection velocity (12 - 15 c m3/min). This and 
other possible explanations are under investigation .  
The drop in concentration between the inner and out er monitoring wells 
(i.e., across the barrier) was approximately four o rders of magnitude. 
There was no evidence of a substantial breach in an y region as the drop 
in concentration across the barrier was consistent at all monitoring 
wells.  
To estimate diffusion coefficients in the soil and the barrier, 
prospective model evaluations were performed. The c omputational model is 
similar to the one described to examine the influen ce of a breach in the 
barrier, Fig. 2, with the exception that the dimens ions were changed to 
match the as-built dimensions exactly and the sourc e location was changed 
to reflect the experimental conditions. 
The base case diffusion coefficient values, Dsoil =  10-2 cm2/s and Dwall 
= 10-4 cm2/s, provided concentration estimates that  were far lower than 
the measured value. This was expected because the b ase case values were 
chosen with the intent of under predicting the amou nt that would reach 
the wells to insure that detection would be possibl e.  
A range of different values of the diffusion coeffi cients was simulated. 
The results have been compared to the measured aver age value of the seven 
monitoring wells and are displayed in Fig. 6. From these evaluations, the 
soil diffusion coefficient for the PFT has been det ermined to lie between 
1 - 5 10-2 cm2/s under the test conditions. The dif fusion coefficient for 
the soil/neat cement barrier has been determined to  lie between 1 - 5 10-
3 cm2/s. The best fit was obtained using a soil dif fusion coefficient of 
2 10-2 cm2/s and a barrier diffusion coefficient of  2 10-3 cm2/s. Further 
evaluations to improve the best fit will be taken. 
Fig. 6 
In Fig. 6 the effects of barometric pumping can be seen from the two 
simulations with Dsoil = 10-2; Dwall = 10-3 cm2/s. In one case, 
barometric pumping was not simulated. In the other case, barometric 
pumping was simulated and the fluctuation in concen tration at the well is 
clearly in evidence. The fluctuations had only a mi nor impact on the 
concentration and were not in evidence in the exper imental data. 
Therefore, barometric pumping was not simulated in other evaluations. 
CONCLUSIONS 
Modeling of transport of PFT tracers in a subsurfac e system consisting of 
soil and a soil/neat cement barrier has been conduc ted. The results 
support the feasibility of detecting tracers outsid e of the barrier on 
the time frame of a few weeks. For the base case, a  two order of 
magnitude difference in the PFT diffusion coefficie nt in the soil and 
barrier, small holes (on the order of cm) should be  easily detectable. As 
the difference in diffusion coefficients of the soi l and barrier 
decreases, the ability to detect small holes also d ecreases.  
Site-specific data on transport parameters were not  available. Therefore, 
the model evaluations were compared to the experime ntal data and used to 
estimate the diffusion coefficient for the PFT thro ugh the soil and 
barrier. The best fit to the data indicates that th e soil diffusion 
coefficient is approximately 2 10-2 cm2/s and the b arrier diffusion 
coefficient of 2 10-3 cm2/s. It was determined that  barometric pumping 
did not contribute significantly to transport in th is experiment. 
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ABSTRACT 
The Idaho National Engineering Laboratory (INEL) ha s been involved in 
nuclear reactor research and development for over 4 0 years. One of the 
first major projects involved the development of th e nuclear powered 
aircraft engine. This project used mercury as a shi elding medium and over 
several years a significant amount of mercury was s pilled along the 
railroad tracks where the test engines were transpo rted and stored. In 
addition, experiments with volume reduction of wast e through a calcine 
process resulted in mercury contaminated calcine wa ste. Mercury was used 
as a catalyst in this process. 
These wastes have been identified in a Removal Acti on Work Plan to be 
retorted and thereby separating the mercury from th e various contaminated 
media. Lockheed Idaho Technologies Company awarded the Mercury Retort 
contract to ETAS Corporation and assigned Parsons E ngineering Science, 
Inc. to manage the Removal Action field activities.  
The mercury retort process is a mobile unit which c onsists of several 
trailer-mounted units, requiring electricity, propa ne, and a water 
supply. The conclusions presented in this paper wil l describe the 
performance of the retort unit for the various wast e streams and show how 
the mobile unit is an effective means to retort was te and generate 
minimal secondary waste. 
SITE BACKGROUND 
The Idaho National Engineering Laboratory (INEL), f ormerly the National 
Reactor Testing Station (NRTS), encompasses 2,305 k m2 (890 mi2), and is 
located approximately 32 km (20 mi) west of Idaho F alls, Idaho (Fig. 1). 
In 1949, the United States Atomic Energy Commission , now the Department 
of Energy (DOE), established the NRTS as a site for  building and testing 
a variety of nuclear facilities. Since 1952, the IN EL has also functioned 
as the storage facility of transuranic radionuclide s and low-level 
radioactive waste. At present, the INEL supports en gineering and 



operations efforts of DOE and other Federal agencie s in areas of nuclear 
safety research, reactor development, reactor opera tions and training, 
nuclear defense materials production, waste managem ent technology 
development, and energy technology and conservation  programs. The DOE 
Idaho Field Office (DOE-ID), having responsibility for the INEL, 
designates authority to operate the INEL to governm ent contractors. The 
primary contractor for DOE-ID at the INEL is Lockhe ed Idaho Technologies 
Company (LITCO), which provides managing and operat ing services to the 
majority of INEL facilities. The remedial design/re medial action 
contractor for LITCO at the INEL is Parsons Enginee ring Science, Inc., 
which provides complete remedial design and remedia l action (RD/RA) 
services.  
Fig. 1 
ORIGIN OF MERCURY CONTAMINATED MATERIAL 
Calcine Material 
In the late 1950's and early 1960's, research teams  at the INEL conducted 
developmental work on the recovery of uranium from spent nuclear fuels 
and the subsequent treatment of the resulting waste s. Solutions from 
which the uranium had been extracted were calcined to reduce their volume 
and make them easier to handle and dispose. In vari ous pilot studies, 
carried out at the Central Facilities Area (CFA) Ch emical Engineering 
Laboratory at the INEL site, simulated aluminum cla d fuels were treated, 
with mercury added as a catalyst in the calcining p rocess. The calcined 
material and elemental mercury was disposed in a de pression near the test 
facility and eventually covered with gravel. Throug h different 
mechanisms, the calcine waste was partially exposed  to the elements. 
Subsequent investigations determined that the calci ned material exhibited 
low-level radioactivity (from radioactive tracers, Cesium-137, Strontium-
90, Ruthenium-106, and unidentified Uranium isotope s used during the 
calcine experiments) and mercury concentrations abo ve 260 mg/kg. The 
waste calcine and surrounding contaminated soil wer e retrieved and 
containerized for future treatment. In a fluidized- bed calciner, the 
calcined material was formed at temperatures betwee n 400 and 500 degrees 
Celsius. Held at this temperature only long enough to drive off the water 
coming in with the feed, the material left a large percentage of the feed 
mercury in the calcine when the calcine cooled. Tho ugh the calcine is 
porous, the mercury had insufficient time to vapori ze and migrate out of 
the calcined material. A significant portion of thi s mercury is still 
present in the calcine in the form of mercury oxide . 
The selected remedial action will meet final concen tration limits of less 
than 0.2 mg/L mercury as determined by the Toxicity  Characteristic 
Leaching Procedure, Environmental Protection Agency  (EPA) analysis Method 
1311, and less than 80 mg/kg total mercury as deter mined by EPA Method 
7470/7471 (SW846). 
Test Area North Material 
In addition to the calcine waste, a second waste st ream will be treated. 
This waste stream consists of mercury contaminated soil and railroad 
ballast contaminated by a large spill of elemental mercury at the INEL's 
Test Area North (TAN) in 1958. This mercury contami nated material was 
excavated and containerized in 1994. Sample results  indicated that the 
material exhibited low level radioactivity (Cesium- 137 and Strontium-90) 
and mercury concentrations above 450 mg/kg. The rad ioactive isotopes , 
Cesium-137 and Strontium-90, are the result of radi oactive storage in the 
immediate vicinity. 



The selected remedial activity will meet final conc entration limits of 
less than 0.2 mg/L mercury as determined by the Tox icity Characteristic 
Leaching Procedure, Environmental Protection Agency  (EPA) analysis Method 
1311, and less than 4 mg/kg total mercury as determ ined by EPA Method 
7470/7471 (SW846). 
MERCURY RETORT SYSTEM 
ETAS Corporation is not only the operator of the me rcury retort system, 
but ETAS developed, designed, and fabricated the me rcury retort system as 
well. 
System Components 
The mercury retort process entails a mobile unit wh ich consists of 
trailer-mounted sub-systems with multiple component s or units in each 
subsystem (Fig. 2). The four subsystems are: 
  Feed System 
  Retort Main System 
  Vapor Recovery System 
  Material Discharge System 
Fig. 2 
Feed System 
Vacuum Unit 
A vacuum unit was initially used to transfer materi al from the drums and 
boxes into the retort main system. The vacuum unit,  an off-the-shelf 
manufactured system, is equipped with integral dust  controls, including a 
multi-stage cyclone and a HEPA filter. A slide gate  between the vacuum 
unit and the retort provided the necessary seal bet ween the units. 
The vacuum system was designed to minimize blowing dust during transfer 
of dry material from the waste containers. As treat ment progressed, 
monitoring showed that almost all the material was at least damp and much 
was very wet, producing severe caking in the vacuum  unit. Subsequently, 
an auger feed was tried, and finally a conveyor bel t system installed. 
After the material was shoveled from waste containe rs into a hopper at 
ground level, a fully enclosed conveyor belt dumped  the material onto a 
slide gate. The slide gate opened periodically to f eed the material into 
the retort. The conveyor enclosure minimizes blowin g material. The slide 
gate seals the feed end of the retort and provides for circulation of 
gases through the retort and into the vapor recover  system. 
Retort System 
The Retort Main System consists of the following co mponents/units: 
  The Retort Chamber 
  Burners and Mechanical Controls 
  Gas Supply Piping Components 
  Burner Control Cabinet 
   Power and Motor Control Cabinet 
Retort Chamber 
The Retort Chamber is a heated assembly, which cons ists of a rotating 
process tube mounted axially inside a refractory li ned shell. The 
rotating drum is lined with curved vanes, which bot h propel material 
forward and mix the material as the drum rotates. T his not only conveys 
the material, but assures that the material is heat ed quickly and evenly. 
The unit rotates from 4 to 25 rpm, which allows a m aterial transfer rate 
of 0.54 to 4.51 m3 (0.7 to 5.9 yd3) per hour. Const ructed entirely of 304 
steel, the rotating drum sits in the refractory lin ed outer tube chamber, 
which houses the burners. The curved shape of this chamber directs the 
burner flames around the tube for efficient heating . 



Burners & Mechanical Controls 
The burners essentially fire horizontally under the  process tube for 
minimal flame impingement on the tube. The radiant heat of the flame and 
the convective heat of the hot combustion products heat the tube, which 
transfers heat to the product traveling through the  tube. 
Although the burners can be individually started an d stopped, the burner 
firing rates are controlled by three process tube z one temperature 
controllers, with each controller driving three bur ners. ETAS has 
included several automatic features to provide remo te and dual 
temperature controller set points, and will provide  "cutback" logic in 
case stack temperatures become too high. 
Rated for 1.0 MBTU/H firing propane, each burner co nsists of an integral 
fan housing directly coupled to the fan motor, gas burner and blast tube, 
gas pilot/igniter assembly, flame detector port, an d viewport. The 
burners utilize modulating motors to control firing  rates and fuel/air 
ratios. The system is equipped with temperature con trollers for each of 
the three process tube zones; each controller will provide a control 
signal to regulate the modulating motors on all thr ee burners for that 
zone. 
Gas Supply Piping Components 
Propane to the main fuel and pilot on each burner i s turned on and off by 
the burner safety shutoff valves, with the fuel rat es being controlled by 
the regulators and the main fuel modulating control  valve. All safety 
shutoff valves are of the automatic type. The autom atic shutoff valves 
provide for automatic shutdown of the fuel feed dur ing certain 
conditions, and further provide for a single button  shutdown during any 
emergency situations. 
Burner Control Cabinet 
The burner control cabinet is an air purged, free s tanding cabinet 
containing all burner system controls, indicators, and alarms. 
The entire system is designed for maximum burner op erating flexibility 
and maximum user friendliness. The system utilizes individual flame 
programmers for each burner, each with its own stat us indicator visible 
through a window on the cabinet door. ETAS included  one enhanced display 
module designed to automatically switch to display the operating burner, 
providing enhanced sequence and alarm information f or that particular 
burner. In addition, the system includes extensive alarm logic and 
indications for virtually all operating conditions,  as well as main 
system purge controls and indicators. 
Power and Motor Control Cabinet 
This cabinet is an air purged, free standing cabine t, containing circuit 
breakers and motor starters for all nine unit motor s, all nine burner 
motors, and control power circuit breakers for the burner control 
cabinet. Main 480 volt 60 cycle 3 phase (480/60/3) power and all nine 
unit motors can be controlled by the respective sta rt/stop push buttons, 
and are indicated by the respective lights mounted on the cabinet door. 
The primary side of these transformers are protecte d by two-pole circuit 
breakers. The main logic section and each of the ni ne burner sections are 
protected by individual single-pole circuit breaker s. 
Vapor Recovery System 
The vapor recovery system (VRS), having its own con trol cabinet, is a 
stand-alone system designed specifically for the re moval of mercury. The 
entire Vapor Recovery process is performed under a vacuum created by a 
blower, which pulls the vapor stream through the VR S and pushes the final 



vapor stream out through the carbon canisters. This  vacuum assures that 
no pressure can build in the vapor recovery system.  Pressure buildups 
have been shown to cause leaks in retort operations  without vacuum 
assisted vapor recovery systems. 
The VRS consists of three main removal sections, fo llowed by carbon 
canisters. These sections are the Spray Scrubber, t he Sieve Tray 
Scrubber, and the Vapor Separator. 
Spray Scrubber 
Material first passes through the spray scrubber, a  direct contact heat 
exchanger which condenses the bulk of the vapors. T his scrubber is 
powered by process water, which in turn is cooled b y an indirect heat 
exchanger linked to a cooling tower. 
Sieve Tray Scrubber 
The Sieve Tray Scrubber condenses any remaining con densable vapors which 
escape condensation in the Spray Scrubber. The Siev e Tray Scrubber is 
also a direct contact heat exchanger, linked to the  same cooling tower 
and indirect heat exchanger as the Spray Scrubber. Condensed vapors from 
both scrubbers are collected in a common surge tank , where baffles at the 
bottom of the tank capture mercury and particulate matter from the 
process water stream. 
Vapor Separator 
The vapor separator, the last piece in the system, provides a mist 
eliminator and a low vapor velocity zone to collect  mist and return it to 
the surge tank. 
Product Cooler System 
An airlock provides a vapor seal between the retort  and the material 
discharge system. 
Airlock 
The airlock is a rotary eight-vane unit, which prov ides a high-quality 
seal against air leaks. As the airlock rotates (at approximately 40 RPM), 
material passes via the rotating vanes from one end  of the airlock to the 
other. The unit has a 1.5 HP motor and uses sizable  gear reducers to 
achieve the 40 RPM working speed. 
Product Loading System 
The material discharge system cools the treated mat erial while moving the 
material from the retort into storage boxes. The co oling and transfer is 
accomplished by three totally enclosed screw augers , two of which have 
coolant passing through jackets. This system shares  a cooling tower and 
refrigeration with the Vapor Recovery System. 
SYSTEM PERFORMANCE 
Production Rates 
The retort system has proven effective at meeting t he treatment 
standards. Production rates have not reached the ma ximum potential of the 
system's capacity due to site specific issues. Feed  material high 
moisture content in conjunction with freezing tempe ratures, size 
gradation of the railroad ballast relative to the m aterial handling 
system design, and foreign objects, such as railroa d spikes and 
construction debris, have all been contributing fac tors to the production 
rates contained in the feed material. 
Treatment Results 
Based on more than 20 samples taken and analyzed fo r total mercury and/or 
TCLP, the retort system is demonstrably effective i n removing mercury 
from various waste streams, as summarized in Table I. 
Table I 



CONCLUSIONS 
Material Handling Considerations 
Subcontractors must evaluate the feed stock and det ermine the appropriate 
material handling equipment needed to handle the fe ed material and all 
expected worst case conditions. A proactive design that addresses the 
above concerns may require a greater initial capita l cost, but 
consistently proves less expensive in the long run when compared to the 
costs of frequent mini-design changes occurring as situations arise. 
Cold Weather Operations 
Manual labor operations and work activities in unpr otected areas in the 
winter may result in hypothermia or exhaustion caus ed by working in heavy 
clothing and respirators. Equipment, particularly w etted systems, must be 
protected from freezing, especially during non-oper ating periods. 
Employee well-being is directly proportional to pro duction and every 
effort must be made to account for the expected cli mate during the 
project execution. 
DOE Contracting 
Subcontracts let at DOE facilities in the future wi ll rely more heavily 
on fixed price lump sums or unit rates for fixed qu antity contracts. 
These contracts will require subcontractors to incu r more initial 
financial risk: the bulk of their payment will be r eceived only after 
their services have been both completed and certifi ed as meeting all 
performance specifications. 
This requires bidders to ask for more clarification  so that they are 
fully aware of the site conditions, as change order s and overruns are 
being tolerated less and being funded even less. 
If conditions are accepted by the subcontractor, th en it is assumed by 
the contractor that the subcontractor is comfortabl e with the site 
conditions and has bid the project accordingly. 
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ABSTRACT 
The National Air and Radiation Environmental Labora tory (NAREL) received 
eight whole soil samples from four individual sites  collectively referred 
to as the Tonawanda FUSRAP Site. The four sites are  Ashland I, Ashland 
II, Linde, and Seaway. The primary radioactive cont aminants in the soils 
are uranium-235, uranium-238, radium-226, thorium-2 30, and their decay 
products. Two samples were received from each site,  one sample collected 
to represent the maximum levels of radioactivity (B ias) and one to 
represent the average levels (Systematic). The samp les were designated as 



Ash I Bias, Ash I Systematic, Ash II Bias, Ash II S ystematic, Linde Bias, 
Linde Systematic, Seaway Bias, and Seaway Systemati c. 
The primary objectives of this initial characteriza tion of the samples 
were to: 1) determine if particle-size separation t echniques could be 
effective in reducing the volume of contaminated so il, 2) identify any 
radiominerals present, 3) determine the presence an d magnitude of 
contamination associated with particles of high den sity and 
ferromagnetism, and 4) determine if chemical scout extraction tests are 
effective in reducing the volume of contaminated so il in these samples. 
Particle-size separation by wet sieving and hydrocl assification was 
performed after the samples were subjected to parti cle liberation by 
vigorous washing. Fractions were analyzed for radio nuclides, and select 
fractions were subjected to petrographic analysis a fter density 
separation at 2.89 g/cc. Magnetic separations, usin g a hand-held magnet, 
were also performed on the heavy-mineral fractions to separate the 
ferromagnetic particles. The heavy-mineral nonmagne tic and magnetic 
fractions were analyzed for select radionuclides. S cout chemical 
extractions were performed with hot nitric acid on the samples that were 
judged to be amenable to contaminant reduction by t he technology: four 
Systematic Tonawanda samples, the +50 and -50-mesh portions of the Linde 
Bias sample, and the +50-mesh fractions of the Lind e Systematic sample. 
Analysis of data from the eight Tonawanda samples e xamined in this study 
demonstrates that particle-size separation alone wi ll not provide a 
successful remediation solution for any of the site s. Although 
significant concentrations of the radionuclides wer e identified in the 
heavy-mineral fractions of materials from the eight  samples, there were 
insufficient quantities to affect the overall radio nuclide concentrations 
by their removal. Ferromagnetic materials separated  from the heavy-
mineral fractions also contained elevated concentra tions of 
radionuclides; but these were, likewise, insufficie nt in quantity to 
affect the remediation potential by their removal. The results of the 3M 
nitric acid extraction indicate that the Linde +50- mesh material, 
particularly the Bias soil, shows promise for meeti ng cleanup criteria 
with additional chemical extraction. 
INTRODUCTION 
The National Air and Radiation Environmental Labora tory (NAREL) received 
eight whole soil samples from four individual sites  collectively referred 
to as the Tonawanda FUSRAP Site. The four sites are  Ashland I, Ashland 
II, Linde, and Seaway. Two samples were received fr om each site, one 
sample collected to represent the maximum levels of  radioactivity (Bias) 
and the other to represent the average levels (Syst ematic). The samples 
were designated as Ash I Bias, Ash I Systematic, et c.The primary 
objectives of this initial characterization of the samples were to: 1) 
determine if particle-size separation techniques co uld be effective in 
reducing the volume of contaminated soil, 2) identi fy any radiominerals 
present, 3) determine the presence and magnitude of  contamination 
associated with particles of high density and ferro magnetism, and 4) 
determine if chemical scout extraction tests are ef fective in reducing 
the volume of contaminated soil in these samples. 
The radionuclide cleanup criteria for the Tonawanda  FUSRAP site soils (in 
pCi/g) are: radium-226, 5-15; thorium-230, 5-15; th orium-232, 5-15; 
uranium-238, 28.4, and total uranium, 60. 
EXPERIMENTAL 
Gamma Spectrometry 



Whole soil samples, particle-size fractions, and wa sh waters were 
analyzed for gamma-emitting radionuclides using hig h-purity germanium 
detectors (1). The wash water samples were counted for 1000 min, and the 
soil samples were counted for 100 or 1000 min, depe nding on the levels of 
radioactivity. With the relatively large uranium co ncentrations in the 
samples, erroneous Ra-226 values were obtained from  the gamma 
spectrometry analysis program. Values cited for Ra- 226 are based, 
therefore, on the Pb-214 values reported by the pro gram and are more 
indicative of the actual Ra-226 concentrations. 
Alpha Spectrometry 
Analyses for uranium and thorium radionuclides were  performed by alpha 
spectrometry (2). Uranium was extracted, coprecipit ated with lanthanum 
fluoride carrier, and analyzed by alpha spectrometr y. Thorium was 
separated by ion-exchange chromatography, coprecipi tated with lanthanum 
fluoride carrier, and analyzed by alpha spectrometr y. 
Sample Preparation 
The eight whole soil samples were received at the N AREL and initially 
screened for gross beta/gamma activity using a Geig er-Mueller portable 
survey instrument. After initial screening, each sa mple was thoroughly 
mixed and split into 400-mL aliquots using a riffle r. The aliquots were 
weighed, dried at 60C for 48 hr, and reweighed. Fou r aliquots from each 
whole soil were analyzed by gamma spectrometry. The  whole soil samples 
taken from Ashland I and Linde (Ash I Bias, Ash I S ystematic, Linde Bias, 
and Linde Systematic) were also analyzed for uraniu m and thorium by alpha 
spectrometry, after they were ashed at 565C for 72 hr. 
Vigorous Wash 
The vigorous washing process liberates small partic les from large 
particles without generating excessive fines. After  sample preparation, 
each aliquot from every soil was vigorously washed in water for 30 minute 
in a Nalgene container at a rotational velocity of 350 rpm with a liquid-
to-solid ratio of 4 mL/1g (3). 
Wet Sieving 
After vigorous washing, an aliquot of each soil sam ple was fractionated 
by wet sieving with American Standard Testing of Ma terials (ASTM) 
standard sieves (4). The aliquots were separated in to particle-size 
fractions at 4 mesh (4.75mm), 8 mesh (2.38mm), 16me sh (1.19mm), 30 mesh 
(0.590mm), 50 mesh (0.297mm), 100 mesh (0.149mm), 2 00mesh (0.074mm), and 
400 mesh (0.037mm). The fractions were dried at 60C  for 48 hr, weighed, 
and analyzed for radionuclide content by gamma spec trometry. Analysis by 
alpha spectrometry was performed on only fractions from two of the four 
sites, Ashland I and Linde. 
Process Water 
Water from the vigorous wash and separation procedu res for each sample 
was collected and a Percol 788N flocculant was adde d to settle suspended 
material. The water was then filtered through a 0.0 25-mm pore filter 
paper to separate suspended solids from the wash wa ter. The material 
retained on the filter was analyzed by gammaspectro metry and, if called 
for, by alpha spectrometry and reported as the -400  activity. An aliquot 
of filtered wash water from each of the eight whole  soil samples was 
analyzed by gamma spectrometry. 
Petrographic Study 
Petrographic examination was performed on the eight  radioactive soil 
samples to determine the minerals or materials comp rising the radioactive 
particles as well as the physical properties and co mposition of the host 



materials. The petrographic tests were conducted ac cording to the EPA 
protocol procedure for radioactive soils (5). 
Soil-size fractions from vigorous washing and wet s ieving were examined 
for mineral identification and physical properties by an optical 
petrographic microscope and a binocular microscope.  In order to provide 
an assessment of the heavy-mineral fractions that f requently contain a 
major portion of the radioactive materials, density  separations using the 
sink-float method with sodium polytungstate were pe rformed on the -
50/+100, -100/+200, and -200/+400-mesh fractions to  remove heavy minerals 
(specific gravity greater than 2.89) and to facilit ate mineral 
identification and preparation of photomicrographs.  The gravel material 
on the 4-mesh sieve and materials on the 8, 16, and  30-mesh-size sieves 
was examined under the binocular microscope. A mini mum of 100 particles 
were counted; all particles were counted if 100 wer e not present. 
Particle-size material from each fraction was divid ed into rock, mineral, 
slag, and other-mineral categories to illustrate th e make-up of the soil 
sample. The materials on the 50, 100, 200, and 400- mesh sieves were 
examined under both the binocular and optical petro graphic microscope. 
The material examined under the petrographic micros cope was immersed in 
an index oil of 1.544 refractive index. Photomicrog raphs of significant 
features were made in both transmitted and reflecte d light. 
Magnetic separations, using a hand-held magnet, wer e also performed on 
the heavy-mineral fractions to separate the ferroma gnetic particles. The 
heavy-mineral nonmagnetic and magnetic fractions we re analyzed by alpha 
spectrometry. 
Scout Chemical Extractions 
Scout chemical extractions using hot nitric acid (H NO3) were performed on 
Systematic whole soil samples collected at each of the four sites. In 
addition, nitric acid extractions were conducted on  the combined +50-mesh 
fraction and -50-mesh fraction of Linde Bias sample s and +50-mesh 
fraction of the Linde Systematic samples. 
The nitric acid extractions were performed on aliqu ots (approximately 50 
mL) from each Systematic soil prepared by proportio nally recombining each 
of the wet-sieved fractions from the particle-size study described above. 
The resultant recombined fractions represented the whole soil. The 
aliquots used for extraction of the Linde +50 and - 50-mesh fractions were 
similarly prepared from the previously sieved mater ial. 
For the chemical extraction, a spherical reaction k ettle was closed with 
a 4-neck cover and fitted with a reflux condenser, centigrade 
thermometer, stirrer with paddle, and thermocouple assembly. The stirrer 
was rotated by a high-torque electric motor. Stirri ng speed was monitored 
every five minutes by an optical tachometer. The th ermocouple assembly 
consisted of a iron-constantan thermocouple sealed in a glass tube to 
protect it from acid corrosion and packed with glas s wool to aid the 
transfer of heat from the glass tubing to a thermoc ouple. Heat was 
provided by a mantle whose temperature was monitore d and controlled by a 
Glas-Col Digitrol connected to the thermocouple and  the variable 
autotransformer. Visual monitoring of temperature w as also performed by 
observation of the centigrade thermometer. 
Each aliquot was extracted with 3M nitric acid (5 m L/g of soil) heated to 
90C while stirring at a nominal 350rpm. The sample was introduced to the 
reaction flask with a spatula over a five-minute pe riod to assure 
complete contact between the reagent and the sample . The sample was 
extracted for 60 min, then filtered through a Buchn er funnel, and rinsed 



using hot 3M HNO3 followed by hot water. The result ing filtrate was again 
filtered over a membrane filter using a Millipore f iltration apparatus to 
collect any fine particulates. The whole soil, extr acted soil, membrane 
filter, and filtrate were analyzed for radium by ga mma spectroscopy and 
for uranium and thorium by alpha spectrometry. 
RESULTS AND DISCUSSION 
Particle-Size Distributions 
The particle-size distributions for Ash I, Ash II, and Seaway are similar 
with at least 49 percent -400-mesh material, as ill ustrated in Fig. 1. 
The Ash I Systematic soil contains notably more gra vel and coarse sand-
sized material than the Ash I Bias and both Ash II and Seaway soils. The 
Ash I, Ash II, and Seaway soils all contain from 50  to 60 percent -400-
mesh (silt and clay) material. The Linde Bias and S ystematic soils are 
similar in their distributions with 41 and 37 perce nt -400-mesh material, 
respectively. These soils are notably different fro m the other soils in 
that they contain 45 percent +50-mesh material. 
Fig. 1 
Radionuclide Distributions 
The primary radionuclides above background levels i dentified in the 
Tonawanda samples are members of the U-238 and U-23 5 decay series. 
Radionuclides associated with the Th-232 series are  present at quantities 
within the range of natural background. The nuclide s of primary concern 
are U-234, -235, and -238; Th-234 and -230; and Ra- 226. Gamma 
spectrometry data were collected for all whole soil s and soil fractions, 
and those from alpha spectrometry (U and Th) were c ollected for the AshI 
and Linde samples. Uranium and thorium analyses wer e not performed on the 
Ash II or Seaway soils. 
The concentrations of the primary radionuclides of the U-238 decay series 
in the eight whole samples are shown in Fig. 2. Wit h the possible 
exceptions of the Linde samples, the uranium series  radionuclides do not 
appear to be in equilibrium. (While the radium-226 values are about one-
half those of the Th-230 and U-234/238, the great i naccuracy in the Ra-
226 values, discussed earlier, does not preclude se cular equilibrium.) 
With the exception of the Ash II Systematic soil sa mples, the Th-230 
concentration of the remaining sample is higher, by  up to 18 times that 
of the U-234/238 values. The Ra-226 concentrations are approximately one-
half those of U-234/238 in the Linde samples, appro ximately equal in the 
Seaway samples, and lower, by up to a factor of 13,  in the Ash I and Ash 
II samples. 
Fig. 2 
The relative relationships between uranium-series r adionuclide 
concentrations in the whole soil remain stable for the separated 
fractions in the Ash I soils. The concentrations of  the radionuclides are 
relatively constant throughout the particle sizes. There is a general 
inverse relationship between particle size and radi onuclide 
concentrations for all the radionuclides in the Lin de samples. However, 
the Th-230 is more highly concentrated in the small er size fractions than 
are Ra-226 or the uranium nuclides. 
Ash I Samples 
The radionuclide with the highest concentrations in  the Ash I samples is 
Th-230. The average concentrations of Th-230 are 2, 100pCi/g and 
1,526pCi/g in the whole soils of AshI Bias and Ash I Systematic, 
respectively. The values in the sieved fractions ra nge from 394 to 
2,585pCi/g (coarse to fine) for Ash I Bias and from  168 to 3,723pCi/g for 



Ash I Systematic. Th-234, U-234, and U-238 are pres ent in approximately 
equal concentrations throughout all size fractions in both samples. The 
values range from approximately 20 to 300pCi/g (coa rse to fine) for Ash I 
Bias and from approximately 20 to 200pCi/g in Ash I  Systematic. The Ra-
226 concentrations are 71pCi/g in the Ash I Bias an d 65 in the Ash I 
Systematic whole soils. Concentrations in the size fractions range from 
17 to 125 and from 9 to 68 (coarse to fine) in the size fractions of the 
Bias and Systematic samples, respectively. Because of the magnitude of 
the radionuclide concentrations throughout the size  fractions, for both 
Ash I samples, particle-size separation alone will not achieve the 
remediation levels required to meet site cleanup cr iteria. 
Ash II Samples 
Only gamma spectrometry analyses were performed on the Ash II sample 
fractions, thus no data are available for Th-230 as  a function of 
particle size. However, a Th-230 concentration of 1 ,545 pCi/g in one 
aliquot of the Bias whole soil sample and its parti cle-size distribution 
suggests that it is similar to Ash I Bias. The Th-2 30 concentration in 
the Ash II Systematic whole soil is 520 pCi/g. 
The Th-234 values may be used to estimate the U-238  concentrations since 
these two nuclides should be in equilibrium. The av erage ratio of Th-234 
to U-238, as determined on the samples for which al pha spectrometry was 
performed (Ash I Bias, Ash I Systematic, Linde Bias , and Linde 
Systematic) is 0.88; therefore, the uranium concent ration can be 
estimated from the Th-234 values derived from gamma  analysis. There is no 
valid way to estimate the Th-230 concentrations in each particle size. 
The Ra-226 concentrations in the whole soil samples  are 51pCi/g for Ash 
II Bias and 38pCi/g in the Systematic sample. Based  on the Th-234 gamma 
values, the U-234 and U-238 concentrations are appr oximately 120 and 
70pCi/g in the AshII Bias and Systematic samples, r espectively. The Ra-
226 concentrations in the size fractions range from  10 to 96pCi/g (coarse 
to fine) in the Bias sample and from 7 to 61pCi/g i n the Systematic 
sample; the Th-234 ranges from 31 to 248 pCi/g in t he Bias sample and 
from 15 to 125 in the Systematic sample. 
Since only the +4-mesh particle-size fractions, rep resenting less than 
six percent of the Bias and Systematic samples, con tain Ra-226 
concentrations at or below 15pCi/g; particle-size s eparation alone will 
not serve as a volume reduction technique to achiev e site cleanup 
criteria. 
Linde Samples 
The Linde Bias whole soil sample contains concentra tions of U-234 and U-
238 of approximately 300pCi/g, Ra-226 of 120pCi/g, and Th-230 of 245pCi/g 
(Fig. 2). The +50 material, which represents 45 per cent of the sample, 
has concentrations of U-234 and U-238, Ra-226, and Th-230 of 105, 20, and 
31pCi/g, respectively. The uranium is virtually eve nly distributed in the 
fractions with particle sizes greater than 100mesh,  with U-234 and U-238 
above 200 pCi/g in each size fraction. 
The Ra-226 and Th-230 concentrations are greater th an 15pCi/g, and the 
uranium is above 60pCi/g in all size fractions with  significant volumes. 
Therefore, particle-size separation techniques alon e will not achieve 
results consistent with cleanup criteria. However, with the 
concentrations of +50-mesh fraction only slightly h igher than the clean-
up criteria, the results suggest a potential for vo lume reduction by 
attrition scrubbing of the +50 material in a soluti on that will extract 
the uranium. Attrition has the potential to reduce the radium and thorium 



concentrations by removing contaminated surface mat erial from the coarse 
fractions. If the uranium can be removed so that it  is primarily 
concentrated in the -50 material, volume reduction of up to 50 percent 
may be possible. 
The Linde Systematic whole soil sample contains con centrations of U-234 
and U-238 of approximately 150pCi/g, Ra-226 of 81pC i/g, and Th-230 of 
140pCi/g. The +100-mesh material, which represents 50 percent of the 
sample, has concentrations of U-234 and U-238, Ra-2 26, and Th-230 of 102 
and 103, 26, and 37pCi/g, respectively. The uranium  and Ra-226 are 
approximately evenly distributed within fractions h aving particle sizes 
greater than 200mesh. Results from the Linde System atic samples suggest 
that attrition scrubbing might reduce the radioacti vity in the +100-mesh 
material, and chemical extraction might reduce the uranium. 
Seaway Samples 
The Ra-226 and Th-234 concentrations in the Seaway Bias whole soil sample 
are 74 and 17pCi/g, respectively. The U-238 and U-2 34 are expected to be 
below 60pCi/g, based on the Th-234 values as determ ined by gamma 
spectrometry. Only the +4 mesh particle-size fracti on has a Ra-226 
concentration of 15pCi/g or less (8 percent of the material). No thorium 
alpha spectrometry was performed on the particle-si ze fractions. However, 
based on the fact that the whole soil sample contai ned 724 pCi/g of Th-
230 like other samples in this study, no size fract ion is expected to be 
at or below 15 pCi/g. 
The Ra-226 and Th-234 concentrations in the Seaway Systematic whole soil 
sample are 33 and 13pCi/g, respectively. The U-238 and U-234 are expected 
to be below 60pCi/g, based on the Th-234 values det ermined by gamma 
spectrometry. The +50-mesh material has a Ra-226 co ncentration of 
14pCi/g. However, the +50-mesh material represents less than 17 percent 
of the total soil. 
In summary, analysis of data from the eight Tonawan da samples examined in 
this study demonstrates that particle-size separati on alone will not 
provide a successful remediation solution for any o f the sites. Particle-
size separation alone is not capable of achieving s ignificant volume 
reduction because a number of factors including: th e relatively high 
concentrations of radionuclides; their uniform dist ribution, in most 
cases, throughout the range of particle sizes; and the high quantity of 
fines in most of the tested soils. Attrition studie s on the +50 or +100-
mesh material in combination with chemical extracti on might, however, 
remediate up to 50 percent of the Linde soils. 
Petrographic Study 
The bulk composition of the soil samples from the A shland sites is 
generally similar to the host constituents but diff ers from the host 
materials of the Linde and Seaway sites. The radioa ctive constituents are 
but minor constituents of the host material. Howeve r, because of the 
variance in the host constituents, the Ashland, Sea way, and Linde sample 
results are described separately in the following p aragraphs. 
Ashland Soil Samples 
The Ashland Bias and Systematic soil samples contai n mostly natural rock 
and mineral particles, significant amounts of slag materials, and minor 
amounts of other man-made materials and plant debri s: 1) limestone, 
dolomiteite, and dolomite minerals constitute 40 to  60 percent of the 
gravel-sized (+4.76 mm) materials and three to 45 p ercent of sand-sized 
materials; this material is natural rock aggregate native to the area and 
essentially free of radioactivity above background levels; 2) calcareous 



siltstone and minor claystone comprise from 20 to 3 3 percent of the 
gravel-size and approximately 50 percent of the san d-size material; these 
particles are essentially free of radioactivity abo ve background levels; 
3) quartz occurs in the sand-size fractions with gr eater abundance with 
decreasing grain size; in the finer sand fractions,  the quartz generally 
averages about 20 percent; minor occurrences of fel dspar are included in 
this category; this is natural material free of rad ioactivity above 
background levels; 4) man-made slag materials compr ise from three to 40 
percent of the gravel-sized particles with greatest  abundance in the Ash 
II Bias and least abundance in the Ash I Systematic  samples; the slag 
particles in sand-size material generally occur in lesser amounts; the 
solid crystalline slag has its highest concentratio n in the Bias samples; 
this material is anthropogenic material that has be en identified in 
previous studies as containing radioactivity above background levels; 6) 
the black, glassy slag averages six percent of Ashl and II Bias sample but 
generally less than two percent in the other Ashlan d samples; this 
material has also been related with radioactivity c ounts above background 
levels (6). 
The heavy minerals separated by sink-float from the  fine sand and coarse 
silt-size fractions comprise between two and nine p ercent of the 
fractions separated on the Ashland samples. To faci litate identification, 
the heavy minerals were further separated into a ma gnetic and nonmagnetic 
fraction. The magnetic fraction comprised 10 to 30 percent of the heavy-
mineral fraction. 
The magnetic fraction consists of black angular mag netite, red oxidized 
magnetite particles, and round metal balls. The dis tribution of metal 
balls in the three size fractions for the Ashland s amples is listed in 
Table I: 
Table I 
The metal balls vary in color and luster suggesting  variable properties 
and composition. Some resemble ion-exchange beads t hat collect uranium, 
and this specific material may possibly have radioa ctivity above 
background levels. 
The nonmagnetic, heavy-mineral fraction comprises 7 0 to 90 percent of the 
heavy-mineral fraction. The opaque minerals compris e approximately one-
third of the nonmagnetic heavy-mineral suite and, i n order of decreasing 
abundance, include red hematite, ilmenite/leucoxene , metal balls, and 
black, angular uraninite. The latter is radioactive  but is very minor in 
occurrence; it should be further examined by specif ic tests for opaque 
minerals for verification. 
The transparent, nonmagnetic, heavy-mineral fractio n is comprised of 
predominantly hornblende and garnet, minor epidote,  zircon, hypersthene, 
and monazite, and trace amounts of rutile, chlorite , apatite, staurolite, 
sillimanite, and tourmaline. In addition, the Ash I  Bias and Systematic 
samples contain appreciable melitite-rich slag part icles. 
The radioactive minerals present in the transparent  fraction are zircon 
and monazite, which occur most abundantly in the As h II Bias and 
Systematic samples. Zircon in the Bias samples rang es from trace amounts 
to five percent and in the systematic fractions fro m three to eight 
percent. Monazite in these samples ranges, respecti vely, from trace to 
two percent and from zero to one percent. In zircon , radioactive thorium 
or uranium is capable of as much as four percent su bstitution of the 
zirconium in the minerals structure. In monazite, t he chief ore mineral 



of thorium, thorium oxide, ranges between three and  10 percent, while 
uranium is generally present in lower percentage di stribution (7). 
The alpha spectrometry results of heavy-mineral, no nmagnetic material 
from the Ashland sample indicate that, in general, the activity is 
concentrated in the heavy-mineral magnetic fraction s. However, the heavy-
mineral magnetic fractions represent a small percen tage of the whole 
soil; thus, the total radioactivity is minimal. By removing the heavy-
mineral or heavy-mineral magnetic material, the spe cific activity in the 
whole soil either remains unchanged or increases sl ightly. This is true 
for both the U-238 and Th-230. 
The organic materials in the Ashland soil samples o ccur in all size 
fractions in generally trace amounts. These materia ls, in order of 
abundance, include woody plant fragments, seed spor es, snail shell, and 
diatoms. Other materials in the Ashland samples ran ge from trace amounts 
to as much as four percent. They are comprised of c ement, ceramic 
materials, glass beads, amorphous putty, and miscel laneous concrete 
aggregate particles. 
Seaway Samples 
In the Seaway Bias and Systematic soil samples, the  most abundant 
materials are limestone and dolomite followed by sa ndstone and siltstone. 
The latter differ from the material found in the As hland soil samples. 
Three slag varieties are generally similar to those  observed in the 
Ashland samples. The quartz is also generally simil ar, but the heavy 
minerals are more abundant than the average Ashland  sample: 1) limestone 
and dolomite average 19 and 17 percent of the Bias and Systematic sample, 
respectively; this is natural rock aggregate simila r in physical 
properties to the Ashland samples; this rock is fre e of radioactivity 
above background levels; clastic sandstone and silt stone comprise 
respectively 21 and 12 percent of the Bias and Syst ematic samples, 
respectively; this material is generally free of ra dioactivity above 
background levels; 2) quartz grains average 32 and 40 percent of the 
Seaway Bias and Systematic soil samples, respective ly; this fraction is 
free of radioactivity above background levels; 3) a nthropogenic slag 
materials average 26 percent of the Seaway Bias and  20 percent of Seaway 
Systematic soil samples; the categories of slag are  similar to the 
Ashland soil samples but occur in different proport ions; it is 
essentially free of radioactivity above background and constitutes, 
respectively, 11 and five percent of the Seaway Bia s and Systematic 
samples; the dense crystalline slag and glassy slag  have radioactivity 
levels above background(6); the dense crystalline s lag comprises 20 and 
10 percent of the gravel-size particles of Seaway B ias and Systematic 
fractions, respectively, and lesser amounts in orde r of decreasing grain 
size. 
The heavy minerals comprise eight, nine, and 11 per cent of the -50/+100, 
-100/+200, and -200/+400 mesh-size fraction of the Seaway Bias, 
respectively, and nine, seven, and eight percent of  the corresponding 
Seaway Systematic soil samples, respectively. The m agnetic fraction of 
the heavy-mineral fraction ranges from 16 to 36 per cent of the heavy 
minerals. 
The magnetic fraction is comprised of black magneti te, reddish, oxidized 
magnetite particles and round metal balls. The dist ribution of metal 
balls in the three size fractions for the Seaway Bi as and Systematic 
sample locations is similar to Ash II Systematic Sa mples described above. 



The nonmagnetic fraction averages about three-fourt hs of the heavy-
mineral fraction or about seven percent of the fine -sieve fractions. The 
mineral species are generally similar in abundance to the Ashland samples 
except for the radioactive minerals, which are seve ral times more 
abundant. The relatively high zircon and monazite c omposition is, 
respectively, 18 and two percent of the Seaway Bias  -100/+200-mesh 
fraction and 11 and two percent of the same size of  Seaway Systematic 
sample. Of all the Tonawanda locations, the Seaway samples have the 
highest concentration of zircon and monazite, and t his is reflected in 
the concentrations of Th-232 observed. 
Alpha spectrometry results reveal that the activity  is concentrated in 
the heavy-mineral magnetic fractions. However, as w ith the Ashland soils, 
the heavy-mineral magnetic fractions represent a sm all percentage of the 
whole soil; thus, the total concentration represent ed is minimal. By 
removing the heavy-mineral or heavy-mineral magneti c material,the 
specific activity for both the U-238 and Th-230 in the whole soil either 
remains unchanged or increases slightly. 
The organic materials comprise from trace amounts t o two percent of the 
Seaway samples; materials are plant fibers, and min or spores and snail 
shells. Brick, concrete, and cement constitute the bulk of other 
materials, which comprise from trace amounts to fiv e percent of some 
sieve fractions. 
Linde Samples 
In the Linde Bias and Systematic soil samples, the predominant host 
material is a carbonate rock that is unique to thes e samples. These 
samples are also void of some of the siltstone/clay stone or 
sandstone/siltstone found as abundant host material  in the other 
Tonawanda samples: 1) white to light-gray carbonate  rock comprises 
approximately 40 percent of the Linde soil samples;  this rock resembles 
lime rock from Florida but not material native to t he Tonawanda area, 
such as the limestone and dolomite sedimentary rock ; it is probably 
carbonate rock produced or modified by an industria l process; 2) dark-
gray to light-gray cherty limestone and dolomite pa rticles comprise 21 
percent of the Linde Bias and six percent of the Li nde soil analyzed on 
the sieved material; in general, this is sedimentar y rock native to the 
area and similar to that reported from the other To nawanda soil samples; 
this material is essentially free of radioactivity above background; 3) 
dark-gray dense chert particles comprise from 10 to  14 percent of the 
gravel-sized material and not more than two percent  of the finer-sieve 
fractions; the chert is derived from the limestone and dolomite rock and 
is free of radioactivity above background levels; 4 ) quartz on the 
average comprises 20 to 30 percent of the material retained on the sieve 
fractions of the Linde soil samples.; this fraction  also contains very 
subordinate amounts of feldspar; it is free of radi oactivity above 
background levels; 5) slag material consists of thr ee to four percent 
cinder slag of similar composition as that from the  other Tonawanda soil 
samples; this material is known to contain some rad ioactivity above 
background levels (6). 
The heavy minerals (greater than 2.89 specific grav ity) comprise 33, 23, 
and five percent, respectively, of the -50/+100, -1 00/+200, -200/+400-
mesh size Linde Bias fractions and 31, 33, and five  percent, 
respectively, of the Linde Systematic soil sample. The magnetic fraction 
of these samples ranges from 12 to 22 percent. 



The magnetic, heavy-mineral fraction is comprised o f similar materials as 
the other Tonawanda soil samples. The distribution of the metal balls in 
the three size fractions is similar to the Ash I Sy stematic sample except 
that the Linde samples contain a higher percentage of metal balls in the 
-100/+200 fraction than does the Ash I Systematic s ample. 
The nonmagnetic fraction comprises about 85 percent  of the heavy-mineral 
fraction and contains appreciable dense, angular, s lag particles. Some of 
the slag particles contain amorphous coatings. The other heavy minerals 
are generally in similar proportion as the Ashland soil samples. 
Alpha spectrometry results indicate that, in genera l, the activity is 
concentrated in the heavy-mineral magnetic fraction , except for the Linde 
Systematic -50/+100 fraction. In this fraction the Th-230 activity, 17 
pCi/g, is concentrated in the heavy-mineral nonmagn etic fraction. The 
specific activity reduction resulting from removal of the heavy minerals 
is from 60.5to 22.6 pCi/g in the total fraction. Li ke the Ashland and 
Seaway soils, the heavy-mineral and heavy-mineral m agnetic fractions from 
the remaining Linde fractions represent a small per centage of the whole 
soil. Thus the total concentration represented is m inimal. 
Organic materials comprise trace amounts of woody p lant material. The 
other materials, comprising up to five percent of g ravel-sized fractions 
but generally less than two percent of finer fracti ons, consists of 
concrete, concrete aggregate (some with cement adhe ring to the particle 
surface) and red brick fragments. This material is free of radioactivity 
above background levels. 
In summary, significant concentrations of the radio nuclides were 
identified in the heavy-mineral fractions separated  by sink-float 
methodology at 2.89 g/cc in samples from each of th e eight locations. 
However, there were insufficient quantities to affe ct the overall 
radionuclide concentrations by their removal. Ferro magnetic materials 
separated from the heavy-mineral fractions also con tained elevated 
concentrations of radionuclides; but they were, lik ewise, insufficient in 
quantity to affect the remediation potential by the ir removal. 
The presence of slag materials identified by SEM (6 ) to contain uranium 
compounds warrants further study into the potential  of froth floatation 
as a possible removal technology. 
Chemical Extraction 
The extraction results are summarized in Tables II and III. In these 
tables, the results are tabulated for the four crit ical radionuclides for 
the Tonawanda Site: Ra-226, U-234 and U-238, and Th -230. 
Table II 
Table III 
Significant amounts of the soils were solubilized d uring the extractions. 
The solubilized amounts varied from 44% for the Lin de Bias +50 mesh to 
17% for the Linde Systematic sample. The reasons fo r this degree of 
solubilization require further study. 
The "fractional activity recovered" column of Table s II and III provides 
a materials balance indicator by comparing the tota l radioactivity in the 
head sample (whole soil) to that contained in the e nd products (recovered 
soil, membrane filter, and filtrate). The values gi ven are the ratio of 
the total radioactivity of the extraction products to the radioactivity 
of the head sample for the individual radionuclides . The values range 
from 0.6 to 1.6 and indicate that, within experimen tal error, no 
significant material was unaccounted for in the fin al measured products. 



The Ra-226 removal percentages for the whole System atic soils range from 
79 percent (Ash I) to 86 percent (Seaway). The conc entration in the 
extracted Seaway sample was reduced from 25 to 3.4 pCi/g. The uranium (U-
234 and U-238) removal percentages for the systemat ic whole soils range 
from 32 percent (Seaway) to 73 percent (Linde). The  low values for the U-
234 removals on the Ash II and Seaway soils are con sidered to be an 
artifact of the inordinately high values in the rec overed product, as 
compared to the U-238, reported for these samples. The combined uranium 
concentration for the Seaway sample is 25 pCi/g (U- 234 + U-238). The Th-
230 removal percentages for the systematic whole so ils range from 65% 
(Ash I) to 84% (Seaway). The lowest Th-230 concentr ation for a recovered 
soil is 42.2 pCi/g for the Linde soil.  
The hot nitric acid extractions on the Linde Bias + 50-mesh material 
produced a product with Ra-226 and Th-230 less than  15 pCi/g (7.4 and 
8.5, respectively) and combined U-234 and U-238 of 63 pCi/g. Additional 
extractions may have further reduced the radionucli de concentrations. 
Comparable results were achieved for the Linde Syst ematic +50-mesh 
material with the exception of Ra-226. The lack of radium removal in this 
sample is difficult to understand and may be the re sult of a laboratory 
error in counting the sample. Of note is the excell ent removal 
percentages achieved for all radionuclides in the e xtraction on the Linde 
Bias -50-mesh fraction. It begs speculation on the results of a second 
extraction and on how the other seven soils would r eact to an extraction 
performed on only their -50-mesh fractions. 
In summary, the hot 3M nitric acid extractions perf ormed on the four 
Systematic soils did not remove sufficient quantiti es of the 
radionuclides from any sample to produce products t hat would meet the 
cleanup criteria for all radionuclides. However, th ere was no 
optimization of the extraction conditions, and sequ ential extractions 
were not performed. The removal percentages for all  the radionuclides in 
all the samples, on the other hand are significant;  for the Ash I and II 
soil samples, the Th-230 was not removed below a le vel that makes 
chemical extraction a promising process for meeting  the cleanup criteria. 
The nitric acid extraction of the Linde and Seaway soils produced 
extracted products with radionuclide concentrations  sufficiently 
proximate to site cleanup levels to warrant continu ation of the scout 
chemical extraction studies as originally proposed.  
The results of the 3M nitric acid extraction indica te that the Linde +50-
mesh material, particularly the Bias soil, shows gr eat promise for 
meeting cleanup criteria with additional chemical e xtraction. This 
process should be linked to the attrition study pre viously recommended to 
achieve the optimum removal. 
Because of the exceptional results achieved on the chemical extraction of 
the -50-mesh material for the Linde Bias sample, a comparable experiment 
should be conducted on the Linde Systematic -50-mes h fractions. 
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ABSTRACT 
Improved separation methods are needed to remove co ntaminants selectively 
and efficiently from soils at the Rocky Flats Envir onmental Technology 
Site (RFETS). The methods must meet appropriate sta te and federal 
regulations for residual contaminant concentrations , and to minimize 
waste generation, the radioactive contaminants need  to be incorporated in 
as small a waste volume as possible. To meet these needs, advances have 
been made for decontaminating soils at the RFETS.  
Based on recent decontamination studies with Rocky Flats (RF) soils, the 
americium and plutonium in the >0.5-millimeter soil  fraction (>90 wt.%) 
can be lowered to <5 picocuries per gram of soil vi a wet sieving/size 
separation and rotary scrubbing/soil dispersion. Th e benefit of utilizing 
established wet screening technology is high volume  soil decontamination. 
The contaminated fine fraction (clays) can be treat ed to further reduce 
the volume of contaminated soil.  
INTRODUCTION 
Soil decontamination studies have been conducted at  Rocky Flats in the 
past (1-8). These studies evaluated wet and dry sie ving, attrition 
scrubbing, rotary scrubbing, ultrasonic scrubbing, vibratory grinding, 
calcination, vitrification, flotation, acid leachin g, hydraulic 
classification and mineral jigging. Various dispers ants, surfactants, 
complexing agents and adsorbents were incorporated into these 
evaluations. The most promising technologies tested  were wet sieving, 
attrition scrubbing, vibratory grinding, hydraulic classifying, acid 
leaching and the use of dispersants. Previous resul ts showed that wet 
screening was effective in removing plutonium and a mericium from the 
larger soil particles, thereby concentrating the ac tivity in the fine 
clay and silt fraction (6-8). Vibratory grinding wa s more effective at 
physically decontaminating RF soil than rotary scru bbing, and sodium 
hydroxide solution at pH 12.5 was found to be the b est washing solution 
to lower actinide concentrations in RF soils (3). R ecent work with wet 
sieving, scrubbing and a gravimetric separator (min eral jig) showed that 
sieving removed >98% of the activity in the <50 to 4.0-mm soil fraction, 
representing >50 wt.% of the soil, and attrition sc rubbing was better 



than wet sieving and rotary scrubbing in removing a ctivity from the <4.0 
to 0.42-mm fraction; the mineral jig was effective in removing actinide-
containing clays from the <0.42-mm fraction (4). 
As a part of the process to screen and select remed ial options at the 
RFETS, a treatability study was recently performed to evaluate a series 
of soil decontamination techniques. The study asses sed the technological 
capability of high-potential physical and chemical separation processes 
to decontaminate the soil media of its Pu and Am co nstituents. The 
results of this study are described below.  
EXPERIMENTAL 
Testing was conducted using soils collected from a location on the east 
side of the 903 Pad (9). Each wet sieve test was pe rformed with a Tyler 
Model RX-24 sieve shaker and U.S. Standard sieves ( 20-cm diameter). A 
sieve lid (with spray head) and bottom pan (with dr ain tube) was used in 
conjunction with the sieves (see Fig. 1). In additi on, a Masterflex 
peristaltic pump as well as a supply reservoir and receiving vessel (4-
liter containers) was part of the wet sieving syste m. Several wet sieve 
tests were conducted in duplicate, each using 500 g rams of soil with 2.5 
liters of wash solution, to evaluate various types of wash solutions. The 
soil was wet sieved into five fractions (<50.0- to 12.5-mm, <12.5- to 
4.0-mm, <4.0- to 0.5-mm, <0.5- to 0.063-mm, and <0. 063-mm). Each of the 
soil fractions separated was dried at ambient tempe rature and weighed. 
Samples of the soil fractions were collected and se nt to a certified 
laboratory for complete soil digestion and analysis  of Pu-239, Pu-240 and 
Am-241 by specific alpha and gamma counting. 
Fig. 1 
The spent wash solutions from the wet sieve operati ons were filtered 
through coarse (Whatman No. 41 or 20-25 m) and fine  (Whatman No. 42 or 
2.5 m) paper. A portion of these wash solutions was  syringe filtered 
through a 0.2 m membrane, and these samples were se nt to the laboratory 
for specific Pu-239, Pu-240 and Am-241 analysis. 
A subsequent wet sieve test was performed in duplic ate using 500 grams of 
soil (from the recombined fractions of the sieving processes which 
identified the most effective wash solution) with a n additional 2.5 
liters of the fresh wash solution. The second sievi ng operation separated 
the soil into five particle size fractions (<50.0- to 12.5-mm, <12.5- to 
4.0-mm, <4.0- to 0.5-mm, <0.5- to 0.063-mm, and <0. 063-mm). Each of these 
fractions was dried and weighed. Samples of the soi l fractions and wash 
solutions were collected and treated as described a bove prior to 
analysis. Two rotary scrub tests were performed. Tw o samples of 500 grams 
of soil were initially wet sieved into five fractio ns (<50.0- to 12.5-mm, 
<12.5- to 4.0-mm, <4.0- to 0.5-mm, <0.5- to 0.063-m m and <0.063-mm) using 
2.5 liters of 0.1 M sodium hexametaphosphate (HMP) wash solution. Next, 
the separated soil fractions were recombined (excep t the <0.063 mm 
fraction) and placed into an 8-liter wide-mouth pol yethylene bottle with 
2.5-liters of fresh wash solution. The soil slurry in the bottle was then 
rotated on a rotary jar mill at 80 rpm: one batch f or 8 hours and the 
other for 18 hours. Each of the rotary scrubbed soi l slurries was then 
wet sieved into five fractions (<50.0- to 12.5-mm, <12.5- to 4.0-mm, 
<4.0- to 0.5-mm, <0.5- to 0.063-mm, and <0.063-mm) with 2.5 liters of 
fresh wash solution. The soil fractions and wash so lutions generated were 
filtered and sampled as described above. 
One attrition scrub test was performed with soil (< 4.0- to 0.5-mm) which 
was previously wet sieved and rotary scrubbed. The soil was attrition 



scrubbed with 0.1 M HMP wash solution at a soil to solution mass ratio of 
1:5 for 10 minutes at 1,000 rpm using a laboratory attrition scrubber. 
This scrubbing device consisted of two three-bladed , stainless steel 
opposed-pitch propellers (7-cm diameter) mounted in  tandem (4-cm apart) 
with one propeller at the end of a stainless steel drive shaft. The 
propeller assembly (lowered into a 1-liter stainles s steel beaker 
containing the soil slurry) performed the scrubbing  action. The attrition 
scrubbed soil was then wet sieved into three fracti ons (<4.0- to 0.5-mm, 
<0.5- to 0.063-mm, and <0.063-mm) with fresh wash s olution. Each of these 
fractions was dried, weighed and sampled for analys is. The wash solutions 
generated during the experiment were filtered and s ampled as described 
above. 
A chemical leaching test was performed using the <4 .0-mm soil fractions 
from the attrition scrub experiment and the <0.5-mm  soil fractions from 
the rotary scrub experiments. The chemical extracta nt solution was 0.1 M 
sodium citrate with 0.1 M sodium dithionite. The so il and leaching 
solutions (a soil to solution mass ratio of 1:10) w ere placed into an 8-
liter wide-mouth polyethylene bottle and rotated on  a rotary jar mill at 
290 rpm for 18 hours. The soil slurries were then w et sieved into three 
fractions (<4.0- to 0.5-mm, <0.5- to 0.063-mm, and <0.063mm) with 5 
liters of water. The resultant soil and water were treated as described 
above. 
RESULTS AND DISCUSSION 
Different wash solutions tried made little differen ce in the weight 
percent of soil reporting to each of the size fract ions (9). As expected, 
there was no significant soil dissolution or disper sion between the wash 
solutions. However, greater dispersion of the small er particles from the 
larger particles could have been attributed to the characteristics of 
some of the reagents. Essentially 33-34 wt.% of the  soil reported to the 
<50 to 12.5-mm fraction; 9-11% to the <12.5 to 4.0- mm fraction; 24-25% to 
the <4.0 to 0.5-mm fraction; 23-27% to the <0.5 to 0.063-mm fraction; and 
5-8% to the 0.063-mm fraction. These data (all are averages of duplicate 
runs) are in good agreement with previous studies o f RF soils (6). 
Generally the actinide concentrations remaining in all the fractions 
above 4.0-mm were within the same range (1-3 pCi/g Am and 2-11 pCi/g Pu) 
except water washed soil (9); thus hot water works about as well as wash 
solutions containing phosphate and/or hydroxide ion s. However, for the 
next smaller size soil fraction (<4 to 0.5-mm), a 0 .1 M solution of HMP 
at pH 11 and hot water gave the lowest actinide res ults. The actinide 
concentration only varied between 1 and 4 pCi/g. Th e <0.5 to 0.06-mm 
fraction contained high concentrations of Am and Pu  with the lowest 
amount after HMP washing. The HMP solution also dec ontaminated the 
<0.063-mm fraction and transferred some of the cont amination to the 
liquid phase. All of these results as well as the d ata below are an 
average of duplicate runs. 
An additional wet sieving operation with fresh HMP wash solution was 
performed during the second soil decontamination te st to gauge if 
improvement in the effectiveness of the separation resulted from the 
supplemental washing and mechanical sieving action contact time. Data 
from this double wet sieving treatment process were  used for comparison 
with the rotary and attrition scrubbing soil treatm ent processes, as they 
involved a secondary wet sieving procedure. Additio nally, the second wet 
sieving operation separated the recombined fraction s from the initial wet 
sieving operation into fractions of even finer part icle size 



discrimination. Measurements of the physically sepa rated soil fractions 
were repeated to determine the mass of soil distrib uting into each of 
these fractions as well as the partitioning of the Pu and Am contaminants 
into each mass fraction. The results are shown in F igs. 2 and 3, and are 
described in detail elsewhere (9). The double wet s ieving showed slightly 
improved decontamination compared to a single wet s ieving operation.  
Fig. 2 
Fig 3 
After an initial wet sieving wash with HMP, the >0. 063-mm soil fractions 
were recombined and rotary-scrubbed for 8 and 18 ho urs with fresh HMP 
wash solution. The purpose of recombining the soil fractions was to 
provide enhanced scrubbing action of the fine soil particles by the 
coarse soil particles. The 18 hour time interval wa s selected to 
encourage maximum dispersion of the clay particles in the soil. Each soil 
slurry was wet sieved after rotary scrubbing using fresh HMP wash 
solution. Soil fractions were then analyzed for Pu and Am content, and 
the results are shown in Figs. 2 and 3. The rotary scrub promoted further 
decontamination of the larger fractions compared to  wet screening, and 
the eight hour period provided approximately the sa me result as 18 hours, 
showing that 8 hours or less is a sufficient rotati onal time. 
Recombined soil fractions between 0.5-mm and 4.0-mm , previously wet 
sieved and rotary scrubbed,were attrition scrubbed with fresh HMP wash 
solution for 10 minutes at 1,000 rpm. This soil slu rry was then wet 
sieved using fresh wash solution, and the soil frac tions and solutions 
analyzed for Pu and Am content. The results are sho wn in Figs. 2 and 3; 
although additional activity was removed from the < 0.5 to 0.063-mm 
fraction with attrition scrubbing, the small decrea se in decontamination 
would probably not warrant the use of attrition scr ubbing in a large-
scale process. 
A solution of sodium dithionite with sodium citrate  was tested with 
rotary scrubbing because of its ability to desorb P u and Am from the fine 
soil fractions by leaching the transuranics into th e aqueous phase. This 
solution was chosen because of favorable results fr om another 
experimental investigation (10). The <4.0-mm soil f ractions from the 
attrition scrubbing experiments and the <0.5-mm soi l fractions from the 
rotary scrubbing experiments were utilized in this evaluation, which 
provided the best conditions for decontamination of  soils >0.063-mm. The 
dithionite-citrate mixture leached more actinide fr om the clay-silt 
fraction than HMP (see Figs. 2 and 3). 
CONCLUSIONS 
Different types of wash solutions made little diffe rence in the quantity 
of soil reporting to each of the size fractions: 34 , 10, 24, 25, and 6 
wt.% reported to the <50 - 12.5, <12.5 - 4.0, <4.0 - 0.5, <0.5 - 0.063 
and <0.063-mm fractions, respectively. Actinide con centrations remaining 
in all the fractions above 4.0-mm (except room temp erature water washing) 
were within the same range (1-3 pCi/g Am and 2-11 p Ci/g Pu). Thus, heated 
(near boiling) water works about as well to deconta minate the >4.0-mm 
soil size fractions as wash solutions containing ph osphate and/or 
hydroxide ions. However, for the smaller size fract ions, a 0.1 M solution 
of sodium hexametaphosphate at pH 6.5 gave the lowe st actinide results as 
well as yielding the highest results for the wash s olution, showing that 
actinide was transferred from the soil to the solut ion phase.  
The most favorable decontamination conditions found  in this study were a 
preliminary wet sieving with a sodium citrate/sodiu m dithionite solution 



followed by a five hour rotary scrub and a second w et screening using 
citrate/dithionite wash solution; these conditions decontaminated about 
87 wt.% of the soil to <2.4 pCi/g Pu activity and o utperformed a double 
HMP wet sieving and a single wet sieving followed b y either attrition or 
rotary scrubbing and a second wet sieving using HMP . To simplify wash 
solution recycle operations and reduce waste genera tion, hot water rotary 
scrubbing followed by wet screening with hot water may be sufficient to 
decontaminate the >0.5-mm soil particles; further d econtamination of a 
smaller soil fraction may require chemical processi ng with HMP or 
citrate/dithionite.  
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ABSTRACT 
The transfer, modification, and application of well  formulated and tested 
quality assurance (QA) procedures from one project to another deserves 
consideration. The use of a proven QA program desig n could result in cost 
savings and the collection of data with a greater d egree of confidence. 
To test this thesis, a QA program, originally devel oped for large 
nationwide Environmental Protection Agency (EPA) pr ograms, was adapted 
and implemented in a site characterization study at  the Department of 
Energy (DOE) Nevada Test Site to ensure that labora tory data satisfied 
pre-determined measurement quality objectives (MQOs ). The QA procedures 
were adapted from EPA programs such as the National  Acid Precipitation 
Assessment Program and the Environmental Monitoring  and Assessment 
Program, and to a lesser degree, from programs oper ating under the 
requirements of the Comprehensive Environmental Rec overy, Compensation 
and Liability Act (CERCLA) and the Resource Conserv ation and Recovery Act 
(RCRA). The QA design adopted the batch or lot conc ept, in which samples 
are organized into groups of samples for laboratory  analysis. 
Approximately 10 percent of the total samples were measurement quality 
samples (non-blinds, blinds, and double-blinds), wh ich were included in 
each batch to evaluate and control measurement unce rtainty. Detectability 
was assessed using instrument detection limits and precision data for 
low-concentration samples. Precision was assessed u sing data from 
reference samples under a two-tiered system based o n concentration 
ranges. Accuracy was investigated in terms of bias with respect to 
reference values. The results showed that QA concep ts developed for 
previous nationwide EPA programs were successfully adapted for the site-
specific DOE project. 
INTRODUCTION 
Protocols from well formulated and tested quality a ssurance (QA) and 
quality control (QC) programs are potentially appli cable to what may 
appear, initially, as programmatically unrelated pr ojects. This is not an 
endorsement of the unwavering application of one QA /QC program to 
different projects without an evaluation regarding applicability. 
However, the evaluation and transfer of a functiona l and efficient QA/QC 
program for its application to other projects certa inly has merit. The 
use of a proven QA program results in obvious benef its, such as the 
reduction in time needed to develop a new design, a nd less obvious 
benefits, such as those resulting from the collecti on of data with a 
greater degree of confidence. 
During the 1980s, the U.S. Environmental Protection  Agency (EPA) brought 
together scientists and managers with expertise to integrate QA and QC 
into nationwide programs such as the National Acid Precipitation 
Assessment Program (NAPAP) and the Environmental Mo nitoring and 
Assessment Program (EMAP) for assessing the status and health of our 
nation's ecological resources (1,2). One consequenc e of their efforts was 
the development of protocols for environmental samp ling and analysis of 
soil (3). 
The subject of this paper is the transfer of the pr otocols developed for 
these nationwide EPA programs as well as programs o perating under the 



requirements of the Comprehensive Environmental Rec overy, Compensation, 
and Liability Act (CERCLA) and amendments under the  Superfund Amendments 
and Reauthorization Act (SARA), and the Resource Co nservation and 
Recovery Act (RCRA), to a U.S. Department of Energy  (DOE) site-specific 
project. Specifically, this paper focuses on a labo ratory QA program 
implemented for a soil characterization study condu cted at the DOE Area 5 
Radioactive Waste Management Site (4) on the Nevada  Test Site (NTS). 
LABORATORY QUALITY ASSURANCE PROGRAM  
The laboratory QA program for this soil characteriz ation study was 
designed to increase the likelihood that the data s atisfied or exceeded 
the data quality objectives (DQOs). DQOs, which are  statements of the 
levels of uncertainty that data users are willing t o accept in the data, 
are quantitative and qualitative goals established by the data users 
prior to the initiation of an investigation (5).  
The sample measurement system employed by this soil  characterization 
study consisted of sample collection, preparation, and analysis phases. 
Measurement uncertainty is a small part of the allo wable overall data 
uncertainty (including uncertainty from possible sp atial or data 
aggregation sources) defined by the data users beca use the quality of 
data can be quantified in relation to the DQOs, the reby allowing the data 
user to evaluate the hypotheses with a known level of confidence. 
Uncertainty that exceeds the DQOs renders the data less reliable in the 
judgement of the data users. The DQOs encompass all  components of 
uncertainty resulting from sample measurement, oper ational activities, 
and population-based uncertainties (e.g., spatial v ariability). 
Measurement quality objectives (MQOs) are specific goals that clearly 
describe in a quantitative manner the data quality that is sought for 
each measurement phase being monitored. 
The QA program for this soil characterization study  included the 
following components: batch sample design, measurem ent quality samples, 
and data quality attributes. These aspects of the Q A program are 
described below.  
Batch Sample Design 
The design of the QA program incorporated the conce pt of batch sample 
analysis, which is an adaptation of lot analysis fa miliar to 
manufacturing QA/QC programs. For this DOE soil cha racterization study, 
soil samples were combined by the QA staff into bat ches containing 
approximately 40 samples each. The batch sample des ign was based on the 
following assumptions and considerations: 
  The primary sources of measurement uncertainty to  be identified, 
controlled, and assessed are produced during the sa mple preparation and 
analysis phases; 
  Each of the primary sources of measurement uncert ainty can be 
considered a combination of several smaller compone nt sources of 
uncertainty (e.g., sample analysis can include with in-laboratory, within-
batch, and among-batch uncertainties); 
  Measurement uncertainty at any given phase (e.g.,  analytical within-
batch precision) can be confidently evaluated using  data from a minimum 
of 20 measurement quality samples of a given type ( 6). Because a large 
number of soil batches were expected to be analyzed , a sufficient number 
of samples would be present to make reliable among- batch statistical 
estimates; 
  The quantitative within-batch MQOs can be attaine d if each batch 
satisfies predetermined acceptance criteria; and 



  Approximately 10 percent of the overall soil anal ysis effort is applied 
to the analysis of soil measurement quality samples  for independent 
assessment purposes. Based on previous studies of t his nature (7,8,9), 
this level of QA sample analysis is a reasonable pr oportion to achieve QA 
optimization. Also, batches of approximately 40 sam ples are sufficient 
for an effective soil QA program based on organizat ional, operational, 
and cost considerations. 
Measurement Quality Samples 
The specific QA acceptance criteria provided a bala nce between time and 
cost constraints and the data quality necessary to achieve the study 
objectives. To assess the quantitatively defined MQ Os, a series of 
measurement quality samples was analyzed with the r outine samples in a 
manner that was statistically relevant and that all owed conclusions to be 
drawn concerning measurement quality. 
Measurement quality samples used in this study, alt hough originally 
developed for the EPA's NAPAP and EMAP programs, we re similar, or in some 
cases, equivalent to the samples used in EPA's CERC LA Contract Laboratory 
Program and in RCRA projects (Table I). This simila rity occurs even 
though the QA/QC program for this study was primari ly modeled after 
earlier EPA programs developed for tracking non-poi nt acidic deposition 
and detecting long-term environmental change rather  than CERCLA and RCRA 
projects that emphasized point-source contaminants.  Sample terminology 
was changed slightly in order to adequately identif y the different types 
of samples being used and the phases in which these  samples entered the 
sample measurement stream. For instance, the analyt ical laboratory 
calibration check (ALCC) sample was introduced duri ng the Analytical 
Laboratory phase of the measurement system and was used as a Calibration 
Check sample. The use of this terminology allows th e data user to 
uniquely identify the status and utility of a sampl e in the measurement 
quality assessment scheme; it also accommodates the  insertion of other 
types of samples into an ongoing QA/QC program (e.g ., as necessary to 
assess field sampling error or overall measurement uncertainty, or to 
calculate a measurement system detection limit). 
Table I 
Measurement quality samples were of three types: no n-blind, blind, and 
double-blind. By definition, a non-blind sample has  both a concentration 
and a location within the batch that are known to t he analyst. A blind 
sample has a concentration that is unknown to the a nalyst. A double-blind 
sample cannot be distinguished from a routine sampl e and has a 
concentration that is unknown to the analyst (10). For this soil 
characterization study, each measurement quality sa mple had a specific 
purpose in data evaluation and was used in a distin ct manner to assess 
variability or adherence to the sample preparation and analysis protocols 
(Table II). 
Table II 
Two distinct groups of measurement quality samples,  contractual 
compliance samples and laboratory QC samples, were randomly inserted into 
each batch to evaluate and contractually control th e various laboratory 
components of measurement uncertainty. The contract ual compliance 
samples, which were double-blind soil samples, allo wed an independent 
assessment of measurement quality by the QA staff. The laboratory QC 
samples, which were non-blind and blind (both soil and liquid matrices), 
enabled the laboratory to control its measurement e rror (random and 



systematic) in anticipation of satisfying contractu al quality 
requirements. The QA staff also had access to all l aboratory QC data. 
Contractual Compliance Samples. Two varieties of co ntractual compliance 
samples were used in this study:  
Analytical Laboratory Measurement Reference (ALMR) Sample - The ALMR 
sample is a median-concentration soil reference sam ple that was randomly 
assigned by the QA staff in duplicate or triplicate  within each batch 
sent to an analytical laboratory. The ALMR sample m aterial was collected 
in bulk at the NTS during routine sampling, and its  matrix was 
representative of the routine samples analyzed in t his study. The bulk 
sample was air-dried, disaggregated, sieved, homoge nized, and subsampled 
by the QA staff. Aliquots of the subsamples underwe nt replicate analysis 
at a referee laboratory, and the resulting data wer e used to establish 
confidence intervals and tentative acceptance crite ria for precision and 
accuracy. Known quantities of rock fragments were a dded to batched sets 
of ALMR samples to help ensure their suitability fo r independent double-
blind evaluation of data quality by the QA staff. T he ALMR sample data 
was used by the QA staff to estimate analytical wit hin- and among-batch 
imprecision, bias and its sources (e.g., contaminat ion or method error), 
and laboratory trends (e.g., interlaboratory and in tralaboratory 
differences among batches). With the exception of t he added rock 
fragments and its usage for precision assessments, the ALMR sample is 
roughly equivalent to the regional blind performanc e evaluation (PE) 
sample used commonly in CERCLA and RCRA. 
Preparation Laboratory Homogenization Duplicate (PL HD) Sample - The PLHD 
sample was homogenized and split-subsampled at the sample preparation 
laboratory. One replicate remained at the laborator y as the first sample 
in the batch, and the other replicate was returned directly to the QA 
staff who reconstituted the sample with a known qua ntity of rock 
fragments and placed it randomly as a double-blind measurement quality 
sample in the next batch assembled. Confounded PLHD  sample error (i.e., 
due to statistical confounding encompassing the sam ple preparation and 
analysis phases) can be distinguished by comparing variability of the 
different PLHD-and-routine sample pairs with the va riability observed in 
the corresponding ALMR sample pairs. The PLHD was p rimarily used to 
estimate the sample preparation (homogenization and  subsampling) error 
component of measurement uncertainty. In addition, the PLHD-and-routine 
sample pairs spanned multiple batches, which allowe d the QA staff to use 
PLHD data to make assessments of among-batch precis ion at the analytical 
laboratory. With the exception of its double-blind character in this 
study, the PLHD sample is comparable to the interna l laboratory duplicate 
(split) sample used occasionally in CERCLA and RCRA . 
Laboratory QC Samples. Six types of laboratory QC s amples were used in 
this soil characterization study: 
Analytical Laboratory Control Reference (ALCR) Samp le -- The ALCR sample 
is a soil reference sample of known concentration t hat the QA staff 
provides directly to the analytical laboratories al ong with corresponding 
reference values. The ALCR is used as an internal Q C sample to control 
laboratory bias and to minimize the among-batch com ponent of measurement 
uncertainty. The ALCR sample is roughly equivalent to a sample of 
certified reference material used commonly in CERCL A and RCRA. 
Analytical Laboratory Control Duplicate (ALCD) Samp le-- A duplicate 
subsample of the 12th soil sample in each batch was  selected as the ALCD 
sample at the analytical laboratory. It is used as an internal check by 



the QA and laboratory staff to ensure that predefin ed within-batch 
precision MQOs are being satisfied. The ALCD sample  is equivalent to an 
internal laboratory duplicate (split) sample used o ccasionally in CERCLA 
and RCRA. 
Analytical Laboratory Calibration Check (ALCC) Samp le-- The ALCC sample 
is a liquid (or occasionally a solid) sample contai ning the analyte of 
interest at a concentration in the mid-calibration range. It is used to 
verify the calibration curve or mid-range of an ins trument reading. The 
ALCC sample is equivalent to a calibration verifica tion sample used 
commonly in CERCLA or a quality control check sampl e (QCCS) used in RCRA. 
Analytical Laboratory Detection Check (ALDC) Sample -- The ALDC sample is 
a low-concentration liquid (or occasionally a solid ) sample that contains 
the analyte of interest at a concentration specifie d by the QA staff. 
Typically, the concentration is two to three times above the established 
instrument detection limit. The primary uses of the  ALDC sample are for 
the estimation of laboratory detection limits and a s a check for 
significant baseline drift. The ALDC sample is roug hly equivalent to a 
low-level calibration verification sample used occa sionally in CERCLA or 
a low-level QCCS used in RCRA. 
Analytical Laboratory Calibration Blank (ALCB) Samp le-- The ALCB is a 
test for baseline drift. The ALCB sample is defined  as a zero mg/L 
standard and contains only the matrix of the calibr ation standards (i.e., 
equivalent to the first standard in the set of stan dards). The ALCB 
sample is equivalent to a calibration blank sample used commonly in 
CERCLA and RCRA. 
Analytical Laboratory Reagent Blank (ALRB) Sample--  The ALRB sample is a 
liquid (or occasionally a solid) sample composed of  all the reagents in 
the same quantities used in actual sample analysis and which undergoes 
the same digestion and extraction procedures as an actual test sample. 
The ALRB reflects any analyte contamination from th e sample matrix and 
apparatus used in the analytical procedure. The ALR B sample is roughly 
equivalent to a reagent blank or method blank sampl e used commonly in 
CERCLA and RCRA. 
Data Quality Attributes 
The attributes of data quality are qualitative and quantitative 
characteristics which provide an overall assessment  of quality for the 
various measurement phases of the data collection a ctivity. For the 
purposes of this report, measurement quality was de fined in terms of the 
following four quality attributes: 
  Detectability is the determination of the low-ran ge critical value of a 
soil characteristic that a method-specific procedur e can reliably 
discern; 
  Precision is the level of agreement among multipl e measurements of the 
same soil characteristic; 
  Accuracy is the level of agreement between an obs erved value and the 
true or accepted value of a soil characteristic; an d 
  Completeness is the quantity of soil samples and soil sample data that 
are successfully collected with respect to the amou nt intended in the 
experimental design. 
Detectability. The primary consideration in the eva luation of 
detectability is whether a measured sample value ca n be considered to 
vary significantly from the measured value of a sam ple blank. 
Detectability guidelines commonly are based on the number of standard 
deviations (SDs) the analytical signal varies from the mean value of 



blank responses. In lieu of soil blank samples (whi ch cannot be 
synthesized), laboratory stock solutions and low-co ncentration replicate 
soil samples were used to estimate the variability expected of blank 
samples. 
The required instrument detection limit (RIDL) for each analytical 
parameter was defined prior to beginning sample ana lysis. The RIDL was 
based on the average variability expected among a s eries of five low-
concentration ALDC samples analyzed in each batch o f samples, and was 
calculated as three times the mean SD of numerous i nitial runs of ALDC 
samples. The actual instrument detection limit (AID L) was calculated 
using real-time ALDC sample data and was used to as sess contractual RIDL 
compliance by the analytical laboratories. Each AID L served as an 
estimate of the lowest concentration of an analyte that a laboratory 
could reliably detect. Each parameter for each batc h was required to have 
AIDL values less than or equal to its respective RI DL. If an AIDL 
exceeded its respective RIDL, the batch was reanaly zed for the parameter 
of interest. Incidentally, the RIDL is comparable t o the contract-
required detection limit (CRDL) used in CERCLA. 
Precision and the Two-Tiered Analysis. Precision is  the level of 
agreement among multiple measurements of the same s oil characteristic or 
parameter. Laboratory imprecision was assessed for both within-batch and 
among-batch variability using data from the ALMR sa mples. The MQOs were 
established for within-batch imprecision estimates using data for the 
ALMRs from an external laboratory. The within-batch  variability is 
usually only slightly lower than the among-batch va riability. For 
comparison purposes, the MQOs were considered to be  appropriate for both 
within-batch and among-batch variability. Imprecisi on of sample 
homogenization and subsampling efficiency at the sa mple preparation phase 
was assessed using data from the PLHD samples. 
A primary feature of precision objectives for solid  media like soil is 
the two-tiered system of characterizing MQOs (9). S ome parameters, 
especially those in the middle to upper portion of the known 
concentration range, are best evaluated when the ac ceptable imprecision 
limits are variable with concentration and are expr essed as a relative 
standard deviation (RSD) in percent. Other paramete rs, particularly those 
in the lower portion of the known concentration ran ge, are best evaluated 
when the acceptable imprecision limits are absolute  and are expressed as 
a SD in reporting units. This approach avoids setti ng restrictive 
precision objectives for low concentration soil sam ples, which generally 
are more difficult to extract and analyze with a hi gh degree of relative 
precision. 
The concentration scale of the samples is divided i nto two ranges or 
tiers separated by a calculated value called the kn ot (9). A knot value 
is used to distinguish low-concentration samples fr om median- and high-
concentration samples. Most parameters have a disti nct knot value which 
is determined by dividing the imprecision objective  for the lower tier by 
the imprecision objective of the upper tier and mul tiplying by 100. The 
lower tier concentration range below the knot defin es the region of the 
data in which the acceptable imprecision limit is a n absolute value and 
is expressed as a fixed (constant) SD in reporting units. The upper tier 
of the concentration range above the knot defines t he region of the data 
in which the acceptable precision limits vary direc tly with concentration 
and are expressed as %RSD. Imprecision below the kn ot can rise to quite 
high levels (if expressed as %RSD) and still satisf y the MQO as SD. 



Accuracy. Accuracy is the degree of agreement betwe en an observed value 
and the true or accepted value of a characteristic.  Using data from the 
ALMR samples, the QA staff investigated accuracy fr om the perspectives of 
bias and laboratory trends. Analytical bias was con sidered to be the 
quantitative measure of inaccuracy, and laboratory trends served as 
quantitative and qualitative evaluations of laborat ory performance over 
time. A range of acceptable ALMR values for each pa rameter was defined by 
a 95 percent confidence interval accuracy window. T he window was 
calculated as two times the SD of extensive ALMR re plicate aliquot 
analysis conducted by the referee laboratory prior to initiating the 
routine analysis. From a contractual compliance sta ndpoint, any ALMR 
observation that occurred within an accuracy window  (i.e., between the 
lower limit (LL) and upper limit (UL)), was conside red to be acceptable 
(Fig. 1). 
Fig. 1 
The ALMR sample data were also examined for trends that could result from 
instrumental drift or other problems that might hav e occurred at the 
laboratory over the course of the analysis. For thi s purpose, standard 
control charts of the ALMR data were plotted in a t emporal sequence of 
batch analysis (Fig. 1). 
The external evaluation of accuracy by the QA staff  was, by necessity, 
kept confidential to protect the integrity of the a ccuracy windows for 
the soil reference samples. For internal control of  accuracy by the 
laboratory, an ALCR sample with established accurac y windows was 
provided. The laboratory staff plotted data on cont rol charts to evaluate 
performance with respect to established confidence intervals. These 
charts were used to identify systematic or random b ias during batch 
analysis. 
Completeness. The laboratory was required to comple te the specified 
processing tasks (criterion = 100 percent completen ess) on all soil 
samples received batch-by-batch as identified on ch ain-of-custody 
tracking forms. Analytical completeness (criterion = 95 percent) was 
evaluated using routine sample data from the verifi ed and validated data 
bases. 
CONCLUSIONS 
Quality assurance procedures were efficiently optim ized and applied. The 
results of the study showed that the predefined MQO s were satisfied for 
detectability, precision, accuracy, and completenes s. The quality of the 
data was thereby assured at the specified levels of  acceptability 
established by the users. In conclusion, the qualit y assurance concepts 
first used by nationwide EPA programs were successf ully adapted to the 
site-specific DOE project. 
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ABSTRACT 
The primary objective of this project is to develop  and demonstrate a 
close-coupled barrier for the containment of subsur face waste or 
contaminant migration. A close-coupled barrier is p roduced by first 
installing a conventional cement grout curtain foll owed by a thin lining 
of a polymer grout. The resultant barrier is a ceme nt-polymer composite 
that has economic benefits derived from the cement and performance 



benefits from the durable and resistant polymer lay er. The concept of 
close-coupled barrier technology is the combination  the two technologies 
that were developed at Brookhaven National Laborato ry (BNL) and Sandia 
National Laboratories (SNL). 
A full-scale demonstration barrier was installed at  a cold site at the 
Hanford Geotechnical Test Facility, 400 Area, Hanfo rd, Washington. The 
composite barrier was emplaced around and beneath a  15,000 liter tank. 
The tank was chosen to simulate a typical waste for m that exist within 
the DOE Complex. The stresses induced on the waste form were evaluated 
during barrier construction. The barrier was constr ucted using 
conventional jet grouting techniques. Drilling was completed at a 45 
angle to the ground, forming an ice cream cone shap ed barrier. One row of 
cement columns was grouted in a circular pattern fo llowed by a second row 
of columns between and tangential to the first row,  in a honeycomb 
fashion. The primary barrier was placed by panel je t-grouting with a dual 
wall drill stem using a two part polymer grout. The  polymer chosen is a 
high molecular weight acrylic manufactured by 3M Co mpany. This paper will 
discuss the installation of the close-coupled barri er and the subsequent 
integrity verification. 
INTRODUCTION 
Numerous historical waste disposal sites located th roughout the US 
Department of Energy (DOE) Complex have resulted in  contamination of the 
subsurface. The waste sites include; underground st orage tanks, piping 
systems, vaults, landfills, and other structures co ntaining hazardous and 
mixed wastes. Consequently, efforts are being made to devise technologies 
that provide containment of waste sites either as a  safety net to "catch" 
future contaminant leakage/migration or as an inter im step while final 
remediation alternatives are developed. Subsurface barriers can increase 
the performance of the waste site and reduce or pre vent the possibility 
of contaminant migration into local geologic media or groundwater. In 
addition to preventing contamination (and resultant  clean-up costs) such 
in-situ treatment could result in large cost saving s and reduced worker 
exposure, compared to conventional restoration cost s (e.g., excavation, 
re-treatment and re-disposal of the waste). In addi tion, the legal 
ramifications for not treating many of these waste sites could be 
detrimental to the responsible parties. 
The primary objective of this project is to develop  and demonstrate a 
close-coupled barrier technology capable of contain ing waste forms within 
their existing subsurface transport, disposal, or s torage structures. The 
containment will be a multibarrier of a cementitous  grout followed by a 
polymer grout. The two grouts will be placed in a c lose-coupled fashion 
such that the polymer barrier is bonded to the ceme ntitous barrier. The 
close-coupled barrier is produced by first installi ng a conventional 
cement grout barrier followed by a thin lining of a  polymer grout. The 
resultant barrier is a cement polymer composite tha t has economic 
benefits derived from the cement and performance be nefits from the 
durable and resistant polymer layer. The polymer ba rrier is thin (0.15 to 
0.3 meters) and serves as the primary barrier to co ntaminant mobility. 
The cementitous barrier is thick (1.0 to 2.0 meters ) and serves as a 
secondary barrier to contaminant mobility. It is es sential that materials 
(grouts) and emplacement techniques are compatible;  therefore, they must 
be developed and demonstrated simultaneously. This is not a trivial 
issue. Barrier materials must simultaneously be emp laceable, i.e., 
compatible with emplacement equipment and site geol ogy, withstand a wide 



variety of chemical, thermal, physical and radiolog ical conditions, and 
meet acceptable longevity requirements. The concept  of close-coupled 
barrier technology is the combination the two techn ologies being 
developed at Brookhaven National Laboratory (BNL) a nd Sandia National 
Laboratories (SNL). 
BNL has been developing improved polymer-grout barr ier materials for 
applications where impermeability and long-term dur ability are required 
(1,2). These materials have been used extensively i n many commercial 
applications such as sewage and brine handling syst ems and electrolytic 
baths. Polymer grouts are candidates for high quali ty barrier materials 
due to their impermeability to gases and liquids, c ombined with their 
resistance to radiation, acidic, and alkaline envir onments (3). However, 
improved chemical and/or physical durability and pe rformance increases 
the cost of the barrier grout. 
SNL has been investigating placement methods and ce mentitious grouts for 
subsurface barriers. During the summer of FY94 SNL placed several pilot 
scale jet-grouted cement columns at a clean site ne ar the Chemical Waste 
Landfill at Sandia. At the same time BNL was invite d to demonstrate a 
polymer grout using the same placement equipment. 
For a barrier where zero tolerance in leak rate is required it would be 
nearly impossible to achieve this goal using a ceme ntitious grout. Large 
castings of hydraulic cements result invariably in cracking due to 
shrinkage, thermal stresses induced by the hydratio n reactions, and wet-
dry cycling prevalent at arid sites. The improved, low permeability, high 
integrity polymer materials under investigation by BNL could achieve the 
permeability and durability goals, but might be cos tly. A joint venture 
was proposed by Brian Dwyer of SNL, John Heiser of BNL, and Steve 
Phillips (grouting contractor) of Westinghouse Hanf ord Company (WHC). SNL 
could design an economical cement grout curtain tha t would be used as a 
backdrop for the polymer curtain. A cementitious "b ath tub" would be 
formed and the inside lined or flooded with a polym er binder. The 
resultant containment is a multibarrier of a cement itious grout followed 
by a polymer grout. The final composite barrier wou ld have cost benefits 
from using mostly portland cement grout and have th e performance benefits 
of the polymers from the inner lining. 
Close-coupled barrier technology is applicable for final, interim, or 
emergency containment of subsurface waste forms. Co nsequently, when 
considering the diversity of technology application , the construction 
emplacement and material technology maturity, gener al site operational 
requirements, and regulatory compliance incentives,  the close-coupled 
barrier system provides an alternative for any haza rdous or mixed waste 
remediation plan. 
This demonstration is currently funded by the Landf ill Stabilization 
Focus Area (LFA) with roots in what is now the Plum es Focus Area (PFA). 
For the LFA close-coupled barriers have many applic ations. They can be 
used to contain buried waste and will provide a low er permeability, more 
durable and chemically resistant barrier than cemen t grout alone. The 
polymers are not expected to crack as easily as cem ent (wet-dry cycling) 
or slurry walls (solvent or organics). Close-couple d barriers are also 
useful in hot spot retrieval for containing contami nants while excavation 
and removal take place and may serve as shoring red ucing the amount of 
contaminated soil. Utilization by PFA related proje cts include sealing 
off a source term (e.g., sealing a leaking UST or c ontaining a subsurface 
spill of solvent) and preventing continued growth o f a plume; thereby, 



fixing the volume of waste. A data subset of the te chnology developed 
from the close-coupled barrier demonstration will i nclude grouting with 
polymers. Using polymers by themselves will also pr ove useful to the DOE 
complex. Plumes or source terms can be surrounded b y an inexpensive 
(e.g., AC-400 acrylate grout) to improve remediatio n efficiency for such 
technologies as in-situ air stripping of VOCs. 
BACKGROUND 
During FY94 small scale configurations (v-trough, c one, and 7x7 matrix) 
using cementitious grouts were installed via jet gr outing. A single 
column was installed using a polymer grout. The FY9 5 demonstration 
installed a conical configuration barrier that is l arge enough to 
simulate numerous real sites. The cement and polyme r were installed to 
form a close-coupled or composite barrier. The barr ier was constructed to 
surround a simulated waste, a small (15,000 l) tank  (see Fig. 1). The 
tank was chosen as a typical waste form that exist within the DOE Complex 
and also allows access to the subsurface inside the  barrier for testing 
and monitoring. 
Fig. 1 
Test site 
The site selected for the field-scale demonstration  is the Geotechnical 
Test Facility (GTF) in the 400 Area ("Little Egypt" ) at the Hanford Site 
near Richland, Washington. This site was selected f or several reasons: in 
geotechnical terms it is typical of many DOE facili ties, the GTF was 
fully characterized and permitted for such a demons tration, the grouting 
contractor and required instrumentation and equipme nt (e.g., 
accelerometers, steel tank, etc.) are located nearb y (eliminating 
mobilization/de-mobilization costs). The GTF was co mpleted in FY82. It 
was originally designed to test and demonstrate bur ial ground subsidence 
control methods. The site is NEPA approved and well  characterized and is 
described in a report Construction and Preliminary Description of a 
Geotechnical Test Facility at the Hanford Site, Ric hland, Washington by 
Phillips and Fischer (Rockwell Hanford Operations S D-RE-TI-048). 
Potential end users were identified and include BNL  (chemical and glass 
pit remediation), INEL (hot spot retrieval) and Han ford (close-coupled 
barriers for UST leak repair). The GTF (Hanford) so il is a coarse sand to 
gravel; BNL is a coarse sand, free of clay lenses o r cobble; and INEL is 
an alluvial/eolian deposit consisting of fine clay sized silts to coarse 
gravels of carbonaceous origin overlying basalt. 
Jet grouting has been accomplished in all of these soil types. Soil type 
affects the effective diameter (jetting distance) o f the column, for 
example in a clay soil the jetting distance will be  slightly reduced due 
to the energy absorbing characteristics of clay. Th is effect will be 
minimal and in the worst case will require slightly  reduced spacing of 
the installation bore holes (columns) or increased jetting pressures. The 
biggest impediment soil type could impose to jettin g would be large 
cobble that could block the jetting pathway, which could result in a gap 
in the barrier. It is anticipated that with a close -coupled approach the 
cobble will become part of one or both of the barri er layers (since the 
jetting would occur parallel and perpendicular to t he cobble; column 
jetting followed by panel jetting). Therefore the s uccess of the 
demonstration was virtually independent of the test  site soil type. 
Prior to the demonstration the site has been prepar ed by the 
subcontractor. This includes the burial and backfil l of a 15,000 liter 
tank and the installation of monitoring equipment. Eight monitoring wells 



(every 45) were installed inside and outside the ar ea to be enclosed by 
the barrier. These wells will be used for verificat ion of the barrier 
integrity using perfluorocarbon tracers and for moi sture determinations 
during water infiltration testing. 
BARRIER INSTALLATION 
This project demonstrates a systems approach to con struction of a 
subsurface barrier. This includes the integration o f barrier materials, 
emplacement equipment, verification techniques, and  post monitoring 
instrumentation to produce a close-coupled engineer ed barrier. 
The barrier was constructed using conventional jet grouting techniques. 
Jet grout curtains are constructed by injecting the  grout through a pipe 
into the subsurface. The pipe has a drill tip on it  which is used to 
drill the initial borehole. The pipe is then rotate d while injecting the 
grout and slowly withdrawn from the ground. The hig h velocity jet 
masticates and intimately mixes the soil and grout which results in a 
column ~1 meter in diameter that resembles a pancak e stack. The technique 
requires a pumpable grout that can be injected at p ressures up 5-6,000 
psi through a small orifice, typically 1 mm. This l imits any aggregate 
additions to fine particle sizes. Most often, the j et grouting uses a low 
viscosity grout (<50 cps), and incorporates only th e existing soils for 
aggregate. Jet grout curtains can be vertical using  conventional 
drilling, or may be angled, or horizontal, using di rectional drilling. 
The secondary cement layer was installed using colu mn jet grouting as 
described above. The primary polymer layer was inst alled using panel jet 
grouting to reduce grout costs. Panel jet grouting is a simple refinement 
to conventional jet grouting. The tool is turned ba ck and forth only a 
few degrees forming a bow tie shaped panel, rather than rotating the 
jetting tool 360 and forming a cylindrical column. This forms a thin 
panel, typically 30-40 centimeters wide. Panels are  laid side by side 
with a slight overlap in order to form a continuous  barrier. This method 
requires only a fraction of the grout volume compar ed to the volume of 
grout required for a full column. 
For the demonstration the drill rig was a Casa Gran de C6 unit owned by 
the Westinghouse Hanford Company. This is a track/t railer mounted jet 
grouting rig and is depicted in Fig. 2. The cement layer was installed 
during the summer of 1995. The complete installatio n of this layer took 
approximately one week. Drilling was completed at a n approximately 45 
angle to the ground, the columns are ~28 feet long forming an ice cream 
cone shaped barrier (see Fig. 1). A row of 60 cemen t columns was grouted 
in a circular pattern followed by a second row of c olumns in front of and 
touching the first row in a honey comb fashion. Col umns were placed 24 
inches on center and were ~30 inches in diameter pr oducing a barrier 3-4 
feet thick. The final cement barrier is ~40 feet in  diameter at the top 
and extends approximately 20 to 22 feet below grade . This cement layer 
serves foremost as a backdrop for the polymer layer  and secondly as a 
redundant, albeit less durable, barrier. 
Fig. 2 
During the construction phase the stresses induced on the waste form were 
evaluated. Tank wall and floor stress/strain relati onships were 
determined using extensiometers, strain gauges, inc linometers, 
accelerometers, earth pressure cells, and precision  leveling. This is an 
important part of a barrier emplacement because a m iscalculation of the 
forces exerted on the waste form or structure could  result in damage to 



the waste form and unplanned releases. No undue for ces were observed 
during the cement layer installation. 
Following the installation of the cement layer a no vel technique for 
checking barrier integrity was employed. This metho d involves the use of 
gaseous tracers to locate and size breaches and may  provide estimates of 
the barrier diffusivity. The proof-of-concept demon stration of this 
technique was performed on the cement layer prior t o lining the barrier 
with the polymer. This was done because the likelih ood of a crack or gap 
occurring in the cement layer was greater than in t he composite, final 
barrier. Verification of the polymer/cement composi te barrier will be 
completed in March. A brief description of the tech nology is given later 
(see Integrity Verification) and a more complete sy nopsis can be found in 
Sullivan et al (4) or Heiser (5).  
The primary barrier was to be placed by panel jet-g routing utilizing a 
two-part polymer grout. The polymer chosen is a the rmosetting, high 
molecular weight acrylic manufactured by 3M Company . 3M provided 
laboratory formulation and testing to meet the spec ific needs of the 
grouting demonstration. They also provided expertis e in the field during 
the construction phase of the demonstration. The re sin is polymerized 
using a catalyst (benzoyl peroxide) in combination with a promoter (N-
ethyl, N-hydroxyethyl, m-toluidine). The promoter w as mixed in with half 
the monomer resins (part A) and the catalyst mixed into the second half 
part B). Two separate tanks held parts A and B and two separate pumps 
were used to deliver the fluids for grouting. The p olymerization reaction 
begins when parts A and B mix together in the groun d. To facilitate jet-
grouting of a two part resin the drill rig would re quire modifications. 
Off-the-shelf dual wall drill pipe was used so that  the two separate 
grouting media could be simultaneously injected and  therefore, the two 
fluids mixed together in the soil only after leavin g the drill stem. The 
mixing occurred as part of the soil mastication/mix ing that occurs from 
high pressure jetting. Prior to installing the poly mer liner the drill 
rig modifications had to be tested using the polyme r grout. 
BNL was also involved in a parallel project at Idah o Engineering 
Laboratories (INEL). This project was to demonstrat e in-situ 
stabilization of buried waste using polymers (see L oomis et al in this 
proceedings). At this demonstration modifications t o the casa grande 
drill rig were completed. The modifications include d the installation and 
shakedown of a dual wall drill stem, flow metering devices and a low 
pressure pump. These modifications allow the jet gr outing rig to deliver 
two separate grouts simultaneously. The acrylic res ins were injected in 
two parts. One part contained acrylic resins mixed with the catalyst and 
the other part contained resins mixed with the prom oter. Polymerization 
of the resins initiates only when the promoter and catalyst are mixed. By 
delivering the two parts separately the polymerizat ion reaction begins 
only after the resins leave the drill stem and are mixed in the soil. The 
system was tested by drilling and injecting a test column in undisturbed 
soils. 
The following day the column was excavated. The col umn was 16-18 inches 
in diameter as expected based on results of column grouting using cement 
in earlier field tests at INEL. The polymer column was more uniform from 
top to bottom, than the pancake stack seen for ceme nt grout under similar 
conditions. The column was removed and photographed  (Fig. 3). Following 
the test column, two pits of simulated buried waste  were stabilized using 
the polymer grout with jet grouting. Grouting went smoothly with and both 



pits were completed in one day (originally two days  were allocated). 
Results of this field trial were better than expect ed and proved the 
equipment would perform properly for the barrier de monstration at 
Hanford. 
Fig. 3 
The grouting rig was returned to Hanford for instal lation of the polymer 
layer of the close-coupled barrier. The polymer lay er was installed via 
panel jet grouting at a 45 angle, closely following  the inner surface of 
the previously installed cement barrier. The polyme r was the same two 
part system used at the INEL field tests. The resin s were delivered to 
the site by 3M in two lots. Lot A was prepromoted r esins (0.3 wt% N-
ethyl, N-hydroxyethyl, m-toluidine) and lot B was p lain resins. The 
benzoyl peroxide catalyst (50% active) was added to  the lot B drums (16 
lbs./55 gal. drum) one to four days prior to use. E ach part was 
transferred to separate holding tanks for delivery to the jetting pumps 
(see Fig. 4). Flow meters were used to monitor the flow rates of each 
part thus assuring the proper mix ratio (1:1) of th e two parts and that 
the correct amount of grout was delivered. As a bac kup to the flow meters 
the storage tank levels for each part were also mon itored.  
Fig. 4 
The viscosity of the polymer grout resins was near water. This 
necessitated the lowering of the gel time of the re sin mix, additional 
promoter and catalyst were added to reduce the gel time from 180 minutes 
to 50-60 minutes. This was done to allow the grout to cure before too 
much "run-out" occurred. In test panels injected wi th a 180 minute cure 
time the resins spread out more than anticipated du e to the coarse (near 
gravel) nature of the sandy soil and the very high porosity (40-45%). A 
second set of panels injected with a 60 minute gel time resulted in an 
acceptable column and minimal run-out. For future i nstallations it would 
be desirable to use a thixotropic agent to increase  the viscosity of the 
resins and thereby reduce or eliminate any run-out.  This is a preferable 
method for two reasons, first the same effect is ac complished but the 
resin requirements are slightly reduced by the addi tion of the 
thixotrope. Second, an more important the gel time could be left at the 
longer times. This reduces the absolute temperature  rise during the 
polymerization. For a fixed amount of resins the sl ower the 
polymerization process takes the lower the temperat ure. There is a fixed 
number of watts available from the polymerization r eaction and the peak 
exothermic temperature is dependent on how quickly those watts are 
released. 
Cost 
DOE has about 3000 hazardous waste landfills, the r epresentative site is 
approximately 2 acres. Potential cost savings of cl ose-coupled barrier 
technology range from a few million to tens of mill ions per 
representative 2 acre site. 
Subsurface barrier costs vs. Remediation costs for a representative 2  
acre site, 20 feet deep 
Type of Corrective Action Estimated Project   Appro ximate 
     Cost in $/cubic meter Project Cost 
Subsurface Barrier Systems Under Development 
Close-coupled Polymer/   $24    $1,700,000 
Cementitious Barrier** 
Cryogenic Barrier (6)    $90    $6,400,000 
Remediation of Organic Compound Contaminated Site 



Thermally Enhanced Vapor   $150    $10,700,000 
Extraction (7) 
Excavate and Treat (6)    $590    $41,900,000 
**Project cost data 
INTEGRITY VERIFICATION 
It is recognized that no suitable method exists for  the verification of 
an emplaced barrier's integrity (5). Because of the  large size and deep 
placement of subsurface barriers detection of leaks  is challenging. This 
becomes magnified if the permissible leakage from t he site is low. 
Detection of small cracks (fractions of an inch) at  depths of 100 feet or 
more has not been possible using existing surface g eophysical techniques. 
Compounding the problem of locating flaws in a barr ier is the fact that 
no placement technology can guarantee the completen ess or integrity of 
the emplaced barrier. In jet grouting the borehole may become misaligned 
or the jet can be partially obstructed by cobble or  varying soil 
types/densities, leaving a gap in the final barrier . Panel jet grouting 
may leave gaps between panels and/or at the junctio ns of horizontal and 
vertical barrier walls and may be thinner, and thus  more prone to 
cracking. Additionally at the time of gel formation  separations or 
"tears" may occur if localized settling takes place . 
As a subtask to the barrier emplacement this projec t demonstrated a 
method to verify the continuity of the barrier. Per fluorocarbon tracers 
(PFT) will be used to locate breaches in the barrie r. It is expected that 
the demonstration will provide a proof-of-concept f or gaseous tracer 
verification of barrier integrity and will give an estimate of the 
resolution of the technology. 
PFT technology consists of the tracers themselves, injection techniques, 
samplers and analyzers. PFTs have negligible backgr ound concentrations of 
PFTs in the environment, consequently, only small q uantities are needed. 
The tracers are nontoxic, nonreactive, nonflammable , environmentally safe 
(contains no chlorine), and commercially available.  PFT technology is the 
most sensitive of all non-radioactive tracer techno logies and 
concentrations in the range of 10 parts per quadril lion of air (ppq) can 
be routinely measured. The PFTs technology is a mul ti-tracer technology 
permitting up to six PFTs to be simultaneously depl oyed, sampled, and 
analyzed with the same instrumentation. This result s in a lower cost and 
flexibility in experimental design and data interpr etation. All six PFTs 
can be analyzed in 15 minutes on a laboratory based  gas chromatograph. 
Low detection limits allow detection of very small breaches in the 
barrier. Breaches will be located by injecting a se ries of PFTs on one 
side of a barrier wall and monitoring for those tra cers on the other 
side. The injection and monitoring of the PFTs will  be accomplished 
through vadose zone monitoring wells. The amount an d type of tracer 
detected on the monitoring side of the barrier will  determine the size 
and location of a breach. It is easy to see that th e larger the opening 
in a barrier the greater the amount of tracer that transports across the 
barrier. Locating the breach requires more sophisti cation in the tracer 
methodology. Multiple tracer types can be injected at different points 
along the barrier (both vertical and horizontal). I nvestigation of the 
spectra of tracers coming through a breach then giv es a location relative 
to the various tracer injection points. 
The initial verification of the cement layer was co mpleted in October 
1995. Results were promising (see Sullivan, Gard an d Heiser (4) in these 
proceedings). Verification of the polymer/cement co mposite barrier will 



be completed in January and should provide a method  of determining 
breaches in a barrier and perhaps estimates of the diffusion 
characteristics of the barrier. 
CONCLUSIONS 
This project has successfully demonstrated the feas ibility of installing 
a close-coupled, composite barrier. Close-coupled b arriers are applicable 
to final, interim, and emergency loss of confinemen t conditions. The 
technology is applicable to any buried or surface w aste form that has the 
potential to release mobile contaminants. Unlike ma ny other subsurface 
barrier technologies, close-coupled barriers are ap plicable to a wide 
range of waste materials and geohydrologic conditio ns. This is extremely 
advantageous because nearly every subsurface barrie r has site specific 
conditions that require the flexibility offered by this technology, more 
specifically this technology offers an ability to p lace barrier materials 
that are compatible with virtually any waste form i n almost any geologic 
setting. 
End users for this technology include any DOE, stat e or commercial 
facility that has buried waste that may release con taminants to the 
environment at unacceptable levels. Specific end us ers have been 
identified and include Idaho National Engineering L aboratory (INEL), 
Brookhaven National Laboratory (BNL) and the Hanfor d reservation. INEL 
and BNL are interested in the full subsurface close -coupled barrier 
technology. Letters of support of the demonstration  have been obtained 
from Lockheed Idaho for INEL and the DOE area offic e for BNL. Hanford has 
expressed interest in the use of polymers to form a  close-coupled 
barrier. This technology could be used to seal leak s in the underground 
storage tanks at Hanford. 
For future installations it would be desirable to u se a thixotropic agent 
to increase the viscosity of the resins and reduce or eliminate any run-
out. This reduces the resin requirements and the pe ak exothermic 
temperature during the curing of the grout. 
Perfluorocarbon tracers will allow locating and siz ing of breaches at 
depth. The technology has regulatory acceptance and  is used commercially 
for non-waste management practices (e.g. detecting leaks in underground 
power cables). This technology has been used in a v ariety of soils and 
locals and will be applicable to the entire DOE com plex as well as 
commercial waste sites. The major use of tracers wi ll be to verify 
placement continuity of a freshly emplaced barrier and to re-check 
corrective actions that may be used to seal or repa ir a breach. It may 
also be useful to periodically check a barrier to d etermine the long term 
integrity of the walls. This would certainly be ben eficial if a 
cementitious grout (portland based) barrier were us ed. Cementitious 
grouts are prone to cracking from various degradati on modes including 
wet-dry cycling which is prevalent at many of the D OE sites (e.g. Sandia 
and Hanford). Tracers would allow determination of performance losses in 
containment over the life of the barrier. 
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ABSTRACT 
A proprietary chelating polymer has been synthesize d with a high affinity 
for lead. Batch experiments show the chelator's abi lity to reduce lead 
contaminated levels to below EPA requirements in a single washing step. 
In order to effectively investigate the process fea sibility of soil 
remediation of lead contaminated soil with this pol ymer, soil transport 
characteristics must be known. Column experiments u sing radiolabeled 
chelator yield information pursuant to vital parame ters needed for 
feasibility studies. Preliminary data suggests that  the chelator has a 
low affinity for quartz. 
INTRODUCTION 
Lead is listed as a contaminant on roughly a third of the sites on the 
National Priorities List; in the past, standard pro tocol for cleaning 
lead contaminated soil included off-site disposal, solidification and 
stabilization or capping. These methods of cleanup are not 
environmentally sound and not permanent solutions. As a result, 
investigations into treatment alternatives have fou nd chelation 
technology as a viable choice for lead removal. The  advantageous 
qualities of such an approach include the recovery of lead as a natural 
resource, the restoration and redeposition of the s oil, and the 
permanence of the solution. Pursuit of this alterna tive resulted in the 
development of a proprietary water-soluble polymer,  or chelator, with a 
high affinity for lead by collaborators at Los Alam os National Laboratory 
(LANL). Batch experiments have shown that the chela tor is soluble over a 
wide pH range, has a high specificity for lead, and  is able to remove 
lead to below EPA requirements. However, before dev eloping the full scale 
process, investigations of the chelator's transport  characteristics 
through soil must be completed. Column experiments run using radiolabeled 



polymer provide information regarding the polymer's  transport through 
soil. 
THEORY 
The transport of the water soluble chelator through  columns will be 
driven primarily by fluid motion. This condition gi ves rise to two 
macrotransport mechanisms 1): convection (also call ed advection) and 
dispersion, a diffusive-like process that comes abo ut due to the myriad 
and tortuous pathways through the column interstice s. 
Accordingly,conservation of the species will be des cribed by a 
convective-dispersion equation of the form:  
 Eq. 1 
where jP, the flux of the dissolved polymer, is giv en by 
 Eq. 2 
and RP is a source/sink term that accounts for proc esses, such as 
attachment to soil particles and metal binding, tha t can alter the local 
concentration of chelator cP. In Eq. (2), u is the spatially averaged 
interstitial fluid velocity and DP is a dispersion coefficient. The 
radiolabeled column transport studies will provide parameters governing 
adsorption and desorption characteristics of the ch elator under the test 
conditions.  
METHODS 
Polymer Synthesis  
Synthesis is done in small reaction batches of appr oximately 300 ml. The 
commercially available base polymer (MW 600 to 750, 000) is functionalized 
to create the desired chelating polymer. Currently,  the synthesis process 
is under patent review. For the column experiments requiring radiolabel, 
the base polymer is simply functionalized with reac tants containing 
radiolabel. The reaction mixture is then ultrafilte red with a 10,000 
molecular weight cut off (MWCO) filter to remove al l unused reactant, 
radiolabel and polymer of low molecular weight, yie lding a homogeneous 
mixture. 
Polymer Yield and Quantification 
Copper tests are done to quantify the reaction prod uct using a 
spectrophotometer. Samples and standards are prepar ed by combining 0.5 ml 
of 0.1 M copper sulfate (CuSO4  5 H2O), 2 ml Orion pH storage solution 
and an appropriate amount of sample or chelator sto ck solution in a 25 ml 
volumetric flask. The solution is brought up to 25 ml, and a standard 
calibration curve of absorbance (284 nm) versus pol ymer concentration is 
established for chelator concentrations of 0, 10, 5 0 and 100 ppm. This 
linear relationship is then used to quantify the ch elator concentration 
of the prepared samples.  
Lead concentrations are found by using an inductive ly coupled plasma unit 
(ICP) at LANL. After ICP calibration for lead, samp les are injected into 
a chamber where they are exposed to argon plasma at  temperatures of 6000 
to 10000 K, and atomic emission spectra are analyze d using photo 
multipliers. This quick and efficient technique has  its lowest detection 
level for lead less than 1 ppm. 
MARK Columns 
MARK column experiments, in which the bulk of exper iments were run, were 
developed at the University of Arizona (2) and have  been used effectively 
to investigate factors affecting the transport of b iocolloids through 
saturated porous media. The column itself is the bo ttom barrel of a 3 ml 
syringe with 0.8 cm ID. The syringes are prepared b y inserting a 0.8 cm 
GF/D filter (Whatman, 2.7 mm nominal pore size) int o the bottom of the 



syringe barrel. The syringe is then packed with por ous media--sand, 
coated sand or soil. The medium is typically stirre d to remove trapped 
air, ensure homogeneity and provide an even surface  at the top of the 
barrel. The barrel is then rinsed with water of the  same ionic 
composition of the test solution (dependent on expe rimental objectives) 
until there is no pH change across the column. The column is now fully 
prepared. 
Chelator transport experiments are initiated by add ing a known volume 
(between 0.4 and 40 ml) of the 0.5% test solution c ontaining radiolabeled 
polymer at the top of the packed mini-column. The f low conditions are 
manipulated to ensure laminar flow. The flowrate fo r all experiments was 
4 ml/min. The column is then rinsed with solution o f the same ionic 
strength to remove residual, unattached label from the column pores. The 
procedure permits tightly controlled application of  soluble radiolabeled 
chelator, semi-continuous measurement of labeled ch elator in the column 
filtrate, and (after sectioning the column) measure ment of retained 
labeled chelator in the column media as a function of bed depth. 
Radiolabel counts of soil slices and column effluen t are made using a 
Beckman liquid scintillation counter. 
As currently configured, the procedure has produced  reproducible 
measurements of radiolabeled microorganisms that ar e retained on soils or 
sediments in mm-scale sections of sand columns. In the context of any 
appropriate transport/reaction model, such data wil l support parameter 
estimation, model calibration and prediction for th e purpose of large-
scale reactor design, pursuit of environmental obje ctives and design of 
in-situ remediation procedures. 
RESULTS 
The chelator was synthesized and tested by collabor ators at LANL. Binding 
capacity tests showed that 10 mg of polymer bound a pproximately 4 mg of 
lead. Preliminary soil extraction batch experiments  were performed in 
which 2 g of lead-contaminated Cal-West soil and 8 g of water containing 
chelator were combined in a sealed tube and agitate d for 24 hours. Soil 
and water were then separated and both were analyze d for lead using ICP. 
After one extraction, the chelator lowered residual  soil lead levels 
below EPA standards (see Fig. 1), as determined by the Toxicity 
Characteristic Leaching Procedure (TCLP). Two addit ional extractions were 
performed which demonstrated that lead can be remov ed to a level of less 
than 1 ppm, even when the initial lead concentratio n is 6000 ppm. Once 
the chelator was known to effectively remove lead, the specificity of the 
chelator for lead was determined. Again, Cal-West c ontaminated soil was 
extracted and the concentrations of Ca, Fe, Mn, Mg and Pb were determined 
both for the liquid phase containing the polymer an d the solid or soil 
phase. As shown in Fig. 2, the chelator is highly s pecific for lead. The 
chelator bound 97% of the lead present and below 5%  of the Mg, Fe and Mn 
present. Unfortunately, 9% of the Ca present was al so bound by the 
chelator, however this Ca binding did not appear to  affect the ability of 
the chelator to remove Pb, the target metal. Due to  the success of these 
soil batch experiments, the process for synthesizin g this chelator has 
been submitted for patent review(3). 
Fig. 1 
Fig. 2 
Upon completion of the batch extraction experiments , column experiments 
were performed to determine the feasibility of usin g this water-soluble 
chelator for soil washing applications. These exper iments were done in 



MARK mini-columns, which measure the fraction of po lymer retained in the 
sediment as a function of bed-depth. The first expe riments were done 
using and ideal soil matrix of quartz sand particle s (145 mm average 
diameter) and 5 pore volumes of chelator solution. No contaminants were 
present in the bed. As show in Table I, the polymer  had a very low 
affinity for the quartz, less than 1% adhesion unde r the given flow 
conditions. Since this polymer is water soluble, th is result was 
anticipated. Examining the concentrations of polyme r as a function of 
depth (Fig. 3) for the 5 pore volume case, it was d ifficult to determine 
whether or not the polymer was exhibiting first ord er adsorption with no 
desorption. Thus, the volume of the test solution w as increased by an 
order of magnitude to obtain a higher amount of pol ymer adhesion to the 
quartz and thus more accurate data. 
Fig. 3 
When 50 pore volumes of polymer solution were used,  approximately the 
same total amount of polymer bound to the quartz as  was observed for the 
5 pore volume experiment, see Table I. This suggest s that the adsorption 
is not first order at steady state, instead there m ay exist preferred 
binding sites for the polymer and once these sites are saturated, no 
additional polymer will adhere to the quartz surfac e. The other 
possibility is that the flow rate of 4 ml/min is to o fast to allow for 
sufficient binding of the polymer to the surface. 
To verify these results the following experiments w ill be performed. 
First, and equilibrium isotherm will be generated t o determine how much 
polymer will bind to the quartz surface. This infor mation will verify if 
the polymer has an extremely low affinity for quart z and if the flow rate 
was simply too fast to allow for adhesion. Secondly , smaller amounts of 
polymer solution (0.5 to 1 pore volume) will be use d in the MARK 
experiments to determine if indeed there are prefer red binding sites on 
the quartz surface which are saturated by the polym er. Once these quartz 
experiments are complete, the water and soil chemis try will be made more 
complex in a step-wise fashion and further MARK exp eriments will be 
performed prior to pilot-scale soil remediation exp eriments. 
Table I 
CONCLUSIONS 
The water-soluble chelator synthesized at LANL show s tremendous potential 
for remediation of soils contaminated with lead. Th e chelator has a high 
binding capacity for lead; it is highly specific fo r lead compared to 
other common metal ions found in soil. Transport ex periments performed in 
MARK columns demonstrate that the chelator has a lo w affinity for quartz. 
Further experiments will involve determining the ef fects of Pb, other 
metal ions and soil type on chelator transport. The  long range goal is to 
perform an in situ test remediation study in which this chelator will be 
utilized to was or remove Pb to below EPA requireme nts. 
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ABSTRACT 
Soil vapor extraction (SVE) is a widely used remedi ation technology for 
sites contaminated with volatile organic compounds (VOCs). In addition to 
removing VOCs, SVE can produce secondary effects on  soil temperature and 
moisture content. Soil temperature is important bec ause it controls the 
vapor pressure of VOCs and the mass transfer rate o ut of stagnant, low 
permeability zones in the soil. Soil moisture conte nt affects the removal 
efficiency of SVE by decreasing the permeability of  the soil, by heating 
or cooling the soil in response to latent heat effe cts, and by affecting 
the partitioning of the VOCs. A comprehension of th e importance of 
temperature and moisture content will result in a g reater understanding 
of the energy fluxes associated with soil venting. This is crucial to the 
development of an optimal design. In this work, a s imple model for the 
enthalpy balance during SVE was used to examine sev eral processes leading 
to changes in soil temperature and moisture content . 
INTRODUCTION 
Soil venting or soil vapor extraction (SVE) is freq uently used to 
remediate soils contaminated with volatile organic compounds (VOCs) such 
as gasoline or chlorinated solvents. The efficiency  of a soil venting 
system is dependent upon the achievable flow rate ( 1), presence of 
heterogeneities (2), VOC vapor pressure, and reacti on kinetics. Although 
simple sites with homogeneous materials and uniform ly distributed high 
vapor pressure compounds can be rapidly cleaned in theory, most sites are 
complex. This leads to initially rapid removal rate s followed by a long 
tail of lower contaminant removal. Cleanup problems  at complex sites are 
the source of a variety of research studies into th e enhancement of site 
remediation. 
One potential method for enhancement of soil ventin g is increasing soil 
temperatures. Higher temperatures lead to a more ra pid diffusional 
release of VOCs (3) by increasing the vapor pressur e. Since the diffusion 
equation is linear, the diffusional removal rate fr om stagnant zones is 
directly proportional to vapor pressure. Henry's La w constants that 
govern partitioning between aqueous and vapor phase s may be important 
(2). Examination of Henry's Law constants (4) indic ates that higher 
temperatures lead to greater partitioning into the vapor phase for most 
VOCs. Soil temperature is important when coping wit h stagnant zones in 
the soil. Since diffusion rates increase with a ris e in temperature, a 



higher soil temperature will remove VOCs from stagn ant zones faster. Soil 
temperature also affects bioventing. A rough rule o f thumb is that each 
ten-degree Celsius rise in temperature doubles micr obial activity. Thus, 
moderate elevation of the soil temperature could re sult in faster 
biodegradation of contaminants (5). In summary, mod erate increases in 
soil temperature can facilitate cleanup in several ways: raising vapor 
pressure of residual VOCs, speeding up diffusional removal from stagnant 
zones, favoring partition from soil moisture into s oil air, and promoting 
microbial activity. 
Because of the relationship between soil temperatur e and cleanup 
efficiency in soil venting and bioventing, a number  of methods have been 
developed to raise soil temperature. The US Environ mental Protection 
Agency (EPA) has funded studies on methods includin g injection of heated 
air, steam injection, and radio frequency heating o f the soil (6). Most 
of these methods have the disadvantage of being ene rgy and capital 
intensive. The purpose of this contribution is to e xamine some of the 
energy relationships leading to temperature changes  in the soil during 
venting and to explore the feasibility of low cost soil heating. Some of 
the factors in soil venting influencing soil temper ature are discussed, 
followed by the application of a simple mathematica l model to a 
hypothetical contaminated site located in Lexington , Kentucky. 
The energy terms important to SVE are: sensible hea t, latent heat of 
vaporization of water and contaminants, vacuum rela ted evaporation, 
pumping related energy, and biodegradation. As air flows from the 
atmosphere to the soil, it is heated or cooled to s oil temperature. 
Simultaneously, the moisture in the air equilibrate s with the soil 
moisture and the temperature of the water vapor cha nges to that of the 
soil. 
Air moves through a soil venting system from high t o low pressure, 
expanding in the process. Lower pressure causes an increase in volumetric 
flow rate of air and, consequently, an increase in the mass of water 
vapor exiting the system. The water vapor flux incr eases inversely with 
pressure because the partial pressure of water vapo r is set by the soil 
temperature. Vacuum evaporation causes drying and c ooling of the soil, 
especially if the total pressure in the exit well i s low. Any 
volatilization of contaminants would further cool t he system. 
Pumping of air through the system may lead to energ y changes depending 
upon the method of pumping. Flow of air through por ous media in response 
to a pressure drop is analogous to the Joule/Thomps on expansion of 
classical thermodynamics - an isenthalpic process ( 7). For an ideal gas, 
there is no net energy change in passing through th e soil or well screen. 
In areas of high microbial activity, biodegradation  has been reported (8) 
to lead to increases in soil temperature on the ord er of 0.028 to 
0.065C/day. This effect was found to be more likely  in low flow rate 
regions rather than in high flow rate areas. 
MATHEMATICAL MODEL 
A simple mathematical model was used to examine a p ortion of the energy 
relationships at a hypothetical field site located near Lexington, 
Kentucky. The mathematical model is limited to the processes of interest. 
Biodegradation and latent heat effects from contami nant volatilization 
are excluded from the simulations in order to focus  on the latent and 
sensible heat changes from air and water vapor. Bot h biodegradation and 
contaminant volatilization are site and contaminant  specific and, 
therefore, are important in select situations. The model considers a 



single control volume (i.e., spatial variations in temperature in the 
soil are ignored) with one dimensional flow. The si mple model gives less 
detailed information than a full finite difference code. The primary 
advantage of the model is that a specific geometry for the system does 
not have to be defined; only the flow rate per unit  volume, input 
pressure, input moisture content, exit pressure, in itial conditions in 
the soil, and heat capacity of the soil are utilize d. 
Many system geometries could approximate the model' s input assumptions. 
The system could consist of: a) a network of inject ion and extraction 
wells in low permeability soils, b) a single extrac tion well with 
multiple injection wells in high permeability soils , c) linear air flow 
between trenches, and/or d) flow between horizontal  wells and the 
surface. The common factor of these geometries is t hat the simulations 
assume that the properties of the input air are eit her known or 
controlled and that the flow is one dimensional. 
The goal for a SVE system, attempting to promote so il heating, is to 
minimize heat flux out of the system while allowing  sufficient time for 
heat conduction to warm low permeability zones in t he soil that are 
normally resistant to remediation by venting. Heati ng of low permeability 
zones should enhance the rate of diffusion of conta minants out to the 
high permeability regions for removal. 
The equation for temperature change of the soil is:  
Eq. 1 
E    = energy imparted by the latent and sensible h eats (kJ/s) 
V    = volume of soil taken as 1 m3 
rCp         = density of soil times heat capacity o f soil, 2.3106 
J/m3/K (Jury et            al, 1991) 
T    =  soil temperature, C 
t    =  time, s 
All simulations assume one atmosphere (1.013 105 Pa ) for input air and 
0.9 atm in the extraction well. Integration is perf ormed in a series of 
hourly steps based upon the meteorological data (te mperature and 
humidity) from the National Weather Service, modifi ed as stated in each 
simulation. Enthalpy and vapor pressure along with flow rates and 
pressure drops give the net energy flux, (E), into or out of the system. 
The "lumped" model accurately represents the system  over long time 
periods but cannot consider spatially variable temp erature changes. 
It is useful to examine the energy dynamics of soil  venting using 
humidified input air prior to viewing the full simu lation. The total 
energy imparted to the soil per cubic meter of air (at soil temperature 
and one atmosphere pressure) flowing through the sy stem is shown in Fig. 
1 as a function of temperature and relative humidit y of the injected air. 
Fig. 1 
The soil temperature in Fig. 1 is assumed to be 15 C. For input air at 
100% relative humidity (i.e., humidified input air) , the energy balance 
becomes positive when the input air temperature is slightly above the 
soil temperature. The slight negative energy flux a t 15 C and 100% 
relative humidity (~ -3 kJ/m3) is caused by vacuum evaporation. Input air 
at 50% and 0% relative humidity is less energetical ly favorable and only 
provides a net heating of the soil system at temper atures significantly 
above the soil temperature. For this reason, the in jection of warm dry 
air is ineffective in warming the subsurface. Figur e 2 gives the number 
of soil volumes of humidified air (at atmospheric p ressure and soil 
temperature) required to change the soil temperatur e one degree Celsius. 



Fig. 2 
The results are given for three different values of  soil temperature (5, 
15, and 25C) as a function of input air temperature . Figure 2 illustrates 
that the temperature of the input air is generally more important than 
pumping rates in leading to warming of the soil. As  the temperature of 
the input air increases, warming becomes much more rapid (i.e., requires 
fewer soil volumes of air) and nearly independent o f the soil 
temperature. The sharp dependence on input air temp erature is caused by 
nonlinearity in the saturation vapor pressure curve  for water. Warm air 
holds much more water vapor, and thus thermal energ y, than cool air. 
Significant warming rates (i.e., greater than 1C/50  soil volumes of 
pumped air) occur when the humidified input air is only slightly (15-20) 
warmer than soil temperatures. The small degree of temperature difference 
required for soil warming can be provided by severa l energy sources 
including: diurnal atmospheric temperature variatio ns, seasonal 
atmospheric temperature variations, solar heating, and waste heat from 
industrial processes. Solar heating, for example, i s very efficient for 
low temperature rises. The second figure can be use d to compare expected 
soil warming rates by humidified air with other pro cesses such as heating 
from biodegradation and cooling by evaporation of c ontaminants. 
SIMULATIONS 
Four simulations were performed for a site near Lex ington, Kentucky for a 
period of one year. All the simulations assume a pu mping rate of five 
soil volumes per day at atmospheric pressure and so il temperature. 
Initial soil temperature is taken as annual average  air temperature and 
initial volumetric moisture content as 0.1 m3 of wa ter/m3 of soil. 
Figure 3 shows the soil temperature as a function o f time for the four 
simulations. The ambient temperature data is shown in gray. The 
temperature curve labeled "a" represents ordinary v enting of the soil and 
serves as the reference (control) case for comparis on. All of the 
alternative venting scenarios result in higher temp eratures than the 
control. In simulation "b", the ambient air is heat ed 40C prior to being 
pumped through the system. Curve "c" shows the resu lt of heating the 
input air 40C and saturating it at this elevated te mperature. The "d" 
curve represents an input that is heated 20C, satur ated, and heated 20C 
more. 
Fig. 3 
Figure 4 gives the predicted soil volumetric moistu re content. The 
control case (ambient conditions) causes a net dryi ng of the soil, 
primarily from vacuum expansion related drying wher eas the humidification 
cases result in a slight increase in moisture conte nt. Soil drying for 
normal venting in the simulation is minimized by ve nting during the 
warmer months where the normally humid summer air i n Lexington condenses 
in the cooler soil. Venting in the fall and/or wint er months, 
particularly when air temperatures fall below soil temperatures, results 
in more rapid soil cooling and drying. Changes in s oil moisture content 
track very closely with soil temperature changes, i ndicating the 
importance of latent heat of vaporization. Although  not shown, other 
techniques such as pumping only during the hottest portion of the day and 
simple heating of the air without humidification ha ve been tried. They 
are of limited effectiveness because the latent hea t dominates the energy 
balance in most cases (Fig. 1).  
Fig. 4 
DISCUSSION 



One of the most important observations is that humi dification of the 
input air does not significantly saturate the soil with water. If the 
soil were saturated, air permeability would go to z ero and the methods 
proposed would not be effective. The small change i n volumetric water 
content is related to the thermodynamic properties of water. The high 
value of the latent heat of vaporization of water c auses a rapid 
temperature rise in the soil with only a small volu me of condensation 
water. The change in volumetric water content per d egree temperature rise 
in the soil is given by: 
Eq. 2 
(hwv - hwl) = latent heat of vaporization of water (~2.4106 J/kg) 
rw       = density of water (1000 kg/m3) 
This equates to a ~10-3 increase in soil volumetric  moisture content per 
degree increase in temperature. Increasing soil tem peratures by 10C, for 
example, only increases the volumetric moisture con tent by 0.01, an 
insignificant amount. As soil temperature increases , the vapor pressure 
of contaminants in the soil increases, resulting in  more rapid removal of 
moisture from the system. For this reason, change i n water content of the 
soil by humidification is self limiting as moisture  flux out of the 
system rises to match input moisture flux. An addit ional factor is that 
normal venting tends to dry the soil because of vac uum expansion. 
As illustrated, raising the temperature and relativ e humidity of the 
input air is an efficient way of heating the soil. Alternative methods of 
heating and saturation are widely available. Low gr ade waste heat and low 
quality waste steam are available at many industria l plants. Solar energy 
is also available. 
For example, one could use the calculations illustr ated herein with a 
smart solar powered remediation system that would i nject fresh humidified 
air when energetically favorable (e.g., when the at mosphere is warm 
and/or the sun is shining) and recycle scrubbed air  from the subsurface 
during periods when injection of fresh air would re sult in soil cooling. 
Warming the air to higher temperatures prior to inj ection results in 
greater rates of soil warming than shown in the sim ulations (Fig. 2), 
even at very low flow rates. 
By significantly warming the soil, relative to norm al venting, the 
enhancement methods suggested can potentially lower  cleanup times. The 
improvement is anticipated to be particularly signi ficant during the long 
tail period of cleanup dominated by diffusion from stagnant zones, slow 
kinetics, and other non-ideal conditions that gener ally control clean-up 
times. Even when enhancement is not applied, scient ists and engineers 
should benefit from better understanding of SVE cau sed changes in 
subsurface temperature. 
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ABSTRACT 
The position of mercury contamination was determine d and content of 
mercury in solid and pore waters was estimated on t he artificial range in 
Sergiev Posad brunch of Mos NPO "Radon". The range contain 82.6 g of 
mercury in solid and 172.3 mg of mercury in pore wa ter. The desorption of 
the mercury by the H+ ions in laboratory experiment s was studied. Special 
laboratory research with electrokinetic cell demons trated, that mercury 
in the hole water have cation form.  
Electroosmosis and electromigration provide transpo rt desorbed ions 
between electrodes. The construction of metal colle ctor with 
cationexchangable membranes gave possibility accumu late up to 
concentration 1 mol/l. The metal collector was test ed during 1 month 
(current 1 A, potential ~ 30 V). In natural conditi on was collected ~ 100 
mg mercury. Desorption solution must be introduce i n order to receive 
practical results. 
INTRODUCTION  
The mercury belongs to the group of heavy metals (H g, Pb, Cd, As, Zn), 
distinguished by high anthropogenic background. The se metals are very 
toxic and suppress the life of animals and plants ( 1). 
Anthropogenic mercury discharged into environment c omes from several 
global sources: fossil fuel combustion, chloralkali  factories, mining 
industries. 
Mercury and its compounds are actively used in an e lectro-technical 
industry, pharmacology, medicine, vacuum technology , scientific 
researches. Therefore the territories around large industrial centers are 
heavily polluted by mercury. 
Electrokinetic soil processing uses low-level direc t current (on the 
order of ampers per square meter of area) is perhap s one of the most 
promising in situ decontamination processes capable  of removing heavy 



metals and radionuclides from soil. The significanc e of the technology 
appears to be in its projected low operation cost a nd its potential 
applicability to a wide range of contamination situ ation (2). 
The procedure of the electrokinetic decontamination  is realized in three 
stages: 1) transformation of a polluting impurity i n the soluble forms 
(anions, cations or neutral atoms), 2)moving of an impurity by electrical 
current in the anode-cathode space, 3) accumulation  of polluting impurity 
in the collector of metals. 
In the present research problems, arising from prac tical realization of 
these stages, are considered. 
OBJECT OF RESEARCHES AND Hg ANALYSIS 
The improvement of Hg decontamination technique was  carried out in 
Sergiev Posad branch Mos NPO "Radon", located in 90  km north-east from 
Moscow. 
An artificial hole (the size 7 x 7 x 1,2 m) has bee n dug out in the 
moraine clays and filled up by sand. Physical prope rties of clay and sand 
are listed in Table I. 
Table I 
Very low filtration coefficient of hard moraine cla y limits washing by 
atmospheric precipitation and underground water flo ws. The granulometric 
composition of sand and clay are shown in Fig. 1. 
Fig. 1 
The sand consists of Al2O3 and SiO2 (~80%), oxides of iron (~6,%), 
carbonates (~4%), oxides Na and K (~3%). Acided by HNO3 up to pH 2-3 a 
solution of nitric mercury in natural water has bee n entered in the hole 
from 6 m3 capacity through a punched steel pipe, la id in the central part 
of the hole at the distance of 20 cm from the botto m in October 1992 
(Fig.2). 
Fig. 2 
In result of natural processes (washing by atmosphe ric precipitation, 
change of forms, diffusion, sorption) stationary di stribution of Hg 
around the steel pipe at the distance of no more th an 40 cm and 
restricted by the hole bottom has been formed (Fig. 2). 
The highest concentration has been reached directly  near the pipe. The 
typical character of vertical distribution of conce ntration of dissolved 
and suspended mercury is the same, it means that di stribution of 
dissolved mercury is controlled by exchange reactio ns, but diffusion 
processes certainly promote mercury redistribution.  
The quantitative chemical analysis for the mercury was performed by 
atomic absorption spectrophotometric measurement. 
Mercury was extracted by tioether from 0.5 l of por e water, after 
filtration tioether was diluted by nitric acid, lim it of detection is 
0.0005 mg/ml. Mercury from 2 g of solid samples was  extracted by 
treatment of the sample by nitric acid, limit detec tion is 0.2 mg/g . 
In order to reveal position of Hg contaminant conte nt of mercury in 112 
liquid and 112 solid samples from 28 position and 4  different depth 
(60,80, 100 and 110 cm) was analyzed. 
Simple calculations show that hole contains 82.6 g of mercury in solid 
state and 172.3 mg of mercury in liquid state, aver age value of 
distribution coefficient (Kd) is ~300 ml/g . 
PROCESS OF DESORPTION 
The adsorption of Hg on the surface of the solid ca n be described by the 
exchange reaction of two species (Hg and X) between  their aqueous 
solution (aq) and solid (s) (3). 



Eq. 1  
The rate of change of the concentration of Hg is: 
Eq. 2  
where Hg(aq), Hg(s), X(aq), X(s) - concentration of  species dissolved or 
suspended in aqueous solution (moles/ml); 
K1 and K-1 forward and backward reaction rate const ants respectively. 
Assuming a first order reaction kinetics for a stea dy state we have: 
Eq. 3  
Kap - apparent equilibrium constant. 
For real systems we must use the thermodynamic acti vities instead of the 
concentration, using the conventional relationship between activity, 
concentration and activity coefficient. 
The activity of the dissolved species is a(aq) =C(a q)g , where g is the 
molal activity coefficient, C(aq) is molal concentr ation. Activities of 
the adsorbed specie is a(s) = c(s)l , where c(s) is  mole fraction, l-is 
the activity coefficient in the adsorbed state. The  activity coefficients 
of ions in solution g can be estimated from Debye-H uckel (4) and related 
equations, but for the activity coefficients of ads orbed species l there 
is no comparable method and the equilibrium constan ts Kap are known only 
for several specific systems (4). 
Coefficient Kd is usually used in practice 
Eq. 4 
Kd - distribution coefficient at steady state [ml/g ] 
Cp - concentration of solid in aqueous solution [g/ ml]. 
Kd (opposite from Kap) is not on equilibrium consta nt and can vary as pH, 
solution composition, physical and chemical propert ies of suspended 
particles change. 
It is common practice to express the desorption res ults of metals in 
terms of the "% desorbed". Experimental measurement s are certainly the 
most reliable way to find out the type of exchange or desorption that 
takes place in the given solution-solid system unde r the given 
conditions. 
The desorption of mercury in our laboratory experim ents was studied by 
the H+-ions. We used contaminated soil from the hol e; the concentration 
of mercury in the soil is 4.1 mg/kg. Known amounts of contaminated soil 
(usually 2 g) were added to 50 ml of hydrochloric a cid solution from 0.01 
N to 10 N. The desorption was studied both in hydro chloric acid solution 
and in distilled water and natural water from the h ole. Ca2+ (79%), Mg2+ 
(14%), (Na++K+) (7%) are basic cations of natural w ater; HCO3-(84%), 
SO42-(14%), Cl- (2%) are basic anions. Total minera lization is 230 mg/l. 
The solution with contaminated soil was mixed const antly during 4 hours. 
After this solution was filtered and concentration of mercury was 
measured on the filter and in the solution. The res ults are presented in 
term h (Table II) 
Eq. 5 
C(aq) mercury content in filtrate, 
Co(s) mercury content in solid before experiment. 
Table II 
Actually we may transfer considerable part of mercu ry in solution only 
after treatment by 1 N solution of hydrochloric aci d. 
FORMS OF Hg 
Special laboratory research to detect mercury form was realized. Plastic 
15 l volume electrokinetic cell was filled with nat ural water from the 
hole (Fig. 3). 0,3 mg of mercury (HgNO3) and nitric  before pH=3 were 



added. Solution was mixed carefully for several day s. Stainless steel 
anode and the cathode collector of metals with 2 ca tionexchangable 
membranes were place in the cell. During 24 hours f or I=0.7 A collector 
of metals collected 75% of mercury. Mercury in the hole water had cation 
form. 
Fig. 3 
TRANSPORT 
Mass balance across the system and the assumption o f constant flow rate 
for the bulk fluid (without adsorption, desorption,  chemical reaction) 
describes the movement of different species of medi um by the Eq. (5) 
Eq. 6 
C - mass of solute per unit volume of solution,  
z - charge on the ion, 
F - Faraday`s constant (96485 coulombs), 
R - universal gas constant, 
T - temperature (oK), 
Y - electrical potential, 
D - diffusion coefficient, 
x - flow direction, 
V - average seepage velocity. 
The first, second and third terms on the right-hand  side represent the 
diffusion advection and migration components respec tively. 
Advection may be used for decontamination, but if t he velocity of 
advection is too large, this process demands very m uch quantity of 
desorbent. By advection ions and neutral atoms may be removed. 
Electrokinetic is the movement of water (electroosm osis), ions and polar 
molecules (electromigration) between two electrodes  under the action of 
an applied direct current electric field. 
By electroosmosis we may move ions and neutral atom s. In electroosmosis, 
the flow rate qos [cm3/s] conventionally related to  current I (A) by 
empirical relationship: 
Eq. 7 
kI - coefficient of water transport efficiency [cm3 /A s]. 
Practically kI change within the limits 10-4 - 10-5  [cm3/A s]. It means 
that for I = 1 A qos change in interval 0,1 - 1 cm3 /s and electroosmosis 
may have very important role in the decontaminated processes. 
Electroosmotic flow could be induced and sustained in all soil types. 
Electroosmotic flushing is dependent mainly on soil  mineralogy. 
The flow rate of electromigration qel is: 
Eq. 8 
Grady is the fundamental parameter, which determine  quantity of flow. 
Current (I) is sum of separate ions currents 
Eq. 9  
li - molar conductivity of separate ion. 
Cations of Mg2+ and Ca2+ is the basic for the natur al hole water and just 
they determine the molar cations conductivity. For solution of 
electrolytes l may be estimated by using Nernst-Ein stein equation: 
Eq.10 
where D for some ions may be found in (4); for most  of ions (except H+ 
and OH-) l changes in small intervals (40-80 . 10-4  W-1 m2 mol-1),  
lH+ =349 . 10-4 W-1 m2 mol-1, lOH-= 197,6 10-4 W-1 m2 mol-1 
The maximum meaning of current is dependent on cons truction of electrodes 
and ordinary it is no more then 1-2 A. 
Steady state of current may be disturb by 2 phenome nons.  



1. The primary electrode reactions are: 
     2H2O - 4e- = O2 + 4H+ (anode) 
     4H2O + 4e- = 2H2 - 4OH- ( cathode) 
     Subsequently the hydronium ions produced at th e anode migrate toward 
the cathode and the hydroxide ions produced at the cathode migrate toward 
the anode. Acid front migration is beneficial for m etals extraction from 
soil. The pH conditions varied at any time during t he treatment and can 
have a significant influence on the local conductan ce. pH = 12 near 
cathode region can limit the movement of the metals . 
2. In due time the electromigration lead to accumul ation of the different 
sign ions near electrodes and, as consequence, the diffusion act opposite 
electromigration. It is obvious, that electromigrat ion shell be equal to 
diffusion , then process of decontamination shall b e finish.  
In order to overcome this two undesired phenomenons  special construction 
of metal collector was used. 
THE COLLECTOR OF METAL AND PRELIMINARY EXPERIMENTS 
Schematic construction and hole position of the cat hode metal collector 
is given in Fig. 4. Clear plastic was used for all collector parts. 
Cationexchangable membranes are placed at each end.  Electrode chamber is 
2.7 l in volume. Electrode with surface area of 70 cm2 was constructed of 
titanic pipe with a 1cm diameter. In all preliminar y experiments a 
constant current 1 A was applied across the electro des, potential (~ 30 V 
) was changed in due time. Cationexchangable membra nes fixed cations in 
the collector volume, concentration limit of membra ne is 1 mol/l, it 
means, that solution in collector (natural water fr om hole) must be 
change within 3 days. 
Fig. 4 
In order to neutralize generation of OH- ions, hydr ochloric acid was 
added in the collector in accordance with rate of p rimary electrode 
reaction. 
The desorption solution on the first step research is not used and 
practical possibilities of metal collector was stud ied. The system worked 
successfully within one month from 17 August to 15 September 1995. Mainly 
ions of Ca2+ and Mg2+ was accumulated in collector of metals. Results of 
6 cycles are presented in Table III. 
Table III  
At an average 1 amp-hr may collect 0.62+0.08 g of c ations in collector. 
The mercury is not revealed in the collector soluti ons in the limit of 
detection, but mercury (~ 100 mg) in the end experi ment in 
cationexchangable membranes was fixed. Very low mig ration quality of 
mercury was caused by content of natural water in h ole (high content of 
bicarbonates). Experiments with introduction desorb ed solution in 
contaminated soil shall be realized next summer. 
CONCLUSION 
1. The position of mercury contamination and mercur y content in solid and 
pore water on the artificial range in Sergiev Posad  brunch Mos NPO 
"Radon" were estimated. 
2. The desorption of mercury carried out in laborat ory by H+ ions was 
studied. 
3. Mercury in the natural waters of range had mainl y cation form. 
4. The cathode metall collector was constructed and  tested on the range.  
5. Desorption solution must be introduced to receiv e practical results. 
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ABSTRACT 
The total uranium radioactivity concentration (Bq/g ) of soils 
contaminated with enriched uranium can be determine d by gamma ray 
spectroscopy, as opposed to alpha spectroscopy. The  gamma spectroscopy 
method saves considerable time and reduces expenses  associated with site 
characterization and remedial activities. Uranium 2 34 is the dominant 
contributor to the radioactivity of enriched uraniu m (e.g. the U-234 
represents greater than 90% of the total uranium ra dioactivity for 
uranium at 6 weight percent U-235). Since U-234 is an alpha emitter with 
no practical gamma yield, alpha spectroscopy is the  usual method of 
choice for the analysis and characterization of soi ls contaminated with 
enriched uranium. However, gamma spectroscopy can b e used to determine 
the U-234 concentration (or the total uranium conce ntration) by using the 
fact that the U-234/U-235 ratio is nearly invariant  for a particular 
uranium contaminant source. This fact, coupled with  accurate U-235 and U-
238 measurements by gamma ray spectroscopy, provide s a method that meets 
the site specific remedial investigation sensitivit y, accuracy and sample 
analysis turn-around time requirements. The gamma s pectroscopy method is 
nondestructive, fast, and reliable. A sample turn-a round time of 10 
minutes can be achieved for a U-234 minimum detecta ble concentration 
(MDC) of 0.12 Bq/g (3.4 pCi/g) at a 95% confidence level. A range of 
uranium contamination levels and contaminant enrich ments were encountered 
in this study: uranium concentrations of 0.03 to 20  Bq/g (1 to 540 
pCi/g), and enrichment levels to 6 weight percent U -235. The accuracy and 
success of the method is dependent on the use of ur anium calibration 
standards (as opposed to multinuclide gamma standar ds), and applying all 
appropriate gamma emission interference corrections . The methodology was 



validated by comparing 45 soil gamma spectroscopy a nalysis results with 
the alpha spectroscopy results performed on the sam e set of samples. 
INTRODUCTION 
The need to provide a fast turn-around method for t he analysis of uranium 
radioactivity in soil contaminated with enriched ur anium prompted the 
selection of high resolution gamma ray spectroscopy . Gamma spectroscopy 
can be used to determine the U-234 concentration (o r the total uranium 
radioactivity concentration) by using the fact that  the U-234/U-235 ratio 
is nearly invariant for a particular uranium contam inant source. The 
method is nondestructive, sensitive, fast and has b een adapted for 
field/mobile laboratory use. It provides a near rea l time analytical 
method to support on-site decisions/actions relativ e to characterization 
and the control of remedial activities. The analysi s of 450 samples 
(supporting a recent site characterization) demonst rated the value of the 
method in saving time and characterization costs. P rojected savings 
amounted to fifty percent in analysis costs compare d to alpha 
spectroscopy, and considerable savings in field sam pling and excavation 
time because a potential need for a future mobiliza tion was eliminated by 
having analytical results immediately available. 
The analysis of uranium in environmental samples by  gamma ray 
spectroscopy is complicated because it requires the  use of a number of 
low energy gamma emission lines, the correction for  the U-235/Ra-226 
interference at 186 keV, and the correction of a nu mber of other 
interferences. These complications are a principal reason the method is 
not widely used for uranium isotopic characterizati on in environmental 
soil/material analyses. However, the isotopic chara cterization of 
enriched uranium materials (particularly as it rela tes to control of 
fissile materials) has been extensively studied and  applied (1). 
The gamma spectroscopy method can provide analytica l information on many 
radionuclides, in addition to uranium. This broad a nalytical capability 
is a valuable asset since it avoids duplication of radioanalytical 
capabilities. This gamma ray spectroscopy applicati on is the focus of 
this report because of its importance to characteri zation and remedial 
activities. It is fast and reliable, and can save c onsiderable time and 
expense associated with these activities. 
METHODOLOGY AND PROCEDURES 
Sample preparation is simple, does not involve chem ical processing, and 
is accomplished by placing (in the field or laborat ory) the selected soil 
sample into a standard geometry counting container.  The nominal 500 cm3 
Marinelli container was used in this study; the soi l sample was mixed 
prior to being placed in the counting container to ensure a degree of 
homogeneity. The container was filled completely wi th soil; about 700 to 
1000 grams is typical and depends on soil/material porosity and water 
content. The analysis of a large sample is desirabl e to ensure a 
representative result from the sample location. Thi s sample size is in 
contrast to chemical or alpha spectrometric methods  that utilize about 1 
gram, or at most 10 grams, for an analysis. Therefo re, success of these 
later methods depends on careful homogenizing and s ampling of the initial 
sample material. 
The mobile high resolution gamma spectrometer syste m includes a Canberra 
thin window intrinsic germanium detector (with an e nergy resolution of 
2.1 keV and an efficiency of 20% relative to NaI), a Canberra graded four 
inch lead shield, an Aptec multichannel analyzer/co mputer interface card, 
Aptec preamplifier and high voltage hardware, and A ptec gamma 



spectroscopy software for spectroscopic data reduct ion and quantitation 
(2,3). The system and other supporting equipment is  housed in a mobile 
trailer provided with atmospheric control for all w eather operation. All 
the gamma spectroscopic measurements reported in th is work were performed 
with this system. 
The gamma efficiency calibration of the system was performed using a 
simulated soil matrix containing a well characteriz ed natural uranium ore 
standard. The calibration standards were prepared b y mixing a weighed 
quantity of a finely ground uranium ore standard(4)  with a simulated soil 
matrix material; the mixture was thoroughly mixed t o ensure uniformity, 
and then quickly solidified. The uranium ore was of  an age where all the 
U-238 progeny are at, or very near, secular equilib rium. This provides a 
standard containing all the principal radionuclides  of interest (U-238, 
U-234, U-235, Ra-226, and their progeny). By calibr ating the system with 
the exact radionuclides and gamma energy lines used  for the sample 
analysis, one eliminates quantitation errors relate d to decay 
scheme/efficiency complications, and errors associa ted with the nuclide 
gamma yields and the fitted/calculated efficiency v s. energy curve for 
the gamma detector system. The fact that these unce rtainties are 
eliminated improve the accuracy and precision of th e measurement, and are 
key to the overall success of this method. 
The uranium (U-234, U-235, and U-238) isotopic radi oactivity is derived 
from measurements of the U-238 and U-235 content of  the soil or 
environmental material. The U-238 concentration is obtained from Th-234 
(and at higher concentrations Pa-234m). These proge ny are in secular 
equilibrium with U-238 and can be used as a measure  of U-238 for uranium 
materials that were processed/separated more than 2 00 days earlier. This 
is the usual situation encountered for old or inact ive sites where 
characterization and remedial actions are desired. The U-235 
concentration is obtained from the several U-235 ga mma emission lines; 
the principal 186 keV line of U-235 requires correc tion for interference 
from Ra-226; the radium contribution amounts to abo ut 50% of the U-235 
peak area in natural uranium sample with all progen y in equilibrium. The 
U-234 concentration is derived from the measured U- 235 concentration and 
the nominal U234/U235 activity ratio for the projec t site. Table I 
provides nominal U-234/U-235 radioactivity ratios f or various uranium-235 
enrichments(5,6). The enrichment process (gaseous d iffusion, 
electromagnetic, centrifuge or laser methods) deter mines the nominal 
ratio, and variations can be expected. Since gaseou s diffusion is the 
source of most of the enriched and depleted uranium , these nominal ratios 
reflect this dominant source. The U234/U235 activit y ratio is not a 
strong function of uranium 235 enrichment. A U234/U 235 ratio of 22 to 25 
is typical for most situations where low enrichment  uranium is involved. 
The U-234/U235 ratio for a site can be obtained fro m a knowledge of (a) 
the U-234 and U-235 isotopic compositions of the ur anium materials 
processed or handled at the facility, (b) an isotop ic characterization of 
contaminated materials (alpha or mass spectrometric ), or  from the gamma 
spectrometric measurement of U-235/U-238 ratio and a nominal U-234/U-235 
value from Table I. The best approach is to charact erize the isotopic 
composition of the contaminated media by one of the  direct methods. This 
provides the needed U-234/U-235 ratio, and also pro vides an independent 
verification of the gamma spectroscopy results. Thi s direct measurement 
(e.g. alpha spectroscopy) would be performed on a l imited number of 
samples, and would be part of a QA/QC data validati on protocol. 



Table I 
The key interference corrections that are necessary  to ensure the 
accuracy and reliability of the uranium isotopic ra dioactivity 
measurements involve the 186 keV and 92 keV gamma e mission lines. The 186 
keV spectral peak is a combination of U-235 and Ra- 226; lesser 
contributors to this peak are Th-237 and Pa-234. Fo r most situations, 
these lessor contributors can be ignored. The corre ction for the Ra-226 
contribution is derived from the measured Pb-214 an d Bi-214 
concentrations. The Pb-214 and Bi-214 are progeny o f Ra-226; when secular 
equilibrium conditions exist, their individual conc entrations equal the 
Ra-226 concentration (Bq/g). For the typical situat ion where processed 
uranium is the principal radiological contaminant, the radium source is 
natural occurring radium in the soil. Soil samples placed directly in the 
counting container and sealed in the field are very  near equilibrium. No 
significant loss of Rn-222 (3.82 day half life) occ urs in this situation; 
the majority of Rn-222 is trapped in the naturally occurring uranium 
mineral grains or soil matrix constituents. Also, t he sample material is 
not significantly disturbed in the preparation step , compared to drying 
and grinding of the sample. For situations involvin g radium contamination 
from a uranium processing, or radium recovery opera tion, or some form of 
aggressive sample preparation, one needs to establi sh the state of 
secular equilibrium for the immediate progeny of Ra -226 in the sample. 
This is easily done by monitoring the Pb/Bi-214 as a function of time for 
the particular site soil/contaminant situation. The  delay time required 
between sample preparation and analysis can then be  established. No delay 
was found to be necessary for the soil/contaminant condition at the site 
that was the subject of this study. If the equilibr ium with Ra-226 
progeny is not attained, the Ra-226 correction is u nderestimated, and as 
a result, the interference corrected U-235 value is  biased high. 
Therefore, the U-235, U-234 and total uranium radio activity values will 
all be biased high, which provides a degree of cons ervatism that avoids 
the situation of underestimating the contaminant ra dioactivity 
concentration. 
The 93 keV spectral peak is a complex peak involvin g two lines of Th-234, 
and contributions from Ac-228, U-235, and Th-231. T he Th-234 gamma 
emissions provide a measure of the U-238 in the sam ple. The Ac-228 is a 
major correction when Th-232 is present in the soil  naturally or as a 
contaminant. The interference correction for Ac-228  is determined from 
the measured Ac-228 concentration (using other prom inent Ac-228 spectral 
peaks) and other Th-232 progeny (Pb-212 and Tl-208) , if secular 
equilibrium is established. The U-235 and Th-231 co ntribution at 93 keV 
is obtained from the measured U-235 concentration; Th-231 is a short 
lived immediate progeny of U-235, and is a minor co ntributor to the 
complex peak. The actual interference contribution is derived from the 
contributor concentrations (described above) and th eir respective gamma 
yields, together with the gamma yield of the subjec t line and it's 
uncorrected concentration (Bq/g). These data provid e the necessary 
information to obtain the final interference correc ted result. The 63 keV 
emission line of Th-234 is also used for quantitati on of U-238 when the 
U-238 concentration is significantly above the mini mum detectable 
concentration (MDC). 
The detection sensitivities for the uranium isotope s or progeny permit 
low level radionuclide concentrations to be measure d. The specific 
situation depends on the general and normal uranium  background spectra 



for the materials/soils under investigation, and th e count interval for 
the specific sample. For a typical screening analys is situation (about 3 
samples per hour, or one sample every 16 minutes), the uranium 
radioactivity minimum detectable concentrations (MD C) are given in Table 
II. The MDC is provided at the 95% confidence level  and is calculated 
from the spectral data using standard methodology d eveloped by Currie 
(7). 
The detection sensitivity and MDC of a measurement is strongly influenced 
by the method background and interferences, and ref ers to the 
statistically determined quantity of radioactivity that can be measured 
at a selected confidence level. Detection sensitivi ty at the 95% 
confidence level is defined as that level above whi ch there is less than 
a 5% probability that radioactivity will be reporte d present when it is 
really absent ( , or Type I error), or reported abs ent when it really is 
present ( , or Type II error). Minimum detectable a ctivity (MDA), or 
minimum detectable concentration (MDC), is common t erminology used when 
estimating the minimum activity or concentration le vel which can 
practicably and reliably be measured under the defi ned sample and 
analytical conditions. The MDA and MDC are not the detection levels of 
the method, but values greater than the detection l evel (7). The 
derivation of the MDC is based on the Type II error  of escaping detection 
when activity is present. The MDC values provided i n Table II represent 
the average of individual MDC's determined from the  net count/statistical 
analysis of the spectral data gathered for individu al soil samples. The 
method detection level and the MDC can be lowered w ith longer count 
periods; or one can achieve a greater sample throug hput with a shorter 
count period, assuming the MDC for the short count is consistent with 
characterization or remedial objectives. For some r emedial activities 
where a uranium action guideline of 30 pCi/g is use d, one can set the 
analytical conditions such that the U-234 MDC is 0. 13 Bq/g (4 pCi/g), and 
perform a screening analysis every 3.5 minutes usin g this method. See 
Table II. 
Table II 
RESULTS 
The U-238, U-235 and U-234 radioactivity concentrat ions were determined 
by the gamma spectroscopy method described above fo r 450 soil samples. 
These samples were taken as part of a site assessme nt/characterization 
investigation, and involved surface and subsurface soil sampling. Uranium 
materials processing (involving enriched, normal an d depleted uranium) 
was the principal source of the radiological contam ination at the site. 
the capability to provide analytical results within  one to two days was 
required; timing was dictated by the specific need to support control and 
direction of the site investigation. This particula r timing could not be 
met using the alpha spectroscopy method, but could be met by this gamma 
ray spectroscopy method, and also, without having t o move the mobile 
gamma spectroscopy laboratory to the site of the in vestigation. 
The uranium isotopic results were validated by alph a spectrometric 
analysis; 45 samples were selected from the group o f 450 samples 
previously analyzed by the gamma spectroscopy metho d. The validation 
samples were sent to an independent laboratory for uranium isotopic 
analysis by alpha spectroscopy. The laboratory remo ved a representative 
aliquot of soil from the sample container (about 1 gram). No drying or 
homogenizing of the sample was performed prior to s electing the sample 
for chemical processing and analysis. This introduc es an added source of 



variability to the alpha spectroscopy results compa red to the gamma 
spectroscopy results. The gamma spectroscopy method  is averaging the 
gamma emissions over about a 1000 gram sample; this  provides a more 
representative result for the total sample volume. 
The 45 samples ranged in total uranium content from  0.03 to 20 Bq/g (0.8 
to 540 pCi/g). The samples also represented a wide range of U-234 content 
because of the enriched uranium contaminant source.  The observed U-234/U-
238 radioactivity ratios varied by a factor greater  than 10 (from 0.7 to 
8). The paired results for the 45 samples provided a basis for comparison 
of the two methods. A U-234/U-235 radioactivity rat io of 22 was used to 
calculate the U-234 content from the measured U-235 ; this ratio is site 
specific and based on an evaluation of the alpha sp ectrometric results 
for this site. The alpha spectrometric results aver aged 19.3 with a 
standard deviation of 2.9. The paired comparison of  results for the two 
methods is given in Fig 1. The data has been plotte d without including 
the method error estimate of each measurement pair to clarify 
presentation of the information. In general, the 95 % confidence level 
counting statistics error (the dominant contributor ) for the gamma 
spectroscopy method, and the particular analytical conditions, ranges 
from 15% at high concentrations to 35% at low conce ntrations. For the 
alpha spectroscopy results, the range is 15% to 50% . The overall 
agreement between methods for U-238, U-235 and U-23 4 is good considering 
the large differences in sample sizes, and the fact  that no additional 
sample homogenization was performed on the sample f or alpha spectrometric 
analysis. 
Fig. 1 
Fig. 2 
In addition, the U-235 weight percent was calculate d for the gamma 
spectroscopy and the alpha spectroscopy results. Th e paired results for 
this calculation are given in Fig. 2. The agreement  in U-235 weight 
percent (between the two methods) is also good, con sidering it is a ratio 
of measurements which has a larger error caused by the compounding of the 
individual measurement errors. 
Statistical tests of the data pairs were performed to evaluate the extent 
of agreement for the methods (8). The Pearson produ ct moment correlation 
coefficient provides a dimension less index (that r anges in absolute 
value from 0 to 1) to measure the extent of a linea r relationship between 
two data sets; the index is derived from the linear  regression line 
fitted to the data points. The Pearson correlation coefficients for U-
238, U-235, U-234 and total U results sets were 0.9 9, 0.82, 0.92 and 
0.92, respectively. This indicates a strong linear correlation, as 
expected. A test of the significance of the differe nces in the paired 
results for the 45 samples (using the Paired Differ ence Method) shows no 
significant bias between methods at the 95% confide nce level for the 
complete data set. A test of a reduced data set of the pairs obtained by 
discarding pairs at high and low concentrations to minimize the possible 
effects of homogeneity and the larger errors at low  concentration showed 
a small positive bias for the U-234 pairs at the 95 % confidence level. 
This small positive bias is the result of using a v alue of 22 for the U-
234/U-235 ratio (to convert U-235 to U-234 for the gamma spectroscopy 
method) compared to a value of 19.3, which is the a verage of the alpha 
spectroscopy results for the site samples. The valu e of 22 represents the 
average plus the standard deviation of the alpha sp ectroscopy results; 
this provides a degree of conservatism in the U-234  content of the soil 



samples and is the cause of the small positive bias  indicated by the 
Paired Difference Method test. 
SIGNIFICANCE OF RESULTS 
A practical example of using gamma ray spectroscopy  to provide isotopic 
and total uranium radioactivity measurements in soi l contaminated with 
enriched uranium has been demonstrated. The use of a constant U-234/U-235 
site specific radioactivity ratio is satisfactory t o provide a reliable 
assessment of U-234 content using gamma ray spectro scopy. This 
methodology should be considered as an important as sessment tool for the 
characterization and remediation of radiological si tuations involving 
normal uranium, enriched uranium and depleted urani um. The principal 
advantages can be summarized as follows: 
The method is nondestructive and the cost per analy sis is low compared to 
alternatives (40 to 75% less); and the QA/QC for th is methodology is less 
cumbersome and more direct compared to chemical or wet radiochemical 
analyses. 
Large sample volumes are directly analyzed, thus pr oviding analytical 
information that is a better representation of the field sampling 
location, and less dependent on homogenizing the sa mple compared to 
methods that involve chemical processing. 
The sensitivity of the method for uranium isotopes permits low level 
concentrations to be measured; the method is an alt ernative to alpha 
spectroscopy for uranium concentrations near or abo ve 0.03 Bq/g (1 
pCi/g). 
Sample analysis turnaround can be as short as 10 mi nutes for a field 
located/mobile laboratory, to 1-3 days for the off- site laboratory. The 
analytical productivity is controlled by the specif ied MDC; a throughput 
of 20 to 50 samples per day can be expected using o ne spectroscopy 
system. 
Quantitation of other observed gamma emitting nucli des can be performed 
on the same sample with no significant increase in the cost per sample.  
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ABSTRACT 
As an extension of previous successful studies for remediation of 
uranium-contaminated soil using adaptation of the h eap leach process, 
results documenting the removal of plutonium and am ericium from soils are 
reported. In addition, results of leaching schemes from soils co-
contaminated, not only with plutonium and americium  but also with 
uranium, are reported. The first soils tested that contained plutonium 
and americium as contaminants were obtained from th e Rocky Flats Plant 
site in Colorado, whereas soils that contained uran ium, in addition to 
plutonium and americium, were obtained from the sit e of the former 
plutonium processing facilities at Los Alamos Natio nal Laboratory (which 
were active from 1945 to 1978). Heap leach has prov ed to be a relatively 
fast, low-tech, economical solution for the remedia tion of plutonium- and 
americium-contaminated soils at laboratory scale.  
Using different leach reagents, more than two third s of plutonium and/or 
americium present in the soil samples were successf ully removed using the 
heap leach process. Uranium was also removed. Leach  solutions used in 
experiments consisted of various compositions of ci trate, bicarbonate, 
and/or dithionite. Comparative studies of the diffe rent reagents are 
reported and the results from Rocky Flats and LANL are compared. 
The laboratory experiments show promise for remedia tion of soil by a 
simultaneous leach of multiple radionuclides.  
INTRODUCTION 
Several sites exist in the Department of Energy (DO E) complex with 
plutonium (Pu), americium (Am), and or uranium (U) soil contamination, 
including the former Rocky Flats Plant (RFP) and Fe ed Materials 
Production Center (FMPC) sites in Colorado and Ohio , respectively, and 
the Los Alamos National Laboratory (LANL) in New Me xico. Uranium-
contaminated soils also exist, among other places, in the Czech Republic.  
Plutonium was previously successfully leached in th e laboratory from 
soils samples from the Rocky Flats Plant (1). Soil samples from the RFP 
were from an area where drums containing Pu and Am contaminated liquids 
were stored and subsequently leaked. (The liquids c onsisted mineral, 
pump, and hydraulic oils. Other liquids in the drum s included carbon 
tetrachloride, trichloroethylene, perchloroethylene , and ethanolamine.) 
Pu and Am were the primary alpha emitting radionucl ides in those samples. 
Uranium was also successfully heap leached from ura nium-contaminated 
soils from the FMPC (2), from the Czech Republic, a nd from LANL (3). 
Uranium contamination of soils from the FMPC was th e result of both 
aqueous liquid spills and airborne emissions.  
Simultaneous leach of U, lead (Pb), and beryllium ( Be) from LANL soils 
was accomplished as well (4). The uranium-contamina ted soils are 
associated with a non-nuclear firing site where hig hly oxidized depleted 
uranium (DU) metal came into contact with the soil surface. Simultaneous 
leach of Pu, Am, and U, however, has not heretofore  been reported.  



Actinides (such as Pu, Am, and U) tend to have a st rong affinity for 
minerals in most soils (1). The mechanisms that nor mally dominate 
radionuclide sorption are surface complexation and ion exchange. Since 
the radioactive metals are Lewis acids (i.e., acqui re electrons to reach 
an inert state), complexants that act as Lewis base s (i.e., have electron 
pairs that can be shared with the metal) can be uti lized to leach Pu and 
Am from contaminated soils.  
Triay (1) used several leach solutions for the remo val of Pu and Am from 
RFP soil samples in batch desorption experiments. T hose leach solutions 
consisted of various concentrations and mixtures of  sodium citrate, 
ascorbic acid, sodium ascorbate, sodium dithionite,  sodium persulfate, 
sodium bicarbonate, hydrogen peroxide, sodium hypoc hlorite, sodium 
hydroxide, sodium ethylenediaminetetraacetic acid ( EDTA), and 
diethylenetriamine pentaacetic acid (DTPA). Best pl utonium removal (62%) 
was attained with 0.1 M sodium citrate (Na3C6H5O7) + 0.1 M sodium 
dithionite (Na2S2O4) leach solution at 20C. Best am ericium removal (77%) 
was with 0.3 M + 0.01 M sodium bicarbonate (NaHCO3)  + 0.5 M Na2S2O4 leach 
solution at 20C.  
Turney (2) utilized 0.5 M NaHCO3 in unsaturated hea p leach for removal of 
greater than 90% removal of uranium (U) from the FM PC soils at room 
temperature. Kitten (3) successfully removed U from  the Czech Republic 
soil samples by use of unsaturated heap leach with 0.5 M leach solution 
at room temperature. Dander (4) used 0.5 M NaHCO3+ 0.1 M leach solution 
in unsaturated heap leach at room temperature for r emoval of U and Pb 
from LANL soils. Dander (4) also used 1.0 M acetyle acetone (C5H8O2) leach 
solution for removal of Be from the LANL soils by h eap leach.  
EXPERIMENTAL PROCEDURES 
Based upon the work of Triay (1), Turney (2), Kitte n (3), and Dander (4), 
the objective of this study was to investigate the removal of U, Pu, 
and/or Am simultaneously from LANL and RFP soils by  use of unsaturated 
heap leach with leach solutions consisting of diffe rent combinations of 
0.1 MNa3C6H5O7, 0.1 M NaS2O4, and 0.5 M NaHCO3.  
Samples from LANL were taken from locations at the former plutonium 
processing facility, and included soils from beneat h (denoted 3S) and 
near (denoted 27a) a former uranium processing labo ratory and from 
building debris (denoted BD) associated with the de contamination and 
decommissioning of that facility. Soil samples from  the RFP were the same 
as those samples described above.  
The leach solutions used in the various experiments  are shown in Table I. 
Table I 
Soil samples were all ~ 60 g and were heap leached in a downflow 
direction in 60 mL glass columns in an unsaturated environment (Fig. 1). 
Experiments were conducted at room temperature. Lea ch solution 
application rate was 0.012 mL/cm2/min (0.012 cm/min ).  
Fig. 1 
Radioactive decay of Pu and Am emits primarily alph a radiation. Post-
leach solutions were analyzed for Pu and Am by use of a liquid 
scintillation counter (LSC) that measured only gros s alpha radiation. As 
such, LSC determined the total activity Pu and Am i n solution. That 
activity is reported here as pCi/g. Post-leach solu tions were analyzed 
for uranium by use of kinetic phosphorimetry analys is (KPA). Uranium is 
reported as mg U/kg soil.  
RESULTS AND DISCUSSION 



Alpha radioactivity was removed from both RFP and L ANL soils with (1) 
sodium bicarbonate (hereafter referred to as bicarb onate, or B) and (2) 
sodium citrate and sodium dithionite (hereafter ref erred to as citrate-
dithionite, or CD) leach solutions. Gross alpha of untreated RFP samples 
used in the experiments ranged from 45 pCi/g to 67 pCi/g.  
Approximately 10 pCi/g gross alpha was removed from  the RFP samples by 
use of bicarbonate, and ~ 40 pCi/g gross alpha remo ved by citrate-
dithionite leach solution. This suggested between 6 0% and 89% of the 
gross alpha activity was removed by the citrate-dit hionite leach solution 
(see Fig. 2). Bicarbonate solution removed from 15%  to 22% of the gross 
alpha activity in the RFP samples. 
Fig. 2 
While the bicarbonate solution removed up to 22% of  the gross alpha 
activity in the RFP samples, bicarbonate solution r emoved nearly 70% of 
the alpha activity associated with the building deb ris samples from the 
LANL site (Fig. 3). 
Fig. 3  
Cumulative U removed from building debris samples f rom LANL was greatest 
with citrate-dithionite leach solution (Fig. 4). So dium citrate-sodium 
dithionite-sodium bicarbonate (hereafter referred t o as citrate-
dithionite-bicarbonate, or CDB) removed less than 5 0% of what the 
citrate-dithionite leach solution did. Bicarbonate leach solution removed 
about 40% of the amount of uranium that the citrate -dithionite leach 
solution did. Sodium citrate-dithionite leach is so lution was more 
effective for the removal of Pu and U than bicarbon ate and CDB leach 
solutions. 
Fig. 4  
Dithionite is a strong reducing agent that will red uce oxidized plutonium 
(Pu(VI) and Pu(V)) to its more reduced oxidation st ate (Pu(IV) and 
Pu(III)). Dithionite will also reduce U(VI) to U(IV ). At reduced 
oxidation states Pu and U will form strong complexe s with citrate ions 
(5,6). The formation of citrate-Pu and citrate-U co mplexes would enhance 
the solubilities of reduced Pu and U and, thus, acc elerate the removal of 
Pu and U from the soils.  
A total of 37 mg U/kg was removed from the 27a LANL  soil (Fig. 5). 
Uranium concentrations of 027a samples ranged from 8 to 231 mg U/kg.  
It is noted that RFP samples were soil samples cont aining clay, silt, and 
sand size particles. Building debris samples from t he LANL consisted of 
cement (pH ~ 11) and were gravel sized with little,  or no, clay, sand, or 
silt sized particles. Characterization of soils fro m the FMPC showed the 
U contamination in the soil (soil pH ~ 7) was assoc iated with the clay 
sized particles (7). Large surface areas and strong  electrostatic 
attractions make this scenario possible (8).  
Fig. 5 
CONCLUSIONS 
The results of the experiments performed indicated that Pu, Am, and U can 
be removed simultaneously by the use of the 1) bica rbonate, 2) citrate-
dithionite, or 3) citrate-dithionite-bicarbonate le ach solution in 
unsaturated heap leach. Almost 70% of gross alpha a ctivity associated 
with building debris from the former plutonium proc essing plant at the 
Los Alamos National Laboratory was removed by bicar bonate leach solution. 
As much as 89% of the gross alpha associated with s oil samples from the 
Rocky Flats Plant soil samples was removed by the u nsaturated heap leach 
method with sodium-citrate-dithionite leach solutio n. Uranium was also 



removed simultaneous from the LANL samples during t he leach process. The 
results show promise for remediation of soil by a s imultaneous leach of 
multiple radionuclides.  
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ABSTRACT  
Uranium mill tailings resulting from an acidic trea tment were sampled at 
a Cogema site (Jouac, France) and separated into 5 particle size 
fractions by wet sieving. The morphology, the chemi cal and mineralogical 
compositions as well as radium-226 content were det ermined for bulk 
tailings and 2 selected fractions. The coarse parti cles were shown to be 
rough shaped and to form important aggregates when fine particles were 
present. Quartz, mica and feldspars were identified  as the major 
components of the investigated materials in additio n with clay for the 
fine fraction, but mineralogy and particle size fra ctionations were found 
to be dependent characteristics. Although the fines  contained more radium 
than the coarses, direct correlation did not exist between radium 
concentration and particle size. 
An experimental procedure was developed to determin e radon emanating 
power using a sweeping type of collection. Measurem ents were performed at 
various moisture content and showed a slight effect  of water on radon 
emanation from the coarse fraction while the emanat ing power of saturated 
bulk tailings and saturated fine fraction were resp ectively about 5 and 3 
times those from dried materials. The apparent infl uence of size 
fractionation on radon emanation was found to be sm all for wet tailings. 
However, this study indicated that interferences be tween the properties 
of mill tailings may hide their respective effect o n radon emanation 
process. 
Key Words : Uranium mill tailings, radon-222, emana ting power 
INTRODUCTION 
The uranium extraction from ores leads to large amo unts of mill tailings, 
presently about 50 million tons in France. Although  more than 90 percents 
of the uranium is generally extracted, those materi als still contain 
radionuclides as thorium-230 and radium-226, which generate a radioactive 



gas, radon-222. Without protective action, the dose  associated with the 
ingestion and inhalation of short-lived decay produ cts of radon may be 
high enough to cause concern for health of populati ons living in the 
vicinity of an uranium mill tailings (UMT) disposal . Knowledge of the 
radon source term is therefore required in order to  assess its 
environmental impact. In the remainder of this pape r the term "radon" 
will refer to radon-222 isotope. Release of radon t o the environment 
involves two steps, escape from the individual part icles in which it is 
formed and migration through the bulk medium to the  free surface. 
Emanation is not to be confused with exhalation. Em anation only refers to 
the escape of radon from individual particles to th e free pore space, 
whereas exhalation relates to macroscale radon rele ase. The free pore 
space includes, in addition to the interparticle po res, the intraparticle 
pores that allow all radon atoms which enter it to diffuse out of the 
particle. In this paper, we treat the radon emanati on and do not consider 
radon exhalation. The radon emanating power EP (als o called emanation 
factor, emanation coefficient, escape to production  ratio and radon 
leakage (1)) is defined as the ratio between the nu mber of radon atoms 
entering the free pore space and the total number o f radon atoms formed. 
The emanation of radon from various types of materi als have been reviewed 
by Tanner (1,2). Four mechanisms have been proposed  to account for radon 
emanation from solids. The recoil energy (86 keV) g ained by the 
radioactive decay of radium-226 allows radon-222 at om to cover a finite 
distance, named the recoil range (40 nm in minerals , 100 nm in water, 65 
m in air). The radon atom may therefore end its rec oil in the free pore 
space. This mechanism is referred to as direct reco il. A second mechanism 
which may contribute to the emanation is diffusion through the solid 
matrix. It concerns the radon atoms located at the surface of the 
particle and becomes significant for very small par ticles with high 
diffusion coefficient (of the order of 10-16 cm2s-1 ). This mechanism is 
not likely for minerals, as has been reported by mo st of the 
investigators. A further mechanism which may be con sidered is the so-
called indirect recoil : the radon atom goes throug h the free pore volume 
by recoil, lodges in the opposite pore wall and is released at a later 
time in the free pore space. Finally, the knock-out  effect, as has been 
summarized by Semkow (3), has been proposed to expl ain high emanating 
powers of some substances which decompose easily in to H2O or CO2, like 
hydroxides and carbonates. 
Bossus (4), Semkow (3) and Morawska (5) have develo ped theoretical models 
of radon emanation from single mineral grains. The grain geometry was 
simplified for the sake of calculations. Bossus has  considered the 
simplest case of a smooth sphere without any inner porosity. Morawska has 
included cylindrical pores of same diameter, parall el in each planes and 
Semkow has come close to the real structure of mine rals with, among other 
things, a roughness surface concept. But UMT are pr oduced by grinding 
rocks and have not a regular crystal structure. The y are much more 
complicated than assumed for the models. Moreover, the parameters 
involved in those models (recoil range, intrapartic le diffusion 
coefficient, shape of the surface, intragranular po re size, radium 
localization) are difficult to investigate with exp erimental methods. 
Emphasis was given to the recoil mechanism in those  models, the diffusion 
through the solid phase being considered as negligi ble. Grain aggregation 
nor radon embedding into neighboring grains were in cluded, so that those 
models might be seen as basis for a more complete m odel of emanation from 



materials. Those models give important information about radon emanation 
from individual particles but cannot be used to det ermine the emanating 
power for UMT. 
Elsewhere, numerous experimental studies (6-10) hav e been conducted on 
radon emanation from rocks, soils, minerals, or bui lding materials for 
most of them. EP have been found to depend on physi cochemical factors 
such as particle size, specific surface area, moist ure content and 
temperature. The radon emanation from common access ory minerals have been 
shown to be very low (6). There are fewer published  data on EP for UMT. 
The reported values (11-13) for UMT originating fro m various types of 
ores and treatments range from 0.07 to 0.31. Landa (12) has demonstrated 
that no consistent pattern enabling the prediction of EP of tailings on 
the basis of ore type was evident. The author has a lso shown that where 
wet sieving of UMT has occurred, fines tend to have  somewhat EP than the 
coarse tailings. Studies by Strong (11) indicated t hat increasing 
moisture content enhances EP of Australian tailings , but different 
correlations - linear or more complicated - have be en found between water 
content and EP depending on the type of the investi gated materials. The 
various approaches taken to the problem and the lac k of experiments 
descriptions make in fact comparisons difficult bet ween all of this 
studies. The generalization of a given parameter ef fect on radon 
emanation to any UMT requires therefore further inv estigations. 
The main objective of this laboratory study was to provide the magnitude 
of radon EP for one type of French UMT. Experimenta l measurements were 
also undertaken to assess the effect of the two fac tors that could be 
controlled in the investigated material, moisture c ontent and particle 
size. The method used to separate UMT into particle  size fractions, 
physicochemical properties of the bulk material and  of two selected 
fractions are described in a first part. The experi mental procedure to 
measure EP and the results obtained are presented i n a second part. 
MATERIALS 
To avoid misunderstandings, it should be specified that "dry" materials 
refers to materials dried at 105C and cooled in a d esiccator. The 
moisture contents are reported as the weight fracti on of water, 
determined by subtracting the weight of the dry tai lings from the weight 
of the moist tailings and dividing the difference b y the weight of the 
moist tailings. 
Sample Collection and Preparation 
Tailings were collected at an active, acidic-leach uranium mill at Jouac 
in the Limousin, center of France (Socit des Mines de Jouac, COGEMA's 
subsidiary). They derived from granitic ores from M argnac (~80%) and La 
Besse (~20%), both next to Jouac. The processing, w hich included 
mechanical (f(95%) < 500 mm) and chemical (H2SO4, 1 30 kg per ton) 
treatments had removed about 98% of the initial ura nium content. Tailings 
were sampled on filters before to be mixed with che mical slurries on the 
17-05-94. Afterwards the moist tailings (19 wt %) w ere dried at 105C, 
hand crushed and stored per 1000 g aliquots in seal ed containers at 
ambient temperature. The resulting material - calle d bulk tailings- were 
homogenized prior to sampling for any use (3D-mixer , Turbula). The bulk 
tailings had a mean moisture content of 0.3% at roo m temperature. 
Size Fractionation 
A wet sieving procedure has been derived from the o ne proposed by Landa 
(12).100 g aliquots of bulk tailings were shaken ov ernight (62 rpm) in 
700 ml of deionized water and then submitted to ult rasonic waves for 30 



mn in order to disrupt aggregates. The slurry was p ut through a nest of 
20 cm in diameter stainless steel sieves (500, 200,  125, 45 mm diameter 
opening). The nest was mechanically shaken for 2 mn  using an electric 
sieve vibrator (500 excursions per minute, with int ermittent tapping). 
The material on the 500 mm sieve was abundantly was hed with a fine stream 
of deionized water (1000 ml minimum). The fractions  on the 4 sieves were 
washed one after the other above the nest of lower sieves and dried at 
40C. The particles passing the 45 mm sieve were col lected by centrifuging 
(59600 m s-2, 45mn) the entire slurry volume. These  fine solids were 
dried at 105C and the clods were hand crushed to pa ss a 125 mm sieve. The 
particle size fractions resulting from that wet sie ving are presented in 
Table I with size limits or theoretical cut diamete rs and weight 
proportions (percent of total weight). About 6.5% o f the bulk tailings 
are water-soluble materials removed during the wet dispersion and sieving 
processes. 
Table I 
Particle Size Distribution 
Fractions #2 and #5 were selected to test for the e ffect of particle size 
on radon emanation. We will therefore focus hereaft er on the 
physicochemical properties of those fractions, as w ell as bulk tailings. 
The particle size distribution of fractions #2 and #5 were determined 
using a laser granulometer (CILAS HR850). The appar atus works in the 
range 0.1 to 600 mm and does not accept particles w ith diameter greater 
than 600 mm. Hence bulk tailings were sieved on a 5 00mm sieve before 
analyses. Table II summarizes some characteristics of the particle size 
distribution with the median diameter - by which is  meant that 50% by 
volume of particles have a diameter smaller than th is median diameter or 
f(50%) - as well as f(10%), f(90%) and the mean dia meter. The reported 
results are averaged over at least 3 measurements. 
Table II 
Fraction #2 had a median diameter of 300 mm with 30 % (volume) maximum of 
particles with diameter smaller than 200 mm and 7% (volume) maximum with 
diameter above 500 mm. Fraction #5 had a median dia meter of 10 mm with at 
least 95% (volume) of particles with a diameter sma ller than 45 mm. The 
apparent gap between the real particle size distrib ution of the 
investigated materials, the one determined with the  granulometer and the 
theoretical sieving cuts might in fact be due to th e shape of the 
particles. They are particularly rough indeed, most  of the time without 
real similarity with ordinary geometric shapes (see  Fig.1), when the 
separation and the analysis method are based on sph erical particles 
hypothesis. It was then difficult to assess the rea l size distribution of 
those materials. 
Morphologies 
Small amounts of bulk tailings and fractions #2, #5  were deposited under 
a stereomicroscope without any sample preparation. Although the images 
observed by optical microscopy did not allow to pro be details of the 
particle shapes or surfaces, they were sufficient t o illustrate the 
complexity of UMT morphologies (see Fig.1). 
The observation of fraction #2 (Fig.1c) showed vari ous and not regular 
particle shapes and allowed to recognize crystallin e structure such as 
quartz, mica and feldspar. The sample also included  polycrystalline 
particles as can be seen in Fig.1c-d. The particle size distribution of 
fraction #2 appeared relatively wide. This is in ag reement with the 
results obtained using a laser granulometer. Nevert heless, evidence was 



given that no fines were aggregated with those part icles. The particles 
in fraction #5 aggregated together in slightly larg er entities as well as 
much larger ones (Fig.1b). The thickness of those a ggregates did not 
allow to have a sharp image of the whole, but small  and large cracks 
could have been observed. The surface of the fines could not have been 
examined. However, a rough estimation of the specif ic surface area was 
performed using methylene blue method (NF 18-592) a nd yielded 65 m2g-1. 
As could be expected, very important aggregation oc curred in bulk 
tailings (Fig.1a - much smaller particles aggregate d at the surface of 
coarse ones). This might suggest the presence of ce menting phases between 
the particles in the materials. 
Fig. 1 
Chemical and Mineral Composition 
Table III presents the chemical composition (major elements) expressed in 
% of oxides. Complete chemical analyses including m inor and trace 
elements were also performed but did not give inter esting information 
with regard to the present study. The analyses were  carried out by 
Inductively Coupled Plasma / Mass Spectrometry (ERM , Poitiers, France). 
Table IV summarizes the semi-quantitative estimate of main identified 
minerals from chemical composition and X-ray diffra ction analyses. Fe-
bearing phases might be oxi-hydroxides or sulphurs.  
Table III 
Table IV 
The particle size separations actually led to varia tions in the resulting 
fractions composition but no clear cut selection wa s made. Generally 
speaking, the same phases were found in bulk materi als and fractions #2, 
#5 : mica, quartz and feldspars. The strong mechani cal and chemical 
treatments involved by uranium extraction have led to a relatively 
homogeneous mineralogy (except for clays) with part icle size. 
Nevertheless, mineralogy and particle size were not  independent 
properties of the investigated materials. 
Activity Concentration of Radium-226 
Radium concentrations were determined by gamma ray spectrometry (214Bi 
ray). 15 to 25 g samples of bulk tailings or size f ractions were sealed 
in 20 ml boxes and left for a minimum of 38 days fo r equilibrium to be 
reach between radium and progenies. The samples wer e then counted on a 
hyperpure germanium detector for 12 hours. The resu lts shown in Table V 
are the average values over measurements on at leas t 3 different samples 
of the same material. 
Table V 
The radium concentration of the fractions increased  with decreasing 
particle size, as have been reported by other inves tigators (5, 12), by 
more than a factor of 10 between the coarse and the  fine fractions in the 
present case. However, fractions #1, #3 and #4 pres ented a radium 
concentration of the same order of magnitude than f raction #2 and no 
direct correlation between radium content and parti cle size fractionation 
was found in the present study. It is of interest t o note that the fine 
particles (<45 mm) which did not pass a 125 mm siev e after drying and 
crushing contained 320 Bqg-1 and had a median diame ter less than 1mm. The 
major part of cementing phases contained in the bul k materials might in 
fact be hold in this subfraction. 
RADON-222 EMANATING POWER 
Experimental Procedure 



A known mass of tailings, dried at 105C and cooled in a desiccator, was 
deposited in a glass reactor (800 ml) to form a thi n layer of thickness 
less than 1 cm. To avoid problems with hysteresis i n the uptake of water 
(8), the sample was first supersaturated with deion ized water (several 
millimeters of water above the layer surface) for a t least one night. 
Water was then removed stepwise by evaporation at r oom temperature, so 
that experiments were started with saturated materi als, carried on with 
intermediate moisture contents and finished with th e sample dried at 105C 
(inside the reactor) and cooled in a desiccator. Fo r radon measurements, 
the reactor was inserted in the setting up depicted  in Fig.2. The surface 
of the sample was swept by an inert gas (N2, 1 lh-1 ), which carried the 
emanating radon to a collecting bag (20 l). If the investigated material 
was wet, the inert gas was first saturated with wat er by bubbling in a 
saline solution in order to avoid any drying up of the layer. A small fan 
prevented radon from accumulating above the layer. In such conditions the 
system was assumed to be at the atmospheric pressur e. Temperature and 
relative humidity of the system were controlled by a probe all along the 
experiment. 7-9 hours were required before the syst em to reach a steady 
state as regard to radon concentration, depending o n the sample type. 
After a sufficient time, the collecting bag was sam pled using 2 evacuated 
scintillation cells (500 ml). These scintillation c ells have been 
constructed by Algade (Bessines, France) and were s tandardized by air-
bubbling in radium-bearing solutions. The scintilla tion cells were left 
for a minimum of 3 hr (for the secular equilibrium to be reach) and then 
counted for 2 hours using flask counters (PABS, Ele ctronic Laboratory, 
CEA- 
Far) and standard electronics. The gas circuit was then closed for a 
short time (<1 mn) in order to empty the collecting  bag and opened again 
to allow gas collection. A second sampling was then  performed about 2 
hours after the first one. 
Fig. 2 
The values of the emanating power (EP) are calculat ed by Eq. 1 : 
Eq. 1 
The uncertainties on EP values were estimated accor ding to a 
recommendation (INC-1) from the french NSB (BRPM). These uncertainties 
consist of a "systematic" component estimated by cl assical statistic 
methods on the basis of one standard deviation (gam ma ray countings) and 
a "random" one, estimated from the maximum uncertai nty of each parameter. 
The mean uncertainty on EP was 13%, the larger cont ribution being 
introduced through the dependence on gamma-ray spec trometric 
determination of radium concentration. 
The thickness of the layer had to be chosen in orde r to allow all the 
emanating radon atoms to reach the surface, that is  to avoid a loss of 
radon atom by decaying during the migration process . For this purpose, 
radon concentrations were measured from 10, 20, 30 and 40 g samples of 
moist (30%) bulk tailings. The same test was perfor med from 10 to 60 g on 
particle size fractions #2 and #5. The EP were foun d to be constant with 
these layer thicknesses. This is reinforced by the radon diffusion 
lengths reported in the literature (1, 14) as rangi ng from 0.1 to 3 
meters. The effect of moisture content on EP was th en performed with 30 g 
samples of bulk tailings and 40 g samples of fracti ons #2 and #5. 
RESULTS AND DISCUSSION 
Table VI presents the means of EP measurements for different values of 
moisture content of bulk tailings and particle size  fractions #2 and #5. 



They are plotted versus moisture contents in Fig. 3 . Those results were 
obtained with stepwise evaporation from one saturat ed sample of each 
investigated material. The other EP measurements pe rformed for sweeping 
time and thickness determinations were consistent w ith those series of 
results. 
Table VI 
Fig. 3 
EP of bulk tailings was found to increase sharply w ith moisture content 
in the range 0 to about 5%. Measurements have not b een completed with 
moisture content close to water saturation but the existing results 
suggested that EP did not vary so much between 5 an d 16% moisture 
content. EP of fraction #5 increased also but sligh ter with moisture 
content in the range 0 to about 10% and then reache d a plateau to 
complete water saturation. The ratio EP(wet)/EP(dry ) was 4.75 for bulk 
tailings and 3 for fraction #5. They were relativel y high values compared 
with the typical ones between 1 to 4 reported by Se mkov (3). This water 
effect can be qualitatively explained by the direct  recoil mechanism of 
radon emanation and the difference between the rado n recoil range in air 
(65mm) and in water (100 nm) (1). When air fills th e free pore space, the 
recoiling radon atoms may be embedded in an opposit e solid surface. On 
the other hand, when water is present in the pores,  many recoiling radon 
atoms will stop in it and increase the EP. In contr ast, EP of fraction #2 
was rather constant with moisture content up to 15%  and then increased 
slightly to the saturation limit. This observation suggests that the pore 
sizes might be sufficiently large so that the recoi ling radon atoms will 
stop in it, no matter if air or water fills the por e. The very low EP 
value measured for the dry bulk tailings may also b e explained by the 
effect of pore size. As have been seen in studying the nature of those 
materials, they were composed with very fine partic les and water-soluble 
compounds. When evaporating water from the sample, those particles were 
drawn closer to each other as well as to the larger  particles than they 
were at higher moisture contents. This was confirme d by the increasing 
apparent densities from 0.60 g cm-3 for the wet sam ple to 0.85 for the 
dried one. The radon EP would therefore decrease be cause of the increased 
probability of the embedding process to occur. Ceme nted crusts were 
formed on the surface of the sample when drying the  sample. This might 
also have led to a loss of radon by decaying before  to reach the sample 
surface. 
With the exception of the dry state previously disc ussed and generally 
speaking, no clear effect of size fractionation on radon EP was observed 
(Fig.3) Although radon concentrations measured from  fraction #5 were much 
higher (8800 Bq m-3) than from other samples (2800 Bq m-3 maximum), its 
EP was only slightly higher than that of bulk taili ngs or fraction #2. 
Contradictory results exist in the literature : Gre iner (8) did not 
measured any effect of particle size on radon emana tion while Baretto (6) 
did. However, comparison with results obtained from  coals or single 
minerals should in fact be avoided because variatio ns in the particle 
size of UMT have been shown to involve changes in o ther properties of the 
materials such as their mineralogical compositions.  The present study 
indicates therefore that it would be more suitable to consider the effect 
of the size fractionation rather than the particle size one for such 
materials. Moisture content might also interfere wi th chemical properties 
such as the localization of radium. Conclusions abo ut the effect of a 
given parameter on radon emanation are in fact diff icult to draw because 



of relations of dependence between UMT properties. In these conditions, 
the contribution of the different emanation mechani sms previously 
reviewed could not have been further assessed. 
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ABSTRACT 
Uranium mining and milling have left behind great a mounts of tailings 
containing both radionuclides (radium and uranium) and toxic elements 
(arsenic, lead, nickel,...) which may be released t hrough aquatic 
pathway. The main exposure from uranium mill tailin gs is currently the 
inhalation of radon daughters. The contaminants rel ease towards 
subsurface compartment and groundwaters is not of c oncern at present 
date. Nevertheless, potential modifications of such  release in the long 
term have to be evaluated. 
An uranium mill tailings site impact assessment rel ated to aquatic 
pathways involves at first a complete definition of  the source term 
(contaminants inventory, determination of the mecha nisms responsible of 
their mobility in the tailings). The second step is  the understanding of 
the numerous processes involved in the weathering o f the tailings (pH and 
redox buffers, dissolution and precipitation of min erals). 
In this paper, we present data obtained for the Len genfeld site (located 
in the south of Dresden in Germany) which contains 300,000 m3 of tailings 
deposited 30 years ago and covered with 5 to 10 met ers of sandy soil. No 
information was available about uranium ores, milli ng treatments and 
disposal conditions. From six drillings performed o n the site, samples of 
the cover, the tailings and the underlying soil hav e been analyzed. From 
the results, we can assume that the tailings are is sued from granitic 
and/or sedimentary ores which have been attacked by  an alkaline solution 
(Na2CO3, NaHCO3). The comparison with a well known site containing 
similar residues (basic treatment) may be used to i mprove present 
knowledge of the evolution of the Lengenfeld tailin gs. The analysis of 
the tailings, specially the determination of the am ounts of the different 
minerals present at different depths, has allowed t o point out a 
beginning of weathering through dissolution and pre cipitation reactions. 
The experimental data will be compared to simulatio ns performed by means 
of geochemical codes, based on thermodynamic equili brium. 
Key Words : uranium mill tailings / radium / uraniu m / geochemical 
modeling 
INTRODUCTION 
For more than a quarter of century, tailings and wa ste rocks resulting 
from uranium mining and milling operations have bee n deposited in 
impoundment areas throughout the world (about 50 mi llions of tons until 
1991 in France)(1). The tailings issued from millin g and chemical 
processes have the texture of a fine sand and repre sent about 98% by 
volume of the extracted material with 85% of the ra dioactivity found in 
the original rock. Many of the remaining radionucli des have very long 
half-life times (80,000 years for 230Th and 1,600 y ears for 226Ra). As a 
result, although the radioactivity may be very low,  some radiological 
hazards can be considered to last forever. Moreover , the uranium ores 
generally contain metallic elements (arsenic, coppe r, cadmium, silver, 
lead,...) which remain in the tailings. These eleme nts may cause concern 
for health, and environment for long periods of tim e because of their 
permanent toxicity. The health hazards occur in a n umber of pathways via 
radioactive gas or dust inhalation, external exposu re and through 
contamination of surface and groundwater. The radio nuclide concentrations 
in waters are controlled partly by the tailings whi ch act as a source 



term, and partly by the hydrochemistry resulting fr om the mixing of 
surface, tailings and shallow waters. 
This work is devoted to the term source definition considering the 
aquatic pathway. This includes the determination of  the amounts of 
contaminants present in the tailings and the mechan isms responsible of 
their release in the geosphere. Their knowledge req uires a complete 
characterization of the tailings, the surface layer  and the underlying 
soil. 
HISTORY AND DESCRIPTION OF THE LENGENFELD SITE 
The uranium mill tailings site is located in Lengen feld (Vogtland) at 120 
km of Dresden in the east part of Germany. It is cl osed to the uranium 
ore mill, which has been in production from 1946 to  1961. The mill and 
the tailings site were managed by Wismut Society. U ntil 1991, no details 
about the organization and the productivity of Wism ut were available. 
After the German unification and because of public pression, some 
information have been obtained from Wismut's old wo rkers, specially 
concerning the amounts of uranium produced in east Germany (220000 tons 
between 1946 and 1989) (2). But the origins of the uranium ores and the 
milling processes are still unknown. 
In Lengenfeld, the tailings (volume of about 300,00 0 m3) have been 
deposited 30 years ago in a valley whose river has been diverted in the 
east part of the site. These residues are surrounde d by a dam and covered 
by a 7 meters thickness of sandy soil. 
EXPERIMENTAL PART 
Field Experiments 
Six boreholes drilled from 0 to 20 meters deep have  given a total of 60 
core sections including surface layer, tailings and  underlying soil (Fig. 
I). The water table is very close to the surface la yer and the cut cores 
were saturated in water. These solutions in contact  with solids have been 
obtained by pressing down with a 100 bars squeezer.  After a filtration 
through 0.22 mm pore size filters (Millipore), the pH of the solution was 
immediately measured with a Portatest 655 pH-meter equipped with an 
Ingold combined electrode, and then was adjusted to  1-2 with Merck 65% 
Suprapur HNO3 for further analysis. 
Fig.1 
Laboratory Experiments 
Eq. 1 
Solid analysis : A laser apparatus (Cilas HR850) wa s used to measure the 
distribution of the particles as a function of thei r size. The chemical 
and mineralogical composition were determined for s everal samples of 
surface layer, tailings and underlying soil. Radion uclides contents 
(226Ra, 238U and 210Pb) were measured by g spectrom etry with a high 
resolution hyperpure germanium spectrometer. The de tection limits (DL) 
were 0.1 Bq.g-1 for 226Ra, 0.7 Bq.g-1 for 238U and 0.4 Bq.g-1 for 210Pb. 
Solution analysis : classical chemical analysis wer e performed on 
solutions obtained at different depths. 226Ra and t otal uranium were 
analyzed respectively by 222Rn emanometry (DL = 20 mBq.l-1) and laser 
fluorimetry (DL = 20 mg.l-1). 
MODELING 
The numerical simulation of geochemical reactions h as been performed with 
the code chimere (3) and the software The Geochemis t's Workbench (4). 
Both are founded upon thermodynamic equilibrium in aqueous solution in 
order to deal with species speciation in solution, dissolution-
precipitation of minerals or sorption reactions. Th e thermodynamic 



database of The Geochemist's Workbench is based in large part on the 
supcrt data compilation and on the Dzombak and More l data set (4). 
Whereas, the chimere thermodynamic database origina tes from data 
compilation achieved within the European Communitie s chemval project (5). 
RESULTS 
Analysis have been conducted on numerous samples an d only a mean 
composition of each component (surface layer, taili ngs and underlying 
soil) is presented in Table I. 
Surface Layer 
The mineralogical phases are mainly quartz (65%), m icas (7.5%), fluorite 
(9.5%) and carbonates (3.5%). Kaolinite and feldspa rs appear as minor 
components (respectively 2.5% and 1.5%). High amoun ts of barium (closed 
to 10,000 ppm) have been determined in all samples of this layer. The 
particles mean size is closed to 150 mm. 
The evolution of the cores colour (greenish to redd ish) occurring during 
the two hours following the drilling is probably du e to the oxidation of 
ferrous ions in the presence of oxygen. A detailed analysis of iron in 
the solid has shown that this element is present pa rtly as ferrous ions 
(40% of the total iron) and partly as ferric ions ( 60% of the total 
iron). Organic carbon has been detected in solid sa mples (0.1% in weight) 
and is probably responsible for the weakly reducing  conditions of the 
surface layer. 
Considering the water table, the first centimeters of the surface layer 
(below one meter deep) constitute probably an unsat urated zone in which 
precipitation/dissolution reactions can take place because of water 
evaporation. Therefore, the high concentrations mea sured at this depth 
are not representative of the covering layer. 
Table I 
Solutions and solids obtained at different depths i n the surface cover 
have been analyzed (Table II and Table III). 
Table II 
Table III 
Calcium, magnesium and sulphate concentrations decr ease with depth while 
sodium and potassium concentrations increase, iron concentration 
remaining constant. The pH increases slightly (7.0 to 8.2). Several 
processes can be involved to take into account thes e variations like ion 
exchange, dissolution and/or precipitation of miner al phases, sulphates 
reduction. Different hypothesis have been tested th rough speciation 
modeling. The solution compositions have been intro duced into the two 
geochemical codes under the following constraints: pH fixed to the 
measured values and redox potentials Eh slightly be low 0 mV. In both 
cases, the total concentrations in calcium, magnesi um and carbonates are 
mainly controlled by the carbonate phases, calcite CaCO3 and dolomite 
CaMg(CO3)2. The carbonates also act as pH buffers.  
Of course, the computed total concentrations in cal cium, magnesium are 
dependent on the equilibrium constants introduced i n the geochemical 
database. The solubility constant of calcite is wel l known (Ks = 10-8.3) 
indeed. But large discrepancies occur in literature  data for the dolomite 
solubility product (Ks ~ 10-16.5 to 10-19.5). In fa ct, dolomite found in 
nature is seldom pure (stoichiometric composition) because of the 
incorporation of numerous divalent cations (Ca2+ in  most of the cases), 
leading to the formation of a magnesian calcite (Ca xMg(1-x)CO3). For 
solutions in equilibrium with both calcite and dolo mite, the 
[Ca2+]/[Mg2+] ratio is constant and equal to 1.3, w hich corresponds to 



the solubility ratio (with a solubility constant fo r dolomite about 2x10-
17). The variations observed in the different sampl es may be due to the 
evolution of carbonate phases between two pure phas es (calcite and 
dolomite) through the formation of solid-solution ( 6). 
Tailings 
 Several samples obtained at different depths have been analyzed and 
their chemical compositions are presented in Table IV. 
Table IV 
The mineralogy of the tailings is quite different f rom those of the 
surface layer with high amounts of micas (35%) and feldspars (7.5%). 
Carbonate is present only as dolomite (7.5%) and 60 % of iron is present 
as ferrous ion. Organic carbon amount is higher tha n in the surface layer 
and is probably responsible for the reducing condit ions found within the 
tailings (a colour evolution, from greenish to redd ish, has also been 
observed on the cores after drilling). In the oppos ite of the surface 
layer, a very low amount of sodium is measured in a ll the tailings 
samples. The clays amount is significant with kaoli nite (9%) and swelling 
clays (2.5%). The granulometry of the tailings is q uite homogeneous and 
the mean particle size is closed to 10 m. This part icle size has 
forbidden any more detailed mineralogical studies t hrough microscope 
observations. Therefore, considering the results pr esented above, it is 
not possible to conclude about the origin of the or e (granitic or 
sedimentary). Keeping in mind that this mill facili ty has been chosen 
because of the existing structure and the important  railway network, we 
can assume that all kinds of ores have been treated  in this mill inducing 
a possible heterogeneity in the tailings. 
The radionuclides contents are presented in Table V . 
Table V 
The concentrations of 226Ra, 238U and 210Pb decreas e slightly with depth, 
but these variations are not significant. In the or e, the two ratios 
238U/226Ra and 226Ra/210Pb are closed to the unity because of the secular 
equilibrium. Whereas in tailings, uranium has partl y been removed in 
consequence of the ores treatment and thus the secu lar equilibrium 
between 238U and its daughters has been disrupted. From these data, an 
estimation of the extraction yield gives a value of  84% which is 
relatively lower than those obtained in France (bet ween 93 and 99%). 
The volumes of solution obtained by squeezing are v ery low (less than 20 
ml in most of the cases) and only few elements have  been analyzed (Table 
IV). Among others, the bicarbonate contents in solu tion still remains to 
be measured by this method. However, charge balance s and in field results 
from boreholes lead to carbonate concentrations whi ch are close to 10-2 
mol.l-1.  
High concentrations of sodium (6x10-2 mol.l-1) with  high pH values 
(closed to 10) are obtained. These data suggest tha t a basic treatment 
has been applied to the uranium ores, the chemical reagent being probably 
NaHCO3. Such a treatment is usually applied to sedi mentary ores combined 
with a more pronounced milling than for granitic ro cks. For example, the 
mean size of tailings obtained in Lodve (sedimentar y ores in France) is 
17 mm (7). The particle size measured for Lengenfel d tailings is in good 
agreement with a basic treatment. However, this res ult is insufficient to 
assert that all the ores were issued from sedimenta ry rocks. 
Only two radionuclides, U and 226Ra, have been meas ured in solutions 
(Table V). The distribution coefficients of radium (closed to 20,000 
l.kg-1) are in the range proposed in the literature  (7). The 



radionuclides concentrations differ strongly betwee n the two samples with 
an increase of pH with depth. The chemistry of radi um (as all the 
alkaline earth elements) is dominated by their ease  of oxidation and the 
ionic nature of their metal-oxygen bonds. Only the divalent stable form 
is known. Geochemical simulations show that concent rations in anions 
(such as SO42-, Cl-, OH-) as are not high enough to  form complexes with 
radium. This element is thus mainly present as the divalent species Ra2+. 
The chemistry of uranium is more complex because of  the multiplicity of 
oxidation states, organic and inorganic complexes a nd insoluble 
compounds. 
The estimated permeability is about 10-11 m.s-1, wh ich induces a very low 
water flow. In these conditions, we can reasonably assume that 
equilibrium between solid and solution is reached i n any point of the 
tailings. A first modeling of the water-rock intera ctions within the 
tailings has been performed under the constraint th at pH values were 
fixed to the measured ones. As previously discussed , the alkaline 
leaching of the uranium ores has led to a pH which is about 10 and to a 
Na2CO3 solution type. The magnesian calcite, throug h precipitation-
dissolution reactions, acts as a pH buffer and cont rols the calcium and 
magnesium solution composition. The perennity of th is pH buffer is 
ensured in tailings by a high carbonate contents an d a low permeability.  
Although the high content in organic matter measure d in the tailings is 
probably responsible for the perennity of the reduc ing conditions, redox 
in solution is often controlled by Fe(II)/Fe(III) r eactions. The Fe(II) 
content in the tailings is relatively high. Thus, f or the solution 
compositions encountered within the tailings, the f ollowing reaction 
seems to be reasonable: FeCO3(s) + 3 H20  Fe(OH)3(s ) + HCO3- + 2 H+ + 1 
e-. The combination of this reaction and of the tot al iron concentration 
measured in solution leads to a redox potential Eh which is - 220 mV. 
Regarding the uncertainty about the bicarbonate con tent in solution, 
another mechanism can be proposed for such a high p H: Fe(OH)2(s) + H20  
Fe(OH)3(s) + H+ + 1 e-. This reaction gives a Eh wh ich is quite similar 
to the previous one, about - 250 mV. 
The stability of alumino-silicate minerals has also  been computed 
relatively to the low temperature and the chemical aqueous conditions 
found in the tailings. For such an alkaline pH, a s equence of stability 
can be propounded: micas and swelling clays > kaoli nite, quartz and Na-K-
feldspars > SiO2(am) and Ca-feldspars. This is just  a theoretical 
proposal based on thermodynamical considerations, a nd which needs to be 
confirmed by further experimental studies. 
For such reducing conditions and high carbonate con tents, it appears that 
uranium is present as an anionic species UO2(CO3)34 - at pH equal to 10.2 
(> 10) (8). But for pH < 10, the most stable form o f uranium is the 
tetravalent state which tends to precipitate as UO2 , xH2O. Therefore, for 
the sample obtained at 9 m (pH = 10.2), uranium is present as an anionic 
species, weakly sorbed on solids. For the sample ob tained at 11 m (pH < 
10), uranium concentration in solution is controlle d by the solubility of 
UO2, xH2O, inducing a lower concentration in soluti on. These modeling 
data are in rather good agreement with experimental  results. 
Radium is present at trace level in the tailings, r espectively 1.60x10-10 
mol.l-1 at 9 m and 3.25x10-11 mol.l-1 at 11 m. So, it cannot precipitate 
as a pure solid compound. The behavior of radium in  these samples can be 
controlled by different processes : sorption onto s olids, cation exchange 
on clays and co-precipitation on carbonate phases. With acid uranium mill 



tailings, stress has been put on the co-precipitati on with barite 
(BaSO4). In Lengenfeld, the geochemical modeling in dicates that the SO42- 
aqueous concentration is not high enough for such a  process to occur. On 
the contrary, the interaction of radium with carbon ate phases (especially 
on magnesian calcite) is not well-known and further  attention has to be 
paid on it because of the chemical behavior analogy  of Ca, Mg and Ra. 
Underlying Soil 
Few samples have been analyzed (Table VI). The char acteristics of the 
solid phases are quite representative of a river sa nd : wide range of 
particles size (2 to 500 mm), smooth shapes of thes e particles and high 
content of silica. 
The amount of carbonate is lower than in the tailin gs but the amount of 
clays is quite similar. The sodium concentration is  higher in the soil 
than in the residues. 
Table VI 
Radionuclides concentrations have been measured in this layer up to a 
depth of one meter (Table VII). 
Table VII 
The 210Pb/226Ra ratio is about 0.9, which is slight ly lower than in the 
tailings. The contamination plume measured in the u nderlying soil may be 
due to the migration of small tailings particles or  to the migration of 
uranium and radium as ionic species. The 238U/226Ra  ratio is higher 
(0.60) in the soil than in the residues (0.18). Wit hin the tailings, the 
distribution of particles sizes is narrowly centere d on small radius. And 
so, the distribution of Ra and U relatively to the particle size is 
probably quite homogeneous. Therefore, the contamin ation in the 
underlying soil is not only induced by the migratio n of small particles. 
In this case, the ratio would be the same than in t he tailings. The 
discrepancies observed for the different samples ar e probably due to the 
combination of the two processes: migration as part icles and as ionic 
species. During migration in solution, sorption and  precipitation 
reactions are different for Ra and U, and a shift b etween the Ra and U 
migration fronts occurs. 
Only one solution has been analyzed and the data ar e presented in Table 
VI and Table VII. The pH is lower than in the resid ues (8.3) and no 
uranium is detected in this solution. This result i s in good agreement 
with the uranium speciation. In reducing conditions , for pH < 10, uranium 
is present at the tetravalent state and precipitate s as UO2, xH2O. 
Therefore, the concentration level in solution is l ower than the 
detection limit. The distribution coefficient KD of  radium in underlying 
soil is about 1x104 l.kg-1. The radium is always pr esent as a divalent 
cation which can be sorbed on solids like clays, fe ldspars and micas. Few 
data are reported in literature (10, 11) and it is difficult to elucidate 
the mechanisms responsible of this high KD value. 
DISCUSSION 
Over centuries, the rich deposits of metallic ores in the Vogtland county 
were mined intensively. Wolfram ores currently are encountered and 
surrounded with barite veins. After the extraction of this metal, the 
residues are mainly constituted with sands containi ng barite. Before to 
be devoted to the treatment of uranium ores, the pl ant located near the 
site was used for wolfram extraction. Therefore, it  is not surprising 
that this sand, probably present in high quantities  in the near 
environment, as a covering layer. The modeling indi cates that solution 
composition is partly controlled by carbonate phase s. Calcium and 



magnesium concentrations being different in the thr ee samples obtained at 
different depths, one can assume that the carbonate s phases which control 
the system are slightly different at the different levels (calcite, 
dolomite, magnesian calcite). The permeability of t his layer (assuming a 
granulometry closed to 150 mm) is about 5x10-8 m.s- 1 and it is possible 
that an evolution of the system (dissolution and pr ecipitation processes) 
occurs, inducing variations in major elements conce ntrations. More 
detailed characterizations of these carbonate phase s will allow a more 
accurate modeling of the covering layer system. Thi s is an important 
topic for the prediction of the solution compositio n issuing from this 
layer and flowing down the tailings. 
The tailings are constituted of very fine particles  (10mm) in contact 
with reducing basic solutions (pH > 10). Considerin g the solution 
composition, we have assumed that a basic treatment  (probably NaHCO3) has 
been applied to extract uranium. In these condition s (reducing medium, pH 
> 10), the solution composition is controlled by ca rbonates (magnesian 
calcite), by Fe(II)/Fe(III) reactions, and by slowe r and more complex 
organic matter and alumino-silicates evolutions. Ur anium is present as an 
ionic carbonate species (UO2(CO3)34-). As soon as t he pH slightly 
decreases (< 10), uranium precipitates as UO2, xH2O , inducing a lower 
amount of mobile uranium. Considering these data, o ne can assume that as 
long as carbonate phases will be present in the tai lings, the pH will be 
fixed at a value closed to 10. In these conditions,  uranium will be 
present as an anionic mobile species. But after a f ull consumption of 
this solid, the pH will decrease and uranium will b ecome less mobile due 
to its precipitation. 
The speciation of radium in solution is easy to pre dict but few data 
about its sorption onto different kinds of solids a re available. 
Therefore, complementary studies have to be conduct ed on the sorption 
mechanisms which may be responsible of the retardat ion factor of radium 
in the migration process. 
Finally, the analysis of few samples of the underly ing soil has shown 
that the radionuclides have soon reach one meter of  depth. It is 
difficult to elucidate the mechanisms responsible o f this plume. However, 
the 238U/226Ra ratio was sufficiently different fro m those measured in 
the tailings to led us to assume that this plume ca nnot be due to the 
single movement of fine tailings particles. More pr obably a combination 
of several processes is involved. 
This study has also allowed to build a part of the history of the site. A 
basic chemical treatment has been applied to differ ent kinds of ores 
which have been submitted to an intensive milling. Therefore, a 
comparison with others sites containing analogue re sidues will be 
possible, in order to improve our knowledge on the history of this site. 
Moreover, the tailings have been deposited in this valley 30 years ago. 
They are saturated with water and we can assume tha t the weathering of 
the solids have soon begun. Particularly, the micro scopic observations of 
the different minerals will bring some information on the behavior of 
radium in these weathering process (incorporation, surface sorption). 
These data are necessary to predict the long term b ehavior of the 
contaminants and therefore, to build a strategy for  the long term 
management of this kind of residues disposal. 
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ABSTRACT 
An integrated analysis of a tailings impoundment, E CARPIERE (Western part 
of France) was performed in order to get a good und erstanding of the 
behavior of radionuclides and associated heavy meta ls. 



Three drill holes performed on the tailings impound ments (former open-pit 
and ring dyke) give a good outline of the mineralog ical and geochemical 
modifications accruing in the tailings which, in so me cases, have been 
stored for nearly 40 years. 
Mineralogical and geochemical investigations of the  solid fraction and 
isotopic charac 
terization of the tailings pore water were made fro m the top to the 
bottom of the storage all along the drillcore ; the y lead us to the 
conclusion that the stored tailings have undergone a significant 
diagenesis. 
  Mineralogical Modifications consist of : 
-     precipitation of new mineralogical paragenesi s: smectite, gypsum, 
barite, hexavalent uranium minerals ..., 
-     dissolution of residual minerals such as sulf ides, feldspars, 
biotite, monazite, etc.... 
-     close relationships between some heavy metals , radionuclides and 
the newly formed minerals. 
  Leaching Test performed on both stored and fresh tailings lead to the 
same conclusions as mentioned above. The radionucli des and associated 
heavy metals releases are higher in a fresh tailing s than in a stored one 
; development of smectite does not appear in fresh tailings. 
  The 230 Th/226 Ra and 226 Ra/210 Pb ratios are in  desequilibritum in 
the acidic tailings. 
The main conclusion of these studies is: a tailings  impoundment is not 
inert, deep modifications appear short time after t he deposit especially 
in the saturated zone of the tailings. These modifi cations will have an 
influence on the mobility of the radionuclides and heavy metals in the 
tailings and consequently on their release toward t he environment. 
INTRODUCTION 
Uranium mining activities started in FRANCE in the early fifties and 
during more than 40 years 70.000 tons of uranium ha ve been produced; 
uranium was mined in there main uranium districts l ocated in hercynian 
leucogranites, permian black shales and tertiary sa ndstones. These 
deposits are mainly vein types, episyenite body and  stratoid lenses. 
Uranium was recovered by dynamic or static leaching  using acidic and 
alkaline solution, 46M.Tons of waste (29 M.Tons of tailings and 17 M.T of 
heap leaching wastes) were produced and stored on t he mill sites or in 
the vicinity of them. 
In order to reduce the impact of our mine sites (op enpit - underground 
mines, tailings impoundments, mill facilities, heap  leaching dumps) 
remediation works have been undertaken on the 170 m ine sites with the 
following principles and objectives :  
Principles: 
  Highest efficiency 
  Final impact must comply with regulatory constrai nts 
  Residual impacts are made as low as reasonably ac hievable 
  Large information and participation of the public . 
Objectives: 
  Long terms stability of the remediated area 
  Prevention of intrusion 
  Control and limit the long term radiological impa ct 
  Choice of natural barriers to rely on passive con trols and reduce 
future technical supervision requirements 



  Reduction of the total land consumption and need for institutional 
control 
  Integration into the surrounding landscape, and i f possible future use 
of land 
  Project technically and economically workable. 
Ecarpiere Uranium Deposit  
ECARPIERE is located in VENDEE W.FRANCE 
  Mining (underground - open pit) 1953 - 1990 
  Milling (9300 kt 1,5 /) 1957 - 1991 (acidic treat ment) 
  Heap leaching (4000 kt 0,4 /) 1967 - 1991 
-    Remediation 1991 - 1995 (Recontouring, Cover, Drainage + Water 
treatment) 
-    Open pit mining............................... ........115 ha 
-    Mill.......................................... ....................6 
ha 
-    Heap leaching facilities...................... .........16 ha 
-    Underground mining installations.............. .12 ha 
-    Heap leaching waste dump...................... .....9 ha 
-    Mill tailings impoundment..................... ....73 ha 
-    Waste water collecting zone................... ......9 ha 
Tailings (7 M tons) from l'ECARPIERE have been stor ed behind a ring dyke 
for more than 30 years; to reduce radon emanation a nd water infiltration 
the tailings are covered by a multilayer cover. 
PETROGRAPHY AND MINERALOGY 
There drill holes (C1 - C2 - C7) were performed on the tailings 
impoundments in order to get a representative sampl e which allowed us to 
study the petrography, mineralogy and geochemical c haracteristics of the 
tailings from the top to the bottom. 
Two types of minerals can be observed : 
  The main clastic minerals representing the nature  of the initial 
hostrock and the ore paragenesis; these minerals ar e : quartz, feldspars 
(Na - K), muscovite, biotite, smectite1 (Al rich), calcite, zircon, 
pyrite, monazite, tourmaline, fluorite, iron and ti tanium oxides ; other 
rare minerals such as marcasite, covellite and grap hite are sporadically 
found. 
  The second type of minerals can be considered as authigenic, they 
appear as a cement in all the samples ; gypsum, bar ite, jarosite, uranium 
phosphate, uranium vanadate, uranium lead silicate,  aluminous rare earth 
phosphates, iron oxydes and hydroxides, iron phosph ate, amorphous 
silicate and smectite 2 (Fe rich). All these minera ls cristallize after 
deposition of the tailings and a mineralogical zoni ng can be observed 
from the top to the bottom of the storage : the sme ctite to illite ratio 
increases with depth. 
There is a close relationship between the percentag e of clay minerals and 
the radionuclides (226Ra) content. 
The dissolution of pyrite, the formation of ion oxy hydroxides around 
clastic and authigenous minerals, the recrystalliza tion of hexavalent 
uranium minerals and the development of Fe smectite  indicate the 
diagenetic evolution of the tailings. All these aut higenic minerals are 
not observed in fresh tailings coming from the mill . 
LEACHING TEST DATA 
Leaching Data 



Results on the contaminant releases from the cored mill tailings show 
that sulphates (mainly gypsum) are mobilized. Urani um and other heavy 
metals are not released. 
The release of 226 Ra is correlated to gypsum and n ot to barium. After 
gypsum is totally leached, radium mobility is weake r. 
Some tests were carried out in the same conditions on a fresh and stored 
mill tailings of a Limousin plant (same acid hydrom etallurgical process). 
They revealed the same significant difference towar ds the mobility of 226 
Ra. 
In fresh mill tailings, 226 Ra is released in signi ficant amounts, even 
after the sulphates leaching, whereas it is much lo wer in an aged mill 
tailings sample. As mentioned above no recrystalliz ation of authigenic 
minerals such as smectite, gypsum, barite etc..... have been described in 
fresh samples. 
This behavior can be explained by the diagenesis th at the tailings have 
undergone during their storage. 
GEOCHEMISTRY 
Major and Trace Elements Data From the Solid Tailin g Samples 
The geochemistry of the tailings depends on 1) the nature of the ore, 2) 
the chemicals added during the milling process such  as H2SO4, NaClO3, and 
CaCO3 and Ca(OH)2 and 3) possible elements added th rough water treatment 
such as Ba. 
A relatively regular evolution with depth is noted.  The Mg, Ni, V, Cr, 
Co, Cd, Ti and Fe contents increase from the base t o the top of the 
tailings pile whereas the Cs, Be, Bi, Ge, In, Ga, R b, Sn, Ta, W and Nb 
contents decrease. This reflects a change of the pr ocessed ore type from 
hosted granitic ore to hosted metamorphic ore.  
The behavior of Ba, Mo and Sr is variable and there  is no relation 
between Ba and K2O. This is probably due to the occ asional addition of 
sludges resulting from the water treatment on the t op of the tailings. 
In solid tailings sample, 226 Ra is best correlated  with PO4. 
Geochemical Data From the Porewater Samples 
The shape of the vertical profile of radium is roug hly similar to the 
gamma ray profile and to the Sr profile. They linea rly increase from the 
top to about 14 meters deep and then decrease in th e water satured zone. 
At this depth, there is also a higher Ba and U cont ent in the water 
coupled with a depletion in the solid fraction. 
Some elements increase with depth such as Si and Al . For several elements 
the last two porewater samples are different. 
URANIUM SERIES DISEQUILIBRIUM 
Analytical Methods 
The 238U, 230Th, 226Ra and 210Pb activities were me asured by gamma 
spectrometry on 20g of dried samples. 
238U, 230Th, 226Ra and 210Pb Activities 
The 238U, 230Th, 226Ra and 210Pb activities vary fr om one layer to 
another. 
As an example for C1, the average activities of the  mill tailings are : 
-    1475 Bq/kg of 238U, 
-    23900 Bq/kg of 230Th, 
-    20500 Bq/kg of 226Ra, 
-    25400 Bq/kg of 210Pb. 
The residual 238U activity represents from 1 to 12%  compared to the 
activity of 230Th.  
It increases at the bottom of the tailings. 



The 230Th/226Ra and 226Ra/210Pb activity ratios dev iate from 1 in the 
mill tailings. In the C1 and C2 holes the 226Ra/210 Pb activity ratio 
increases with depth from about 0.75 to 0.95 wherea s in the third one it 
remains constant at about 0.8. 
The disequilibrium rapidly reverses in the substrat um and the activities 
decrease drastically. The 230Th/226Ra activity rati o are higher than 1 in 
the mill tailings and strongly increase in the surf ace altered zone of 
the granite, just below the tailings. 
The values of 226Ra/210Pb ratio below 1 indicate th at the isotopes have 
been leached differently in the tailings. 
CONCLUSION 
The main conclusions from this study are  
1. The mill tailings have undergone a significant d iagenesis during the 
last 30 years with the neoformation of minerals (sm ectite, gypsum, 
barite, hexavalent U-minerals) and the dissolution of residual minerals 
(pyrite, feldspars ?...). 
2. The 230Th/226Ra and 226Ra/210Pb activity ratios are in disequilibrium 
in all the mill tailings indicating a different beh avior of the radio-
isotopes during diagenesis. The radium content of t he porewaters range 
from 1Bq/l to 12Bq/l. 
3. The leaching behavior of radium and other metals  is different in fresh 
and stored tailings. 
4. The geochemical characteristics of the porewater  in the unsaturated 
and the saturated zones are different and the conta ct is the location of 
some metals deposition. 
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ABSTRACT 
Most organizations are experiencing changes which i nclude downsizing, 
funding cutbacks, shifts in workforce, new missions , new funding sources 
which demand a swift reaction to train or re-educat e the workforce.  
Those organizations that continue to remain competi tive have been able to 
accommodate to the changes imposed by a technologic al society using 
technical training materials incorporating the late st Instructional 
Systems Development (ISD) technology. 
Only 10% of all trainers are familiar with the late st technology in 
distance education.  The remaining 90% prefer tradi tional tools for 



teaching and training (stated at a '95 American Soc iety of Training and 
Development [ASTD] Conference).  Recently, NETN bro adcast a "meeting of 
the minds" to teachers across the U.S., wherein aca demics came together 
to discuss the pros and cons of technology and medi a in the classroom.  
They determined that chalkboards, flip charts, and pen and pencil tests 
far outranked ISD technologies such as interactive advertising on 
television, CD-ROM-based training, in popularity an d usage.  Yet today's 
workforce is exposed to new technologies and their uses on a daily basis.  
Talk show hosts use video telephones, industrial mo guls are experimenting 
with selling products using interactive advertising  on television, and 
business executives have equipped their satellite o ffices with 
videoconferencing equipment to cut down on travel t ime.  More and more 
information from executives and their employees is prepared and presented 
in new formats involving multi-media. 
Environmental issues have had such a substantial im pact on the way we 
live and do business over the past several years, i t is imperative that 
up-to-date training is available.  This training mu st be easily 
accessible and affordable.  Distance Learning using  ISD meets this 
criteria. 
INTRODUCTION 
Only 10% of all trainers are familiar with the late st technology in 
distance education. The remaining 90% prefer tradit ional tools for 
teaching and training (stated at a '95 American Soc iety Training and 
Development [ASTD] Conference). Recently, NETN broa dcast a "meeting of 
the minds" to teachers across the U.S., wherein aca demics came together 
to discuss the pros and cons of technology and medi a in the classroom. 
They determined that chalkboards, flip charts, and pen and pencil tests 
far outranked ISD technologies such as interactive television, CD-ROM-
based training, in popularity and usage. Yet today' s workforce is exposed 
to new technologies and their uses on a daily basis . Talk show hosts use 
video telephones, industrial moguls are experimenti ng with selling 
products using interactive advertising on televisio n, and business 
executives have equipped their satellite offices wi th videoconferencing 
equipment to cut down on travel time. More and more  information from 
executives and their employees is prepared and pres ented in new formats 
involving multi-media. 
It is incumbent upon both the student and the emplo yee to stay abreast of 
the new communication technologies. With the digita l revolution, anything 
can be rearranged, cut apart, and mixed with anythi ng else that is 
digital. It is possible to create a digital manual that can be called up 
on a home computer. So many things are possible: in teractive television, 
video phone calls, long distance learning. The ques tion that must be 
answered first is what will the audience members re adily accept? The 
questions of cost, duration, quality and effectiven ess must follow, and 
be answered in light of the changing mission, cultu re, and objectives. 
Traditional classroom/workshop training methods, wh ile familiar and 
proven, cannot supply training that crosscuts all E M components with the 
same efficacy as ISD technologies. The computer lit eracy of the workforce 
is on the rise, and the availability of travel/trai ning dollars is in 
decline, thus ISD technologies are the best hope fo r softening the 
culture shock of organizational change, as well as using the existing 
skills of the workforce in the most efficient manne r possible, while 
demonstrating considerable cost savings. As Secreta ry Hazel O'Leary 
pointed out in her May 3, 1995 address, an annual s avings of $175 M can 



be achieved for DOE in part by the use of videoconf erencing (an ISD 
technology) for training. 
Just as on-line software companies are struggling t oday to define 
themselves, to come up with something distinct that  will make them stand 
out, so too, must learning programs carry a distanc e and unique label, 
focusing on both the network and the content. Learn ing objectives must 
not only be delivered by the latest technology but produced in a visually 
(if the technology is television) exciting manner. 
In the business arena marketing strategies have mov ed from highlighting 
the technologies to heralding the services. The spo tlight is now upon the 
customer. At NETN, we always begin with the custome r. 
The University of New Mexico has established a hist ory of ISD technology 
courses for two national laboratories in the Albuqu erque area: Sandia 
National Laboratory and Los Alamos National Laborat ory. These full-credit 
academic courses are broadcast to 30 industry sites  in the Albuquerque 
area via a line of site microwave antenna utilizing  an instructional 
television fixed system (ITFS). Over 60 engineering  courses are broadcast 
each semester, establishing UNM as a leader among u niversities with total 
quantity of academic course broadcast. Selected aca demic courses are also 
broadcast through the National Technological Univer sity (NTU) in which 
UNM is honored to participate as a member universit y supporting their 
national engineering curriculum utilizing distance education. As Lionel 
Baldwin, NTU President stated at a recent meeting, NTU has become a 
"virtual" university. 
The following phases are suggested to identify, mod ify, and develop 
technical training materials (distance learning, co mputer-based training, 
video-based courses, interactive television courses , etc.) to maintain an 
informed, effective DOE workforce. The process will  facilitate selection 
of the most appropriate ISD technology based on mat erial, audience, 
budget, and timeframe. 
Research/Data Collection 
Conduct a needs assessment of receiving locations b y utilizing 
comprehensive survey methods including telephone, f acsimile machines, 
computer, electronic mail, etc. Using the strategy to study the 
technology most effective for education and trainin g, the material can 
then be customized to fit the exact needs of the in tended audience. 
Hardware Inventory and Trainers 
Implement the same comprehensive technological surv ey techniques to 
assess the equipment inventories at the receive sit es, which would be 
used to determine the methods of receive capability . The hardware would 
facilitate accessible technologies in five major ar eas: 
a) Originating Site - Broadcast Capabilities, Uplin k/Broadcast/Production 
b) Receiving Field Offices - Receiving 
Capabilities/Downlink/Monitors/Phones/Faxes/Compute rs 
c) Training Rooms - Physical Room Arrangements/ISD Equipment Available 
d) Individual Work Stations - How many and composit ion at each facility 
e) Trainers -  To participate (EM & Field) 
  -    Background of experience in ISD 
  -    Organizational reporting issues 
  -    Time available to participate in new and inn ovative ISD  
        training opportunities 
Audience Evaluation 
Evaluate ISD technologies available to all levels a nd organizations to 
determine the access and availability to every indi vidual as well as 



groups. Establish Advisory Group composed of traine rs from field offices, 
representatives, and contractors to oversee project s. Technologies 
surveyed will include traditional chalkboards, as w ell as computer 
programs, faxes, modems, VCR's, and monitors, CD RO M capability, 
Internet, electronic mail, two-way interactive comp uters, and downlink of 
satellite feed. 
Competency Level of Employees 
Employees will be evaluated for basic understanding  of equipment usage by 
the following: a) determining employee preference f or and use of 
instruments/media, b) testing on familiarity with e quipment, and c) 
logging usage of various technologies 
Competency Level of Trainers 
Trainers/facilitators will receive evaluations para llel to those of 
employees to determine their competency and skill i n using the various 
technologies for general business purposes. Trainer s would appropriately 
demonstrate the same or greater competency and skil l as the average 
employee. 
ASSESSMENT OF ISD ACCESS AND FAMILIARITY WITH TECHN OLOGY 
After completing the assessments determining genera l business usage of 
ISD technologies by employees, basic training would  be initiated to 
achieve a common skill level on all the media ident ified for use by 
trainers for ISD technology training. It is essenti al to consider the 
preferences of both students and trainers in identi fying these courses. 
After the control group has been established in whi ch the 
media/technology/instrument of teaching is the tool , a survey of courses 
currently initialized and developed would be compil ed. A small number of 
target, sample courses (with a mix of student level s) would be 
established as a pilot project. A survey instrument  would be developed to 
determine the elements that would result in effecti ve training. Various 
ISD technologies would be introduced to existing co urses to discover 
their effectiveness for participants at various ski ll levels. 
EQUIPMENTAL DESIGN EVALUATION 
An experimental design would be developed to includ e concurrent 
evaluation of both a control group (the group that takes the course 
without the new introduction of ISD), and an experi mental group 
(introducing the newer ISD for evaluation). 
Qualitative evaluation of training would include (b ut not limited to): 
utilizing the new skills in the job (changing the w ay they are currently 
doing their work as a result of the training), and basic comfort level of 
employers with the new ISD training technology. 
Quantitative issues evaluated would include the num ber of employees 
taking the course in what period of time, the test/ evaluation scores, and 
the basic knowledge tests comparing the results of pre-test and post 
test. Different learning styles/preferences of vari ous groups include: 
ethnic background and gender, geographic location, and workers job 
descriptions/titles relative to ISD preference. 
CONCLUSION 
In addition to learning about the technology, famil iarity with the 
software packages used is important for those who w ill be anxious to 
improve their presentation skills. There are many s oftware packages 
(Adobe, Persuasion, Microsoft PowerPoint, Gold Disk  Astound) that are 
suitable for multi-media presentations. Training wi ll depend upon the 
time and expertise available by both the customer a nd the trainer. 
Presentations have progressed beyond placing transp arencies on an 



overhead projector or writing (with one's back turn ed to the audience) on 
a chalkboard. Today live and full color video can b e incorporated in a 
presentation, along with computer demonstrations an d interactive modes. 
Exploring the technologies available is important i n today's changing 
society. 
Standardizing training materials by converting to I SD formats would 
assure quality and content of material, and maintai n a consistency of 
message within the customers area. ISD technologies  can help students 
cope with the culture shock of technological change , and assist them in 
using their existing skills in the new, high-tech e nvironment. Computer-
based learning methods are similar in presentation to traditional 
methods, thus aiding student receptiveness to new t echnologies. Students 
can work at their own pace and in their own style w ith the adaptable ISD 
technologies, thereby reducing the impact of indivi dual levels of 
competence. Dissemination of information via teleph one, cable, satellite 
and television should be considered with the audien ce in mind. A criteria 
for selection of the technology should include cost , duration (is the 
technology likely to change quickly), quality and a cceptability. 
The outcome of this phase approach is projected to concur with existing 
research literature on ISD technology. However, thi s approach considers 
the employees' unique work environment as well as t he effect of 
decentralization of responsibilities, and the types  of training necessary 
and desirable skills. A variety of options could in clude the combination 
of several technologies, and the length of the lear ning process. 
Combining the human and the hardware in the system is of the utmost 
importance. Today the ability for interaction is gr owing, thus coming 
closer to the ideal communication situation: one-on -one human 
communication where the element of direct feedback is present. 
The phased approach can facilitate a "mix and match " technology 
reflecting the resiliency of government and industr y in adsorbing and 
retraining current and new employees. The survey an d assessments ensure 
the appropriateness of the material to the technolo gy and determines the 
preferred choice of instructors and students. There  is no one tool that 
can solve all problems of information dissemination . It is best to arrive 
at a degree of competency on an arsenal of tools, t o include both the 
familiar and the unexplored. With timelines, budget , priorities, audience 
size, necessity, and the availability of technology , clearly defined, ISD 
technologies can be implemented to help institute n ecessary change in 
mission and culture, and while lining up with Secre tary O'Leary's goal of 
saving millions of dollars and maintaining a highly  effective and well-
trained workforce. ISD technology is a means to suc h goals. 
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ABSTRACT 
The management of waste gas cylinders with unidenti fied contents is an 
issue of far reaching significance. Directly involv ed and potentially at 
risk are thousands of workers at DOD, DOE, commerci al and academic 
facilities where poor storage practices of waste ga s cylinders have 
continued for decades. It is largely accepted that proper 



characterization of the cylinder contents calls for  a chemical analysis. 
Criteria for these analyses have been discussed in Section 5.3.3 
(Compressed Gas Cylinder Handling) of EPA Publicati on 625/R-93/013 
(Approaches for the Remediation of Federal Facility  Sites Contaminated 
with Explosive or Radioactive Wastes). The Publicat ion states that 
examination of the cylinder's exterior (color, mark ings, etc.) is 
insufficient for identification of the contents. Ra ther laboratory 
techniques such as Infrared spectroscopy (IR), gas chromatography (GC) or 
mass spectrometry (MS) are required. Though it is w idely agreed that 
spectroscopic analysis of the unknown material is e ssential, this paper 
will argue that confident identification of the unk nown requires chemical 
expertise and cylinder expertise. Analyses based so lely on GC, MS, IR or 
any chemical data can lead to incorrect identificat ion of the unknown 
regardless of the analyst's skill in spectral inter pretation. The 
erroneous conclusion will lead to incorrect waste c lassification and may 
cause serious worker injury. 
INTRODUCTION 
Compressed gas cylinders are routinely used at an e normous number of 
industrial, commercial, military and research facil ities. The great 
majority of cylinders undergo the intended cycle: t est, fill, use, return 
(recycle, dispose), retest, refill... etc. Cylinder s managed this way 
tend to remain clearly labeled and pose none of the  special problems of 
those with unknown contents. The "unknowns" are usu ally old, abandoned 
containers whose labels are missing or have become illegible due to poor 
storage practices. This includes those left to rust  in factory corners 
and university basements or those waiting for years  "to be processed" at 
gas facilities. Also included are cylinders that ha ve been damaged by 
fire or natural disasters, and those excavated from  chemical "cemeteries" 
at government remediation sites. But even clearly l abeled home-made 
cylinders or those with modified valves should be c onsidered to have 
suspicious and potentially dangerous contents, espe cially if the labels 
are hand written. Cylinders bearing contradictory s igns, such as 
conflicting labels or the presence of liquid where none should be present 
must be considered unknown as well. 
The dangers associated with gas cylinders arise fro m the fact that these 
sturdy containers are used to store materials under  high pressure as well 
as many of the most reactive, and most toxic low pr essure compounds (see 
Table I). Further, it must be recognized that cylin ders are not just used 
for pure gas storage. Cylinders have also been used  to package liquified 
compressed gases, liquids, solids and a great numbe r of commercial, 
industrial and specialty mixtures. Together with th e durability of the 
package, which generally exceeds the durability of the label and valve, 
it is clear that old, unmarked cylinders with faili ng valves may contain 
any of a large number of hazardous materials. The s afe management of such 
cylinders calls for a three step analysis: 1) a det ailed inspection of 
the cylinder and its valve, 2) a chemical analysis of the cylinder's 
contents, and 3) an evaluation of everything learne d from the first two 
steps to determine if the clues paint a consistent picture.  
CYLINDER EVALUATION 
Before laboratory work begins, it is important that  the cylinder be 
examined by a specialist for clues about the intend ed contents of the 
cylinder. This requires being able to identify and interpret cylinder 
markings as well as recognizing the cylinder and va lve construction 
materials - eg. steel, brass, stainless steel, Mone l etc... The analyst 



must be able to identify the valve outlet's Compres sed Gas Association 
(CGA) designation and recognize whether the valve i s the packed or 
packless type. It must be noted whether a pressure relief device is 
present and, if so, where it is located and whether  it is the plug, disk 
or valve type. It is important that all of this inf ormation be noted, as 
the following example illustrates: a rusted cylinde r with a crumbling 
label was found at a DOE facility. The external, le ft hand threaded valve 
outlet was measured and correctly identified as a C GA 350. This outlet 
has been designated for use with many flammable gas es. Had the cylinder 
evaluation been concluded at that point, the conten ts may tentatively 
have been identified as methane or ethane because t he remaining portion 
of the label seemed to bear the letters "ane." Furt her inspection of the 
valve showed that no pressure relief device was pre sent. This additional 
fact indicated that the cylinder was intended for t oxic, flammable gas 
service. Accordingly, the contents were tentatively  identified as silane. 
Laboratory results confirmed this. Of course, one c an not be certain what 
a cylinder contains until the laboratory analysis i s completed. But the 
knowledge that a cylinder may be leaking silane ins tead of methane not 
only simplifies the work, it may also prevent serio us worker injury. 
SAMPLE COLLECTION AND MANIPULATION 
In the Field  
The preferred way to collect a sample of an unknown  gas is to bring the 
unidentified cylinder to the lab. Doing so eliminat es uncertainties in 
the following; the original cylinder's pressure, th e ambient temperature 
and pressure, and the state(s) of matter in the ori ginal cylinder eg. gas 
only, gas and liquid... In most cases, though, this  is not allowed by the 
U.S. Department of Transportation. Once transferrin g becomes necessary, 
it should be done with careful attention to safety issues and in such a 
way that the sample is truly representative of the unknown. That means 
the manifold (the system of valves and tubing) thro ugh which the sample 
is transferred, and the receiving vessel be properl y cleaned and 
evacuated. Likewise, the materials from which the m anifold components are 
made and even the valve lubricants must be judiciou sly chosen for 
compatibility. The fact is, many highly reactive ma terials will be 
chemically altered by the presence of small amounts  of air or water or on 
contact with so-called non-reactive polymers. The r esult is that the 
micro sample that finally reaches the spectrometer may not be the same as 
the remainder of the unknown. 
In the Lab  
Gas samples are best handled with a manifold. This stands in contrast to 
liquids and solids which often are prepared as solu tions and delivered to 
analytical instruments using syringes. The idea is to attach the cylinder 
to the manifold in a leak tight fashion and deliver  the sample to each of 
the instruments via plumbing - not by walking throu gh the lab with the 
sample in hand. The manifold should be located in a  forced-air fume hood 
and be equipped with gauges for coarse and fine pre ssure/vacuum 
measurement, emergency backup valves and check valv es, a finely 
controlled needle valve, and chemical scrubbers on both the vent and 
vacuum side. The sampling manifold should be constr ucted according to the 
same guidelines as the transfer manifold, with care ful thought given to 
chemical compatibility. A separate manifold should be freshly passivated 
and used any time the unknown is suspected of being  a potent oxidizer eg. 
fluorine, oxygen difluoride, chlorine trifluoride o r other interhalogen 



compounds. The reaction of strong oxidizers with mo st organic compounds 
(oils, grease, residue from last sample) is general ly explosive. 
CHEMICAL ANALYSIS  
For an analysis to be done correctly, it must be re cognized that 
cylinders may contain gases, liquids, solids, or co mbinations of 
materials in different states (see Table I). Furthe r, there may be an 
equilibrium between the states, such as that with l iquid and gaseous 
ammonia. Or there may be no gas-liquid equilibrium,  as with nitrogen and 
pyrophoric liquids. Or there may be more complex eq uilibria at work, such 
as those between liquid phosphine, gaseous hydrogen  and gaseous 
phosphine. Because of these equilibria, it is possi ble that a cylinder 
with high pressure may actually be almost empty, wh ereas one with no 
pressure may be full. All of this must be considere d in order to properly 
interpret the results. 
Table I 
Confident identification of the gas in an unlabeled  cylinder is best 
achieved by using two unrelated spectroscopies. The  best tools known to 
the author for this purpose are Infrared (IR) spect roscopy and mass 
spectrometry. Gas chromatography is certainly an im portant analytical 
technique but it is by no means the starting point of unknown gas 
analysis. The principle reason is that GC data prov ide quantitative, not 
qualitative information. Analysis of the liquid or solid may also be done 
spectroscopically or may require wet chemistry meth ods. 
Infrared Spectroscopy  
A Fourier transform infrared (FTIR) spectrometer, e quipped with a robust 
gas cell, is ideal for unknown gas analysis for sev eral reasons. To begin 
with, the vast majority of materials packaged in cy linders are IR active 
. Further, the computer, which is present in all FT -type instruments, 
makes it simple to scan a sample -say 30 times, sig nal average, display, 
and store the result to computer memory in less tha n five minutes. The 
same computer can be used to quickly compare the sa mple spectrum to 
spectral libraries in search of a best match. To be  done effectively, the 
libraries should contain 10,000 gas phase spectra a nd an additional 
10,000 or so condensed phase spectra. Such librarie s are available 
commercially. 
Once the library search results are presented, howe ver, the analyst must 
decide whether the results are believable. For non- reactive, pure 
compounds spectral interpretation is straightforwar d. The job is more 
difficult with non-absorbing or weakly absorbing ma terials and with 
mixtures. "Mixtures" includes compounds deliberatel y mixed by the 
chemical supplier, materials deliberately or accide ntally mixed by the 
previous user, and the reaction of the sample with manifold residues. 
Very little deviation from a library spectrum is al l that is required to 
make the search results confusing. Clearly the anal yst must be skilled in 
spectroscopic interpretation. 
There are several shortcomings with the use of IR f or unknown gas 
analysis. To begin with, not all materials are visi ble in the IR. The 
diatomics, hydrogen, nitrogen, oxygen, fluorine, ch lorine and bromine are 
invisible. Likewise, the Noble gases, helium, neon,  argon, krypton, and 
xenon are invisible. Further, compounds that are re lated structurally or 
chemically, like propane and butane, are quite diff icult to distinguish. 
Next, the absorption strength of all compounds is n ot equal. For example, 
dichlorodifluoromethane (a refrigerant) absorbs ver y strongly at low 
concentration. A much higher concentration of hydro gen cyanide (highly 



toxic) is required to observe the same size signal.  Therefore, mixtures 
of compounds with differing absorption sensitivitie s will be 
disproportionately represented in the spectrum. The  only way to know the 
true concentrations is to compare the sample spectr um to a reference 
mixture spectrum. It follows that if a weakly absor bing gas is present in 
a mixture at low concentration, it may be missed al together.  
Mass Spectrometry  
As mentioned above, it is important that a second, unrelated analytical 
technique be included before reaching a final concl usion. Mass 
spectrometry (MS) is an excellent candidate for thi s position for three 
reasons. 1) MS is an extremely general technique - useful for the 
detection of hundreds of thousands of compounds, 2)  it is not "blind" to 
any of the gases listed in the previous paragraph a nd 3) as required, the 
principles of operation are completely unrelated to  those of IR 
spectroscopy. 
Standard benchtop mass specs equipped with electron  multiplier detectors 
are sufficient for the job. Likewise, the so-called  "mass spec 
detectors," basic, computer operated mass specs tha t are marketed as 
detectors for gas chromatographs, are also quite ad equate, but 
modifications must be made to accommodate direct sa mple introduction. As 
with the IR, multiple scans are easily averaged and  the result compared 
to commercial libraries. One of the more common lib raries has roughly 
70,000 spectra. Once again, the computer search alg orithm will assign a 
low match quality if the sample and reference spect ra do not match very 
closely. Analysis of a cylinder of tetrafluorosilan e (SiF4), for example, 
contaminated with a little moist air will give a si ngle (confusing) mass 
spectrum that combines all the features expected fo r SiF4, in addition to 
those of hydrogen fluoride, oxygen, nitrogen, carbo n dioxide, water and 
the minor components of air. It is essential, there fore, that the analyst 
be skilled in spectroscopic interpretation. 
RECONCILIATION OF CYLINDER EVALUATION AND CHEMICAL ANALYSIS 
After interpreting the chemical data, it is imperat ive to review the 
cylinder evaluation to determine if the results are  consistent and if 
there is a need for chemical analysis of the conden sed phase. There are 
innumerable examples of how failure to properly rec oncile all 
observations can lead to an incorrect conclusion an d disaster. Here are 
two: 
Example 1 A low pressure cylinder containing liquid  is too large to be 
transported as an unknown (USDOT guidelines). A gas  phase sample is 
collected and brought to the lab for analysis. The results are reported 
as a few percent ethane in nitrogen at <5 psig. The  incorrect conclusion 
is that the sample and original cylinder contain et hane in nitrogen. This 
is either a calibration mixture or accidental conta mination. A disposal 
or recycling plan should be developed according to the flammability 
limits of ethane. 
A careful cylinder evaluation would reveal the foll owing inconsistencies: 
neither ethanenor nitrogen tend to be packaged in l ow pressure cylinders. 
The cylinder contains liquid and has a 5 psig head pressure, yet the 
equilibrium vapor pressure above liquid ethane is 5 43 psig @ 70oF. The 
correct response is that the gas phase sample is no t representative of 
the liquid. This cylinder may contain a pyrophoric material such as an 
ethyl aluminum compound. Suppliers typically ship t hese liquids in low 
pressure cylinders slightly pressurized with nitrog en. It is common to 
find a little methane gas above trimethyl compounds , ethane gas above 



triethyl compounds, etc... Opening such a cylinder in the presence of air 
will cause a spectacular fire, spontaneously. A che mical analysis must be 
done directly on the liquid phase.  
Example 2 A small, 30 year old cylinder with a CGA 320 outlet is known to 
contain liquid. Laboratory analysis clearly indicat es the cylinder 
contains methyl chloride. This is determined by two  factors: 1) the close 
match of the unknown FTIR spectrum with reference s pectra (Fig. 1) and 2) 
excellent agreement of the measured vapor pressure (59 psig @ 70oF) with 
the literature value. The hasty conclusion would be  the following: based 
on the certainty of the spectral results and the ma tch with the expected 
vapor pressure, the cylinder contains compressed, l iquified methyl 
chloride. Handle accordingly. 
An experienced cylinder analyst would note that CGA  510 or 660 outlets 
are typically used for methyl chloride. The absence  of the prescribed 
outlet for this compound may indicate that the cyli nder contains an 
additional low pressure material not observed in th e gas phase. Pesticide 
manufacturers often included methyl chloride as a p ropellant for the 
"active" ingredients. The mixture was packaged in c ylinders often fitted 
with CGA 320 outlets. For example, 5-10% mixtures o f highly toxic organo-
phosphates in methyl chloride have been marketed un der the trade names 
Phosdrin or Nifos T. These compounds have LD50s of 1-2 milligrams per 
kilogram of body weight. A proper analysis requires  checking for a second 
component. To do so, the cylinder should be inverte d in a laboratory fume 
hood and a few drops of liquid carefully delivered.  Failure of the entire 
sample to evaporate instantly indicates a material other than methyl 
chloride is present. The FTIR spectrum of the resid ual liquid (Fig. 2) 
verifies the presence of the toxic material. Clearl y even a skilled 
chemist who lacks cylinder experience is likely to conclude the analysis 
with the identification of methyl chloride. If the precautions taken 
during the disposal of this improperly identified c ylinder are suitable 
only for methyl chloride, the workers are likely to  be poisoned. 
Fig. 1 
Fig. 2 
These are some examples of how a disaster can arise  from incorrect 
conclusions based upon sound scientific information . It is clearly seen 
then, that in order to properly and safely manage c ylinders with 
unidentified contents, it is essential that a thoro ugh chemical analysis 
go hand in hand with a thorough cylinder analysis. 
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ABSTRACT 
The Resource Conservation and Recovery Act mandates  formal public 
involvement at the corrective measures stage of any  environmental 
restoration activity. At Los Alamos National Labora tory, the 
Environmental Restoration Project has exceeded legi slative requirements 
in its approach to public involvement. 



However, formal public meetings are not particularl y successful, 
especially in an area of substantial economic and r acial diversity. In 
the past, activists have monopolized the Laboratory 's formal public 
meetings. 
To ensure that a broad cross-section of the public participates, the 
Environmental Restoration Project at Los Alamos has  developed an approach 
that involves a much broader variety of stakeholder s in making 
recommendations on various remediation activities. This approach consists 
of attending community meetings and familiarizing d ifferent 
constituencies with the purpose and goals of the En vironmental 
Restoration Project. Attending community meetings h as helped Los Alamos 
and our neighbors build a more positive relationshi p based on mutual 
respect and trust. 
As a direct result of this different approach, comm unity representatives 
have volunteered to participate in a focus group th at will work together 
on issues of concern and interest. 
PROACTIVE PUBLIC INVOLVEMENT STRATEGIES FOR THE ENVIRONMENTAL RESTORATION 
PROJECT AT LOS ALAMOS NATIONAL LABORATORY 
Located in the northern mountains of New Mexico, ap proximately 32 miles 
northwest of Santa Fe, Los Alamos National Laborato ry occupies a unique 
position in the Department of Energy's nuclear comp lex. It was at Los 
Alamos during the "Project Y" years that scientists  from Europe and the 
United States worked together to develop and test t he first nuclear 
weapon, thus heralding the beginning of the "nuclea r age."  
Development of the first nuclear weapon also initia ted the problem of 
addressing the radioactive and hazardous waste gene rated by this project. 
Although the dangers of acute radiation were known at that time, no one 
knew with any certainty the environmental problems that could be created 
if waste products were buried for extended periods of time. The long-term 
health and environmental effects of liquid waste dr ained into the canyons 
also was not known. The canyons that cross the Los Alamos National 
Laboratory site all flow to the Rio Grande. 
Los Alamos National Laboratory and Los Alamos count y are surrounded by 
the communities of Santa Fe, Espaola, and several I ndian Pueblos, the 
closest of which are San Ildefonso Pueblo, Santa Cl ara Pueblo, San Juan 
Pueblo, and Cochiti Pueblo all located adjacent to the Rio Grande. 
To address past releases from research and developm ent activities at the 
Laboratory, the Department of Energy in 1989 establ ished the 
Environmental Restoration Project (ER Project). The  ER Project 
established the following goals:  
  to protect human health and the environment from exposure to releases 
of hazardous and mixed wastes from historical treat ment, storage, and 
disposal practices at the Laboratory; 
  to meet the environmental cleanup requirements of  the Laboratory's 
permit to operate under the Resource, Conservation and Recovery Act 
(RCRA), specifically Module VIII, which governs ER Project activities 
(Module VIII was issued in May 1990 and modified in  May 1994); and  
  to perform timely and cost-effective cleanup acti vities. 
Module VIII requires the Laboratory to establish a community relations 
plan for the ER Project. The following elements wer e required as part of 
the community relations plan: 
1. establish an active mailing list; 
2. conduct informal public meetings; 



3. prepare fact sheets, news releases, work plans, final reports, and 
quarterly progress reports; 
4. establish a public information repository and re ading room; 
5. place updated materials in the information repos itory and reading 
room; 
6. conduct public tours and briefings, and solicit public concerns; 
7. prepare quarterly technical progress reports for  the Administrative 
Authority; and 
8. establish procedures for immediate notification of San Ildefonso 
Pueblo or other affected parties in case of a newly  discovered off-site 
release that could have a potential impact. 
In addition to the requirements of the Hazardous an d Solid Waste 
Amendments (HSWA) permit, the ER Project follows th e requirements of the 
Comprehensive Environmental Response, Compensation and Liability Act 
(Superfund) by establishing an administrative recor d for the ER Project. 
The Laboratory also follows the public involvement requirements under 
Superfund, although it is not a Superfund site. 
The first public information meeting for the ER Pro ject was held in May 
1992 at three locations: Santa Fe, Espaola, and Los  Alamos. The format of 
these meetings was informal: It consisted of an ope n house with project 
exhibits and staff available to answer any question s. A limited amount of 
time was available for a general briefing and a que stion and answer 
period. An average of three meetings each year were  held until March 
1994. These meetings were different from the formal  public hearings 
mandated by the HSWA permit. Although initial atten dance at these public 
meetings was good, attendance decreased significant ly during 1994. The 
public meetings generally attracted representatives  of special interest 
groups whose agendas did not necessarily include en vironmental cleanup 
issues. The ER Project felt that in holding these p ublic meetings it did 
not really reach its intended audience. As a result , the ER Project 
decided that this approach was not cost effective a nd discontinued these 
meetings; it also decided to find an approach to re ach a broader section 
of the interested public, including state regulator s, local government 
officials, community service organizations, Indian Pueblos, and ordinary 
citizens. 
In its first effort, the ER Project conducted a day -long brainstorming 
session for the northern New Mexico public. ER Proj ect staff and the 
public addressed their information needs, how the p ublic could provide 
meaningful comments on decisions, and how ER Projec t staff and the public 
could interact more effectively in the future. 
With this information, the ER Project then formed a  working group 
consisting of ER Project staff, DOE representatives , and interested 
Laboratory organizations. This working group design ed an approach that 
consisted of informal conversations based on a stan dard set of questions. 
The working group felt that this approach, rather t han conducting formal 
surveys, would provide the ER Project with better q ualitative information 
and would better serve the public involvement proce ss in the complex, 
multicultural environment of northern New Mexico. T he working group 
identified a cross section of the northern New Mexi co population and 
organizations that represented the diversity in nor thern New Mexico. 
Interviewees included elected officials, agency sta ff, ethnic and peace 
organizations, the media, educators, representative s of the business 
community, and other interested citizens. Approxima tely 42 individuals 



were identified; these individuals were interviewed  between June and July 
of 1994. 
A team consisting of an experienced interviewer and  a technical staff 
member from the ER Project conducted the interviews . Appointments were 
scheduled at the interviewees' choice of location a nd time, which 
necessitated travel as far south as Albuquerque and  as far north as Taos. 
Including technical staff as part of the interviewi ng team enriched the 
information received from the interviewees and crea ted positive feelings 
about the ER Project and Laboratory staff. 
The interviews provided information about the Labor atory's impact on the 
northern New Mexico communities, assessed the inter viewees' awareness and 
knowledge about the ER Project, identified issues t hat were of concern to 
them, and explored their ideas about how to encoura ge community 
participation in the public involvement components of the project. Most 
importantly, the interviews broadened the dialogue between ER Project 
staff and representatives of organizations or commu nities. 
Community concerns focused on the Laboratory's prof ound economic and 
social impact on northern New Mexico. Whether suppo rtive or antagonistic 
toward the Laboratory, interviewees agreed that the  Laboratory's presence 
in northern New Mexico is of benefit to many of the  surrounding 
communities. It is very important to the public tha t the Laboratory and 
its employees be sensitive to the indigenous people  and their cultures. 
Almost all interviewees addressed trust and honesty  issues. The culture 
of secrecy that has been associated with the nuclea r complex has been 
detrimental to any trust the neighboring communitie s and individuals 
representing them have in the Laboratory and the De partment of Energy. 
Health and environmental concern also rated high in  the interviews. 
Contamination of aquifers, surface waters, and air and soil is of great 
concern to our neighboring communities. The intervi ewees voiced their 
concerns about Laboratory operations affecting thei r families' health 
through possible contamination of their food suppli es. Many people in the 
communities surrounding the Laboratory have vegetab le gardens and raise 
their own livestock or hunt deer and elk for their food supply. 
In talking about these issues with the interviewees , their feedback 
almost unanimously showed that they 
  much appreciated the personalized interview appro ach; 
  would welcome presentations at meetings of commun ity service 
organizations and local government agencies; 
  trust their local community leaders and encourage  the ER Project to 
foster closer relationships with them; and 
  strongly favor one-on-one contacts with the Labor atory technical staff 
as a means of exchanging information. 
Suggestions from the interviewees to improve public  involvement 
activities included 
  working with existing groups and identifying comm unity and business 
leaders in the community. Public meetings are good but not effective in 
reaching the larger community. "Why not come to us instead of having us 
come to you?" 
  emphasizing to the leaders in the community the n eed for their 
communities to participate in the Laboratory's envi ronmental restoration 
and waste management activities.  
  limiting public meetings. If public meetings are necessary, set a fixed 
time limit; involve the public in setting the agend a; establish 
boundaries of discussion before the meeting and req uest that people stick 



to selected topic; value the opinions of people who  attend meetings and 
ask people to submit questions before meetings. 
  designing tours that specifically target communit y leaders and school 
children. Tours would include cleanup sites (both u ndergoing cleanup and 
restored sites) and science (walking) tours, such a s geological tours. 
Interviewees suggested that people in northern New Mexico appreciate and 
actively enjoy their environment. It would be a use ful tool to use this 
appreciation to generate interest in this and other  public involvement 
processes. 
  communicating scientific information. It is not e asy to present to the 
public scientific information in understandable lan guage. The 
interviewees asked that materials and presentations  be in "plain 
language." Interesting suggestions for improvement included using local 
science teachers to help present scientific informa tion, using Laboratory 
employees as conduits for conveying information to the public, and using 
the storytelling traditions of the indigenous peopl e to communicate 
environmental restoration information. 
As a result of the information received during the interviews, ER Project 
staff made an effort to visit different organizatio ns in the northern New 
Mexico communities. ER Project staff visited with s ervice organizations 
such as the Kiwanis and Rotary Clubs, as well as cu lturally diverse 
organizations such as Cultura del Norte and the Esp aola Women's Library 
Club. During these visits, ER Project staff asked f or volunteers to help 
form a committee to address issues of particular co ncern to the ER 
Project, such as site ranking, cleanup methods, and  budget reductions. A 
number of people were very receptive to working on a committee with ER 
Project staff (fourteen people volunteered). 
The ER Project is presently establishing a committe e consisting of 
volunteers from the northern New Mexico community; this committee will 
help the ER Project make recommendations on a varie ty of environmental 
issues. These volunteers will familiarize themselve s with the Laboratory, 
the ER Project, and its various potential release s ites. The committee 
will have a representative voice in how these issue s will be addressed.  
Taking into consideration both positive and negativ e comments, three 
factors have facilitated public involvement in envi ronmental restoration 
at the Laboratory. First, because the communities g enerally believe that 
the Laboratory is important to the economic well-be ing of northern New 
Mexico, they are willing to work toward solutions w ith the Laboratory. 
Second, there is considerable trust in the integrit y and ability of the 
individuals working in the ER Project. And third, t he communities believe 
the Laboratory has the technological ability to add ress cleanup issues.  
Because the ER Project has changed its public invol vement activities to 
accommodate the desires of the public, the Laborato ry has gained more 
credibility with a far broader section of the publi c and not just public 
interest groups. In addition, ER Project staff have  established many 
personal contacts with individuals, thereby resulti ng in a group of 
volunteers willing to spend the time and effort to work with the ER 
Project on a variety of environmental issues. 
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ABSTRACT 
The nuclear technology community has struggled for years with the concept 
of "how clean is clean?", and how to approach the d econtamination, 
decommissioning, cleanup, and release to the public  of radiologically 
contaminated facilities and lands formerly used to support the national 
defense mission. Astronomical cost estimates for re mediation efforts have 
refocused the evaluation of these programs to consi der the issue of "how 
clean is clean enough"? Compliance to established p erformance-based 
environmental standards presents an undue burden on  the national cleanup 
budget, since it is not practical or necessary that  properties be 
restored to the same standard (dependant upon proje cted future use). An 
alternative to compliance with predetermined regula tory standards is the 
implementation and utilization of a site-specific r isk-based corrective 
action (RBCA) process. 
The concept of utilization of a risk-based approach  to establishment of 
remediation goals has been developed primarily for RCRA sites 
contaminated with petrochemical contamination (e.g. , ASTM Emergency 
Standard ES 38-94). Parsons has been instrumental i n assisting a number 
of DOE sites in developing a basis for utilization of an analogous 
approach for cleanup of radiological contamination.  In the event of soils 
and groundwater cleanup, this approach can result i n progressive 
remediation efforts that maintain realistic health and environmental 
protection goals. This process can be a functional element of DOE 
programs involving a streamlined approach for envir onmental restoration 
(SAFER). 
Risk-based decision making is used to help determin e the appropriate type 
and level of corrective action. Based on the princi ples of protection of 
human health and the environment commensurate with actual risks (rather 
than strict compliance with assigned performance-ba sed goals), and 
expedites corrective action in a cost-effective man ner. The basis for the 
Parsons approach to RBCA programs integrates the fr amework established by 
ASTM, including the provisional standards for clean up developed by the 
Voluntary Cleanup Task Group.  
There are a number of computer-based tools and mode ls that may be 
utilized to assist in defining the requirements for  RBCAs at DOE sites. 
Computer codes such as RESRAD and GENII, modificati ons in hydrological 
and geohydrological models, and modeling computer s ystems such as 
ERMA/GIS have been utilized by Parsons and have bee n instrumental in 
preparing defensible RBCAs. 
The concept of RBCA for radiologically contaminated  sites could be very 
important in view of recent rulemaking efforts with in the nuclear 
technology community. For example, rulemaking effor ts by the Nuclear 
Regulatory Commission (e.g., 10 CFR 20.1400 and NUR EG-1500) are being 
promulgated to define free release criteria for nuc lear facilities and 
related properties. These rulemaking efforts are be ing conducted to 
provide codification of radiological criteria for s ite cleanup, which 
will allow the NRC to more efficiently carry out th e functions of public 
health protection and environmental protection by m ore efficient use of 
resources. The intent is to allow consistent applic ation of standards 
across all types of licenses and to provide a predi ctable basis for 
cleanup activities. The implementation of a uniform  RBCA process to 
support attendant risks for site remediation would be a key step in 
moving forward with these goals. 



BACKGROUND AND OVERVIEW 
With changing congressional directives and limited funding to be 
allocated for environmental, safety, and health pro tection programs, it 
is more imperative that ever that governmental and industrial 
organizations optimize remediation and prevention b udgets. In order to 
address the most pressing concerns, it is necessary  to develop a method 
of ranking and/or prioritizing actions such as site  remediation. A risk-
based approach to site remediation is a means of en suring that the 
remediation problems that are of the highest concer n receive the highest 
priority for action. 
The impetus for environmental and human health prot ection risk 
assessments may be traced to the enactment of the N ational Environmental 
Policy Act (NEPA) of 1969, which mandated the requi rements for analysis 
of environmental impacts for major federal actions affecting the quality 
of the human environment. Risk analysis has develop ed into a major tool 
for identifying and quantifying hazards and the ass ociated consequences 
of federal and industrial activities. 
The proliferation of federal laws and regulations t o protect public 
health and safety and to provide for the protection  of the environment 
has generated rapid growth in risk management activ ities in numerous and 
diverse fields of applications, such as occupationa l safety, toxicology, 
industrial hygiene, nuclear safety, environmental i mpact assessment, 
engineering/reliability studies, weather prediction , epidemiology, and 
the social and behavioral sciences. 
The science of risk analysis is a discipline that h as received a great 
deal of attention in recent years. The body of scie nce associated with 
risk has been subdivided into many interrelated (an d sometimes 
interchangeable) components such as risk analysis, risk assessment, risk 
evaluation, and risk management; however, the gener al topics of risk 
analysis and management may be used to address all of the subdivisions 
associated with risk measurement and management. Al l of these concepts 
are integral to the development of technical bases for RBCAs. 
THE ASTM STANDARD FOR RBCA 
An ASTM standard has been established for petroleum  release sites that 
can be adapted as a basis for RBCA at DOE locations . ASTM ES 38-94, 
entitled "Emergency Standard Guide for Risk-Based C orrective Action 
Applied at Petroleum Sites", promotes a three-tiere d approach to risk and 
exposure assessment, where successive tiers require  more rigorous 
analytical treatment and more detailed data collect ion and validation. 
This approach involves: 
    Tier 1 -- Qualitative risk assessment that is b ased on general site 
assessment information. The data at this level of q uality should identify 
obvious environmental impacts (if any), potentially  affected and 
sensitive receptors, and significant exposure pathw ays. Information 
should be sufficient to categorize sites and to det ermine acceptable time 
periods for implementation and completion of necess ary corrective 
actions. 
    Tier 2 -- Requires collection and validation of  more site-specific 
data in order to determine appropriate risk-based a ctions. At this higher 
level of analysis, the reasonable maximum impacts o f the contaminants on 
a site are evaluated by used o site-specific charac terization and 
monitoring data, conservative projections of expect ed contaminant levels 
after treatment and potential plume migration, and reasonable maximum 
exposure scenarios. This information is used to set  conservative 



corrective action objectives that are protective of  human health and the 
environment. 
    Tier 3 -- Focuses entirely on assessment of sit e-specific conditions 
and requirements. At this level of analysis, more s ophistical 
statistical/mathematical evaluations of transport, uptake, and fate 
phenomena may be utilized to generate a range of po ssible exposures and 
related risks. Site-specific risk assessment models  may be developed. 
The goal of the tiered approach is to achieve the a ppropriate level of 
detail and rigor of analysis that will ensure prote ction of human health 
and the environment. The advantage of this techniqu e is that, in moving 
from lower to higher tiers, corrective actions can be rendered more cost-
effective and efficient since the conservative assu mptions of lower tiers 
are replaced with more accurate and realistic analy ses that involve site-
specific assumptions. The ASTM three-tiered approac h can be adapted 
easily to accommodate the multitude of DOE site rem ediation problems, and 
can be evolved by each site to manage corrective ac tions and to 
facilitate the decision-making process. 
BASES FOR RISK ASSESSMENT 
Risk assessment is the body of technology that util izes qualitative and 
quantitative analysis as methods of defining the ri sks associated with 
actions or activities, and planning for the consequ ences of these risks. 
The risk analysis can serve a variety of risk manag ement purposes; for 
example, it can provide input to decision makers to : 
  Determine safety, environmental, and health conce rns associated with 
specific activities and substances (e.g., hazardous  waste disposal, 
radiological exposure, or the use of industrial che micals); Compare new 
and existing technologies or determine the effectiv eness of controls and 
mitigation techniques designed to reduce risks; 
  Select sites for potentially hazardous facilities  and/or operations; or 
  Establish management priorities, such as which of  several activities 
should be considered first for regulatory or correc tive action. 
As such, the risk analysis and management process c an be an important 
factor in the routine management of operations or a ctivities, in the 
establishment of criteria for abnormal or accident situations, and in the 
estimation of costs and related benefits for a prop osed action. 
METHODS OF RISK ANALYSIS 
Risk analyses encompass all aspects of a safety/ris k assessment, 
including accident scenario formulation, initiating  event identification, 
the probabilistic risk of failures of components an d systems that are 
intended to contain hazardous, explosive, nuclear, or chemical materials, 
the risk associated with fires in areas containing high explosives, and 
the risk to facilities from seismic events and torn ados. For the 
formulation of RBCAs for site remediation, the pred ominant concerns are 
release, mobilization, transport, exposure, uptake,  and ultimate fate of 
hazardous, toxic, and/or radiological contaminants.  
Risk analysis/assessment is used to estimate future  losses and the 
effectiveness of additional controls in order to pr ovide management with 
information to make sound decisions regarding hazar ds and dangers 
associated with risks. Risk analysis can provide or  permit: 
  Probability estimates of large or catastrophic ac cidents/events;  
  Summation of loss estimates (e.g., actuarial pred ictions) to provide a 
more complete risk estimate; 
  Cost-effective safety programs, by concentrating on high risk areas; 



  Optimization of the combined cost of safety progr ams and the cost of 
accidents which are present at a given level of con trol; 
  Evaluation of the effects of codes, standards, or ders, directives, and 
regulations; 
  Consideration of various types of risk on a consi stent basis. 
The science of risk analyses encompasses analytical  applications (e.g., 
design basis accident analysis and evaluations pert inent to applicable 
modeling codes). These analytical applications are to be complemented by 
reliability analysis and risk assessment/analysis m ethodologies applied 
to a range of release/accident conditions. Risk ana lyses are used in 
safety analyses to provide insight into those aspec t of design and 
operational characteristics that are vulnerable to potential accident 
(particularly risk-dominant sequences). 
Qualitative Risk Analysis 
Qualitative risk analysis is used when the informat ion available on a 
process/systems under consideration is inadequate t o provide a numerical 
basis for quantitative risk calculation, or when th e requirements for 
risk analysis are to provide an idea of the types o r risks involved 
rather than the quantities of the related hazards. In many cases 
qualitative analysis is used as a precursor (the fi rst step) to a 
quantitative evaluation. 
If the qualitative analysis indicates that the natu re of the risk is not 
of a type or source that would generate unacceptabl e accident 
consequences, further analysis may not be required.  In this manner the 
qualitative risk analysis may serve as a screening method for risk 
management programs. 
Qualitative risk analyses would be applied most oft en to Tier 1 RBCAs, 
but may apply to more simple projects at the Tier 2  level. 
Quantitative Risk Analysis 
Quantitative risk analysis methods are utilized whe n the assignment 
requires that the risks associated with a remedial action (or other 
process under scrutiny) are to be numerically speci fied based on 
information available or that must be gathered. Uti lizing experienced 
safety analysts and sophisticated computer codes su ch as HAZARD-I, IRRAS, 
and IMPORTANCE, the knowledgeable risk analyst can reduce laborious 
numerical manipulations to efficient, workable task s. 
The approach to the quantification of risk is deter mined by the desired 
results of the evaluation and the information that is available. There 
are a wide spectrum of analytical techniques; types  of basic quantitative 
risk analysis and projection methods include: 
  Gaussian Normal Projection 
  Subjective Risk Analysis 
  Log-Log Distribution of Frequency/Severity 
  Survey Methods 
  Log-Normal Distribution of Accident Data 
  Insurance Risk Analysis 
  Extreme Value Projection  
  Life Shortening Effects Time-Loss Analysis 
  Trend Analysis 
  Actuarial Risk Assessment 
Quantitative risk analysis involves the quantificat ion of the expected or 
probable loss per unit time or unit of activity and  is equal to the 
probability of loss multiplied by the magnitude of the loss. For any 
operation, the risk is the sum of the individual ri sks for each potential 



loss. Since there may be an infinite number of both  probabilities and 
consequences for a given risk/accident scenario, an  accurate 
quantification of risk requires consideration of th e entire accident 
cost-frequency spectrum. In quantitative terms, ris k is expressed in 
values ranging from zero (representing the certaint y that no 
harm/accident will occur) to one (representing the certainty that 
harm/accident will occur). As an example, a risk ex pression of 10-6 or E-
6 (as expressed in the U.S. Environmental Protectio n Agency IRIS 
database) equates to a risk of one chance in one mi llion of harm or 
accident. 
Quantitative risk assessment methods for complex si te remediation 
projects might be most aptly applied at the Tier 2 or Tier 3 levels of 
RBCA. 
Probabilistic Risk Assessment 
Probabilistic risk assessment (PRA) techniques repr esent the most 
sophisticated types of hazard and risk analysis. Th ese analysis methods 
have been implemented and verified by the commercia l nuclear industry for 
complex accident scenarios involving release of nuc lear materials. These 
techniques must meet extremely stringent requiremen ts for the evaluation 
of nuclear and non-nuclear facilities compliant wit h U.S. Nuclear 
Regulatory Commission requirements. The basic PRA p rocess involves the 
development of a set of possible accident sequences  and the determination 
of their outcome. In support of this process, sets of models are 
developed and analyzed. 
The development of sequences for the PRA generally can be divided into 
two sets of models: those relating to operating sys tems (such as waste 
management facilities or contamination control syst ems) and those 
relating to the containment of these systems. Model s for these analyses 
usually consist of event trees, which depict initia ting events and 
combinations of system successes and failures, and fault trees, which 
depict ways in which the system failures represente d in the event tree 
can occur. These models are analyzed to assess the frequency of each 
release or accident sequence. For very complex anal yses, the fault and 
event tree methods may be combined for both a `top- down' and `bottoms-up' 
analysis. The CAFTA and IRRAS computer codes typica lly are used to 
develop and evaluate event/fault tree models. 
The containment models represent the events occurri ng after the accident 
but before the release of radioactive or hazardous material from 
containment. These models cover the physical proces ses induced in the 
containment by each accident sequence as well as th e transport and 
deposition of materials released within containment . The analysis 
examines the response of the containment to these p rocesses, including 
possible failure modes, and evaluates the releases of hazardous materials 
to the environment. 
The outcome of the accident in terms of public heal th effects and 
economic losses may be assessed by the use of envir onmental transport and 
consequence models. These models use site-specific meteorological, 
hydrologic, topographic, and geologic data to asses s the transport of 
hazardous materials from the site. Local demographi c and health effects 
models are used to calculate the consequences to th e surrounding 
population. 
An integral part of the approach to PRA is uncertai nty analysis. This 
involves not only uncertainties in the data but als o uncertainties 
arising from modeling assumptions. The results of t he risk assessments 



are analyzed and interpreted to identify the plant/ facility features that 
are the most significant contributors to risk. Nume rical manipulation and 
prediction models such as CRYSTALBALL and APIDSS ma y be used to manage 
intricate calculations. 
Throughout the analysis, it is important to use rea listic assumptions and 
criteria. When information is lacking or controvers y exists, it may be 
necessary to introduce conservatism or evaluate bou nds. The goal for a 
PRA is to produce as realistic an analysis as possi ble. 
Although PRAs typically have been conducted for nuc lear safety 
evaluations, recent efforts have been established t o apply this 
methodology to environmental restoration actions. A  standard guide for 
probabilistic risk assessment is being developed by  the ASTM Committee E-
47 on Biological Effects and Environmental Fate. Th e guide will be 
prepared to assist risk analysts by providing an ap proach for developing 
and using probabilistic estimates of risks due to e xposure to chemical 
and non-chemical stressors at contaminated sites. A s stated in this 
guidance, PRAs use simulation techniques to generat e probable ranges of 
risks and their likelihood of occurrence, providing  more information to 
the analyst than standard point estimates of risk. 
PRAs would be used most effectively in the Tier 3 l evel of RBCAs for 
complex sites involving multiple contaminants and m ultiple release 
pathways. 
ENVIRONMENTAL RISK 
When applying the RBCA method to a DOE site remedia tion project, it 
becomes important to assess (in an integral manner)  the risks to air, 
land, water resources, and fish and wildlife resour ces. For this reason, 
analyses of environmental effects may be conducted in support of 
environmental risk analyses. Assessments of effects  to the biota in the 
environment require information/data such as: 
  Concentrations of specific radionuclides; 
  Probable sources and the pathways or the movement  of the radionuclides; 
  Potential target species which may be harmed; and  
  Toxicity/dose data for the pertinent species. 
In some instances standards may be established that  can provide the basis 
for evaluation of effects to the environment. Howev er, for certain 
radionuclides, specific environmental standards may  not exist. In these 
cases it is necessary to define evaluation criteria  from various sources, 
such as toxicity or health physics data. The risk a nalyst may utilize 
computer codes such as GENII-S, EXREM-III, PAVAN, A IRDOS, and MESODIF to 
analyze the activities and pathways of radionuclide s in the environment. 
Human/environmental risk assessments for RBCAs at D OE sites are conducted 
in accordance with applicable EPA requirements and DOE Orders. Under the 
Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA), risk assessments are to be conducted base d on the requirements 
defined in EPA/540/1-89/002, "Risk Assessment Guida nce for Superfund, 
Volume 1, Human Health Evaluation Manual Part A," a nd EPA/540/1-89/001, 
"Risk Assessment for Superfund, Volume 2, Environme ntal Evaluation Manual 
(Interim Final)." DOE Order 5400.4 specifies that h uman/environmental 
risk assessments be conducted in accordance with th e CERCLA requirements. 
DOE Order 5400.5 entitled "Radiation Protection of the Public and 
Environment" is used to establish allowable risk le vels from radionuclide 
contaminants. 
The typical approach to human health and environmen tal risk assessments 
is twofold, and requires: 



  Establishment of a baseline risk 
  Assessment of future risks based on predictive mo deling.  
The baseline assessment is designed to evaluate pot ential threats to 
human health and the environment. The analysis requ ires an understanding 
of the nature of chemical and radionuclide release from the site and 
method of transport, the potential pathways for hum an and wildlife 
exposure, and a quantification of the potential thr eat from the exposure.  
In general, there are four steps are performed to d etermine the baseline 
risks: 1) data evaluation; 2) exposure assessment; 3) toxicity 
assessment; and 4) risk characterization 
The first step in the baseline evaluation is to col lect analytical data 
from relevant media (air, surface water, groundwate r, soil) and to 
evaluate its suitability for use in a risk assessme nt. Tentatively 
Identified Compounds are identified and evaluated t o determine those 
constituents that are potential threats to human he alth and the 
environment.  
The second step identifies potential human and envi ronmental receptors 
and exposure points associated with the site. The p otential pathways for 
exposure are determined. These are called exposure scenarios, that 
identify how the receptor becomes exposed (eating, drinking, breathing, 
dermal exposure to contaminants, etc.) Chemical rel eases from the site 
are estimated and environmental fate and transport are modeled as 
required to estimate exposure levels via air, groun dwater, surface water, 
and soils. Chemical intakes are then estimated from  the exposure 
scenarios. The third step involves the performance of a toxicity 
assessment, hazard identification, and dose-respons e assessment. 
Reference doses and slope factors are identified fo r systemic toxicants 
and carcinogens, respectively. This information is obtained from EPA 
approved data bases such as the IRIS or the HEAST. Toxicity values for 
specific constituents may also be identified in the  scientific 
literature. 
The final step compares calculated intakes to accep table intakes for 
noncarcinogens, and compares calculated risks to ta rget risks for 
potential carcinogens. The comparisons determine wh ether the site or 
facility presents an adverse human health or enviro nmental risk. 
Future risks are assessed by utilizing computer mod els which predict 
future chemical and radionuclide concentrations tha t can be evaluated 
through the toxicity assessment and risk characteri zation. Analysts may 
employ ground water flow and transport models such as the U.S. Geological 
Society approved method of characteristics (MOC) mo del to predict the 
flow and concentrations of contaminants in ground w ater. Models such as 
MODFLOW, MODPATH, QUAL2E, MT3D, SWIFT, PTC, QUICKFL OW or many others may 
be used to model chemical transport in streams and rivers. VADOSE may be 
utilized to model the subsurface unsaturated zone. 
A number of models are useful for calculating radio logical site 
contamination, doses, releases, dispersion, and eff ects; these models are 
especially useful when evaluating radioactively-con taminated DOE sites. 
Some of the most commonly-used models include RESRA D, SKYSHINE (and 
MICROSKYSHINE), PAVAN, GENII-S, PART 61, AIRDOS (an d MICROAIRDOS), 
HOTSPOT, EXREM, and ALLDOS. 
SITE CLASSIFICATION 
Once the analytical portion of an RBCA has been per formed, it is 
necessary to classify the site according to the req uired actions. A 
typical site classification scheme may involve the following four levels, 



based on the calculated threat to human health, saf ety or sensitive 
environmental receptors: 
Class 1 -- Immediate threat 
Class 2 -- Short-term (0-2 years) threat 
Class 3 -- Long-term (>2 years) threat 
Class 4 -- No demonstratable long-term threat 
These classes may be utilized in general for all ty pes of human health 
and environmental threats, including combined and c umulative effects of 
radiological and hazardous contaminants. 
SUMMARY 
The application of RBCA techniques are becoming inc reasingly important to 
DOE environmental professionals. The complex task o f estimating specific 
risk and cleanup levels requires the estimation of a number of input 
parameters, including those which are: 
  Media-specific (e.g., hydraulic conductivity, rad ionuclide content, 
wind speed, etc.); 
  Contaminant specific (e.g., decay rate, toxicity,  mobility, etc.); 
  Receptor-specific (e.g., body weight, metabolism,  ingestion rate, 
etc.); and 
  Landuse-specific (e.g., restricted use, unrestric ted use, etc.). 
These inputs are typically variable and uncertain; they are best 
represented by probability distributions. In applyi ng a graded, tiered 
approach to RBCA, the risk analyst can apply uncert ainty propagation 
techniques to quantify the uncertainty in the estim ated risk, and utilize 
this information to prioritize risks, optimize usag e of limited funding, 
and utilize information to make effective decisions . 
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ABSTRACT 
The Rocky Flats Environmental Technology Site (Site ) has initiated a 
project to permit, design, construct and operate an  onsite Waste 
Management Facility (WMF) with a capacity to receiv e 100,000 to 400,000 
cubic yards of low-level radioactive and/or hazardo us waste. The function 
of the WMF is to provide a repository for the remed iation waste generated 
from Environmental Restoration risk reduction activ ities and Deactivating 
and Decommissioning activities at the Site. The WMF  would potentially 
receive remedial waste from closure activities star ting in calendar year 
1996. Planned remedial actions require that a viabl e remediation waste 
management facility be operational prior to any rem oval actions, to 
eliminate additional interim waste storage concerns . 
The objective of the WMF study is to select the bes t site and design 
alternative for the management of remediation waste . After viable design 
alternatives were developed, they were evaluated us ing a three-phased 
screening process. The first phase of the project e valuated onsite vs 
offsite options. The second phase evaluated onsite locations based on 
specific siting criteria and the third phase involv ed a comparison of 
onsite design alternatives. 
This presentation focuses on the second phase of th e study, the onsite 
selection process. In each of the first two phases,  the best alternative 
was selected and used as a basis for the next phase . Selection criteria 
reflected the project objectives, siting and Correc tive Action Management 
Unit (CAMU) criteria as well as the Interim Measure /Interim Remedial 
Action (IM/IRA) process. Consideration was also giv en to the National 
Environmental Policy Act (NEPA) throughout the deci sion process. Based on 
the three phases of the evaluation, the best approa ch was determined to 
be an above grade Concrete Lined Cell (CLC) designa ted as a CAMU and 
located in the eastern portion of the Protective Ar ea near Operable Unit 
(OU) 4, the Solar Ponds. The CAMU cell will be desi gned with a 
geosynthetic and clay liner system which will compl y with the Resource 
Conservation and Recovery Act (RCRA) Subtitle "C" r equirements as defined 
in Code of Colorado Regulations (CCR) 6CCR 1007-3, Part 264 and 6 CCR 
1007-2, Part 2. A leachate collection system will p rovide further 
protection between the two liners. Upon closure of the cell, an 
impermeable cap will be placed on the CAMU and the site will undergo post 
closure monitoring. 
INTRODUCTION 
The necessity to reduce overall risk at the Rocky F lats Environmental 
Technology Site (Site) dictates the need to design and construct an 
onsite Waste Management Facility (WMF) as a designa ted Corrective Action 
Management Unit (CAMU). The function of the WMF is to provide a 
repository for the remediation waste generated from  Environmental 



Restoration risk reduction activities and Deactivat ing and 
Decommissioning activities at the Site. The WMF wil l have to receive 
remedial waste from closure activities which are st arting in 1996. 
Planned remedial actions require a viable remediati on waste management 
system be operational prior to any removal actions,  to eliminate 
additional interim waste storage concerns.  
This presentation focuses on the second stage of th e study, the onsite 
selection process. In each of the first two phases,  the best alternative 
was selected and used as a basis for the next phase . Selection criteria 
reflected the project objectives, siting and Correc tive Action Management 
Unit (CAMU) criteria as well as the Interim Measure /Interim Remedial 
Action (IM/IRA) process. Consideration was also giv en to the National 
Environmental Policy Act (NEPA) throughout the deci sion process. 
SITE DESCRIPTION AND BACKGROUND 
The Site is located in northern Jefferson County, C olorado approximately 
16 miles northwest of Denver. Other surrounding com munities include 
Boulder, Westminster, and Arvada, all of which are located less than 10 
miles to the northwest, east, and southeast of the Site, respectively. 
The Site consists of approximately 6,550 acres of f ederal land in 
sections 1 through 9 and 15 of T2S, R70W, 6th Princ ipal Meridian. Most 
Site structures are located within a protected cent ral area, referred to 
as the Industrial Area (IA) of approximately 400 ac res, and surrounded by 
a buffer zone of approximately 6,150 acres. 
The majority of residential use within five miles o f the Site is to the 
northeast, east and southeast. Commercial developme nt is concentrated 
near residential developments north and southwest o f Standley Lake as 
well as around Jefferson County Airport, approximat ely three miles 
northeast of the Site. Industrial land use within f ive miles of the Site 
is limited to quarrying and mining operations. Open  space lands are 
located northeast of the Site near the City of Broo mfield and in small 
parcels adjoining major drainages and small neighbo rhood parks in the 
surrounding communities. Irrigated and non-irrigate d croplands, producing 
primarily wheat and barley, are located north and n ortheast of the Site 
and in scattered parcels adjacent to the eastern bo undary. Future land 
use in the vicinity of the Site most likely include s continued urban 
expansion, increasing the density of residential, c ommercial and perhaps 
industrial land use in the area. 
The operations at the Site consisted of fabrication  of nuclear weapon 
components from plutonium, uranium, and non-radioac tive metals 
(principally beryllium and stainless steel). Fabric ation operations were 
terminated and the plant was placed in shut-down mo de in 1991. These 
operations resulted in liquid and solid wastes cont aining hazardous and 
radioactive constituents that were managed at waste  processing units 
across the plant. Parts made at the plant were ship ped elsewhere for 
assembly. In addition, the plant reprocessed compon ents after they were 
removed from obsolete weapons for plutonium recover y. Both radioactive 
and non-radioactive wastes were generated in the pr oduction process.  
Current waste handling practices involve onsite and  offsite recycling of 
hazardous materials, onsite storage of hazardous an d radioactive mixed 
wastes, and offsite disposal of Low Level Waste (so lid radioactive 
materials) at the Nevada Test Site and Low Level Mi xed-Waste (LLMW) at 
the Envirocare facility in Utah. However, Site oper ations historically 
included both onsite storage and disposal of hazard ous waste, LLW and 
LLMW. 



PHASE 1 - OFFSITE VS ONSITE EVALUATION 
The purpose of Phase I of the project was to select  the best disposal 
option for environmental remediation waste originat ing at the Site. The 
three options are: 
  Onsite disposal 
  Offsite disposal, or  
  the No Action Alternative. 
This selection process is part of the decision maki ng process for an 
Interim Measure/Interim Response Action (IM/IRA) to  address remediation 
waste, and the intent is to reflect the current was te and environmental 
strategies and to be consistent with input from the  stakeholders. Onsite 
disposal was selected as the best of the three opti ons. The selection of 
onsite disposal was based on the following: 
  Projected costs for onsite disposal are significa ntly lower than for 
offsite disposal, Because of the lower cost, there would be more risk 
reduction activities accomplished in support of the  Accelerated Site 
Action Project (ASAP) and the Rocky Flats Conceptua l Vision (the Vision),  
  There would be less public exposure (human health  risk) during 
transportation, along with less involuntary risk, 
  Less risk of spills in handling and transportatio n, 
  Greater capacity for onsite disposal compared to offsite disposal. An 
onsite facility would be more accessible and more a vailable when needed, 
  Fewer schedule restrictions for an onsite facilit y, and  
  Fewer analytical requirements for an onsite facil ity because there is 
less redundancy in sampling requirements. 
Ultimately, the most important difference between t he onsite and offsite 
options is total cost and the effects of cost for r educing risk at the 
Site. In essence, the more it costs to dispose of a  cubic yard of 
contaminated material, the fewer cubic yards of mat erial the 
Environmental Restoration (ER) program would be abl e to clean up in a 
given time frame. This prolongs the cleanup efforts  at the Site and 
allows contaminated materials to remain uncontrolle d for much longer 
periods of time. In turn, this increases overall ri sk at the Site to 
human health including the offsite population, the onsite workers, and 
the environment. 
As part of the evaluation, it was necessary to sele ct the waste 
management option that could best reduce the overal l risk to human health 
and the environment while remaining fiscally respon sible. Budget 
restraints affect the degree of risk reduction poss ible. Because of lower 
costs, the onsite option is clearly the selection f or reducing the 
overall risk to both the public and the environment .  
With a given budget to perform work onsite, more cl eanup actions can be 
performed more effectively, and therefore, the Site  can be made safer 
with onsite disposal. 
PHASE 2- ONSITE WASTE MANAGEMENT FACILITY SITING EV ALUATION 
As onsite disposal became a viable alternative for waste management at 
the Site, Phase 2 of the project commenced. The obj ective of Phase 2, the 
Siting Evaluation, was to: 1) identify and rank cri teria to be used for 
WMF site selection, 2) develop a methodology for co mparative analysis of 
the different sites and then 3) select a site or si tes that would be a 
suitable location for a WMF within the boundaries o f the Site. 
This site would be a location for a WMF that would accept remediation 
wastes with low-level radioactive and/or hazardous constituents, but not 
preclude the shipment of remediation waste that can  be more effectively 



and economically managed offsite. The facility woul d be designed and 
constructed to meet all the applicable federal, sta te and local 
regulatory requirements. 
Waste streams would include, but not be limited to:  
  Contaminated soil and debris collected from accel erated actions and hot 
spot removals, 
  Asphaltic materials and pondcrete (solidified slu dge from the solar 
ponds), 
  Pond sludge, 
  Sediments from onsite ponds, 
  Toxic Substance Control Act (TSCA) waste such as asbestos and 
polychlorinated biphenyls (PCBs), 
  Treatment by-products from groundwater, surface w ater, and/or soil 
remediation actions, 
  Investigation-Derived Materials (IDM) generated d uring remedial 
investigations at the Site not suitable for disposa l at the onsite 
sanitary landfill, 
  Debris from deactivation and decommissioning acti vities 
Identification and Ranking of Siting Criteria  
A number of categories of criteria were considered in developing the 
siting criteria. It was agreed that the criteria ha d to include at a 
minimum Applicable or Relevant and Appropriate Requ irements (ARARs) as 
well as general guidelines that had been discussed with the various 
stakeholders meetings regarding a WMF at the Site. The criteria were then 
placed into six major categories and further divide d into specific issues 
within each of these major categories, as outlined below: 
  Ability to designate the WMF as a Corrective Acti on Management    Unit 
(CAMU). Key points of the CAMU Rule include: 
-    The CAMU should facilitate the implementation of reliable, effective 
, protective, and cost-effective remedies, 
-    Associated waste management activities shall n ot create unacceptable 
risks to humans or the environment resulting from e xposures to hazardous 
waste or hazardous constituents,  
-    The CAMU should not include uncontaminated are as of the facility 
unless the inclusion of such areas is more protecti ve than management of 
wastes at contaminated areas of the facility,  
-    Areas within the CAMU where remediation waste will remain in place 
after closure should be managed to control, minimiz e, or eliminate future 
releases to the extent necessary to protect human h ealth and the 
environment,  
-    The CAMU should expedite the timing of remedia l activity 
implementation when appropriate and practicable,  
-    When appropriate treatment technologies should  be used that enhance 
long-term effectiveness of remedial actions by redu cing the toxicity, 
mobility or volume of waste that will remain in pla ce after closure of 
the CAMU  
  Ensure the Protection of the Public, per Code of Colorado Regulations 
(CCR) 6 CCR 1007-2 Part 2, which is the Requirement s for Siting of a 
Hazardous Waste Disposal Site. Key points include: 
-    Geological and hydro-geological conditions of a site in which 
hazardous waste is to be disposed of should be such  that reasonable 
assurance is provided that the wastes are isolated within the disposal 
area and away from pathways to the public for 1,000  years,  



-     Structural related issues evaluated will incl ude slope and geo-
technical stability,  
-    The immediate area of the site should be in an  strata of minimal 
ground water flow,  
-    Geological strata combined with engineered bar riers should provide a 
minimum permeability of 10-7 cm/sec or there should  be sufficient 
thickness and distance between the disposal locatio n and nearest usable 
aquifer to isolate any materials that are disposed of in the facility,  
-    Consideration should be given to the relative depth to bedrock and 
ground water, including seasonal fluctuations for g round water,  
-    The relative distance to the nearest discharge  area shall include 
consideration of ground water flow direction and tr avel time  
  Issues that are Specific to the Site and support the Rocky Flats 
Conceptual Site Vision (the Vision). Key points eva luated include: 
-    The ability to support the Site Vision, 
-    The impacts from existing utilities, sewer lin es, process waste 
lines and communication lines if the selected WMF s ite is with the 
Industrialized Area  
  Cost Criteria. Key points evaluated include: 
-    Cost of pre construction activities, including  building demolition, 
subsurface utility line removal and rerouting, acce ss requirements and 
power/facility requirements, 
-    Cost of engineering and construction of protec tive measures 
  Regulatory Support focusing on using State princi ples for onsite 
management of contaminated materials. Key points ev aluated include: 
-     Minimization of the number of disposal sites and of consolidation 
of contaminated materials,  
-    Site a centralized disposal facility in an are a of optimum geologic 
parameters preferable within or close to the Indust rial Area, 
-    Any WMF should be located in an area having li mited future land use 
potential and would be controlled by DOE until the interred waste no 
longer presents a risk to human health or the envir onment  
  Other Stakeholders concerns which included: 
-    General public perception and acceptance, 
-    Municipal or County acceptance, 
-    Department of Energy (DOE) Orders,  
-    The National Environmental Policy Act (NEPA)  
Methodology for Comparative Analysis of the Onsite Locations 
A basic assumption was that the entire Site, both w ithin the buffer zone 
and the Industrial Area would be included in the si ting evaluation. A 
series of maps were produced to assist in this eval uation. These maps 
included: 
  A Site Location Map showing the location of build ing, roads and other 
plant infrastructure, 
  A map showing hydrologic conditions including the  depth to water table 
and the area encompassed by the 100-year floodplain , 
  A map showing the geological and geo-technical co nditions including 
inferred faults traces, and areas with greater than  15% slope,  
  Alluvial thickness map, showing the thickness of the alluvium, and by 
inference potentially economic thickness of gravel,   
  A Ecology and NEPA map showing the location of se eps, wetlands and the 
Preble's Meadow Jumping Mouse (PMJM) probable habit at. PMJM is a wildlife 
species that is being considered for listing as a s pecies of concern, or 
as a threatened and endangered species  



The different elements from these maps were combine d onto one map called 
the Adverse (for WMF siting) Conditions map. Areas highlighted on this 
map contained one or more conditions that would be major obstacles in 
siting a WMF and thus were removed from further con sideration in the 
evaluation. In the Industrial Area, areas with mino r existing buildings 
were kept in the study. 
This initial screening of the Site reduced the numb er of locations being 
evaluated to seven, four in the buffer zone and thr ee in the Industrial 
Area.  
Industrial Area sites include: 
  Industrial Area - West (IA-W), an area on the wes t side of the 
Industrial Area, 
  Industrial Area - East (IA-E), an area on the eas t side of the 
Industrial Area, and 
  Solar Ponds - an area adjacent and east of the So lar Pond in the 
northeast section of the Industrial area. 
The buffer zone sites are: 
  The New Sanitary Landfill (NSL), 
  An area within Operable Unit 2 (OU2), 
  An area in the southeast quadrant (SE Quad) of th e buffer zone, and  
  An area in the southwest quadrant (SW Quad) of th e buffer zone. 
The methodology that was then applied first began b y developing a 
relative weighting factor (%) for each of the six g eneral categories of 
criteria as shown in Table I. 
Table I 
Next, each category was divided into specific issue s. There are a total 
of 38 separate and distinct issues in the six categ ories (Table II). Each 
of the issues was subjectively assigned a value bet ween 1 and 3, with a 3 
being a more important issue and 1 being less impor tant. As an example, 
for Category 2, Public Protection, the first issue is geological and 
hydro-geological conditions of a site in which haza rdous waste is to be 
disposed of should be such that reasonable assuranc e is provided that the 
wastes are isolated within the disposal area and aw ay from pathways to 
the public for 1,000 years. The second issue is str uctural related issues 
would include slope and geo-technical stability. 
Table II 
In this instance the first criteria was subjectivel y assigned a value of 
3 because it was decided that issue was a more impo rtant issue then the 
second issue relating to slope stability which was assigned a value of 2. 
The next step in this methodology was to develop a matrix form with the 7 
location versus the 38 criteria. The 38 criteria we re then compared to 
the 7 sites (Table III). The sites were evaluated a gainst the criteria 
and relative to one another. Each issue was assigne d a score between 0 
and 1. A score of 0 for any of the 38 issues would signify a fatal flaw 
and the site would be withdrawn from further consid eration in the siting 
evaluation. 
Table III 
A weighted average was arrived at for each of the c ategories and the 
values were summed. The results of the evaluation a re shown on the 
following table. 
Overall, the Solar Ponds, the site adjacent and to the east of the Solar 
Ponds, ranked highest with a score of 68.5%, follow ed by the IA-West site 
(67.1%), and the NSL (65.1%) as the location to sit e the WMF. The Solar 
Ponds site was then carried on to the third phase o f the evaluation. 



PHASE 3 - COMPARISON OF ONSITE DESIGN OPTIONS 
This third phase of the project was to select and e valuate different 
design options for an onsite WMF. The following des ign concepts were 
considered: 
  Pyramid Design  
  Butler Building 
  Slab on Grade 
  Hardened Concrete Vault 
  Above Grade Concrete Lined Cell (CLC) with Bulk S torage 
  Above Grade Concrete Lined Cell with Cargo Contai ners 
  Above Grade Disposal Cell (landfill) 
  Entombment 
  No-Action 
An initial concept design screen using the same cri teria as was used in 
the siting study resulted in the following four fin al design alternatives 
selected to be carried on through the final design evaluation.  
  Butler Building 
  Above Grade Concrete Lined Cell (CLC) with Bulk S torage 
  Above Grade Disposal Cell (landfill) 
  No-Action 
The final design alternative comparison used the fo llowing Comprehensive 
Environmental Response, Compensation, and Liability  Act (CERCLA) nine 
criteria to select the best alternative: 
  Protection of Human Health and Environment 
  Compliance with ARAR's 
  Long Term Effectiveness and Performance 
  Reduction of Toxicity, Mobility, and Volume throu gh Treatment 
  Short Term Effectiveness 
  Implementability 
  Cost 
  Regulatory Agency Approval  
  Community acceptance 
The above grade Concrete Lined Cell (CLC) was selec ted as the best 
alternative as the WMF several reasons. The primary  reason is the high 
cost of fill material which must be imported to the  site to provide the 
berms or side support for the waste. The use of con crete walls 
substantially reduces the amount of back fill mater ial and the cost of 
the facility. The CLC adds another layer of protect iveness (the concrete 
walls and floor) to ground water from the leachate generated during 
operations. The CLC would be built to be compliant with RCRA Subtitle "C" 
standards. The above grade construction prevents gr ound water 
infiltration. The liners and leachate collection sy stem provides the 
ability to detect leaks and recover contaminated le achate prior to 
entering the environment. 
Also, this design allows for modular installation w hich would optimize 
the sizing of the cell and timing of the installati on as waste is 
generated. This design will speed up risk reduction  activities under the 
Site Vision because the facility can be built in se ctions. The first 
module of the 100,000 cubic yard facility would be sized for 25,000 to 
33,000 cubic yards and could be installed quicker i n order to handle 
remedial waste ready for disposition early on. Even  though the design 
offers the benefits of a permanent facility, it sti ll allows for 
retrievability. This yields the additional flexibil ity of being able to 
utilize the facility as either storage or closure a s a CAMU at any time. 



Even though it was one of the most versatile, prote ctive and reliable 
designs, it was also the most cost effective. 
The Above Grade Disposal Cell is a standard waste l andfill, compliant 
with RCRA Subtitle "C" standards. This facility wou ld be built above the 
existing grade to prevent ground water infiltration . Like CLC, the liners 
and leachate collection system provides the ability  to detect leaks and 
recover contaminated leachate prior to entering the  environment. This 
facility offered some degree of flexibility and ret rievability and still 
remains one of the least expensive alternatives. 
The Butler Building alternative was selected for th e final screening 
because it allowed for storage of the waste until t he final disposition 
is determined. The waste would be stored in monitor ed cargo containers 
and would be retrievable. It is believed that publi c acceptance would be 
greater for this alternative despite the tremendous  cost, lack of useful 
life, and reduced protection to the environment. 
The No-Action alternative was included in the final  screening because it 
must go through the entire screening process as req uired by NEPA. 
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ABSTRACT 
In this study, several mechanical and isolation tes ts are applied on 
granite samples in laboratory. Cylindrical granite samples, 54mm (NX core 
size) in diameter are prepared for mechanical tests . 50 mm in diameter 
samples are prepared for isolation tests. Uniaxial compressive strength, 
triaxial compressive strength, tensile strength and  deformability of 
granite samples are determined under different ther mal loads by using a 
hydraulic compressive machine. Cohesion and interna l friction angle are 
determined. Thermal load effects on granites are sh own in graphs. Thermal 
loads cause decreasing in mechanical strength of gr anites and increasing 
in elasticity. For isolation performance tests, rad ionuclide transport in 
granite sample are determined under different heat and pressure by using 
a test apparatus. Transported radionuclide amounts and activities are 
shown in graphs. 
INTRODUCTION 
The geological environment of the repository is a k ey element in the 
multi-barrier system approach to nuclear waste isol ation (1). Special 
attention should be given to ensure long term stabi lity and isolation of 
the repository. Decay heat emitted by the waste fol lowing closure of the 
repository, will effect the mechanical properties o f surrounding rock. 
Small scale effects (microcracks etc.) can occur ne ar to sources of heat 
in granites. 
Radionuclide migrates in host rock with flowing gro undwater. Connected 
pores in rocks have important effect on migration o f radionuclide. 
Temperature of groundwater is increased due to the increasing pore water 
pressures . For these reasons, radionuclide transpo rt is not only 
effected by host rock properties but also effected by main medium 
parameters, such as temperature and pressure (2). 



MECHANICAL PROPERTIES 
In this study, heat effects on mechanical strength of granites are 
determined in laboratory. Granite samples are prepa red; F= 54 mm (in 
diameter) and W= 120mm (in width) for uniaxial and triaxial tests, F=54 
mm, W= 54mm for tensile strength. Granite samples a re heated at different 
temperatures (24 hours) than covered by wax to cons erve their internal 
parameters and cooled. These samples are tested by hydraulic compression 
machine according to ISRM (3) suggested test method s. Cohesion and 
internal friction angle of granite specimen, which are determined by 
triaxial compressive strength and several propertie s are shown in Table 
I. 
Table I 
Uniaxial compressive and tensile strengths determin ed after different 
thermal loads; 20C, 200C, 300C, 400C and 500C. Acco rding to thermal 
loads, Uniaxial compressive strength and tensile st rength of granite 
samples are shown in Fig. 1. Axial deformability of  specimen is 
determined for each thermal loaded samples. Elastis ity modules are shown 
in Fig. 2. 
Fig. 1 
Fig. 2 
ISOLATION TESTS 
A special testing equipment (Fig.1) is designed for  monitoring 
radionuclide transport in granite samples. A stainl ess steel column is 
developed for introducing radionuclide solution to the one face of 
granite. Temperature of the radionuclide solution i s increased by 
heaters. Heat is applied externally on the stainles s steel column by two 
heaters. Heater surrounds radionuclide transfer col umn. Heaters are 
controlled by relay and switches on the control pan el. Temperature is 
measured by a thermocouple near the contact zone of  granite and 
radionuclide solution. Pressure values are taken by  two manometers in 
different scales which are located on the upper lid . (2) 
Upper lid is opened and cylindrical granite sample is emplaced into the 
bottom of column. Isolation, between the cylindrica l surface of the 
sample and column circumference is ensured by isola tion material and 
controlled by the bottom lid. 350 ml. radionuclide solution is poured 
into column. Both lids are closed tightly. Required  temperature is 
adjusted from control panel. When contact temperatu re is increased to the 
required temperature level, sample container for tr ansported solution is 
located under the discharge hole. After a constant time period, solution 
that passed through the granite sample is collected  in sample container. 
Volume of this transported solution is determined. And analyzed to 
determine its activity by gamma spectrometry. 
TEST RESULTS 
Transported volume against to temperature and press ure, transported 
activities against to temperature and pressure are shown in Fig. 2. and 
Fig. 3. 
Fig. 3 
Fig. 4 
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ABSTRACT 
Many DOE workers have similar training requirements  imposed by multiple 
agencies.  Refresher training for Treatment, Storag e, and Disposal (TSD) 
Facility workers is one example.  Both Subpart B of  40 CFR 264 & 265 
(EPA's RCRA regulations) and paragraph (p) of 29 CF R 1910.120 (OSHA's 
HAZWOPER regulations) require annual re-training.  To better serve our 
workers, LANL's ESH Training Group created an annua l refresher program 
that addresses issues and topics from each of the i nitial training 
courses.  This paper describes how our course for T SD Facility workers 
fulfills tha annual training requirements for two r egulatory agencies in 
one eight-hour session. 
INTRODUCTION 
When rating the efficiency of their training, most participants are 
influenced both by how applicable the training is t o their current job 
duties and by the amount of time they spend in trai ning sessions. Time 
spent covering similar information in different cou rses is usually viewed 
as non-efficient training. The fact that different regulatory agencies 
mandate similar training for the same category of w orkers does not change 
participants' perspective that attendance at simila r, but required, 
training is non-effective use of their training hou rs. An example of dual 
demands on participants' time is the required refre sher for workers at 
Resource Conservation and Recovery Act (RCRA) permi tted treatment, 
storage, and disposal (TSD) facilities. Both the Oc cupational Safety and 
Health Administration (OSHA), through 29 CFR 1910.1 20 (p), and the 
Environmental Protection Agency (EPA), through 40 C FR 264.16 & 265.16, 
have imposed annual refresher training for TSD faci lity workers.  
Another case of poor use of training hours is the d elivery of identical 
training to workers performing totally different jo b duties. For example, 
29 CFR 1910.120 (e)(8) and (p)(7) requires annual r efresher training for 
both environmental restoration workers and TSD faci lity workers. These 
groups of workers have very dissimilar job assignme nts and should have 
refresher training that is specific to their job du ties. However, many 
organizations use the same HAZWOPER refresher train ing session for both 
groups of workers.  
This paper describes how Los Alamos National Labora tory's (LANL) ES&H 
Training Group working in conjunction with the Indu strial Hygiene and 



Safety Group have created separate annual refresher  courses that focus on 
the unique needs of each of these groups of hazardo us waste workers.  
REGULATORY BACKGROUND 
OSHA Requirements 
OSHA has recognized that handlers of hazardous wast es face health and 
safety hazards that workers in other industries do not often encounter. 
To provide protection for these workers, OHSA issue d 29 CFR 1910.120, the 
HAZWOPER standard in 1989. In this standard OSHA pr escribes the length, 
topics, and frequency of training for three differe nt groups of 
hazardouswaste workers. Paragraph (e) focuses prima rily on general site 
and occasional site workers engaged in corrective a ctions or clean-up 
operations of hazardous waste sites; paragraph (p) prescribes the 
training requirements for TSD facility workers; and  paragraph (q) 
addresses the training needs for emergency responde rs to hazardous 
material releases.  
A quick comparison of these three sections reveals that the degree of 
training required depends upon the potential to be exposed over 
permissible exposure levels (PELs) to hazardous mat erials. Paragraph (e) 
mandates either 40 hours or 24 hours of initial tra ining for restoration 
workers depending upon how well the hazards at the work site have been 
characterized. The greater the risks due to unknown  conditions, the 
greater the number of training hours required. The language in paragraph 
(p) recognizes that the risks at TSD facilities are  better characterized, 
so only 24 hours of initial training is required. T he number of training 
hours required for Paragraph (q) workers depends on  the emergency 
responders' assigned duties. The hours of required training increase as 
the workers' responsibilities increase. Although al l three categories of 
workers need annual refresher training, the standar d specifies that 
workers covered by paragraph (e) and paragraph (p) receive 8 hours of 
annual refresher training.  
EPA Requirements 
Through the passage of the RCRA in 1976, Congress e mpowered the EPA to 
regulate the handling, treatment, and disposal of h azardous wastes. 
Standards for operators of hazardous waste TSD faci lities are listed in 
40 CFR 264 and 265. Although the EPA does not requi re a specific number 
of training hours, sections 264.16 and 265.16 requi res training for 
personnel working at TSD facilities. Paragraph (c) in each of these 
sections requires that TSD facility workers receive  annual refresher 
training. 
COMPARISON OF OVERLAPPING TRAINING REQUIREMENTS 
Overlaps Within 29 CFR 1910.120  
Paragraph (e)(8) of the HAZWOPER standard states th at workers covered by 
paragraph (e) shall review the topics covered in th eir initial 40- or 24-
hour training during an annual refresher. Thus, ref resher training for 
these workers should review the following topics: 
  the health and safety hazards on the site; 
  the proper use of personal protection equipment ( PPE); 
  safe work practices for minimizing risks; 
  engineering controls appropriate to the site; 
  signs and symptoms of overexposure; and 
  any site specific health and safety plans (HASP),  including the 
following topics: 
-  hazard analysis of the site,   required air moni toring, 
-  required PPE at the site,    medical surveillanc e, 



-  site control measures,    decontamination proced ures, 
-  emergency response plan,   confined space entry    
       procedures, and 
-  spill containment program,   environmental sampl ing   
        procedures. 
The language in paragraph (p)(7) is not as prescrip tive as in paragraph 
(e)(8). Workers covered by paragraph (p) are requir ed to have annual 
refresher training that enables them to perform the ir duties in a safe 
and healthful manner. An implication of this paragr aph is that the annual 
refresher should review the required programs being  implemented by the 
employer for safe operations at the TSD facility. T hus, refresher 
training sessions for TSD facility workers should r eview the following 
topics: 
  the health and safety program designed to evaluat e and control health 
and safety hazards on site; 
  the hazard communication program; 
  the medical surveillance program; 
  any new technology currently being used on site; 
  decontamination procedures; 
  safe material handling procedures, including drum  handling; and 
  the site emergency response program. 
There is potential training overlap on hazard recog nition, administrative 
and engineering controls, proper PPE, and decontami nation procedures in 
these two refresher requirements. However, the less  prescriptive 
requirements for TSD workers allow for very site-sp ecific refresher 
training sessions. There is minimal overlap between  the training required 
for paragraph (q) workers and paragraph (e) or (p) workers. The training 
requirements for emergency responders are covered b y paragraph (q)(6) of 
the HAZWOPER standard. The number of required hours  for these workers 
depends on the duties and functions each worker per forms. This section of 
the regulation is very specific on which topics mus t be addressed, and 
this is the only section of the HAZWOPER standard t hat requires an 
individual worker to demonstrate competency before being certified.  
OVERLAPS BETWEEN HAZWOPER AND RCRA 
Both OSHA, through paragraph (p) of the HAZWOPER st andard, and EPA, 
through subpart B of 40 CFR 264 and 265, require th at TSD facility 
workers receive annual refresher training. Although  OSHA requires 8 hours 
of refresher training, the EPA does not have specif ic time requirements. 
Also, the EPA is not as prescriptive as OSHA on top ics that must be 
covered during the training. The RCRA training goal s specify that workers 
are able to respond effectively to emergencies and that they know how to 
handle hazardous wastes. Thus, refresher training f or TSD facility 
workers should review the following topics:  
  the site emergency procedures or contingency plan ; 
  emergency equipment available; 
  communication and alarm systems; 
  monitoring equipment; 
  inspection procedures; 
  programs designed to control health and safety ha zards on site, and 
  safe material-handling procedures, including drum  handling. 
There is significant overlap between the HAZWOPER a nd RCRA refresher 
training requirements. Both require that TSD facili ty workers receive 
training in four key areas: 
  site-specific emergency response,  



  administrative and engineering controls for reduc ing risks due to 
health and safety hazards,  
  proper use of PPE for the hazards on site, and  
  procedures for safe handling of hazardous wastes.   
In contrast to OSHA the EPA does not require a spec ific number of hours, 
but it does require many of the same refresher trai ning topics. Because 
of this similarity of required topics, it seems app ropriate to fulfill 
the refresher training requirements for both of the se regulatory agencies 
in one training session. The important issue is reg ardless of which 
training topics are required, the training should b e appropriate to the 
participants' job duties. 
HAZWOPER REFRESHER COURSES AT LANL 
The content for each training course is determined through a needs 
analysis that includes customer interviews and surv eys. Based on the 
analysis, the ES&H training staff determined that t here was enough 
interest and demand for separate HAZWOPER refresher  courses: one course 
for environmental restoration workers and another o ne for TSD facility 
workers. The ES&H training staff did not create any  refresher training 
for emergency responders because LANL has a Hazardo us Materials Response 
Team that is responsible for emergency response tra ining. The Industrial 
Hygiene and Safety Group provided the subject-matte r experts (SMEs) who 
reviewed the course materials for content accuracy and provided 
suggestions on appropriate activities.  
Each of these courses uses a variety of interactive  training activities 
such as small group discussions, review games, outd oor simulations, and 
dress-out exercises. The following sections of this  paper describe the 
content of each of these courses and present the si milarities and 
differences of these two courses. 
HAZWOPER REFRESHER FOR ENVIRONMENTAL RESTORATION WORKERS 
Environmental restoration projects at LANL range in  complexity from 
collecting soil samples using hand augers, to drill ing exploratory bore-
holes, to total removal of contaminated soils and b uildings. The 
refresher course focuses on the hazards associated with working on 
thesecharacterization and remediation projects. The  five modules of this 
course are structured around the following objectiv es: 
  to identify potential hazards and describe safe w ork practices that can 
minimize the risks associated with the hazards; 
  to describe the impact that any new or modified f ederal regulations or 
LANL policies will have on the workers; 
  to review the required components of a site-speci fic health and safety 
plan (HASP); 
  to review the rights and responsibilities of both  the worker and the 
employer involved in hazardous waste operations; 
  to have the participants demonstrate their abilit y to use the 
information provided in a HASP by completing a simu lated field exercise; 
and 
  to have participants identify the correct action or response to a given 
health or safety problem. 
In the first module, Risk Minimization and Regulato ry Update, 
participants view several photographs of local work  sites and identify 
any physical, chemical, radiological, or biological  hazards at the site. 
The participants are asked to record in their workb ook a description the 
hazards and to propose some safe work practices tha t might minimize the 
risks. This module also provides an update of feder al and state 



regulations and Laboratory policies. This risk-mini mization module and 
the fourth module (Lessons Learned) are based on cu rrent environmental 
restoration sites or occurrence reports.  
The second module, Health and Safety Plans, reviews  the required 
components of a HASP. This module ends with the pre sentation of the new 
HASP written for all environmental restoration proj ects at LANL. Due to 
the inefficiency of rewriting the complete plan eac h time a change in the 
scope of work occurred, the environmental restorati on project staff and 
the Industrial Hygiene and Safety Group developed a  two-part HASP. The 
first part is a generic HASP that addresses legal a nd policy issues 
common to all projects, and the second part is a si te specific (or 
SSHASP) that supplements the generic HASP. The site -specific document is 
the one that must be modified if conditions at the site change. The heavy 
emphasis on the HASP makes the content of this modu le more applicable to 
paragraph (e) workers than paragraph (p) workers. 
In the third module, Task-Hazard Analysis and Field  Exercise, the 
participants conduct a simulated core-sampling exer cise. This module is 
the heart of the refresher training sessions. To co mplete this field 
exercise, the participants need to read the SSHASP,  don the proper PPE, 
and coordinate as a team to collect the sample. Bec ause the needs 
analysis had indicated that knowing how to obtain a  radiological work 
permit (RWP) needed reinforcing, the simulation is designed to exceed the 
LANL developed radiation contamination action level s that require an RWP. 
This simulated event should cause the field-team le ader or site-safety 
officer to stop work and initiate the process for a n RWP. 
The details of the simulation are given in their wo rkbook and in the 
SSHASP written for the simulation. The training foc us of this module is 
on finding and applying the information provided in  the HASP to each task 
being performed at the work site. To accomplish fin ding the information 
in an efficient manner, the participants are assign ed to small groups 
that are responsible for finding and presenting the  following blocks of 
information to the whole group: 
Following the presentations by the small groups, th e whole class 
completes the field exercise. The exercise includes  having teams of 
workers dress out in the proper PPE, establish the work zones, collecting 
the samples, and perform a decontamination of perso nnel and equipment. 
Following the decontamination and doffing procedure s, the module closes 
with a debriefing session and review the teams' per formance.  
In the fourth module, Lessons Learned, participants  read several case 
studies describing an occurrence or incident that r esulted in personnel 
injuries. The participants are asked to describe wh at might be the cause 
of the accident and propose safe work practices tha t could reduce the 
risk or eliminate the hazard. Each of the case stud ies appeared in the 
Occurrence Reporting and Processing System (ORPS) w ithin in the last 
sixteen months. 
The last module, Review of Selected HAZWOPER Conten t, provides a rapid 
review of most of the topics covered in the partici pants' initial 40- or 
24-hour training. The module is essentially a Jeopa rdy-like review game 
in which the participants respond to questions on t opics such as 
toxicology, signs and symptoms of overexposure, pro per container-handling 
techniques, air monitoring procedures, and medical surveillance programs. 
HAZWOPER REFRESHER FOR TSD FACILITY WORKERS 
Although LANL has a few treatment facilities and di sposal sites, most of 
the participants in this refresher session work at hazardous waste 



storage facilities. Thus, the annual refresher for these workers focuses 
on hazards associated with container handling, symp toms of exposure to 
the more common hazardous materials in storage, haz ard identification at 
these facilities, and proper waste handling and seg regation techniques. 
The seven modules of this course are structured aro und the following 
objectives: 
  to describe the impact that any new or modified f ederal regulations or 
LANL policies will have on the workers; 
  to describe the changes in LANL's waste managemen t structure; 
  to identify the rights and responsibilities of bo th the worker and the 
employer involved in hazardous waste operations; 
  to identify recurring problems of noncompliance w ith RCRA. 
  to identify the response to a given situation bas ed on information 
presented during initial HAZWOPER training; and 
  to demonstrate the ability to recognize and corre ct hazardous or 
noncompliance situations by completing a simulated field exercise. 
The first two modules, LANL Reorganization and Regu latory Update, are 
similar to the first module of the environmental re storation refresher 
course. The difference is the extent of the coverag e. This additional 
depth is needed because LANL has undergone extensiv e reorganization that 
has effected waste handling at the Laboratory. This  information is much 
more significant to the TSD facility workers then t o the environmental 
restoration site workers. 
In the third module, Hazard Identification and RCRA  Refresher, the 
participants receive a review of the inspection rec ord form (IRF) used to 
record the daily or weekly inspection required at R CRA-permitted 
facilities. The IRF has two functions. First, it cr eates a paper trail 
that documents that the TSD workers have completed the required RCRA 
inspections. Second, it is an administrative contro l that helps assure 
that the TSD facility is operated in a safe manner.  The IRF assures that 
any physical, chemical, or radiological hazards are  identified and 
corrective actions are initiated to correct the def iciency. In the fifth 
module, the participants use the IRF and complete a  field exercise that 
includes an inspection of a simulated TSD facility.   
The fourth module, Actions Required, addresses both  the physical and 
chemical hazards present at TSD facilities. Like in  the environmental 
restoration refresher, the participants identify po tential hazards 
illustrated in several photographs. However, the sc enes are different. 
The photographs used for this refresher show activi ties at LANL TSD 
facilities. This module also spends more time on ch emical storage and 
incompatibility problems. The participants are give na map of a simulated 
TSD facility and asked to designated were they woul d store specific 
chemical and hazardous wastes at the facility. This  module ends with a 
video on hazardous chemicals and their properties. 
Module five is the field exercise. This exercise re quires the 
participants to use the IRF and document at least t welve of the sixteen 
deficiencies present in a simulated TSD facility. F ollowing the 
inspection, the participants work in small groups a nd prepare a written 
description of two of the deficiencies, determine w hat steps are 
necessary to correct each deficiency, and propose w hat PPE is needed if 
someone were to follow through and correct the defi ciency. Depending on 
the time, participants can go back out to the simul ated site and correct 
several of the simpler problems or as a class discu ss what needs to be 
done for each of the sixteen deficiencies. 



In the sixth module, Lessons Learned, participants read several case 
studies that describe an occurrence or incident tha t resulted in 
personnel injuries or fines. This module is expande d, compared to the one 
in the environmental restoration refresher, to incl ude both OSHA and RCRA 
occurrences. For the OSHA incidents, the participan ts are asked to 
describe what might be the cause of the accident an d propose safe work 
practices that could reduce the risk or eliminate t he hazard. For the 
RCRA occurrences, the participants are asked to ide ntify the root cause 
for each violation and propose corrective actions t o change the 
conditions that resulted in the non-compliance cita tion.  
Just like the environmental restoration refresher, the last module 
provides a rapid review of most of the topics cover ed in the 
participants' initial 40- or 24-hour training. The same Jeopardy-like 
review game covers the topics of toxicology, signs and symptoms of 
overexposure, proper container-handling techniques,  air monitoring 
procedures, and medical surveillance programs. 
COMPARISON OF HAZWOPER REFRESHER COURSES 
Based on the needs analysis, the refresher training  was made more 
efficient for the customer by combining the require d OSHA and EPA 
refresher training. The critical step was ensuring that the new refresher 
for TSD facility workers fulfills the intent of all  of the legal drivers. 
Because both OSHA and EPA require that the refreshe r include emergency 
response, controls for reducing risks, use of PPE, and safe handling 
procedures for hazardous waste containers these top ics were the first 
ones addressed in the course design.  
To the same course sequence and major topics of the  existing HAZWOPER 
refresher course, which met the OSHA drivers, was a dded additional TSD- 
and RCRA-specific material to meet the EPA drivers.  Because the daily 
duties of TSD facility workers are different from e nvironmental 
restoration workers, the activities and contents in  our courses diverged 
on two key topics: safe work practices and administ rative and engineering 
controls. Because workers at TSD facilities risk ex posure to chemical 
hazards as their daily duties involve handling cont ainers ofhazardous 
materials, their refresher focuses on work practice s and controls that 
minimize this risk. Although environmental restorat ion workers can 
encounter unknown chemical hazards, the Laboratory' s experience shows 
that physical hazards pose a greater risk and their  refresher focuses on 
these hazards.  
This difference in hazards resulted in creating sev eral separate 
activities for the refresher courses. The following  tables list the 
similarities and differences of these two courses: 
Table I 
Table II 
For the safe work practices portion of the refreshe r training, the TSD 
facility participants complete an activity that rev iews some chemical 
incompatibilities and safe storage practices for va rious chemicals. The 
environmental restoration workers spend time review ing their sit-specific 
HASP. The chemical segregation activity allows the participants to be in 
charge of a "new" TSD facility and decide where eac h chemical will be 
stored. The participants are allowed to use the DOT  shipping labels, 
guidebooks on hazardous materials, and their neighb or to make the 
necessary decisions. The HASP review requires the p articipants to search 
through the HASP to answer specific job-related que stions concerning PPE, 
action levels, decontamination procedures, and site  security. 



The two administrative forms reviewed in these refr esher courses are the 
RWP and the IRF. In addition to the HASP, the RWP i s required for all 
"hot" jobs at LANL. This permit specifies the PPE r equired for the job 
and lists any additional health or safety concerns.  The IRF is LANL's 
form used to document the inspections required by t he EPA for all RCRA-
permitted TSD facilities and serves as a hazard ide ntification tool. 
These daily or weekly inspections help identify any  site deficiencies 
that may result in worker overexposure to hazardous  materials or create a 
hazardous situation. In the TSD refresher, the part icipants are asked to 
identify all of the deficiencies at the simulated T SD facility and then 
describe the appropriate actions required to correc t the deficiencies or 
minimize the risk. The participants are asked to in clude a list of any 
tools or equipment needed and propose what PPE, if any, should be used 
during the corrective action. These two administrat ive forms are part of 
the LANL's administrative procedures that helps ass ure worker health and 
safety.  
CONCLUSIONS 
Both HAZWOPER and RCRA refresher training have the same four goals: 
  to remind participants of safe work practices,  
  to provide the participants with an opportunity t o practice job-related 
safety procedures,  
  to review emergency response programs or procedur es, and  
  to update participants on any policy or regulator y changes.  
LANL's HAZWOPER refresher training for TSD facility  workers is more 
efficient this year because the training reflects t he design goals 
identified by in the needs analysis. The first goal  was to reduce demands 
on participants' time, which was achieved by combin ing refresher training 
required by two different agencies into one trainin g session. The second 
goal was to make the training session more appropri ate by making the 
training more job-related, which was achieved by cr eating separate 
refresher training for TSD facility workers and for  environmental 
restoration workers. Thus the creation of these two  similar, yet job-
specific, refresher courses meet the intent of the OSHA HAZWOPER standard 
(to protect workers' health and safety) and the EPA  RCRA requirements (to 
protect both the worker and the environment) while satisfying the 
customers' demands for efficient and relevant train ing. 
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ABSTRACT 
Los Alamos National Laboratory has had an ongoing " interactive 
relationship" between the departments of industrial  hygiene and 
occupational medicine. This requirement was recentl y formalized in a 
University of California ES&H performance measure. A close working 
relationship between these two departments enhances  the ability to direct 
resources to identify and follow employees who belo ng in special 
occupational medicine surveillance programs, and to  get referrals from 
medical when unusual examination results are found.  Los Alamos has 
formalized the relationship between the two departm ents through a 
recently developed "interface document" that clearl y defines the 
responsibilities and required procedures for coordi nation. Specific areas 
of mandated coordination include quarterly meetings  of senior staff, 
joint workplace evaluation and systematic prioritiz ation, information 
exchange, continuous quality improvement, individua l program elements, 
and measures of performance. The elements of the pr ogram will be 
presented and the first eighteen months of implemen tation reviewed. 
INTRODUCTION 
The interface between the Occupational Medicine Gro up (ESH-2) and the 
Industrial Hygiene and Safety Group (ESH-5) (6) is an integral component 
of the overall Occupational Health and Safety Progr am for the Laboratory.  
ESH-2 provides a comprehensive medical program whic h assures protection 
and promotes enhancement of worker's health. Protec tion of worker's 
health includes medical surveillance and job certif ication when required 
or prudent, periodic age-dependent medical evaluati ons, human 
reliability/fitness for duty assessments, managed c are/rehabilitation of 
work related injuries and illnesses, emergency resp onse capability, 
worksite evaluations, population studies for early detection of adverse 
health effects and a clinic which provides support to these programs. 
Enhancement of worker's health is offered through m edical health 
promotion programs (e.g., cholesterol reduction, sk in cancer awareness, 
flu immunization, etc.), The Employee Assistance Pr ogram (e.g., personal 
counseling, stress management, alcohol/drug rehabil itation, etc.), and 
the Wellness Center (fitness programs/equipment, ae robic 
instruction/classes and nutrition counseling). 
ESH-5 (6) works closely with Laboratory line manage rs to help ensure the 
health and safety of personnel and to ensure that e mployee exposure to 
chemical, physical, biological, and ergonomic hazar ds is minimized. 
Primary support services include the full spectrum of anticipation, 
recognition, evaluation, and control of occupationa l health hazards: 
consultation and field support to operating divisio ns; design review of 
new or modified facilities and operations, maintena nce of Material Safety 
Data Sheets; review of standard operating procedure s and special work 
permits, implementation of training programs; recom mendations for 
personal protective equipment; toxicology support s ervices; and 
evaluation of air cleaning systems. 
PURPOSE 
This document describes the interactions between th e Occupational 
Medicine Program and the Industrial Hygiene and Saf ety Program that are 
used to effectively exchange occupational health an d safety information. 
Specifically, this document describes the exchange between ESH-2 and ESH-
5 (6) programs designed to meet regulatory requirem ents such as DOE 



Orders 5480.8A (1), 5480.10 (2), 5480.4, and 5483.1 A (3); DOE referenced 
standards and documents; and the 29 CFR Parts 1904,  1910, and 1926 (8). 
SCOPE 
All exchange of occupational health and safety info rmation between ESH-2 
and ESH-5 (6) is subject to this document. 
REQUIREMENTS 
An active interface between ESH-2 and ESH-5 is a re quirement of an 
effective Occupational Safety and Health Program. R equirements are 
established in DOE 5480.10 "Contractor Industrial H ygiene Program" (2) 
and DOE 5480.8A (1) "Contractor Occupational Medici ne Program". 
Additionally, this interface is required by Contrac t No. W-7405-ENG-36 
between the University of California and the Depart ment of Energy (DOE). 
This contract includes the following provision. 
Using a risk-based approach, the Laboratory will de velop and implement a 
site-wide exposure assessment and monitoring plan t o characterize 
employee exposure to hazardous chemicals, physical agents (except 
ionizing radiation) and biological agents. The plan  will be developed by 
April 1, 1995. Monitoring data from implementing th e plan will be 
provided to the medical staff who will utilize the data in the health 
evaluation of employees. Baseline data will be coll ected during FY95. 
Continuous quality improvement will be based on a p eer review (See 
Appendix A) of a random sample of employee medical charts to evaluate the 
interaction between the Industrial Hygiene and Medi cal groups. 
RESPONSIBILITIES 
Occupational Medicine Group (ESH-2) 
ESH-2 is responsible for the following actions to m aintain an effective 
working relationship with ESH-5. 
  Participating on the Occupational Medicine/Indust rial Hygiene 
Coordinating Committee. 
  Participating in joint workplace health surveys w ith ESH-5. 
  Referring significant events arising from day to day occupational 
medicine activities to ESH-5 where these activities  may have an impact on 
the Industrial Hygiene Program. Examples include re quests for a site 
review to evaluate potential exposure to toxic mate rials, high noise 
levels, or ergonomic stress factors. 
  Participating in occupational health related info rmation exchange with 
ESH-5 through effective database management and int ernal awareness 
programs. 
  Teaming with ESH-5 assigned IH staff on programs of mutual interest 
including, but not limited to, injury and illness i nvestigations, hearing 
conservation, reproductive hazards , carcinogen use , respiratory 
protection, ergonomics, medical surveillance, and b ioassays. 
  Conducting medical surveillance for employees ide ntified by ESH-5 for 
specialty programs to include OSHA regulated chemic als. Examples include 
lead, beryllium, asbestos, and cadmium. 
  Team with ESH-5 in the evaluation, on a case by c ase basis, employees 
with chemical related illness (sensitizers - eg. fo rmaldehyde, MDI and 
TDI). 
Industrial Hygiene and Safety Group (ESH-5) 
ESH-5 is responsible for the following actions to m aintain an effective 
working relationship with ESH-2. 
  Participating on the Occupational Medicine/Indust rial Hygiene 
Coordinating Committee. 
  Participating in joint workplace health surveys w ith ESH-2. 



  Referring significant events arising from day to day industrial hygiene 
activities to ESH-2 where these activities may have  an impact on the 
Occupational Medicine Program. Examples include ref erral of suspected 
occupational illnesses noted during workplace inspe ctions, reevaluation 
on an individual's respirator use qualifications, n otification of 
potential exposures to hazardous agent and reportin g any worksite 
exposures measurements in excess of OSHA/DOE permis sible exposure/limits, 
or those levels triggering medical surveillance. 
  Participating in occupational health related info rmation exchange with 
ESH-2 through effective database management and int ernal training 
programs. 
  Teaming with ESH-2 assigned medical staff on prog rams of mutual 
interest including, but not limited to, injury and illness 
investigations, hearing conservation, reproductive hazards, carcinogen 
use, respiratory protection, ergonomics, medical su rveillance, and 
bioassays. 
  Identifying employees for medical surveillance fo r specialty programs 
to include OSHA regulated chemicals. Examples inclu de lead, beryllium, 
asbestos, and cadmium. 
  Team with ESH-2 in the evaluation, on a case by c ase basis, of 
employees with chemical related illness (sensitizer s, eg. formaldehyde, 
MDI and TDI). 
RESOURCE REQUIREMENTS 
Maintenance of a strong interface between ESH-2 and  ESH-5 requires 
adequate resources for implementation of program el ements common to both 
groups. These resource requirements will be explain ed in detail in future 
documents. 
IMPLEMENTATION 
ESH-2 and ESH-5 coordinate efforts in virtually all  aspects of 
occupational health and safety. This interaction oc curs on both a 
regularly scheduled basis and on an ad-hoc basis as  issues arise. The 
primary interactions between the two Groups are des cribed below. 
Occupational Medicine/Industrial Hygiene Coordinati on 
The ESH-2 and ESH-5 management meet at least once p er quarter and 
additionally as necessary to consider and acting up on important issues 
related to both group's responsibilities in Occupat ional Health at the 
Laboratory and to provide for continuous quality im provement in 
Occupational Health programs. 
The committee tracks the progress made in implement ing or improving 
Occupational Health programs, provides management s upport to resolving 
outstanding issues, and considers the impact of new  Occupational Health 
regulations on Laboratory operations. 
The committee documents each meeting and identifies  action items for 
follow up. 
Program Implementation and Referral Activities 
Both ESH-2 and ESH-5 are involved in ongoing implem entation of 
Occupational Safety and Health program elements. Th ese elements include, 
but are not limited to, the emergency management pr ogram, respiratory 
protection program, hearing conservation program, o ccupational health 
training programs, reproductive hazards program, ca rcinogen program, 
medical surveillance, and illness and injury preven tion. 
Through implementation of these program elements, r eferrals are made from 
one group to the other. For example, when industria l hygienists are 
conducting a workplace evaluation and note complain ts of dermatitis, ESH-



2 is notified for employee examination. Alternately , when a potential 
noise related hearing loss is documented by a physi cian, the event is 
referred to ESH-5 for an evaluation of potential hi gh noise exposure in 
the workplace. These type of interactions occur on an almost daily basis, 
and ESH-2 and ESH-5 work together closely until the  situation is 
resolved. Additional examples of this day to day in teraction are shown in 
the program elements descriptions discussed in Sect ion 7.6.  
Workplace Evaluation and Systematic Prioritization 
ESH-5 has taken the lead in conducting detailed wor kplace evaluations to 
identify and prioritize potential hazards through r outine surveys and the 
Health Hazard Assessment (HHA). Through the HHA pro cess, workplaces are 
systematically evaluated and can be ranked by the d egree of potential 
hazard through a weighting of variables such as tox icity, amount of 
material used, frequency and duration of use, and i f controls are in-
place. A graded approach can then be employed to fo cus follow-up actions 
to high hazard areas.  
ESH-2 and ESH-5 use this process to systematically select areas where 
joint evaluations are conducted by Occupational Med ical and industrial 
hygiene specialists. In this manner, the expertise of both groups are 
applied to potential high hazard areas and an oppor tunity for cross-
training and information exchange is achieved.  
Information Exchange 
ESH-2 and ESH-5 use several methods to facilitate i nformation exchange in 
the occupational health area. The information excha nge occurs primarily 
through the use of automated databases and internal  cross-training of 
personnel. 
There are automated databases for health hazard ass essments, personal and 
area air sampling, location of specific chemical in ventories, confined 
space locations, and nonionizing radiation sources.  These databases are 
kept current through joint efforts of the two group s and are used in 
daily and periodic tasks performed by personnel in both groups. 
Internal information sharing is conducted through s eminars where 
professionals from either group are assigned a topi c, and members of both 
groups are encouraged to attend. This provides for a greater 
understanding of the roles, capabilities, and inter actions of the two 
groups in the overall occupational health program. Cross-training 
sessions address topics such as audiometric exams, HHA's, and database 
use. Employee rosters and agendas for cross-trainin g classes are 
maintained. 
Continuous Quality Improvement 
ESH-2 and ESH-5 use the Laboratory's Continuous Qua lity Improvement 
Program to address specific topics both within and between the Groups. 
Continuous Quality Improvement practices are applie d to each group's 
programs using available quality assurance and qual ity control 
professionals. 
Continuous Quality Improvement Committees may also be established 
depending on the importance and need for improvemen t in a given area. Any 
employee of either group may bring up the potential  need for a Continuous 
Quality Improvement Committee to Laboratory Managem ent. ESH-2 and ESH-5 
both support this process and have provided personn el to serve on 
Continuous Quality Improvement Committees such as t he Respiratory 
Protection Team. 
Individual Program Elements 



The effective interface between ESH-2 and ESH-5 is evidenced by the 
activities of both groups in the following program elements.  
Health Hazard Assessment (HHA) Program. 
ESH-5 is primarily responsible for conducting and d ocumenting the HHA 
(see Section 7.3) and managing the data in the HHA database. ESH-2 is a 
user of the information in the HHA database to assi st with specific 
medical surveillance programs. The ESH-2 and ESH-5 interface occurs in 
the following areas. 
  Joint participation in workplace hazard assessmen ts. 
  Joint use of HHA information to conduct prioritiz ed workplace surveys 
  ESH-2 uses the HHA information when conducting pr e-employment physical 
examinations, routine medical monitoring and survei llance, and injury and 
illness investigations 
Biosafety Program 
The Laboratory Biosafety Program is described in th e Environment, Safety 
and Health Manual, Committee Charter "Biosafety Com mittee". The Biosafety 
Committee meets twice per year to provide peer revi ew and approval of 
proposed Laboratory work involving the use of infec tious biological 
agents and recombinant DNA. Both ESH-2 and ESH-5 pa rticipate in the 
Biosafety Committee to coordinate the industrial hy giene and medical 
aspects of biosafety. 
ESH-2 and ESH-5 have worked together to implement e xposure control plans 
for certain work areas and to develop training prog rams related to 
potential exposure to bloodborne pathogens (29 CFR 1910.1030)(7). 
The primary interface between the groups in the bio safety area includes 
the following. 
  Coordination of Industrial Hygiene and Occupation al Medicine biosafety 
concerns through joint participation in the Biosafe ty Committee 
  Development and implementation of bloodborne path ogen exposure control 
plans 
  Participation in the development and periodic rev iew of bloodborne 
pathogen training programs 
  On a case by case basis, perform joint investigat ions of bloodborne 
pathogen incidents or processes 
Respiratory Protection Program 
The Laboratory Respiratory Protection Program is de scribed in AR 12-2 and 
the LANL Draft Respiratory Protection Program Manua l. ESH-5 is primarily 
responsible for assisting line management in the se lection, use, and 
evaluation of respiratory protective equipment. ESH -2 is primarily 
responsible for medical qualification of respirator y protection users. 
The primary interface between the two groups includ e: 
  Referral of new respirator users from ESH-5 to ES H-2 when identified 
during workplace surveys 
  Referral of new respirator users from ESH-2 to ES H-5 when identified 
during initial or periodic medical examinations 
  Joint annual evaluation of the effectiveness of t he Respiratory 
Protection Program 
  Annual comparison of employee listings maintained  by ESH-5 for fit-
testing, and listings maintained by ESH-2 for medic al qualification to 
ensure that an accurate record is maintained of per sonnel in the program 
  ESH-2 referral to ESH-5 of individual respirator user limitations or 
work restrictions 
Hearing Conservation Program 



The Laboratory Hearing Conservation Program is desc ribed in AR 8-2. ESH-5 
performs noise level measurements, hazard investiga tions and design 
review for new noise sources. ESH-2 performs medica l surveillance and 
audiometric exams for personnel included in the Hea ring Conservation 
Program. The primary interface between the two grou ps include the 
following. 
  Periodic joint evaluation of the effectiveness of  the Hearing 
Conservation Program 
  Referral of events where deterioration of hearing  acuity is detected 
through audiometric testing from ESH-2 to ESH-5 for  follow-up action. 
ESH-5 performs a site evaluation and provides the r esults to ESH-2 for 
completion of the evaluation. Upon determination of  possible workplace 
noise associated loss, ESH-2 and ESH-5 collaborate on the application of 
engineering and/or administrative controls. 
  ESH-5 provides noise monitoring results to ESH-2 for inclusion into the 
employee medical record and for administration of t he audiometric testing 
program 
  Development and joint review of the Hearing Conse rvation Program 
training materials and courses 
Ergonomics 
Both ESH-2 and ESH-5 participate in the Laboratory Ergonomics Committee. 
The Committee duties are described in the Ergonomic s Committee Charter. 
ESH-5 is responsible for workplace evaluations and control measure 
recommendations concerning potential ergonomics haz ards. 
The ESH-2 and ESH-5 interface in the ergonomics are a includes the 
following. 
  Joint participation in the Laboratory Ergonomics Committee to address 
potential industrial hygiene and occupational medic ine concerns 
  ESH-2 referral to ESH-5 of potential ergonomics h azards in the 
workplace for evaluation 
  On a case by case basis, joint workplace evaluati ons of ergonomic 
related injuries or illnesses 
Laser Safety and Non-Ionizing Radiation 
The Laboratory has established a Laser Safety Commi ttee as described in 
the Environment, Safety and Health Manual Committee  Charter "Laser Safety 
Committee". The Laboratory Laser Safety Program is described in AR 5-2. 
ESH-5 is responsible for evaluating laser hazard pr ecautions and for 
investigating injuries related to lasers. ESH-2 is responsible for 
performing eye examinations related to laser use. 
The Laboratory Non-Ionizing Radiation Program is de scribed in AR5-1. ESH-
2 performs medical examinations on a case by case b asis. 
The two groups interface in referral, investigation , and follow-up of 
laser and non-ionizing radiation related injuries. 
Hazardous Waste Operations and Emergency Response 
The Laboratory program is described in the Draft Ha zardous Waste 
Operations and Emergency Response Program Manual. E SH-5 is primarily 
responsible for supporting all Industrial Hygiene P rogram areas related 
to this work including identification of hazards, a ir sampling, exposure 
assessment, personal protective equipment specifica tion, and control 
measure development. ESH-2 is responsible for devel opment of medical 
surveillance programs and medical support services for this work.  
The groups primarily interface in the following are as. 
  Joint occupational health workplace evaluations o f high priority 
operations 



  Joint effort to determine the appropriate level o f health and safety 
program participation and to categorize hazardous w aste worker training 
and medical surveillance requirements. This effort is conducted through 
the use of the hazardous waste or emergency respons e worker surveillance 
questionnaire. This effort is to meet requirements in 29 CFR 1910.120 (7) 
  On a case by case basis, perform joint oversight of contractor health 
and safety programs for environmental restoration a nd waste management 
activities 
  ESH-2 and ESH-5 work together in preplanning and prearrangement of 
Occupational Health services during emergencies by participating in the 
Emergency Management Program. 
  ESH-5 provides support to ESH-2 during emergencie s by providing 
industrial hygiene support to the medical facility,  information on 
chemical toxicity, MSDSs, and respiratory protectio n. 
Carcinogen Program 
The Laboratory Carcinogen Program is described in b oth Laboratory 
Standard (LS) 106-01.0, Chemical Hygiene Plan, and LS 106-03.0, 
Carcinogen Use. ESH-5's responsibilities primarily include evaluating 
workplace conditions and work practices, conducting  exposure monitoring 
and sampling, evaluating the adequacy of control me asures, and notifying 
ESH-2 of affected employees for inclusion in medica l surveillance. ESH-2 
responsibilities in this program are primarily to d etermine and implement 
the medical surveillance programs for carcinogen us ers.  
The groups primarily interface in the following are as. 
  Joint evaluation of high hazard carcinogen use ar eas for potential 
occupational health concerns 
  Joint review of Standard Operating Procedures for  carcinogen use areas 
  Joint identification of personnel to be included in the carcinogen use 
program and periodic comparison of personnel listin gs 
Hazardous Materials Use 
Specialty programs for specific hazardous materials  use including 
asbestos, beryllium, lead, and cadmium have been im plemented. ESH-2's 
responsibilities under these programs are to design  and implement medical 
surveillance programs. ESH-5's responsibilities pri marily include 
evaluating workplace conditions and work practices,  conducting exposure 
monitoring and sampling, evaluating the adequacy of  control measures, and 
notifying ESH-2 of affected employees for inclusion  in medical 
surveillance.  
The two groups primarily interface in the following  areas. 
  Providing occupational health input for implement ation or revision to 
hazardous materials use programs 
  Conducting joint surveys of high hazard work area s involving use of 
specified hazardous materials 
  Conducting periodic review of hazardous materials  use programs to 
ensure compliance with industrial hygiene and medic al requirements 
  Coordination in the maintenance of lists of emplo yees who are qualified 
to work with specified hazardous materials 
Personal and Area Workplace Sampling Program 
SH-5 conducts personal and area sampling to charact erize individual 
employee exposure to chemical, physical, and biolog ical agents. This 
information is maintained on a database and, along with the HHA, can be 
accessed by ESH-2 prior to performing medical exami nations for individual 
employees.  
ESH-2 and ESH-5 interface in the following areas. 



  ESH-2 and ESH-5 both use personal and area sampli ng data on-line to 
coordinate occupational health requirements 
  ESH-5 coordinates with ESH-2 to maintain personal  and area sampling 
data in a format useable by both groups 
  ESH-5 provides copies of memos concerning persona l sampling information 
to ESH-2 and provides interpretation of personal sa mpling data as 
requested by ESH-2. (Provisions for privacy protect ion are in place and 
followed) 
Chemical Inventory and Toxicology 
ESH-5 has implemented an extensive database managem ent program for 
occupational health data concerning potentially haz ardous chemicals and 
physical agents. ESH-2 maintains databases for medi cal surveillance 
programs and employee health status monitoring. Mos t data is either 
personal computer based or operates on the ESH Divi sion Office (DO) VAX 
in the Oracle environment and can be used by both g roups. Due to the 
confidential nature of most ESH-2 medical data, it is not accessible by 
ESH-5. 
The databases jointly used and accessible by both g roups include the 
following. 
  Chemical Inventory. The Automated Chemical Invent ory System (ACIS) 
database tracks the location, using groups, and qua ntities of chemicals 
throughout the Laboratory. This database is availab le on-line to both 
groups through the ESH-DO VAX. 
  HHA. The HHA is available to both groups on the E SH-DO VAX for 
information concerning individual workplaces, inclu ding hazards present, 
employees, hazard control measures, and chemical us e. 
  Sampling and Monitoring. A database of all air sa mpling, noise, etc. 
conducted by ESH-5 is maintained on the ESH-DO VAX.  This information is 
used by ESH-2 physicians prior to conducting physic al examinations. 
  Confined Space Locations. ESH-5 maintains a datab ase of confined space 
locations at the Laboratory on the ESH-DO VAX. This  information is 
available on-line to ESH-2 personnel. 
  Non-ionizing Radiation Sources. ESH-5 maintains a  database of non-
ionizing radiation source information by location o n the ESH-DO VAX. This 
information is available to ESH-2 personnel. 
  Asbestos Inventory. ESH-5 maintains a database of  asbestos-containing 
materials by location on personal computer. This in formation is not 
currently accessible by ESH-2 personnel on-line, ho wever customized hard-
copy reports can be generated upon request. 
Pregnancy Consultation 
Employee procedures for reporting pregnancies or re ceiving consultation 
regarding contemplated pregnancies are outlined in AR 2-1. ESH-2 is 
responsible for initial coordination with the emplo yee and recommending 
temporary work restrictions if necessary. ESH-5 is responsible for 
conducting workplace evaluations for potential repr oductive hazards. 
The primary interface between ESH-2 and ESH-5 inclu de the following. 
  ESH-2 referral of cases to ESH-5 for workplace ev aluations 
  Joint ESH-2 and ESH-5 workplace evaluation of sel ected work areas for 
potential workplace reproductive hazards  
Occupational Injury or Illness Reporting and Invest igation 
The Laboratory program is described in AR 1-1, Acci dent and Occurrence 
Reporting. For occupational illness or injury, ESH- 2 is responsible for 
initial documentation and reporting. ESH-5 is respo nsible for determining 
the need for additional investigation and reporting . 



The two groups primarily interface in the following  areas. 
  Referral from ESH-2 to ESH-5 of all reported inju ries and illnesses 
  Joint investigation of priority injuries or illne sses with medical and 
industrial hygiene implications 
  Joint implementation of preventive measures when lessons learned from 
an injury or illness affect both medical and indust rial hygiene programs 
Control Measures 
The Laboratory has a program to implement adequate control measures for 
potentially hazardous work. Controls are selected t hat will eliminate or 
reduce the hazard to manageable levels using the fo llowing hierarchy. 
  Substitution 
  Engineering Controls 
  Safe Work Practices or Procedures 
  Administrative Controls 
  Personal Protective Equipment 
ESH-5 maintains the lead role in recommending and e valuating the 
effectiveness of control measures for industrial hy giene hazards. ESH-5 
interfaces with ESH-2 concerning implementation of control measures that 
may impact individual employee health status. This occurs most frequently 
when implementing the use of respiratory protection  and for 
administrative controls such as job rotation. 
MEASURES OF PERFORMANCE 
The quality of the interface between the Occupation al Medicine Group and 
the Industrial Hygiene and Safety Group in itself i s a measure of 
performance of the overall Environment, Safety and Health Program at the 
Laboratory according to contract provisions. The fo llowing indicators may 
be used to measure the quality of this interaction.  
  Trend and analysis of occupational illnesses and injuries at the 
Laboratory 
  Workplace inspections conducted jointly by the Oc cupational Medicine 
and Industrial Hygiene and Safety Group 
  Results of external audits related to the interac tion between the 
Occupational Medicine and Industrial Hygiene and Sa fety Groups 
  Interface activities for special medical surveill ance programs such as 
hearing conservation and beryllium. 
  Focus on highest, more common accident types: str ains/sprains; 
repeative trauma; and contusions/lacerations. 
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ABSTRACT 
The Department of Energy (DOE)/Nevada Environmental  Restoration Project 
is comprised of several subprojects which include m any dissimilar 
activities ranging from remediating radioactively c ontaminated soils on 
Alaska's western coast, to decontamination and deco mmissioning activities 
at the Nevada Test Site. In order to include all th ese activities in the 
same health and safety program, the Environmental R estoration Division of 
the DOE Nevada Operations Office has developed a ti ered approach to its 
health and safety plans. There is an "umbrella" hea lth and safety plan 
that provides background details of the program and  procedures, which is 
then integrated with site-specific health and safet y plans that cover 
details such as site hazards, history, and personal  protective equipment. 
Working together, these two plans provide the neces sary framework to do 
work safely. 
The site-specific health and safety plan contains a ll information 
required by 29 CFR 1910.120, "Hazardous Waste Opera tions and Emergency 
Response," in abbreviated form. This "user friendly " format is 
computerized and is completed by checking boxes, fi lling in blanks, and 
making brief statements. The site-specific plan is deliberately designed 
to exclude details that have no relevance to specif ic information about 
an individual location. The site-specific health an d safety plan format 
is deliberately simple and is not easily adaptable to complex operations. 
Therefore, multiple, task-specific, site-specific h ealth and safety plan 
forms may need to be compiled to address individual  activities for 
complex operations. However, similar activities at different sites may be 
grouped under a single, site-specific health and sa fety plan if the 
hazards and protective measures are closely related . 
This integrated approach has been applied to both l arge and small federal 
sites; treatment, storage, and disposal facilities;  and commercial 
hazardous waste operations with equal success. The articulated health and 
safety plan is a cost-effective solution to the dri vers of environmental 
restoration activities associated with multiple reg ulatory requirements, 
complex combinations of large- and small-scope oper ations, and diverse 
organizations. 
INTRODUCTION 
The DOE/Nevada Environmental Restoration Project's Health and Safety 
Program must integrate numerous regulatory and oper ational requirements 
to support a diverse environmental restoration prog ram without reducing 
the efficiency of operations with overly burdensome  requirements. 
Traditional approaches to health and safety plans w ere evaluated and 
subsequently rejected because of the enormity of a task involving a 
multitude of sites, located from Alaska to Nevada w ith more than five 
separate contractor organizations, and because of t he urgency to increase 
efficiency through the streamlining of plan product ion, review, and 
dissemination. The product of this effort is the su bject of this 
discussion. 
OVERVIEW OF THE DOE/NEVADA ENVIRONMENTAL RESTORATION PROJECT 



DOE/Nevada Environmental Restoration Project activi ties encompass 
characterization and remediation of inactive sites associated with DOE 
nuclear testing programs. Sites under this project typically have areas 
of low-level radioactive or chemical contamination (or both) and are 
found at the Nevada Test Site, Tonopah Test Range, and Nellis Air Force 
Range as well as remote locations in Alaska, northe rn and central Nevada, 
Colorado, New Mexico, and Mississippi. Many organiz ations are involved 
with the DOE/Nevada Environmental Restoration Proje ct, including federal 
and state agencies in both operational and regulato ry roles and multiple 
contractor organizations. These organizations must all work together with 
the DOE/Nevada Environmental Restoration Project to  accomplish it's goals 
and objectives. Under these circumstances, it is fr equently difficult to 
ensure efficient, effective communication between t he various 
participants of the Project, and considerable effor t has been expended 
simply to assure all entities, including workers, a re kept informed of 
site hazards and controls. 
Most of the activities conducted by the DOE/Nevada Environmental 
Restoration Project are hazardous waste activities as defined by the 
Occupational Safety and Health Administration (OSHA ) in Title 29 of the 
Code of Federal Regulations, Part 1910, Section 120  (29CFR1910.120), 
"Hazardous Waste Operations and Emergency Response"  (HAZWOPER), and have 
been adopted by the Department of Energy in DOE Ord er 5480.4, 
Environmental Protection, Safety, and Health Protec tion Standards. This 
section of 29 CFR 1910.120 (b) requires a safety an d health program for 
hazardous waste operations, and paragraph 1910.120 (b)(4)(i) requires 
that a site-specific health and safety plan be prod uced as well. These 
requirements were reviewed by the Project in 1992, and the preferred 
approach was to produce two integrated documents: t he DOE/Nevada 
Environmental Restoration Project Health and Safety  Plan and site-
specific health and safety plans.  
Additional standards are also addressed by the use of this site-specific 
health and safety plan approach. Hazard communicati on (29 CFR 1910.1200), 
construction industry specifics (29CFR1926), and a variety of other 
standards and requirements such as specific contami nant controls (29 CFR 
1910.1000, et al.) and elements of environmental pr otection (40 CFR) are 
built into each plan. The site-specific health and safety plans also draw 
on the requirements and procedures of the DOE Radio logical Control 
Manual, and 10 CFR 835, "Radiological Protection." 
The DOE/Nevada Environmental Restoration Project's varied project 
locations, objectives, contractors, and tasks creat e a challenge for 
effective health and safety planning and control. A n additional 
complication arises when the mix of personnel inclu des those with 
backgrounds in the hazardous waste industry, radiol ogical hazards only, 
environmental sciences, and government agencies bec ause of the 
specialized terms and ideas that often cause confus ion when addressed 
outside those particular fields. As with any commun ications difficulty, 
this confusion is assumed to affect planning effect iveness, document peer 
review efficiency, and possibly actual worker safet y due to misunderstood 
instructions during project operations. 
A decision was made early in the development of the  DOE/Nevada 
Environmental Restoration Project Health and Safety  Plan to use the 
document as a standard with a common set of definit ions and concepts. To 
assure clarity, specific definitions of terms were provided. In some 
cases, such as Occupational Safety and Health Admin istration (OSHA) 



construction standard terms in Title 29 of the Code  of Federal 
Regulations, Part 1926 (29 CFR 1926), a "cross-inde x" was provided to 
equivalent terms used by the hazardous waste indust ry in its Hazardous 
Waste Operations and Emergency Response standard. S imilarly, terms common 
to both the radiological health and hazardous waste  fields, but having 
different meanings, are provided in a common dictio nary. 
ENVIRONMENTAL RESTORATION HEALTH AND SAFETY PLAN 
Traditional health and safety plans are typically c umbersome documents 
designed to include all aspects of a health and saf ety program. The 
solution of this problem was to develop a brief pla n in a standard 
format, focussed entirely on the particular job at hand. 
DOCUMENT PRECEDENCE 
The DOE/Nevada Environmental Restoration Project's Health and Safety 
Program's main objective is to protect workers cond ucting field 
operations. To accomplish this and encompass the Pr oject's widely varied 
activities, a programmatic or "umbrella" health and  safety plan is in 
place that prescribes the minimum procedures to be followed while doing 
work. Individual subprojects, sites, and/or tasks r equire site-specific 
health and safety plans to identify the particular features, hazards, 
communication methods, and protective measures to b e employed at that 
location. Together, the programmatic health and saf ety plan and the site-
specific health and safety plan compose the health and safety program for 
a subproject, site, or group of tasks. Figure 1, "D OE/Nevada 
Environmental Restoration Project Health and Safety  Document Hierarchy," 
shows the relationship of the various components wh ich document the 
DOE/Nevada Environmental Restoration Project's Heal th and Safety Program. 
Fig. 1 
Occasionally, a "full" health and safety plan, rath er than the site-
specific health and safety plan will be developed f or an activity. This 
all-encompassing plan is the traditional health and  safety plan approach 
mentioned earlier and contains extensive details of  training, medical 
monitoring, and site control in much greater depth than is found in the 
"fill-in-the-blank" format usually used in the DOE/ Nevada Environmental 
Restoration Project Health and Safety Plan. This tr aditional format may 
be required when extensive public scrutiny of the p roject might be 
involved or when it is requested by participating o rganizations, usually 
when such a plan will be more easily understood dur ing plan review and 
approval. 
CONTENTS OF THE DOE/NEVADA ENVIRONMENTAL RESTORATION PROJECT HEALTH AND 
SAFETY PLAN 
The DOE/Nevada Environmental Restoration Project He alth and Safety Plan 
is the governing document under which all operation s are conducted. It 
describes the entire health and safety program, inc luding such vital 
ingredients as health and safety responsibilities, hazards assessment, 
hazard control program, personal protective equipme nt, and site control. 
Each of these areas is addressed in the plan so tha t the requirements are 
clearly delineated and apply to all Project sites. The following sections 
are addressed in the plan: 
  Responsibilities - contains the requirements for each functional area 
from project manager to site supervisor to oversigh t organizations for 
the safety of site workers and describes the relati onships between each 
of the roles. General responsibilities that apply t o all personnel are 
also included. 



  Hazard Assessment - describes when a hazard asses sment is to be done 
and what must be included/considered/addressed.  
  Hazard Control Program - includes discussions and  descriptions of 
acceptable and/or required procedures related to ge neral practices such 
as working with the "buddy system" and how to handl e site visitors. This 
section also contains procedures related to common hazards/mitigation 
measures that may be encountered while performing w ork on the DOE/Nevada 
Environmental Restoration Project. These hazards in clude ionizing 
radiation, contracting heat and cold illness, heari ng conservation, 
working in confined spaces, engineering and work pr actice controls, 
handling drums and containers, excavating, operatin g aircraft, and 
dealing with ordnance materials and other physical hazards as well as 
lockout/tagout procedures and sanitation, illuminat ion, asbestos, and 
ergonomics issues. 
  Personal Protective Equipment - includes discussi ons on the selection 
and use of proper personal protective equipment, de finitions of levels of 
protection, hazards assessment, and training. 
  Site Monitoring - involves topics such as airborn e contaminant and 
personnel monitoring, records keeping, and notifica tion. 
  Employee Training - discusses general training is sues including 
tailgate safety briefings, material safety data she ets, and health and 
safety plans. Specific training requirements such a s radiation safety, 
hazardous waste operations and emergency response, supervisor's course, 
first aid and CPR, requirements for site-specific t raining, and 
instructor qualifications are also listed. 
  Medical Surveillance - includes requirements for physical examinations, 
record keeping, and injury and illness treatment. 
  Emergency Procedures - includes general emergency  procedures, i.e., 
responses to worker injury or fire, and notificatio n and documentation 
requirements. 
  Site Characterization and Analysis - outlines the  requirements for site 
health and safety evaluations, general site informa tion to be gathered, 
initial site entry procedures, and hazard communica tion. 
CONTENTS OF SITE-SPECIFIC PLANS 
Each site-specific health and safety plan incorpora tes the applicable 
requirements from the programmatic health and safet y plan and delineates 
how the requirements will be accomplished for that location's scope of 
work. General project information is included such as a brief site 
history, investigative objective/activity descripti on, and a notation 
about whether the site is regulated under 29 CFR 19 10.120. Other sections 
contained in the site-specific plans include: 
  Material characteristics 
  Facility descriptions 
  Confined space descriptions 
  Investigation-derived waste handling 
  Hazard analysis Site control procedures (personal  protection 
requirements, surveillance equipment, monitoring re quirements) 
  Site setup 
  Decontamination procedures 
  Potential exposure action levels 
  Emergency procedures and communications 
  Exposure symptoms and required actions 
  Address and specific directions to the nearest ho spital (and an 
alternate, if available) 



  Personnel information 
  Accident/injury/near miss checklist, and emergenc y notification 
requirements 
  Contact and phone numbers 
Also included in the plan is a section that require s the signature of 
each site worker acknowledging his/her understandin g of the contents of 
the site-specific health and safety plan. 
Site-specific health and safety plans are usually p repared by the 
organization with primary responsibility for comple tion of the work to be 
performed and are reviewed by all participating org anizations, which 
assures complete concurrence and understanding of a ll participants. The 
time required for this process varies, but is typic ally a one- to four-
week process, depending on the number of reviewing organizations and 
complexity of the tasks involved. 
A computerized program has been developed to accele rate the production of 
site-specific health and safety plans. This approac h has helped to 
standardize their format, thereby making them more useable to the 
employee in the field. After a brief adjustment per iod, field technicians 
have become accustomed to the site-specific health and safety plan format 
and can find and interpret information quickly in t he printed document. 
This Microsoft Windows-based application is designe d to fit any platform 
running Microsoft Windows with compatible functiona lity and design. As 
part of the Windows approach, on-line help screens are available on all 
form fields to help the user in completion of the s ite-specific health 
and safety plan. However, given the variety of cont ractor and government 
organizations expected to produce these plans under  the DOE/Nevada 
Environmental Restoration Project, a word processor  version was also 
developed. Either format is allowed by the DOE/Neva da Environmental 
Restoration Project Health and Safety Plan, and whi le the same basic 
information must be included, other formats are acc eptable as well. This 
flexibility has allowed the health and safety progr am to focus on 
content, rather than form, with a concurrent increa se in worker 
acceptance and understanding. 
APPLICATION TO VARIOUS PROJECTS AND SITES 
The DOE/Nevada Environmental Restoration Project He alth and Safety Plan 
has been successfully applied to many different ope rations, i.e., the 
location of the Salmon test, an underground experim ent performed under 
the Plowshares Program, a program evaluating the pe aceful uses of nuclear 
explosives. Activities on this site included threat ened and endangered 
species surveys; surface water, groundwater, sedime nt sampling; and 
biological sampling. Initial evaluation of the proj ect seemed to dictate 
the use of a "full" health and safety plan, a tradi tional health and 
safety plan containing all background information i n addition to site-
specific information. However, by grouping tasks on  location and type, it 
became apparent the site-specific health and safety  plan approach would 
satisfy site requirements by using multiple "short form" style health and 
safety plans. Each task plan essentially became a c hapter discussing the 
hazards and protective measures appropriate to that  task and was then 
assembled into a complete site-specific health and safety plan for that 
location. This approach proved very effective given  that each sampling 
team or personnel from each specific discipline act ivity could refer to a 
single, brief document rather than search through a  large document for 
information specific to their tasks. 
ASSOCIATED PROGRAMS 



Several programs complement the health and safety p lans. An integral part 
of the DOE/Nevada Environmental Restoration Project 's Health and Safety 
Program is the Tailgate Safety Briefing. This brief ing serves to 
reinforce information covered in the site-specific health and safety plan 
specific to that shift's activities and is conducte d at the beginning of 
each shift or whenever new employees arrive at the job site once work 
commences. The briefing includes possible contamina nts and exposure 
symptoms, personal protective equipment requirement s, hazards, 
decontamination procedures, and emergency informati on. Each person 
entering the site, including visitors, must acknowl edge attendance by 
signing a Tailgate Safety Briefing form.  
Examples of other programs that complement the heal th and safety plans 
are the Radiological Work Permits and Permit Requir ed Confined Space 
entry programs. These programs require specific tra ining, documentation, 
and procedures which are not duplicated in the site -specific health and 
safety plan or the DOE/Nevada Environmental Restora tion Project Health 
and Safety Plan. Each of these programs is referenc ed, and a brief 
description of the key features and requirements of  the program is 
presented. This feature avoids the problems of docu ment size and document 
control by incorporating these other programs by re ference. 
USE IN OTHER ENVIRONMENTS 
The original basis of the "short form" approach to site-specific health 
and safety plans grew out of a need to produce such  a plan to meet OSHA 
requirements for environmental emergency response o perations. A large, 
unwieldy site-specific health and safety plan would  be impractical to 
produce in the very short response time required, b ut the alternative, no 
plan at all, was both unwise and failed to meet OSH A requirements. The 
development of a concise, "check box" approach was the solution to this 
dilemma. The early versions of this approach were u sed in many rapid-
response situations such as chemical spills on fede ral or state lands 
with great success. 
An additional benefit of this approach was the redu ced cost of 
preparation, which was appealing in the competitive  commercial 
environment in which it was first developed and app lied. Commercial 
hazardous waste operations typically regard the let ter of the law as a 
necessary evil, therefore viewing such cost-savings  as reduced health and 
safety plan production time as a boon to operations ' profitability. 
Within this setting, however, is the possibility of  an OSHA audit. A 
necessary component of completing an audit without incurring a citation 
is a health and safety plan which meets OSHA requir ements. Meeting this 
requirement effectively dictates a health and safet y plan and plan 
production process which is cost-effective in terms  of production time 
and effort. The site-specific health and safety pla n approach used by the 
DOE/Nevada Environmental Restoration Project provid es this effectiveness. 
SUMMARY 
The format of the health and safety program outline d here provides 
efficiency in the process from project inception to  close-out. The 
programmatic part of the health and safety plan had  only to be developed 
once and revised annually. It reduces redundancies in documentation and 
does not repeat information found in other requirem ents documents, but 
serves to reference all the requirements in one pla ce. This helps to 
ensure all requirements are being met in the most e fficient manner.  
Each site-specific health and safety plan contains only the information 
needed to accomplish the scope of work covered by t he document. The 



format lends itself to quick production and review,  and the workers on a 
site can easily read and understand the hazards and  mitigating measures 
for the functions they are performing. 
The DOE/Nevada Environmental Restoration Project ar ticulated approach has 
been applied to large and small federal sites; trea tment, storage, or 
disposal facilities; and commercial hazardous waste  operations with equal 
success. The articulated health and safety plan app roach is a cost-
effective solution to the drivers of environmental restoration activities 
associated with multiple regulatory requirements, c omplex combinations of 
large- and small-scope operations, and diverse orga nizations. 
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ABSTRACT 
Health and Safety Plans for Remedial Investigations  (RI) at hazardous 
waste sites often focus on chemical hazards and ove rlook physical 
hazards. The ergonomic hazards contributing to Carp al Tunnel Syndrome 
(CTS) and other musculoskeletal disorders (MSDs) ar e some of the most 
commonly overlooked physical hazards. A recent case  of severe CTS 
developed while working on a remedial investigation  site, was evaluated 
to determine which CTS risk factors were implicated . From that point, CTS 
risk factors routinely encountered on RI sites were  identified through a 
series of RI site visits. CTS risk factors identifi ed include the 
following: decontaminating sample spoons, lowering and raising pumps into 
wells, a variety of high strength gripping activiti es, surging wells with 
pipe and surge blocks, lowering and raising bailers  into wells, using 
hand tools which force the hand into an unnatural p osition, subjecting 
the hand to cold, and wearing chemical protective g loves which hinder the 
motion of the wrist. RI activities examined include  soil gas surveys, 
borehole soil sampling, well development, soil, wat er or sediment 
sampling and related RI activities. From this revie w of RI activities, it 
appears that CTS is a likely hazard on RI sites. Fu rther work is required 
to examine the actual occurrence of CTS in RI worke rs, both reported and 
unreported cases. 
HEALTH AND SAFETY HAZARDS FOR REMEDIAL INVESTIGATIONS 
Remedial investigations (RI), as required by the En vironmental Protection 
Agency in the Comprehensive Environmental Response,  Compensation, and 
Liability Act, serve as mechanisms for collecting d ata for site and waste 
characterization and for conducting treatability te sting as necessary. 
The field component of the RI may include a wide va riety of activities, 
each presenting their own unique occupational safet y hazards. 
Field Activities During Remedial Investigations 
The investigation team may implement any of a numbe r of sampling methods 
during a remedial investigation. Site characterizat ion efforts may 
include soil gas surveys, borehole drilling, well d evelopment, 
containerized materials sampling, and soil, water o r sediment sampling. 
Hazards of Activities During Remedial Investigation s 
Field activities during RI present chemical, radiol ogical, biological and 
physical hazards. Field workers risk exposure to th e chemical wastes they 
are investigating, as well as other chemicals used or stored onsite. 
Onsite safety staff use direct reading instruments and personnel air 



sampling to gauge the degree of airborne chemical h azards. Local exhaust 
ventilation, remote sampling devices and other engi neering controls are 
integrated with safe work practices and personal pr otective equipment to 
protect workers from chemical exposures. Similarly,  controls are required 
by federal law and the locally-implemented Radiatio n Control Manuals to 
keep exposures to radiation and radiological contam ination As Low As 
Reasonably Achievable (ALARA). Biohazards may be pr esent in hazardous 
wastes such as hospital or research facility wastes . More commonly 
biohazards derive from the natural environment and may include disease-
causing organisms (pathogens), and dangerous plants , insects, and other 
animals. Perhaps the most ubiquitous hazard at a ha zardous waste site is 
presented by physical dangers. Safety issues such a s electrical safety, 
lockout/tagout of hazardous energy sources, the use  of fall protection, 
slipping and tripping hazards, working in confined spaces, use of heavy 
equipment, and a number of other physical safety is sues manifest during 
an RI. While chemical, radiological and biological hazards are generally 
addressed in Health and Safety Plans and site-speci fic worker training, 
physical hazards are often addressed insufficiently . The ergonomic 
factors contributing to Carpal Tunnel Syndrome (CTS ) and other repetitive 
strain injuries are some of the most commonly overl ooked physical 
hazards. 
CTS FACTORS-GENERAL 
Repetitive movement, excessive wrist force or impro per wrist position of 
the hand or fingers cause the tendons to slide agai nst the walls of the 
carpal tunnel. The carpal tunnel is the channel in the wrist through 
which the median nerve and several finger flexor te ndons run. As the 
tendons slide against the walls of the carpal tunne l, they may become 
irritated, causing then to become inflamed and swol len. With no room to 
expand, the swollen tendons press against the media n nerve, causing pain. 
In OSHA's draft ergonomics standard, OSHA describes  five signal risk 
factors, that is workplace risk factors whose prese nce is a signal that 
there is an increased likelihood of work-related MS D's. Those five risk 
signal risk factors include: 
  Performance of the same motion or pattern every f ew seconds for more 
than (2) hours at a time. 
  A fixed or awkward work posture (for example, ove rhead work, twisted or 
bent back, bent wrist, kneeling, stooping, or squat ting) for more than a 
total of (2) hours. 
  Use of vibrating or impact tools or equipment for  more than a total of 
(2) hours. 
  Forceful hand exertions for more than a total of (2) hours. 
  Unassisted frequent or forceful manual lifting. 
Activities which require the hand to perform repeti tive bending, twisting 
or pounding operations may create high risk of CTS.  Subjecting the hand 
to cold, or using gloves which hinder motion or enf orce an awkward wrist 
position may also increase risk. Risks are presente d by objects which are 
difficult to grasp, or when gloves make it difficul t to grasp an object. 
Additionally, powered hand tools may produce high l evels of vibration. 
Poorly designed and bulky gloves can reduce hand st rength up to 30%. 
Finger pinching is more stressful than hand grippin g. It takes four to 
five times as much muscle strength and tendon force  to pinch an object 
than it does to grip it. 
REMEDIAL INVESTIGATION CTS RISK FACTORS 



Table I summarizes the relationship between remedia l investigation 
activities and CTS risk factors. CTS risk factors e xist in most common RI 
activities including soil gas surveys, borehole soi l sampling, well 
development and groundwater sampling, and sampling of containerized 
materials, soil, surface water or sediment. In some  cases the stressing 
activity may be limited to a brief interval during the workshift. Some 
CTS risk factors appear in a variety of RI activiti es. For example, 
subjecting the hand to cold in outdoor work on many  locations. Wearing 
chemical protective gloves may hinder the motion of  the wrist and 
fingers, and increases the amount of force required  for grasping. 
Inadequately designed hand tools, used for a number  of different 
activities, may force the wrist into unnatural posi tions. 
Table I 
Soil Gas Surveys 
Repetitive wrist twisting and excessive wrist force  is indicated by the 
number of actions requiring unscrewing and screwing  parts together during 
a soil gas survey. A single soil gas sample may inv olve screwing the tip 
adaptor to the soil gas rod, screwing the hammer ca p to the soil gas rod, 
unscrewing then replacing the hammer cap to screw i n a second rod once 
the first rod has been hammered down, unscrewing th e hammer cap to screw 
on a sample port, then reversing the entire process . The entire process 
may take as little as 30 minutes, and 6-14 location s may be sampled in a 
single workshift. 
Borehole Soil Sampling 
Photograph One shows a commonly utilized sampling a pparatus, the split 
spoon. Repetitive twisting and pounding, as well as  excessive wrist force 
may be associated with use of this sampling apparat us to obtain 
subsurface soil samples. Subsurface soil sampling w ith a drill rig 
generally involves hand screwing the sampling appar atus to the drill rod 
either by hand or using a pipe wrench, drilling to the desired depth, 
unscrewing the sampling apparatus, and disassemblin g the sampling 
apparatus to obtain the soil sample. This process i s repeated for each 
sample. Decontamination of sample spoons includes u nscrewing the end cap 
or boot, cleaning and reassembling the spoon.  
Well Development and Groundwater Sampling 
Surging for well development often entails the use of pipe and a surge 
block, as shown in Photograph Two. When surging is performed by hand, 
repetitive wrist bending and significant wrist forc e may be involved. 
This approach involves the assembly of threaded lig htweight piping such 
as polyvinyl chloride pipe. The pipe is often assem bled in five foot 
sections with total lengths commonly ranging from 2 0 to 50 feet. A surge 
block is screwed onto the end of the pipe. The pipe  is lowered by hand 
down the well and then raised and lowered along the  screened interval of 
the well for 10 to 15 minutes at a time. After the surging is completed, 
the pipe is unscrewed and decontaminated. 
Sampling of monitoring wells often involves lowerin g either a teflon 
bailer or a pump into the well. Equipment is lowere d by line with a hand 
over hand motion requiring repetitive twisting and bending at the wrist. 
Photograph Three shows the use of a bailer for grou ndwater sampling. 
Sampling: Containerized Materials, Soil, Surface Wa ter or Sediment 
Handling any sample generally involves screwing and  unscrewing lids on 
sample jars, and labeling sample jars. Wearing chem ical protective gloves 
can increase the amount of force required in the ha nd and fingers to 
perform these tasks.  



While sampling containerized materials appears to i nvolve minimal CTS 
risk. Removing and replacing bung tops on drums inv olves forceful finger 
pinching when a bung wrench is not used. A scenario  such as sampling 
dozens of bung top drums in a workshift might prese nt increased risk. 
Surface and near-surface soil sampling may include using a pick axe, 
shovel or scoop. Using a hand auger, as shown in Ph otograph Four requires 
repetitive twisting of the wrist. Posthole diggers may also be used. 
While surface water sampling does not appear to inv olve any significant 
CTS risk factors, sediment sampling may. Sediment s ampling often involves 
lowering a sampling device by hand to the sediment to obtain a sample. 
Whether the sampler is lowered on a rigid pole or f lexible line, 
repetitive wrist bending may be required. 
CASE STUDY OF CARPAL TUNNEL SYNDROME (CTS) INJURED WORKER 
"Joe" is the pseudonym used here for a worker who d eveloped carpal tunnel 
syndrome (CTS) apparently while performing field wo rk during an RI. This 
case is interesting in that many of the CTS risk fa ctors inherent in RI 
work were all present in this case. Table I specifi es that "Joe's" work 
activities would have subjected his hand and wrist to repetitive 
twisting, bending and pounding, excessive force, an d improper positions. 
His long workshifts in a very cold environment also  could contribute 
significantly to his injury. Furthermore, wearing b oth chemical 
protective gloves and gloves for warmth may have hi ndered the motion of 
his wrist and increased his required grasping torqu e in the performance 
of his tasks. 
Medical History 
Shortly after "Joe" was sent to a new field assignm ent, he noticed that 
his hands were becoming numb. This gradually worsen ed and began to keep 
him up at night with throbbing pain. He had noted m uch muscle tenderness 
in association with this discomfort. Upon completin g his approximately 
one month field assignment, he returned home and sa w a physician who felt 
that he had bilateral carpal tunnel syndrome. At th is time, "Joe" 
complained of loss of grip strength and significant  loss in coordination. 
He had difficulty writing, which resulted in severe  tingling and burning 
of the hands. He was subsequently diagnosed with mo derate to severe CTS 
which required surgery on both wrists.  
Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Work History 
"Joe" is a field technician who participates in a w ide range of field 
labor activities during environmental investigation s and remediations. 
This section details "Joe's" work activities during  his one month work 
assignment. Shifts during "Joe's" field assignment were generally twelve 
to seventeen hours per day. Activities included dec ontamination of 
equipment, monitoring well development and groundwa ter sampling.  
Equipment decontamination included cleaning bailers , sample pumps and 
sample spoons. Each spoon assembly weighs approxima tely 20 pounds. "Joe" 
was involved in equipment decontamination for at le ast one to two hours 
each morning over the course of seven days. 
For approximately seven hours each day for an estim ated two weeks, "Joe" 
was involved with another team member in well devel opment. This activity 
involves surging the well with pipe and surge block s and then lowering a 
pump into the well. The pump, lowered into the well  by hand, weighed 



approximately 10 to 12 pounds, plus the weight of t he line. Pumps were 
lowered from 15 to 50 feet into a well. 
Finally, "Joe" participated in groundwater sampling . Sampling of 
monitoring wells involved lowering either a 1 3/4 "  by 36" teflon bailer 
or a pump into the well. 
CONCLUSIONS 
From this review of RI activities, it appears that CTS is a likely hazard 
on RI sites. Further work is required to examine th e actual occurrence of 
CTS in RI workers, both reported and unreported cas es. As a corrective 
action, "Joe's" employer now includes a review of l ikely ergonomics 
hazards for pending field activities. Likely ergono mics hazards and 
controls are described in the site-specific health and safety plan, and 
discussed at the site orientation training. 
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ABSTRACT 
This study's objective is to assess means for contr olling water 
infiltration through waste disposal unit covers in humid regions. 
Experimental work is being performed in large-scale  lysimeters 21.34 m x 
13.72 m x 3.05 m (75 ft  45 ft  10 ft) at Beltsvill e, Maryland. Results 
of the assessment are applicable to disposal of low -level radioactive 
waste (LLW), uranium mill tailings, hazardous waste , and sanitary 
landfills. 



Three kinds of waste disposal unit covers or barrie rs to water 
infiltration are being investigated: 1) resistive l ayer barrier, 
2)conductive layer barrier, and 3) bioengineering m anagement. The 
resistive layer barrier consists of compacted earth en material (e.g., 
clay). The conductive layer barrier consists of a c onductive layer in 
conjunction with a capillary break. As long as unsa turated flow 
conditions are maintained, the conductive layer wil l wick water around 
the capillary break. Below-grade layered covers suc h as 1) and 2) will 
fail if there is appreciable subsidence of the cove r, and remedial action 
for this kind of failure will be difficult. A surfa ce cover, called 
bioengineering management, is meant to overcome thi s problem. The 
bioengineering management surface barrier is easily  repairable if damaged 
by subsidence; therefore, it could be the system of  choice under active 
subsidence conditions. The bioengineering managemen t procedure also has 
been shown to be effective in dewatering saturated trenches and could be 
used for remedial action efforts. After cessation o f subsidence, that 
procedure could be replaced by a resistive layer ba rrier or, perhaps even 
better, by a resistive layer barrier/conductive lay er barrier system. The 
latter system would then give long-term effective p rotection against 
water entry into waste without institutional care. 
As mentioned in the preceding paragraph, a bioengin eering management 
cover might well be the cover of choice during the active subsidence 
phase of a waste disposal unit. Some maintenance is  required during that 
period. Final closure, using geological materials, could follow cessation 
of subsidence. No further significant maintenance w ould then be required. 
If the geological material used is merely a clay ba rrier to water 
infiltration, the cover will be "sensitive" to impe rfect construction or 
degradation by penetrating roots. The roots will di e and decay, causing 
markedly increased permeability of the clay with th e passage of time. A 
system using a conductive layer under the clay laye r as a water-
scavenging system will, in comparison, be "robust."  Roots will still 
degrade the clay layer but will not degrade the sca venging layer. A 
roothole through the conductive layer will be analo gous to a hole through 
a wick. It will do no significant damage. The combi nation of a resistive 
layer with a conductive (scavenging) layer undernea th is thus less 
dependent on perfect construction techniques and wi ll be resistant to 
damage by root invasion. In the absence of subsiden ce such a system 
should function effectively for millennia. 
Another very useful application of the resistive la yer barrier/conductive 
layer barrier system would be to protect an earth-m ounded concrete bunker 
disposal unit. In that case, the barrier system wou ld shield the concrete 
from exposure to flowing water. The resulting stagn ant alkaline film of 
water would tend to protect the concrete from degra dation over a long 
time period. Similarly, a resistive layer barrier/c onductive layer 
barrier system could be used to protect high-level waste. If high-level 
waste were disposed of in fractured rock, this syst em could be used to 
divert possible fracture flow water around the wast e. 
INTRODUCTION 
Infiltration of water into waste is the foremost pr oblem associated with 
near-surface disposal of low-level radioactive wast e (LLW). Up to this 
time, disposal unit covers have generally been cons tructed from soil 
materials. In humid areas, these soil or clay cover s have generally 
proved less than satisfactory; often, the cover its elf has served as the 
principal pathway for water entry into the waste (1 ). Water infiltrating 



to buried wastes, contacting the wastes, then exiti ng the area can 
reasonably be expected to be the most important of radionuclide transport 
agents. Some radionuclides, such as tritium (presen t as tritiated water), 
and those present in anionic form or neutral comple xes, will essentially 
move with the flow of water; others, present as cat ions, will move much 
more slowly, but all will move to a greater or less er degree. Clearly 
then, it is advantageous to reduce water infiltrati on to buried waste to 
as low a level as reasonably achievable. It is the purpose of our work to 
examine and demonstrate various approaches for achi eving that goal. 
Three kinds of waste disposal unit covers or barrie rs are being 
investigated in this work:  
1) Resistive Layer Barrier 
2) Conductive Layer Barrier 
3) Bioengineering Management 
The resistive layer barrier is the well-known compa cted clay layer and 
depends on compaction of permeable porous materials  to obtain low flow 
rates. Flow through porous media is described by Da rcy's law (2). 
Investigations on flow through such layers have gon e on for over 100 
years, so further progress in this area can be expe cted to be slow.  
The conductive layer barrier (1) is a special case of the capillary 
barrier (3). Use is made of the capillary barrier p henomenon not only to 
increase the moisture content above an interface, b ut to divert water 
away from and around the waste. During such diversi on, water is at all 
times at negative capillary potential or under tens ion.  
This system consists of a porous medium underlaid b y a capillary break 
(rock layer). Infiltration barriers such as a condu ctive layer barrier or 
a clay layer barrier (or a combination thereof) mus t fail if subjected to 
substantial shearing caused by waste subsidence. Re establishment of a 
layered system after subsidence failure is a diffic ult undertaking and is 
exacerbated by the increasing complexity of the lay ered system. The 
failure potential of in-ground layered systems duri ng the subsidence 
period argues for development of an easily repairab le surface barrier for 
use during that period. To that end, a procedure ca lled "bioengineering 
management" was developed (4). The bioengineering m anagement technique 
utilizes a combination of engineered enhanced run-o ff and moisture-
stressed vegetation growing in an overdraft conditi on to control deep 
water percolation through disposal unit covers. An artist's conceptual 
drawing is shown in Fig. 3, referenced in (5). 
EXPERIMENTAL AND DEMONSTRATION 
In this section we will discuss experiments being c onducted in large-
scale lysimeters at a humid region site in Beltsvil le, Maryland (see Fig. 
4), referenced in (5). 
Bioengineering Management 
In bioengineering management the necessary run-off is provided by 
features installed at or above the soil surface rat her than within the 
profile. The procedure, described by Schulz et al. (4), was designated 
bioengineering management. Its principal advantage is that subsidence can 
easily be managed by relatively simple, inexpensive  maintenance of the 
above-ground features rather than by difficult reco nstruction of below-
ground layers. It should be noted that, after a len gth of time sufficient 
so that the organics have decayed and the waste con tainers have 
completely failed, subsidence will cease and a laye red system could be 
then installed which could last over geological tim e periods. 



In essence, the bioengineering management technique  utilizes a 
combination of engineered, enhanced run-off and str essed vegetation in an 
overdraft condition to control deep water percolati on through disposal 
unit covers. To describe it further: if a waste bur ial site is selected 
so that incoming subsurface flow is negligible, the n precipitation is the 
sole source of input water. In a simplified model, that water has three 
possible fates: 1) evapotranspiration, 2) run-off, and 3) deep 
percolation. Evapotranspiration has a definite limi t, governed by energy 
input. Ideally, deep percolation should be zero, le aving only the run-off 
component available for unlimited manipulation. Pos itive control of run-
off becomes difficult with the use of compacted por ous media trench caps 
as the sole barrier to water infiltration. The comp acted material tends 
to become more permeable with the passage of time, due to fractures 
caused by waste subsidence and from the inexorable process of root 
growth, followed by death and decay of the roots, t hus creating water 
channels. Evapotranspiration cannot then use all of  the infiltrating 
water, and water percolates downward to the waste. As stated before, 
evapotranspiration has a theoretical maximum dictat ed by solar energy 
input to the system; only run-off remains available  for nearly unlimited 
management. This run-off can be surface or subsurfa ce, as long as it 
occurs before water reaches the waste. 
Surface run-off can be managed to as high as 100% b y means of a perfect, 
leak-proof roof, which is expensive and hard to gua rantee. Alternatively, 
adequate but not total run-off can be engineered ra ther inexpensively by 
using an impermeable ground cover over part of the surface to achieve 
high and controlled levels of run-off. Vegetation p lanted between areas 
of impermeable cover will extend over the cover to intercept incoming 
solar energy to evaporate water. Roots will extend under the cover in all 
directions to obtain water. 
Such a system can be visualized by imagining a supe rmarket parking lot, 
where trees are planted in islands, surrounded by c oncrete curbs, within 
an extensive paved area. In this case, the trees ar e maintained in a 
drought environment due to the small soil surface a vailable for 
infiltration of precipitation. The paving, along wi th the curbing around 
the trees, causes run-off of most precipitation. Ab oveground, the tree's 
branches and leaves extend over the parking lot and  intercept incident 
solar energy. Beneath the surface, the roots, in a drought state, explore 
outward under the paving for any available water. U tilizing this concept, 
it should be possible, by combining engineered run- off with vegetation, 
to maintain the soil profile in a potential overdra ft condition on a 
yearly basis. 
Initial investigations of the bioengineering manage ment technique were 
carried out in lysimeters at Maxey Flats, Kentucky.  Results obtained in 
seasonal 1984-1985 and 1985-1986 were reported by O 'Donnell et al. (6). 
In that work, a fescue grass crop was used with an engineered cover of 
stainless steel. Following seasonal 1985-1986 the g rass cover was 
removed, a new stainless steel engineered cover was  constructed, and 
Pfitzer junipers were planted in the lysimeters. Af ter the junipers were 
established, percolation data were again collected in 1988 and reported 
by Schulz et al. (7). The woody junipers were excel lent in preventing 
deep percolation of water in the lysimeter. 
The encouraging initial results obtained in the Max ey Flats lysimeter 
experiment led to the establishment of a large-scal e field demonstration 
at Beltsville, Maryland (Fig.4), referenced in (5).  Figure 5, referenced 



in (5), is a photograph of lysimeter 1, bioengineer ing management, taken 
in December, 1994, eight years after planting of th e Pfitzer junipers. 
Alternating panels of aluminum and fiberglass were used as the hard 
cover. These plots, or lysimeters, are 21.3 m (70 f t) long by 12.7 m (45) 
ft wide, and the bottoms are 3.05 m (10 ft) below g rade. Figure 6, 
referenced in (5), shows a side view of constructio n details of 
lysimeters 1 and 2 (bioengineering management). The  only difference 
between the two was the initial water level in the lysimeters. The water 
level was 90 cm above the bottom of lysimeter 1 and  190 cm above the 
bottom of lysimeter 2. The water level in the lysim eters simulates the 
water table in a flooded disposal cell. In addition  to the two 
bioengineered lysimeters, two reference lysimeters (3 and 4) were 
initially constructed. They were similar to the for mer, except that they 
were merely planted with fescue grass. No hard cove r was present, but 
surface slopes were similar to the two bioengineere d lysimeters (i.e., a 
slope of 1:5). Performance data for the reference l ysimeters are given in 
Fig. 7, referenced in (5). 
The water level in the two reference plots or trenc hes (lysimeters 3 and 
4) rose until it was near the surface. At that time , water was pumped 
from the lysimeters to keep them from running over.  The graphs of the 
water tables (i.e., water levels) in the bioenginee red plots (lysimeters 
1 and 2) show an entirely different story, as evide nced in Fig. 8, 
referenced in (5). In both cases, the water table w as eliminated. It 
appears that the bioengineering approach could prev ent water infiltration 
to a disposal unit. It also could be used for a rem edial action in 
dewatering existing problem sites such as Maxey Fla ts. 
On February 4, 1988, lysimeter 4 was pumped out to prevent overflow. It 
was then discontinued as a reference lysimeter and converted to a rock-
surfaced, resistive-layer barrier plot. Lysimeters 1 and 2 
(bioengineered) and lysimeter 3 have been continued . A summary of run-
off, evapotranspiration, and pumping from those thr ee lysimeters is given 
in Fig. 1. 
Fig. 1 
Figure 1 shows that there was very little run-off f rom the grass-covered 
plot. Most of the precipitation was disposed of, vi a evapotranspiration, 
by the fescue crop, but this was not adequate to pr event the rise of the 
water table. Table I gives the run-off, evapotransp iration, and deep 
percolation in the bioengineered plots during the p ast eight years. There 
was no deep percolation during this period. Until s easonal 1993- 
1994 the evapotranspiration had been rising annuall y, probably as a 
result of the greater vegetative canopy interceptin g a greater percentage 
of the precipitation. In 1988, 1989, 1990, 1991, an d 1992 the run-off 
percentages were 80, 74, 70, 67 and 63, respectivel y. In 1993, the run-
off decreased to 61% of the precipitation. In 1994 the run-off remained 
the same as in 1993 (8). In 1995 the run-off decrea sed to 58% of the 
precipitation. During 1989, the water table was com pletely eliminated in 
both plots (Fig. 8), referenced in (5). 
Table I 
In addition to rainfall, run-off, and evapotranspir ation measurements 
discussed above, neutron-probe soil-moisture measur ements have been made 
continuously to monitor soil moisture changes in al l six lysimeters 
depicted in Fig. 4, referenced in (5). The neutron probe measurements 
will indicate whether there is a gain or loss of mo isture from the soil 
profile or, perhaps, steady-state situation, where there is little or no 



net gain or loss of soil moisture during a year. A steady-state situation 
with relatively constant-moisture "dry" soil above waste would be highly 
desirable with a bioengineered cover. There would t hen be a large safety 
margin to protect the waste from infiltrating water .  
Neutron probe apparatus, as supplied by the manufac turer, is calibrated 
against moisture measurements in sand. Such calibra tion is of unknown 
accuracy when applied to soil measurements. For thi s reason, the probe 
was calibrated using the same soil as in the lysime ters. Six hundred and 
twenty-eight kilograms (1400 lbs) of soil were plac ed in a weighing 
lysimeter, and measurements were made over a seven year period. 
Calibration data obtained using the weighing lysime ter are given in Table 
II, referenced in (5). The resulting curves, depict ing the factory 
calibration and the weighing lysimeter calibration,  are given in Fig. 10, 
referenced in (5). It is evident that use of the fa ctory calibration on 
sand would result in a very large error in soil moi sture determination. 
Results of some neutron probe measurements are show n in Fig. 2 for 
bioengineered lysimeters 1 and 2. The data are plot ted as volumetric 
moisture content, as a function of soil depth, on s pecific dates. Only 
ten widely spaced measurement dates are shown, for clarity. From 
inspection of the figure it is seen that, at the st art of the experiment 
in July, 1987, the moisture content of the soil inc reased with depth 
until the water table was reached, then became cons tant. By July, 1989, 
the water table had been eliminated from both lysim eters, and the soil 
profiles were drying out. However, the soil moistur e content, although 
much lower in the soil profile than in July, 1987, still increased with 
depth. This same relationship was still evident in October, 1995, 
although the soil profile had become still drier. 
Fig. 2 
Figure 12, referenced in (5), shows the moisture co ntent of the soil 
profiles in lysimeters 1 and 2 at the end of each s easonal year. 
Following the complete removal of the water tables during the 1987-1989 
period, the soil profiles were dried out further du ring the ensuing 
years. However, an unanticipated result turned up i n lysimeter 1 at the 
end of seasonal 1993-1994. The moisture content of the soil profile 
increased slightly. To shed light on that result, t he moisture content in 
the soil profiles at four depths were plotted month ly along with monthly 
rainfall data (Fig. 3). Here we see seasonal cyclic al variations in 
moisture content in the soil profiles, with peak mo isture concentrations 
occurring in the early spring, following periods of  significant rainfall 
and minimal evapotranspiration. That cycling is bot h obvious and 
expected. What was totally unanticipated was the in crease in the moisture 
peaks in lysimter 1 in each of the 3 seasonal years  leading to 1994-1995. 
The increasing amplitudes of the moisture curves di d not appear to be a 
result of rainfall variations, nor were they presen t in lysimeter 2. The 
aforementioned trend did not continue during the pa st year, seasonal 
1994-1995. 
The results to date indicate that bioengineered clo sure, as described in 
this experiment, would maintain the cover over buri ed waste in a "dry" 
steady-state condition. This would not only prevent  water from 
percolating down to the waste, but would do so with  a large safety 
factor. 
Resistive Layer Barrier 
As previously mentioned, on February 4, 1988, lysim eter 4 was pumped out, 
discontinued as a reference lysimeter, and converte d to a rock-surfaced, 



resistive-layer barrier plot. The primary reason fo r constructing that 
particular cover is the likelihood of such covers b eing used for uranium 
mill tailings. An end view of that plot or lysimete r is shown in Fig. 14, 
referenced in (5). This lysimeter was completed in the fall of 1988, and 
data collection (measuring performance) is underway . The most important 
information to be gained here will be the relative weighing of the 
advantages and disadvantages of rock surface vs. a vegetated surface. 
In addition to the UMTRA or rock-surfaced, resistiv e-layer barrier plot, 
a vegetated resistive layer barrier plot was constr ucted. The primary 
purpose of this plot is for comparative measurement s. Essentially, this 
plot is similar to the rock-surfaced plot except th at topsoil replaces 
the rock layer, and the plot is planted with fescue  grass. A diagram of 
this plot is given in Fig. 15, referenced in (5). 
Fig. 3 
In Fig. 1, the fate of precipitation in the UMTRA a nd grass-covered, 
clay-layer lysimeters is given. There was more than  twice as much run-off 
from the rock-covered plot was as from the grass-co vered plot. The data 
show no deep percolation through the clay layers th rough seasonal 1993-
1994 in either lysimeter and there is little indica tion as to how much 
safety margin has been offered. In seasonal 1994-19 95, 0.10 cm (0.04 in) 
passed through the cover in Lysimter 4. Nor is it k nown how consistently 
such near-perfect clay barriers would be installed in a routine 
operation. That remains a problem for future consid eration.  
Another concern is the possible drying out of clay barriers. If this were 
to happen, the clay layer would not be as efficient  a barrier for 
preventing radon escape as planned in the UMTRA app lication. In addition, 
drying out of the clay layer could lead to cracking , leading to 
subsequent leakage prior to resealing by wetting. F igure 4 gives the 
volumetric moisture content of clay in the rock-cov ered (lysimeter 4) and 
the grass-covered (lysimeter 6) plots. In no case d id the clay layer dry 
out significantly. On the contrary, in the UMTRA or  rock-covered plot, 
which was devoid of vegetation, there was a slight increase in moisture 
content with time, suggesting that some leakage of water through the clay 
layer would occur in the future. That first leakage  occurred during the 
past year, seasonal 1994-1995. Lysimeter 6 has a cl ay layer and a grass 
cover. In this case, no increase in moisture conten t has been observed. 
On the contrary, to date the moisture content of th e clay layer seems to 
be in a rather steady state, taken over the 7 year period of measurement.  
Conductive Layer Barrier 
If we consider the case of water flowing downhill i n an unsaturated 
porous medium, we have the case shown in Fig. 17, r eferenced in (5). The 
"holes" shown in the diagram could be a rock layer,  affording a capillary 
break or capillary discontinuity (Fig. 18), referen ced in (5). Under 
appropriate conditions, water everywhere in these c ross-sections will be 
under tension, and there will be no leakage. This m ight then serve as an 
excellent means of protecting waste by conducting w ater around the waste. 
Figure 17, referenced in (5), simulates a conductin g porous medium, such 
as a fine sandy loam soil, lying smoothly on top of  a rock layer. 
Problems with water flow under saturated conditions  could certainly arise 
where a less than smooth surface ends up being cons tructed as depicted in 
Fig. 19, referenced in (5). That is, what happens i f imperfections are 
constructed so that "pockets" of soil extend down i nto the rock layer? 
Figure 19 represents that case. Again, there will b e no leakage, provided 



conditions are such that the water in all parts of the conductive layer 
remains under tension.  
Fig. 4 
The big question is, can conditions required to mai ntain the necessary 
soil water tension be practically maintained while using this procedure 
to effectively protect waste disposal units? To ans wer this question the 
apparatus schematically depicted in Fig. 20, refere nced in (5), was 
constructed, i.e., a "soil beam." Several miniature  soil beams (Fig. 21), 
referenced in (5), were constructed for use in the laboratory so that a 
variety of candidate conductive-layer materials cou ld be quickly 
evaluated. 
A number of materials were evaluated using the mini ature soil beams. It 
was quickly established that it would be necessary to construct a 
resistive layer barrier above the conductive layer barrier to have a 
practical system. The standard was set that the res istive layer barrier 
have an easily achievable conductivity of not great er than 10-6 cm/sec. 
On this basis it was found that material such as fi ne sandy loam could 
provide an effective conductive layer barrier, that  is, conduct around 
the waste 100% of water percolating through the res istive layer. However, 
the measurements showed that such materials would n ot provide the desired 
(factor of 10) safety margin. 
Further investigations turned up a material, diatom aceous earth, that 
would fit these requirements. Measurements of tensi on vs. distance of 
flow are shown in Fig. 22, referenced in (5). 
The results of this experiment in the 137 cm (4.5 f t) long beam suggest 
that, as long as the flow rate is no greater than 4 .2  10-4 cm/sec, the 
soil water will remain under tension regardless of the soil beam length. 
These results show that with the use of diatomaceou s earth for the 
conductive layer and following the easily achievabl e standard set above 
for the resistive layer, it should be possible to c onstruct a barrier 
that would allow no water leakage to a waste dispos al unit. However, 
before final selection of the diatomaceous earth as  the conductive layer 
material, we believed it to be prudent to conduct t ests in a large-scale 
soil beam. The large beam, shown in Fig. 23, refere nced in (5), has a 
soil beam length of 6.4 m (21 ft). As shown in Fig.  24, referenced in 
(5), a matric potential of about -15 to -20 cm of w ater is maintained 
over the entire 6.4 m length of the beam when the f low rate does not 
exceed 3.1  10-4 cm/sec. 
The studies carried out in the large soil beam clos ely confirmed the data 
obtained in the miniature beam. Accordingly, diatom aceous earth was used 
as the conductive layer material in the demonstrati on lysimeter 
(lysimeter 5). It has been estimated that purchasin g and shipping the 
diatomaceous earth to a job site any place in the U nited States will add 
about $0.50 per ft3 of disposed waste. This is over  the cost of using 
locally obtained soil, and based on waste being 3.0 5 m (10 ft) deep. 
After the time-consuming task of selecting the cond uctive layer material 
was accomplished, a resistive layer barrier over a conductive layer 
barrier was constructed in lysimeter 5. It was comp leted in January, 
1990. A local clay from Beltsville, Maryland, the C hristiana Clay, was 
selected as the resistive layer barrier. Testing ha s shown this material 
more than meets specifications. A cross-section of the cover system is 
shown in Fig. 25, referenced in (5). 
Performance of this cover is shown in Figs. 1 and 4  (lysimeter 5). Until 
seasonal 1993-1994 the cover system was 100% effect ive in preventing 



water movement downward through the cover. In seaso nal 1993-1994, 0.13 cm 
(0.05 in) of water passed through the cover to the pan shown in Fig. 25, 
referenced in (5). In seasonal 1994-1995, 0.18 cm ( 0.07 in) passed 
through the cover. Although that amount is an extre mely small percentage 
of the total rainfall, in theory no water should ha ve percolated through 
the cover to pan. It is possible that the cover sys tem was compromised by 
the instrumentation installed to measure performanc e.  
Further Studies of Conductive-Layer Materials 
For the Beltsville study, diatomaceous earth was se lected for the 
conductive-layer material, based both on performanc e and cost 
considerations. Based on these two considerations o nly, diatomaceous 
earth would still be the material of choice, partic ularly since it has a 
much lower bulk density than sand and is therefore less expensive to 
ship. However, the engineering properties of sand a re better known, thus 
sand may be more attractive to some installers. The refore, we have been 
conducting further studies with various sands. Resu lts of studies of the 
unsaturated flow characteristics of four different sands are given in 
Fig. 26, referenced in (5). All these sands exhibit  unsaturated flow 
rates that are about twice that of the diatomaceous  earth at any given 
negative matric potential. The particle size distri bution of the four 
sands is given in Table III, referenced in (5). The  mortar sand, for 
example, had the narrowest particle size range, and  the foundry sand had 
the widest particle size distribution, although the  particle size 
distribution did not have an important effect on th e flow rates reported 
in Fig. 26. The Nevada dune sand and the Kelso dune  sands are from large 
eolian deposits in the Nevada and California desert s, respectively. The 
Kelso deposit has been mined commercially. This wor k on the unsaturated 
flow characteristics of various materials is ongoin g. Hydraulic 
properties will be studied over a larger range of m atric potentials, 
further deposits will be located and investigated, and these 
investigations will be described in a future report .  
 
APPLICATION 
The three procedures described in the Introduction may be used singularly 
or in combination to protect disposal units from pe rcolating water. The 
principles apply equally to above-ground or below-g round disposal. For 
example, a combination of covers 1. and 2., describ ed in the 
Introduction, could be ideal for a stabilized, shal low land burial 
facility, whether it is above or below ground; e.g. , the subsurface 
disposal could be in below-ground vaults, and the a bove-ground disposal 
units could be earth-mounded concrete bunkers. A co mbination of a 
resistive layer over a conductive layer in a concre te bunker or above-
ground application is shown in Fig. 27, referenced in (5). The resistive 
(clay) layer is the primary barrier. The small amou nt of water passing 
through the clay layer will be diverted around the concrete bunker by the 
conductive layer. This cover over the concrete bunk er can, in theory, be 
100% effective, shielding the bunker from exposure to flowing water. This 
would result in a film of stagnant alkaline water a t the gravel/concrete 
interface. The presence of this high pH, stagnant w ater would tend to 
protect the concrete from degradation over a long p eriod. 
The bioengineering concept could be advantageous fo r either a tumulus or 
shallow land burial unit that would be likely to ex hibit subsidence. If 
desired, and after subsidence has ceased, a combina tion of covers 1. and 
2. could be constructed with geological materials t o give extremely long-



term isolation without further maintenance. Another  possible application 
of a combination of covers 1. and 2. described in t he Introduction is 
shown in Fig. 28, referenced in (5). Here, high-lev el waste is emplaced 
in a tunnel excavated in rock. If a fracture were p resent in the rock, 
and fracture flow occurred, the combination of a re sistive layer and a 
conductive layer could provide excellent isolation of the waste from 
flowing water. Figure 29, referenced in (5), depict s an application where 
only very low flow rates need be protected against (essentially, dropwise 
fracture flow). Here, the system could be simplifie d so that only a 
conductive layer with a capillary break is necessar y. 
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ABSTRACT 
The Los Alamos National Laboratory (LANL) low level  radioactive waste 
(LLRW) disposal facility at Area G is currently com pleting a draft of the 
site Performance Assessment (PA) as required per DO E orders. The site is 
located on a narrow mesa top of volcanic tuff where  possible mechanisms 
of subsurface transport include vapor movement with  vapor-liquid phase 
coupling, transport in fractures, and other as yet unresolved subsurface 
dynamics. The large depth to the water table (~250m ) combined with 
uncertain hydrogeologic data below 100m and the com plex stratigraphy of 
layered volcanic flows and ash provide for a challe nging analysis. 
Results from previous field studies have estimated a range in recharge 
rate up to 1 cm/yr. Recent estimates of unsaturated  hydraulic 
conductivity for each stratigraphic layer under a u nit gradient 
assumption show a wide range in recharge rate of 10 -4 to 1 cm/yr 
depending upon location. Numerical computations sho w that a single net 
infiltration rate at the mesa surface does not matc h the moisture profile 
in each stratigraphic layer simultaneously, suggest ing local source or 
sink terms possibly due to surface connected porous  regions. The best fit 
to field data at deeper stratigraphic layers occurs  for a net 
infiltration of about 0.1 cm/yr. Surface moisture d ata and vertical 
moisture profiles suggest a wide range in infiltrat ion at the near 
surface. Transients are hypothesized to play an imp ortant role in 
fracture infiltration and evaporation, but are seen  in analyses to dampen 
rapidly within the mesa tuff matrix to a steady sta te condition.  
A recent detailed analysis evaluated liquid phase v ertical moisture flux, 
based on moisture profiles in several boreholes and  van Genuchten fits to 
the hydraulic properties for each of the stratigrap hic units. Results 
show a near surface infiltration region averages 8m  deep, below which is 
a dry, low moisture content, and low flux region, w here liquid phase 
recharge averages to zero. Analysis shows this low flux region is 
dominated by vapor movement. Field data from tritiu m diffusion studies, 
from pressure fluctuation attenuation studies, and from comparisons of 
in-situ and core sample permeabilities indicate tha t the vapor diffusion 
is enhanced above that expected in the matrix and i s presumably due to 
enhanced flow through the fractures. Below this dry  region within the 
mesa, near the interface of the vitrified and devit rified tuff units and 
also coincident with the elevation of the adjacent canyon floor, is a 
moisture spike which analyses show corresponds to a  moisture source. This 
may indicate a narrow region with unique hydrologic  properties, or 
horizontal moisture transport from the canyons. How ever, the likely 
physical explanation is seasonal transient infiltra tion through surface-
connected fractures. This anomalous region is being  investigated in 
current field studies, because it is critical in un derstanding the 
moisture flux which continues to deeper regions thr ough the unsaturated 
zone. 
INTRODUCTION 
The Los Alamos National Laboratory (LANL) low-level  radioactive waste 
(LLRW) disposal facility at Area G has completed a preliminary draft of 
the site Performance Assessment (PA) (1) as require d per USDOE orders. 



The final draft PA becomes the technical basis for authorization and 
management of disposal operations at the active dis posal site.  
The Area G disposal facility is located on the top of a narrow finger-
like mesa composed of volcanic tuff (Bandelier Tuff ), deposited in 
stratigraphic layers of ash and solidified volcanic  flows. Waste disposed 
at Area G is placed into pits excavated in the volc anic tuff, crushed in 
place, and backfilled with the native crushed tuff to about 30% waste 
package and 70% tuff by volume. These disposal oper ations are evolving to 
minimize future disposal volume, and to assure stab ility of emplaced 
waste. 
The unresolved subsurface dynamics of the mesa top site location and the 
adjacent canyons with the large depth to the water table (~250m) provide 
for a challenging analysis. Uncertain hydrogeologic  data below 100m have 
led to preliminary analyses focusing on the near su rface hydrology in the 
mesa-canyon system. Preliminary review by the USDOE  Peer Review Panel 
indicated that the proposed subsurface transport co nceptual model (2) was 
not fully integrated with the numerical models (3) used to evaluate the 
site, especially in defining the transition from si gnificant transient 
events to the steady state analysis and in defining  the possible role of 
vapor transport. This report provides additional da ta review and analyses 
to address these issues.  
DATA REVIEW 
Area G site hydrology was summarized (4) as of 1987 , based primarily on 
field studies by Bendix (5). Several boreholes and core samples were used 
to characterize moisture verses depth and detailed hydrologic parameters. 
Moisture profiles by in-situ neutron probe measurem ents were seen to be 
independent of time below depths of about 2m. This was confirmed in 
recent measurements in a borehole into the crushed tuff backfill of an 
active Area G disposal unit (6). These results sugg est transients in 
moisture content play a negligible role at depth. 
A recent review of the site geohydrologic data (7) including recent 
permeability work has been completed as part of the  Area G PA work. The 
layered stratigraphy within and beneath the disposa l site mesa is 
illustrated in Fig. 1. Interpretation of the site g eohydrologic data (2) 
identified several field observations which may be important in 
subsurface transport and postulated that transient infiltration into and 
long-term dryingfrom fractures play a significant r ole. 
Fig. 1 
In-situ air permeability measured by a borehole pac ker-isolation method 
was seen to be 4 to 20 times greater than the perme ability of recovered 
core samples (4,5). Similar results were obtained r ecently comparing core 
sample air permeability in borehole (G-5) (8) to in -situ permeability 
measured in the same borehole (9). Attenuation with  depth of atmospheric 
pressure oscillations (10) is consistent with perme abilities much larger 
than that measured on intact core samples. Subsurfa ce diffusion of a 
tritium plume at Area G has been compared with nume rical results to 
determine an in-situ diffusion coefficient (11).  
Attributing the migration to vapor diffusion (liqui d phase transport is 
negligible under the field conditions as will be di scussed) gives a vapor 
diffusion coefficient which is more than one order of magnitude larger 
than that expected in the volcanic tuff matrix. The se results indicate 
that fractures in the mesa top stratigraphic layers  play a major role in 
determining the air permeability and effective vapo r diffusion in the 
mesa. 



ANALYSES  
Unsaturated hydraulic conductivity and water charac teristic curves were 
determined from van Genuchten fits (12) to matric p otential data and from 
saturated conductivity data for several core sample s in each of the near 
surface stratigraphic units at Area G disposal faci lity (13,14). Detailed 
comparisons of unsaturated conductivities predicted  in this manner with 
values measured by the unsaturated flow apparatus ( UFA) centrifuge method 
(15) show good agreement in only about half the cas es and indicate a 
large variability and uncertainty in the transport characterization 
(16,17).  
The stratigraphic unit averages of van Genuchten fi ts were summarized for 
the Area G PA work (7) (Fig. 2) over a range in moi sture content up to 
25% where the fits are accurately approximated by a  straight line on a 
log scale. Assuming unit hydraulic gradients in the  field, these curves 
correspond to recharge rates of 10-4 to 1. cm/yr in  the range of in-situ 
moisture content from about 1% to about 10%. If the re are no local source 
or sink terms, then the recharge or flux through th e strata must be 
constant, which would result in higher moisture con tents in Units 1b and 
in the Cerro Toledo (see Fig. 1, results labeled T- CT in Fig. 2, and 
labeled C in Fig. 3). This trend is consistent with  field observations, 
but an accurate match of moisture content to field observations in each 
unit simultaneously is not possible as shown in the  following. 
Fig. 2 
Fig. 3 
This issue is examined in a comparison between nume rical results and 
field data shown in Fig. 3. Steady state moisture c ontents are computed 
for several values of net infiltration at the mesa top, shown along a 
vertical line through the center of the mesa in a 2 -D model with accurate 
stratigraphic cross-sections. The range of field da ta is shown as the 
darkened area. The canyon floors adjacent to the me sa coincide closely 
with the interface between Units 1b and 1a at Area G. The best agreement 
with field data occurs for downward vertical flux v alues of 0 to 0.001 
cm/yr in the top two units, about 0.1 cm/yr through  Units 1b and 1a, and 
as much as 1 cm/yr in the Otowi. Recent simulations  show the higher 
moisture contents in the Otowi can be matched with lower flux values (  
0.1 cm/yr) when hydraulic properties of deeper stra ta (subject to large 
uncertainty) are included in the numerical model.  
The steady saturation profile calculated for any si ngle infiltration rate 
does not match all the in-situ saturation data gath ered at the site. 
Saturations within the mesa top (Units 2b and 2a) a re extremely low in 
field data. Saturations below the base of the mesa (Unit 1b and below) 
are higher. Several factors which may contribute to  this discrepancy 
include: 1) infiltration from canyons or from deep surface-connected 
fractures resulting in higher saturations below the  base of the mesa, 2) 
evaporation from the mesa sides and from fractures resulting in very low 
saturations within the mesa top, 3) uncertainty and  heterogeneity in the 
hydrologic transport parameters.  
For preliminary PA modeling work through all of the  stratigraphic units, 
a rate of 0.1 cm/yr was chosen as the best 'fit' be cause there is no 
detailed knowledge of local source or sink terms to  supply to the 
numerical effort. However, the comparison summarize d in Fig. 3 suggests a 
complex situation with local (elevation dependent) source and sink terms 
to the recharge rate. 



The source and sink terms in the underlying strata were examined in 
detail in a recent study (18). The vertical flux an d the vertical 
component of its divergence, interpreted as a local  source or sink term, 
were evaluated directly from vertical moisture prof iles using the 
stratigraphic unit-averaged van Genuchten fits to d etermine the hydraulic 
transport parameters for matric potential and for u nsaturated hydraulic 
conductivity, and thus the vertical flux as a funct ion of local moisture 
content. Results are discussed in detail for data f rom a dozen boreholes 
at Area G (18), for example, as shown for one 'typi cal' hole in Fig. 4.  
Fig. 4 
Figure 4A (top) shows the moisture profile in a bor ehole located near the 
center of the mesa top disposal facility. The infer red vertical flux and 
an effective source term to the local recharge rate  labeled 'source' in 
Fig. 4B (middle), evaluated as the difference in ve rtical flux between 
adjacent points, show nearly zero flux or source th roughout the range in 
depth from 7m to 25m. Near the surface there is a n et downward flux 
(negative value of flux) of about 1 cm/yr, but ther e is also a net sink 
(negative source term) in this region, presumably c orresponding to an 
evaporative loss to the surface or surface-connecte d fractures. At ~30m 
depth there is an apparent source of moisture with vertical moisture 
movement and evaporation (net sink) away from that source location. 
Similar results are seen in all the boreholes at th is depth, however, 
quantitatively, there is a large variability with l ocation (18). 
The near surface infiltration region also has a lar ge variability with 
location dependent upon the local disposal operatio ns (18). Modeling of 
deep percolation from the disposal pits is sensitiv e to assumed rooting 
depths, leaf area index, and other parameters which  govern the detailed 
surface water balance (19). The large variability i n surface flux is 
consistent with the broad range measured in surface  soil moisture content 
(20). 
The source term indicated by the vertical differenc e in moisture flux can 
also be normalized per unit depth which allows the source to be expressed 
as an inverse time scale. This time scale can be in terpreted as a 
characteristic time over which the moisture flux (l abeled St-inv in Fig. 
4C) is changing locally due to liquid phase movemen t, or, the time scale 
over which the moisture content (labeled St-inv*vol %) is changing if the 
entire vertical component of the divergence of flux  is interpreted as a 
time dependent effect.  
In Fig. 4C (bottom) the source term time scale for the moisture content 
(St-inv*vol%) is seen to be at least one year at al l locations, and 100-
1000 years over most of the 'low fluxregion' identi fied from Fig. 4B. In 
the near surface infiltration region, the observed characteristic time 
scale of 6-10 years implies deep penetration only o nce every several 
years, consistent with predictions by detailed surf ace water balance 
modeling studies (19). Interestingly, the apparent source at the ~30m 
horizon has the minimum characteristic source time scale of about 1-3 
years, consistent with significant infiltration onc e every few years. The 
short times near depth 30m may be an artifact of th e unresolved 
stratigraphic hydrologic properties near the 1b-1a interface or may 
indicate a significant local source. Field studies are currently underway 
to resolve the matric properties within this region , which should allow a 
determination as to whether the apparent source ter m is real. 
If the apparent source of moisture proves to be rea l, it may indicate 
moisture influx by horizontal transport from the ad jacent canyons or from 



another fast flow path. A possible explanation is t hat this elevation is 
the bottom of a network of surface-connected fractu res which allow 
transient infiltration during intense and infrequen t storm events. The 
magnitude of the source term as a characteristic ti me scale of about 1-3 
years is consistent with significant recharge once every few years. 
DISCUSSION 
Transients 
Field studies (4,5) and analyses (18) indicate that  transients in 
moisture content within the Bandelier Tuff matrix a re dampened over short 
distances of 1-2m. Transients are expected to play a negligible role in 
moisture flux through the mesa tuff matrix compared  to steady state flux. 
Transients can be significant if fast paths exist, e.g., near elements of 
surface-connected macro-porosity which can include surface-connected 
fractures, horizontal strata of high permeability ( as proposed may occur 
at the surge beds between Units 2a and 2b) or other  possible 'macro-
pores'. An example of this may be the moist horizon  observed near the 
vitrified-devitrified interface at ~30m depth. Thes e transients average 
to an effective steady state moisture flux and mois ture source term for 
long time scale numerical simulations. 
Vapor Phase Flow 
Vapor phase movement may be enhanced by diffusion d ue to barometric 
pumping or temperature fluctuations especially in s trata of high 
permeability, however, the net convective movement of air through the 
tuff matrix is negligible. Evidence suggests convec tive movement through 
surface-connected features is significant and may i nfluence the matrix 
flow. As such, diffusion of vapor phase contaminant s is related to 
empirically determined effective diffusion coeffici ents which include 
possible barometric pumping effects.  
Moisture profiles are expected to be driven by vapo r diffusive movement 
when the moisture content falls below a specific va lue, which is about 2-
5% for the hydrologic properties of the Bandelier T uff under Area G. 
Here, in the low flux, dry region of the mesa inter ior, vapor phase loss 
through evaporation to surface connected fractures may contribute as a 
local sink term to drying regions below the moistur e content expected to 
support liquid phase movement. It may be possible t o model this as a sink 
term in the liquid phase matrix transport equations . To model transient 
dynamics between the fractures and the matrix, more  sophisticated 
source/sink terms need to be considered such as tha t afforded by a dual 
porosity, dual permeability numerical model which c an account for rapid 
fracture flow following infiltration events and eva poration along 
fractures during dry periods. 
Upward and Horizontal Migration 
Analysis of upward vertical moisture or contaminant  flux from the 
disposal units to the surface is on-going. Prelimin ary results suggest 
near surface moisture profiles relax rapidly enough  that long-term upward 
contaminant transport is negligible, leading to les s surface 
contamination than the small amount attributed to t ranslocation by biotic 
species as analyzed previously (1). 
A preliminary parametric evaluation of horizontal m oisture flux from the 
disposal unit to the mesa edges shows small contami nant concentrations 
can reach the mesa edge on the time scale of a thou sand years. Numerical 
simulations currently in progress in accurate 2-D m esa geometry yield 
similar results and show radionuclide concentration s in the adjacent 
canyons comparable to that eventually reaching the ground water 



compliance point. Contamination at the mesa edge is  assumed to be carried 
to the adjacent canyon floor by run-off and will be  input to the off-site 
receptor dosimetry model and to a surface contamina tion source term for 
subsequent unsaturated transport to the deep aquife r under the saturation 
conditions existing beneath the canyon. The net con tribution to canyon 
receptor dose and to deep ground water contaminatio n via this canyon 
contamination route is expected to be demonstrated to be small compared 
to the direct path beneath the mesa site. 
Canyon Recharge 
Recharge under the canyons adjacent to the mesa top  disposal facility is 
likely to be much larger than that predicted within  the mesa. Borehole 
data at nearby canyon locations shows volumetric mo isture content values 
greater than 10% and profiles which do not vary gre atly with depth in the 
Otowi layer. Assuming unit gradient conditions, val id under the 
reasonable assumptions that Q/z ~ 0, and hm/z ~ 0 ( where Q is volumetric 
water content and hm is matric potential expressed as a head) then the 
recharge rate is evaluated from the Kunsat curve (F ig. 2) and corresponds 
with (1 to ~30) cm/yr over the observed moisture ra nge in the Otowi from 
10% to 22%. This large recharge rate may mix with t he low recharge rate 
under the mesa at some depth, dependent upon the co mplex 3-D stratigraphy 
and stratigraphic properties. This is the subject o f on-going 
investigation. 
Toward a Conceptual Model 
In this iteration of continuing analyses, the conce ptual model which 
emerges considers first the unperturbed system and then the result of 
disposal operations. Transient events and vapor-liq uid phase coupling can 
be modeled using local sources (increased local inf iltration) and sinks 
(net evaporation from fractures or surge beds) or u sing more 
sophisticated dual porosity, dual permeability mode ls. 
Vertical contaminant flux through the unsaturated z one may be complicated 
by moisture source and sink terms for elevations eq ual to and above the 
adjacent canyon floors. The physical nature of thes e terms is uncertain, 
however, a picture consistent with data in the uppe r most strata assumes 
that infiltration and drying from the fractures in the mesa contribute to 
near surface (0-10m) moisture profiles and deeper ( 10-25m) drying 
relative to that expected for a constant vertical m oisture flux. At the 
elevation of the adjacent canyons there is evidence  of a moisture source 
which implies moisture migration from canyon alluvi al aquifers with 
possible 2-D and 3-D effects, or deep infiltration through open 
fractures. The evidence is ambiguous and intended t o be resolved in on-
going field studies. 
Disposal operations have been projected to increase  the net moisture flux 
to the aquifer by over 200% of the unperturbed flux  (1,3), through 
effectively increasing the moisture content and thu s the hydraulic 
conductivity of the region beneath the disposal uni ts and thus beneath 
the mesa as a whole. This perturbation is very sens itive to the assumed 
ground cover and rooting depth on the disposal unit  post-closure covers 
(19). The effect of disposal operations on moisture  flux and therefore 
contaminant migration from the site is therefore li kely to be 
significant, emphasizing that operations should be conducted to minimize 
the perturbations to a geologic system which is nat urally well suited to 
minimize contaminant migration and maximize waste i solation.  
Unsaturated transport from the disposal site throug h each of the strata 
to the main aquifer is being approximated using con servative estimates 



for the unknown transport properties in the deeper strata. The net result 
in concentrations and transit time to the aquifer i s being revised from 
that determined in the original steady state analys is (1,3) to include 
transport through the deeper basalt layers and 3-D geometry effects. 
CONCLUSIONS 
As more data and analyses accumulate, the best esti mate of the mean 
recharge rate in the upper stratigraphic layers wit hin the mesa decreases 
while the variation between locations remains large . Our present best 
estimate is that the mesa interior is dominated by vapor phase movement 
and supports negligible liquid phase movement at le ast down to an 
elevation near the adjacent canyon floors. This hol ds under undisturbed 
conditions but is uncertain under the disturbance o f disposal operations. 
A moisture source is apparent in analyses of the mo isture profile peak 
observed near the depth of the interface between th e vitrified and the 
devitrified tuff, also near the elevation of the ad jacent canyon floors. 
Surface connected fractures to this depth could exp lain this source 
although the analysis method is inconclusive, subje ct to data 
uncertainties requiring additional field work for v erification. At 
greater depths below the mesa the recharge rate is less well determined 
but results are consistent with a downward flux of 1 mm/yr or less 
directly beneath the mesa. Beneath the adjacent can yons the recharge rate 
is higher and remains to be quantified in near futu re studies. 
Preliminary results showed little mixing of infiltr ation originating 
beneath the canyon and mesa in the case of horizont al stratigraphy. 
Recent model results show different behavior with m ixing sensitive to the 
imposed dip of some units. The extent of mixing bet ween canyon and mesa 
infiltration in more realistic 3-D geometry is curr ently under 
evaluation. The implications for PA modeling is the  subject of on-going 
work. 
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ABSTRACT 
NRC-licensed uranium recovery operations, including  conventional mills 
and in situ leach (ISL) facilities, generate liquid  waste (i.e., 
effluent) that requires proper disposal. This paper  discusses a Staff 
Technical Position (STP) that was issued by NRC's D ivision of Waste 
Management in April 1995, which provides the techni cal and regulatory 
basis for review and evaluation of proposals for ef fluent disposal at 
NRC-licensed uranium recovery sites. The STP is pri marily intended to 
guide NRC staff reviews of site-specific proposals for disposal of liquid 
waste at conventional mills and ISL facilities; but  the STP can also be 
used by licensees for the preparation of such propo sals. 
According to the STP, disposal of liquid waste at l icensed uranium 
recovery facilities should comply with the design s tandards and other 
provisions for ground water protection in Appendix A to 10 CFR Part 40; 
the dose limits and other regulations in Subparts K  and D, 10 CFR Part 
20, as applicable depending on the proposed disposa l procedure; and NRC's 
decommissioning requirements. In addition, the STP points out that in 
accordance with the provisions of Part 20, complian ce with the dose 
limits in Part 20 does not relieve licensees from c omplying with the 
other applicable Federal, State, and local environm ental and health 
protection regulations governing any other toxic or  hazardous properties 
of materials that may be disposed under Part 20, Su bpart K. 
Specific regulatory requirements and guidance on co mpliance with the NRC 
regulations at particular sites are outlined for fo ur known effluent 
disposal methods practiced at uranium recovery faci lities. These are: on-
site evaporation, on-site land application includin g on-site irrigation, 
release in surface waters, and injection in deep we lls. 
BACKGROUND 
NRC-licensed uranium recovery facilities, including  conventional mills 
and in situ leach (ISL) facilities, generate liquid  waste (i.e., 
effluent) that requires proper disposal. At convent ional mills, effluent 
may include liquid wastes discharged from mills, ta ilings liquor, and 
contaminated water recovered from ground-water corr ective action programs 
and tailings dewatering activities. 
At ISL facilities, effluent is generated from four liquid waste streams: 
Two involving the host aquifer and the other two or iginating from above 
ground operations. Liquid waste streams involving t he host aquifer 
include production bleed and ground-water sweep. Pr oduction bleed is 
ground water extracted from the aquifer during the uranium recovery 
operation, in excess of injected water, in order to  maintain a net 
ground-water inflow into the recovery zone and mini mize or eliminate the 
migration of lixiviant and dissolved uranium outsid e the recovery zone. 
Ground-water sweep is ground water extracted primar ily to restore ground-
water quality in the recovery zone, after the ore e xtraction is stopped. 
Liquid waste streams originating from above ground operations include 
wastewater from yellowcake processing and reject br ine from reverse 
osmosis treatment of contaminated water. 
Evaporation has generally been used for management of liquid waste at 
licensed conventional mills and mill tailings dispo sal sites. This 



practice involves discharging liquid waste in one o r more on-site lined 
evaporation ponds where the water is lost to the at mosphere by surface 
evaporation and other evaporation enhancement syste ms, and the remaining 
sludge is placed in a licensed tailings disposal fa cility. At ISL 
facilities, management of liquid waste has generall y involved such 
disposal practices as release in surface waters, on -site land 
applications including on-site irrigation, and inje ction in deep wells.  
PURPOSE AND APPLICABILITY  
The NRC Staff Technical Position (STP) on effluent disposal provides 
guidance and discusses the technical and regulatory  basis for review and 
evaluation of proposals for disposal of liquid wast e at licensed uranium 
recovery facilities. 
The STP is primarily intended to guide NRC staff re views of proposals for 
effluent disposal at conventional mill and ISL site s. The STP can also be 
used by NRC licensees and applicants for preparatio n of proposals for 
effluent disposal at particular sites. 
The STP is applicable to both licensed and new faci lities.  
APPLICABLE REGULATIONS AND STANDARDS 
In general, applications and proposals for effluent  disposal at licensed 
uranium recovery facilities must comply with the re gulations in Appendix 
A to 10 CFR Part 40; Subparts K and D, 10 CFR Part 20, as applicable 
depending on the proposed disposal procedure; and t he applicable 
decommissioning requirements. 
Applicable Regulations in Appendix A to 10 CFR Part  40 
The applicable regulations in Appendix A to 10 CFR Part 40 (Appendix A) 
a, mainly include design standards for construction , maintenance, and 
operation of surface impoundments that are used for  disposal of liquid 
waste or waste containing free liquids (Criteria 5A (1) through 5A(5)); 
installation of liners (Criterion 5E); and seepage control (Criterion 
5F). Appendix A also includes other generally appli cable provisions for 
ground-water protection, including site-specific st andards for 
radioactive and non-radioactive hazardous constitue nts (Criteria 5B, 5C, 
and 13); corrective action programs (Criterion 5D);  monitoring 
requirements (Criterion 7); and closure requirement s (Criterion 6).  
Furthermore, Criterion 8 of Appendix A requires tha t byproduct materials 
be managed so as to conform to the applicable provi sions under the U.S. 
Environmental Protection Agency's (EPA) National Po llutant Discharge 
Elimination System (NPDES) regulations, in 40 CFR P art 440, "Ore Mining 
and Dressing Point Source Category: Effluent Limita tions Guidelines and 
New Source Performance Standards, Subpart C, Uraniu m, Radium, and 
Vanadium Ores Subcategory," as codified on January 1, 1983. A detailed 
discussion of the EPA NPDES regulations is outside the scope of this 
paper; but a summary of those NPDES regulations tha t are applicable to 
effluent disposal from licensed NRC facilities, inc luding those 
pertaining to conventional mills and ISL facilities , is provided in an 
appendix to this paper. 
Applicable Regulations in 10 CFR Part 20 
Byproduct material disposal under Part 20b requires  compliance with the 
applicable regulations in 10 CFR Part 20, Subpart K  (Waste Disposal) and 
Subpart D (Radiation Dose Limits for Individual Mem bers of the Public). 
Subpart K offers provisions for byproduct material disposal by "release 
in effluents"(20.2001), or other disposal methods p roposed by the 
licensee (20.2002). Among other requirements, the p rovisions in 20.2001 
and 20.2002 require compliance with the radiation d ose limits for 



individual members of the public in 20.1301, and a demonstration of 
compliance with these limits as provided in 20.1302 . 
The dose limits in 20.1301 include the total effect ive dose equivalent to 
individual members of the public (1 mSv/year), as w ell as the dose in any 
unrestricted area from external sources in any one hour (0.02 mSv in any 
one hour) (20.1301 (a) and (b)). In addition, the r egulations allow a 
licensee to apply for Commission authorization in a dvance to operate up 
to an annual dose limit for an individual member of  the public (5 mSv), 
which the Commission may generally authorize on a t emporary basis or 
under special circumstances involving existing faci lities (those designed 
prior to January, 1994), subject to the requirement s in 20.1301  (1), 
(2), and (3). The regulations also require (in 20.1 301 (d)) that 
licensees who are subject to the provisions of EPA' s generally applicable 
environmental standards in 40 CFR Part 190 shall co mply with these 
standards. In some cases, the Commission may impose  additional 
restrictions on radiation levels and on the total q uantity of 
radionuclides that may be released in effluents in order to restrict the 
collective dose at a particular site (20.1301 (e)).  
In order to demonstrate compliance with the dose li mits for individual 
members of the public in 20.1301, licensees and app licants must do so 
according to the provisions of 20.1302, which requi re that licensees: 
a) demonstrate compliance with the dose limits for individual members of 
the public by conducting surveys of radiation level s in unrestricted and 
controlled areas and radioactive materials in efflu ents released to 
unrestricted and controlled areas; and, 
 b) show compliance with the annual dose limit by d emonstrating, by 
measurement or calculation, that the total effectiv e dose equivalent to 
the individual likely to receive the highest dose f rom the licensed 
operation does not exceed the annual dose limit; OR , by demonstrating 
that the annual average concentrations of released radioactive materials 
do not exceed the effluent concentration values (fo r water) provided in 
Table II of Appendix B to 20.1001-20.2401 and that the dose from external 
sources to a continuously exposed individual would not exceed the 
established standard (0.02 mSv/hour and 0.5 mSv in a year).  
The provisions of 20.1302 also allow licensees, upo n approval by the 
Commission, to adjust the effluent concentration va lues in Table II of 
Appendix B to 20.1001-20.2401 for members of the pu blic to take account 
of the actual characteristics of effluent that will  be released (20.1302 
(c)).  
The provisions of 20.2007 explicitly state that com pliance with the dose 
limits in NRC regulations does not relieve licensee s from complying with 
the other applicable Federal, State, and local envi ronmental and health 
protection regulations governing any other toxic or  hazardous properties 
of materials that may be disposed of under Subpart K. 
In addition to the above requirements, licensees an d applicants 
considering disposal of licensed materials under th e provisions of either 
20.2001 or 20.2002 are further required to comply w ith NRC's regulatory 
provisions for decommissioning of licensed faciliti es, prior to facility 
closure and license termination. These provisions i nclude the interim 
cleanup criteria presently in use, and those specif ied in the final rule 
when the final rule is promulgated (the proposed ra diological criteria 
for decommissioning are provided in the proposed ru le in 10 CFR Part 20, 
Subpart E: 20.1401 through 20.1405, FR Vol 59, No. 161, page 43228, dated 
August 22, 1994).  



APPLICABLE REGULATIONS BY DISPOSAL METHOD AND PROPOSAL REVIEW AND 
EVALUATION CRITERIA 
In general, licensees of uranium recovery facilitie s are required to 
submit proposals for disposal of liquid waste, and obtain NRC's approval 
of the proposed procedures. Proposals will be appro ved on a site-specific 
basis by NRC staff based on demonstrated compliance  with all of the 
applicable regulations. 
The applicable regulations and proposal review and evaluation criteria 
are discussed in the following paragraphs for four disposal procedures 
that have been in practice at licensed uranium reco very facilities. These 
include: on-site evaporation; release in surface wa ters; on-site land 
applications; and injection in deep wells. 
On-Site Evaporation 
In accordance with the provisions of Appendix A, pr oposals for on-site 
evaporation systems must demonstrate that the propo sed disposal facility 
is designed, operated, and closed in a manner that prevents migration of 
waste from the evaporation systems to a subsurface soil, ground water, or 
surface water. In addition, applicants must demonst rate that site-
specific ground-water protection standards and moni toring requirements 
are adequately established to detect any migration of contaminants to the 
ground water and to implement corrective action to restore ground-water 
quality if and when necessary as required by the re gulations.  
Specifically, evaporation pond systems will be appr oved if they comply 
with the regulatory requirements in Appendix A. The se mainly include the 
design provisions for surface impoundments (Criteri a 5A(1) through 
5A(5)); installation of liners (Criterion 5E); and seepage control 
(Criterion 5F). In addition, evaporation ponds must  also meet other 
generally applicable provisions for ground-water pr otection, including 
site-specific standards for radioactive and non-rad ioactive hazardous 
constituents (Criteria 5B, 5C, and 13); corrective action programs 
(Criterion 5D); monitoring requirements (Criterion 7); and closure 
requirements (Criterion 6). The closure requirement s in Criterion 6 would 
not apply to evaporation pond sites if the evaporat ion impoundments are 
dismantled after evaporation is stopped, and the re maining sludge and 
other contaminated materials are transferred to a l icensed tailings 
impoundment for long-term disposal. However, compli ance with the 
applicable decommissioning regulations would still be required. 
Release in Surface Waters 
Proposals for effluent release in surface waters mu st demonstrate 
compliance with the provisions of 20.2001 and 20.20 07, as well as the 
effluent limitations in 40 CFR Part 440, as applica ble based on site-
specific conditions, pursuant to Criterion 8 of App endix A to 10 CFR Part 
40. 
Specifically, release in surface waters must meet t he regulatory 
provisions in 20.2001 (a)(3), which require complia nce with the dose 
limits for individual members of the public in 20.1 301. Licensees and 
applicants will need to demonstrate compliance with  these limits in 
accordance with the provisions of 20.1302. The prov isions in both 20.1301 
and 20.1302 have already been discussed (see Applic able Regulations 
above). It should be noted that pursuant to the pro visions of 20.2007, 
compliance with the dose limits under 20.1301 and 2 0.1302 will not 
relieve the licensees and applicants from complying  with other applicable 
Federal, State, and local environmental and health protection regulations 



governing any other toxic or hazardous properties o f materials disposed 
of under Subpart K. 
Compliance with Criterion 8 of Appendix A to 10 CFR  Part 40 requires 
conformance to the EPA's NPDES provisions in 40 CFR  Part 440, as 
applicable (see appendix). Licensees must obtain NP DES permits issued by 
the EPA or a permitting state, and demonstrate comp liance with the 
effluent limitations in 40 CFR Part 440, Subpart C,  as they apply to 
their particular sites. 
The effluent limitations in 40 CFR 440 that are app licable to existing 
NRC-licensed facilities are provided in Tables I an d II (in the 
appendix). The concentrations of pollutants dischar ged from existing 
mills, including conventional mine-mill facilities and process wastewater 
from existing ISL facilities, shall not exceed the BPT-based effluent 
limitations for "mill discharge" in Table I. At ISL  facilities, process 
wastewater that must comply with the effluent limit ations in Table I 
includes liquid waste generated from yellowcake pro cessing, reject brine 
from reverse osmosis treatment of wastewater, and p roduction bleed from 
the host aquifer.  
Table I 
The concentrations of pollutants discharged in mine  drainage, from 
conventional mines and mines using ISL methods, sha ll not exceed the BAT-
based effluent limitations for "mine drainage" in T able II. At ISL 
facilities, mine drainage that must comply with the  effluent limitations 
in Table II includes groundwater sweep, or ground w ater extracted to 
restore water quality in the host aquifer after ura nium and pregnant 
liquor extraction is stopped.  
Table II 
It is noted that the effluent limitations in Tables  I and II are 
identical for Zn, Ra226 (dissolved and total concen tration). However, the 
effluent limitations in Tables I and II are differe nt in the following 
respects: 1) Table I provides effluent limitations for TSS, As, NH3, and 
pH for which there is no corresponding values in Ta ble II; 2) the 
effluent limitation for COD in Table I is different  from that in Table 
II; and 3) only Table II provides an effluent limit ation for uranium. 
Therefore, ISL licensees proposing to dispose bypro duct material by 
release in surface waters under 40 CFR Part 440 may  need to satisfy 
different effluent limitations, depending on whethe r the effluent 
discharged is characterized as a "mill discharge" o r a "mine drainage". 
Consequently, licensed ISL facilities that involve commingling of process 
wastewater and groundwater sweep wastewater in an i nterim common storage 
facility (i.e., storage reservoir) before the waste water is released in 
surface waters have two alternative options to sati sfy the regulations. 
Under the first option, a licensee would monitor th e incoming wastewater 
by source and meet the corresponding effluent limit ations separately for 
"process wastewater" and "mine drainage" at their r espective points of 
discharge into the interim storage facility. If bot h input streams are 
within the appropriate effluent release limits, the  licensee would be 
free to release the wastewater from the storage fac ility. In the second 
option, a licensee would not monitor the input stre ams, and would release 
the liquid waste under 10 CFR Part 20, Subpart K an d meet the dose limits 
and other applicable requirements in 20.2001, befor e releasing the 
commingled wastewater in surface waters.  
Licensees and applicants disposing effluent by rele ase in surface waters 
are further required to comply with NRC's regulator y provisions for 



decommissioning, prior to facility closure and lice nse termination 
(decommissioning requirements have already been dis cussed under 
Applicable Regulations and Standards). 
Land Applications 
Proposals for disposal of liquid waste by on-site l and applications, 
including irrigation, will be approved under the pr ovisions of 20.2002. 
Licensees must in this case provide a description o f the waste, including 
its physical and chemical properties that are impor tant to risk 
evaluation; the proposed manner and conditions of w aste disposal; an 
analysis and evaluation of pertinent information on  the nature of the 
environment; information on the nature and location  of other potentially 
affected facilities; and analyses and procedures to  ensure that doses are 
maintained As Low As Reasonably Achievable (ALARA) and within the dose 
limits in Part 20 (i.e., 20.1301). 
Proposals must analyze and assess projected concent rations of radioactive 
contaminants in the soil; projected impacts on grou nd-water and surface 
water quality, and on land uses including particula rly crops and 
vegetation; and projected exposures and health risk s that may be 
associated with radioactive constituents reaching t he food chain to 
verify that the projected doses and risks conformin g to the risk levels 
permitted under Part 20. It is expected that propos als include provisions 
for periodic soil surveys that include contaminant monitoring to verify 
that the contaminant levels in the soil do not exce ed those projected, 
and a remediation plan that can be implemented in t he event that the 
projected levels are exceeded.  
In addition to the radiation dose, it may also be n ecessary in some cases 
to conduct analyses to assess the chemical toxicity  of radioactive and 
non-radioactive constituents in order to evaluate t he health risks 
associated with land applications involving irrigat ion at particular 
sites, in compliance with other applicable Federal,  State, and local 
environmental and health protection regulations tha t must also be 
satisfied pursuant to 20.2007. Staff will work with  appropriate Federal 
and State agencies if necessary to review site-spec ific chemical toxicity 
evaluations, and to verify that any necessary permi ts for this purpose 
are secured as warranted by the applicable regulati ons.  
In the absence of compliance monitoring wells in th e uppermost aquifer in 
the area used for effluent disposal or for installa tion of land 
application systems including temporary surface sto rage facilities, 
proposals must demonstrate that contaminants will n ot be returned to the 
ground water and cause exceedence of any site-speci fic ground-water 
protection standards that are established pursuant to Appendix A of 10 
CFR Part 40.  
Licensees and applicants disposing effluent by on-s ite land applications 
are further required to comply with NRC's regulator y provisions for 
decommissioning, prior to facility closure and lice nse termination 
(decommissioning requirements have already been dis cussed under 
Applicable Regulations and Standards). 
Deep-Well Injection 
Proposals for disposal of liquid waste by injection  in deep wells must 
meet the regulatory provisions in 20.2002. Specific ally, proposals must 
in this case include a description of the waste, in cluding its physical 
and chemical properties that are important to risk evaluation; the 
proposed manner and conditions of waste disposal; a n analysis and 
evaluation of pertinent information on the nature o f the environment; 



information on the nature and location of other pot entially affected 
facilities; and analyses and procedures to ensure t hat doses are ALARA, 
and within the dose limits in Part 20 (i.e., 20.130 1). 
Proposals must also demonstrate that the injection zone is confined, that 
it is not a drinking water source, and that the inj ected contaminants 
will not cause exceedence of any established site-s pecific ground-water 
protection standards in the uppermost aquifer or re sult in any cross 
contamination that would adversely impact another z one that is a source 
of drinking water. If necessary and warranted by si te conditions, 
proposals may include provisions for periodic groun d-water monitoring in 
the vicinity of the injection well to verify that d rinking water zones 
are free from cross contamination, and a remediatio n plan that can be 
implemented in the event that unacceptable levels o f contamination are 
detected.  
In addition, pursuant to the provisions of 20.2007,  proposals for 
disposal by injection in deep wells must also meet any other applicable 
Federal, State, and local government regulations pe rtaining to deep well 
injection, and obtain any necessary permits for thi s purpose. In 
particular, proposals must satisfy the EPA's regula tory provisions 
relevant to the injection of radioactive waste unde r the Underground 
Injection Control (UIC) Program (i.e., 40 CFR Parts  144, 145 and 146), 
and obtain necessary permits from the EPA and/or St ates authorized by EPA 
to enforce these provisions. In general, proposals that satisfy the EPA 
regulations under the UIC program will be approved by NRC staff.  
Licensees and applicants disposing effluent by inje ction in deep wells 
are further required to comply with NRC's regulator y provisions for 
decommissioning, prior to facility closure and lice nse termination 
(decommissioning requirements have already been dis cussed under 
Applicable Regulations and Standards). 
ISSUES 
The NRC staff has received many comments on the STP  from the uranium 
industry. The primary issues raised by the industry  to date are: 
1) The soil cleanup requirement in the proposed rul e for decommissioning 
of licensed facilities is too stringent and cannot possibly be met by the 
licensees disposing effluent by land application/ir rigation. 
2) According to the industry, the sludge in the rad ium settling ponds may 
no longer be considered as an 11e.(2) byproduct mat erial if the 
groundwater sweep is considered as a mine drainage and not an 11e.(2) 
byproduct material; therefore, licensees may not be  able to continue the 
practice of sludge disposal in tailings impoundment s.  
These issues are not considered germane to the STP because the STP only 
interprets and provides guidance on implementation of the applicable 
regulations, and is not a rulemaking instrument. Ne vertheless, these are 
important issues and the staff will make necessary revisions to the STP 
as warranted after the issues have been satisfactor ily resolved. 
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The U.S. Environmental Protection Agency's (EPA) re gulations in 40 CFR 
440 that are applicable to NRC licensed uranium rec overy facilities are 
provided in 40 CFR 440.30, 440.32, and 440.33. Sinc e the NRC does not 
regulate conventional mining, the effluent limitati ons in 40 CFR 440 
pertaining exclusively to conventional mines, inclu ding the new source 
performance standards, in 440.34, are not applicabl e to NRC licensed 
facilities and will not be discussed in this summar y. 
Effluent limitations in 40 CFR Part 440 that are ap plicable to NRC-
licensed facilities are reproduced in Tables I and II. The effluent 
limitations in Table I, representing the degree of effluent reduction 
attainable by the application of the best practicab le control technology 
available (BPT), are applicable to the concentratio ns of pollutants 
discharged from existing mills, including conventio nal mill-mine 
facilities and mines using in situ leach (ISL) meth ods. The effluent 
limitations in Table II, representing the degree of  effluent reduction 
attainable by the application of the best available  technology 
technologically achievable (BAT), are applicable to  pollutants in mine 
drainage from existing mines, including conventiona l mines and mines 
using ISL methods. 
Treatment technology for specific sites will be app roved by the EPA based 
on the regulatory provisions in 40 CFR Part 125: Cr iteria and Standards 
for the National Pollutant Discharge Elimination Sy stem; Subpart A: 
Criteria and Standards for Imposing Technology Base d Treatment 
Requirements Under Sections 301 (b) and 402 of the Act (i.e. Clean Water 
Act) (40 CFR Part 125, 125.1 through 125.3). 
The definition of ISL methods in 40 CFR Part 440 in dicates that in situ 
mine and mill process wastewater does not include d ischarges from wells 
from within or surrounding the in situ mines used t o restore aquifers 
after all actual mining activity (i.e., extraction of ore or pregnant 
liquor from the in situ process) has been completed  (40 CFR Part 440, 
Subpart L, and 47 FR 54604). NRC's Office of the Ge neral Counsel has 
interpreted the EPA regulations such that the efflu ent limitations in 
Table I would apply to wastewater discharge from co nventional mills and 
process wastewater discharge from ISL facilities; a nd that the 
limitations in Table II would apply to mine drainag e from conventional 
mines (unregulated by NRC) and to groundwater sweep  discharged from ISL 
facilities as a result of aquifer cleanup activitie s after ore and 
pregnant liquor extraction is stopped. 
Therefore, effluent discharge from existing mills, including process 
wastewater discharge from existing ISL facilities, shall not exceed the 
BPT-based effluent limitations provided for "mill d ischarge" in Table I. 
Groundwater sweep from existing ISL facilities, sha ll not exceed the BAT-
based effluent limitations for "mine drainage" prov ided in Table II. 
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ABSTRACT 
According to a new concept for high level nuclear w aste (HLW) disposal 
which was recently suggested 1) and discussed 2), g reat number of small 
(of about 0.2---0.3 m in diameter) capsules with HL W are loaded in 



sequences into the mouth of deep (about 4 km), narr ow (less than 1 m in 
diameter) sulfur-filled borehole. The capsules sink  downward melting 
sulfur by their rad-heat and after about a year wil l reach the borehole 
bottom where they accumulate - initially as a colum n of adjusted 
capsules. Being relatively cold (120C) during the l oading process the 
capsules near the borehole bottom will undergo slow  heating up to 
temperatures about 400C, causing thermal and chemic al destruction of the 
borehole walls along the column of accumulation. At  these temperatures 
sulfur reacts mainly with oxidized iron Fe(II) of r ocks forming stable 
pyrite and troilite. Then capsules should form an e nsemble (hot magma 
droplet) of diameter about a few meters and of temp erature exceeding the 
rocks melting temperature (1600C). Due to its highe r than rock average 
density such ensemble will sink down up to the mome nt (30-100 years) when 
its decreasing radioactivity becomes insufficient t o melt rocks thus 
forming a deposition at depth 5 to 8 km. 
The experimental and computer research of related p rocesses was going in 
the directions: 
1) Study of sulfur-granite interactions in the temp erature range 120 to 
550C (Natalia A. Kosyakova, Institute of Experiment al Mineralogy, Russian 
Academy of Sciences [RAS], Chernogolovka). First re sults are: liquid 
sulfur penetrates through granite micro-crackings a nd slowly interacts 
with surface of grains. At moderate temperatures wa ter-permeability of 
sulfurized granite decreases. Durability of obtaine d materials is under 
further investigation. 
2) Study of dynamic melting around a single model c apsule (Barrikad V. 
Zamyshliayev, Vladimir M. Chernyshev, Viktor S. Oso lovsky, Central 
physical-technical institute, Sergiev Posad) and ar ound groups of 
capsules heated by microwaves (Andrei V. Vityazev A .V., Julius I. Zetzer, 
Igor B. Monastyrsky Georgy A. Ovsyannikov, Institut e for Dynamics of 
Geospheres RAS, Moscow). The nontrivial equilibrium  form of heat evolving 
and simultaneously sinking ensemble was found in ex periments with 
microwave heating. Computer modelling is intended t o confirm this dynamic 
equilibrium and to find its possible modifications in real media. 
3) Study of thermally induced stresses developing d uring rocks heating 
and then cooling after solidification of rock melt.  (Yuri A. Paveshenko, 
Institute of Applied Mathematics RAS, Moscow). In a  long-term run these 
stresses can in principle cause multiple cracks in fresh rocks which 
could lead to water convection driven by the radioa ctive heat source. 
THE "NEWDEEDS" CONCEPT AND RELATED PROBLEMS 
The idea of the "NEWDEEDS" (NuclEar Waste DEEp Disp osal in Sulfur filled 
boreholes) concept (1,2) is to transport high-activ e nuclear waste to 
great depths through a narrow channel bored in rock s and filled with 
sulfur. It is a development of a known (3,4) idea o f HLW self-burial but 
starting from initial deep horizon reached by boreh ole thus providing 
higher safety (patents (5,6), the first variant rep orted in 1991 (7)). 
The theoretical results show a principal possibilit y for its practical 
implementation. The disposal depth leads to high is olation from the 
environment. The estimates show reasonable economic  efficiency of the 
proposed method due to a possibility of multiple us e of the borehole. 
The diameter of the borehole in rocks (granites) ca n be made as small as 
0.4---0.5 m in its main cross-section and near the bottom. The next 
operation is a filling of the borehole with natural  sulfur. This 
operation is a problem for technology, but no princ ipal difficulties can 
be seen on the way of its realization. Then loading  of nuclear waste 



starts: a consequence of hermetically-sealed capsul es with HLW sink down 
in sulfur filled borehole, melting sulfur by the he at release of waste, 
it is possible by a series of rather small capsules  with the diameter 
less than 0.2 m. If the time interval between conse quent capsules is less 
than 1 day, then each capsule is moving in a therma l channel of previous 
capsules, the theory of such consequent loading was  given in (1). The 
peculiarity of this loading process is based on a f act that the sulfur 
heat conductivity is more than 10 times lower than that of rocks. The 
temperature of the hole walls remains low during lo ading, it never 
exceeds the sulfur melting temperature 113---120C ( depending on 
pressure). 
Capsules accumulate near the borehole bottom causin g a local temperature 
increase, which in its turn causes the thermal and mineral instability of 
the surrounding rocks. The criterion of the borehol e thermal instability 
obtained in (1), shows that it occurs about a year after the start of 
accumulation when temperature near the bottom incre ases up to 300-400C. 
Somewhere in the same temperature region the minera logical interactions 
of sulfur with granite also leads to sharp decrease  of the rock 
durability. 
The loss of stability due to the thermal expansion and sulfur erosion of 
the walls leads to deformation of the hole. Then th e whole heavy column 
of the accumulated waste (a several hundred meters)  subsides to the 
bottom of the hole. There the ensemble of capsules is formed (a hot 
droplet or heavy magma chamber). Its temperature wi ll be growing to those 
of softening of granites (about 1600C). By that mom ent the whole sulfur 
in this droplet is to be spent already for chemical  reactions, the basic 
products of which are solid, water insoluble pyrite  and pyrrhotite. 
Since the densities of both pyrite and encapsulated  waste are higher than 
that of granite, a hot droplet will separate from t he sulfur column and 
start melting rocks in a self-burial regime. The th eory of sinking of a 
hot sphere was given in (8), however the equilibriu m form of a liquid hot 
moving body was unclear. 
After some cooling of the droplet due to decay of t he most active 
isotopes with the half-time 30 years a solid water- non-soluble matrix 
will form around the disposal, it should preserve a  leakage of 
radionuclides into underground waters. However some  cracking of this 
solid matrix is possible during its cooling, this p rocess was unclear in 
details. 
RESEARCH DIRECTIONS 
On account of great responsibility for radioactive and ecology safety it 
appears to be necessary to carry out some laborator y simulations of main 
stages of the suggested method of HLW disposal with out actual use of 
radioactive isotopes. Four intercrossing directions  were suggested for 
further theoretical and experimental research: 
1) calculations of thermodynamical equilibrium in t he sulfur-rock system 
and comparing its results with the experimental roc k samples undergoing 
thermal contact with sulfur; 
2) a study of electrically heated capsules sinking in sulfur; 
3) a study of collective motion simulated by microw ave heating of liquid 
droplet in a microwave transparent media; 
4) a study of solidification in the trace of a hot droplet. 
Here some results of these studies will be briefly reported. 
MINERALOGICAL STUDIES 



We found no scientific literature on mineralogical experiments on granite 
rock interactions with sulfur. Such a contact is al so not observed in 
natural environment. Preliminary theoretical result s for thermodynamical 
equilibrium in the granite rock-sulfur system are i ncluded in the book 
(1). The intermediate mineral compositions are dete rmined by temperature 
and the overall sulfur concentration among a vast v ariety of possible 
minerals and chemical compounds in the system of su lfur, water and iron 
oxides. Other natural minerals (oxides that constit ute granite rocks) 
apart from iron II and III oxides and water were fo und not to interact 
with sulfur, they produce only secondary influence on the final 
equilibrium phases. Actually in the temperature reg ion 100-600C 12 stable 
regions on the phase diagram for the system FeO+S a nd 24 stable regions 
on the phase diagram for the element system Fe-S-H- O were found 
theoretically. 
The mineral distribution in the cross-section of th e initial mineral 
sample (granite) after a fixed exposition with hot sulfur is determined 
by simultaneous processes of heat conductivity and diffusion along 
natural cracks. It corresponds to a cross-section o f the phase diagram 
known from thermodynamic calculations, thus it coul d give a principal 
possibility to compare experimental and theoretical  results. These 
results also will give a possibility to predict the  final mineral 
composition along the sulfur filled borehole and co lumn with radioactive 
waste. Study of simultaneous processes of heat tran sfer (the rock heat 
conductivity is known) and diffusion (the diffusivi ty along cracks is 
unknown and nearly impossible to evaluate theoretic ally) should give 
estimates of the time scale for the mineral process es involved. These 
results are urgently need to be incorporated in the  computer program 
modelling the HLW disposal behavior during loading,  initial heating and 
future development. 
The set of experiments was started in the Institute  of Experimental 
Mineralogy RAS by Natalia A. Kosyakova. Its results  will be published 
elsewhere and here are reported as a principal summ ary. 
The samples for further analysis were obtained with  a rock in sulfur 
exposition from 8 to 24 hours for fixed temperature  in the range 120 to 
500C. We made two types of mineralogical experiment s. 1) Closed in vacuum 
quartz containers with a rock sample covered with m elted sulfur were 
heated in stove and fast cooled after the expositio n period. 2) To 
emulate a situation in real borehole we drilled a c ylindrical hole in 
granite rock samples, filled it with sulfur and use  a thin electric 
heater inside the hole with the open air contact an d external cooling. 
The maximum reached temperature in the second type experiment was 160C. 
Then both type samples were cut and their surface a nalyzed optically and 
by electronic microanalyzers (the installations CAM EBAX and LINK) which 
generally give possibility to obtain a detailed min eral analysis along 
the samples with high space resolution. 
The results of our mineralogical experiments occur to be in a sense 
unpredictable. First of all, we found that the liqu id sulfur permeability 
in granite is very high. An exposition of a few hou rs in closed 
containers leads to full penetration and nearly hom ogeneous distribution 
of sulfur along samples of about a centimeter in si ze. In samples of the 
second experiment type we observed a visual sulfur gradient of a few 
millimeter deep from the hole, it was also statisti cally confirmed by the 
instrumental analysis. However, results given by el ectronic 
microanalyzers are rather difficult for simple mine ralogical 



interpretation. We found practically no exact miner al compositions with 
sulfur, moreover, the sulfur content was highly var iable along the sample 
with fluctuations about the order of magnitude. Our  preliminary 
conclusion is that the liquid sulfur penetration in to solid granite is 
very effective along the micro cracks in between gr anite grains. Sulfur 
fills all the empty micro spacings in granite but o nly slow chemically 
interacts on surfaces of mineral grains. 
First experiments to establish the durability of ob tained sulfur exposed 
granite materials show that their strength is nearl y unchanged for 
temperatures lower 160C and is drastically reduced at temperatures 
somewhere in the interval 300-400C. Moreover, we fo und even some increase 
of sample durability at low temperatures, but this conclusion is yet not 
statistically significant due to small number of te sts. 
EXPERIMENTS IN SULFUR WITH ELECTRICAL HEATING 
Theoretical calculations for the processes going wh en hot capsules melt 
sulfur and move in the melt prove to be rather diff icult since viscosity 
of sulfur strongly and unusually depends on tempera ture (after melting 
point it has a minimum, then sharply increases up t o the maximum which is 
more than two orders higher than the minimum value,  then slowly 
decreases). The other reason to determine the sinki ng rate experimentally 
is a complex convective structure in the upper part  of hot capsule, 
especially in the case when small water impurities are residual in 
sulfur. 
The sulfur melting experiments were fulfilled by Ba rrikad V. 
ZAMYSHLIAYEV, Vladimir M. CHERNYSHEV, Viktor S. OSO LOVSKY in Central 
physical-technical institute, Sergiev Posad (9). Th e general scheme of 
this experiment is rather simple. A metal sphere of  diameter about 10 cm 
with an electric heater inside is placed on the sur face of sulfur in a 
cement tube imitating the borehole. Two variants of  initial sulfur 
constitution were tested: a)melted and then solidif icated sulfur and 
b)dispersed sulfur with small content of water in s pacings. These two 
variants correspond to the possibly different metho ds of the borehole 
filling with sulfur. This study was intended also t o determine the proper 
method of the borehole filling. The tube and capsul e radii and the 
thermal power are chosen to be close to real parame ters of borehole and 
high level waste. 
When the capsule heating is on, it begin to sink in  sulfur inside the 
cement tube. Its position was measured by microwave  detector and 
temperature measurements. This experiments gave vel ocities of capsules in 
dependences on the applied thermal power. The resul ts generally confirmed 
the theoretical evaluation. The sinking velocity in  melted and 
solidificated sulfur for a single sphere of 100 mm in diameter and the 
thermal power of 60 W proves to be about 1 mm/min t hat corresponds to 0.5 
km per year. It means that sinking of a chain of co nsequent capsules of 
even lower power can reach an average velocity of a  few kilometers per 
year. 
Heating of the same capsule in dispersed sulfur wit h water remnants in 
spacings leads to reaching a final depth of about t he sphere radius. The 
observed water convection in a cavity formed over t he sphere was a main 
source of the heat removal. However, application of  the additional air 
pressure inside of about 1.2 atm (extra) prevent th e water boiling and 
lead to continuation of the sinking process with ve locity close to the 
case of solid sulfur. 
MICROWAVE HEATING EXPERIMENTS 



A set of experiments in transparent solid-liquids w ith model microwave 
heating results the structure of convective flows ( 10). In the 
experiments with microwave heating paraffin was use s as a model solid-
liquid media. The microwave installation of Institu te for Dynamics of 
Geospheres with videotape recording gave possibilit y to obtain convective 
patterns around a hot droplet which models a magma chamber with HLW 
heating. Since current positions of capsule models (which absorb 
radiation) are changeable, a moving mechanical supp ort with back 
regulating connection was designed and constructed.  The process was 
recorded into videocassets for further investigatio n. 
The second experiment with liquid heaters absorbing  microwave radiation 
was intended to obtain experimentally a fraction of  capsules remaining in 
the solidificated column. Its result was rather imp ressive. It was found 
that liquid heat evolving bodies in the process of sinking have no 
tendency of self separation or fractionating. Moreo ver, it was found that 
the equilibrium form of such hot moving droplets is  not a tailed sphere 
with partial dispersion as it was supposed before e xperiments, but a 
dynamic stable saucer-like body. 
The computer modelling of heated liquid body which melts down is under 
development (Yuri A. Paveshenko, Institute of Appli ed Mathematics RAS, 
Moscow). The other purpose of this calculations is to establish the 
distribution if thermal stresses around a cooling t race of a HLW self 
burial. In a long-term run these stresses can in pr inciple cause multiple 
cracks in fresh rocks which could lead to water con vection driven by the 
radioactive heat source. However at such depths due  to heightened 
temperature and pressure the reverse process of cra cks closing becomes 
also active. 
The possible additional output of these experiments  and computer 
modelling can be also valuable for study of natural  geophysical processes 
such as magma ascending and gravitational separatio n of minerals. 
CONCLUSION 
The final goal of the current stage is to implement  the obtained 
experimental results into a computer program with c hangeable interactive 
input and graphical output. The program should mode l all stages of the 
disposal development and predict the final undergro und fields of 
temperature and mineral depositions. In their turn,  they can reveal in 
the first approximation the final radioactivity dis tribution. 
This research was made possible in part by Grant M4 7000/47300 from the 
International Science Foundation and support of Min istry of Science. 
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ABSTRACT 
Decay of U-238 in the natural environment leads to production of U-234 
(t1/2 = 2.48 x105yr). In a closed system of suffici ent age the U-234/U-
238 activity ratio (AR) approaches unity, but is > 1 in typical 
groundwater. The isotopes exhibit equivalent kineti c behavior in natural 
chemical reactions, so fractionation must result fr om the energy released 
by alpha-decay. The AR was analyzed in surface wate rs, near-surface 
fracture waters, perched waters, and vadose zone po re waters from the 
Apache Leap Tuff. This tuff has features that are s imilar to Yucca 
Mountain tuffs and amenable to investigation. Novel  methods were used for 
sampling vadose zone pore waters from preserved dri ll cores. The AR for 
all surface, fracture, and near-surface pore water samples was in the 
range 1.4 to 2.1. A deeper transition in pore water  AR from 2 to 5 
correlated with trends in saturated matrix hydrauli c conductivity and 
magnetic susceptibility, delimiting the penetration  of oxidative 
weathering into the vadose zone. From C-14 apparent  ages (1) it is 
evident that this multiple transition does not refl ect the former high 
stand of a perched water table. A lumped parameter model was used to 
evaluate the relative contributions from selective leaching and direct 
recoil mechanisms to perched water fractionation at  Apache Leap, 
integrating mass balance, radioactive decay, sorpti on, isotopic exchange, 
and direct recoil effects. The strategy was to iden tify a set of model 
parameters describing the total U concentration and  AR for perched waters 
from different sampling locations without direct re coil, then recompute 
the ratios with direct recoil. The results showed t hat leaching 
selectivity is probably much greater than the obser ved mobile phase AR, 



and that within the likely range of effective parti tioning behavior the 
contribution from direct recoil to observed activit y ratios is probably < 
1. 
INTRODUCTION 
This study was motivated by the observation of elev ated U-234 activity in 
perched waters in tuffs at Yucca Mountain, Apache L eap, and elsewhere. 
The general objectives were to investigate the spat ial distribution of 
pore water fractionation, evaluate alternative conc eptual models for 
fractionation, and identify implications for transp ort of natural U. 
Methods were developed to sample vadose zone pore w aters for U isotopics, 
and applied at the Apache Leap Research Site (ALRS)  to investigate U-234 
fractionation throughout the vadose zone. 
Davidson (1) described sampling pore waters from pr eserved tuff cores by 
core squeezing using the method and the equipment o f Peters et al. (2). 
In the Apache Leap Tuff welding increases with dept h, and this method was 
effectively limited to the uppermost 30 m of the se ction because of low 
water yield. Using the chemical separation and isot opic analysis methods 
described by Goldstein et al. (3) the U concentrati on and U-234/U-238 
activity ratio (AR) of squeezed pore waters were co mpared with other 
waters from Apache Leap including surface waters, f racture waters from 
shallow borings, and perched waters (Table I, Fig. 1). A mixing plot 
shows that U leaching near the surface is different  from the process that 
produces fractionation in deeper waters (Fig. 2). 
Table I 
Fig. 1 
Fig. 2 
PORE WATER SAMPLING BY FLUSHING OF PRESERVED CORES 
A method was developed to inject Milli-Q water thro ugh tuff cores at a 
pressure of 15bars. Cores were preserved in Protec- Core packaging from 
the time of drilling. Leachates from 3 to 5 cores w ere composited 
yielding a total U mass of as little as ~1 ng. Acco rdingly, control and 
measurement of contamination were critical. A trace r was used to quantify 
leakage of confining fluid into the sample, and con tamination from this 
source was concluded to be negligible. A blank of ~ 60 pg U was estimated 
for a typical isotopic measurement, which is less t han the ~180 pg U 
blank estimated for core squeezing. 
Using the flushing method for more densely welded s amples, the AR was 
analyzed for pore waters from as deep as 100 m. A t otal of 35 cores were 
leached and 7 composites analyzed isotopically. Act ivity ratios from 
flushing are indistinguishable from ratios for sque ezed pore waters 
(Table I) indicating that both methods sampled the same phase. The 
observed AR is a lower bound on actual pore water c omposition since the 
sample may acquire less fractionated U from the sol id phase. As a 
byproduct of this method the matrix saturated hydra ulic conductivity 
(Ksat) was measured. 
The flushed pore water isotopics show that a transi tion occurs between 20 
and 30 m depth in the DSB (Table I, Fig. 3) where t he AR increases from 2 
to ~5. Using equivalent U concentrations derived fo r the flushed pore 
water samples, a mixing plot (Fig. 2) shows that th ese new data are 
intermediate between near-surface waters and perche d water. 
Fig. 3 
FRACTIONATION MECHANISMS 
Selective leaching of U-234 from recoil-damaged sit es apparently occurs 
in surface soils and near-surface fracture zones, g iven the short 



residence time and the relation between total U and  the AR for these 
waters (Fig. 2). A wide range of concentration was observed in squeezed 
near-surface pore waters, all with AR~2 (Table I). 
The three perched water samples analyzed had simila r C-14 ages (~3,000 
yr) but samples from the tunnel discharge and Oak F lat borehole had 3 
times more U (Table I). This is probably because th e perched water table 
at Oak Flat lies within the near-surface porous tuf f layer which is 
thicker there. At the ALRS the perched water table lies deeper within the 
formation where hydraulic conductivity is dominated  by fractures. In the 
tunnel discharge (which probably recharges in Oak F lat) the AR is also 
moderately high (Table I). Where similar AR's occur  over a wide 
concentration range the fractionation is generally attributable to 
selective leaching. 
As pointed out by Petit et al. (4) congruently diss olving mineral phases 
that contain U-238 tend to dilute the excess U-234 derived from selective 
leaching, limiting fractionation. They argued that this always occurs 
given the U abundance and etching rates of rock-for ming minerals. 
Attributing the observed perched water fractionatio n at the ALRS to 
selective leaching could imply unrealistic rates of  congruent dissolution 
for U bearing minerals (e.g. <10-13 m/yr). Petit et  al. proposed an auto-
oxidative leaching mechanism instead, in which prim ary U-238 existing as 
U(4+) decays down to U-234(6+) and fractionation oc curs because U(6+) is 
more soluble. 
If sampled near-surface fracture waters represent r echarge, then a 
selective leaching model for perched water at the A LRS requires a highly 
fractionated leaching "end member." The needed sele ctivity is directly 
related to the intensity of isotopic exchange with an adsorbed phase. 
Secondary minerals are present which tend to be goo d adsorbents but such 
partitioning could produce conditions favoring dire ct recoil, in which U-
238 at or near the liquid:solid interface decays an d the a-recoil leads 
to U-234 accumulation in the mobile phase. Recoil f rom U-238 adsorbed to 
secondary oxides has been suggested as the fraction ation mechanism for 
perched waters from tuffs on the Nevada Test Site ( Zielinski and Rosholt, 
1978). 
In the vadose zone at the ALRS, pore water residenc e time controlled by 
matrix Ksat might be a determinant of the direct re coil effect. Contrary 
evidence may be found in the C-14 apparent ages rep orted by Davidson (1) 
which ranged from 1,000 yr in the upper part of the  tuff section to 3,000 
yr in the perched zone, suggesting that residence t ime does not vary 
enough to account for the observed AR transition (F ig. 3). Alternatively, 
increased fractionation with depth could be caused by increased leaching 
selectivity at the depth to which weathering has pe netrated and the rock 
is substantially oxidized, in accordance with the a uto-oxidative leaching 
mechanism. Mechanisms for fractionation in vadose z one pore waters at the 
ALRS are the subject of ongoing investigation. 
The AR transition at the ALRS correlates (within a depth range of < 10 m) 
with steeply decreasing Ksat and with a transition in magnetic 
susceptibility caused by oxidative weathering (6). At the nearby Oak Flat 
borehole, similar transitions in hydraulic properti es and magnetic 
susceptibility occur at the modern perched water ta ble. Vadose zone pore 
water AR's are less than the perched water AR, sugg esting decay from a 
former high stand of perched water table roughly 10 5 yr ago. However, 
this possibility is contradicted by the C-14 appare nt ages reported by 
Davidson (1), so it is evident that fractionation i n deep vadose zone 



pore waters developed independently of the perched water table elevation 
at Apache Leap. 
The remainder of this paper evaluates the relative contributions from 
direct recoil and selective leaching in the perched  zone at Apache Leap. 
This requires a model that integrates mass balance,  radioactive decay, 
sorption, isotopic exchange, and direct recoil. The  strategy was to 
describe the fractionation and total U in DSB and t unnel perched waters 
using selective leaching only, and then to use thes e parameters in the 
same model with direct recoil added.  
STEADY STATE MODEL FOR FRACTIONATION IN THE PERCHED ZONE AT THE ALRS 
Matrix hydraulic conductivity at the ALRS declines sharply with depth so 
that below a depth of 20 to 30 m recharge must move  through fractures. 
Davidson (1) showed that perched water at the ALRS has low chloride 
similar to surface water, whereas the pore waters s ampled had 
significantly more chloride which was likely leache d. Thus surface waters 
move downward through fractures without acquiring m uch solute from vadose 
pore waters. Recharging waters from the surface are  relatively 
unfractionated (AR~2) so it may be inferred that fr actionation in the 
perched water (AR~6.2) occurs mostly in the perched  zone. This is the 
rationale for a lumped parameter approach to modeli ng perched water 
fractionation. 
The model is based on a system of equations (Fig. 4 ) solved using a 
Runge-Kutta method with adaptive step size (7). Ini tial conditions 
correspond to chemical and isotopic equilibrium of both the mobile and 
adsorbent phases with the combination of inflow and  leaching. Radioactive 
decay begins at t=0, and time stepping to 1 My brin gs the system 
reasonably close to steady state U-234 concentratio ns in the mobile and 
adsorbent phases depending on the rate of isotopic exchange. Perched 
water residence time of 3,000 yr is based on the C- 14 apparent age. 
Recharge with 100 ppt U and AR=2 similar to near-su rface fracture waters 
is the inflow to the model. 
Fig. 4 
Preliminary data from selective extraction of Mn fr om pulverized tuff 
show that as much as half the whole rock Mn exists as MnO2 (depending on 
the extent of oxidative weathering) containing abou t 50 ppm U (Fig. 5). 
Assuming typical values for MnO2 abundance and pore  water U concentration 
the whole-rock U partition coefficient is about K=1 00mL/g. The effective 
value for isotopic exchange is probably smaller bec ause of desorption 
hysteresis and because part of the MnO2 phase is in accessible. The 
effective K for direct recoil is probably smaller s till since this 
involves only U adsorbed within a few nanometers of  fluid-filled pores in 
communication with the mobile phase. 
Fig. 5 
Leaching rates can be estimated under the assumptio n of a chemical steady 
state, from total U concentrations (Table I) and re sidence time from C-14 
apparent age (3,000 yr). For the deep slant borehol e (DSB) at the ALRS 
the corresponding leaching rate is 0.033 ppt/yr, an d for the tunnel 
discharge it is 0.167 ppt/yr. This does not constra in the leaching 
selectivity, defined as the AR of leached U. 
A key parameter for which few constraints are avail able is k, the rate 
constant controlling isotopic exchange. Whole rock U and Th analyses by 
fusion and ICP/MS show that the Th/U ratio changes little through the 
tuff section, therefore the rate constant must be l arge enough to permit 
sorption of leached U. If k<10-14 sec-1 then more t han a few percent of 



the whole rock U would be lost over 1 My, given rea listic leaching rates. 
Constraint on k was also derived by running the mod el with the initial 
condition of zero adsorbed U, showing that a k valu e of 3x10-14 sec-1 is 
sufficient for sorption equilibrium within a fracti on of the age of the 
tuff (Fig. 6). If k exceeds this then significant i sotopic equilibration 
occurs in <1My which is unrealistic given the obser ved fractionation. 
Fig. 6 
Calculations plotted in Fig. 7 show the relation be tween mobile phase AR, 
leaching selectivity, and partitioning. Strong part itioning causes 
dilution of the mobile phase AR even for very selec tive leaching, because 
of isotopic exchange and radioactive decay. The sam e values for the rate 
constant and leaching selectivity were used for bot h perched waters, but 
the leaching rates differed. The curves in Fig. 7 a re based on  
concentrations of 200 and 600 ppt for the DSB and t unnel waters, 
respectively, with recharge having 100 ppt and AR=2 . By assuming a value 
for leaching selectivity it is possible to pick K v alues for each perched 
water type (LAR~12 is about the smallest value that  works for both). The 
difference between these K values reflects model ma ss balance 
requirements. The tunnel discharge K value is large r than the DSB value, 
which may mean that the effective adsorbent abundan ce is greater where 
there is more flow through the tuff matrix. Another  application for the 
model could be to estimate K values from independen t data, assume a 
selectivity, and compute values of the rate constan t k for different 
waters. 
Fig. 7 
Adding direct recoil (Fig. 8) confirms that the inc remental fractionation 
is important for larger values of K. Within the lik ely range of effective 
partitioning behavior the contribution from direct recoil to observed 
activity ratios is probably < 1, under the model as sumptions. 
Fig. 8 
CONCLUSIONS 
Fractionation in perched waters from the Apache Lea p Tuff is attributable 
to selective leaching, with a minor contribution fr om direct recoil. 
Fractionation in surface and near-surface waters fr om the ALRS (AR~2) is 
attributable to less selective leaching from weathe red rock. Activity 
ratios up to 5 were found in deep vadose pore water s and perched waters, 
however, the AR transition correlated with a trend in magnetic 
susceptibility representing the penetration of oxid ative weathering. From 
apparent C-14 ages (1) it is evident that this mult iple transition does 
not reflect a former high stand of the perched wate r table. 
Using a mechanistic model it was shown that leachin g selectivity is 
probably much greater than the observed mobile phas e AR. Assuming a 
minimum value for selectivity consistent with the o bserved AR, the model 
permits estimation of the in situ partition coeffic ient. Model 
assumptions include a hydraulic steady state, first -order isotopic 
exchange kinetics, and chemical equilibrium with re spect to U-238. 
Fractionation encountered in perched water at Yucca  Mountain (AR~7.5, J. 
Stuckless, personal communication) is probably not limited to perched 
zones but exists in vadose zone pore waters as well . Fractionation can be 
interpreted in terms of conditions that promote or inhibit retardation of 
natural U. These results in conjunction with the C- 14 data of Davidson 
(1) show that rapid recharge pathways through the v adose zone can be 
identified from the isotopic character of pore wate rs. 
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ABSTRACT 
The United States Department of Energy has used sub sidence craters from 
underground nuclear detonations in Yucca Flat on th e Nevada Test Site for 
disposal of low-level radioactive waste since the l ate 1960s. Two 
adjoining craters in the Area 3 Radioactive Waste M anagement Site were 
filled primarily with bulk radioactive waste and te mporarily capped with 
a minimum of 30 cm of native alluvium in 1987. Effe cts of the subsurface 
detonation on the hydrologic properties of the allu vium near a subsidence 
crater, the effect on the soil moisture regime, and  the migration of 
chemical constituents and radionuclides from the wa ste were examined in 
this study. Two angle boreholes were cored and dril led to provide samples 
for analysis and comparison. One passed under a sub sidence crater used 
for waste disposal while the other passed through u ndisturbed alluvium. 
In situ water content and water potential measureme nts on core samples 



from the two boreholes were similar. Water potentia l gradients were 
steepest near the surface and decreased with depth and indicated 
evaporative conditions in the zone penetrated by th e boreholes. Stable 
isotope ratios for soil pore water were consistent with evaporative 
conditions. Chemical analyses of samples for waste constituents showed no 
evidence of migration of metals into the alluvium b elow the waste. 
Similar results were found for the gamma emitters 2 41Am, 60Co and 137Cs. 
Tritium concentrations, however, were found to be s omewhat elevated. 
Estimates of tritium diffusion from the detonation cavity indicated that 
the waste was the probable source of the tritium ob served in the borehole 
samples. 
INTRODUCTION 
The thick vadose zones found in alluvial valleys of  deserts in the 
western United States have characteristics favorabl e for shallow burial 
of solidified radioactive waste. The great depth to  the water table and 
the arid climate in these regions combine to inhibi t transport of 
radionuclides to groundwater below the waste. Shall ow disposal in 
alluvium usually requires excavation of pits or tre nches in the alluvium 
to receive the waste. However, in Yucca Flat on the  Nevada Test Site in 
southern Nevada hundreds of subsidence craters rema in as a result of the 
nuclear weapons testing program. An early proposal for disposal of 
radioactive waste in deep, dry alluvial deposits of  Yucca Flat considered 
use of a crater formed by the near-surface detonati on of a nuclear device 
as a waste cell (1).  
Four subsidence craters in the Area 3 Radioactive W aste Management Site 
(RWMS) in Yucca Flat either have been or are now be ing used for disposal 
of low-level radioactive waste. Tests that led to t he formation of the 
craters in the Area 3 RWMS were conducted hundreds of meters below the 
ground surface in shafts bored vertically into the alluvium. Upon 
detonation of the nuclear device, pressures and tem peratures increased 
forming a cavity in the alluvium. When the gas pres sure dissipated to a 
point at which it could no longer support the overb urden, the roof of the 
cavity collapsed and the void region propagated upw ard to the surface 
forming a saucer-like subsidence crater on the surf ace (2). The region 
through which the void propagates is referred to as  the chimney. An 
important consideration in the use of craters for w aste disposal is 
whether the ability of the climate and geologic for mation to isolate the 
waste from the water table is compromised by the pr esence of the chimney. 
Although hundreds of nuclear tests have been conduc ted in the vadose 
zone, little is known about the properties of chimn eys (3). The little 
that is known relates to the size distribution of r ubble formed in 
competent rock such as welded tuffs and granodiorit e and cannot be 
extrapolated to alluvium or friable tuffs (3). Some  measurements of 
saturated hydraulic conductivity have been made on core taken from near 
the surface of subsidence craters in alluvium (4). Values of hydraulic 
conductivity were similar to those found in an undi sturbed area (5). 
Although hydraulic properties of chimneys in alluvi um may not be 
different from undisturbed alluvium, studies of a c rater in Yucca Flat 
(4) have demonstrated that craters capture precipit ation and may capture 
runoff. Ponded conditions develop which enhance inf iltration through the 
surface of the crater. The magnitude of the enchanc ed infiltration 
depends not only on the precipitation but also on t he size of the 
catchment area outside the crater boundary. This in creased infiltration 
could potentially result in recharge to the water t able. Tyler et al. 



(1992) (4) estimated that the infiltration rate thr ough the bottom of a 
crater in Yucca Flat was approximately 0.6 m yr -1.  
In the present study hydrologic properties of the a lluvium in the 
vicinity of a subsidence crater were compared with those from an 
undisturbed area to determine if these properties w ere affected by 
formation of the crater. The effect of the presence  of the crater and its 
use for waste disposal on the soil moisture status was examined, and 
sampling was conducted to determine if migration of  chemical constituents 
and radionuclides from the waste had occurred. Two angle boreholes were 
cored and drilled to provide samples for analysis a nd comparison. The 
first borehole passed under a subsidence crater use d for waste disposal 
whereas the other passed through undisturbed alluvi um adjacent to the 
crater. 
SITE DESCRIPTION 
The RWMS is located at an elevation of approximatel y 1220 m in an 
alluvium-filled basin typical of the Basin and Rang e Physiographic 
Province. Alluvium beneath the RWMS is chiefly sand -sized clasts derived 
primarily from Tertiary volcanic rocks and Paleozoi c carbonate rocks. 
Estimates of the thickness of the alluvium range fr om 370 to 460 m, with 
the uppermost aquifer being encountered at a depth of 490 m. 
Characterization of physical properties conducted i n an area within a few 
kilometers of the study site suggest that undisturb ed alluvium beneath 
the Area 3 RWMS has no flow-impeding layers or pref erential flow paths. 
Air temperatures in Yucca Flat are typical of the u pper Mohave Desert 
with large diurnal and seasonal variations. Precipi tation is minimal and 
also highly variable with an annual mean of 15.9 cm  and a standard 
deviation of 7.9 cm. Evaporation from an open water  surface was estimated 
to be approximately 1800 mm/yr for a site in Yucca Flat (R. H. French, 
unpublished data). The small ratio of precipitation  to evaporation 
implies that the moisture distribution in the upper  part of the alluvium 
is strongly influenced by evapotranspiration. 
A waste cell with approximately 228,000 m3 capacity  was formed at the 
Area 3 RWMS by excavating alluvium between two adja cent subsidence 
craters, U3ax and U3bl, as shown in Fig. 1. Prior t o excavation, U3ax was 
19m deep and 138 m in diameter and U3bl was 14 m de ep and 122 m in 
diameter. Both craters were formed from underground  nuclear tests 
conducted in 1962. Disposal in U3ax, the deeper cra ter, began in the late 
1960s. Disposal in U3bl began in 1984, as the level  in U3ax reached that 
of U3bl. Waste forms consist primarily of contamina ted soil and scrap 
metal with some construction debris, equipment, and  containerized waste. 
Small quantities of oil, fuel, and ethylene glycol remaining in machinery 
and tanks were the only liquid wastes possibly plac ed in U3ax or U3bl. 
The radioactive constituents were estimated to be a pproximately 1200 
curies with 85 percent of the activity being due to  tritium. The next 
largest contributor was 60Co which accounted for on ly 1.6 percent of the 
total curie content. Most of the curie content was disposed during the 
years 1976 to 1981. The only known hazardous consti tuents were lead and 
cadmium. A temporary cover of native alluvium was p laced over the waste 
in December of 1987. The cover is from 0.3 to as mu ch as 4 m thick.  
Fig. 1 
METHODS 
Two 45o angle boreholes were cored and drilled to a  vertical depth of 50m 
to provide samples for analysis and comparison (Fig . 1). The first 
borehole passed under one of the subsidence craters  used for waste 



disposal (U3bl) shown in Fig. 2 whereas the other p assed through 
undisturbed alluvium. The craters U3ah and U3at sho wn in Fig. 1 are 
currently being used for the disposal of low-level bulk radioactive 
waste. 
Fig. 2 
A casing advance under-reaming system was used to d rill the boreholes. 
Air was the only drilling fluid used in this system  to minimize the 
disturbance to the alluvium samples. The method use d to obtain 
representative core samples was to drive a sample t ube containing 
segmented polycarbonate liners 8.9 cm in diameter. Multiple core segments 
were collected from each 0.8 m core run. Measuremen ts of the ambient 
water potential were made on the core samples using  a water activity 
meter. Stable isotope concentrations were determine d by mass spectroscopy 
following toluene distillation. The following analy ses were conducted on 
drill cuttings samples. Lead and cadmium concentrat ions were determined 
by atomic absorption spectroscopy. Activities of 24 1Am, 60Co and 137Cs 
were determined by gamma spectroscopy. Tritium conc entrations were 
determined using liquid scintillation.  
RESULTS 
The following results are presented as profiles in vertical depth from 
the surface. Water content profiles indicated that water contents are 
generally low with a mean value of 0.11 m3 m-3 and exhibit no trend with 
depth. The water content profile under the cell was  indistinguishable 
from that in undisturbed alluvium. Water potentials  increased with depth 
from -6 MPa near the surface to approximately -1 MP a at 50 m depth. Once 
again, the profile under the cell was indistinguish able from that in 
undisturbed alluvium. Analyses of drill cuttings sa mples from the 
borehole under the cell did not reveal the presence  of lead or cadmium. 
Analyses of these samples for 241Am, 60Co and 137Cs  showed that these 
radionuclides were not present in concentrations ex ceeding background. 
Tritium, however, was found in detectable concentra tions under the cell. 
Profiles of tritium concentrations in soil water wi th depth for both 
boreholes are shown in Fig. 3. 
Fig. 3 
DISCUSSION 
The similarity of the water content and water poten tial profiles for the 
two boreholes suggests that the presence of the cra ter has not altered 
the soil moisture regime at this site. A comparison  of isotopic 
compositions of pore water from the boreholes showe d that the isotopic 
composition of pore water from the borehole under t he cell is 
indistinguishable from that in undisturbed alluvium . This indicates that 
processes affecting the correlation between dD and d18O are similar in 
both locations. The compositions diverged from the global meteoric water 
line in a manner indicative of a soil moisture regi me strongly influenced 
by evaporation. 
Movement of water in soil occurs as the result of a  gradient in total 
potential. Here the total potential is taken to be the sum of the matric 
and gravitational potentials. These potential profi les for the borehole 
under the cell are shown in Fig. 4. The osmotic com ponent of the water 
potential for the alluvium was estimated from the c hloride concentrations 
to be less than -0.001 MPa in the near surface and zero below a depth of 
10 m. Water potentials are thus taken to be equival ent to matric 
potentials. For the total potential, a negatively s loped line indicates 
that flow is upward, a positively sloped line that flow is downward and a 



vertical line represents the static condition. Figu re 4 shows that the 
zone below 35 m, where cores were taken from under the cell, is nearly 
static. The slope of a best fit line through the to tal potential data 
from a depth of 39 m to 49 m indicates a slightly n egative gradient in 
this region. Thus, the flux of liquid water under t he cell is negligible. 
This indication of a negligible flux is supported b y the lack of metals 
or waste-related radionuclides in the samples taken  from below the cell. 
Fig. 4 
Tritium concentrations in undisturbed alluvium (Fig . 3) are low and 
decrease quickly with depth to levels near or below  the detection limit 
of 350 pCi/l. Samples with concentrations less than  the detection limit 
are plotted at the limit. The concentrations of tri tium found in the 
borehole under the cell generally increase with dep th to nearly 10,000 
pCi/l at the deepest point sampled. These concentra tions are two orders 
of magnitude greater than expected from atmospheric  deposition of tritium 
but 1/100 of the Nuclear Regulatory Commission's co ncentration limit of 1 
x 106 pCi/l for effluent released to an unrestricte d area.  
These samples represent not only tritium concentrat ion with increasing 
depth but also with increasing proximity to the chi mney below the center 
of the waste cell as shown in Fig. 2. The only pote ntial sources of 
tritium that could conceivably account for the conc entrations found in 
the samples are the waste placed in the crater and the cavity located 160 
m below the crater. The activity of the waste has b een estimated to be 
1200 Ci, 85 percent of which is attributable to tri tium. The other 
potential source is the tritium remaining in the ca vity following the 
test. The migration of tritium in dry soil was exam ined by Smiles et al. 
(1995) (6). Their diffusion model predicts that the  movement of tritium 
from a source in dry alluvium will be limited to a distance of less than 
100 m. This result implies that the elevated tritiu m concentrations under 
the cell are due to the migration of tritium from t he waste. The evidence 
of negligible liquid flux under the cell provided b y the water potential 
profile and the lack of metals or radionuclides oth er than tritium 
suggests that tritium migration from the cell is pr imarily due to 
diffusion.  
The similarities in water content, water potential and stable isotope 
ratios between undisturbed alluvium and alluvium be low the cell and the 
absence of waste constituents below the cell demons trate that for this 
crater no enhanced recharge has occurred. The impli cations are that 
nuclear subsidence craters with minimal catchment a rea outside the crater 
boundary can provide a means for shallow burial of low-level bulk 
radioactive waste that will effectively isolate the  waste from the 
groundwater below. 
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ABSTRACT 
The Republic of Korea has ten operating nuclear pla nts and six under 
construction and another seven planned. Spent fuel and low level radwaste 
has been accumulating at the nuclear plants since t he start of operation 
of the first plant in 1978. This study looked at se veral options for 
spent fuel storage and different disposal facility with proposed 
operating dates and radwaste processing options to provide guidance in 
the planning and policy making with regards to stor age and disposal in 
the future. 
This paper will describe the study parameters, vari ous scenarios under 
consideration, different away from reactor spent fu el storage design 
concepts, and different operating dates spread over  several years. 
Postponing the operating date for the disposal faci lity greatly increased 
the storage needs. 
Many key factors involved in the study and had diff erent influences on 
the outcome of the study, including the options rec ommended to help 
formulate future policies for the back end of the f uel cycle.  
INTRODUCTION 
Electricity from nuclear power began in the Republi c of Korea with the 
commercial operation of Kori Unit 1 in 1978. The pl ant owned and operated 
by the Korea Electric Power Company (KEPCO) was the  first of the ten 
operating nuclear plants in Korea. Six more plants are under construction 
and seven more are planned for operation by June 20 06. The plants are 



listed in Fig. 1. The two types of plants in use an d planned are either 
pressurized light water reactors (PWRs) or heavy wa ter moderated reactors 
(PHWRs). 
Fig. 1 
There are no disposal sites for either spent fuel o r low/intermediate 
level radwaste, and all radioactive wastes are temp orarily stored at the 
nuclear plants. Because the spent fuel pools at the  older existing 
nuclear units are getting full, a need for updating  the plan and schedule 
for the safe management of spent fuel was needed. T he Nuclear Environment 
Management Center (NEMAC) of the Korea Atomic Energ y Research Institute 
(KAERI) authorized Sargent & Lundy in the fall of 1 994 to jointly study 
several options for spent fuel storage and differen t spent fuel disposal 
facility operating dates along with low and interme diate level radwaste 
processing options. The purpose of the study was to  study the most 
appropriate option for the Government with regards to storage and 
disposal in the future. 
The focus of this particular study was to develop f easible scenarios for 
long-term management of both spent fuel and radwast e, focusing on the 
once-through or direct disposal of spent fuel, and the effects of volume 
reduction on disposal of low and intermediate level  radwaste (LLW/ILW). 
Reprocessing was excluded as a spent fuel option fo r this study. 
The period of time for the study covered from the y ear 2002 when a 
central spent fuel storage facility, an away from r eactor (AFR) facility 
is assumed to be operational, until 2080. As stated  earlier, the planned 
nuclear plants and those already under construction  would be in operation 
by the year 2006. Figure 1 lists the existing and f uture plants until 
2006. For purposes of the study, nuclear plants of the "Advanced" types, 
APWR and APHWR, were assumed to be placed in servic e starting in 2007. 
Between 2007 and 2030, the last year of new nuclear  plants, 19 APWRs of 
1000 MWe would be installed and five 700 MWe and th ree 1000 MWe APHWRs. 
The operating life of the conventional nuclear plan ts was assumed as 30 
years and for advanced plants as 40 years. The last  of the advanced 
plants would be taken out of service in 2070. The s pent fuel would be 
stored onsite for five years and all of the fuel wo uld be shipped to the 
repository by 2080. Electric generating capacity fr om nuclear plants 
increases from 8,616 MWe at the end of 1995 to a pe ak capacity of 32,300 
MWe in 2026. 
To temporarily solve the shortage of AR storage, KE PCO the sole national 
electric utility in Korea, exerted a great effort. For example, Wolsung 
Unit 1 a PHWR operating since 1983, has already ins talled some dry 
storage casks for spent fuel storage. KEPCO may als o tranship some spent 
fuel from one unit to another and from one plant to  another. 
SPENT FUEL DIRECT DISPOSAL OPTIONS 
Several countries with operating nuclear plants are  planning on direct 
disposal of spent fuel. When reviewing direct dispo sal of spent fuel in a 
geologic repository, several scenarios were brought  into consideration; 
different operating dates for a high-level waste re pository for intact 
fuel assemblies, fuel rod consolidation prior to st orage and disposal, 
and disposal of the PWR spent fuel assemblies separ ately from PHWR spent 
fuel with a different operating date for disposal f or the two types of 
reactor spent fuel. 
Each scenario for direct disposal of spent fuel inc ludes some spent fuel 
storage. Storage includes the use of the spent fuel  pools at each nuclear 
plant and a planned central facility to provide awa y from reactor (AFR) 



spent fuel storage from several nuclear plants. The  length of time for 
storage at the AFR and the amount of spent fuel sto red will be dependent 
on the operational date of the disposal facility. T he amount of time that 
spent fuel is stored prior to disposal, can change the economics of the 
fuel cycle. The design of the repository may be cha nged, if the spent 
fuel has been stored 40-50 years versus 10-15 years  because of the 
reduced decay heat and lower radiation levels of th e older fuel. However, 
the structural integrity of the fuel elements may b e less with a longer 
storage time. 
The longer storage scenario allows for more time to  collect funds for the 
cost of the repository, but it increases the cost f or storage of the 
spent fuel. The longer storage allows for more rese arch and development 
to determine optimal disposal facility design and a llows more time for 
other countries to obtain experience with their hig h-level waste 
repositories, which could benefit Korea. 
Three different scenarios were selected for further  study along with two 
different subscenarios. Variations in the economic parameters used for 
the scenarios was also considered for the discount rate, ie., cost of 
money minus inflation. Three discount rates, 2%, 5%  and 8.5% were used 
for each of the three scenarios. The basis for thes e discount rates is 
discussed later. 
The three direct disposal scenarios are based upon the timing of the 
start of operation of the waste repository: 
  Scenario 1 Early Introduction in 2030 
  Scenario 2 Intermediate Introduction in 2050 
  Scenario 3 Late Introduction in 2070 
As discussed earlier, the basis for the earliest da te for operation of 
the repository (2030) was selected as probable earl iest date that a 
repository could be operational in Korea. While it might be possible to 
have a repository operating earlier, there are so m any variables that 
could delay the start of the facility, 2030 appears  to be a practical 
date that could be met. 
The late introduction date for the repository was s elected as 2070. The 
input information for the study projected the last advanced nuclear units 
being added in 2030. With a lifetime of 40 years fo r the advanced design 
reactors, the last reactors would be retired in 207 0.  
The intermediate introduction date was selected as 2050, a date halfway 
between the early and late introduction dates. By u sing three dates, the 
economics for the range of different operating date s was made. The three 
dates are also within the range of dates planned by  other countries for 
their high-level waste repositories. Some countries  plan to be earlier 
than 2030 and some later than 2070.  
Two of the reasons to operate the repository early are regulatory and 
public opinion. Nuclear regulatory officials in the  U.S. have always 
believed that nuclear waste, either high or low lev el, should be placed 
in a repository as soon as possible, as it is consi dered the safer option 
than storage. From a political standpoint, many ant i-nuclear advocates 
have used the argument that the nuclear industry do es not have a solution 
for disposal of high level waste, and therefore sho uld not construct (or 
operate) any more nuclear plants until the nuclear industry has a place 
to dispose of the waste. Others feel that the dispo sal facility is needed 
sooner rather than later, not to put the burden of disposing the waste to 
future generations of people. However, spent fuel a nd low/intermediate 
level waste has been stored safely for 25 to 30 yea rs. 



INTERIM STORAGE 
Interim storage is required to some extent with all  nuclear fuel cycle 
back end options, reprocessing or direct spent fuel  disposal. The flow 
diagram for interim storage in the back end of the fuel cycle is shown in 
Fig. 2. Earlier studies by KAERI, selected that the  spent fuel capacity 
for the first AFR would be 3,000 metric tonnes equi valent (MTU), and that 
it would be a wet pool type. Subsequent AFR's would  be of the dry type. 
Fig. 2 
The size of the subsequent AFR's was not predetermi ned. Early in the 
study, it was thought that there may be some cost a dvantages to add AFR 
capacity in the same size as the first AFR, reducin g the engineering and 
construction costs. However, with the amount of spe nt fuel being 
generated in the future, It came to the point where  an AFR had to be 
added every couple of years. The final choice for A FR capacity, was to 
make the second AFR twice as large, 6,000 MTU and t he third and 
subsequent AFR's with 12,000 MTU capacity. The flow  chart to show the 
dates for AFR additions and a projected second AFR site, is shown in Fig. 
3. The number of AFRs increases if the repository s tartup date is later. 
The early operating date for the repository would r equire only one AFR 
site with study parameters chosen for the AFR site.  Later dates would 
require a second AFR site to be selected and develo ped. 
Fig. 3 
In the U.S. some nuclear plants have reached the li mit of the fuel pool 
capacity with re-racking and have turned to the use  of dry concrete casks 
for additional spent fuel storage capacity. Because  the many nuclear 
plants are owned by many different electric utiliti es, the central AFR 
for storage has not been contemplated. A big advant age to using the dry 
concrete casks for the individual nuclear plants is  that several 
different dry cask designs are pre-licensed for use . This is very cost 
effective for the U.S. utilities versus the cost re quired to license an 
AFR. Also the different timing for the need for mor e spent fuel storage 
makes it difficult for a utility to construct an AF R. U.S. utilities have 
been promised by law that a monitored retrievable s torage (MRS) facility 
operated by the Department of Energy would be avail able in 1998. At this 
point in time utilities are not expecting the MRS f or quite a few more 
years. In Korea, with one electric utility and less  transportation 
problems, a central AFR is feasible. 
This study focused on the different scenarios for d irect disposal of 
spent fuel. However, the cost for constructing addi tional spent fuel 
storage by expansion of the original AFR in steps t o accommodate more 
spent fuel, was an important step to the economic e valuation. The costs 
for spent fuel AFR storage varied by the type of st orage method chosen, 
but only one dry type storage cost estimate was use d in the economic 
study for disposal costs. The timing of the storage  cost varied with the 
date of operation of the spent fuel repository, and  that became a factor 
in the economics. 
Some countries are using wet storage for central AF Rs, with dry storage 
being used in some. Future plans for some countries  show consideration 
for dry systems. In the U.S., commercial nuclear re actor plants are using 
dry cask storage of three different type designs. T wo other dry storage 
designs are the air cooled metal or concrete cask w hich may store 20 to 
40 fuel assemblies and the modular dry vault storag e systems. The dry 
storage concept is usually based upon natural conve ction cooling without 
forced air. The building design for the modular vau lt could be designed 



for either natural for forced air depending on the heat removal 
requirements. 
LOW AND INTERMEDIATE-LEVEL WASTE MANAGEMENT OPTIONS 
The low and intermediate-level waste management por tion of the study 
reviewed the projected LLW/ILW quantities of existi ng and future nuclear 
plants and reviewed volume reduction technology. Wa ste quantities for the 
future decommissioning of nuclear power plants (NPP s) is a significant 
amount and was included in the projected amount of waste. Waste generated 
by the storage of spent fuel is negligible as compa red to the normal 
operations waste quantities and that of decommissio ning. 
Volume reduction of LLW/ILW is recommended for the NPPs to reduce the 
cost of developing and operating an LLW/ILW reposit ory. Every NPP does 
not require all of the possible volume reduction sy stems. Some major 
systems such as incinerators should be located init ially at two NPPS and 
supercompaction could be located at one facility. T he economic evaluation 
of volume reduction was very beneficial in reducing  disposal costs and, 
to a lesser extent, transportation costs. It was re commended that volume 
reduction equipment be purchased and installed as s oon as possible, to 
also reduce the cost of building and operating stor age facilities at the 
NPPs. 
SUMMARY 
The economic analysis considered the sensitivity of  the discount rate for 
money in Korea of 2%, 5%, and 8.5%. These discount rates had been used 
for other studies in Korea and were selected to pro vide a range of rates 
to show the effect of the discount rate on overall economics for 
selecting the direct disposal scenario. The total c ost estimate for the 
HLW repository was estimated at $11,000,000,000 in 1994 dollars. This 
cost estimate was based primarily on cost estimates  published in Swedish 
technical reports. American reports were also revie wed as to their cost 
estimates. Because no country has constructed or op erated an HLW 
repository, the actual cost could vary due to many factors. As another 
sensitivity factor to selecting the scenariooptimum  disposal operating 
date, the economic analysis varied the estimated co st of the repository 
by $5.0 billion. That made the range of repository costs used in the 
study $6 - $16 billion. 
With both sets of sensitivities considered, the eco nomic analysis 
slightly favored an operating date of 2070 over the  2050 date. The non 
cost factors favored an earlier operating date rath er than a later date, 
by a wider margin than the economic difference. The refore, the 
recommended scenario for the HLW repository for dir ect spent fuel 
disposal, was with an operating date in 2050. 
The recommended scenario for spent fuel management was to provide away 
from reactor centralized spent fuel storage facilit ies until a high-level 
waste (HLW) repository can begin operation in 2050.  
Considerable R&D activities are required prior to t he development of an 
HLW repository and some items should be started in the next few years. 
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The La Hague reprocessing plants, UP2 and UP3, were  equipped with 
vitrification facilities, R7 and T7 respectively, i n which fission 
products are vitrified for final disposal. Each of these facilities has 
an interim buffer storage capacity designed for coo ling and transport of 
vitrified residues. 
While awaiting geological disposal, French requirem ents also demand new 
interim storage capacity in addition to the existin g capacity. An 
installation was also needed to rehandle the stored  glass packages, load 
them into transport casks and ship them to Cogema's  clients. 
To meet these requirements, a modular interim stora ge facility called 
"Entreposage Verres Sud Est" was constructed as an extension of the T7 
facility. With an initial capacity of about 4,000 p ackages (corresponding 
to approximately 5500 tU reprocessed) and a first m odule containing two 
vaults, it can be extended gradually by adding modu les of three identical 
vaults. The facility's main characteristics is its use of cooling by 
natural convection associated with an innovative st orage pit design which 
enables the removal of up to 24 kw per pit. The fac ility has its own 
installation for receiving and rehandling packages by shuttle, with a 
flow of about 1000 packages per year. 
Based on this technology, as well as that used at t he CASCAD Cadarache 
Facility, where exotic fuel from CEA research react ors is stored before 
reprocessing or final disposal in 50 years, SNG has  developed the 
"Advanced Cascad System" for long term storage of H LW or Spent Fuel. 
THE NEW GLASS VAULT INTERIM STORAGE FACILITY 
The first module of the new glass vault interim sto rage consists of two 
buildings. The first building contains all of the s hared equipment and 
auxiliary system such as utilities, the electrical system, access 
functions and shuttle reception air-lock. The secon d primarily contains 
two interim storage vaults, each with its stack and  air intake, and a 
common handling bay for operations of the transfer crane and the package 
transfer casks. (see Fig. 1). The bay and the air i ntake can continue to 
be used as capacity extensions are added. 
Fig. 1 
The primary functions performed at the installation  called "Entreposage 
Verres Sud Est" (EVSE-Glass Canister Storage in the  Southeast Facility) 
are: 
  package reception in a shuttle, 
  package transfer from the shuttle to the interim storage wells, 
  package cooling by natural draft ventilation, 
  package transfer from the wells to the shuttle, 
  package containment in the wells, 
  shuttle inspection and shipment. 
Package Transfers by Shuttle 
The packages enter and leave the facility in a shie lded shuttle 
transported by a flat-bed vehicle. The facility equ ipped with an 
enclosure at the loading station, enables the packa ges to pass between 
the shuttle and the transfer casks. The enclosure h as seven openings 
corresponding to the seven cavities of the shuttle (See Fig. 2). 
Fig. 2 
Loading the Storage Facility by Cask and Transfer C rane 
The vaults are loaded by a transfer cask carried by  a transfer crane. The 
transfer casks, whose weight is limited to 60 t, is  a cylindrical 
containment consisting of: 



  concentric and contiguous elements which form the  radiological 
shielding, 
  a removable upper portion, accommodating a camera  and other equipment, 
  a rotary floor mounted on a ball ring and receivi ng the packaging and 
plug support systems, 
  high reliability electro-mechanical tongs, consis ting of five high-
strength stainless steel fingers, designed to grab the packages and 
plugs, operating satisfactorily at 400C. 
The transfer crane with a capacity of 700 kN, is of  the twin-beam box 
girder type. Placed on the slab of the storage faci lity, it has the 
following components: 
  a springer with travel and guide rollers, 
  a perpendicular steering trolley supporting the c ask, 
  drive system for the different travel and lifting  functions, 
The wells and loading/unloading openings are served  in automatic mode. 
Accordingly distances are measured by laser. Data t ransmission, including 
images from the casks onboard camera, is also perfo rmed by laser. 
During loading operations, the transfer cask is use d to handle the 
biologically shielded plug of the storage wells and  to lower the packages 
inside. 
Cooling by Natural Draft 
The desire to guarantee optimal safety, and to achi eve intrinsically safe 
cooling of the storage facility, guaranteeing a gla ss temperature under 
510C in all circumstances, led to the selection of a natural draft 
cooling system. 
The design of the EVSE facility from its outset too k into account 
disturbances connected with weather conditions at L a Hague (storms, rain 
and fog, frost, snow and drifts) to ensure that no succession of 
plausible events could cause the complete shutdown of the cooling system. 
The selected design helps to avoid the following ca uses of failure: 
  mechanical, since there is no equipment, 
  electrical, since no power supply is needed, 
  control, since there need be no control system, 
  utilities since there are no fluids, 
  of human origin, since no human action is necessa ry. 
In interest of compactness, packages are stacked 12  high in the wells at 
short 85 cm intervals. Each vault contains 18 rows of 10 wells. 
To remove the heat dissipated in each well (up to 2 4 kw/well) by natural 
convection, the following design was implemented. A  liner around each 
well forms a double jacket, and the cooling air cir culates in the annular 
space thus formed. Fresh air, previously filtered t hrough electrostatic 
filters, enters at the bottom of the vaults at the lower end of the 
wells, and travels upward in the annular space arou nd the wells. The 
driving force is provided by passage of air in the double jackets and in 
the 35 m high stack, designed to withstand earthqua ke as well as the most 
violent winds. 
A thermally insulated containment supplemented with  air circulation 
protects the structural concrete from exit air temp eratures over a range 
of 140C. 
Wind tunnel tests were performed on a mock up, opti mizing the shape of 
the stacks to create the best negative pressure cau sed by the wind at the 
top of the stack. The tests also took into account the effect of the 
site's environment within a 500 m radius. These tes ts showed that the 
winds in general, particularly those from dominant sectors, assist the 



natural draft by producing temperatures in the vaul ts that are lower than 
those obtained without wind. 
During the commissioning tests, thermal tests were carried out with heat 
releases up to 240Kw (10 loaded wells). The results  of these tests were 
in good accordance with detailed calculations perfo rmed by qualified 
computer codes such as TRIO and FLUENT demonstratin g a good understanding 
of all the mechanisms involved and a sufficient saf ety margin. 
ADAPTATION TO MULTIPURPOSE STORAGE FACILITIES 
Based on the above EVSE system as well as on the ex perience gained by SGN 
in the construction of interim storage facilities f or fuels, high level, 
medium level and low level wastes, SGN has develope d the Advanced CASCAD 
System to offer its clients solutions tailored to t heir needs. The 
proposed facilities may be specific to a given type  of product (fuel 
elements or waste) or designed for the interim stor age of different types 
of waste in a single facility (1,2.) 
Such is the case for design of the facility to be c onstructed by the 
Dutch company COVRA (Centrale Organisatie Voor Radi oactief Afval) to 
store: 
  spent fuel 
  vitrified reprocessing waste 
  cemented hulls and end-pieces, cemented technolog ical waste and 
bituminized waste from fuel reprocessing 
  miscellaneous waste from research reactors and nu clear facilities. 
SGN is currently designing this facility with main following 
characteristics: 
  The two first types of waste will be stored in 3 vaults, in vertical 
pits cooled by natural convection, using the techno logy implemented for 
the EVSE facility. 
  The two last types, packaged in cemented containe rs or stainless steel 
drums, will be stored in 3 bunkers similar to those  implemented at La 
Hague for such waste.  
Storing such various types of products in a same fa cility presents 
advantages from a cost standpoint since only one un loading and 
canistering unit with its associated auxiliary func tions (power supply, 
ventilation, utilities) is needed for all the modul es. 
CONCLUSIONS  
The new EVSE facility commissioned at La Hague for the interim storage of 
glass canisters presents innovative features such a n increased storage 
density and cooling by natural convection of high h eat generating 
products. Therefore, this facility offers very high  technical and 
economical performance while maintaining high safet y standards. 
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ABSTRACT 
Sweden currently has a system in operation that wil l manage all types of 
radioactive waste in the country for a long period ahead. The system 
comprises a final repository for short lived operat ional waste (SFR), a 
central interim storage facility for spent nuclear fuel (CLAB) and a 
transportation system. The remaining system compone nts now being planned 
are an encapsulation plant and a deep repository fo r final disposal of 
spent fuel and other types of long lived waste. The  Swedish program for 
the encapsulation plant and the deep repository is well advanced. 
According to current plans, the encapsulation plant  will be built as an 
extension to the CLAB facility. The co-location of the two facilities 
will enable the use of existing infrastructure and staff at CLAB. The 
fuel handling system of the encapsulation plant can  also be directly 
connected to the storage pools for spent fuel in CL AB. 
The spent fuel will be encapsulated in a copper can ister containing an 
insert. The copper canister development work has be en going on for more 
than 10 years and in 1995 full size demonstration c anisters were 
fabricated successfully. The Basic Design for the e ncapsulation plant is 
scheduled for completion in 1996. The licensing app lication is programmed 
for submission to the Swedish authorities in early 1998. The construction 
work is expected to start at the end of the century . The first 
commissioning of the facility would then start in 2 005 and delivery of 
canisters to the deep repository is planned for 200 8. The design capacity 
of the plant is one canister per working day, corre sponding to an annual 
output of approximately 210 canisters. One BWR/PWR canister will contain 
approximately 2,2/1,8 tons of uranium respectively.  The Swedish nuclear 
program is expected to generate approximately 8 000  tons of uranium and 
about 75 percent is BWR fuel. The total investment cost for the plant is 
estimated to be in the order of 1 700 MSEK (260 MUS D). 
THE SWEDISH WASTE MANAGEMENT SYSTEM 
The Swedish nuclear power utilities are responsible  for the safe 
management and disposal of spent nuclear fuel and o ther radioactive waste 
from the 12 Swedish nuclear power stations. In orde r to fulfil this 
responsibility, the utilities have jointly created SKB, the Swedish 
Nuclear Fuel and Waste Management Co, with the task  to plan, build, and 
operate the necessary waste management facilities a nd systems. SKB has 
developed a system that ensures the safe handling o f all kinds of 
radioactive waste from the Swedish nuclear power pl ants for the 
foreseeable future. The keystones of this system ar e: 
  A transport system which has been in operation si nce 1983; 
  A central interim storage for spent nuclear fuel and core components, 
CLAB, in operation since 1985; 
  A final repository for low and intermediate level , short-lived waste, 
SFR, in operation since 1988. 
The remaining parts of the system, now being planne d are: 
  An encapsulation plant for spent nuclear fuel; 
  A deep repository for encapsulated spent fuel and  other long-lived 
radioactive wastes. 
The Transportation System 
As all the nuclear power plants, SFR and CLAB are l ocated on the coast 
and have their own harbours, SKB has developed a se a transportation 
system. This has many advantages, such as a high lo ad capacity and low 
interference with other traffic. The system compris es a purpose built 



ship, the M/S Sigyn, 10 transport casks for spent f uel, 2 casks for spent 
core components, 27 transport containers, type IP I I, for transporta 
tion of low and intermediate level waste and 5 term inal vehicles. The 
terminal vehicles are used for the land transport f rom the reactor site 
to the harbour and from the harbour to CLAB or SFR.  
Central Interim Storage for Spent Fuel (CLAB) 
CLAB is located at the Oskarshamn nuclear power pla nt on the east coast 
of Sweden. Operation started in 1985, and at the en d of 1995 more than 
700 casks containing some 2300 tonnes of fuel had b een received. Also, 
approximately 70 casks with activated core componen ts, eg control rods, 
had also been received. The arrangement of CLAB is shown in Fig. 1. 
Fig. 1 
The main complex above ground is the receiving buil ding, where the fuel 
transport casks are unloaded. The unloading is perf ormed under water. The 
CLAB storage section is located in a rock cavern, t he roof of which is 
25-30 metres below ground level. 
The present capacity of CLAB, approximately 5 000 t onnes of uranium, 
covers the requirements until 2004. The Swedish nuc lear program is 
expected to generate approximately 8 000 tonnes of which approximately 75 
percent is BWR fuel and 25 percent PWR fuel. CLAB m ust therefore be 
expanded by adding storage pools in a new rock cave rn close to the 
existing one. According to the current plan, the co nstruction of the 
second cavern will start in 1999. The spent fuel wi ll remain in CLAB for 
approximately 30-40 years to decay before encapsula tion. 
Final Repository for Radioactive Waste, SFR 
The operation of SFR started in April, 1988. It is a repository for low 
and intermediate level waste, built in the bedrock under the Baltic Sea, 
close to the Forsmark nuclear power plant. 60 m of rock cover the 
repository caverns under the sea bed. The first sta ge, which is in 
operation, include buildings on ground level, tunne ls, operating 
buildings and disposal caverns for about 60 000 m3 of waste. A second 
stage is planned to be built and commissioned after  year 2000. Until the 
end of 1995, a total of approximately 18 000 m3 of waste has been 
disposed of at SFR. 
THE DISPOSAL CANISTER FOR SPENT FUEL 
Development Work 
The spent fuel is planned to be encapsulated in a d isposal copper 
canister with an insert. The canister development w ork has lasted for 
more than 10 years and full size demonstration cani sters have been 
fabricated during 1995. The development work with e lectron beam welding 
(EBW) of the canister copper lid is done in co-oper ation with TWI 
(formally The Welding Institute), Cambridge, Englan d. A preliminary 
design of a disposal canister with an BWR insert fo r 12 fuel assembles is 
shown in Fig. 2. A canister with a PWR insert for 4  fuel assemblies will 
have the same outer dimensions. 
Test welding of full size lids on copper canisters with reduced length 
was carried out during 1994/95. Figure 3 shows the machining of the inner 
surface of one of the full size canisters. 
The Lid Welding Pilot Plant 
A crucial function in the encapsulation plant is th e welding of the lid 
to the copper canister. This will be done remotely with high accuracy, 
and in such a way that the weld can be checked afte rwards by non-
destructive testing (NDT). The welding method prefe rred at present is EBW 
at reduced atmospheric pressure. A full size pilot plant is planned which 



will be used for testing of EBW and NDT equipment f or the copper canister 
lid weld. The experience gained will be used in the  continued design work 
of the encapsulation plant. The welding in the pilo t plant is planned to 
start early 1998 and the results from the pilot pla nt will be used to 
support the licensing case. 
Fig. 2 
Fig. 3 
THE ENCAPSULATION PLANT 
General 
A feasibility study for the Encapsulation Plant was  performed in 1993/94 
by four different European companies. In June 1994,  BNFL plc, (via its 
subsidiary BNFL Engineering Ltd) England, was selec ted as the main 
consultant for the Conceptual and Basic Design of t he encapsulation 
process. In parallel, ABB Atom, Sweden, was selecte d as consultant for 
service and auxiliary systems and service areas of the encapsulation 
plant. ABB Atom was also selected for the Conceptua l and Basic Design 
work for the extension of the storage capacity of C LAB. The coordination 
between BNFL and ABB Atom and the plant layout work  is done by SKB. 
The Basic Design of the encapsulation plant will be  completed in 1996 and 
will be the base for the Preliminary Safety Report.  The licensing 
application is programmed for submission to the Swe dish authorities in 
early 1998. The construction work for the encapsula tion plant is expected 
to start at the end of the century. The commissioni ng operations of the 
facility would then start in 2005. Delivery of disp osal canisters to the 
final deep repository is planned for 2008. The desi gn capacity of the 
plant is one canister per working day, correspondin g to an annual output 
of approximately 210 canisters. Core components and  reactor internals 
will also be conditioned in the encapsulation plant . These activities are 
planned to start approximately year 2020, after eva luation of the first 
operation stage of the spent fuel encapsulation and  disposal operation. 
Fig. 4 
Plant Layout 
The encapsulation plant is planned to be built adja cent to the existing 
CLAB receiving building. The main functions and the  principal arrangement 
of the plant are shown in Fig. 4. In addition to th e handling and process 
equipment necessary for these operations, auxiliary , service and control 
systems as well as different workshops and staff fa cilities are required. 
Great advantage can be achieved by utilizing the ex isting corresponding 
systems and functions in CLAB. 
The encapsulation plant consists of a main building  connected to CLAB and 
the existing fuel elevator. The new handling pool i n the encapsulation 
building is parallel to the receiving pools in CLAB . The handling cell 
and the different process stations are arranged to permit flexibility in 
the plant layout for future modifications of the pl ant. During the 
construction and commissioning the encapsulation pl ant will be separated 
from CLAB and will have its own site entrance. Late r, during active 
operation, the encapsulation plant will be fully in corporated with CLAB 
operation. 
The location as an extension to CLAB provides possi bilities to extend 
several existing functions into the encapsulation p lant. These functions 
include the fuel elevator, cooling systems, water p urification systems, 
draining and fire fighting systems as well as elect rical power supply. 
The local control room in the encapsulation plant i s staffed only during 
the daytime shift. The central control room in CLAB  is planned to be used 



for supervision and limited operation of the encaps ulation plant outside 
the daytime shift. The CLAB central computer may al so be used for 
recording of all relevant data from the encapsulati on process. The layout 
of the encapsulation plant is shown in Fig. 5. The dimensions of the 
building is approximately 80 m x 70 m x 25 m (LxWxH ). 
THE ENCAPSULATION PROCESS 
The following will present a more detailed descript ion of the functions 
and work foreseen in the different parts of the pla nt. The location of 
the different parts are marked in Fig. 5. 
Transfer Channel, Handling and Connection Pools 
The storage canisters with fuel (or core components ) are transferred from 
CLAB into the new pool in the encapsulation plant u sing the existing fuel 
elevator system, which is already prepared for this  extended function. 
In the pool, checking of each fuel assembly will be  done. The checking 
before placement in the disposal canister will incl ude a gamma 
measurement. This measurement may also be utilized for the determination 
of the residual power and safeguards verification o f the fuel assemblies. 
The results of these measurements are compared with  expected values and 
transferred to a computer for confirmation and fina l selection of fuel 
assemblies with regard to the maximum allowed decay  heat, which is 
approximately 1.5-2.0 kW, per canister. The selecte d assemblies are 
placed in a transfer canister with 12 BWR or 4 PWR loading positions. The 
transfer canister is moved to the ramp elevator lea ding to the handling 
cell. 
Fig. 5 
Handling Cell 
The transfer canister, in the ramp elevator cage, i s moved up the ramp 
and is stopped at a position above the water level and below the handling 
cell. In this position the transfer canister is all owed to drain. The 
canister is then lifted out of the cage with an in- cell crane and is 
transferred to one of the two drying stations in th e cell. The fuel is 
dried for approximately 12 hours by means of hot re circulating air in a 
closed system with a HEPA filter. 
A disposal canister, placed in a sleeve and shielde d frame, is docked 
from the transfer area below the cell. The steel li d of the insert is 
removed and temporarily stored in the cell in such a way that it is 
protected from surface contamination. After drying the fuel assemblies 
are lifted, from the transfer canister, one by one and placed into the 
disposal canister insert. The fuel assemblies may a lso be identified to 
ascertain the final canister contents. 
The steel lid is temporary placed back onto the ins ert prior to 
undocking. The lid provides shielding and tightness  during the transfer 
from the cell. The shielded frame is also provided with a shielded gate 
on top. The canister is then ready to be transferre d to the next process 
station for inerting and final lidding of the inser t. 
Transfer Vehicle and Transfer Area 
The disposal canisters are transferred between the different process 
stations in shielded transfer vehicles. A vehicle c onsists of a 
transporter and a shielded frame, which allows dock ing of the canister in 
its sleeve to the handling cell and the process sta tions in a way that 
provides radiation shielding and prevents contamina tion of the transfer 
area. The vehicles are remotely operated and bring the canisters to the 
different positions in the transfer area. The vehic les can also be 
brought to the active workshop for maintenance. 



The transporter is currently planned to be of air c ushion type, which 
offers flexibility in movement and position adjustm ent. The shielded 
frame has a lifting feature which lifts the caniste r in its sleeve into 
the docking port of the different stations. The shi eld is telescopic with 
an outer and an inner cylinder. 
Inerting and Lidding Station 
Operations in the inerting and lidding station are performed in order to 
change the atmosphere in the canister insert and to  finally seal the 
steel lid. The station has a vacuum chamber with eq uipment for handling 
and bolting the steel lid and is connected to syste ms for vacuum and 
inerting with argon or helium gas. 
The filled canister with the steel lid temporary fi tted arrives below the 
station on the transfer vehicle and is docked to th e chamber. The steel 
lid is lifted to permit the exchange of the air wit h the inert gas. After 
gas filling, the steel lid is placed back on the in sert and is bolted 
tight. 
The seal between the lid and the insert provide gas  tightness during the 
subsequent welding of the copper lid. 
Welding Station 
The transfer vehicle brings the filled canister to the welding station 
where the canister is docked to the vacuum chamber from below in such a 
way that vacuum conditions can be achieved at the w elding area at the top 
of the canister. 
The vacuum chamber contains equipment for cleaning the weld surface and 
for welding. The copper lid is posted into the cham ber before the 
canister is docked and positioned. 
The canister is rotated during the welding process.  The EBW equipment is 
fixed on an adjustable mount so that the beam can t rack the joint between 
the lid and the cylinder during welding. 
The welding starts with a gun conditioning and test ing using a copper 
target situated directly above the canister. This e nables the welding 
parameters to be adjusted immediately before weldin g of the canister. The 
copper lid welding is then completed following a pr e-set procedure. 
NDT and Machining Station 
In this station the copper lid weld is machined and  checked with non-
destructive testing (NDT). The station is provided with equipment for 
machining of the welded zone and for ultrasonic and  radiographic testing. 
There is also equipment for machining for repair of  failed welds. The 
canister arrives from the welding station in the sh ielded frame and is 
docked to the station from below. 
Canisters with failed welds are either rewelded imm ediately or put aside 
and stored for later rewelding and repair. Canister s rejected after 
repeated rewelding can be cut open in the NDT and m achining station. The 
fuel will then be removed in the handling cell afte r opening of the 
insert. The insert can be reused but the copper can ister will probably 
have to be scrapped. 
Monitoring and Decontamination Station 
From the NDT and machining station the canister is brought to the export 
port of the transfer area. There it is lifted up fr om the shielded frame 
by a shielded handling machine belonging to the buf fer store. This 
machine transfers the canister and lowers it into t he monitoring and 
decontamination station. The canister surface is ch ecked with remote 
smear testing and if contaminated the canister is c leaned with high 



pressure water. Smear test samples are brought from  the station remotely 
through a shielded opening and measured locally at the operator platform. 
The clean canister is transferred from the station to the canister buffer 
store by the shielded handling machine. 
Buffer Store 
The buffer store serves as a buffer for filled cani sters prior to 
transport to the repository. The canisters are stor ed under a shielding 
floor with shielding plugs over the storage positio ns. Thick walls 
protect the surrounding area from radiation. Coolin g is provided using 
air on a once-through basis. The shielded handling machine place the 
canister into an empty storage position after first  lifting the shield 
plug. Before leaving the position the machine repla ces the plug. When a 
canister is to leave the store the machine moves it  into the cask 
entrance area where it is lowered down into a trans port cask. 
Core Components 
The conditioning of core components in concrete mou lds will have a route 
similar of that of the disposal canisters. The stor age canisters with 
core components are dried in the handling cell and then placed in a mould 
in a shielded frame similar to the ones used for ca nisters. The main 
outer dimensions of the concrete mould could be 1.2  m x 1.2 m x 4.8 m and 
with a wall thickness of 200 mm. The lidding of the  mould and the 
eventual filling of the void with grout will be don e in separate lidding 
and grouting stations. The monitoring and decontami nation and the buffer 
store with the shielded handling machine, are plann ed for use for both 
canisters and moulds. 
Transport Cask Loading 
The buffer store handling machine is used for trans ferring canisters and 
moulds into the transport cask. A special docking p osition and port in 
the storage area is provided for this operation. Be low the position a 
transport cask is positioned for receipt of a canis ter. 
The Dispatch Hall 
The dispatch hall is divided into a large area for transport and 
temporary storing of goods, connections to the buff er store and a 
transport cask maintenance area. A passage from the  hall leads to the 
active workshop. The hall has an air lock for enter ing and dispatching 
goods. The dispatch hall has equipment for lifting transport casks and 
containers and for handling the empty canisters and  moulds. The empty 
canister will be tilted vertically and placed in a sleeve, checked and 
prepared for positioning into the shielded frame. T here are also general 
areas for storing empty canisters and moulds. Items  to be transported are 
transport containers for empty copper canisters, ca sks for filled 
canisters, containers for empty moulds and transpor t cask for filled 
moulds. Copper lids for canisters and EBW copper te st targets are also 
handled in the hall. 
The transport procedure for filled canisters starts  with a transport cask 
in the dispatch hall air lock. After removing the s hock absorbers, the 
cask is raised to a vertical position and lifted in to a bogie with a 
surrounding platform. The platform enables the bolt s of the lid to be 
removed. The bogie is moved into a shielded export area where a filled 
canister is lowered directly into the cask with the  buffer store shielded 
handling machine. The cask lid is positioned, the c ask withdrawn from the 
loading bay and the lid is tightened. 
SUMMARY 



The plans and design of the encapsulation plant are  well advanced. 
According to current time schedule, the commissioni ng will start in 2005 
and the first copper canister delivery to the deep repository will be in 
2008. The production target for the encapsulation p lant is one canister 
per working day corresponding to an annual output o f about 210 canisters 
or encapsulation of approximately 400 tonnes of ura nium per year. The 
Swedish nuclear program is expected to generate app roximately 8 000 
tonnes. The total investment cost for the encapsula tion plant is 
estimated to be 1 700 MSEK (approximately 260 MUSD) . 
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ABSTRACT 
This paper describes the current treatment and stor age approach for the 
management of low level and intermediate level radi oactive waste in the 
UK. The current Nirex conceptual design for a deep waste repository 
incorporating vaults at a depth of 650m below ordna nce datum is 
described. 
The emplacement of the waste within underground vau lts is discussed 
together with the envisaged vault construction meth ods. 
Finally, the principle of the Nirex disposal concep t is included together 
with an indication of the current status of the pla ns for a deep waste 
repository in the U.K. 
Nirex have been investigating a site near Sellafiel d in west Cumbria and 
a public inquiry into planning application for a Ro ck Characterization 
Facility has just concluded and Nirex anticipate th at a decision on this 
phase of their proposed development will be made in  1997. 
INTRODUCTION 
During the latter part of this century significant resources have been 
devoted to the safe storage and disposal of the UK' s radioactive wastes. 
Of prime consideration is the length of time for wh ich the waste should 
be isolated from man's environment, a time-frame co nsiderably longer than 
any for which human society must usually plan. Sea Disposal was used for 
some LLW, between 1950 and 1982, but the bulk of th ese wastes have been, 
and continue to be, disposed of at BNFL's Drigg sit e in West Cumbria and 
a similar but smaller facility at UKAEA's Dounreay site in the NE of 
Scotland. Most radioactive wastes continue to be st ored at the sites at 
which they arise.  
A solution which tackles the required isolation of the waste, long term, 
is to bury the waste underground where the rock pro vides a suitable host 
environment. An underground excavation or 'reposito ry' created in a 
suitable host rock must be engineered for the safe,  efficient and cost-
effective emplacement of radioactive waste and its ultimate disposal. 
This paper discusses the current arrangements in th e UK for the storage 
of solid, intermediate level and low level wastes a nd the technology 
being applied for its final emplacement and ultimat e disposal in a deep 
waste repository. 
RADIOACTIVE WASTE IN THE U.K.  
Radioactive waste represents 0.04% by volume of the  total waste generated 
in the United Kingdom. Of a total annual radioactiv e waste generation of 
approximately 46,000m3, 44,000m3 is low level, 2000 m3 is intermediate 



level and 30m3 is high level. This compares with 4, 500,000m3 of solid and 
liquid toxic waste generated annually (1). 
CURRENT ARRANGEMENTS FOR LOW LEVEL WASTE PACKAGING AND DISPOSAL 
Low level waste (LLW) has a small radioactive conte nt and requires few 
special precautions to be taken by those handling i t. LLW is typically 
made up of paper, packaging materials, plastic shee ting, protective 
clothing, scrap metal and building rubble. It origi nates from a variety 
of sources, principally reprocessing activities at BNFL Sellafield 
nuclear power stations, hospitals, research establi shments and other 
industry. 
LLW has been safely disposed of at the Drigg dispos al facility in Cumbria 
since 1959. This 110 hectare site is owned and oper ated by BNFL and 
located 6 km south of Sellafield. Since it began op erations, Drigg has 
received in excess of 750,000 cubic meters of waste . 
Since the late 1980's disposal of LLW at Drigg has been within a purpose 
built, reinforced concrete lined surface vault desi gned to accept 
containerized waste in a form that will extend the useful life of the 
site well into the 21st Century. The waste is place d within the vault in 
steel containers that are stacked in an orderly man ner resulting in good 
utilization of the space available. Once the vault has been filled an 
impermeable layer is placed over the waste and the vault is capped and 
landscaped to blend with the surrounding environmen t. 
CURRENT ARRANGEMENTS FOR INTERMEDIATE LEVEL WASTE PACKAGING AND STORAGE 
The volumes of intermediate level waste (ILW) are c onsiderably less than 
those for LLW, but the increased activity associate d with this waste 
makes ILW more complex to handle and dispose. Typic ally, ILW comprises 
irradiated fuel cladding, reactor components, chemi cal process residues, 
ion exchange resins and filters. Currently, no fina l disposal route 
exists for ILW pending the availability of the deep  waste repository. The 
ILW already in existence is stored in a form that m akes it readily 
accessible for future deep disposal. 
One of the ways this is achieved is by conditioning  the waste into a 
manageable and consistent solid waste form by encap sulation within a 
cement grout matrix in stainless steel drums. Solid  ILW is placed inside 
a purpose-designed 500 liter drum and liquid grout infill added to 
encapsulate the waste. Following initial curing, th e contents of the drum 
are capped by the addition of a further wet grout m ix. After capping, the 
drum is lidded, decontaminated and monitored prior to storage within an 
engineered facility. 
Liquid waste is encapsulated in a similar fashion, the main difference 
being that the grout is added to the drum contents dry rather than wet. 
Drums for liquid wastes incorporate 'in-drum' mixin g features to allow 
the contents to be mixed with the dry grout powders . These drums are 
subsequently capped, cleaned, monitored and stored in the same way as for 
the solid wastes. 
In addition to conditioning and storage of ILW in 5 00 liter drums, other 
standard containers are also in use. Waste is curre ntly being placed in 
these containers with a view to interim storage and  ultimate disposal 
within a deep repository, and these contain the de- commissioning wastes 
and items unsuitable for the 500 liter drums. 
There are a number of such engineered stores throug hout the UK but the 
Government continues to favor a policy of deep disp osal rather than 
indefinite storage of ILW. 
GOVERNMENT POLICY 



In the UK, the impetus for site-specific work on ra dioactive waste 
disposal dates from the late 1970s. It sprang from a report of the Royal 
Commission on Environmental Pollution (2) examining  Nuclear Power and the 
Environment. To underpin new investment in a nuclea r power generation 
programme, the Commission saw it as essential to de monstrate safe 
"permanent disposal" for long-lived radioactive was tes. That statement is 
as true today as it was then, and, viewed from any angle, safe disposal 
of the inheritance of wastes from past, present and  future nuclear 
operations is essential. 
In May 1994, the Department of the Environment anno unced a Review of 
Radioactive Waste Management Policy and the subsequ ent White Paper 
published in 1995 (3) re-affirmed that the UK gover nment continued to 
favor deep geological disposal for intermediate lev el radioactive wastes. 
UK NIREX LTD 
Nirex, founded in July 1982, is the company in the United Kingdom 
responsible for providing and managing new national  disposal facilities 
for solid ILW and some LLW. Since 1987, Government Policy has been that 
ILW generally should go deep underground, and that the same facility 
could be extended to take LLW, as a cost effective alternative to 
developing a "green-field" site. 
The principle of deep disposal of smoothwall radioa ctive wastes is 
recognized internationally and is reflected in the radioactive waste 
policies of many countries . Several countries incl uding the UK are 
already disposing of radioactive wastes in near sur face or excavated 
facilities. Most of these countries are now conside ring developing a deep 
repository.  
Nirex has no responsibility for high level waste di sposal. 
REPOSITORY DESIGN - EMPLACEMENT CONCEPTS 
The bulk of the LLW generated from the UK Nuclear I ndustry will continue 
to be disposed of at Drigg. The current planning ba sis for waste to be 
disposed of in an underground repository is a range  of 200,000m3 to 
275,000m3 of radioactive waste. This includes 15,00 0m3 of LLW containing 
long-lived radioisotopes, making this waste unsuita ble for disposal at 
Drigg. 
Since 1987 Nirex has concentrated on identifying su itable locations for a 
deep disposal facility in the United Kingdom for in termediate and low 
level wastes. In March, 1989, the company announced  its intention of 
undertaking detailed geological investigations, inc luding the sinking of 
boreholes, at Sellafield in Cumbria, North West Eng land and at Dounreay 
in Caithness, Scotland. The investigation establish ed that both sites 
have the potential to meet the demanding safety req uirements for a deep 
repository, but, in July 1991, Nirex announced that  it was to concentrate 
further investigations at a site adjacent to BNFL a t Sellafield. 
The current Nirex design concept is based on drift tunnel access running 
underground to a depth of about 650m below ordnance  datum from near 
BNFL's Sellafield works, where approximately 65% of  the waste for deep 
disposal orginates. 
There are numerous types and configurations of unde rground spaces that 
could be used for emplacement of radioactive waste,  however the current 
Nirex preferred concept is to emplace the waste in cavern vaults deep 
underground. This concept design is under constant review. 
Fig. 1 
LLW Vaults 



The cross sections of the vaults will be influenced  by the size and 
configuration of the waste packages in order to mak e maximum use of the 
available space within the excavation profile. LLW packages are typically 
standard ISO freight containers with nominal dimens ions 2.4m(w)x2.2m(h)x 
4m(l) and can be stacked up to 6 high. At the Deep Waste Repository, 
Nirex propose to adopt a similar philosophy to that  at Drigg of local 
manual control for LLW emplacement equipment. Packa ges arriving at the 
underground facilities from the drift transport sys tem will be off-loaded 
using an overhead crane and temporarily parked in a  buffer store area 
adjacent to the emplacement vault. A heavy duty for klift truck will be 
used to collect the packages from the buffer area a nd transfer them into 
the vault. This form of handling allows the maximum  use to be made of the 
vault excavation cross section as illustrated in Fi g. 2. A single vault 
is currently envisaged to accommodate the total pla nned LLW capacity. 
Some self-shielded ILW may also be emplaced alongsi de the LLW where 
appropriate. 
ILW Vaults 
Higher radiation levels for the unshielded ILW pack ages preclude local 
manual intervention in the waste emplacement operat ion. Once the waste is 
removed from the heavily shielded containers in whi ch it is transported 
to the repository, unshielded package handling must  be carried out via 
remote control. Inlet facilities enable remote remo val of the waste from 
the transport containers for onward transfer to the  vault. Handling of 
waste within the vault is by overhead crane enablin g remote, accurate 
placement of packages to be achieved. The majority of the unshielded ILW 
for disposal is in the form of 500 liter drums, the se are handled using a 
stillage which contains four of these drums, this l ends itself to 
efficient overhead handling and is currently handle d in this manner 
during storage. Since an open crown space is requir ed above the waste 
stack to accommodate the crane structure, unshielde d ILW emplacement by 
this technique will lead to less efficient utilizat ion of the excavated 
vault cross section compared to the LLW vault (Fig.  2). Approximately 6 
vaults will accommodate the planned ILW capacity ov er the 50 year 
operational period. 
Fig. 2 
Characteristics of the Host Rock 
The geotechnical setting within which the repositor y is to be excavated 
has a major influence on the excavated dimensions a nd orientation of the 
vaults. The rock mass quality and structure, the in tact rock quality, 
discontinuity geometry, in situ stress, rock behavi or characteristics, 
and hydraulic conditions are just some of the facto rs which must be 
considered. Hence the design process has a signific ant interface with the 
Nirex site investigation program. 
Vaults appear to be the most popular form of underg round excavation with 
countries such as Sweden, (Forsmark) Finland (Louii sa), and the USA 
(WIPP) having such excavations as part of their nuc lear waste 
repositories. 
Construction 
The general design of a layout incorporating vaults  is relatively simple 
and practicable with uncomplicated waste, ventilati on, drainage, spoil 
removal and backfilling routes, together with easy accommodation of 
services and ancillary facilities. This assumes tha t the host rock has no 
features that preclude such a layout. A general pri nciple to be adopted 
in the construction of vaults is to establish as qu ickly as possible a 



connection between the access roadways (pilot headi ngs). These pilot 
headings provides an extra free face for blasting a nd can also be used to 
prove the geology ahead of the main excavation. Hav ing established a 
ventilation circuit, and a means of spoil clearance , the connection can 
be enlarged to the required dimensions of the vault  by a series of 
benches worked progressively along the length of th e vault. 
Vaults can be constructed with either conventional drill and blast 
techniques but peripheral damage to the excavation profile would need to 
be controlled by the use of appropriate techniques,  such as smoothwall 
blasting. 
The nature of the project demands a different appro ach from that usually 
applied in underground mining, although many of its  functions are 
similar. The development of vaults to ensure struct ural integrity would 
necessarily be to a standard that took into account  the restrictions on 
access once the emplacement of waste had begun. Als o the layout of the 
repository will have to reflect the need to excavat e and furnish new 
vaults at the same time as waste is emplaced in con structed areas. Prime 
consideration is given to the ventilation circuits for both emplacement 
and construction areas and the ability to isolate t hese as necessary.  
ALTERNATIVE VAULT CONCEPTS 
At this stage of repository development Nirex has p rogressed design to 
the concept stage only and must keep an open mind t o the design of 
emplacement systems for a deep repository. The foll owing alternative 
emplacement systems have been considered by other w aste disposal agencies 
in other countries. 
Silos 
An alternative emplacement arrangement for unshield ed ILW is the use of a 
silo and a shielded package handling machine simila r in principle to that 
used in the Encapsulated Product Stores at Sellafie ld. A feature of the 
silo design is the shielded 'cap' over which the em placement machine 
operates. The cap supports an array of shield plugs  which are removed by 
the emplacement machine to enable access to the sil o. The shield plug is 
removed from the top of the channel, the waste empl aced in the silo and 
the plug replaced. The major benefit of the shielde d emplacement machine 
and the shielded plug cap arrangement is in the unh indered man access 
afforded by the nature of the operation. Silo dimen sions are influenced 
by a number of factors including package integrity,  materials handling, 
backfill placement and ventilation. To date silos h ave been incorporated 
in the underground repositories in Sweden (Forsmark ) and in Finland 
(Okiluto). 
They can have distinct advantages over vault option s should the area of 
suitable host rock be limited due to adverse geolog ical and geotechnical 
features. The geotechnical issues relating to silos  will be similar to 
that for the vaults. Silos can be accommodated in a  smaller plan 
'footprint' but may be influenced by changes in ver tical stratigraphy. 
Silos can be constructed by conventional drill and blast 'blind' shaft 
sinking technology with spoil removal via the top o f the silo. The 
diameter and depth of the silo would not be constra ined by the method of 
construction. Alternatively, if a series of silos a re being constructed, 
then the provision of an additional access at the b ase of the silo for 
spoil removal would allow the use of raise boring e quipment. This 
involves the drilling of a pilot hole which would b e reamed to the 
required diameter. 
Boreholes 



Another potential emplacement option involves the a doption of large 
boreholes drilled in modules which afford similar c onstruction advantages 
as the silo option. The construction of these boreh oles would be by large 
diameter drilling techniques using raise boring tec hniques. 
THE NIREX DISPOSAL CONCEPT 
Nirex, in common with other disposal agencies inter nationally, has 
developed a concept of deep geological disposal for  radioactive wastes 
which uses a multi-barrier containment system. It i s implicit in the 
requirements that Nirex should provide a disposal s ystem that does not 
rely on monitoring or intervention to ensure safety  once the repository 
has been filled and closed.  
The concept makes use of both engineered and natura l barriers, working in 
conjunction to achieve the necessary degree of long -term waste isolation 
and containment. 
A physical barrier within the repository will be pr ovided by the steel 
and concrete packaging within which the radioactive  material is 
immobilized. The long-term containment properties o f the engineered 
system in respect of radionuclides dissolved in gro undwater will stem 
from the establishment of uniform chemical conditio ns and high sorption 
capacity across the repository. This will be achiev ed by surrounding 
waste packages with the required amount of a cement -based backfill, Nirex 
Reference Vault Backfill (NRVB) which has been deve loped and patented by 
Nirex to meet the needs of the long term safety cas e. 
The multi-barrier containment system is illustrated  in Fig. 3. 
Fig. 3 
NIREX ACTIVITIES 
The engineered repository system combines nuclear t echnology for the 
conditioning, handling and care of radioactive wast e packages and mining 
technology in terms of providing underground openin gs for the emplacement 
and ultimate disposal of these wastes. 
The final repository design and configuration will be dependent upon a 
number of inter-linked parameters, the most importa nt being an 
understanding of the geological environment. 
In 1992 Nirex stated its intention to undertake und erground laboratory 
work in the first stages of repository development.  The purpose of that 
work would be to complement investigations conducte d from the surface and 
so develop a fuller understanding of the surroundin g geology and 
hydrogeology. That understanding would then provide  a basis for refining 
analysis of long-term safety and geotechnical infor mation that would be 
required for subsequent detailed design and constru ction of a repository. 
Based upon the results obtained from the continuing  programme of regional 
borehole drilling, a planning application for an un derground Rock 
Characterization Facility (RCF) was submitted in Ju ly 1994. 
The purpose of the RCF is to provide: 
a) rock characterization information to permit firm er assessment of long-
term safety. 
b) information needed to decide the detailed locati on, design and 
orientation of a repository. 
c) geotechnical data to inform decisions on reposit ory construction 
methods. 
A public inquiry into the planning application for the RCF has just been 
concluded and Nirex anticipate that a decision on t he outcome will be 
made in 1997. 



The UK Government continues to favor a policy of de ep disposal rather 
than indefinite storage for ILW and considers it ap propriate that Nirex 
should continue with its programme to identify a su itable site. It has 
decided that once a suitable site has been found, i t should be 
constructed as soon as reasonably practicable. The precise timetable will 
depend on the granting of planning consent and comp liance with regulatory 
requirements including the establishment of a sound  safety case. 
CONCLUSION 
Through continued site investigation, scientific an d engineering 
programmes and ongoing design development, Nirex wi ll increase its 
understanding to ensure the most appropriate reposi tory system is 
developed for operation. 
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ABSTRACT 
The United States Department of Energy owned, Westi nghouse Hanford 
Company operated, Fast Flux Test Facility (FFTF) is  one of many 
facilities located on the Hanford Site in southeast ern Washington State. 
The FFTF is a 400 MWt liquid metal-cooled research reactor which began 
operation in 1980. In December, 1993, the Departmen t of Energy ordered 
Westinghouse Hanford Company to initiate the transi tion of FFTF to 
permanent shutdown. Accordingly, Westinghouse Hanfo rd Company prepared 
and implemented the FFTF Transition Project Plan wh ich delineates the 
progression of activities required to place the rea ctor facility into a 
long-term, low maintenance, industrially safe shutd own configuration 
pending final decontamination and decommissioning. The primary objective 
of the Plan is to provide the logic/approach and pr oject baseline for the 
transition in a cost effective and quality manner w hile ensuring safety, 
security, and environmental compliance. 
One of the challenging activities of the FFTF Trans ition Project is to 
offload the inventory of highly radioactive spent r eactor fuel assemblies 
to above-ground dry storage casks. This paper will present an overview of 
the FFTF fuel offload, including a description of t he interim dry cask 
storage system and the processes required to transf er the fuel assemblies 



from sodium pool storage to dry cask storage. Addit ionally, the paper 
will discuss pertinent design philosophies and key regulatory criteria 
that are applicable to the FFTF dry cask storage sy stem. The design 
features that were implemented to address the conce rn of fuel cladding 
degradation, will also be addressed. 
INTRODUCTION 
The FFTF is the largest, most modern, liquid metal- cooled test reactor in 
the world. Originally constructed to support the U. S. Liquid Metal Fast 
Breeder Reactor Program, the FFTF supported various  missions from 1980 to 
1992, including both national and international bre eder reactor programs, 
production of medical and industrial isotopes, mate rial testing for the 
fusion and space programs, and providing customized  neutron environments 
to meet a variety of customer's needs. In December,  1993, the FFTF was 
ordered to shut down when the Department of Energy concluded there was no 
possibility of financial viability and the reactor was no longer needed 
to support its missions. The FFTF Transition Projec t Plan (1) was 
developed which delineates the activities required to place the reactor 
facility into a long-term, low maintenance, industr ially safe shutdown 
configuration for long term surveillance and mainte nance prior to final 
decommissioning. Approximately seven years are curr ently estimated to 
complete the transition of the FFTF to this shutdow n state. The major 
activities to accomplish this task include: reactor  defueling, fuel 
offload to dry cask storage, Sodium Storage Facilit y construction, sodium 
drain from the plant systems, and auxiliary plant s ystems shut down. 
Fuel offload from sodium pool storage to dry cask s torage, the subject of 
this paper, forms a significant portion of the over all integrated FFTF 
Transition Project. This activity includes implemen tation of the new 
hardware and facility modifications that are requir ed to transfer the 
fuel to dry storage casks. The FFTF dry storage sys tem hardware includes 
the Interim Storage Cask and the Core Component Con tainer packages, which 
are combined to store up to seven fuel assemblies e ach. After loading 
with fuel, the Interim Storage Cask and Core Compon ent Container packages 
will be placed within the newly constructed Interim  Storage Area, which 
is adjacent to the reactor complex. Approximately 5 5 Interim Storage 
Casks and Core Component Containers will be require d to store the 371 
component inventory of FFTF fuel. The facility modi fications required to 
load irradiated fuel into the Interim Storage Casks  and Core Component 
Containers consist of: 1) installation of ion excha nge columns in the 
existing sodium removal/fuel washing system to subs tantially reduce 
radioactive liquid waste by recycling the wash wate r, 2) design and 
fabrication of 15 new tools and 13 major new compon ents for remote 
handling operations, and 3) installation of new fue l handling equipment 
interface capabilities for the Interim Examination and Maintenance Cell, 
a remotely operated shielded hot cell, and the Cask  Loading Station, a 
below grade dry cask transfer station. 
Following completion of the facility modifications and hardware 
acquisition, an extensive Acceptance Testing Progra m was initiated on 
June 21, 1995 to demonstrate the ability to safely transfer irradiated 
fuel to the Core Component Container and Interim St orage Cask for dry 
storage using the new, existing, and modified equip ment and facility 
stations. The initial phase of the Acceptance Testi ng was performed with 
"mock" assemblies to verify equipment interfaces. T he mock assemblies 
conformed dimensionally to a fuel assembly but were  not irradiated nor 
did they contain fuel. The "cold" testing phase per formed all operations 



required to receive, load, handle, transfer, and un load both an Interim 
Storage Cask and Core Component Container using the  new interfacing 
equipment and several new operating procedures deve loped for the fuel 
offload process. This phase was also used to provid e hands-on training 
for the hot cell operators prior to proceeding with  remote fuel 
operations. Approval to proceed to "hot" testing wi th irradiated fuel was 
granted after acceptable completion of the cold tes ting phase. The 
function of the hot testing was to perform shieldin g verification tests 
on all new components and to conduct final operatin g procedure 
validations in preparation for unrestricted operati ons. The hot phase of 
the testing program was successfully completed on J anuary 22, 1996 with 
the transfer of the first loaded storage cask to th e Interim Storage 
Area. Unrestricted fuel offload activities are expe cted to begin in 
early-February to retrieve the remaining fuel that currently resides in 
liquid sodium pool storage and to transfer these fu el assemblies to the 
dry cask storage system. Offload of the fuel to the  Interim Storage Area 
is expected to be complete in approximately three y ears. 
FFTF DRY CASK STORAGE SYSTEM 
The requirements considered when developing the FFT F dry cask storage 
system included: capability to implement the storag e system within the 
time-frame required by the FFTF Transition Project schedule, consistency 
with the requirements established for commercial nu clear spent fuel 
storage as specified in 10CFR72 (2), ability to dem onstrate a safe 
storage configuration, capability to interface with  the facility's 
existing equipment, flexibility to relocate the sto rage system to a 
central Hanford storage complex at a future date, a nd retrievability of 
the fuel at any time during its storage life. 
Following the DOE shutdown order, it was critical t hat the dry storage 
system be provided in a short time-frame to support  the aggressive FFTF 
Transition Project schedule. Until the fuel is remo ved from sodium pool 
storage and transferred to the dry storage system, drain of the two 
sodium-filled fuel storage vessels, shut down of th e associated auxiliary 
systems, fuel offload processes and equipment, and ramp down of the 
related staff cannot occur. The cost of supporting the sodium pool 
storage, fuel offload systems, and the associated p ersonnel is on the 
order of $20 million per year. Consequently, any de lay to the fuel 
offload would have high economic impact. Approximat ely 55 Interim Storage 
Casks and Core Component Containers will be require d at an estimated cost 
of $15-20 million to offload the inventory of FFTF fuel. One year of 
additional storage and maintenance of the necessary  support systems and 
personnel would off-set the cask procurement costs.  In addition to the 
avoidance of the schedule delay costs, dry cask sto rage also provides a 
more economic and low maintenance configuration for  interim storage of up 
to fifty years. 
The schedule and economic needs for the FFTF shutdo wn, combined with the 
existing fuel handling equipment compatibility, res ulted in the 
development of a vertical top-loading Interim Stora ge Cask that is 
smaller in size than a typical commercial dry stora ge cask. The smaller 
cask size eliminated the need for extensive and tim e consuming facility 
modifications. The contract for design, analysis, a nd fabrication of the 
Interim Storage Casks was awarded to a vendor that could demonstrate 
previous Nuclear Regulatory Commission licensing ex perience for either a 
transportation or a storage cask. In addition to th e requirements of 
10CFR72, the design specification also required the  vendor to provide a 



storage cask to meet the facility- and fuel-specifi c interface and 
retrievability requirements. Additional design crit eria were imposed to 
allow for future on-site relocation of the Interim Storage Casks to a 
central Hanford storage complex. While the Interim Storage Cask can be 
relocated at Hanford due to the administrative limi tations that can be 
imposed and controlled on-site, the cask does not m eet the requirements 
for licensed shipping casks and cannot be used for off-site transport. 
Although the Interim Storage Cask is smaller than a  typical commercial 
dry storage cask, the storage system's design basis  functional 
requirements are the same. The primary functions of  the dry storage 
system are; passive removal of decay heat, critical ity control, 
shielding, and confinement. The cask confinement bo undary is required to 
prevent the release of radioactive material, to pro vide a benign storage 
atmosphere via an inert gas blanket (helium), and t o control the in-
leakage of air and moisture to limit any fuel cladd ing degradation or 
fuel oxidation reactions such that the condition of  the fuel assemblies 
is preserved for the duration of the storage life. There are similarities 
between the FFTF fuel and commercial fuel, and addi tional conservatisms 
that were incorporated into the FFTF dry storage sy stem, that allow the 
application of the commercial dry storage concept t o the FFTF fuel. The 
similarities that exist are that both commercial an d FFTF fuel are oxide 
fuel forms and extensive irradiation histories are available for each. 
Very conservative operating controls were imposed o n FFTF fuel during all 
phases of fabrication, reactor operation, storage, and subsequent 
handling. During reactor operations, avery sensitiv e tag gas monitoring 
system was used to detect cladding breaches and the  reactor was shut down 
whenever an unacceptable breach occurred. The monit oring system was 
capable of identifying the breached assembly with 1 00% accuracy. 
Historically, only four significant cladding breach es occurred during the 
reactor's operation. These breached assemblies will  be disassembled in 
the Interim Maintenance and Examination Cell and th e failed pins 
identified and encapsulated prior to dry storage. 
In addition to the irradiation history of the fuel assemblies, the strict 
operating controls imposed to maintain fuel claddin g integrity, and the 
cask confinement boundary, a very conservative deci sion was also made to 
containerize the FFTF fuel within the Core Componen t Container. 
Commercial dry storage does not typically require t his boundary, in 
addition to the cask, unless there are gross claddi ng defects in the 
fuel. As a result of this decision, the functions o f the Core Component 
Container are to provide a sealed confinement bound ary, packaged handling 
capability, and long-term geometry control for the stored fuel. The added 
barrier provided by the container was determined to  be desirable for the 
FFTF fuel for two reasons. First, there is no long term data that is 
directly applicable to document the FFTF fuel cladd ing condition 
following extended time in dry storage. Application  of acceptable 
commercial dry storage data was not considered to b e conservative due to 
the inherent differences between the FFTF fuel asse mblies and commercial 
fuel. Some differences between the fuel assembly ty pes are: 1) the 
cladding is constructed of different materials (FFT F fuel cladding is 
stainless steel versus zircalloy for commercial fue l), 2) materials 
testing was a primary function of FFTF and there ar e three different 
cladding materials, 3) the reactor environments wer e different, 4) the 
FFTF fuel sustained higher burn-ups than commercial  fuel, and 5) the FFTF 
reactor coolant and fuel storage environment is liq uid-metal sodium 



versus water for commercial fuel. Secondly, a conce rn was raised 
regarding the need for data to support the absence of cladding 
degradation during extended dry storage. This conce rn arose due to 
observations of cladding degradation during post-ir radiation examination 
of a small number of non-FFTF fuel pins at other fa cilities. This 
phenomena is known as "hot cell rot" and is thought  to be a complex 
stress-corrosion cracking and fuel oxidation proces s involving reaction 
of sodium, fuel, oxygen, moisture, and cesium fissi on product with the 
stainless steel fuel cladding. Similar cladding deg radation has never 
been observed during post irradiation examination o f FFTF fuel in the 
Interim Examination and Maintenance Cell. Additiona lly, the limited data 
associated with these observations indicate that ex tended storage in hot 
cells and air may have contributed to the cladding degradation. Since 
"hot cell rot" is currently defined as a corrosion process, which 
requires oxygen and moisture to occur, it is consid ered unlikely that 
significant cladding degradation will occur in the environment of the 
FFTF dry storage system. However, the concern could  not be firmly refuted 
due to the lack of actual data for long-term storag e of the FFTF fuel in 
this manner. Consequently, additional conservatism was implemented into 
the FFTF dry storage system design.  
The Core Component Container (Fig. 1) was designed by Westinghouse 
Hanford Company. Specific features were incorporate d into the design to 
address the cladding degradation concerns described  above. The container 
has a bolted closure with a metallic seal and separ ate closed bottom 
support tubes for each fuel assembly. The support t ubes are fabricated 
from stainless steel and inconel to ensure corrosio n resistant storage. 
The Core Component Container is unshielded, provide s seven storage 
locations, and is designed for remote grappling and  dry transfer 
capability. Its storage tubes and supports provide the geometry to ensure 
criticality control during handling and storage of the fuel, even in the 
unlikely case of full water moderation. Although no t expected, if the 
accident condition occurs whereby the fuel cladding  degrades, the Core 
Component Container will provide for safe and contr olled retrievability 
of the fuel. Additionally, for retrieval of the Cor e Component Container 
after extended storage, it is required that the act ual condition of the 
storage atmosphere within the Interim Storage Cask cavity be assessed 
prior to removing the cask's closure bolts. The Int erim Storage Cask 
closure is designed with a penetration port with a quick disconnect 
fitting that is used to perform this sampling. If t he storage atmosphere 
sample results are acceptable, then operations can proceed normally with 
Core Component Container retrieval via a shielded t ransfer cask. If the 
atmosphere sample results are not acceptable, then appropriate measures 
must be used to protect personnel and the operation s area from potential 
contamination.  
Fig. 1 
The Interim Storage Cask (Fig. 2) was designed by G eneral Atomics and 
Sierra Nuclear Corporation. The contract to design,  analyze, fabricate, 
and test the prototype design was placed in Septemb er 1993. The first 
Interim Storage Cask was delivered in June 1995 aft er successful 
completion of performance testing. The Interim Stor age Cask design is 
required to meet the requirements of 10CFR72, witho ut licensing, and 
consists of a passively ventilated concrete and ste el shielded cask with 
a stainless steel confinement boundary. Maximum wei ght of the cask, with 
the 2,268 kilogram (5,000 pound) Core Component Con tainer payload, is 



52,000 kilograms (114,200 pounds). The outside diam eter of the cask is 
216 centimeters (85 inches) and the overall length is 462 centimeters 
(182 inches). The internal cavity is 53 centimeters  (21 inches) in 
diameter and 373 centimeters (147 inches) in length  to accommodate the 
Core Component Container. The Interim Storage Cask provides a secondary 
leak-tight boundary for a defense-in-depth approach  to confinement of the 
spent fuel. Coupled with maintaining the inert atmo sphere, the cask 
eliminates the introduction of oxygen and moisture in-leakage that could 
accelerate spent fuel assembly degradation over the  interim storage 
lifetime. The Interim Storage Cask is designed with  a bolted closure 
which has redundant metal seals. The cavity penetra tion port in the 
closure has redundant covers which are independentl y seal welded after 
inerting the cask with helium following loading. Th e confinement 
capability of the loaded Interim Storage Cask is en sured by helium leak 
testing both closure seals after assembly and dye p enetrant testing both 
seal welds of the penetration port cover plates. Th e confinement 
capability for the liner is assured by a combinatio n of inspection 
techniques. During fabrication, each confinement we ld requires 
radiographic or ultrasonic inspection and a complet e helium leak test. 
The maximum permissible leakage rate for the Interi m Storage Cask 
confinement boundary is "leaktight" as defined in t he American National 
Standard for Leakage Tests on Packages of Shipment of Radioactive 
Material, ANSI N14.5 (3). At this leakage rate of 1  x 10-7 scc/sec, 
oxygen and moisture are prevented from entering the  cask. As such, there 
is no known mechanism for accelerated corrosion of the spent fuel. In 
addition to the confinement boundary, the Interim S torage Cask also 
provides the necessary passive decay heat removal, shielding, and 
structural integrity for safe dry storage of the sp ent fuel. An impact 
limiter is located at the bottom of the internal ca vity of the cask to 
protect the spent fuel if an inadvertent drop of th e Core Component 
Container was to occur during loading or unloading.  The FFTF fuel to be 
stored in the Interim Storage Casks has decayed sin ce cessation of 
reactor operation in April 1992 and a substantial r eduction in heat load 
and fission gases has occurred. As of August 1995, the highest decay heat 
assembly was 329 watts and the average decay heat p er assembly of the 
fuel inventory was 81 watts. By November 1996, all assemblies will be 
below the 250 watt decay heat limit imposed for dry  storage. The maximum 
fuel clad temperature predicted for storage of 250 watt assemblies is 
less than 390C (736F) during the hottest summer day . Even for the 
accident case, where no credit is taken for the pas sive ventilation 
system of the cask, there are no storage system com ponents that exceed 
any normal condition limit. Based on these results,  a high margin of 
safety for passive heat removal is demonstrated and  there are no safety 
requirements to monitor the ventilation ducts. Howe ver, surveillances 
will be performed to ensure that the ventilation du cts remain open, in 
order to maintain storage temperatures as low as po ssible. These 
conclusions, which were based on the analytical tem perature predictions, 
were confirmed by performance testing that was cond ucted prior to loading 
the Interim Storage Cask with fuel. The FFTF fuel c ladding temperature 
limit for storage is 482C (900F). This limit was ba sed on preventing 
stress rupture of the clad for the duration of the storage life (50 
years) based on the most limiting type of fuel clad  material. An 
irradiation history of < 150,000 MWD/MTHM (Pu taken  as 29.3% of the heavy 
metal) followed by a decay period of four years was  used to 



conservatively bound the majority of the FFTF fuel.  This source term also 
forms the basis for the radiological release calcul ations. For all design 
basis accident conditions, the storage system analy ses demonstrate there 
will be no releases. To further demonstrate the mar gin of safety 
associated with dry storage, two radiological relea se accidents were 
analyzed. These cases are the "beyond design basis"  and "hypothetical" 
radiological release events. The beyond design basi s release accident 
assumed administrative handling limits were violate d and this resulted in 
a cask drop accident beyond the currently analyzed height of 2.44 meters 
(8 feet). The beyond design basis release resulting  from this accident 
consisted of 100% of the radioactive gas from all t he fuel pins and other 
fission products resulting from exposure of 1% of t he fuel material. No 
credit was taken for either the Interim Storage Cas k or Core Component 
Container in mitigating the event even though such an impact would not be 
expected to produce a major escape path. The result ing dose consequence 
determined for off-site and on-site was 4 millirem and 4.5 rem, 
respectively, well within allowable limits. An addi tional non-mechanistic 
or hypothetical accident release was also analyzed.  This case was similar 
to the beyond design basis case above except that i t also assumed a 
higher source term is present and a crushing/sheari ng of the fuel stored 
within the cask occurs whereby 100% of the radioact ive gas is released 
and 5% of the fuel is crushed and exposed. Again, n either the Interim 
Storage Cask or the Core Component Container were a ssumed to prevent or 
restrict the release. The hypothetical analysis res ulted in a site 
boundary dose of 160 millirem. Accordingly, it was concluded that the 
FFTF fuel storage is not a public health and safety  hazard, even under 
the most extremely unlikely hypothetical event. 
Fig. 2 
The Interim Storage Cask was designed to provide th e radiation shielding 
required for handling operations and above ground s torage such that the 
dose rate at the cask surface is less than 2 millir em/hour and the dose 
rate at the Interim Storage Area fence perimeter, l ocated 23 meters (75 
feet) from the stored casks, is less than 0.05 mill irem/hour. Extensive 
radiation surveys were conducted during the Fuel Of fload Acceptance Test 
which demonstrated the effectiveness of the cask sh ielding. The total 
collective dose measured throughout the fuel loadin g sequence was 
determined to be 15 person-millirem. This collectiv e dose is considered 
higher than what will be experienced during normal handling and loading 
operations because the testing required numerous su rveys of transient 
interfaces and a larger number of personnel observe d the activities than 
will be present during a routine evolution. The tot al collective dose 
from the loading and handling of the remaining fuel  inventory is not 
expected to exceed one person-rem. 
FFTF FUEL OFFLOAD PROCESS OVERVIEW 
In addition to the Core Component Container and Int erim Storage Cask, 
there are several stations and pieces of equipment that perform vital 
functions of the fuel offload process. These compon ents are best 
described by their respective functions in the spen t fuel offload 
sequence. This sequence transfers the spent fuel, o ne assembly at a time, 
from its initial location in sodium pool storage to  its final dry storage 
configuration. In the final storage configuration, the fuel will be 
located inside a sealed Core Component Container, w hich is inside a 
sealed Interim Storage Cask, which is located in th e Interim Storage 
Area. 



The offload sequence starts with removal of a singl e fuel assembly from 
its sodium pool storage location and transfer to th e Interim Examination 
and Maintenance Cell using the existing reactor ref ueling machines. In 
the argon inerted hot cell, the sodium-wetted fuel assembly is placed 
into the sodium removal chamber. In this chamber, t he sodium removal 
process is conducted. This process is comprised of injecting moist argon 
gas into the chamber to react the residual sodium i n a controlled manner. 
Following the moist gas phase, the assembly is rins ed several times to 
ensure the requisite cleanliness is achieved. Final  cleanliness is 
determined by the conductivity of the final rinse w ater (i.e., < 20 
microsiemens/cm) and visual examination of the asse mbly. Cleanliness is 
required prior to long-term dry storage of the spen t fuel due to the 
corrosive and reactive nature of any residual sodiu m. Additionally, after 
each assembly has been washed, it is dried prior to  placing it into a 
clean Core Component Container. 
When the Core Component Container is loaded with sp ent fuel assemblies, 
the cover is installed which mates to the container  body crushing a 
metallic o-ring between them. The argon atmosphere of the hot cell is 
used as the inserting gas for the Core Component Co ntainer. As such, 
limitations are imposed on cell atmosphere impuriti es to limit both 
oxygen and moisture to a nominal 100 ppm. The Core Component Container 
cover is installed with 12 bolts which are torqued to 21 kilogram-meters 
(150 foot-pounds) using the hot cell manipulators. After the cover is 
installed, a pressure decay leak test is performed to ensure proper seal 
installation and the Core Component Container is tr ansferred into the 
Solid Waste Cask.  
The Solid Waste Cask is an existing transfer cask t hat is used in 
conjunction with the facility cranes and an electri c rail transporter to 
provide the necessary shielding and sealed atmosphe re to transfer the 
Core Component Container from the hot cell, located  in containment, to 
the Cask Loading Station, which is located in the R eactor Service 
Building. The Solid Waste Cask was previously used to transfer non-fuel 
irradiated components to a waste burial cask. Sever al upgrades have been 
completed to provide safe handling of the spent fue l in the Core 
Component Containers. These upgrades included a new  and more reliable 
control system and the addition of seals, an argon purge system, and a 
grapple locking device to be used during rail trans port to the Cask 
Loading Station. The Cask Loading Station has also been modified to 
accommodate dry fuel transfers of the Core Componen t Container. These 
modifications consisted of upgrading the structure to meet seismic 
qualification, providing sealed interfaces with tes table connections, 
providing shielded adapter plates for the Core Comp onent Container 
transfers, and providing specific interfaces to pos ition the Interim 
Storage Cask for remote dry loading. At the Cask Lo ading Station, the 
Solid Waste Cask uses an electric driven hoist to l ower the Core 
Component Container into the Interim Storage Cask a nd ungrapple it. Once 
the unloaded hoist is raised back into the Solid Wa ste Cask, the shielded 
closure valves for both the transfer cask and the C ask Loading Station 
are closed, which allows the Solid Waste Cask to be  safely removed. (See 
Fig. 3) 
Fig. 3 
After removal of the Solid Waste Cask from the Cask  Loading Station, the 
closure is remotely installed into the Interim Stor age Cask. The first 
step is to attach a lift rod to the 30.5 centimeter  (12 inch) thick, 815 



kilogram (1800 pound), bolted cask closure and to p lace it on top of the 
Cask Loading Station moveable shield valve. Then, a dditional shielding is 
installed over the lift rod and closure assembly. O nce the proper 
shielding is assembled, the closure is lifted sligh tly via the overhead 
crane which is attached to the lift rod. Once the c losure is suspended, 
the shielded closure valve is opened and the closur e is slowly lowered 
into the Interim Storage Cask. When complete set-do wn is confirmed, as 
indicated by the lift rod travel, the shielding equ ipment is removed and 
the closure is secured to the Interim Storage Cask by torquing the 
sixteen closure bolts to 207 kilogram-meters (1500 foot-pounds). This 
torque is required to crush the redundant metallic seals and to provide 
the design basis pre-load for both storage and on-s ite transport. After 
torquing the bolts, three evacuations and back-fill s are performed to 
inert the cask cavity with high purity helium gas. After inserting, mass 
spectrometer leak testing is performed to verify th e redundant metallic 
seals of the closure and plug seal on the interseal  leak test port are 
functioning to provide a leak rate of less than 1 x  10-7 scc/sec. 
The use of redundant metallic seals in the closure with an interseal leak 
test port and a removable fitting provides the capa bility to perform a 
functional test of the Interim Storage Cask seals. Continuous monitoring 
of the cask seals is not currently planned due to t he expected short 
duration of fuel storage at the Interim Storage Are a prior to 
consolidation with the other Hanford fuel inventori es. Failure of 
multiple seals or degradation of the fuel is not li kely to occur during 
this short time frame. The number of seal failures that would have to 
occur to provide a leakage path to the fuel include ; failure of the inner 
and outer metallic seals of the Interim Storage Cas k, failure of the Core 
Component Container metallic seal, and failure of t he fuel cladding. 
Additionally, analysis of the seal performance for normal and accident 
conditions, including cask drop and tip-over accide nts, does not result 
in seal failure. Therefore, after the cask seals ha ve been certified as 
"leak-tight" and the pressure is verified within sp ecification, redundant 
plates are seal welded over the penetration port qu ick-disconnect 
fitting. The Interim Storage Cask is then removed f rom the Cask Loading 
Station using a spreader bar to vertically lift the  cask and transfer it 
to the transporter. During the transfer operation, shielding and 
contamination surveys are performed to verify dose rates are within 
specification and that there is no contamination pr ior to removal of the 
cask from the Reactor Service Building. The cask is  placed on a 
doubledrop-deck trailer in a vertical orientation a nd is secured using an 
engineered tie-down system. The Interim Storage Cas k is transported 
approximately 183 meters (600 feet) to the Interim Storage Area using a 
tractor. At the Interim Storage Area, the cask is u nloaded from the 
transporter using a mobile crane and a weather prot ection cover and 
tamper indicating devices are installed. (See Fig. 4) 
Fig. 4 
The sequence described above will be repeated until  all FFTF spent fuel 
assemblies have been offloaded from sodium pool sto rage to long-term low 
maintenance dry cask storage. Approximately three y ears will be required 
for this evolution. The final configuration will co nsist of an array of 
Interim Storage Casks located in the Interim Storag e Area. Over the 50 
year design life of the dry storage system, surveil lances will be 
performed on the general storage area to monitor fo r security, perimeter 
fence dose rates, vegetation growth, build-up of di rt or debris, 



condition of the perimeter fence, and adequate ligh ting levels. 
Surveillances of the Interim Storage Casks will als o be performed to 
assess inventory control, to clean areas around ven tilation screens to 
ensure storage temperatures remain as low as possib le, to perform visual 
inspections on the general condition of the casks, to perform upkeep of 
the concrete shielding surfaces of the casks, to pe rform routine 
radiological surveys of cask surface dose rates, an d to verify the 
absence of contamination on cask surfaces. These su rveillances will be 
conducted to ensure that the storage conditions rem ain within acceptable 
limits.  
CONCLUSION 
The FFTF dry cask system will provide safe, cost-ef ficient, and low-
maintenance storage and retrievability for the high ly radioactive spent 
fuel in a manner consistent with the standards impl emented by the 
commercial nuclear sector.  
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ABSTRACT 
We have seen many advances in the development of co llaborative decision-
making processes and techniques. The goal of each o f these efforts has 
been to provide stakeholders with meaningful opport unities to become 
involved in public decision-making. But something i s still lacking. 
Public involvement professionals often report signi ficant conflict. 
Public managers are often reluctant to bring stakeh olders together 
because of conflict and may conclude that collabora tive decision-making 
simply does not work where it is needed most. 
The primary reason collaborative decision-making pr ojects fail is because 
stakeholders become bound up in conflict. Creating opportunities for 
stakeholder involvement, then, is only one part of effective public 
decision-making. Providing facilitation and mediati on assistance is 
another. But mediators and facilitators can only do  so much to help 
stakeholders identify and resolve differences. Anot her key is through the 
development of collaboration and conflict resolutio n skills that begin to 
create a unique "culture" within the stakeholder gr oup. The parts work 
together to break down barriers and build agreement : Public decision-



making processes provide opportunities for stakehol ders to work together. 
Facilitators and mediators help guide the process. And collaboration and 
conflict resolution skills give stakeholders the ne cessary tools and 
understanding. 
INTRODUCTION 
This purpose of this paper is to suggest a strategy  for improving the 
effectiveness of public involvement in industry and  government decision-
making by training stakeholders in negotiation and conflict resolution 
skills. As decision-making power becomes more balan ced through public 
involvement processes, industry and agency official s and other 
stakeholders will have to negotiate solutions and a greements that satisfy 
mutual interests. Most of us mistake the process of  arguing and debating 
(I win/you lose) with the process of negotiating (w e both win). 
Negotiation and conflict resolution are critical pa rts of the public 
involvement process yet nowhere are we taught these  vital skills. As a 
result, many public involvement processes limp towa rds unsatisfying 
compromises or they fail completely due to unresolv ed conflict.  
The public involvement process serves as a "road ma p" from a starting 
point to a destination. The process itself is fille d with opportunities 
for stakeholders to work together to resolve differ ences and reach 
agreement. Negotiation and conflict resolution skil ls are a set of tools 
that stakeholders take with them on the trip and us e them, like they 
would a Swiss Army knife, to solve problems. 
THE CONTEXT FOR STAKEHOLDER TRAINING 
Public involvement has existed as a recognized disc ipline since the 
1960's, although James Creighton (1) dates the mode rn era of public 
involvement to the 1970's. In the environmental fie ld, public involvement 
can be traced to early legislation and regulations,  such as the National 
Environmental Policy Act (NEPA), which created oppo rtunities for the 
public to comment on proposals and projects that re quired environmental 
impact statements. Since that time public participa tion has evolved into 
a multi-disciplinary field that combines the tradit ional fields of public 
relations and communication, organizational develop ment and psychology, 
environmental and public policy, and alternative di spute resolution. In 
fact, most public involvement practitioners come fr om one of these 
disciplines.  
One could argue that public involvement has grown o ver the years as a 
result of the publics' interest in becoming more in volved. In some ways 
the field has followed the ladder of citizen partic ipation first 
described by Arnstein (1969)(2) and later adapted b y Chess et.al. 
(1988)(3). Arnstein's ladder shows a progression of  involvement from the 
bottom up:  
  Delegation of Decisions 
  Negotiation and Consensus 
  Meaningful Consultation and Advice 
  Pro Forma Consultation 
  Informing the Public of Actions  
  Acting Alone  
In the "old days" industries and agencies simply di d what they wanted 
when they wanted. For years that behavior was accep ted by the general 
public and we stayed on the first rung of the ladde r. NEPA was an attempt 
to change this pattern. With NEPA came public heari ngs and public comment 
periods and, for a time, people accepted this new r ung on the ladder. 
Many had high hopes that their concerns would final ly be considered.  



Attempts to involve citizens through public hearing s, presentations and 
public comment still work in some areas, but have d windled over time due 
to growing dissatisfaction with this modest level o f citizen input. Why? 
In part, it is because the public process created e xpectations on the 
part of stakeholders that their comments would eith er be integrated into 
the project or would actually cause the project to be scrapped. When 
neither occurred, stakeholders became disillusioned . These processes did 
a pretty good job of informing citizens of pending actions or policies, 
when they were done objectively, but did a poor job  of actually involving 
citizens in important decisions. In most cases, the  important decisions 
had already been made. As this became apparent to s takeholders, the bloom 
came off the rose. 
Citizen dissatisfaction with public comment process es led to pressure on 
some industries and government agencies to take the  next step. That 
pressure came in part from law suits to block or de lay projects and in 
part from recognized dissatisfaction with the publi c comment processes 
themselves. Industries and agencies that have taken  the next step up the 
ladder have done so voluntary since, in most cases,  there is no 
regulatory obligation to go beyond the public comme nt process.  
The next steps on the ladder involve some form of d irect dialogue or 
conversation with stakeholders. Citizen advisory bo ards, policy dialogue 
committees, regulatory negotiations and other stake holder forums place 
industry and agency officials in situations where t hey must work 
cooperatively with stakeholders to accomplish their  goals. If they cannot 
work together, the process will likely fail. Expect ations among 
stakeholders are very high and there is significant  pressure to succeed. 
If they cannot work together, the process will like ly fail. Agency and 
industry officials may feel "burned" by unreasonabl e stakeholders. 
Stakeholders may feel that industry and agency peop le were never serious 
about sharing decision-making power. Both sides may  feel that they were 
"suckered" into a decision-making process that was bound to fail. 
THE CASE FOR STAKEHOLDER TRAINING 
To help avoid this potential pitfall, public involv ement specialists have 
turned to facilitators and mediators. Facilitators and mediators, while 
trained in slightly different ways, help guide the decision-making 
process without interfering with or influencing sub stantive decisions. To 
put it another way, facilitators and mediators act as third-party 
neutrals and help stakeholders negotiate decisions that satisfy mutual 
interests (for our purposes, negotiation is defined  as the process of 
resolving differences, solving problems and reachin g agreement). Most 
facilitators and mediators receive some training in  negotiation 
principles and skills and work within the group dec ision-making process 
to get stakeholders to negotiate with each other in stead of arguing and 
debating. 
Facilitators and mediators are extremely beneficial  in helping parties 
negotiate. However, facilitators and mediators are limited in what they 
can achieve when stakeholders insist on arguing and  debating. The process 
is at best inefficient and more likely is like "her ding cats". Even when 
stakeholders are civil, they may be disposed toward s strong positions 
that lead to win/lose outcomes, stalemates and comp romises. When 
agreements are reached through argument and debate they seldom maximize 
joint gains.  
When we are locked in a debate we are not trying to  solve a problem, we 
are trying to win an argument. It is only when we s top trying to convince 



the other party of our position and begin to take t heir interests, and 
our own, and structure an agreement that all partie s can live with that 
we are finally solving a problem.  
The distinction between debating and negotiating is  important in public 
involvement because of the diversity of legitimate public interests at 
stake and the need to integrate a broad spectrum of  public interests into 
a decision. Moreover, it is almost impossible to wi n a debate if winning 
means convincing the other party of the correctness  of our position. The 
chances of doing that are almost none. Yet we persi st.  
Public involvement processes that create meaningful  opportunities for 
stakeholders to influence decisions is only part of  the solution. The 
other is the development of collaborative problem s olving skills through 
training in negotiation and conflict resolution. Th e two work hand-in-
hand: The public involvement process provides oppor tunities to negotiate. 
Negotiation skills better enable stakeholders to co mmunicate in ways that 
resolve differences, build agreement and maintain p ositive working 
relationships.  
BASIC NEGOTIATION AND CONFLICT RESOLUTION PRINCIPLE S 
Negotiation and conflict resolution skills are not the miracle cure for 
the ills of public decision-making. They are, howev er, a step in the 
right direction. As a science, negotiation has exis ted for a relatively 
short time. While researchers and practitioners hav e written about 
collective bargaining for many years, modern teachi ngs on negotiation 
date back to the 1970's. The most popular and still  most widely accepted 
publication on negotiation is the book Getting to Y es by Roger Fisher and 
William Ury of the Program on Negotiation at Harvar d University (4). 
Fisher was one of the pioneers of the modern field of interest-based 
negotiation. Interested-based negotiation is the pr ocess of focusing on 
underlying interests as the basis for exploring opt ions that lead to 
agreement. Interest-based negotiating is described in more detail below. 
According to Fisher and Ury (1981)(4), there are fi ve main principles 
behind the concept of interest-based negotiation. T hey are: 
  Separate Human Issues from Substantive Issues 
  Focus on Underlying Interests Instead of Hard-lin e Positions 
  Search for Objective Criteria and Fair Standards 
  Determine Your Best Alternative To a Negotiated A greement  Invent 
Options for Mutual Gain 
  Look for Solutions that Satisfy Multiple Interest s 
Separate Human Issues from Substantive Issues 
Fisher and Ury recognize that parties attempting to  solve substantive 
problems often get caught up in conflicts dealing w ith emotions, beliefs, 
values, perceptions, trust, power and relationships . These "human" issues 
often prevent the parties from solving the substant ive problem. The 
conventional approach to dealing with human issues is to subtly negate 
them or discount their importance. Instead of direc tly addressing the 
fears of neighbors over the cleanup of a local site , for example, the 
Agency will say, in so many words, "Just be rationa l. Trust us. We'll 
take care of it."  
Fisher and Ury advise us to separate human issues f rom the substantive 
issues and to address the human issues first. In fa ct, unless the human 
issues are addressed to the satisfaction of stakeho lders, they simply 
won't go away. Human issues that keep surfacing in environmental 
decision-making arenas are usually those dealing wi th emotions, values, 
trust, perceptions and past relationships. Such iss ues emerge first as 



emotions and need to be dealt with on that level. T he four primary 
emotions that people experience are fear, anger, jo y and sadness. 
Psychologists believe that our other emotional expe riences are 
combinations of or variations on the four primary e motions. In 
environmental debates two of the four emotions usua lly emerge, fear and 
anger, but are expressed as only one of the four, a nger.  
How do we separate human issues from substantive is sues? To do this we 
must deal directly with the emotions that are preve nting substantive 
problem solving. First, negotiators need to be awar e that emotions are 
present. This is somewhat difficult because most of  us are "programmed" 
to deny or down-play emotions, especially in profes sional situations.  
Second, negotiators must recognize the emotion by s tating its existence 
to the party in a non-threatening way. Simply sayin g "You seem very angry 
about this..." or "I can tell you're very upset..."  lets the party know 
that the negotiator is aware of the emotion without  judging it or them. 
This acknowledgment will allow the party to let go of some of the 
tension.  
The third step requires "actively" listening to the  party's concerns. 
Active listening requires the listener to carefully  paraphrase the 
speakers words until the speaker feels that the lis tener understands his 
or her concerns. At the end of the process of activ e listening the 
speaker should be able to say, simply, "Yes, those are my concerns." At 
the point of understanding much of the emotion will  have drained from the 
dialogue. The speaker will feel that someone is lis tening, perhaps for 
the first time. Note that the listener has not atta cked the speaker's 
position nor has he/she agreed with it. It is simpl y understood. 
Focus on Underlying Interests Instead of Hard-line Positions 
The second step in negotiation is to focus on ident ifying and satisfying 
interests instead of positions. Your position is on e way, your chosen 
way, of satisfying your interests. Your interests a re your underlying 
needs. Why do we focus on interests instead of posi tions? Because it is 
easier to satisfy underlying interests than to reco ncile divergent 
positions. If we negotiate over positions, our nego tiations become a test 
of will and power. If we negotiate over interests, we are more likely to 
find integrative solutions to our problems. 
Let's use an example from CCEM's TRIP (Technology/R egulatory Integration 
Project) Implementation Manual to illustrate. Two o pposing positions 
regarding the cleanup of a contaminated site might be to 1) clean the 
site to pristine conditions and 2) clean only the h otspots and seal the 
rest of the site. A stakeholder debate over these p ositions would be very 
difficult to resolve. We can do one or the other bu t not both. How might 
focusing on interests be any easier? Looking at the  underlying interests 
that support these positions, we might find that st akeholders taking the 
first position care mainly about 1) reducing health  risks to zero or 
almost zero, 2) restoring the ecological integrity of the site, and 3) 
holding the agency accountable for its past actions . Stakeholders taking 
the second position care mainly about 1) reducing c osts, 2) lowering 
health risks to acceptable standards, and 3) avoidi ng further disturbance 
to the site.  
Negotiators now have an initial list of interests t hat they can address. 
Negotiators could discover additional interests by probing more deeply 
into the reasons behind the interests stated. For e xample, why is 
avoiding further disturbance to the siteimportant? Perhaps to preserve 
existing wildlife habitat. Or, why is reducing heal th risks to zero or 



almost zero important? Perhaps to assure stakeholde rs of minimum health 
risk, or to protect vulnerable populations that liv e near-by. 
Negotiators could then develop what we call a "Join t Problem Statement" 
for this particular issue: 
How can we...  reduce health risks to zero or near zero 
    protect vulnerable populations 
    restore the ecological integrity of the site 
    hold the agency accountable for its past action s 
while also...  reducing costs 
    lowering health risks to acceptable standards 
    avoiding further disturbance to the site 
    preserving existing wildlife habitat? 
The illustration leaves us with a set of interests - some common, some 
opposing and some simply different - that we must t ry to satisfy by 
negotiating. Will it be easy? No. But it will be a lot easier than 
knocking heads over opposing positions. 
Search for Objective Criteria and Fair Standards fo r Resolving 
Differences 
Objective criteria and fair standards are used in n egotiations to 
establish impartial and unbiased methods for avoidi ng and settling data 
conflicts and generating information that will be u sed to make decisions. 
Objective criteria and fair standards are also used  in negotiations to 
determine the value of an item independent of the r esources that might be 
available to acquire it. 
There are hundreds of examples of how objective cri teria and fair 
standards are applied to negotiation situations. Sa laries are based on 
comparable pay in the field. Home prices are based on comparable sales, 
replacement costs or rental income. Used car prices  are based on the 
"Blue Book." Risk assessments are based on a standa rd model. Objective 
criteria are usually based on some quantitative ass essment or accepted 
practice that is widely recognized by the public or  a particular 
profession. Fair standards, on the other hand, may be quantitative, but 
are more likely based on what reasonable people bel ieve is fair. When 
decisions are made without being "anchored" to some  impartial and 
recognized objective criteria or fair standard, tho se decisions seem 
arbitrary or biased to outsiders. 
Environmental decisions frequently run into problem s with objective 
criteria and fair standards. We refer to these prob lems as data 
conflicts. For example, many complex public decisio ns involve planning 
and engineering studies and environmental impact as sessments. These 
studies, designed and carried out by one of the par ty's experts, generate 
data that are then analyzed, interpreted for the pu blic and used to make 
or justify a decision. The supporters of the projec t believe the studies. 
The opponents of the project do not. Did the studie s use objective 
criteria and fair standards that were acceptable to  all stakeholders? 
Probably not. They may have used scientifically def ensible methods to 
conduct the studies, but if other affected parties were not part of the 
study design team, the studies may be perceived as biased. What usually 
happens in a data conflict is that both sides hire experts that support 
their positions and then become even more locked in to those positions. 
Negotiators need to avoid data conflict traps by in sisting on and finding 
objective criteria and fair standards that are supp orted by all 
stakeholders before a study is conducted. 
Understand Your Best Alternative To a Negotiated Ag reement 



The principle of Best Alternative to a Negotiated A greement (BATNA) was 
developed by Fisher and Ury to better explain the p ower and decision-
making dynamics in a negotiation. Literally your BA TNA is what you will 
do if you don't reach agreement in a negotiation. O r, put another way, 
what will occur if you can't reach agreement. If, a s a negotiator, your 
BATNA is poor, if it is worse than a proposed negot iated solution and you 
can't improve it, it is wise to accept the negotiat ed solution. If your 
BATNA is good, if it is better than the best negoti ated solution you can 
obtain, it is wise to walk away and pursue your BAT NA.  
Your BATNA must be a real alternative or it must be  an alternative that 
you can reasonably count on. If your best alternati ve to getting the 
raise you want is to take another job, you are much  better off having a 
firm job and salary offer from another employer. If  the negotiation over 
the raise doesn't produce the results you desire, y ou will have some 
place to go. And, you will be able to compare your current employer's 
counter-offer with your new offer. 
BATNA's can also be used to explain why certain pub lic interest groups 
participate in collaborative decision-making proces ses while others 
decline. Often parties that won't participate belie ve their alternatives 
(BATNAs) are better than any agreement they could r each by negotiating. 
This is partly because many believe that negotiatin g means compromising 
and they are not willing to compromise. Many enviro nmental organizations 
are reluctant to enter negotiations and feel that c ourt action, or the 
threat of court action, is a strong BATNA. Fisher a nd Ury believe we 
should enter negotiations with a clear understandin g of our BATNA's and 
walk away only when our BATNA is clearly better tha n the proposed 
agreement. If we want stakeholders to participate, we need to make them 
aware that a negotiated solution can be better than  their BATNA. Or we 
can help them understand that their BATNA may not b e that great.  
Look for Solutions that Satisfy Multiple Interests 
Interest-based negotiation requires stakeholders to  seek solutions that 
are good for all. In order to do this, parties must  have opportunities to 
get together for the explicit purpose of solving a joint problem. They 
must identify common and divergent interests behind  their respective 
positions and make proposals that satisfy those int erests. To aid this 
process, facilitators and mediators often ask stake holders to suggest 
solutions that they believe everyone can support. F isher and Ury call 
this Inventing Options for Mutual Gain.  
Inventing options for mutual gain requires parties to be creative. 
However, creativity is risky. There is a tendency i n any creative 
endeavor to immediately judge ideas that are new or  unconventional. 
Judgment, however, has the effect of stifling most creativity. After all, 
how many of us want to look bad for suggesting a du mb idea? So we suggest 
ideas that we know will be accepted by the group an d we end up with 
status quo solutions or no solution at all.  
To better assure creative problem solving we must s eparate the inventing 
of options (brainstorming) from judging and selecti ng among them. 
Negotiators need to establish a simple ground rule:  No judging or 
evaluating options until the inventing is complete.  A second ground rule 
is often necessary when dealing with public officia ls and others who may 
worry about being attributed with an idea expressed  during a 
brainstorming session: No attributing any ideas to specific individuals. 
Such an individual may have a creative solution in mind that integrates 
many interests but may be reluctant to express the idea for fear of 



having it taken the wrong way. These rules protect all parties from 
outside attacks while providing the freedom necessa ry to be creative. 
Smart negotiators offer proposed solutions that the y believe satisfy 
mutual interests. Proposals are then improved by al l negotiators. 
Negotiated decisions, therefore, tend to maximize j oint gains or, to put 
it in perspective, maximize public benefits. Debate rs, on the other hand, 
minimize and discredit the arguments and positions of their "opponents" 
and sometimes even attack them personally. When the y win, they seldom 
integrate the legitimate public interests of others . We tend to get one-
sided victories that fail to maximize public benefi t. While one-sided 
victories are sometimes the only way to solve probl ems, in most cases 
there are realistic ways to maximize public benefit s that are lost 
because we don't know how to negotiate. 
ADDITIONAL TRAINING CONCEPTS 
In addition to the basic negotiation and conflict r esolution principles 
and skills discussed above, an effective training p rogram would address 
the following: 
  Building trust  
  Conflict resolution styles 
  Improving listening skills 
  Creating incentives to negotiate 
  The role of power 
  Dealing with difficult people 
  The Solomon trap 
  Escalation traps 
  What stakeholders really want 
  Responding to conflict 
  Raising conflict 
  Analyzing conflict 
  Group dynamics 
TRAINING METHODOLOGY 
Training workshops are usually between one and thre e days in length and 
are most effective when done with 18 to 24 particip ants. The workshops 
combine the theory of interest-based negotiation an d conflict resolution 
with principles and skills that participants can im mediately apply in 
their work. Skills are developed and practiced thro ugh interactive 
negotiation exercises where participants play speci fic roles in a dispute 
or problem-solving situation. Participants are give n a set of 
instructions that contain a common description of t he problem and a 
context for the dispute. They are also given confid ential roles that they 
must play throughout the negotiation. The roles cre ate a tension between 
typical positional and confrontational strategies a nd interest-based 
negotiation skills. Like learning to ski, participa nts develop and 
practice the skills under relatively easy condition s (on a gentle slope) 
and then must maintain the skills as the conditions  become more complex 
and contentious (the slope gets steeper and steeper ).  
Participants typically begin with positional and co nfrontational 
strategies, and only respond when others start to p robe for underlying 
interests or make sincere attempts to understand ot her perspectives or 
seek joint gains. The dilemma negotiators face is w hether to be the first 
to use the interest-based approach. If no one risks  going first, no one 
will follow. 
Following the training exercises, participants are debriefed about both 
the substantive outcome of their negotiation and th e negotiation process 



itself. The debriefing provides rich opportunities for participants to 
talk about negotiation and conflict resolution stra tegies and skills, 
group dynamics, power relationships and other issue s. Often, the 
discussions shed new light on communication pattern s that produce 
conflict.  
INTEGRATING TRAINING INTO THE PUBLIC INVOLVEMENT PR OCESS 
Training can be integrated into the public involvem ent process at any 
time but is perhaps best at the early stages of dev elopment. Early 
training will help stakeholders address and resolve  difficult issues 
before they become contentious. Once conflict appea rs, it is usually more 
difficult to get stakeholders to focus on alternati ve techniques. 
Ideally, training should be part of the initial ori entation for the 
project, however, it could be brought in later, onc e group members feel 
more comfortable with the public involvement proces s, with each other and 
with the convening agency. Finally, training could be introduced at a 
point when the stakeholder group reaches an impasse  over an important 
issue or decision. It is less likely that training will be accepted at 
this point, but it is still worth a try. 
There are three factors that may serve as barriers to training and must 
be considered when determining how to integrate tra ining into the public 
involvement process. First, negotiation and conflic t resolution training 
may be perceived by some stakeholders as a method o f controlling or 
influencing the outcome of a decision, or inducing stakeholders to 
compromise their hard-fought positions. Stakeholder s who value their 
confrontational styles or who do not trust the deci sion-making body may 
resist such training. When this barrier occurs, it may be better not to 
push the training too early in the process.  
Second, some stakeholders may question whether the training is necessary. 
Stakeholders who believe they are good negotiators may feel that they 
don't need additional skills. This is often the cas e with senior level 
professionals. Our experience is quite the opposite . Supposed "good" 
negotiators are often those individuals who are the  most competitive in 
their styles and who are capable of making and defe nding strong 
arguments. They are usually not very good at collab orating to achieve 
joint gains. In addition, agency representatives wh o serve as 
stakeholders often believe that the training is int ended for "all those 
unruly types" and not for them. This attitude fuels  the notion that the 
training is designed to control the angry and unrul y elements.  
Finally, negotiation training may be seen by some a s a way to "arm the 
enemy." "Why would we want to help the other side? " they would ask. "Let 
them fend for themselves." This attitude shows a cl ear misunderstanding 
of interest-based negotiation where the purpose is to help everyone do 
better.  
Training in interest-based negotiation and conflict  resolution was 
originally tested and is gaining in popularity in u nion/labor 
negotiations where their is a history of conflict o ver wages and 
benefits. The purpose of training in the union/labo r arena is two-fold: 
to break down communication barriers that prevent n egotiators from 
working together and to provide new skills for solv ing problems 
collaboratively. 
CONCLUSION 
Facilitators and mediators now fill the role of hel ping stakeholders 
negotiate tough decisions. They help parties separa te human issues from 
substantive issues, focus on interests instead of p ositions, search for 



objective criteria and fair standards, invent optio ns for mutual gain and 
remind parties of the consequences of indecision. F acilitators, in short, 
help stakeholders move from arguing and debating is sues to identifying 
and solving joint problems. But facilitators must s truggle against the 
tendency of stakeholders to be argumentative and po sitional. Since we are 
not taught interest-based negotiation skills anypla ce in our lives, few 
of us really know how to use them to solve complex problems. 
Through TRIP, we have learned that stakeholders can  become more effective 
participants when they are able to use interest-bas ed negotiation skills. 
We recommend as part of any public involvement proc ess that stakeholders 
be trained in these skills. CCEM recognizes that ef fective environmental 
decision-making requires opportunities and resource s for stakeholders to 
work together and the skills necessary to solve pro blems once they are 
together. Most stakeholder processes provide opport unities and resources 
but fail to address skills. We tend to assume that people know how to 
solve problems collaboratively even though both his tory and current 
events tell us that just the opposite is true. More over, we would never 
consider providing someone with the opportunity and  resources to swim, 
ski, drive a car or fly an airplane without also pr oviding the skills. 
Why should solving important environmental problems  be any different? 
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ABSTRACT 
Following the strong public opposition after the an nouncement of the 
results of possible site selections for the final l ow and intermediate 
waste repository in Slovenia in 1993, the Agency fo r Radwaste Management 
has completely revised its public information strat egy. The information 
and education programs, that should lead to greater  public acceptance, 
are described. At present the bulletin, leaflets, b ooklet, permanent 
exhibition and lectures in the Nuclear Training Cen tre are applied. 
Special emphasis is given to information program or iented towards young 
generation, age 13-15 years. 
INTRODUCTION 
On May 27, 1993 the Agency for Radwaste Management of Slovenia has 
organized the press conference to present the resul ts of the third phase 
of site selection for the low and intermediate leve l (L/ILW) surface 
radioactive waste repository. During the presentati on five potential 



sites in Slovenia were announced. Only few hours la ter reporters of the 
national television went to the village Kalievci, o ne of the potential 
repository sites, to get the first impression direc tly from the 
inhabitants. People from the village had expressed strong negative 
opinion by kidnapping the media crew. The crew was released only when the 
local inhabitants received a written statement of t he representative of 
the government that within their community there wi ll be no repository 
construction without their permission. 
Reaction of the residents of Kalievci and also appe arance of NIMBY (Not 
In My Back Yard) syndrome in such aggressive form h as not surprised only 
the Agency for Radwaste Management but also the pol iticians and 
representatives of the media themselves. It was obv ious that the public 
relations strategy of the Agency must be revised an d renewed. 
Radioactive waste in Slovenia originates from medic al and industrial 
applications of radioactivity, from research and fr om the operation of 
the Krko plant, which is the main contributor. The construction of that 
Westinghouse plant took place in late seventies whe n the acceptance of 
nuclear power in Slovenia was not problematic. The general public was 
informed about the construction and about the econo mic benefits of the 
plant but there was no systematic public informatio n and education 
program on the technology and its implications. Dis posal of radioactive 
waste was not considered a problem and was not give n any priority in 
comparison with completion and operation of the pla nt. Siting of the 
repository for low and medium level waste was postp oned into the period 
of plant operation when it became obvious that the on-site storage 
capacity (about 11000 drums of low and intermediate  level waste) will be 
reached in a foreseeable time. The siting process f inally started without 
any previous education or information program and r eached the phase when 
the potential sites were made public exactly in the  period of fierce 
opposition to anything nuclear. The above described  public reaction was 
understandable and at given time unavoidable. The w hole process of site 
selection without the serious public information wo rk was wrong and had 
to be changed. Therefore Agency for Radwaste Manage ment under the new 
leadership has developed a new information strategy  and started with its 
implementation. Nuclear Training Centre plays an im portant role in it. 
PUBLIC RELATIONS STRATEGY 
The first step in creating revised and renewed publ ic relations strategy 
was the analysis of past experience. The analyses h ave shown that the 
communication activities in the past were insuffici ent. Since the 
dialogue was not established, the media and the pub lic have little 
confidence in the information coming from the insti tutions working in the 
field of peaceful use of nuclear energy. 
The Agency has also studied the strategies of forei gn Agencies for 
radwaste management in overcoming the NIMBY phenome non. On the basis of 
this analysis the communication strategy of the Age ncy for radwaste 
management was prepared. Three important aspects we re included: 
communications, education and negotiations. In the first phase 
communication activities are used to attain a highe r level of quality in 
addressing the issue; the communication activities are targeted at the 
general public. The educational activities are a lo gical and more focused 
sequence of the informing activities. For this reas on the Agency is 
preparing various educational programs that consist  of diverse 
activities. Negotiations are a necessary part of th e communication 
strategy as the final decision should be made by th e local community. 



Communication activities concerning the issue of th e waste encompass 
various tasks. First, there is the need to overcome  the rejection of 
dialogue on this sensitive issue and second, to see k dialogue with the 
general public which is of key importance in any de cision making process 
concerning radioactive waste. 
Therefore the plan of PR (public relations) activit ies has the following 
basic objectives: 
  To establish a well qualified team for successful  and highly 
professional work in the field of communication and  crisis communication 
management; 
  To prepare different written materials that can b e used for information 
and educational purposes; 
  To organize educational and information activitie s. 
INFORMATION 
At the present there is a great interest on nuclear  issues in the public. 
The information on radioactive waste management com es from various 
sources. Often the information is distorted or misg uided, many times 
resulting in negative atmosphere about radwaste man agement activities. 
In last years the Agency has given more attention t o the public 
information through the media. Several articles on radioactive waste 
management have been prepared and published in most  popular Slovenian 
newspapers. In one year thirteen articles, seven re ports, four press 
releases, three interviews and two statements have been published. It 
should be mentioned that before 1994 there were no such contributions. 
Through these activities many contacts with journal ists were made that 
will facilitate further communication activities. 
Agency's Bulletin has been published recently. The first number of 
Bulletin gives answers to the most frequently asked  questions on radwaste 
management. Present and future Agency's activities are also briefly 
described. Special care is dedicated to the clear a nd simple language so 
that no special technical background is necessary t o understand the 
subject.  
INFORMATION AND EDUCATIONAL ACTIVITIES AT NUCLEAR T RAINING CENTRE 
Part of the information and education activities of  the Agency for 
Radwaste Management has been taken over by the Nucl ear Training Centre, 
which is part of the "Joef Stefan" Institute. Sever al activities related 
to the Radioactive Waste have been prepared. It has  been decided to 
concentrate on youngsters as the main target group and to prepare an 
information program consisting of lectures, radwast e exhibition, visit to 
the interim radwaste storage, at-a-glance informati on leaflets, radwaste 
booklet and video tapes. 
The information and education program consists of t he following 
activities and information materials: 
The Lecture Radioactivity and Radioactive Waste 
The lecture informs the students about the followin g subjects: 
 1) Radioactivity and Radiation, 
 2) What Is Radioactive Waste? 
 3) Radioactive Waste in Slovenia. 
The lecture set consists of 30 viewgraphs and lasts  approximately 45 
minutes. There are additional 10 slides available f or more detailed 
explanation of typical questions. We always encoura ge the discussion. 
Typical visiting group at the Centre consists of ab out 50 students, but 
we can accommodate also up to 100 visitors. The lec ture can be presented 
also elsewhere in the country. Since September 1995  there were 16 groups 



attending the lecture comprising altogether 890 stu dents with 57 
teachers. 
In addition to this particular lecture about the Ra dioactive Waste 
Management only, we are offering also another lectu re about the Nuclear 
Power in general. Radwaste management is also cover ed in the narrower 
extent. This lecture was attended by approximately 6000 students in the 
year 1995, which represents roughly 10% of total po pulation of that age 
(13-15 years). 
Radwaste Exhibition 
A set of 16 panels explaining radwaste is added to the existing permanent 
exhibition Electricity from nuclear energy. The pan els explain the origin 
of low, intermediate and high level waste, technolo gy of waste disposal 
and examples from different countries. There are al so a normal and 
compacted radwaste barrels and a mockup of the surf ace repository 
displayed. The visit to the exhibition usually foll ows the lecture, 
therefore it represents repeated and supplement inf ormation. Yearly about 
6000 visitors see the exhibition. 
Visit to the Interim Low and Intermediate Level Was te Storage at the 
Reactor Centre 
The Nuclear Training Centre is part of the Reactor Centre in Podgorica 
near capital Ljubljana, which includes an interim w aste storage facility 
intended for the waste originating from research, m edical and industrial 
use of radioactivity in Slovenia outside the Nuclea r Power Plant. During 
the visit the storage is shown only from the outsid e. On special request 
of smaller groups it is possible to see also the in terior. 
The lecture, the visit to the exhibition and the vi sit to the storage 
facility are typically merged during a single visit  of student groups to 
our training centre. Every year students from aroun d 100 schools come to 
the Nuclear Training Centre. 
At-a-glance Information Leaflets 
In the Nuclear Training Centre a set of four at-a-g lance information 
leaflets has been prepared for the Agency for Radwa ste Management 
describing the following topics: 
 1) Radioactivity and Radiation 
 2) Radioactive Waste 
 3) Disposal of Low Level and Intermediate Level  
    Radioactive Waste 
 4) Disposal of High Level Radioactive Waste 
The fifth leaflet, Radwaste Storage in Slovenia, is  in preparation now. 
The purpose of the leaflets is to provide the reade r with a lasting 
correct information for later reference. The leafle ts have been designed 
in a style appealing to youngsters (see Fig. 1). Th ey are widely 
distributed to anyone interested in the subject in Slovenia. 
Fig. 1 
Booklet about Radioactive Waste 
The booklet is conceived as an information source t o the readers who are 
willing to spend more time than just glancing throu gh the leaflets. It 
describes the nuclear fuel cycle, radioactivity, so urces of radioactive 
waste and radioactive waste disposal on about 40 pa ges. The booklet is in 
print now and will be distributed to anyone interes ted in the subject, 
primarily to the schools. 
Video Tapes 
Because Slovenia is rather small country it is, for  the time being, too 
expensive to produce our own video tape material. T herefore we have 



translated three video tapes about the Swedish radi oactive waste 
management system to Slovenian language. In the fut ure we intend to bring 
closer to our public some similar material from oth er countries and to 
produce some own material. The French video is bein g translated now. 
Journalist's Guide to Radwaste 
Speaking about technical matters is often confusing  or hardly 
understandable for non-technical people. Therefore we are preparing the 
version of the booklet about Radwaste which is writ ten by a journalist. 
We expect this to be more understandable for the wi der public. 
FAQ about Radwaste 
Another material, that is in preparation, is a set of Frequently Asked 
Questions about Radwaste. Most of them are being as ked by our visitors. 
We hope, that this will provide fast and easy answe r to interested 
public. 
Future Plans 
The final objective of all public information activ ities is to obtain the 
acceptance of wider and local public for the radioa ctive waste 
repository. Keeping that in mind we are trying to p roduce material that 
is easily understandable and can be easily distribu ted. All available 
technical means should be used, especially newly em erging ones. So in the 
near future we intend to prepare information about radioactive waste for 
the World Wide Web, a part of the Internet system. An extensive material 
about nuclear energy in general has already been pr epared and is 
available on http://www2.ijs.si/~icjt/kakoje/ (in S lovenian Language).  
Another media, very popular especially among the yo ung generation, is a 
hypertext computer presentation on a CD ROM. We int end to publish some 
material about the Radwaste in a user friendly comp uterized way. 
PUBLIC OPINION 
Influence of our activities is hard to measure exac tly. Immediate 
response during and after the visit is positive. Th e opinion of the 
general public is measured every year by a wider po lling performed by the 
Faculty of Social Sciences in Slovenia. Some positi ve shift in the 
attitude towards nuclear energy in general can be o bserved from their 
answers. It is shown on Fig. 2, that number of thos e in favor of further 
operation of NPP is increasing. 
Fig. 2 
CONCLUSIONS 
The problem of acceptance of radioactive waste disp osal facility by the 
general public is becoming one of the key problems of nuclear energy 
everywhere in the democratic world. Recent examples  in different western 
countries (Switzerland, USA) are not encouraging. I t is also obvious 
there is no perfect general solution, that would wo rk everywhere in the 
world. In Slovenia we are carefully studying other experiences and trying 
to find our own way to solve the problem. Next seve ral years special care 
will be devoted primarily to the information and ed ucation of the people 
in order to make them understand the facts about ra dwaste. Only after a 
certain level of public confidence will be achieved , the further steps 
towards the final disposal will be taken. 
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ABSTRACT 
This paper describes the approach used by an indepe ndent Technical Team 
created to advise the Dollars and Sense Committee o f the Hanford Advisory 
Board regarding the need for new Double-Shell Tanks  at Hanford, and 
presents the Team's conclusions and recommendations . The process used led 
to rapid acceptance of a dramatic re-direction of t he new tank proposal 
by internal and external parties.  
The Technical Team produced a safety-driven analysi s based on a "worst 
case" budget scenario to ensure that minimum requir ed facilities were 
available for waste management and operated with a manageable level of 
risk in the 200 West Area and 200 East Area tank fa rms, and that major 
activities of waste processing (e.g., evaporation, storage and waste 
volume reduction) will have the storage needed for the next several 
years. The risks of the various feasible options fo r waste management 
were balanced against cost constraints and the nece ssity to move forward 
with the remediation mission. These considerations guided the Team in 
developing its recommendations to the Hanford Advis ory Board regarding 
the project. By design, the Team investigated only technical issues, but 
recognized that the Board had the ability and the o bligation to combine 
technical insights with other important and valid c onsiderations and 
values as it developed its own recommendations to D OE regarding the 
proposed new tanks and other features of the Tank W aste Remediation 
System. 
The Technical Team focused its recommendations on w aste storage needs 
from 1995-2004, the time period covered in the Draf t EIS on Safe Interim 
Storage and the time period of current importance t o the new TWRS 
program. After 2004, the waste treatment division a t Hanford is scheduled 
to begin to retrieve and treat solids from Single-S hell Tanks; when this 
treatment cycle begins, the need for large volume, long-term storage 
capability will be reduced as treatment proceeds. E valuation of treatment 
processes and systems and the need for (operational , short-term) storage 
specifically required by these treatment processes were far beyond the 
Team's assignment. However, if the start of treatme nt is delayed beyond 
2004, then retrieval of SST solids must also be del ayed--and this would 
have significant implications for the long term sto rage capability needed 
at that time. It is important to keep firmly in min d that tank needs 
after 2004 are determined by treatment facility con figuration, retrieval 
and treatment rates. 
The Team was limited by too few risk assessments as  well as the level and 
frequency of change of the data provided to it rega rding waste volume 
projections and tank waste classification. This was  understandable; the 
situation during the Team's review period was a flu id one, indeed. 
Despite these limitations, the Team arrived at seve n recommendations, 
focusing on the three areas of primary concern: 1) tanks, 2) the Cross 
Site Transfer System (CSTS), and 3) risk analyses. The Hanford Advisory 
Board unanimously adopted these recommendations, wh ich were complex and 
technically sophisticated, for formal transmittal t o DOE. The process 



used by the Team ensured that the recommendations ( and the reasoning were 
understood by the Board, other stakeholders, DOE an d its contractor. The 
full paper presents the technical substance of the analysis and 
recommendations, as well as additional information on how the Team worked 
with stakeholders both without and within the DOE s ystem.  
INTRODUCTION  
The Assignment 
In late September 1994, Dr. Thomas Engel from the U niversity of 
Washington asked the author on behalf of the Dollar s and Sense Committee 
(DSC) of the Hanford Advisory Board (HAB) to organi ze a Technical Team to 
review issues, assumptions and alternatives surroun ding the Multi-
Function Waste Tank Facility (MWTF) being proposed by the Tank Waste 
Remediation System (TWRS) at Hanford. The original goal of the Technical 
Team review was to "enable DSC and HAB to understan d and examine the 
assumptions and key policy decisions behind the dec ision to proceed with 
a project to construct six new Double-Shell Tanks, and understand the 
costs and alternatives so that the Board may offer timely advice and 
principles/values regarding policy choices." The Te chnical Team, led by 
Dr. Paulson, then Research Professor at the Illinoi s Institute of 
Technology, and assembled under the auspices of the  firm of Paulson and 
Cooper, Inc., included Professor Frank Parker of Va nderbilt University 
and Dr. Michael Kavanaugh, a Principal of ENVIRON. This Team was able to 
address issues of policy, history, engineering (inc luding design 
integrity, waste volume inventory and projections, and facilities 
required), alternatives, cost, and risk. In additio n to the technical 
experts, the project was supported by Ms. Susan Sin k, a technical writer 
and researcher, who reviewed and summarized documen ts and helped prepare 
drafts of this final report to speed the Technical Team members' review 
process. Logistical and research support in the Tri -Cities was provided 
by Ms. Jennifer Plemmons of Pasco, WA. 
Re-scoping of Assignment 
The details of the review assignment soon changed d ramatically, as a 
result of the "Double-Shell Tank Inventory and Avai lable Space" report of 
December 28, 1994, and the February 1995 recommenda tion from Westinghouse 
Hanford to DOE's Richland office is that no new tan ks be built. However, 
the thrust behind the basic DSC/HAB request to "exa mine the assumptions 
and key policy decisions behind the [project] decis ion" was still valid. 
The Technical Team therefore examined in detail the  assumptions and key 
policy decisions that led to the new recommendation  (not to build tanks). 
Any decision on whether or when to build additional  tanks is impacted by 
many considerations, including the risks, benefits,  costs, uncertainties 
and impacts in future years of a decision not to bu ild tanks soon. An 
evaluation of all these impacts was beyond the scop e of the review. It 
was, however, possible to examine the potential con sequences associated 
with various courses of actions until the Single-Sh ell and watch list 
tanks (not mutually exclusive) are stabilized. The review was limited in 
time, scope, and dollars, and could thus not be gui ded by long-term, 
integrated technical efficiency, but it nevertheles s provided for a "No 
Regrets" outcome which meets near-term and mid-term  safety needs and does 
not preclude additional action related to storage a nd treatment in the 
years beyond 2004. Just as important, the Team's re view provided what the 
Hanford Advisory Board needed to know when it neede d to know it--to 
provide focused, results-oriented to advice to DOE.  In the present 
uncertain climate, while one must be sure that acti ons taken now do not 



foreclose future options, strategic planning within  limited time horizons 
may be the wisest course, both for DOE and its stak eholders, especially 
its formal site-specific advisory boards. 
A Word on the Process 
Extensive documents were obtained from DOE and its contractors, all of 
whom were extremely cooperative. The author, who le d the Team, 
participated in selected meetings of the DSC and th e HAB during this 
research period. With the help of DOE, the DSC/HAB,  and its own contacts, 
the Team made aggressive efforts to reach other sta keholder groups not 
represented on the HAB, internal and external criti cs of the new tank 
proposal, retired "old timers" who had worked at th e tank farms years and 
even decades ago, and others who might be able to c ontribute technical or 
other relevant information. While informal, this pr ocess was thorough. 
In February, 1995, after completing its review of a ll relevant documents, 
the full Team spent several days at Hanford, holdin g a series of meetings 
with those identified above. The Team's visit was p ublicized by the Board 
and DOE; in addition, the Team established a local contact office for two 
months before the visit. These meetings could be cl assed as informal 
public hearings, in a sense; members of the HAB par ticipated as observers 
much of the time, and appropriate DOE, Westinghouse , federal and state 
agency figures were also present. Several private c itizens ("old timers") 
joined the Team's meetings as well, some of whom ha d traveled 
considerable distances at their own expense. The me etings, while 
informal, were vigorous in their discussions and de bates. Before leaving 
the Tri-Cites, the Team met in private to develop i ts analysis, 
recommendations, and conclusions, and to begin draf ting its report. 
A draft of the Technical Team's report was provided  in late February to 
several anonymous expert reviewers selected by the Team, and shortly 
after that a revised version was made generally ava ilable to interested 
individuals and agencies in the Pacific Northwest a nd at DOE 
headquarters. The DSC was fully briefed on the find ings and 
recommendations in the revised draft report at its regular March meeting, 
and the final draft of the Executive Summary was pr ovided to the full HAB 
in advance of its April meeting. Additional comment s from agency and 
other reviewers were received in April, and the fin al report of the Team 
was submitted to the HAB in advance of its regularl y scheduled May 
meeting, where a full discussion of it was held. 
Project Areas Addressed by the Report 
The Team evaluated in depth both the initial propos al in the August 1994 
"Safe Interim Storage Draft EIS" and the revised Fe bruary, 1995 proposal. 
The Team early on decided that the decision to buil d tanks or not build 
tanks cannot be considered in isolation from the ot her elements of the 
initial proposal (particularly the CSTS). The Team also assessed possible 
impacts of the new proposal for no tanks on the saf ety of tank farm 
operations in the medium term (until the start of p re-treatment and 
treatment, scheduled for 2004). The Technical Team considered the issues 
of projected increase/decrease in waste volumes, re lationship of new tank 
construction to operational plans at Hanford, cost,  as well as material 
selection, design, and other features of the propos ed tanks. 
Background Assumptions 
The Technical Team based its recommendations on sev eral key assumptions 
associated with the original proposal (six tanks) a nd the changed 
proposal (no tanks). The key were: 



1)  technical issues associated with the new propos ed action regarding 
tanks (no new tanks) 
2)  tank waste storage needs until pre-treatment be gins 
3)  risks and probable consequences of new proposed  action  
4)  relationship between current waste volume proje ctions and the new 
proposed action 
5)  relationship between compatibility of waste typ es and the new 
proposed action 
6)  availability of contingency plans and other was te management issues 
It was the aim of the Technical Team to determine i f the new proposed 
action was sound and whether or not new tanks are n eeded. Further, the 
Team identified what types (capacity and function) of tanks might be 
needed, resulting from an assessment of the consequ ences of the new 
proposal given current information on waste type, i ntegrity of both 
existing tanks and the CSTS, and waste volume proje ctions. 
DESCRIPTION OF INITIAL APPROACH 
The Safe Interim Storage Draft Environmental Impact  Statement (DEIS) 
considering new tanks at Hanford and completed in A ugust 1994 assessed 
the three major components: 1) six new double-shell  tanks (DSTs), 2) the 
Cross-Site Transfer System (CSTS), and 3) the Initi al Tank Retrieval 
System. 
A full description of the proposed new tanks facili ty can be found in the 
DEIS and was the official preferred alternative by the Department of 
Ecology and USDOE Richland Operations Office throug h December 1994. The 
rationale behind this recommendation focused on the  need for additional 
storage space to passively mitigate tanks 101-SY an d 103-SY through 
dilution.  
SUBSEQUENT APPROACH 
Tanks 
Based on the revisions to the Waste Volume Projecti ons, the decision to 
actively mitigate tank 101-SY (and if necessary tan k 103-SY) with mixer 
pumps, and driven by the then-current budget situat ion, TWRS in February 
1995 recommended that no new DSTs be built. The new  recommendation 
reflected a shift in the Waste Volume Projections, and clearly included 
assuming a higher level of risk and uncertainty tha n was associated with 
the original plans for 200 West Area. This risk had  not been 
quantitatively assessed at the time, although one r eport offered a 
"high/medium/low" scale for evaluating risk of cert ain components of the 
new projections. The possible consequences of failu re of any of the 
assumptions included in the Waste Volume Projection  January 1995 
revisions are assessed in section V of this paper. 
The recommendation not to construct tanks was based  on the following 
major assumptions connected with Waste Volume Proje ction revisions and 
associated Path Forward paper: 
  Continued and maximized use of the East Area Evap orator 
  Significantly reduced future waste generation fro m site generators 
  Revised estimates of the "porosity" of incoming w aste (increasing 
volume which will be treated by the Evaporator) 
  Timely construction of the new CSTS 
  Minimal waste produced by the planned sludge wash ing demonstration 
  Active mitigation through mixer pumps for 101-SY and 103-SY (if needed) 
  Consolidation of compatible wastes now found in s everal tanks into 
fewer tanks 



With revised waste volume projections based on thes e assumptions, the 
waste volume would exceed the projected capacity in  1999 (by 0.22 million 
gallons), and by 1.22 million gallons by the year 2 001. The proposed 
solution for storage of excess waste was to use eva porator support tanks 
for spare space and store additional waste in 102-S Y, the current staging 
tank for all waste which must be moved from 200 Wes t to 200 East. The 
Path Forward document of February 1995 predicted 0. 5 million gallons will 
be stored in 102-SY as other space becomes unavaila ble. However, only 
TRU-compatible waste can currently be stored in thi s tank. The proposal 
is also dependent on the operability of the current  and new CSTS to 
transfer wastes in 102-SY, and the successful resol ution of TRU-
compatibility issues for 102-SY. 
Cross-Site Transfer System (CSTS) 
The new proposed action strongly recommended, in fa ct requires, the 
construction of a new Cross-Site Transfer System. T he volume projections 
which justify not building any new tanks require th e use of the existing 
CSTS through 1998. The January 1995 proposal recomm ended construction of 
the new CSTS as developed originally and described in the DEIS, without 
considering modifications based on the fact that it  will no longer serve 
the six originally proposed new tanks. The CSTS pro posed consists of 2 
lines routed over approximately 6.5 miles, parallel  to the existing 
system except for the stretch just before it enters  the East Area. The 
routing had apparently not been re-evaluated follow ing the decision not 
to build new DSTs.  
Initial Tank Retrieval System (ITRS) 
The ITRS was no longer needed for tank 101-SY and 1 03-SY, since passive 
mitigation by dilution has been dropped as a soluti on to the hydrogen gas 
build-up situation. Thus, the ITRS no longer fell w ithin the scope of the 
Team's assessment of the project. 
NEW CONSIDERATIONS RAISED BY JANUARY, 1995 CHANGE I N APPROACH 
The new approach, to drop plans to construct tanks in either the 200 East 
area or 200 West Area, was based on a set of major assumptions which may 
or may not hold true. The decision not to build tan ks is based on all the 
assumptions holding true. In the view of the Techni cal Team, it was not 
reasonable to base such a major decision on a concl usion that all 
assumptions will hold true; a fuller understanding of risks involved is 
essential for sound decision-making. Key issues whi ch needed to be 
considered as a result of the new proposed option i nclude: risk analyses; 
accuracy and consequences of errors in waste volume  projections; the 
interim approach to addressing leaking SSTs in West  Area which may result 
due to incompatibility or failure of the CSTS; and the impact of the 
decision to actively mitigate 101-SY and 103-SY. 
Critique of Risk Assessment in the "Path Forward" D ecision Paper 
In the Path Forward decision paper, only the risks inherent to the new 
path chosen were presented. Even this risk evaluati on had problems for 
independent validation in that only safety, financi al and programmatic 
risks were evaluated and then only in terms of "Hig h/Medium/Low," with no 
definition of the numerical meaning of the terms. E ven the "comments" 
were plagued by vague terms instead of quantifiable  terms, and there were 
some important contradictions in the reports, raisi ng a question as to 
whether predictions for cross-site transfer capabil ity were reasonable, 
the failure of which would result in a serious wast e storage shortfall.  
With no probabilities of the events given, with no estimates of the 
consequences given, and without the same informatio n for plausible 



alternatives and the costs for the alternatives (an d with no sensitivity 
analysis), it was impossible to judge which alterna tive is best or even 
if any is satisfactory. The recommendation to proce ed without any new 
tanks is a case in point. According to the data giv en to the Team in 
February 1995, in the year 1999, even with positive  outcomes on all the 
waste reduction assumptions, there would be a short fall of tank space 
requiring use of the Evaporator support tanks (with  its impact on 
Evaporator operations), and in the year 2000, the u se of space in tank 
241-102-SY will be required to meet the shortfall, though preliminary 
indications already had cast doubt on the viability  of this plan unless 
special actions are taken regarding 102-SY. 
Additionally, the viability of the existing pipelin es between 200W and 
200E is required until the new CSTS lines are in pl ace, projected at that 
time to be no earlier than 1998. There were no rela tive probabilities 
given for each of the actions required to make this  plan succeed. In the 
Team's view, this was not a technically sound way t o make decisions on 
complex matters of such importance. 
All risk analyses start with incomplete information , but with sensitivity 
analysis one is able to determine what information is most critical and 
obtain that. There is certainly more risk informati on available than what 
was presented. For example, when we probed, we lear ned that a formal risk 
analysis had calculated a 70% likelihood of failure  of the first mixer 
pump during its lifetime. Similarly, in a rough fas hion one could 
calculate the likelihood of the remaining two cross -site transfer lines 
staying in operation until a replacement system is in place; we 
calculated this to be only 40%. 
Issues Related to Available Tank Storage Capacity a nd the Waste Volume 
Projections 
The five key issues regarding available tank storag e at Hanford were, in 
the Technical Team's opinion, 1) waste volume proje ctions; 2) waste 
compatibility; 3) areas of production; 4) waste tra nsfer capabilities; 
and 5) evaporator effectiveness. These issues are e xplored in depth in 
this order. 
The Technical Team was provided significant informa tion that established 
the estimated waste volume projections from 1994 to  2004. The most recent 
projection reviewed indicated that in the year 2000 , the current capacity 
of the DSTs (given the estimated capacity for the 2 8 DSTs is 31.28 
million gallons) will be exceeded; a shortfall of a vailable storage space 
will occur. The Team intended to generate a similar  summary for the total 
volume of waste combining the existing inventory wi th waste volume 
projections. Unfortunately, the categories in the F ebruary 1995 document 
were different than those that can be extracted fro m other relevant 
reports, and we were not able to carry out this tas k in a manner 
acceptable to the Team within the schedule we had t o finish our review. 
The accuracy of the revised waste volume projection s are absolutely 
critical for a decision to not proceed with constru ction of any new DSTs. 
The Team did not believe that the assumptions used in the most recent 
volume projections were documented clearly enough. While minor 
inaccuracies in projected generation and treatment would not affect the 
final recommendations of the Team, the possible fai lure of the other 
major assumptions to contribute to waste volume red uction (compatibility, 
transfer, evaporation, etc.) should be revisited an d evaluated as part of 
development of a contingency plan and associated ri sk analyses. Just as 
important is the need for DOE and Westinghouse to m onitor waste volumes 



actually produced month by month. If the projection s are exceeded--that 
is, if more wastes are produced than are currently foreseen--timely re-
adjustments to the entire waste storage system will  be called for, 
perhaps on very short notice indeed. 
The second key issue regarding the management of th e liquid and salt 
waste in the Hanford Tank Farm is compatibility of waste. A major issue 
is the compatibility of waste in SSTs in 200 West A rea with the staging 
tank 102-SY. The best estimate we received from a s taff member at DOE was 
that as much as 1/3 of the current liquid waste in West Area (or roughly 
1.2 million gallons) might be incompatible with the  staging tank. If this 
proves to be an accurate estimate, it greatly affec ts the scenarios 
developed as part of our final report. 
Additional wastes will continue to be produced from  various facilities in 
200 East Area and 200 West Area over the time perio d considered. 
Documents the Technical Team reviewed gave waste ge neration figures only 
after evaporation, figuring all the waste "generate d" as slurry or 
"solid" waste stored in 200 East. These figures do not demonstrate how 
much waste will need to move through 200 West Area,  particularly through 
102-SY (which accepted only TRU-compatible waste) o r provide estimates of 
generated waste which will need to be stored in 200  West Area if the old 
CSTS is not operational. Therefore, these projectio ns are based on two 
assumptions which involve considerable risk. Rev. 2 0 gave a figure of 
13.01 million gallons for waste generated through 2 004 without 
evaporation. By the time the new CSTS was expected to go on-line, in 
1998, 6.68 million gallons of waste will be generat ed. If even a small 
portion of this waste is generated in the 200 West Area and not 
transferred for evaporation and/or storage, there w ill be a serious 
shortage of tank space in 200 West Area. 
It appeared to us that sufficient capacity exists i n the DSTs in the 200 
East Area (25 tanks are located there, and only 4 a re on the Watchlist). 
There is sufficient capacity in the remaining 21 ta nks, particularly if 
certain wastes are consolidated, to accommodate was te generated even in 
unevaporated form over the near term. 
Current and future waste transfer capability, both within each area and 
especially between the 200 West area (where storage  capacity is low) to 
the 200 East area (where it is greater) is a very s ignificant issue for 
both now and later. The Team did not evaluate in-de pth the plumbing and 
pumping details of how waste moves within the 200 W est and 200 East 
Areas, or from facilities to the 200 Area. However,  it was unclear to us 
whether sufficient flexibility exists to move waste s in emergency 
situations, or if the existing transport system fro m other areas of the 
Hanford Site to the Tank Farm are sufficiently reli able to ensure low 
risk of waste releases. The Team concentrated on th e risks associated 
with assumptions regarding the operability of the C STS, although it 
recognized the importance of other transfer capabil ities. Apparently 
appropriate above-ground emergency transfer lines e xist to accommodate 
emergencies (leaks) within each Tank Farm, but ther e is no equivalent 
contingency to move waste between 200 East and 200 West Areas. The 
reliability of the waste volume projections, theref ore, are primarily 
dependent on the existence of a functioning CSTS to  maintain evaporation 
projections. 
The Evaporator in the 200 East Area is the only ope rating evaporator 
system in the entire Tank Farm. The old Evaporator in the 200 West Area 
has not been operational for more than 10 years, an d it would not be 



justified to renovate it to treat the limited amoun t of liquid waste 
inventory in 200 West Area. Clearly, the continued operation of the East 
Area Evaporator and its capacity for further reduci ng the total volume of 
waste is an essential component of both the current  and the long-term 
waste management strategy at the Hanford Tank Farm.  The reported 
reduction of waste through evaporation in calendar year 1994 was 5.2 
million gallons. Both campaigns were slightly below  the reduction rate 
projected. For example, DOE staff reported that cam paign 94-1 was 
projected to reduce 2.9 million gallons by 2.5 mill ion gallons (85%). 
Actually, it reduced the waste by 2.4 million gallo ns, resulting in an 
unanticipated excess of 100,000 gallons. If more re cent waste volume 
projections predict higher rates of evaporation, as  we believe is the 
case given a further reduction in specific gravity (even when the 
initially proposed predicted factor was not met), t he actual performance 
may fall even farther behind the predictions, signi ficantly affecting the 
accuracy of the waste volume projections. Again, th e capability of the 
Evaporator to reduce waste inventory is affected by  other factors, 
including the operability of the CSTS in the near a nd long term, waste 
compatibility, and compatibility of sludge and slur ry with storage space 
in East Area that is available. 
The Team reviewed with great care the then-current waste volume 
projections, a subject of great importance of cours e, but fraught with 
too many details to cover in this brief paper. In s hort, it was 
impossible to determine how much waste was to be pr oduced by each of the 
site generators. And even aggressive use of the Eva porator cannot be 
expected to reduce the waste generated to 0.  
A key assumption in the 1994 projections is that th e DST inventory 
specified in 1994 would remain constant until the y ear 2004. This volume 
was based on the inventory as of October 1994, and has been reduced 
through operation of the Evaporator. It was unclear  to the Team why this 
number should remain constant over the 10-year plan ning period. A similar 
point can be made regarding the concentrated waste.  Does this mean, for 
example, that the concentrated waste volume remains  constant from the 
year 1996 beyond? Presumably the volume of concentr ated waste should 
increase (while supernate waste decreases) as liqui d waste is treated at 
the Evaporator and the resultant waste is transferr ed for storage in East 
Area tanks. 
In the planning horizon of 1995-2004, at least two different projections 
were completed. One predicted waste tank shortfall capacity will occur in 
the year 2000. This shortfall could be exacerbated by the incompatibility 
of wastes. This analysis suggests that the Hanford Tank Farm is operating 
at, or close to, its capacity. If no additional tan k capacity is 
installed in either 200 West or 200 East Areas, the  uncertainties 
regarding the waste projections, particularly with respect to waste 
generation in the West Area which must be transferr ed to the East Area 
for treatment, indicate a significant storage short fall could occur even 
before 2000. Specifically, if the new wastes are no t evaporated, the 
cumulative volume of these waste would amount to ap proximately 1.1 to 1.4 
million gallons per year. Given the current space a vailable for storage 
of waste in West Area of 300,000 gallons to 1 milli on gallons (if 
successful transfer of the contents of 102-SY could  be made), and the 
ability to store only TRU-compatible waste in the a vailable tank in West 
Area, even a small amount of waste generated and no t transferred to the 



Evaporator could cause a shortfall in the West Area  in the very near 
term. 
Emergency Interim Report to Leakers Not Addressed 
In its final report, the Team stressed the need for  contingency plans to 
provide for failure of interim stabilization effort s for the remaining 
tanks which are not yet stabilized, and presented a  series of Hobson's 
choices; space does not allow this important subjec t to be presented in 
depth here. But all of these unpleasant alternative s pointed to the 
urgency of getting the proposed new CSTS built and operational and with 
adequate redundancy. 
Impact of Decision Associated with Active Mitigatio n of 101-SY 
The need for any new DSTs in 200 East Area was elim inated by the decision 
to actively mitigate 101-SY (and if necessary, 103- SY) using mixer pumps. 
The primary rationale for constructing new tanks in  200 East Area was to 
accommodate the additional waste produced by a dilu tion ratio of 3:1 for 
both 101-SY and 103-SY, which would require transfe r from West Area to 
provide storage space before evaporation and for st orage of "solid" waste 
following evaporation of the dilute waste. Since th ere has apparently 
never been any additional perceived need for new ta nks in 200 East Area 
either to accommodate additional waste generation o r Evaporator 
operations or to address incompatibility and Watchl ist issues in the East 
Area, the decision to actively mitigate 101-SY and 103-SY is sufficient 
reason to eliminate construction of the proposed st orage DSTs in East 
Area in the near term. This decision assumes some r isk, particularly 
related to the continued success of the mixer pump.  If the currently 
installed mixer pump fails, a back-up pump exists. It is in light of this 
contingency that the Team believed the associated r isk for the near term 
is not great enough to require additional back-up i n 200 East Area. 
However, if the mixer pump fails or fails to be a s uccessful solution for 
mitigating hydrogen build-up in Tank 101-SY and/or 103-SY, the issue of 
needs for new tanks and alternative mitigation meth ods will need to be 
revisited immediately. In any case, the question of  whether or not to 
build additional tanks in 200 East Area will need t o be revisited for the 
time frame beyond 2004, to assess storage needs rel ated to process and 
treatment operations scheduled to begin at that tim e. 
The decision to actively mitigate 101-SY and 103-SY  does not in itself 
eliminate the perceived need for new DSTs in 200 We st Area. The Waste 
Volume Projections and associated assumptions regar ding leaking SSTs in 
the West Area and operability of the CSTS need to b e evaluated before 
conclusions can be made regarding the need for new tanks in the West 
Area. 
SCENARIOS GENERATED BY THE TECHNICAL TEAM 
Given the information and set of assumptions on whi ch the reductions in 
waste volume were accomplished, in conjunction with  the existent 
compatibility issues, the Technical Team produced a  series of decision 
flow diagrams to assess possible risks and outcomes  to inform conclusions 
regarding the need for tanks in West Area. The scen arios were based on 
the following basic assumptions: a) all SSTs in Wes t Area are assumed 
either to be currently leaking or to begin leaking at a rate of 1-2 
additional tanks per year, b) waste storage space m ust be made available 
for these leaking wastes to provide a RCRA complian t storage alternative, 
c) whenever a CSTS is available for transport of SS T wastes (either the 
current system or the new system), a staging tank ( or tanks) of 
sufficient size and compatibility to accommodate tr ansfer to the 



Evaporator in East Area must be available, and d) n o adequate emergency 
contingency plan exists for managing wastes if they  are unable to be 
stored in the only available tank space (102-SY, cu rrently at 300,000 
gallons). A complete discussion of each scenario ca n be found in our 
complete report, which is available for the cost of  printing, handling 
and shipping from our office, PO Box 1541, Jackson Hole, WY 83001. 
RECOMMENDATIONS  
The Team's recommendations were meant to help the D SC/HAB focus DOE 
effort on high priority items which will lead to a more robust and lower 
cost system capable of addressing all safety issues  with minimal 
construction costs over the term of the next decade  (through the expected 
pre-treatment/treatment date of 2004). They anticip ate the risks as 
outlined in the series of scenarios developed, and generally reflected 
the budget constraints being imposed on the program . The recommendations 
fell into three basic categories: A) decisions rega rding tanks, B) the 
Cross-Site Transfer System, and C) emergency contin gency plan and risk 
analyses to guide operations and address leaking ta nks in the near-term 
Tanks 
1) Evaluate, as a top TWRS priority, the possibilit y of a 102-SY clean-
out to render this tank fully useable for storage a nd transfer of all 
types of wastes, not just TRU-compatible wastes. 
2) As a second priority, evaluate the option of bui lding smaller transfer 
tank (or tanks) to move SST liquid waste if 102-SY cannot be cleaned out.  
3) Accept the DOE view that no additional immediate  action regarding tank 
construction be taken for the 200 East Area.  
Cross-Site Transfer System 
4) Pursue and complete the fastest possible review and decision-making 
for the proposed new CSTS. Without pre-judging the final, broad-based 
decision on this new system, from a purely technica l perspective the Team 
believed its analysis strongly justifies accelerate d construction of the 
new CSTS.  
Contingency and Risk Analyses 
5) Develop a contingency plan to address the possib ility that the current 
CSTS will not be operable in the 1995-1998 time fra me (or until the new 
CSTS is operable).  
6) Prepare more quantitative risk analyses for each  element of the 
system, and to make these analyses available to int erested and affected 
parties. 
7) Carefully evaluate the new waste volume projecti ons, and just as 
important, monitor on a frequent on-going basis, wh ether the predictions 
of the most recent projections are borne out in the  months and years 
ahead, so that timely re-adjustments can be made to  the operation of the 
entire Hanford waste storage complex. 
THE AFTERMATH  
As of today, not only did the HAB accept all seven recommendations as 
presented, but several other positive things have h appened. Testing of 
the existing CSTS showed that to the surprise of ma ny, including the 
author, the remaining lines are still functional, a nd the existing CSTS 
has been used to drain much of the pumpable volume of tank 102-SY from 
the 200 West to the 200 East area for evaporation. Important as part of 
the effort to decrease the total stored volume of w astes at Hanford, this 
step also frees up 102-SY for both routine and emer gency uses. The 
compatibility of wastes with the sludge in 102-SY i s also being further 
assessed; the more types of SST wastes that can be shown to be compatible 



with the residual contents of 102-SY, the more effe ctively 102-SY can be 
used for its highest and best use, as the critical staging point to move 
wastes from the West to the East area. 
The regulatory agencies quickly concurred in the us e of the existing 
CSTS, which is definitely not up to current require ments, for the 
foreseeable future, in return for which DOE has inc reased the priority 
for the new CSTS. The schedule for the new CSTS has  been accelerated, the 
draft EIS has been revised when published as the Fi nal EIS to call for 
only the new CSTS and no new tanks.  
The effect of the rest of the Team's recommendation s is harder to 
determine at this point, at least to an outsider. C ertainly the 
importance of waste minimization, contingency plann ing, better risk 
analyses, etc., was clearly seen by the Hanford Adv isory Board as well as 
DOE and its contractors when the Team's report was published. One can 
only hope that these other recommendations have, as  appropriate, been 
adopted and internalized by those responsible for t he Hanford tanks and 
their contents. 
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ABSTRACT 
The US Department of Energy (DOE) is attempting to clean up hundreds of 
thousands of acres of contaminated land at federal energy facilities 
throughout the country, mostly in the West. Current ly, the technologies 
do not exist, or are not fully developed, to do the  job. As technologies 
are developed, they are often met with resistance f rom public and tribal 
stakeholders who don't trust DOE and don't fully un derstand the 
technologies and their environmental impacts. The p roblem is compounded 
by broad "cultural" differences such as tribal/gove rnment and public 
relations, an exclusive operating mode within DOE a nd a vast gulf in 
technical expertise. DOE's Office of Technology Dev elopment is trying to 
overcome these barriers through the Technology/Regu latory Integration 
Project or TRIP. TRIP is a systematic process for i nvolving diverse 
stakeholders in complex scientific and technology d ecisions. TRIP may 
serve as an effective decision-making model for the  21 st Century. 
INTRODUCTION 
The purpose of this paper is to describe a model en vironmental decision-
making process developed by the Colorado Center for  Environmental 
Management (CCEM) known as the Technology/Regulator y Integration Project 



or TRIP. TRIP is a comprehensive process designed t o effectively 
integrate stakeholders into the technology and regu latory decision-making 
stream. CCEM has recently published a TRIP Implemen tation Manual and 
accompanying training program aimed at helping proj ect managers, 
principal investigators and public involvement spec ialists integrate 
public and stakeholder needs for involvement with t echnology design, 
development and deployment. TRIP is funded by the O ffice of Technology 
Development of the US Department of Energy (DOE). 
THE ENVIRONMENTAL CLEANUP PROBLEM 
The Western Governor's Association (WGA) project to  Develop On-site 
Innovative Technologies (DOIT) estimated in 1994 th at federally owned and 
managed lands contributed to over 50% of the nation 's environmental 
contamination and cleanup problem. According to WGA , the Department of 
Energy (DOE) manages approximately 4,000 sites enco mpassing thousands of 
acres contaminated with both radioactive substances  and hazardous wastes. 
By its own accounts, DOE must clean up 137 contamin ated energy facilities 
in 33 states and one territory spread over a total of 3,300 square miles. 
DOE faces the task of remediating nearly 10,000 ind ividual hot spots.  
Contamination problems at other federal facilities are even more 
extensive. WGA estimates that the Department of Def ense (DOD) has 18,795 
contaminated sites and 1,800 installations included  in its Installation 
Restoration Program. The Department of Interior (DO I) lists 422 sites on 
the Federal Facilities Hazardous Waste Compliance D ocket. The total 
number of abandon mine sites on federal lands is un known but may run as 
high as 500,000. The cost to clean up federal sites  alone is almost $400 
billion based on 1992 figures while the nation's to tal cost for 
environmental cleanup is nearly $700 billion.  
Environmental cleanups on public lands have been ha mpered by many factors 
and these factors have differed to some extent at e ach site. Common 
themes do exist however: Stakeholder acceptance, te chnology advancements, 
and regulatory approvals are some of the barriers c ommonly put forward to 
explain the problem.  
Stakeholder Acceptance 
Barriers are erected when people who may be affecte d by an action to 
cleanup the environment are not adequately involved  in making decisions. 
When people feel left out of a decision that could,  from their 
perspective, have a significant impact on their hea lth, livelihood or 
quality of life, they will likely resist not only t he decision but the 
process, the institution and people making the deci sion.  
When we think of stakeholders in the environmental cleanup arena we tend 
to think of angry citizens groups or neighbors whos e health or property 
may be affected by the cleanup process. But a stake holder can be any 
party affected or potentially affected by a decisio n or anyone who has a 
"stake" in the outcome. Stakeholders can be citizen s, public interest 
organizations, labor organizations, technology deve lopers, government 
regulators, plant workers, tribal governments, publ ic officials, 
production industries and environmental consultants . 
Technology Advancements 
Environmental cleanup problems are currently much l arger than the 
technologies we have to solve them. Many of the nee ded technologies don't 
yet exist or have not been approved for commercial use. The publics' 
repeated mandate to move quickly to clean up federa l energy and defense 
sites and the environmental remediation industries'  lack of the 
technology to do the job are in sharp contrast.  



Regulatory Approval 
DOE and other government agencies recognize that ne w technologies are 
critical to the cleanup of federal energy, defense and mining sites 
throughout the US. Yet one of DOE's most significan t problems in 
nurturing new technologies is the time it takes to navigate the 
regulatory process. These time constraints, it is t hought, act as a 
deterrent to the development, demonstration, approv al and 
commercialization of new technologies. How? DOE bel ieves the prime factor 
is the lack of interstate and interagency cooperati on in the permitting 
process. State and federal regulatory agencies are required to test and 
approve new technologies before they can be used in  the cleanup process. 
These agencies are reluctant to approve new technol ogies and are, for the 
most part, unwilling to accept regulatory approvals  from other states and 
other agencies.  
TRIP PRINCIPLES 
The TRIP process is designed to help overcome the s takeholder, technology 
and regulatory barriers described above in part by integrating the key 
people who represent those barriers, in a systemic way, into the 
decision-making stream. The TRIP process, when impl emented carefully, 
results in ownership among the parties holding deci sion-making and 
"blocking" power. Ownership breaks down barriers. T RIP considers a good 
decision-making process one that meets the expectat ions of stakeholders 
while satisfying the needs of site managers, regula tors and technology 
developers.  
TRIP provides six key principles for guiding effect ive stakeholder 
involvement projects and programs. The principles a re not specific steps 
in a stakeholder process, but are designed to give guidance in the 
development of necessary components of a stakeholde r plan. The TRIP 
principles are: 
  Bring the right stakeholders to the table  
  Develop a decision-making process that effectivel y integrates 
stakeholders 
  Develop an effective information and data collect ion program 
  Develop a communication and responsiveness progra m for all publics 
  Jointly frame the technology/regulatory problem 
  Develop an action plan that integrates technology , regulatory and 
stakeholder interests 
Bring the Right Stakeholders to the Table 
Basically, stakeholders are those who are potential ly affected in some 
way by the decision or action being considered. Any  interested party 
could potentially be a stakeholder and all stakehol ders, whether they 
represent primary or secondary issues, should have access to a fair and 
open decision-making process. One of the most impor tant challenges of 
effective stakeholder involvement, however, is to a ctively recruit the 
right stakeholders. The right stakeholders are thos e who can best 
represent the issues and interests at stake, those most affected by the 
decision or action under consideration and those wh o have the clear 
authority to make decisions for the organizations o r groups they 
represent. 
Develop a Decision-making Process that Effectively Integrates 
Stakeholders 
This principle has two inter-related parts. The fir st has to do with 
empowering stakeholders or giving them the power to  influence decisions 



that affect them. The second has to do with requiri ng stakeholders to be 
accountable and responsible for their actions. 
Empowering stakeholders means providing them with o pportunities to 
influence decision-making in ways that meet their e xpectations. If 
stakeholders expect to be kept informed of decision s or actions and 
expect that they will have access to information wh en they ask for it, 
they will feel empowered if you meet those expectat ions.  
The second part of the principle has to do with req uiring stakeholders to 
be accountable and responsible for their actions. T his goal is more 
difficult to achieve because most stakeholders, lik e each of us, will 
initially see the problem from only one perspective  - their own and will 
likely resist attempts by others to see the problem  from other 
perspectives. Overcoming this barrier is critical t o the TRIP process and 
without it the process will not move forward.  
The best way to get accountability and responsibili ty from stakeholders 
is to enlist their help in designing a stakeholder involvement process 
that meets their needs. If the process is reasonabl e and fair, and has 
been substantially designed via a partnership, they  are more likely to be 
accountable for their actions and responsible to ot hers and the process.  
Develop an Effective Information and Data Collectio n Program 
Decision-making processes often break down because of conflicts over 
information and data. The classic environmental bat tle is between two 
experts who disagree over the data, the interpretat ion of the data, the 
data collection process and even the assumptions ma de in designing the 
study. Conflicts over information and data occur al l the time:  
  How much of the contaminant is present?  
  What is the risk to human health and the environm ent?  
  What is an acceptable risk?  
  How much of it should we clean up?  
  What technologies should we use?  
These are all questions that are pertinent to the c lean up process and 
require extensive data and information. At every st ep in the decision-
making process there is a need for information and at every step there is 
the potential for conflict.  
TRIP reduces data conflicts by emphasizing joint st udies and other 
procedures that decide on fair and impartial data c ollection methods 
before data is collected. TRIP also focuses on inte grating risk 
assessment, management and communication into the s takeholder process, 
providing stakeholders with independent technical s upport to verify 
existing data, providing educational and training o pportunities, making 
information and data collection accessible and pres enting information in 
ways that meet stakeholder needs.  
Develop a Communication and Responsiveness Program for all Publics 
Many public involvement projects recognize and focu s on a core 
stakeholder group but fail to keep the larger stake holder group - those 
who are represented by the people at the table - in volved in the process. 
The larger stakeholder group could be the citizens of a community or 
tribe, an industry group, plant employees, members of the environmental 
organization etc. It is not possible to involve all  of these people 
directly in the TRIP process so it is necessary to select people who will 
represent them. Their involvement is just as critic al as the immediate 
stakeholder group. 
A communication program should run parallel to and compliment the 
stakeholder decision-making process. The communicat ion program should be 



easy to access and allow opportunities for people t o keep abreast of 
current happenings by reading objective and relevan t material, viewing 
presentations and videos, attending important event s, touring sites and 
providing feedback.  
Jointly Frame the Technology/Regulatory Problem 
This TRIP principle requires us to describe the pro blem we are facing in 
an integrative way rather than in an "us and them" way. The problem then 
becomes our problem instead of my problem and your problem. An 
integrative problem, also called a Joint Problem St atement, requires 
stakeholders to look at the problem as a set of com mon and divergent 
interests, their own and others, instead of hard-li ne and opposing 
positions and to take responsibility for the whole problem instead of a 
single piece. The Joint Problem Statement encourage s ownership of both 
the TRIP process and the problem itself. 
The Joint Problem Statement integrates stakeholder interests into a 
description of the problem that all stakeholders ca n support and presents 
it as a question or series of questions. The questi on is essentially an 
equation that the stakeholders will try to solve:  
 How can we satisfy ABC while also satisfying XYZ?  
A, B and C are the interests and concerns of the ag ency and X, Y and Z 
are the interests and concerns of the stakeholder g roup. Together they 
are the array of stakeholder interests and concerns  that make up the 
overall problem.  
Develop an Action Plan that Integrates Technology, Regulatory and 
Stakeholder Interests  
An action plan evolves from the Joint Problem State ment. It lays out a 
plan to answer the question(s) posed by the Joint P roblem Statement(s) 
and integrates the information and data collection program and 
communication program into the plan. The action pla n should be developed, 
insofar as possible, by the stakeholders and projec t manager with the 
help of a facilitator.  
The action plan should contain goals, objectives, s trategies and tasks, 
and may also contain more specific Joint Problem St atements that result 
in goals, objectives, strategies and tasks for spec ific programs or more 
detailed problems. For example, the group may choos e the Joint Problem 
Statement that asks: 
 "How can we bring new technologies on line quickly  while assuring that 
they are adequately tested and approved by state re gulators and accepted 
by the general public?" 
Stakeholders now have a problem that they can tackl e together. An 
information and data collection program could emerg e from this statement 
that would integrate stakeholders concerns for trus t and accountability 
with concerns for efficiency, objectivity and truth .  
APPLYING THE TRIP PRINCIPLES: DESIGNING THE STAKEHO LDER PROCESS 
Successful stakeholder involvement requires conside rable planning and 
preparation. However, because no two stakeholder pr ocesses are alike and 
because the process is shaped, to a large extent, b y the stakeholders 
themselves, the planning and preparation necessary to make the process 
successful also requires considerable flexibility. In this section we 
will discuss the design phase. There are six design  steps that are 
consistent with the TRIP principles: 
  Define and scope the problem 
  Identify and select the right stakeholders 
  Design the decision-making process 



  Develop an effective data collection program 
  Develop an interactive communication program 
  Develop a preliminary joint problem statement 
Define and Scope the Problem 
It is important to define the overall problem in a way that is acceptable 
to all stakeholders. An acceptable problem definiti on is one that 
integrates the perspectives of all stakeholders. Th eir are two main sub-
steps in the definition and scoping process: 
  Define and clarify agency and project missions.  
  Identify the contamination, technology, regulator y and stakeholder 
issues and concerns that make up the problem. 
Your agency and project missions needs to be examin ed in the context of 
the organization and it needs to be understood and accepted by your 
stakeholders. The mission statements are important because they build 
credibility for the agency and project and announce  your purpose to 
others. Also, you are mandated to carry out your mi ssion. How you 
accomplish your mission, however, may be determined  through a stakeholder 
partnership. 
Begin by defining the contamination, technology, re gulatory and 
stakeholder issues and concerns that you want the s takeholder group to 
address. You are preparing stakeholders to tackle t he problem and the 
first step in this process is to define the problem  as clearly and 
concisely as possible using terms and language that  are widely 
understood. Describe the problem first in terms of issues and second as a 
statement of your concerns about those issues for y our agency and for 
stakeholders.  
Stakeholder Identification and Selection 
This section describes a three-step approach for id entifying and 
selecting the right stakeholders: 
  Identify and select an initial group of stakehold ers who represent, in 
the broadest context, the issues at stake. 
  Using the initial group, select a more comprehens ive working 
stakeholder group based on the TRIP principles. 
This two-step procedure adds an additional layer of  objectivity to the 
process and better assures that a comprehensive gro up is selected. The 
initial stakeholder group should represent all of t he issues and concerns 
you are addressing in the TRIP process and should a lso be representative 
of the communities or regions where the project wil l occur. The 
comprehensive group should close any gaps that migh t exist. The most 
credible stakeholder groups are those with the most  comprehensive and 
representative participation and those that are eas ily accessible to 
observers and new members. 
Design the Decision-Making Process 
Now that you have established a process for selecti ng stakeholders, let's 
go back to the problem you are dealing with and est ablish a process for 
making decisions. Remember that the decision-making  process must 
integrate the interests of stakeholders. There are four sub-steps to this 
process:  
  Establish a timeline for critical decisions. 
  Determine acceptable decision points and decision  rules. 
  Integrate the timeline with decision points and r ules. 
  Determine an effective meeting forum. 
As you begin designing the decision-making process,  remember that your 
stakeholders may want to modify the process to fit their needs. That's 



O.K. In fact, from the standpoint of establishing o wnership, it's better 
if they change it.  
The timeline should clearly illustrate the sequence  of events that need 
to take place and the points along the way where de cisions and advice are 
needed. Decision rules let everyone know just how d ecisions will be made. 
The most effective decision rule is consensus. A de cision in a consensus-
based process is triggered when a stakeholder, or t he facilitator, asks 
for a proposal that satisfies mutual interests. Whe n a proposal is 
introduced the group must try to reach consensus on  it by offering 
improvements until everyone can agree.  
Some meeting forums are unknowingly adversarial and  actually invite 
conflict. Others allow and even encourage stakehold ers to work together. 
Your challenge is to create the right forum and atm osphere for 
constructive dialogue and problem-solving. Forums t hat tend to invite 
conflict are those that pit stakeholders against ea ch other in an attempt 
to win-over a decision-making body. Experience with  TRIP has shown that 
stakeholders are most comfortable with a more tradi tional forum wherein 
individuals meet at a neutral location that is comf ortable and accessible 
and where they have the time and energy to talk thr ough important issues.  
Develop an Effective Data Collection Program 
The quality of information and data is critical to the TRIP process. 
Environmental decisions hinge on scientific informa tion. Stakeholders 
need such information to make informed decisions an d recommendations. Yet 
the process for gathering, interpreting and dissemi nating information is 
often so contentious that decision-making bogs down . There are five sub-
steps in the data collection process: 
  Determine stakeholder information needs. 
  Identify existing information. 
  Identify missing information. 
  Identify potential data conflicts. 
   Determine a process for collecting and dissemina ting information. 
Stakeholders should rightfully have access to all i nformation that is 
available to decision-makers and scientists except for information that 
requires security clearance. They should have acces s to information even 
when it may be obvious that the information is too complex to understand 
or too burdensome to manage. Moreover, stakeholders  should not have to 
invoke sunshine laws to obtain information. Existin g information should 
be identified and catalogued for easy reference and  gathered at a 
location accessible to the public. You should ident ify all sources of 
information that exist, even if some of it is in ra w form and not easily 
readable.  
What gaps do you see in your data? As you consider the project, what 
information and data needs do you have that are not  currently addressed 
by objective studies? More importantly, what will s takeholders likely say 
are the gaps in your data?  
What about potential data conflicts? Any time you c an reasonably 
anticipate that people will disagree about a scient ific study or body of 
technical information, you may be entering a data c onflict trap. Data 
conflicts occur when parties have different percept ions of the problem, 
different methods for addressing the problem or dif ferent ideas about 
what constitutes an acceptable solution to the prob lem. 
As a general rule stakeholders and agency represent atives should be 
thoroughly involved in determining a fair and objec tive process for 



collecting and disseminating information and should  be comfortable with 
the process before any of the information is collec ted.  
Develop an Interactive Communication Program 
Stakeholder process managers sometimes forget about  the broad public and 
instead focus almost entirely on their core stakeho lder group. It is 
important to remember that your core stakeholders o nly represent the 
broader public - your real stakeholders. You must e stablish one-way and 
two-way strategies for communicating both with the broader public and 
your core stakeholder group. There are two sub-step s in the process. 
  Determine an interactive stakeholder communicatio n process 
  Determine an interactive public communication pro cess 
Your core stakeholder group will attend most meetin gs and will be kept 
informed through attendance. Nevertheless, you shou ld have a process for 
keeping them up to date about decisions and actions  that result from 
meetings and from agency decisions. The best way to  keep stakeholders 
informed is through carefully kept minutes and flip -chart notes.  
You will also need a process for communicating with  stakeholders about 
decisions and actions taken by the agency outside o f stakeholder 
meetings. A regular newsletter is the most common t ool for such 
communication and can be easily developed in-house.  Two-way communication 
with the general public is much more difficult and will depend on the 
nature and complexity of the problem and the magnit ude of the stakeholder 
population. To start, you will need to define the " public" as that 
population that is broadly represented by the peopl e at the table. Once 
you have identified these populations, your task wi ll be to develop an 
effective one- and two-way communication program th at will reach them. 
The most effective programs combine various forms o f media to pass 
information along, monitor broad stakeholder satisf action and receive 
input.  
A final note on communication. Communicating with t he public is no longer 
a public relations process. The public is too sophi sticated to buy into 
the slick PR approach designed to make the company,  agency or project 
look good. In fact, that approach is part of the pr oblem. The way we 
communicate with the public should result in improv ed public 
relationships.  
Develop a Preliminary Joint Problem Statement 
The foundation of the TRIP process is the integrati on of technology, 
regulatory and stakeholders issues and concerns. In  Section 3.5 we 
discussed the TRIP principle of framing the problem  in a way that 
requires stakeholders to address it in an integrati ve way. We then called 
this new problem the Joint Problem Statement. 
It is useful to list all of the issues and concerns  in the statement, no 
matter how cumbersome it seems, and then go back an d simplify it until it 
is clear and concise without losing its meaning. Al so, use verbs to 
describe the interests and concerns so they fit dir ectly into the 
sentence structure. Consider the following example:  
 How can we...   preserve historic structures and s cenic views 
      maintain wildlife habitat 
      protect water quality and aquatic life 
      assure adequate monitoring 
      avoid public health risks and 
     maintain property values... 
 while also...   reducing costs 
      meeting project deadlines 



      avoiding duplicative efforts 
      complying with regulations and standards 
      reducing risks to workers and the public and 
      avoiding dueling expert conflicts? 
The Joint Problem Statement is now in a form that c an be revised and 
refined by stakeholders until it meets their needs.  You can return to the 
statement at anytime to review your progress, deter mine whether you are 
addressing the real problem, and maintain your focu s when you get lost. 
Develop an Action Plan to Address the Problem 
The Action Plan should primarily describe the step- by-step process you 
will go through to address the Joint Problem Statem ent. It should also 
include your timeline, information and data collect ion program and 
communication program. The Action Plan should conta in the following: 
  Project mission  
  Goals and objectives for accomplishing the missio n  
  Tasks to be completed along the way 
  Milestones for completing the tasks.  
  Results 
The TRIP Action Plan is not much different from typ ical action plans 
developed for technology or cleanup projects. Its m ain differences are 
that 1) stakeholders are involved in developing and  refining the Plan, 2) 
stakeholder issues and concerns are integrated into  the Plan and 3) 
stakeholders are involved to some extent in carryin g out the Plan.  
Now that you have integrated stakeholder issues and  concerns into the 
Joint Problem Statement described above, you should  be able to turn the 
Joint Problem Statement into a new project mission.  Instead of wording 
the Joint Problem Statement as a question, it can b e reframed as your 
project mission. As an example, let's reframe a Joi nt Problem Statement 
and turn it into a project mission. In section 3 we  used the following 
example to illustrate the structure of a Joint Prob lem Statement: 
 "How can we bring new technologies on line quickly  while assuring that 
they are adequately tested and approved by state re gulators and accepted 
by the general public?" 
Reframed, the project's mission would be to: 
 "Bring new technologies on line quickly while assu ring that they are 
adequately tested and approved by state regulators and accepted by the 
general public." 
The Action Plan is developed to accomplish the proj ect mission. The value 
of framing your Joint Problem Statement as the proj ect mission is that it 
reinforces both the integration of stakeholders in the Action Plan and 
the logical sequence of steps from the Statement to  the Plan. The rest of 
the Action Plan flows from the project mission. As long as the mission 
truly reflects the Joint Problem Statement and the Statement is a true 
stakeholder collaboration, the Action Plan will mee t the TRIP 
requirements. 
CONCLUSION 
In Section 4 we discussed the TRIP process from the  perspective of one 
who is designing a stakeholder involvement project.  The emphasis was on 
the design phase - knowing the terrain and planning  a general path. We 
also discussed the need to anticipate and remain fl exible to the changes 
that stakeholders will make as they become more inv olved. 
For purposes of this paper we will conclude with th e design phase. The 
next phase, Managing the TRIP Process, addresses th e process from the 
perspective of one who is ready to convene stakehol ders or is already 



immersed in the daily management of a TRIP stakehol der project. The next 
phase requires TRIP process managers to revisit all  of the steps in the 
design phase, along with stakeholders, to develop a  process and plan that 
substantially meets their expectations. 
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ABSTRACT 
The Department of Energy (DOE) and Department of St ate conducted 17 
public meetings during May-June 1995 as part of the  public comment 
process on the Draft Environmental Impact Statement  on a Proposed Nuclear 
Weapons Nonproliferation Policy Concerning Foreign Research Reactor Spent 
Nuclear Fuel. The purpose of the proposed policy is  to promote U.S. 
nuclear weapons nonproliferation policy objectives,  specifically by 
seeking to reduce, and ultimately eliminate, highly  enriched uranium from 
civilian commerce. One of the management alternativ es in the Draft EIS is 
for the United States to accept and manage spent nu clear fuel from 
foreign research reactors (only spent fuel containi ng uranium enriched in 
the United States). Spent fuel would be stored and/ or chemically 
separated at a DOE spent fuel management site.  
To implement the alternative of U.S. acceptance, th e Draft EIS identified 
and evaluated five candidate DOE sites and ten cand idate ports of entry. 
Spent fuel would arrive into a port by sea and be u nloaded for shipment 
to a DOE site by rail or truck. 
In preparing the Draft EIS and preparing for the pu blic comment process, 
DOE and Department of State set out to communicate the global and 
national issues behind the proposed policy and comm unicate the results of 
the impact analyses for the various alternatives. T he 17 public meetings 
were held at candidate site and port locations and in Washington, D.C. 
DOE used an informal, interactive format for the me etings. 
This paper will discuss the results of the meetings  and effectiveness of 
DOE's meeting strategy. Over 900 individuals attend ed the 17 public 
meetings, with individual meeting attendance rangin g from 2 to 250. There 
was an overwhelming difference, depending on locati on, in the public 
reaction and effectiveness of the interactive meeti ng format. Port 
communities, which were not generally familiar with  DOE issues, focused 
on port-specific issues. The informal, interactive meeting format worked 
well in all locations except for the West Coast, wh ere the attendees were 
highly organized in opposition and preferred a more  traditional recorded 
hearing approach. 
INTRODUCTION 
In April 1995, the Department of Energy (DOE) and t he Department of State 
released for public comment the Draft Environmental  Impact Statement on a 
Proposed Nuclear Weapons Nonproliferation Policy Co ncerning Foreign 
Research Reactor Spent Nuclear Fuel. The proposed a ction is for the U.S. 



to adopt a policy to manage spent nuclear fuel from  foreign research 
reactors. Only spent nuclear fuel containing uraniu m enriched in the 
United States would be covered. The purpose of the proposed policy is to 
promote U.S. nuclear weapons nonproliferation polic y objectives, 
specifically by seeking to reduce, and ultimately e liminate, highly 
enriched uranium from civilian commerce. 
Several management alternatives to implement the pr oposed policy were 
analyzed, including U.S. acceptance of the spent fu el for management at 
one or more DOE sites, management of the spent fuel  at overseas 
facilities (under certain conditions), and a combin ation of alternatives. 
For alternatives involving U.S. acceptance of the s pent fuel, the Draft 
EIS identified five candidate DOE management sites and ten candidate 
ports of entry. These sites and ports are identifie d on the map in Fig. 
1. Environmental impacts were analyzed for the ship ment of the spent fuel 
by sea, entry and unloading at each candidate port of entry, 
transportation (truck and rail) to each of the five  candidate DOE sites 
(representative routes), and the interim storage an d/or chemical 
separation at candidate DOE sites. In addition to a nalyzing the 
environmental impacts of the various alternatives, the Draft EIS analyzed 
the policy implications of implementing or not impl ementing the proposed 
policy, including implications to U.S. nuclear weap ons nonproliferation 
policies and objectives. Thus, the Draft EIS dealt with issues ranging 
from worldwide and national policy issues to commun ity-specific issues.  
Fig. 1 
STRATEGY FOR CONDUCTING THE PUBLIC MEETINGS 
The Message 
In preparing for the public comment process, DOE an d Department of State 
set out to communicate the global and national issu es behind the proposed 
policy and communicate the results of the impact an alyses for the various 
alternatives. As will be discussed later, local con cerns became the major 
factor in many of the public comments at certain po rt communities. 
Informational materials were developed to complemen t the Draft EIS 
(summary document, fact sheets, video, poster exhib its). The materials 
attempted to communicate the full range of consider ations in the Draft 
EIS in an easy-to-read manner. Again, the broader g lobal and national 
issues were emphasized, along with general statemen ts of potential 
impacts, which were found to be low.  
Meeting Format 
Unlike the traditional public hearing process, wher e commentors present 
time-limited oral testimony recorded by a transcrib er, DOE and Department 
of State experimented with a more informal approach  in order to encourage 
open dialogue, questions and answers, and one-on-on e interactions. 
Meetings started with a one-hour "open house" where  people could, at 
their own leisure, peruse the exhibits and material s and have one-on-one 
discussions with project personnel. A display area was also provided for 
informational materials of other groups. Following the open house 
session, the meeting session started with a 15-20 m inute presentation by 
a DOE representative and then opened up to dialogue  and questions and 
answers. A third-party facilitator was used to help  keep the dialogue 
flowing, assure fairness, and record on flip-charts  key comments and 
questions. As discussed later, this format worked w ell under some 
conditions but not in others. 
Advertising and Information Dissemination 



In addition to the required Federal Register Notice  to announce public 
meetings, DOE and Department of State utilized addi tional means to 
advertise the meetings at the local level. An offic ial DOE/Department of 
State announcement was published in local newspaper s at all site and port 
locations at least one week before the meeting date  and the day prior to 
the meeting. A seven-minute video was provided to l ocal cable-access 
stations to run several times during the week prior  to the meeting. 
Public service announcements were provided to NPR r adio stations and TV 
networks. A distribution list of State officials an d port authorities was 
used to mail out the Draft EIS in advance. In all a dvertisements, a 1-800 
number was provided for the public to request copie s of the Draft EIS or 
Summary. 
Locations of Public Meetings 
Initially, 16 public meeting were planned -- five s ite locales, ten port 
locales, and Washington, D.C. The idea was to get a s close to the 
community as possible. A second Tacoma area meeting  was added at the 
request of local officials in Tacoma (the first mee ting was in Seatac, 
which was between Seattle and Tacoma). Figure 1 sho ws the meeting 
locations. 
RESULTS OF PUBLIC MEETINGS  
Over 900 individuals attended the 17 public meeting s, with individual 
meeting attendance ranging from 2 to 250. The most heavily attended 
meetings, with about 70% of the total attendance, w ere at the West Coast 
port communities. Table I shows the approximate hea d count (not all 
attendees chose to register) at each meeting. 
Table I 
There was an overwhelming difference, depending on location, in the level 
of organized opposition and effectiveness of the in teractive meeting 
format. The level of advertising and organization b y opposing activist 
groups and local and Congressional officials played  a major role in the 
attendance and demeanor of the meetings. A general observation was that 
the West Coast port locations were the heaviest att ended (through 
organized activism), the most focused on local fear s, and the least 
interested in interactive dialogue with DOE and Dep artment of State. 
Although some East Coast locations showed lack of s upport of spent fuel 
shipments through their ports, the interactive form at worked well and 
people seemed satisfied with the dialogue and quest ion and answer 
sessions. 
Issues Raised 
The issues raised at the meetings differed dependin g on whether they were 
site or port locations. Site meetings received low attendance (2-20) and 
the issues focused primarily on existing problems a t sites, funding 
issues, storage vs. chemical separation technologie s, concerns about de 
facto storage, and nonproliferation issues.  
DOE's experience at the port communities was new (o ther than during 
scoping meetings, which involved a lesser number of  candidate ports). 
These communities were not familiar with DOE issues  (with the exception 
of a few) and were, for the most part, opposed to s hipments of spent fuel 
through their ports. Although many supported a prop osed policy, in 
general, they did not want nuclear waste in their c ommunities. In 
addition to the many statements of direct oppositio n to spent fuel 
shipments, comments and questions at the port meeti ngs focused primarily 
on port-specific issues, such as: 
  Port selection process 



  Risks of accidents at port or on land 
  Health risks from exposure to spent fuel 
  Risks of terrorism or sabotage 
  Local emergency response capability 
  Local traffic conditions and routing 
  Funding for training and equipment 
Format of Meetings 
With the exception of the West Coast port meetings,  the informal, 
interactive meeting format worked well. The open ho use session could have 
been shorter (people tended to only spend five to t en minutes at the 
exhibits, then waited in the meeting room). However , people did peruse 
the exhibits and pick up the information materials.  It also helped to 
provide a more comfortable and informal setting for  the public. Written 
comment forms were also available for those who wan ted to write their 
comments that night. With few exceptions, the meeti ng sessions lasted for 
two-to-three hours, until there were no more questi ons. In most cases, 
the atmosphere was friendly and the dialogue was pr oductive. Many of the 
East/Gulf Coast and site meeting attendees commente d positively about the 
interactive format. One observation that can be mad e was that the 
East/Gulf Coast and site meetings were small enough  (2 to 60) to 
accommodate an interactive session. Such was not th e case for two of the 
four West Coast meetings. 
At the four West Coast meetings (Concord, Portland,  Seatac, and Tacoma), 
the majority of public attendees were members of hi ghly organized 
activist groups or were there as a result of widesp read local press and 
organized activity. Attendees were largely unified in opposition to use 
of their port and wanted to present their statement s for the record. 
There was little interest in interactive dialogue w ith the DOE officials 
at the meeting. DOE was flexible in changing the me eting format to 
accommodate those that wanted to read statements. A ttendees at three of 
the meetings also objected to the fact that DOE did  not have a court 
reporter to transcribe the statements for the offic ial record. (DOE was 
accepting written comments from individuals for the  record; and the 
meeting notetakers' notes from each public meeting would also be included 
in the Final EIS.) The second meeting in Tacoma was  recorded on tape and 
transcribed for the record.  
Advertising and Information Dissemination 
The amount of advertising was often raised as an is sue at the public 
meetings. Many people said they did not know of the  meetings "until the 
last minute." Many said the newspaper ad was too sm all and did not 
provide enough information. Although the advertisin g was consistent in 
all locations, it was difficult to judge its effect iveness in that 
attendance varied so widely. 
However, one case-study example on the effectivenes s of ads is the 
meeting held at Tacoma. A full-page, provocative ad  was published by a 
local activist group (picture of a baby with a radi ation symbol on its 
forehead). The Tacoma meeting had 250 attendees, wi th 200 turned away at 
the door (because of fire codes). Obviously, the pe tition drives and 
media attention, combined with the ad, had a greate r impact on attracting 
people's attention than DOE's level of advertising.  
Many people commented that they did not know about the Draft EIS or how 
to get it. They commented that sending copies of th e Draft EIS and 
Summary to the Public Readings Rooms was not suffic ient.  
Meeting Location 



Because most meetings were held in the communities most affected, meeting 
location was not an issue except for the Tacoma por t area. The first 
meeting was held in Seatac, which is half-way betwe en Tacoma and Seattle. 
Many in the Tacoma area argued that the location wa s one-half hour away 
from the affected community and posed hardships on those wishing to 
attend. In response to overwhelming Congressional a nd local community 
requests, DOE added a second meeting in Tacoma prop er. 
KEY LESSONS LEARNED 
Based on DOE's and Department of State's experience  with these public 
meetings, several key lessons were learned that cou ld be applied to 
future meetings of a similar nature. These include:  
  When setting the meeting format, recognize that t he public in some 
areas, possibly those with more organized activist communities, may 
prefer a traditional meeting style where the public 's statements are read 
into the record. Government agencies conducting suc h meetings would have 
to determine whether it is better to simply accede to such local 
preferences (which would generally give opposition groups a highly 
visible medium through which to make their case), o r to make extremely 
clear in the meeting announcements the format that would be used for the 
meetings. 
  Location, Location, Location! Make sure the meeti ng facility is within 
the community most affected. 
  Utilize local libraries and other local services to the maximum extent 
possible to disseminate information. Multiple copie s of Draft EIS 
Summaries should have been sent to each local libra ry in the affected 
communities. Fliers would have been useful for dist ribution to schools, 
libraries, civic centers, malls, and other local pl aces well in advance. 
(In Tacoma, activist groups distributed 3,000 of th eir own fliers, which 
contributed largely to the high number of attendees .) The announcement 
section of major and local community newspapers wou ld have reached more 
people than an advertisement (unless the ad was lar ge enough to stand 
out). 
   Recognize that no matter how far-reaching and gl obal an issue may be, 
communities are most interested in how the issue af fects them personally. 
Be prepared to address local issues.  
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ABSTRACT 
The National Conversion Pilot Project (NCPP) in uni que. The Project 
involves reuse in three ways; shutdown facilities, scrap materials and 
displaced workers. This is being done on a Departme nt of Energy (DOE) 
site and will culminate in the award of a manufactu ring license for a 
private company to operate refurbished facilities. 
The Competence Program of the NCPP has responded to  both the regulatory 
demands of the DOE and the needs of business. 
The Competence Program has three major phases: 1) l inks to pre-NCPP 
history of potential employees, employee selection and Base Competence 



Verification, 2) Additional Skilling & 3) Pursuit o f Excellence. Phases 
2) & 3) are collectively referred to as Competence Enhancement. 
This topic will interest those involved in privatiz ation, training or 
cultural change. 
CASE HISTORY - THE NCPP IDEA 
In 1993 Dr. Dennis Floyd, Vice President of Manufac turing Sciences 
Corporation (MSC), had the idea for "three-way" reu se of resources at the 
DOE's Rocky Flats Environmental Technology Site (RF ETS) in Colorado. 
Firstly, to clean and refurbish machines and buildi ngs previously used to 
form beryllium, depleted uranium and stainless stee l. Secondly, to 
recycle ex-weapons component beryllium, depleted ur anium and contaminated 
steel into commercial products. Thirdly, to reemplo y ex-weapons plant 
workers. This idea eventually became what is now kn own as the National 
Conversion Pilot Project (NCPP). 
MSC has a business association with British Nuclear  Fuels plc (BNFL) in 
the United Kingdom. One of BNFL's plants in England , at Springfields near 
Preston, had been implementing some major, business -driven change 
programs since 1989. These programs were increasing ly people-focused, 
rather than technology-focused. In particular, a co mpetence program 
designed to cope with an uncertain business future,  called the Additional 
Skilling Project, which involved a form of multi-cr aft work, caught 
Dennis Floyd's attention. This was because the Addi tional Skilling 
Project had already dealt with the difficult cultur al and competence gap 
issues then facing the NCPP at the RFETS. 
To test if American workers would have support for the BNFL Springfields 
type of approach, Dr. Keith Biddle, the BNFL Additi onal Skilling Project 
Manager, met with the leadership of the local Unite d Steelworker's Union 
at RFETS in November 1993. He explained in detail h ow the system worked 
at Springfields and how the outcome affected the wo rkers. The response of 
the Union leaders was positive; the main reason for  that was the 
participatory and fit-for-purpose theme. 
The NCPP commenced in April of 1994 with Stage I - Feasibility and 
Planning awarded to MSC. Stage II - Cleanup and Ref urbishment began in 
October 1944 also awarded to MSC, and will take unt il late 1997 to 
complete. Stage III - Manufacturing Operations will  follow after a 
competitive bid process. 
WHAT WAS NEW ABOUT THE NCPP COMPETENCE PROGRAM? 
Answer: a fresh approach to competence on a DOE sit e. The NCPP treats 
safety and technical competence as seriously as all  good organizations. 
Also, the NCPP approach of competence needs analysi s, structured training 
delivery, competence assessment and auditable evide nce of competence is 
paralleled in the best organizations. What is diffe rent for the NCPP at 
Rocky Flats is the extra features of the Competence  Program. These are a 
combination of: a) a team competence approach, b) b usiness-led ("flexible 
working") training perspective, c) emphasis on "cul tural" competence as 
well as safety-technical competence, d) competence activities are an 
integral part of the Project's master work and e) s peed of training 
design and delivery. 
THE TRAINING PLAN (COMPETENCE PROGRAM PLAN) AND THE "COMPETENCE 
ENHANCEMENT PROCESS" 
The NCPP Training Plan lays out the scope, objectiv es, assumptions, 
qualification principles, original schedule, resour ces, management 
systems and controls of the Competence Program. It was approved as a 
Stage I deliverable of the NCPP by the DOE. 



The Program has three major phases: 1) links to pre -NCPP history of 
potential employees, employee selection and Base Co mpetence Verification, 
2) Additional Skilling & 3) Pursuit of Excellence. Phase 2) & 3) are 
collectively referred to as Competence Enhancement.  Figure 1 shows the 
relationship between these phases. 
Fig. 1 
The whole process is guided by and feeds into the N CPP Stage II Mission. 
See Fig. 2 
Fig. 2 
BASE COMPETENCE 
NCPP employees brought a spectrum of skills to the Project at the time of 
hiring. For example, office skills, decontamination  skills, engineering 
skills, managerial skills, specialist technical ski lls, health and safety 
knowledge, regulatory knowledge and knowledge of Ro cky Flats/DOE systems. 
A key feature of the NCPP Competence Program is the  recognition of these 
skills or "Base Competence." 
Evidence of Base Competence is collected and is the  baseline for the 
further training needs of the individual. "Taking c redit" for the pre-
hiring skills of a workforce is the smart thing to do from the business 
perspective also (the cost of some of the multimill ion dollar Additional 
Skilling schemes at BNFL Springfields in the UK wer e halved by carefully 
integrating existing skills and other training init iatives rather than 
assuming that the workforce has little Base Compete nce). However, for 
quality assurance, adequate evidence of Base Compet ence MUST exist; in 
other words (in the 1900s) "if you can't prove it, then you haven't done 
it." 
ADDITIONAL SKILLING 
The term "Additional Skilling" is purposely chosen to convey several 
differences between "traditional training" (specifi cally as perceived by 
the workers at Rocky Flats) and the NCPP Competence  Program. Additional 
Skilling has been designed with the comments of the  workers in mind: 
Table I 
The steps for implementing Additional Skilling are systematic. Human 
resource aspects and the applicable skill areas are  also addressed: 
Table II 
Table III 
PURSUIT OF EXCELLENCE 
The pursuit of excellence (i.e., pursuit of project  specific quality and 
value as perceived by the customer) is just beginni ng on the NCPP, and is 
internally focused for now. The initial steps are: a) small shift towards 
competence assessment (without training) as the nor m rather than training 
and competence is always the norm, b) scheduling th e minimum training for 
the role up-front, then performing "just-in-time" t raining as an integral 
part of the decontamination or manufacturing schedu le, c) the 
introduction of participatory Competence Currency r eviews, d) two-way 
appraisal (upwards as well as downwards) with an em phasis on skills and 
personal performance, and e) continuous improvement  through Quality 
Improvement Teams made up of practitioners (not the oreticians). 
MANAGEMENT SYSTEMS 
NCPP personnel have developed procedures covering: a) employee selection 
and verification of base competence (phase 1 above,  b) production of 
Personal Competence Plans, competence record keepin g, competence needs 
analysis, training package design, training deliver y control and quality 
verification and competence assessment (phase 2 abo ve), and c) training 



scheduling and competence currency (phase 3 above).  During Stage II of 
the NCPP, the Competence Program is overseen by DOE  as part of the NCPP 
Quality Assurance process, through the NCPP Quality  Program Plan and NCPP 
Quality Procedures. The net effect of these systems  is a streamlining 
compared to prevailing Rocky Flats systems. The NCP P systems are 
inexpensive and productive, in that they adequately  improve workforce 
competence without major budgetary impact. 
ORGANIZATIONAL STRUCTURE 
The NCPP organization has a Teamwork structure and is best illustrated by 
discussing the Decontamination Work Teams: Each Wor k Team is a "self 
sufficient work cell" in a network of such "cells."  The Teams support 
each other and it is common for some members of one  Team to temporarily 
transfer to another Team. Each Work Team has the pe rsonnel/skills mix to 
fulfill their Team's mission. The skills possessed/ needed by the 
individuals in each Team are governed by the compet ence requirements of 
that Team as a whole. 
In addition, other (small) teams are formed as need ed within the whole 
NCPP network, to deal with specific issues such as technical problems or 
procedural blockages. 
RESOURCES AND SCHEDULE 
The Competence Program is a major integral part of the Stage II schedule. 
This is because the Competence Program has been res ourced from within the 
Project and because it has always been seen as a cr itical path enabling 
activity (not an after thought). In particular, key  personnel who are 
also practitioner or experts (such as Team Leaders and other 
managers/technical staff), with several facets to t heir role, are 
utilized as Skill Unit (training module) writers, T rainers or Competence 
Assessors. This brings workplace "ownership" of the  Competence Program. 
But, to make it credible, the Program must be worka ble, i.e., well 
managed with the use of good scheduling tools. Also , most importantly, 
utilizing Work Team members as Instruction/Procedur es writers and Skill 
Unit developers has been a major success and one of  the best examples of 
Continuous Improvement that this author has seen. 
Skill Unit (training module) manuals are developed,  typically, by two 
practitioners or experts and the Competence or Trai ning Manager, on a 
"lifeboat" basis in a Unit Development Team (UDT). The UDT utilize 
procedures and the real workplace to create the Ski ll Unit Manual. The 
authority to approve the Skill Unit lies with the U nit Development Team. 
This approach gives fit-for-purpose, workplace cred ible training. Speed 
of response is rapid. A typical Skill Unit can be d eveloped within the 
Project, which has only one full-time Competence Pr ogram person, within 
two to three weeks using the UDT approach. This spe ed of response has 
served the Project well when faced with changing re gulatory requirements 
or work scope.  
Training and/or Competence Assessment then follows.  These activities are 
also conducted by in-house practitioners or experts , usually by one of 
the UDT members. The use of the classroom environme nt is minimized in 
favor of the real workplace, e.g., presses, rolling  mills, furnaces, 
power tools, elevated surfaces, confined spaces, in dustrial chemicals. A 
major emphasis of the program is proving competence  in the same 
circumstances under which real work will be done. 
Stage II of the NCPP started in earnest in January 1995. The schedule 
called for 35 Skill Units manuals to be created by the end of June 1995. 
Training delivery targets were 700 personunits (Ski ll Units x 



participants) by the end of September 1995 and a fu rther 165 by the end 
of January 1996. 
The project is undergoing rescoping at present and targets for 1996 are 
not yet set. 
CULTURAL CHANGE AND VEHICLES FOR CHANGE 
The cultural change issue at Rocky Flats is a highl y significant feature 
of the NCPP. Rocky Flats had slipped into a state o f progressive atrophy 
since the enforced shutdown and subsequent change o f mission during the 
early 1990's. Even though the Project is bold and p ositive, and the NCPP 
employees do not work for the Management and Operat ions Contractor or the 
Integrating Management Contractor organization, the  people on the Project 
are either ex-Rocky Flats workers, spend a lot of t ime with current Rocky 
Flats workers or utilize Rocky Flats IMC systems fo r some aspect of their 
work. There is potential for a perceived lack of pu rpose to influence the 
day-by-day workplace behavior of Project personnel at all levels. This 
can be due to "old habits" resurfacing, enthusiasti c ex-Rocky Flats NCPP 
workers being further frustrated or people new to R ocky Flats becoming 
"infected." 
For the reasons above, the NCPP Competence Program was designed to be an 
integral part of the Project's cultural change init iatives from the 
start, and it is. 
Specific education on cultural change is given to e mployees which covers 
the NCPP mission, why success & mission are interde pendent, the change 
process & how people cope with it, team responsibil ities towards safety, 
quality & continuous improvement and how day-to-day  activities such as a 
training course or a dismantling task further the m ission. However, it 
would be naive to believe that this upfront educati on was a one-shot 
panacea. 
More over, ongoing and positive cultural change dep ends on planning and 
managing that change. The NCPP has an annual Cultur al Action Plan (CAP). 
Commitment to cultural change by the workforce is n ot automatic, but is 
vital, and is recognized in the CAP. The CAP has an  emphasis on 
participatory change; it is this author's experienc e that participatory 
change is much less difficult/"painful" than enforc ed change (and 
enforced change rarely works). Cultural change take s time; the 
implementation process must be monitored constantly , and the "tools" used 
to steer the change vary and need to be prepared in  anticipation. Instant 
cultural excellence is unknown! 
One of the most effective means of converting plans  for change into 
actual change in the workplace is through a network  of Work Teams and 
short-lived Quality Improvement Teams tackling real  workplace problems. 
The Project has around 50 specific examples of word s becoming action 
through this approach, and these vary from Team Mis sion revitalization to 
raising the quality of Operator Instructions or sol ving rigging problems 
for example. 
ACHIEVEMENTS SO FAR AND STATUS OF STAGE II OF THE N CPP 
Within six months 35 Skill Units manuals were creat ed, thereby satisfying 
the initial demand as planned. The original target of 700 personunits of 
training delivery by the end of September 1995 was successfully met, as 
was the target of 810 personunits by the end of 199 5. Note that the NCPP 
employs about 50 people. 
The first annual Cultural Action Plan has been comp leted. Half of the 
first building has been decontaminated and work on the second half 
started in January 1996. 



The reaction of the NCPP personnel to this approach  has varied from tacit 
acceptance to disciple-like enthusiasm. The only ne gative response is one 
of frustration in not being able to push the Compet ence Program and other 
innovative aspects of the NCPP forward faster. The frustration arises 
from a realization that the systems experienced in the past were 
unnecessarily cumbersome, the usual problem for any  project, i.e., not 
enough hours in a day and that the in-house practit ioner can and should 
be empowered, and once empowered is the person most  likely to "tune into" 
and address the competence needs of the Project. 
During 1996 the aim is to consolidate the progress made so far and to 
begin the Project's pursuit of excellence process. 
SUMMARY 
The NCPP Competence Program has deliberately combin ed three aspects: 
  Competence Enhancement: a project managed process  which is end-user 
friendly, 
  Work in Teams: the management of Team Competence and utilizing the 
Project's in-house work place experts to spread com petence, and 
  Mission/Vision and managed cultural change. 
So far the Program has worked successfully, and ena bled the establishment 
of the NCPP infrastructure and the decontamination/ refurbishment of 
millions of dollars worth of equipment and faciliti es. 
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ABSTRACT 
Since 1993, the Office of Environmental Policy and Assistance has been 
engaged in activities pursuant to a Cooperative Agr eement with the 
National Association of Attorneys General (NAAG). T he primary purpose of 
this project is to foster open communication among the Department and 
State Attorneys General representatives, using NAAG  as a facilitator on 
legislative and compliance issues in a nonadversari al atmosphere. 
In these scarce budget times, it is hoped that expe nsive litigation can 
be avoided by engaging in discussion with the State s on compliance 
problems before these issues become the subject of formal disputes. This 
project is a benefit to the Department, in terms of  potential litigation 
cost savings, as an avenue to enhance DOE complianc e with environmental 
regulations, and provide a forum for a unique stake holder (NAAG) to 
exchange information with Departmental representati ves. 
INTRODUCTION  
Birth of an Idea 
As a result of interactions between the Department of Energy (DOE) and 
the National Association of Attorneys General (NAAG ) during the Federal 
Facilities Environmental Restoration Dialogue Commi ttee (FFERDC) 
meetings, the Director of the Office of Environment al Compliance (now the 
Office of Environmental Policy and Assistance), the  Legislative Director 
of NAAG and the Environmental Protection Agency (EP A) Deputy Assistant 
Administrator of the Office of Federal Facilities E nforcement (OFFE), 



began discussions to determine the feasibility of e stablishing a 
cooperative agreement among the three organizations  for the purpose of 
facilitating communication on regulatory compliance  issues with the goal 
of avoiding litigation. Such an agreement would als o educate all parties 
on Departmental policies and procedures, provide a historical perspective 
of DOE's environmental programs and establish an at mosphere conducive to 
resolution of environmental issues prior to litigat ion. 
The impetus to establish such an agreement was the realization that legal 
and technical issues regarding compliance and enfor cement at DOE 
facilities will continually arise as the weapons co mplex is reconfigured 
and downsized. A large number of compliance agreeme nts are currently 
either in place or being renegotiated in the twenty -two states hosting 
DOE facilities. These facilities have required subs tantial resources for 
operating regulatory and enforcement programs, and will continue to 
require considerable expertise, time and resources of the states and the 
Department. 
The State Attorneys General play an important role in environmental 
enforcement and compliance issues, however, they us ually are consulted 
only when negotiations fail and litigation is neces sary. NAAG, in its 
role as the membership organization of the Attorney s General of the 50 
states, Commonwealths, Territories, and the Distric t of Columbia, assists 
the legal officers in fulfilling the responsibiliti es of their offices 
and assists in the delivery of high-quality legal s ervices. NAAG was 
therefore particularly well-suited to facilitate co mmunication among DOE, 
EPA, and the Attorneys General. 
One benefit of the FFERDC discussions was the oppor tunity for the 
Department and NAAG to exchange information and gai n an understanding of 
each other's roles in environmental restoration. To  capitalize on the 
momentum of these discussions, DOE researched poten tial approaches to 
jointly work with NAAG. In 1994, the Department ent ered into a one-year 
interagency/ cooperative agreement with the Environ mental Protection 
Agency (EPA) and NAAG. Upon the expiration of that agreement, DOE entered 
into an eighteen month cooperative agreement with N AAG in 1995. 
Goals of the Agreement 
The goals and objectives of this agreement are to: examine the 
relationships between enforcement and compliance at  DOE facilities; 
analyze the roles of the states, DOE and EPA in fac ilities' matters with 
the goal of improving understanding of these issues  at the state and 
federal level; ensure increased compliance by DOE w ith federal and state 
requirements; identify alternative dispute resoluti on mechanisms to 
reduce the need for enforcement through litigation by EPA and the states; 
enrich the states' understanding of and interaction  with EPA regions and 
DOE on enforcement and compliance matters, with a f ocus on enhancing the 
states' role; and, provide an opportunity for state  and federal personnel 
to interact and become aware of each other's profes sional 
responsibilities, expectations, and limitations. 
ACCOMPLISHMENTS OF THE PROJECT 
Since the inception of this project NAAG has period ically published the 
DOE Environmental Issues Bulletin. The bulletins ha ve focused on major 
DOE environmental issues, such as renegotiation of environmental 
agreements and budget cuts. Articles are provided b y State Attorneys 
General representatives and/or DOE environmental re presentatives. The 
bulletin is distributed to over 300 persons, includ ing state regulators, 



State Attorneys General, EPA staff, and representat ives of DOE 
headquarters (HQ), field and contractors. 
A DOE/NAAG workgroup has been established to promot e open dialogue 
between DOE and the states on environmental complia nce related issues 
with an eye toward developing creative solutions to  potentially litigious 
issues and to provide an opportunity for State Atto rneys General 
representatives and DOE representatives to examine and have joint 
discussions on legal issues related to statutes suc h as the Clean Water 
Act (CWA), the Resource Conservation and Recovery A ct (RCRA), the 
Comprehensive Environmental Response Compensation a nd Liability Act 
(CERCLA) and the Endangered Species Act (ESA). This  workgroup has been 
working on guidance which addresses provision of ra dionuclide information 
to the states upon request. Preliminary discussions  by this workgroup 
have also focused on legal issues related to reauth orization of the CWA -
- specifically issues related to a waiver of sovere ign immunity, removal 
of the exemption for radionuclides and applicabilit y of state groundwater 
protection laws to federal facilities. Additionally , discussions have 
been held on the possible impact of the reauthoriza tion of CERCLA and 
RCRA on DOE restoration and waste management activi ties. 
DOE and NAAG have also held three workgroup meeting s to discuss various 
environmental compliance issues. The first meeting was held at DOE HQ in 
Washington, D.C. on May 17-19, 1994 and focused on the organizational 
structure of the Department and issues of interest to the State Attorneys 
General representatives. Topics discussed included DOE's budget process, 
the relationship between DOE and its M&O Contractor s, CERCLA and CWA 
Reauthorization, RCRA/Atomic Energy Act (AEA) overl ap and RCRA compliance 
issues.  
The second meeting was held in Pasco, Washington on  October 25-27, 1994 
hosted by the Richland Office of Chief Counsel. Thi s meeting began with a 
tour of the DOE Hanford site and approximately fift een Attorneys General 
representatives, State Agency Attorneys, and EPA Re gion X 
representatives, DOE Field Attorneys and Program re presentatives 
participated in the meeting and the tour. The discu ssions focused on 
issues such as the budget process, RCRA/CERCLA inte gration, RCRA/AEA 
overlap, and the National Environmental Policy Act (NEPA). One of the 
highlights was a discussion from the DOE, EPA and W ashington State 
viewpoint on the Hanford Tri-party agreement. The d iscussion regarding 
the Hanford Tri-party agreement also focused on the  budget provisions in 
the agreement and how they had served to increase W ashington State's 
involvement in the budget process. The third meetin g was held in 
Washington, D.C. on October 11-13, 1995. Major topi cs discussed included 
DOE's Materials in Inventory (MIN) initiative, the Federal Facility 
Compliance Act (FFCAct) agreements from both a DOE and the state 
perspective, the Department's RCRA/CERCLA integrati on draft guidance, and 
the state perspective on pending federal environmen tal legislation. 
EFFECTIVENESS AS A STAKEHOLDER TOOL 
Stakeholder participation is normally perceived as Departmental officials 
working in tandem with citizens who live near the s ite and have a vested 
interest in the decisions that are made regarding c leanup at that site. 
In fact, the Department has made great strides duri ng the current 
administration to educate the public to ensure mean ingful participation 
in decisions affecting DOE sites. However, State At torneys General, who 
enforce the laws of the state (including environmen tal laws) are also 



stakeholders and traditionally have not been includ ed in this educational 
process.  
This unique arrangement between DOE and NAAG provid es a mechanism for 
that educational process to occur. Attorneys Genera l and their 
representatives normally do not come into contact w ith DOE until an 
impasse has been reached with respect to resolution  of an issue. At this 
juncture, the situation has become polarized and of ten the only 
resolution is litigation. Through this agreement, t he State Attorneys 
General representatives and DOE have the opportunit y to openly discuss 
environmental compliance issues that could potentia lly end in litigation 
or that have been the cause of some conflict in the  past and attempt to 
devise a way to avoid such conflicts in the future.   
There is no magical process or system being utilize d to foster openness 
and understanding between DOE and State Attorneys G eneral representatives 
under this cooperative agreement. The key is commun ication, discussion 
and sharing of information about the DOE organizati onal structure, and 
current DOE issues through the use of vehicles such  as: the DOE 
Environmental Issues Bulletin, joint conference cal ls, and workgroup 
meetings.  
The DOE Environmental Issues Bulletin is a useful t ool for educating the 
states about current issues at various DOE sites. S ince the inception of 
this project, the bulletins have focused on a varie ty of issues of 
importance to DOE and the States. For example, the April-May 1994 issue 
focused on activities related to the Hanford site, such as the January 
1994 amendments to the Tri-party agreement and the Mentoring Program at 
the Hanford Tank Farms. The March-April 1995 issue featured articles on 
DOE's Environmental Management (EM) program propose d budget cuts and the 
Federal Advisory Committee on External Regulation. The September-October 
1995 issue featured articles on criminal liability concerns for federal 
officials and implementation of DOE's strategic ali gnment. This type of 
information is especially useful during these auste re budget times when 
DOE must prioritize its cleanups. The Attorneys Gen eral's understanding 
of the total picture can only make prioritizing cle anup activities at DOE 
facilities easier. 
The workgroup meetings are another useful tool in f acilitating openness 
and communication between DOE and the State Attorne ys General 
representatives.  
The first meeting which was held at DOE HQ was inva luable because it gave 
NAAG and the Attorneys General representatives an o verview of DOE's 
organizational structure. For example, a presentati on was given on the 
relationship between DOE and its M&O contractors. A  presentation was also 
given on the budget process which in the last coupl e of years has become 
of increasing interest to the States.  
The second workgroup meeting held in Pasco, Washing ton, near the Richland 
Operations Office, was especially beneficial in fac ilitating openness 
because the State Attorneys General representatives  were given an 
opportunity to tour the Hanford site, one of the la rgest sites in the DOE 
complex. By taking our enforcement officials on a t our of the site, DOE 
is promoting an air of openness and cooperation tha t has not always been 
the case in the past. It also provided the Attorney s General with a new 
perspective on some of the environmental issues DOE  faces everyday.  
The most recent meeting in October, 1995 continued to build upon the 
success of the two prior meetings. The members of t he workgroup openly 
discussed contentious issues such as criminal liabi lity. All parties left 



the meeting with a greater awareness of the problem s faced by the 
regulator and regulated communities. 
Openness and cooperation between the States and DOE  is also being 
fostered by the level of DOE participation in this project. For example, 
Field and Headquarters Counsel representatives have  been designated to 
participate in discussions with NAAG and the States . It is especially 
important for DOE Counsel to participate in these n onadversarial 
discussions because they are the DOE officials most  likely to come into 
contact with the Attorneys General representatives.  Although we may not 
always be able to avoid litigation on a particular issue, it is hoped 
that the interactions that have taken place pursuan t to this agreement 
will at least enhance DOE's credibility in the eyes  of its enforcement 
officials.  
FUTURE INITIATIVES 
Natural Resource Damage Assessment Discussions 
Under CERCLA, as amended by the Superfund Amendment  Reauthorization Act 
(SARA) and the National Contingency Plan (NCP), mon etary damages may be 
assessed when natural resources (NR)--land, fish wi ldlife, biota, air, 
water, groundwater, drinking water supplies and oth er such resources-- 
are "injured by a release of oil or hazardous subst ances." That is, when 
the selected CERCLA remedy is incomplete in address ing the NR injury 
produced by a release, the Natural Resource Trustee s may file a Natural 
Resource Damage Claim against the party responsible  for the release. The 
claim is made for the value of the "residual" injur y that was not or 
could not be addressed by the selected remedy. This  liability for NR 
damages is in addition to cleanup costs for a relea se, and under SARA  
120, federal agencies can be held accountable for t he additional costs. 
Liability for NR damage claims based upon injury to  natural resources was 
established under  107(a)(4)(c) of CERCLA. 
In dealing with injured natural resources under its  jurisdiction, DOE is 
required to play a "dual role." Pursuant to CERCLA,  as amended by SARA, 
DOE, as a federal agency, serves as the CERCLA Lead  Response Agency for 
removals and response actions at its facilities. Un der Executive Order 
12580, and the revised NCP, the Secretary of Energy  is appointed to serve 
as the Primary Federal NR Trustee for natural resou rces on, over, or 
under land that DOE manages. This situation is furt her complicated in 
cases where DOE may be responsible for a release an d the subsequent 
injury to natural resources under its jurisdiction (or in cases where the 
releasee may have caused injuries to natural resour ces under the 
jurisdiction of other Trustees). DOE's mandate to f unction in multiple 
roles does not, however, reduce the standards to be  met for each 
particular role. For example, DOE's NR Trustee resp onsibilities are not 
intended to supplant the requirements for the Remed ial 
Investigation/Feasibility Study (RI/FS) process man dated for CERCLA Lead 
Response Agencies. (1) 
Under this agreement, an NRDA discussion group has been created. 
Preliminary discussion among the Departmental staff  and State personnel 
indicates that the states perceive that the Departm ent does not take the 
natural resource damage issue seriously. The states  have also indicated 
the need for funding to perform their natural resou rce assessments. 
During 1996, this group will propose a pilot in con junction with a DOE 
operations office, and state and EPA regulatory per sonnel to develop a 
plan to maximize existing funding to enhance NRDA p rojects. Additionally, 
this group will examine success stories and will cr eate a "Lessons 



Learned" report to inform both state and DOE person nel of the NRDA 
process. 
Alternative Dispute Resolution Discussions 
The Administrative Dispute Resolution Act (ADRA), 5  U.S.C. 571 et seq., 
authorized and encouraged federal agencies to emplo y consensual methods 
of dispute resolution. Under the ADRA, each federal  agency is required to 
designate a senior official as a dispute resolution  specialist, establish 
a policy addressing the agency's use of alternative  dispute resolution 
(ADR), review contracts and grants for appropriate inclusion of ADR 
clauses and provide for department-wide training on  ADR. 
DOE established an Office of Dispute Resolution in the Office of General 
Counsel in 1995. The Department's interim ADR polic y statement was 
recently published. It emphasized the Department's commitment to the use 
of ADR as a management tool to prevent or minimize the escalation of 
disputes, and to resolve disputes at the earliest p ossible stage. One 
focus of the Department's ADR efforts is on the pre vention of disputes, 
or at least early intervention, i.e., before litiga tion has been 
initiated. (2) The Department recently drafted prop osed environmental 
compliance agreement dispute resolution language. T his proposed language 
has been shared with NAAG members and it is hoped t hat through meetings 
and discussions, a streamlined dispute resolution p rocess will be 
developed in 1996. Staff will also propose a worksh op session conducted 
jointly with NAAG to highlight the benefits of the ADR process. 
State Laws and Regulations Workshop 
A recent analysis of environmental enforcement acti ons issued against the 
Department indicated that over 90% of the actions w ere violations of the 
Resource Conservation Recovery Act (RCRA). Section 3009 of RCRA allows 
states to enact their own programs as long as they are at least as 
stringent as the federal program. Further analysis of the violations 
revealed that over 90% of the RCRA violations were issued by state 
enforcement agencies. To reduce the number of viola tions against the 
department, it has been proposed to develop in conj unction with NAAG, a 
State Laws and Regulations workshop in 1996 for DOE  and Contractor 
personnel to highlight the differences between stat e and federal laws.  
Workgroup Meetings  
The Spring, 1996 workgroup meeting will be held in Albuquerque, New 
Mexico with a tour of the Los Alamos National Labor atory. Due to 
anticipated budget constraints, the location of the  Fall, 1996 meeting 
has not been determined; however, in order to maxim ize participation 
among DOE HQ and Field staff, the rotation of meeti ngs among operations 
offices is planned. 
DOE Environmental Issues Bulletin 
Publication of the DOE Environmental Issues Bulleti n will continue. In 
addition to highlighting specific DOE facilities, u p-to-date information 
on the Department's downsizing initiatives will be prominently featured. 
The states will also have the opportunity to voice their 
concerns/opinions through this vehicle which has a circulation of over 
300. It is anticipated that this circulation will i ncrease substantially 
with the availability of this document on the Envir onment, Safety and 
Health homepage which can be accessed through the I nternet. 
Resource Conservation Recovery Act (RCRA)/Atomic En ergy Act (AEA) Issues 
One issue identified by NAAG and DOE as deserving o f joint discussions is 
the state's request that DOE develop a policy on pr oviding radionuclide 
information to states upon request. To this end, NA AG provided DOE with a 



survey of eight states on their experiences with re gard to collecting 
radionuclide information from DOE. The survey revea led that in a few 
cases DOE resisted providing radionuclide informati on to states because 
the information was classified or DOE did not feel that the states had 
the authority to request such information. 
After discussions on this issue at the Richland wor kgroup meeting, DOE 
agreed to review and discuss specific policy langua ge proposed by NAAG 
and the states. Earlier this year, DOE provided NAA G with a counter 
proposal in the form of a draft memorandum setting forth principles to be 
used by DOE employees in voluntarily providing stat es with requested 
radionuclide information. The focus of the draft is  on voluntary 
provision of radionuclide information and not issue s related to whether 
the states have the right to require DOE to provide  such information. 
Under the 1995-96 cooperative agreement with NAAG, joint discussions on 
these issues will continue.  
CONCLUSION 
As federal agencies have instituted massive environ mental restoration 
programs designed to investigate and remediate cont amination at their 
facilities, there has been a growing desire by thos e affected by these 
cleanup efforts (who are referred to as affected st akeholders) to have a 
greater role in the cleanup and decision-making pro cess. (3) The NAAG 
members do not represent the typical stakeholder in terested in cleanup 
processes and procedures, rather, the Attorneys Gen eral are interested in 
legal interpretations of federal and state environm ental regulations, 
precedent setting legal opinions, and states' right s to enforce against 
the federal government and the rights of states to enforce their laws at 
DOE facilities. 
With the goals to identify alternatives to litigati on, educate and 
exchange information while improving compliance, th is model of 
stakeholder involvement has served to open discussi ons on a variety of 
legal and procedural issues and opinions. Although consensus is not 
always reached, by providing a forum for these uniq ue stakeholders to 
interact with the Department's policy makers and le gal staff a successful 
model has been developed for future interaction wit h federal and 
municipal government legal officers. 
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Budget cuts and increasing demands for a technicall y competent workforce 
are problems facing industry and government today. Training requirements 
must be met in a cost-effective manner. The videoco nference format is a 
proven method that saves money on training and trav el costs. The 
videotapes produced from training programs extend t he productivity in any 
facility. However, designing a training series that  meets the needs of a 
diverse audience composed of scientists, engineers,  and management from 
government, industry, and universities is extremely  challenging. 
National Environmental Technology Network (NETN), a  program of The 
University of New Mexico's School of Engineering, h as a proven track 
record in developing and producing effective videoc onference training 
programs for industry, government, national laborat ories, and 
universities. To date, nine successful series have been completed: Total 
Quality Management (two series); Hazardous Waste Ma nagement; Waste 
Minimization and Pollution Prevention; Environmenta l Risk Management; 
Radioactive Waste Management; and Mixed Waste Manag ement. The two newest 
series are Decommissioning and Pollution Prevention . National awards from 
the United States Distance Learning and the United States Environmental 
Protection Agency attest to NETN's leadership in pr oviding advanced 
technical training using distance learning techniqu es. 
INTRODUCTION 
Professionals must continue their education through out their careers to 
stay abreast of latest technologies. For example, t o keep up with 
developments in their field, engineers require retr aining on an average 
of every four years. The need varies, depending on the precise 
discipline. Additionally, many technical profession als currently face 
significant changes in their careers, as their posi tions shift from 
defense-related activities to environmental fields.  
With budget cuts and increasing demands for a techn ically competent 
workforce confronting industry and government today , the emerging 
training requirements must be met cost effectively.  The videoconference 
format represents a proven method for communicating  the most up-to-date 
information concerning technical, environmental, an d management topics. 
According to Daniel Barron, distance education is a  means of "taking 
quality education to the people who need and want i t. Distance education 
is to instruction what bookmobiles and branch libra ries are to 
reading."(1)  
Through videoconferencing, thousands of professiona ls can receive the 
most current information and participate in trainin g programs 
simultaneously, via satellite, without incurring th e cost of travel. Each 
series is structured to stimulate creative interact ion and promote a 
significant exchange of information among technical  professionals and 
stakeholders confronting the increasingly complex e nvironmental 
challenges of today's world. 
Broadcast on C-band, Ku-band, and through the Natio nal Technological 
University (NTU), these videoconference series can be received anywhere 
in the United States. Most organizations and facili ties already have the 
necessary equipment for receiving these broadcasts.  Those not having this 
capacity can purchase a satellite dish for a minimu m investment, a one-
time cost for equipment.  
Training program videotapes and manuals extend the capacity for training 
in any facility. Those who participate in the live training sessions have 
an opportunity to review the material and clarify i mportant points. The 
programs offer every participant the opportunity to  interact through 



question/answer sessions, via a toll-free phone num ber, e-mail, or the 
use of a fax machine. Questions are accepted before , during, and after 
the programs. Those who cannot attend the live broa dcasts can watch the 
videotapes and complete the training as their sched ules permit. Designing 
a training series that meets the needs of a diverse  audience of 
scientists, engineers, and managers from government , industry, and 
universities is extremely challenging. As Reza Azar msa explains, "Much 
like any other area of mediated communication, tele conferencing is both a 
science and an art."(2) 
NETN, an international program of the University of  New Mexico's School 
of Engineering, has an exceptional record for devel oping and producing 
effective videoconference training programs for ind ustry, government, 
national laboratories, and universities. NETN is pa rt of an environmental 
consortium funded by the Department of Energy (DOE) . The Waste-management 
Education and Research Consortium (WERC) is compose d of The University of 
New Mexico, New Mexico State University, New Mexico  Institute of Mining 
and Technology, Sandia National Laboratories, Los A lamos National 
Laboratory, and Navajo Community College. Members h ave teamed together to 
help solve the environmental problems facing our na tion, collaborating in 
three areas: research, education, and training. 
Distance Learning at NETN 
To date, NETN has produced the following nine succe ssful videoconference 
series: Total Quality Management (two series, one f or service 
organizations and one for manufacturing); Hazardous  Waste Management; 
Waste Minimization and Pollution Prevention; Enviro nmental Risk 
Management; Radioactive Waste Management; Mixed Was te Management; and the 
two newest produced during 1995. The first, Decommi ssioning, is a six-
part series addressing decommissioning within the U .S. Department of 
Energy's Environmental Management Program. The seco nd series, Pollution 
Prevention, examines technologies for applications from government 
installations to cottage industries. 
The live, interactive programs produced by NETN hav e been broadcast to 
over 167 sites with diverse audiences. The training  has spanned the 
United States, reaching 8,000 participants in 48 st ates at 100 industry 
sites, 64 military and government installations, an d 32 universities. 
National awards from the United States Distance Lea rning Association 
(USDLA) and the U. S. Environmental Protection Agen cy attest to NETN's 
leadership in providing advanced technical training  using distance 
learning techniques. These series have received awa rds for the past three 
years, and in 1993, NETN earned an award for "Most Outstanding Distance 
Education Network" from the USDLA. 
How to Produce a NETN Television Series 
The process described below is accomplished over a 9-12-month period. To 
select a topic for distance learning series, NETN s urveys the various 
receive sites, requesting information about their c urrent training needs. 
When sufficient interest is expressed in one partic ular area, and the 
funding for production secured, the topic becomes t he focus of the next 
distance learning series. 
Step 1: Experts Meeting 
In the early stages of developing a series, NETN co nducts an 
"Environmental Experts" workshop, where environment al professionals meet 
to listen to speakers and participate in panel disc ussions and question/ 
answer periods. To simplify information exchange, w orkshop participants 
complete surveys for NETN. These surveys ask respon dents to describe the 



issues they consider critical for professionals in these fields to 
address; list the concepts that need to be communic ated to stakeholders; 
identify recognized national experts in the fields;  and provide names of 
periodicals, national organizations, and associatio ns important for 
people involved in the particular area of expertise . 
Step 2: Advisory Board Meetings 
The next step involves of advisory board meetings, which lay the 
foundation for the development of the series. Natio nal experts involved 
in previous programs, scientists from the instituti ons that comprise 
WERC, and stakeholders are all invited to attend. T o provide an overview 
of a series' production, speakers with past experie nce in televised 
training describe the roles and responsibilities of  those involved in the 
process.  
Step 3: Identification of Nationally Recognized Pro gram Leaders 
As the topics develop, the technical advisors and t he advisory board 
suggest possible program leadersexperts in the fiel d with backgrounds in 
industry, business, and government. NETN contacts t hese individuals and 
those who agree to join the advisory board and NETN  staff to form the 
nucleus of the evolving series.  
During the next portion of the advisory board meeti ng, members begin the 
planning process by developing a proposed series ou tline. The outline 
consists of specific program topics, any particular  emphasis to be 
considered for each topic, and possible case studie s.  
Step 4: Identification of Presenters from Diverse B ackgrounds 
The program leaders then select about five people w ith expertise in their 
program topics to serve as presenters. The technica l advisors understand 
the overall program content and make sure all aspec ts of appropriate 
topics are covered. They also work with the NETN st aff and may provide a 
final review of the programs' instructional manuals . 
The individual program leaders recruit nationally r ecognized experts in 
the field for their program. They maintain a balanc e in the program 
content and sometimes also serve as presenters. The  program presenters 
need good communication skills to deliver their mat erial and to interact 
with the participants during question/answer period s. Presenters are 
encouraged to incorporate graphics, videos, humor, and real-life examples 
to keep their presentations interesting. Each prese nter submits charts, 
suggested readings, test questions, glossary of ter ms, and a brief 
biography to NETN, all of which is incorporated in the manuals. 
Step 5: Production/Conference Calls  
Because NETN seeks presenters from all over the Uni ted States, much of 
the program design occurs during a series of confer ence calls. Once a 
plan is established for the individual programs, th e program leaders meet 
with the NETN staff in Albuquerque to define the co ntent of each program 
and assure continuity for the series as a whole. Th is not only reduces 
redundancy, it also confirms that the participants will receive an 
adequate amount of technical background information . Then, as the 
scheduled broadcast dates approach, conference call s among those involved 
in individual programs continue as needed. 
Step 6: Instructional Manual Preparation 
Meanwhile, the presenters' materials are prepared f or the instructional 
manuals and returned as final drafts to the present ers and the technical 
advisors for review. The manuals for each program c ontain the following 
information: program description, presenters' chart s, suggested readings, 
test questions, presenters' biographies, and variou s NETN feedback forms.  



A reproducible master of each program manual is sen t to each receive site 
prior to the program broadcast. The master is dupli cated at the site, and 
copies are distributed to all participants attendin g the training. One 
bound copy of the manual is sent to the site to be used as reference and 
to augment the site's videotapes of the programs. 
Simultaneously, the video producer pulls together a ll the elements 
necessary for live broadcast. Scripts are written a nd case studies are 
chosen. Arrangements for on-location recording at t he sites are made; the 
case studies are videotaped and edited for the broa dcasts. All elements 
for live broadcast are orchestrated, down to the se lection of soundtrack 
music. 
Step 7: Training Facilitators Across the United Sta tes (diverse  
      audience) 
Prior to the first program's broadcast, NETN conduc ts a facilitator 
training program. Experience has shown that site fa cilitators contribute 
to the overall success of this televised training w hen they function as 
proactive members of the team. The facilitator trai ning program covers a 
wide range of instructional material. Facilitators learn technical 
details, such as how to establish a comfortable env ironment for the 
viewers and how to check the operation of the equip ment. They learn how 
to find the appropriate audience and publicize the upcoming training at 
their site. They receive tips about effective ways to interact with 
series advisors and are encouraged to seek experts within their 
organization who can enhance the learning experienc e.  
In addition to the televised training, facilitators  receive a training 
packet to serve as a reference during the course of  the series. Given 
this overview of what to expect from the distance e ducation experience 
and how to make it meaningful for the participants,  the facilitator often 
serves as the foundation for the partnership that d evelops between the 
university and the audience. 
Step 8: Publicizing/Marketing 
Publicizing the training event occurs at two levels . NETN can assist the 
sites with publicity by developing a customized bro chure, news releases, 
and advertisements. A brief promotional tape is als o sent to each receive 
site. On the broader spectrum, NETN notifies former  participants of the 
upcoming series, writes press releases, and develop s detailed brochures 
for distribution. To help ensure a wide array of pa rticipants, the NETN 
director publicizes the training at trade shows and  at national meetings 
on distance education and environmental issues. 
Step 9: Series Broadcasts 
One to two weeks after the facilitator training pro gram, the first 
program is broadcast on alternating Wednesdays. Fac ilitators are 
instructed that every program within a series conta ins a minimum of six 
presenters from industry, government, and universit ies with varied 
scientific backgrounds and expertise. Included in m any programs is a 
segment on the regulations that pertain to the topi c being discussed. To 
increase effectiveness, live presentations are mixe d with video that 
demonstrates the technology involved in the program  topic, as well as 
relevant case studies that illustrate practical use s of the material. 
Customized workshops and on-site training are also available. 
Step 10: Modifying Programs to Feedback and Evaluat ions  
Regular feedback from the participants following ea ch program enables the 
production staff to constantly improve on the quali ty of the series. 
After the final program, the participants complete both NETN Feedback and 



Evaluation forms. The facilitator returns these for ms to NETN, where a 
thorough review of the evaluations is completed. Th is direct input from 
the receive sites allows the technical advisors, pr ogram leaders, 
presenters, and production staff to improve the qua lity of the series by 
capitalizing on what went well, and modifying the p rograms to make 
improvements where indicated. 
The Keys to Success 
The keys to producing effective videoconference ser ies extend into every 
facet of production. In the preliminary stages, wel l-defined topics and 
carefully selected presenters with excellent credib ility are essential. 
Comprehensive instructional manuals enable the audi ence to follow along 
easily and record their notes. Question/answer peri ods with ample time 
for discussion encourage interaction that facilitat es information 
exchange and lasting partnerships among the sites.  
Timing is also an important consideration. Experien ce shows that short (3 
hrs) programs, regularly offered, are the most effe ctive. NETN broadcasts 
these live videoconferences at regular intervals, f or example, on the 
second and fourth Wednesdays of each month. Finally , the role of the on-
site facilitator cannot be overemphasized. Well-pre pared facilitators can 
play a proactive role in distance education, as the y bridge the gap 
between the television studio and the audience and promote an open 
exchange of ideas and information. 
Advanced Technical Training Through Distance Learni ng  
As the workforce shifts from defense to environment al careers, working 
professionals need environmental information for cu rrent and future jobs. 
They require immediate, high-level training in spec ific environmental 
fields. NETN's goal is to assist the U.S. Departmen t of Energy (DOE) in 
complying with the Congressional mandate of a 30-ye ar remediation 
initiative. 
Interactivity 
Advanced technical training and technology transfer  represent a proven 
method of disseminating valuable information to eng ineers, scientists, 
researchers, hospitals, universities, and laborator ies around the world. 
Video conferences provide unique networking opportu nities, allowing 
participants to exchange ideas with recognized envi ronmental experts. 
During the interactive sections, participants are e ncouraged to ask 
specific questions that pertain to their particular  site. Throughout the 
series, audience members develop the tools to chang e directions in their 
careers, with a strong emphasis on environmental cl ean-up and future use 
of a site.  
Cost Effectiveness 
Transmissions via satellite offer economic advantag es, such as savings on 
travel and workshop registrations. The price per si te allows unlimited 
attendance during the live broadcasts. To prolong t he life of the 
information contained in these series, the sites ha ve access to 
videotapes of the programs and a bound copy of each  instructional manual 
for their library. 
Certificates and Continuing Education Units 
DOE currently receives NETN's environmental series in all DOE Operations 
offices across the US and at DOE Headquarters. This  is part of the DOE 
effort to retrain their workforce from defense to e nvironmental careers 
and to support environmental information exchange. After each series 
concludes, participants receive certificates of com pletion and earn 
Continuing Education Units (CEUs) through The Unive rsity of New Mexico. 



Endorsements 
Recognition and endorsement for this educational ef fort have been 
extended to NETN by the American Society of Mechani cal Engineers (ASME) 
and the Hazardous Waste Action Coalition (HWAC). Sp onsors include DOE, 
the U.S. Environmental Protection Agency (EPA), and  the Waste Management 
Education and Research Consortium (WERC). 
How Evolving Partnerships Enhance the Training 
NETN achieves balance and diversity by seeking pres enters from industry, 
government, and universities. Working closely with experts from such 
varied backgrounds has enabled NETN to develop stro ng partnerships among 
the presenters and the receive sites.  
The ongoing interactive programs promote mutual awa reness and 
understanding. Unique partnerships can evolve throu gh a distance 
education experience. For example, Sandia National Laboratories and Los 
Alamos National Laboratory subscribed to NETN's fir st series on Total 
Quality Management in 1990. Both organizations have  participated in every 
subsequent series, and a mutually beneficial unders tanding has developed 
between The University of New Mexico and these nati onal laboratories. 
Because individuals feel free to ask site-specific questions, 
participants throughout the nation come to understa nd each other better, 
discovering common ground in the search for common solutions. 
 Technical Aspects of the NETN Series 
As mentioned earlier, the technical aspects of a vi deoconference 
seriesprogram content and specific emphasisare dete rmined through the 
input from viewers of previous series, advisory boa rd meetings, and an 
Environmental Experts workshop.  
  The Total Quality Management (TQM) series were NE TN's first two 
distance education initiatives pertained to Total Q uality Management 
(TQM). A14-part series offered an engineering/manag ement approach to TQM, 
and a 6-part series focused on TQM as it applies to  service 
organizations. 
  Hazardous Waste Management, the next series, cons isted of the following 
programs: 1)Introduction: What Is Waste?; 2) Risks Associated with 
Hazardous and Radioactive Wastes; 3) Transport Proc esses Related to 
Wastes; 4)Waste Form Modification; 5) Site Characte rization; 6) Sampling 
and Analysis; 7) Soil and Groundwater Remediation I  Physical/Chemical 
Processes; 8) Soil and Groundwater Remediation II: Biological Processes; 
9) Radiation and Radioactive Materials; 10)Radioact ive and Mixed Wastes 
Management; and 11)Waste Minimization and Series Cl ose. 
  Waste Minimization and Pollution Prevention, adhe ring to the logical 
progression of the content, NETN followed the previ ous series with an 8-
part videoconference: 1) OverviewWhy Minimize Waste ?; 2) Where Do We 
Start Waste Minimization?; 3) How Does Recycling/Re use/ Reclamation Make 
Economic Sense?; 4) Are the Right Product/Process D esigns Being 
Addressed?; 5)Solvents and Organic Chemicals; 6) Ho w to Implement 
Minimization in Metals, Plating, and Electrical Int erconnects; 7) How to 
Minimize "End of Life" Problems; and 8) Planning an d Preparing for the 
Future. 
  Environmental Risk Management sought to bridge th e gap between 
technical issues and social concerns. Program title s included 1) Risk: 
Terminology, Concepts, Methods, Applications and Wh y Risk Communication 
Is Difficult; 2) How Do We Decide What Is Risky?; 3 ) Identifying the Gap: 
Divergent Technical and Social Methods for Risk Cha racterization; 4) 
Quantification of Models for Risk Assessment; 5)Ris k Characterization: 



Synthesis and Communication; 6) Risk Assessment: Co mmunicating Results 
and Public Perception; and 7) Risk-Based Decision M aking: A Final Act? 
  Radioactive Waste Management was produced concurr ently with the 
Environmental Risk Management series. These program s were 1) An 
Introduction to Radioactive Waste Management; 2)Int eractions Between 
Radiation and Matter; 3)Decommissioning and Deconta mination; 
4)Transportation Issues in Radioactive Waste Manage ment and UMTRA; 5) 
Low-Level Radioactive Waste Management; 6) High-Lev el Radioactive Waste; 
7)Transuranic Radioactive Waste Management; and 8) New and Other 
Technologies for Radioactive Waste Management. 
  Mixed Waste Management was broadcast in 1994. Gen erated by government 
facilities, research laboratories, hospitals and un iversities, mixed 
waste is a major concern in remediation projects, i ncluding the cleanup 
activities on the U.S. DOE weapons complex and old radioactive waste 
disposal sites. The series consisted of 1) Generati on and 
Characterization of Mixed Waste; 2) Storage of Mixe d Waste; 3) 
Minimization and Treatment of Mixed Waste; 4) Techn ical Development of 
Mixed Waste Issues; and 5)Remediation Activities. 
  Decommissioning, a new 6-part series, was broadca st in 1995, with an 
introduction to the series with a goal and vision s tatement from U.S. 
DOE. The inventory and history of the major decommi ssioning sites with 
overviews and the various phases of the decommissio ning process are 
included. Each program consists of technical presen tations by experts 
focusing on decommissioning terminology, problems i nvolving contamination 
and radiation along with successful approaches, and  existing and evolving 
decommissioning techniques. This series stresses th e importance of good 
planning, pre-job briefings, and dress rehearsals w ith mock-ups to 
uncover problems and save time. Participants learn the techniques for 
dismantling and segmenting equipment and structural  members and 
demolishing structures. 
  Pollution Prevention, a 5-part series, was also a ired in 1995. 
Pollution prevention is far more powerful, more pai nless, less costly 
than continually degrading the environment by just "managing waste." Only 
through massive educational and awareness programs can the attitudes and 
values of the people be made sensitive to the need for pollution 
prevention. It is everyone's responsibility and mor al obligation to 
protect the environment for future generations.  
 The end-of the pipe approach to waste management i s a losing strategy. 
Striving to be in environmental compliance is not t he answer; and 
managing waste is not only expensive, but poisonous  to the environment 
and to the health of the public. Pollution preventi on the front-end 
approachmakes business sense and is less destructiv e to the environment. 
CONCLUSION 
 There is a growing need for information about envi ronmental issues 
throughout the world. Delayed broadcasts and taped programs have been 
received by ISTEC (a Latin American Network) and ta pes used as far away 
as Estonia. 
 Communication and participation are critical eleme nts in our national 
efforts to identify and explore environmental chall enges. NETN develops 
distance education programs that explore technologi es for the ultimate 
protection and preservation of the environment, whi le sustaining economic 
growth. We are proud of our role in building partne rships between the 
public and private sectors in working toward a sust ainable global future 
for the environment.  
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ABSTRACT 
Implementation of the Government Performance and Re sults Act of 1993 
(GPRA) has provided a unique challenge for Federal Agencies, such as the 
Department of Energy (DOE) Office of Waste Manageme nt (OWM). While 
performance measurement, as required by GPRA, is ne w to Federal Agencies, 
private industry has applied it at all organization al levels to better 
manage their operations for some time. There has be en significant 
discussion about how the private sector uses perfor mance measures, but 
there have been very few empirical studies systemat ically examining their 
use.  
To gather information on comparable private industr y practices, waste 
management industry firms were surveyed through que stionnaires and 
follow-on interviews. Questionnaires were sent to 7 5 waste management 
firms throughout the United States and Canada. Twen ty-four percent of the 
firms responded to the questionnaire and participat ed in the follow-on 
interviews. The questionnaires were typically compl eted by vice-
presidents or senior financial officers. Informatio n collected from the 
questionnaire and follow-on interviews provided val uable insight into 
industry practices in the area of performance measu rement. This paper 
discusses the study results and how they can be inc orporated in the DOE 
OWM performance measures and influence the characte r of the "critical 
few" metrics used by senior DOE managers. 
INTRODUCTION 
The Government Performance and Results Act of 1993 directed Federal 
Agencies to develop annual performance measurement plans for their 
program activities. Private industry successfully u ses performance 
measurement at all organizational levels to better manage operations. 
These private enterprises, particularly those in th e waste management 
industry, are a valuable source of information for DOE OWM on current 
performance measurement practices. Of particular in terest is the 
character of those "critical few" performance metri cs or indicators used 
by corporate executives, the position which best co rresponds to the 
operational oversight responsibilities of the DOE D eputy Assistant 
Secretary for Waste Management and the Assistant Se cretary for 
Environmental Management. 



To gather information on private industry practices , waste management 
firms were surveyed, first through the distribution  of a survey 
questionnaire, and then with follow-on discussions after the 
questionnaires had been returned and reviewed. The survey was sent to 75 
waste management firms throughout the United States  and Canada. 
Information collected from the survey and follow-on  discussions provide 
valuable insight into industry practices in the are a of performance 
measurement. 
The responding firms represent a cross section of t he waste management 
industry. The core businesses of over 50% of the re spondents is waste 
disposal and/or waste treatment, though the wastes which they manage pose 
less handling problems than those faced by the DOE.  Of the firms which 
responded, eight (44%) have annual revenues of over  $100 million and 
several core business lines, requiring the chief ex ecutive officer (CEO) 
to manage multiple performance centers, a managemen t complexity similar 
to that facing the Deputy Assistant Secretary for W aste Management. 
SURVEY METHODOLOGY 
Although performance measurement is used across all  industry sectors, 
those firms in the waste management business were j udged to be in the 
best position to provide the type of performance me asurement practices 
most useful to the DOE OWM. Candidate firms were id entified using a 
variety of sources, and a screening process. Teleph one contacts were made 
to identify the specific types of services the comp anies provided and the 
corporate representative who should receive the sur vey questionnaire. 
The survey form transmittal package included a cove r letter summarizing 
the DOE efforts to increase the use of performance measurement practices. 
Twenty-four percent of those receiving the survey r esponded. As the 
survey questionnaires were received, data was compi led and analyzed. This 
information was reviewed and used during follow-on discussions with the 
eight largest responding firms. A profile of the pa rticipating firms is 
shown in Fig. 1. The follow-on discussions with the  respondents, who were 
typically vice presidents or senior financial offic ers, and the corporate 
CEOs were worthwhile. However, it was evident that though they were 
interested and supportive of the study, other time demands limited their 
participation and accessibility. 
Fig. 1 
FINDINGS 
The survey findings are divided into those performa nce metrics or 
indicators used by the chief corporate executive, t ypically the CEO, and 
those used by other organizational levels. Universa lly, the performance 
measures used by the CEO subsume the more detailed measures from other 
organizational levels. 
Overall Performance Measurement Practices 
Key results extracted from the questionnaire are: 
  94% of the respondents use organizational goals a s the focus of 
performance measures. 
  78% of the respondents use performance measures t o monitor 
organizational progress toward corporate mission an d goals. 
  67% of the respondents share mission statements a nd goals with 
employees. 
  Smaller firms tend to use fewer performance indic ators. 
  Performance measurement information is distribute d to the executive 
level at least monthly and often weekly. 



No organization used purely financial measures, suc h as revenue or cost 
per ton of waste stored or treated. While 17% of th e respondents used 
purely nonfinancial performance measures, such as c ustomer satisfaction 
or volume of market share captured, the majority us ed a combination of 
financial and nonfinancial measures. The performanc e measurements used at 
one level in the organization often helped explain the performance 
results at the next higher level. Examples of typic al measures appear in 
Tables I and II. 
Table I 
Table II 
Senior managers generally rely upon five to seven k ey financial and 
nonfinancial indicators and focus on division or pr oduct line 
performance. Below senior management, the variety a nd number of 
indicators increases and are predisposed toward qua ntitative measurements 
such as unit cost, resources expended, and achievem ent verses time unit. 
Middle managers tend to focus on their specific wor k centers. Performance 
measures for each work center are defined and colle cted for consolidation 
into divisional or product measures and for compari son with similar 
corporate operations. Such a systematic approach wa s the basis for the 
Fiscal Year 1996 OWM performance measures for waste  treatment, storage, 
and disposal. 
While the OWM does not generate revenue or operate for profit, the 
underlying principle of producing quality products for the least possible 
cost is consistent in both sectors. The respondents  use performance 
measures for monitoring, evaluating, and controllin g costs. The 
performance metrics used for financial measures wer e similar among the 
firms surveyed. The key condition for optimum use o f performance 
measurement indicators, which seemed to be taken fo r granted by the 
respondents, were effective communications and cost  collection, and a 
quantity tracking system which provided relevant, t imely, accurate, and 
consistent information. Unique financial, cost esti mating and collection 
systems across the DOE complex could make consisten t performance data 
collection difficult. Standard definitions for dire ct labor, material, 
and indirect cost pools are necessary for credible complex-wide measures 
for waste management operations. 
Qualitative measures, while fewer than quantitative  measures, did also 
exist at all management levels and tended to focus on customer 
satisfaction. This is akin to stakeholder interest measures for DOE. 
Because of the diverse DOE stakeholder population, measurement focus 
should start with an objective area such as satisfy ing regulatory issues 
and as the system matures, proceed toward the more esoteric stakeholder 
issues. Stakeholder-related measures are important but will require OWM 
and stakeholder cooperation for mutual acceptance. 
Corporate Oversight 
Specific chief executive performance measurement pr actices were solicited 
through follow-on discussions from the eight larges t respondents. This 
approach validated the questionnaire input and prov ided the opportunity 
to discuss how performance measures were used. Thes e discussions were 
used to validate methodology for developing "critic al few" measures for 
DOE management. The title "critical few" indicates the awareness by 
senior DOE management that they could not evaluate each performance 
measure for every EM office, a fact supported by th e CEO interviews. The 
discussions provided significant insight and focus for the OWM "critical 
few." 



While each firm uses a variety of indicators or met rics to monitor 
performance within the organization, at the highest  corporate level, 
typically the CEO or president, financial/business indicators were 
primarily and universally used to measure performan ce. These included 
corporate earnings, earnings per share, return on i nvestment or assets, 
total revenue, and total cost. This is the type of information included 
in annual reports issued by the company and is targ eted toward 
stockholders. 
Financial/business performance metrics, in the form  of tables, charts, or 
curves were typically provided monthly. This provid ed actual versus 
planned performance through a specified period and occasionally included 
performance projections. These metrics conveyed "wh at" had occurred but 
did not typically provide much analysis or detail. Supplemental 
information on operational performance at the produ ct or service level 
was available, however, and provided insight into t rends. Consequently, 
corporate executives could look down into their org anizations and 
pinpoint those areas or operations which had contri buted to the successes 
or problems. 
There were no reported instances where aggregating or indexing of 
dissimilar performance metrics, produced through so phisticated 
mathematical modeling, was used by the CEO. In one case, the aggregated 
performance of similar activities, landfill operati ons, were provided to 
the CEO as a key performance measure. The differenc es in the waste 
handled and landfill sites were normalized, using w eighting factors. 
Variance from the corporate planned cost would be e xplained by examining 
the actual volumes handled by each site as compared  to the planned 
volumes for each site. 
At several companies, along with key financial perf ormance indicators, 
the CEO received performance metrics which evaluate d customer 
satisfaction such as: on time deliveries, work in p rogress, milestones 
achieved, and other performance measures which they  considered 
significant when evaluating overall performance. Th e selection of metrics 
appeared to reflect the overall size of the company , the variety of 
products and services it provided, and the manageme nt style of the CEO. 
The CEO feedback supported the position that no sin gle metric could be 
developed to measure the performance of the DOE Was te Management Program. 
A single metric would have been especially difficul t in the case of the 
Waste Management Program anyway, because managers m ust deal with various 
types of existing waste and an indeterminate amount  of waste generated by 
ongoing operations and decommissioning of closed fa cilities. Several 
metrics would be required to measure performance in  key program areas. To 
mirror its private sector counterparts, the DOE Was te Management 
"critical few" should be composed of metrics measur ing production, cost 
of operations, and customer satisfaction. A program  analysis by staff and 
management should be conducted to determine what me asures, reported at 
the operations level, meet these key program parame ters. 
CONCLUSION 
Private waste management firms generally use perfor mance measures to 
monitor their operations. Performance metrics used within the 
organizational levels complement those received by the chief executive by 
identifying areas which have contributed to overall  corporate 
performance. Performance indicators recognized as s ignificant by senior 
and executive management generally ranged between f ive and seven. This 
suggests that too many performance indicators are e ither not manageable 



and/or useful. From the study results, chief execut ives use two to three 
key performance metrics. These high-level performan ce indicators most 
often measure financial/business performance. Below  the executive level, 
managers use a combination of financial and nonfina ncial indicators which 
relate to a specific product, process, service, or organizational unit. 
The objective of this study was to examine private sector performance 
measurement practices and to identify potential are as where the DOE OWM 
could benefit. As the DOE moves toward implementing  GPRA, the practical 
lessons from the private sector are helpful in desi gning the performance 
measurement system. Key lessons learned from this s tudy are:  
  Focus on a small number of meaningful measures. 
  Develop a system where more detailed information is available, if 
requested. 
  Establish an effective process for defining and c ommunicating the 
performance measures within the organization and fo r relating measures to 
the overall organizational goals. 
  Implement a cost collection and quantity tracking  system that provides 
relevant, timely, accurate, and consistent informat ion. 
While the DOE neither generates revenue nor is oper ated for profit, 
performance measures can monitor operations executi on and efficiency. The 
cornerstone to these measures is a consistent syste m for measuring output 
and collecting costs. The ability of the existing s ystems to meet the 
criteria of consistency will have to be evaluated a s part of the 
performance measure development effort. Additionall y, the "critical few" 
program parameters must be clearly defined, and the y should contain 
production, cost of operations, and customer satisf action measures. 
Additional interactions with private sector waste m anagement firms, both 
at the headquarters level and in the field, can be beneficial as the DOE 
continues to improve the overall effectiveness of w aste management 
operations. 
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ABSTRACT 
Sound economic methods are required to selectively fund projects that 
address significant environmental restoration, deac tivation, 
decontamination and decommissioning, surveillance a nd maintenance, and 
waste management challenges. The funded projects mu st offer the greatest 
environmental and health risk reduction, significan tly reduce sources or 
inventories, generate the highest public stakeholde r acceptance, or 
ensure that worker safety is maximized for the leas t cost.  
This paper presents a proven approach that identifi es the optimal 
selection of projects so that the total Life Cycle Cost (LCC) is 
minimized for all selected projects. Annual budget constraints, risk 
reduction requirements, and multiple project combin ations are considered. 
Scenarios based on annual funding levels, desired r elative risk 
reduction, and project cost factors are examined. T he approach was 
developed and is currently being implemented at Oak  Ridge National 



Laboratory (ORNL) Environmental Restoration Program  Characterization and 
Remedial Decisions Office. 
INTRODUCTION 
Environmental restoration and waste management (ER/ WM) program managers 
need to choose the optimal number of projects to fu nd during a given 
Fiscal Year (FY). The total Life Cycle Cost (LCC), i.e., the sum of the 
annualized costs of all the funded projects, must b e minimized.  
At the same time, ER/WM managers must deal with oth er major constraints. 
Projects must be selected that maximize the reducti on in environmental 
and health risk. Budgets cannot be exceeded within the specified planning 
horizon. Some projects, or a combination of project s, must be funded for 
a variety of programmatic, regulatory, public stake holder or technical 
reasons. In some cases, if one project is funded, a nother project cannot 
be funded for similar reasons.  
STATEMENT OF THE PROBLEM 
The critical challenge facing ER/WM managers is:  
"It is a fact of life that we have limited dollars.  What projects should 
be funded that demonstrate success?" 
The problem statement is: 
What is the best selection of K < N projects that m inimizes total LCC, 
meets or exceeds a specified level of risk reductio n, satisfies available 
budget and LCC constraints, and meets project combi nation constraints 
within a given planning horizon? 
The term "risk reduction" corresponds to the decrea se of human health and 
environmental risk. Risk is the probability an indi vidual will develop 
cancer (1). Inventory or source-term reduction, ste wardship, public 
acceptance, or worker safety could be substituted f or risk reduction in 
the problem statement. 
An alternative way to express the problem statement  is: 
What is the best selection of K < N projects that m aximizes risk 
reduction, is less than a specified total LCC, meet s available budget 
constraints, and satisfies project combination cons traints within a given 
planning horizon? 
This is a rearrangement of the objective and the pr imary constraint of 
former problem statement. The objective is to maxim ize risk reduction 
subject to the primary constraint of minimizing tot al LCC. The 
constraints for available budget and project combin ations within the 
planning horizon remain the same. The solution to b oth ways of expressing 
the problem is the same. (2) 
REVIEW OF CURRENT APPROACHES 
Three approaches are currently used for ER/WM proje ct selection. The 
benefits and the limitations of each approach are p resented in Table I. 
The purely economic approach assumes cost is the on ly evaluation 
criteria. Although this approach is simple, it is r arely used in a 
standalone manner. The total current year cost and the LCC for all 
candidate projects are determined. A funding line i s defined. Projects 
are rank-ordered from minimum LCC to maximum LCC. P rojects are selected 
based upon minimum LCC until the funding line is re ached for the current 
year costs. All projects that fall below the fundin g line are discarded 
until the next planning horizon's budget exercise. 
Multiple Criteria Decision Making (MCDM) uses a qua ntitative metric to 
prioritize the projects independent of cost and the n applies the purely 
economic approach. One common metric is a weighted linear additive 
function. Weights are assigned to decision variable s such as public 



acceptance, risk reduction, worker safety, or regul atory compliance. Each 
project is "scored" for these variables, and the ov erall weighted score 
is computed. Projects are prioritized by this overa ll score. The economic 
approach is then used to select projects for fundin g. 
Effectiveness-Cost Analysis prioritizes projects us ing an effectiveness-
cost (E/C) ratio. The effectiveness measure may be expressed in dollars, 
or it may be an MCDM-like quantitative metric. Cost  is LCC or cumulative 
annualized outlays for some planning horizon. Proje cts with the highest 
E/C ratio are selected for funding until the fundin g line is reached. The 
remaining projects are not funded. 
Unfortunately, project combinations are examined af ter the first cut of 
project selection is accomplished. Several iteratio ns in the project 
selection process are required, and these are usual ly accomplished in a 
heuristic, brute-force, manner.  
There are obvious benefits of each approach. There are also significant 
limitations. The greatest limitation is that a quan titative metric is 
always required for the MCDM approach and Effective ness-Cost analysis. 
The project scores and the weights of the decision variables must be 
calibrated and repeatable. If this is not the case,  the project selection 
credibility is questionable regardless of how relia ble or repeatable the 
subsequent application of the pure economic approac h. 
Table I  
THE OPTIMAL PROJECT SELECTION APPROACH 
The optimal project selection approach employs an o perations research 
principle known as mathematical programming. Mathem atical programming is 
a method that deals with the allocation of resource s among competing 
activities (2). This type of approach is useful for  a variety of ER/WM 
problems including identification of transportation  routes for waste 
shipments to disposal facilities, personnel schedul ing, and, as the topic 
of this paper, project selection. It is assumed tha t any project being 
considered for funding meets some minimal acceptabl e level of stakeholder 
acceptance and worker safety. 
The optimal project selection approach is summarize d in Table II. The 
problem statement is formulated as an integer mathe matical programming 
problem. All results are deterministic, i.e., the f ormulation cannot 
handle random variation in the objective function c oefficients or the 
constraints. The decision variables are binary, nam ely, projects are 
either selected or not selected. The objective func tion is linear, and 
the coefficients of the decision variables are the total LCC for each 
project. There are several of constraints: 1) all d ecision variables are 
either 0 or 1, 2) a linear combination of projects and associated risk 
reduction is required to be greater than some thres hold value, 3) a 
linear combination of projects and planned budget f or each project for 
one or more separate FY is required to be less than  a specified value, 
and 4) a series of logical rules associated with pr oject combinations 
must be met. The logical rules associated with the project combination 
constraints is presented in Table III. The computat ional approach is 
implemented using Microsoft Excel, Version 5.0a.  
Table II  
Table III  
The details for optimal project selection are prese nted in Table IV. 
There are six major actions that must be performed:  
  Describe projects in terms of cost and risk reduc tion 
  Describe the planning horizon and associated budg ets 



  Identify scenarios in terms of budgets, desired r isk reduction, and 
allowable project combinations 
  Identify optimal projects in terms of projects th an minimize total 
discounted LCC and meet specified budgets, desired risk reduction, and 
allowable project combinations constraints 
  Evaluate optimal projects in terms of rank-ordere d scenarios 
  Select optimal projects based upon the results of  the evaluation and 
associated sensitive analyses and scenario evaluati ons. 
The optimal project selection approach does not inc lude management 
challenges such as changes in mission, client or ER /WM re-organization, 
market share loss or gain, or crises and emergencie s. 
Table IV 
Candidate projects are first described in terms of cost and risk 
reduction. Cost is expressed as both a discounted a nd an undiscounted 
LCC. For example, if the undiscounted LCC cost for a project is $25M, the 
discounted LCC at an 8% discount rate over 15 years  may be $21.5M. Risk 
reduction is expressed as a percentage of total ris k reduction that would 
occur if the project were successfully implemented based upon the 
project's geographic domain. For example, the curre nt human health and 
environmental risk for a project may be 1.0E-03. If  the project were 
successfully completed, the risk would be less than  1.0E-04 that would 
represent a linear risk reduction of 90%. (As discu ssed earlier, 
inventory or source-term reduction, stewardship, et c. could be used 
instead of human health and environmental risk). 
The planning horizon and budgets are then described . The planning horizon 
is defined to be those periods (in years) for which  the optimization is 
applicable. Up to three planning horizons may be ex amined. The 
optimization approach requires one planning horizon  to be the maximum 
duration for all projects. The first FY is strongly  recommended as the 
second planning horizon, and it is suggested the th ird planning horizon 
may be either two, three, or five years. The budget  for each project is 
determined from the undiscounted LCC. The total bud get for all projects 
is the sum of the undiscounted LCCs for all project s. Annual budgets for 
the projects for FY (the FY1 and FY2, FY3, or FY5) are expressed in 
current year dollars.  
Scenarios are developed to compare optimal project selections. There are 
no strict rules for scenario identification other t han scenarios for the 
optimization can only be expressed in terms of the decision variables of 
budget, risk reduction, and project combinations. F or example, a 
reasonable Baseline scenario is: maximum funding le vels and budgets are 
available, risk reduction is the highest, and proje ct combinations 
represent current planning thought. A Worst Case sc enario can be 
developed in which expected funding levels and budg ets are minimal and 
risk reduction is very low. The worst case project combinations 
explicitly depend on user perceptions. Currently, t he model can examine 
as many scenarios as desired. 
The optimal project identification is determined us ing data from the 
previous actions. Using mathematical integer progra mming, optimal 
projects are identified for the Baseline and Altern ate scenarios. All 
projects identified result in the minimum total dis counted LCC and meet 
risk reduction, budget, and project combination con straints. 
Optimal projects are evaluated in terms of the rank -ordered scenarios. 
This is because a sensitivity analyses of the const raints is not 
meaningful since project selection has been formula ted as an integer 



programming problem. The rank ordering of the scena rios may be based upon 
1) likelihood (i.e., probability that a scenario wi ll occur), 2) utility 
(i.e., the relative worth of the scenario to progra m challenges), or 3) 
whatever ordering makes sense to decision-makers. 
Optimal projects are selected based upon the result s of the project 
evaluation. The optimal project identification and evaluation provides a 
recommendation for funding a selected set of projec ts based on cost and 
some measure of project effectiveness; however, the re are many management 
challenges that are not included, nor attempted, in  the optimal project 
selection approach. As such, the final selection al ways rests in the 
hands of the decision-maker. 
ILLUSTRATION OF APPROACH 
An example that is representative of project select ion activities at ORNL 
is presented in this section, Table V. Ten projects  are candidates for 
funding. Each project is an Environmental Restorati on (ER) project, a 
Decontamination and Decommissioning (D&D) project, or a Surveillance and 
Maintenance (S&M) project. Project duration ranges from one to 15 years. 
The undiscounted LCC of each project is $25M. Risk reduction for each 
project ranges from 1% to 100%, where large values of risk reduction are 
preferred to small values.  
Project duration ranges from one to 15 years, hence  this is the maximum 
planning horizon. Two other planning horizons are c onsidered, FY1 and 
FY2. The discounted LCC is the total annualized Net  Present Values of 
capital and operations and maintenance costs using an 8% discount rate. 
Budgeted current year costs for each project are id entified for FY1, FY2, 
and FY3. 
Table V 
Seven scenarios are developed to compare optimal pr oject selections. 
These are presented in Table VI. As the shading of the entries in table 
darkens, the scenarios get progressively worse. The  scenarios are 
subjectively rank-ordered by likelihood from most l ikely to least likely. 
No numerical likelihood estimates are used to creat e the rank-ordering.  
The Baseline Scenario considers the maximum funding  level of $250M over 
15 years with full funding for FY1 and FY2. Project s 2, 9, and 10 must be 
funded. This is denoted as "2, 9, 10" in Table VI. Disjunctive project 
constraints are 1) Project 4 or Project 5 can be fu nded, but not both, 
and 2) Project 7 or Project 8 can be funded, but no t both. This is 
denoted as "(4,5) (7,8)" in Table VI. No conjunctiv e constraints are 
considered in any scenario. Risk reduction is requi red to be at least 
75%. 
Scenario 1A is the same as the Baseline Scenario ex cept that (1) the 
maximum funding level is reduced to $200M, and (2) there are no 
disjunctive project constraints. Scenario 1B is the  same as the Scenario 
1A except that 1) risk reduction is required to be at least 70%, and 2) 
the disjunctive project constraints "(4,5) (7,8)" a re present. 
Scenario 2A represents 1) the maximum funding level  is reduced to $200M, 
2) FY1 funding is cut by 10%, 3) FY2 funding is cut  by 20%, 4) Risk 
Reduction is required to be at least 65%, and (4) t here are no 
disjunctive project constraints. Scenario 2B is the  same as Scenario 2A 
except that the maximum funding level is reduced to  $150M. 
Worst Case Scenario 1 represents 1) the maximum fun ding level is reduced 
to $150M, 2) FY1 funding is cut by 10%, 3) FY2 fund ing is cut by 20%, (4) 
risk reduction is required to be at least 60%, and 4) the disjunctive 
project constraints "(4,5) (7,8)" are present. 



Worst Case Scenario 2 represents 1) the maximum fun ding level is reduced 
to $150M, 2) FY1 funding is cut by 20%, 3) FY2 fund ing is cut by 20%, 4) 
risk reduction is required to be at least 60%, and 5) the disjunctive 
project constraints are not present. 
Table VI 
The optimal project identification is presented in Table VII for each 
scenario. Several observations are provided: 
  Although the Baseline Scenario considers maximum funding level of $250M 
over 15 years with full funding for FY1 and FY2, ri sk reduction cannot 
exceed 77%. This is due to the presence of the disj unctive project 
constraints.  
  All projects identified result in the minimum tot al discounted LCC. The 
discounted LCC ranges from $142M when the full $250  funding is available 
to $121M when only $150M is available.  
  All projects meet risk reduction constraints. The  maximum risk 
reduction possible is 77%. When funding is at the w orst case level, risk 
reduction ranges from 61% to 65%. 
  All projects meet FY1 and FY2 budget constraints for full funding 
availability. When the full $106M is available for FY1, budget 
requirements range from $76M to $92M. When the full  $32M is available for 
FY2, budget requirements range from $18M to $28M. 
  All projects meet FY1 and FY2 budget constraints for reduced funding 
availability. When $90M is available for FY1, budge t requirements range 
from $87M to $90M. When $80M is available for FY1, budget requirements 
are $71M. When $25M is available for FY2, budget re quirements range from 
$14M to $22M. 
  All projects meet project combination requirement s. Although there are 
only a few project combination requirements, most p roblems may contain 
several hundred such constraints. 
Table VII 
Optimal projects are evaluated using the rank-order ed scenarios. This is 
illustrated in Table VIII. Risk reduction is as pre sented earlier. Slack 
represents the difference between the constraint re quirement and the 
result of the scenario optimization. As the shading  of the entries in 
table darkens, the outcomes of the scenarios get pr ogressively worse. 
Several observations are made: 
  The Baseline scenario seems reasonable until FY2 slack is examined, 
i.e., $8M may be too little slack for the ER/WM pro gram.  
  Scenario 1A offers greater slack ($14M) for FY2 t han the Baseline 
($8M). Scenario 1B offers twice the slack for FY1 ( $30M) than the 
Baseline ($14M). There appears minimal difference i n risk reduction 
between the Baseline and Scenarios 1A and 1B. 
  Although both the Worst Case scenarios look bad, the benefit of some 
slack in FY1 and FY2 may offer some hope to the ER/ WM manager. 
Table VIII 
Optimal project selection is made based upon the ev aluation results. The 
Baseline and Scenarios 1A virtually equivalent. Sce nario 1B offers slack 
(read "insurance") in FY1 but a gamble for slack in  FY2. Scenarios 2A and 
2B are to be avoided. The worst case scenarios offe r fiscal challenges to 
the decision-maker, but, like Scenarios 1A and 1B, there is some slack 
present that could be judiciously managed. As state d earlier, there are 
other management challenges not included in the opt imal project selection 
approach. 
CONCLUSIONS 



A proven approach to identify projects combinations  that minimize total 
LCC and meet annual budget constraints, risk reduct ion requirements, and 
multiple project combinations has been presented. S cenarios based on 
annual funding levels, desired relative risk reduct ion, and project cost 
factors have been examined. Optimal projects to be selected have been 
evaluated and recommended. 
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ABSTRACT 
This paper identifies the many opportunities presen ted in the planning 
and initial implementation of a large Environmental  Restoration and Waste 
Management (ERWM) task order contract. The U.S. Dep artment of Energy-Oak 
Ridge Operations (DOE-ORO) ERWM Remedial Design Con tract with Foster 
Wheeler Environmental Corporation is used as a mode l for exploring these 
topics. The program has been highly successful and has obtained from DOE 
outstanding marks for achieving quality, responsive ness, timeliness, and 
subcontracting goals. Potential traps are identifie d in this paper so 
that they can be recognized and avoided or mitigate d. Teaming and 
subcontracting are also addressed. 
INTRODUCTION 
Program management for a large Environmental Restor ation and Waste 
Management (ERWM) task order contract is both a ski ll and an art. Unlike 
project management, program management deals with g lobal and political 
issues, with both client and home organizations, as  well as with day-to-
day operations. Program management requires up-fron t planning and 
nurturing, for no contract matures successfully by itself. This paper 
identifies the many opportunities presented in the planning and initial 
implementation of the contract. Potential traps are  identified so that 
they can be recognized and avoided or mitigated. Te aming and 
subcontracting are also addressed. The authors rely  on years of program 
management experience to explore such questions as the following: Can you 
have an integrated team? What needs to be done befo re you sign your 
contract? Do you know who your client(s) is(are)? H ave you incorporated 
the relevant, especially any new, procurement strat egies? 
The U.S. Department of Energy-Oak Ridge Operations (DOE-ORO) ERWM 
Remedial Design Contract with Foster Wheeler Enviro nmental Corporation is 



used as a model for exploring these topics. This ER WM Programwhich 
focuses on the Oak Ridge National Laboratory, the Y -12 Weapons Plant, and 
the K-25 Site (formerly the Oak Ridge Gaseous Diffu sion Plant) in Oak 
Ridge, Tennessee; the Paducah Gaseous Diffusion Pla nt in Paducah, 
Kentucky; and the Portsmouth Gaseous Diffusion Plan t in Portsmouth, 
Ohiois in its fifth year with over 225 task orders.  The program has been 
highly successful and has obtained from DOE outstan ding marks for 
achieving quality, responsiveness, timeliness, and subcontracting goals. 
Planning is a term that is overused when discussing  management 
philosophies. However, strong, competent initial pl anning has proven 
critical to the success of this large ERWM task ord er contract. Most 
companies begin planning for such large contracts w ell before they are 
published in the Commerce Business Daily. Marketing  groups develop teams, 
alliances and strategies to win these contracts. Th is effort may cover a 
period of several months and incur costs into the h undreds of thousands 
of dollars. As the proposal becomes formulated, it sets the stage for the 
operations and management of the contract. This eff ort cannot be done in 
a vacuum by the marketing groups. It is imperative that the operations 
managers, especially the ones who are designated in  the proposal as key 
staff, play an active part in the formulation of th e teams, alliances and 
strategies.  
TEAM STRUCTURE 
The structure of the team is the first aspect to be  developed. Questions 
that must be asked include the following: Can your company show strong 
expertise to cover all aspects of the Request for P roposal (RFP)? Can 
your company provide adequate resources to support the depth of the 
contract proposed? Does the RFP outline subcontract ing goals or targets 
for small businesses (SBs) and small disadvantaged businesses (SDBs)? 
Does your company have the key resumes required to sell the team? After 
answering these questions honestly, additional issu es need to be 
considered: If you are putting together a team, who  should be on it and 
how will it be structured? Any team members should be chosen based on 
specific expertise that they bring to the project. Homework that should 
be done on these potential team members, whether in -house or 
subcontractor, includes ensuring that they are in g ood standing with your 
potential client. If more than one large company is  to be part of this 
team, it is very important that the two companies c omplement each other. 
It is also important that SB and SDB firms compleme nt the prime 
contractor wherever possible. Track records of work ing with these 
companies should be considered. Remember that you m ay be stuck with 
someone with whom you do not want to work over the long haul. Like a 
marriage, these relationships often can be difficul t to dissolve. 
Integrated Team Structure 
After selecting your teaming partners or subcontrac tors, you must choose 
one of the two main organizational structures: a st rong prime contractor 
with separate subcontractors or a strong prime with  an integrated team of 
subcontractors. If the nature of the work under the  contract will allow 
you as the prime to discretely subcontract pieces o f work, a strong prime 
with separate subcontractors would be the best appr oach. If discrete 
packages cannot be broken out, an integrated team a pproach is best as an 
organizational format. 
An integrated team consists of a prime contractor w hose responsibility is 
to manage, control, and provide technical expertise  and other support to 
the program. Under the DOE-ORO ERWM Remedial Design  Contract, Foster 



Wheeler Environmental is the prime contractor with staff in the following 
key positions: Program Director, Deputy Program Dir ector, Operations 
Manager, Engineering Manager, Program Controls Mana ger, Quality Assurance 
Manager, and Health and Safety Manager. This struct ure enables the prime 
to maintain control and provides the client with on e entity with which to 
work. Senior positions such as project managers, le ad engineers, and lead 
scientists are filled by the most competent individ uals regardless of 
company affiliation.  
To help assure that your integrated team will funct ion smoothly, it is 
ideal to have the team collocated under one roof. F oster Wheeler 
Environmental's ERWM Contract has six contractors a nd subcontractors 
under one roof. It seems that by their nature, engi neers, scientists, 
technicians, etc., are task oriented. It has been F oster Wheeler 
Environmental's experience that once individuals ar e assigned to a 
particular task/project and are collocated to that project, they become 
project team members foremost and their company aff iliation becomes 
secondary. Integration in that manner has been achi eved rather 
seamlessly. The organizational challenges come not at the team member 
level but at the supervisory level, especially if t here are supervisors 
at the same level, representing different companies . Supervisors will 
tend to place billability interests for their compa ny employees above the 
interest of other teaming companies. This tendency must be monitored and 
managed by the prime contractor's senior management . The key to managing 
this situation is to have up-front agreements with written guidelines for 
all to follow. On the ERWM contract one subcontract or that does not have 
its own local office occupies offices under this ro of that have been set 
aside for its corporate functions. Other than this,  it is virtually 
impossible to tell for which company individual sta ff members work. 
Integrated Team Personnel 
As these teams are assembled, another major opportu nity arisesthe 
selection of key individuals. The key members of th e organization must be 
able to work and to live together. The key staff mu st be chosen based not 
just on their technical and managerial expertise an d their abilities to 
sell the team, but also on their personal traits. C an they work together 
over long hours, days and weeks in the same cramped  quarters? Can they 
leave their egos at the door for the benefit of the  program? Can they be 
on long-term assignment if required? Technical and managerial superstars 
may not be ideal team members.  
As the prime contractor, an important responsibilit y is your concurrence 
concerning key individuals selected from your subco ntractors. Remember 
that they must operate as an integral part of your team. If you have an 
integrated team, it is also important that you have  a subcontractor 
manager/supervisor located with you on whom you can  rely to support you 
and get things done within his/her own company. 
If your team is composed of SB and/or SDB subcontra ctors, the following 
considerations must also be taken into account: Can  the SB/SDB supply the 
staff required without hiring new personnel? Is the  SB/SDB a viable firm 
or just a body shop? What is the SB's/SDB's profess ional reputation? What 
degree of commitment has the owner/president given you? As the prime 
contractor, you may have to establish goals for SB/ SDB participation. As 
with your own staff and the staff of your large sub contractors, it is 
important that you concur with the individuals offe red by your SBs/SDBs 
to support your contract. In these days of tight an d dwindling budgets, 



it is very important that everyone on your team car ries his/her own 
weight. 
Once your program has started and you have selected  your initial cadre of 
staff, a likely scenario is for your client to brin g you additional work 
that is going to increase your staff by over 50%. W hat do you do? If you 
are unsure that this upsizing is permanent, you may  want your 
subcontractors to supply the required staff. Whethe r or not the 
additional staff comes internally or from your subc ontractors, it is very 
important that you maintain control over your team.  Whenever possible, 
concur with all new hires or transfers into your pr ogram. Remember that 
many of the individuals offered to you may be offer ed because their 
managers view this as a viable way to get rid of pe rformance problems. 
You must be careful whom you accept. 
CLIENT INTERFACE 
A crucial task as you develop your proposal is to m ake sure that you know 
who your client or clients really are. Foster Wheel er Environmental's 
ERWM Contract, for example, was held by the DOE-ORO  Project Management 
Division of DOE Construction and Engineering. DOE's  Office of 
Environmental Restoration and Waste Management dete rmines the ERWM work 
to be done and controls the budgets to implement th e work. The 
Maintenance and Operations Contractor, Lockheed Mar tin Energy Systems, 
oversees all work done on the DOE-ORO reservations.  Energy Systems 
transferred funding from its accounts to the DOE Pr oject Management 
division so that Foster Wheeler Environmental's DOE  Contracting Officer's 
Representative had the funding in place to release work to the Foster 
Wheeler Environmental team. Although the contract w as with one entity, 
several groups and organizations played major roles  in the day-to-day 
operation of the program. 
Contract Negotiations 
After the notice of intent is received, you will be gin contract 
negotiations with your new client. You must know to  what you are entitled 
and to what the client is entitled. If this is a go vernment contract, use 
the Federal Acquisition Regulations (FARs) as the b asis for your 
negotiations. The FARs protect both the government and the contractor. If 
your preplanning is adequate, you will have in hand  written agreements 
with your subcontractors. These good faith agreemen ts will need to be 
modified as your prime contract is finalized, but t hey give you the 
necessary latitude in negotiations with the client.  In addition, new 
procurement strategies that are being popularized m ust be evaluated for 
relevance, including the cost plus incentive fee an d fixed price 
strategies. Due to Cabinet-level interest in procur ement reform, you must 
take an aggressive approach to these new procuremen t scenarios.  
Client Communication 
During the initial months of your program, it is im perative that frequent 
communications be held with your client(s), even on  a very informal 
basis. One of your primary goals is to support and to be responsive to 
your client in order to ensure continuing and, hope fully, new work. One 
way to improve communication is to become very acti ve in the community. 
Not only does that provide for excellent public rel ations, but it also 
provides access to information that is vital to you r existence, such as 
what your competitors are doing and how are you bei ng perceived in the 
community and by the client. This is where you will  first hear warning 
signals of any problems with your team. Caution is merited because 



perceived problems can have effects that are just a s real as the effects 
of real problems and must be dealt with immediately .  
Particularly as your program starts to produce deli verables, it is 
important that quality and responsiveness go hand i n hand. Initially your 
reputation is very fragile or nonexistent. What you r team does in the 
first several months will set the tone for the next  several years. 
Adequate preplanning and key staff involvement will  establish your 
reputation with the client as a team that operates in a responsive mode, 
rather than in a reactive mode. It is virtually imp ossible to change 
initial impressions. In fact, your contract may not  last long enough to 
change those impressions. 
One common mistake made by contractors hired as "ex perts in their field" 
is to place too much emphasis on their internal abi lity to determine what 
the client needs for any given project. More often than not, the client 
has a good grasp of the problem at hand and the req uired solution. The 
contractor's expertise is required to effect that s olution within the 
allocated resources (budget, schedule, etc.). Today 's client is usually 
very well informed and can be expected to provide r esource constraints. 
The operational phase of a program can be expected to be a continuous 
process of tailoring work and deliverables to effec t the predetermined 
solution within the resource constraints while at t he same time managing 
no compromise in quality. 
CONCLUSION 
In summary, the success of an ERWM task order contr act is directly 
related to the preplanning and initial operational involvement of the key 
individuals on the team. These key individuals shou ld be involved in all 
phases of structuring the team. Senior staff involv ement and their review 
of all deliverables are crucial to ensuring the qua lity, and providing 
adequate control, of the product delivered to the c lient. Frequent 
communication, both with the client and with others  in the community, is 
critical to the survival of your contract. Planning  to incorporate these 
recommendations, drawn from the experience and succ ess of the DOE-ORO 
ERWM Program, into your program will be a first ste p towards assuring 
that your contract meets with similar success. 
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ABSTRACT 
An Accelerated Site Action Project (ASAP) is being developed at the Rocky 
Flats Environmental Technology Site to address the fundamental problem at 
Rocky Flats, that the current nuclear material stab ilization and 
environmental cleanup activities are too slow, too uncertain in outcome, 
and too costly. A draft Phase I ASAP plan was devel oped to shatter 
certain cost and schedule paradigms and described a  single, feasible 
alternative among many for achieving the most rapid  and economical 
stabilization of the Site. This feasible alternativ e provided for interim 
closure of the Site and would make the Site nearly risk free for onsite 
and offsite populations and enable alternative uses  of most of the Site's 
6500 acres. ASAP Phase II, currently in progress, b uilds on the Phase I 
work to develop and evaluate additional alternative s based on technical 
and stakeholder input. The ASAP represents a step c hange in the mindset 
and management approach to achieve the vision of th e future for the Site. 
INTRODUCTION 
An Accelerated Site Action Project (ASAP) is being developed at the Rocky 
Flats Environmental Technology Site (Rocky Flats or  "the Site"), to 
radically decrease the Site risks and increase land  availability for 
potential other uses as compared to the Site's prev ious course of action. 
A draft plan document dated October 9, 1995 was pre pared as Phase I in 
the process to accelerate the closure of the Site. The document described 
a single, feasible alternative among many to achiev e the most rapid and 
economical stabilization of the Site. This feasible  alternative provided 
for interim closure of the Site and would make the Site nearly risk free 
for onsite and offsite populations and enable alter native uses of most of 
the Site's 6500 acres. 
The ASAP Phase I feasible alternative began to brac ket what is possible 
at Rocky Flats before the next phase of planning be gan. This initial 
feasibility was necessary to shatter certain cost a nd schedule paradigms 
at the Site that, if left unchecked, could have pre vented or 
significantly lengthened the eventual cleanup. ASAP  Phase II, currently 
in progress, builds on the Phase I work to develop and evaluate 
additional alternatives based on technical and stak eholder input while 
continuing to seek the optimum mix of solutions to create an integrated 
project for Site closure. 
PROBLEM DEFINITION AND PROJECT STRATEGY 
The fundamental problem at Rocky Flats is that the current nuclear 
material stabilization and environmental cleanup ac tivities are too slow, 
too uncertain in outcome, and too costly. The Depar tment of Energy (DOE) 
Plutonium Vulnerability Study identified the Site a s having the highest-
risk plutonium facilities in the nation, and these facilities are located 
within 50 miles of the Denver metropolitan area's 2  million people. 
Compounding this problem is that even with past hig h funding levels, the 
Site has had difficulty making meaningful progress toward cleanup. In 
July 1995 a new contractor operating under a new pe rformance-based 
contract took over operations at Rocky Flats. Now j ust as the Site is 
poised to make progress, the budget is falling to l evels that allow for 
little expenditure on mortgage and risk reduction i n the face of high 
nuclear facilities baseline safety costs. The proje cted outyear funding 
profile cannot address DOE's commitments for pluton ium and waste 
treatment and stabilization, or environmental clean up. 



At the heart of ASAP is a shift in management focus  to achieve tangible 
and meaningful results for the funds expended. The Site's new management 
strategy is based on the following elements: 
  To establish a unifying vision of an interim stat e for the Site that 
will simultaneously reduce risks and budget outlays  and that can be 
achieved in the professional lifetime of the people  working at the Site 
  To continue to seek ways to achieve early removal  of plutonium and 
waste from the Site 
  To enable DOE, the Contractor, and the workforce to bring the Site to a 
stable, interim closure state at the earliest possi ble date, with 
additional closure actions accomplished after this date at a lower 
overhead rate and higher efficiency than the curren t Site work structure 
allows 
  To challenge current strategies for environmental  restoration, waste 
management, and plutonium stabilization and storage  to achieve risk 
reduction and land-use value for much lower costs a nd with faster 
schedules 
  To recognize that the march of time represents th e greatest cost at the 
Site. The Site has spent over $700 million per year  in the recent past 
with little highly valued progress. The annual base line for keeping the 
plutonium facilities safe and stable is about $400 million. Therefore, 
every month of inactivity or indecision on a path f orward is costing 
taxpayers more than $30 million. This lost opportun ity cost, which was 
simply accepted in the past, must be factored into all future decisions. 
  To aggressively challenge existing baseline activ ities and costs, 
including both DOE and environmental regulatory bur dens 
  To view and manage Site activities as projects to  better align DOE, the 
Contractor, and the employees, and to increase acco untability for scope, 
schedule, and cost 
THE INITIAL FEASIBLE ALTERNATIVE 
The ASAP Phase I was intended to develop an integra ted alternative to 
test the hypothesis that with unrestricted funding the Site could be 
substantially closed in eight years for around $5 b illion. The key 
features of the Phase I feasible alternative, Pluto nium and Waste, Land 
Use, and cost and Schedules, are described below. 
Plutonium and Waste 
The plutonium and containerized transuranic waste w ill be in safe, 
interim storage awaiting the earliest possible ship ment from the Site. 
Land Use 
The following land uses would be enabled by this al ternative: 
  The outer 5,000 acres of the Buffer Zone would su pport unrestricted 
use, including open space. 
  An inner 1,000 acres of the Buffer Zone would mee t standards for use as 
restricted open space. 
  Of the remaining 500 acres associated with the in dustrial area or 
landfills, 300 acres would be cleaned up to allow f uture industrial or 
commercial development, if desired. The 200 most co ntaminated acres, 
including the current plutonium processing area, wo uld be safely closed 
with a long-term barrier cap with long-term monitor ing to ensure cap 
performance and integrity. A groundwater diversion system and passive 
reactive barriers would be installed to protect off site ground and 
surface waters. 
  Bulk low-level cleanup and demolition waste would  be placed under the 
cap. 



  Most buildings, except those deemed by local stak eholders to have a 
future economic value, would be demolished or cover ed by the cap. 
  The feasible alternative would not compromise the  ability to clean up 
the entire Site in the future. 
Cost and Schedule 
As shown in Fig. 1 this plan can be accomplished fo r about $6 billion, 
compared with the current Baseline Environmental Ma nagement Report (BEMR) 
estimate of more than $22.5 billion. However, it re quires larger annual 
budgets through the year 2002 than are currently an ticipated. 
Alternatively, preliminary estimates indicate that the work represented 
by this feasible alternative could be accomplished by about 2015 for 
about $10 billion with a slightly more aggressive f unding scenario than 
is currently planned. Figure 2 depicts several diff erent funding 
scenarios being explored. Funding variations greatl y impact the schedule. 
The critical path items are plutonium processing (s tabilization), the 
final decommissioning of Building 707 and its suppo rt buildings, and the 
placement of the barrier cap over the Protected Are a. 
Fig. 1 
Fig. 2 
By the end of 2003 (or 2015), the Site population c ould drop to less than 
300 from the current figure of more than 5,000. The  annual operating cost 
could be less than $40 million, down from more than  $600 million 
currently. The remaining facilities would be config ured so that the final 
closure cost, and the demolition of the interim plu tonium and waste 
storage facilities, would cost less than $200 milli on. In ASAP Phase II 
the technical logic, schedule, and costs for severa l different 
alternatives are being studied. Preliminary analysi s indicates that 
bringing the 1,500 acres that are currently not des ignated as 
residential-capable to that standard would cost an additional $10 billion 
and take at least an additional decade to complete.  
There will also be additional costs, yet to be esti mated, associated with 
the final disposition (shipment) of stored plutoniu m and waste. These 
outyear (beyond 2003) costs could be several hundre d million dollars 
depending on ultimate disposal costs and criteria. 
KEY ISSUES TO BE RESOLVED 
ASAP Phase I has elicited extensive interest among DOE and non-DOE 
stakeholders. Comments have been provided at meetin gs with DOE 
Headquarters, regulators, and citizens' groups. A n umber of issues have 
been identified, many of which are currently being addressed in the ASAP 
Phase II work. Some of these key issues to be resol ved include the 
following: 
  Considering the logical array of alternatives tha t address most 
stakeholder concerns, and determining aggregate sta keholder priorities. 
  Evaluating methods to expedite plutonium and tran suranic waste shipment 
from the Site. 
  Considering onsite disposal of low-level and low- level mixed wastes. 
  Achieving a fundable alternative. It is not clear  that the current 
alternative, even with its dramatic cost and schedu le savings, will be 
funded in preference to a project of longer duratio n. 
  Achieving consensus on the strategies for plutoni um and waste storage 
and facility decommissioning. 
  Determining the level of plutonium and waste proc essing, consistent 
with national interests, that should be done before  the materials are 
placed in potentially long-term storage. 



  Establishing a prudent planning horizon for the p ossibility of long-
term storage of plutonium and waste. 
  Determining the optimum remediation or stabilizat ion strategy for soil 
and groundwater to identify the cost-benefit tradeo ffs. 
  Determining the appropriate authorization basis a nd safety controls 
necessary to balance safety and efficiency in proce eding with plutonium, 
waste, and decommissioning activities. 
STAKEHOLDER INVOLVEMENT AND PROJECT PRECURSOR EVENTS 
The ASAP concept, which had its formal beginning on  August 1, 1995, had 
many important precursor events that contributed to  the idea in many 
ways. The ASAP incorporates many of the features of  previous work at 
Rocky Flats and represents an integrated compendium  of the major issues 
and agreements needed to achieve acceptable closure  of the Site 
eventually. 
  In 1993, the Site mission changed from nuclear we apons production to 
cleanup. 
  In 1994, DOE responded to the mission change by i ssuing a request for 
proposals to procure a new performance-based integr ating management 
contractor for the Site to carry out the new missio n. 
  In early 1994, the Site began negotiating a new c leanup agreement with 
the US Environmental Protection Agency (EPA) and th e State of Colorado to 
reflect the fact that the previous agreement, the I nteragency Agreement 
(IAG), did not reflect the mission change. 
  In 1994, the Defense Nuclear Facilities Safety Bo ard issued two 
important recommendations (94-1 and 94-3) dealing w ith plutonium 
stabilization and storage at the Site. 
  In 1994, with input from various stakeholder grou ps, a Strategic Plan 
was issued that focused on nuclear material stabili zation, waste 
management, and environmental restoration. 
  In early 1995, several public meetings were held regarding the then-
proposed solar ponds remediation plan, which involv ed construction of a 
Corrective Action Management Unit (CAMU) waste faci lity at the solar 
ponds.  
  In early 1995, several important interactions wit h regulators and 
stakeholders were held to review the path-forward o ptions for the Site. 
One of the most important of these was the March 4,  1995 summit. At the 
summit there was a consensus to place a higher prio rity on risk reduction 
by stabilizing plutonium than on environmental reme diation. Onsite 
disposal was also discussed by many attendees as a way to cut costs to 
enable more risk reduction. Another important event  was the April 1995 
regulatory summit, at which similar conclusions wer e reached. 
  In early 1995, Kaiser-Hill was selected as the ne w contractor to carry 
out the Site mission. Kaiser-Hill assumed responsib ility for the Site on 
July 1, 1995. 
  In June 1995, the Future Site Use Working Group i ssued a consensus 
opinion that the Buffer Zone should generally be ma intained as open space 
and that the Industrial Area should be for industri al use. No onsite 
residential use was anticipated. 
  A series of meetings were held in the summer of 1 995 with the state of 
Colorado, regulators, and many stakeholders regardi ng the alternatives 
for plutonium storage at the Site, including the po ssibility of 
constructing a new vault. The possibility of long-t erm storage of 
plutonium at the Site was addressed. 



Information related to the ASAP Phase I plan was sh ared with a broad 
cross-section of stakeholders in many different pri vate and public 
forums. Participants' key areas of concern align ve ry well with the 
alternatives being analyzed in the ASAP Phase II. I n general the 
stakeholders require that: 
  Everything is being done to remove the plutonium and waste from the 
Site at the earliest possible time. 
  The plutonium is stored in the safest possible co nfiguration. 
  The implications and decisions are clearly outlin ed and openly made. 
  There will be an adequate stakeholder involvement  program. 
  The tradeoffs among cost, schedule, and final cle anup criteria have 
been properly balanced. 
  Future land use options, including both dedicated  open space and 
economic conversion, have been accounted for and en abled. 
TECHNICAL SUMMARY 
The ASAP Phase I document presented the feasibility  analysis that was 
performed to determine whether an accelerated closu re of Rocky Flats is 
possible. The analysis was structured into six majo r tasks: 1) Plutonium 
Consolidation and Stabilization, 2) Waste Managemen t, 3) Facility 
Decommissioning, 4) Interim Closure, 5) Site Infras tructure, and 6) 
Implementation. Just as the ASAP is a logical integ ration of many 
precursor events, so a number of the technical task s discussed below are 
continuations of currently planned activities, such  as major plutonium 
stabilization. 
Plutonium Consolidation and Stabilization 
  Highly enriched uranyl nitrate (HEUN) solutions w ould be bottled and 
shipped off the site. 
  Plutonium (Pu) metal and oxides will be packaged to meet DOE-STD-3013-
94 in double, welded stainless-steel containers. 
  Pu solid residues will be processed to meet safe,  long-term storage 
criteria. Where possible, residues will only be rep ackaged and managed as 
Transuranic (TRU) waste. 
  Pu liquid residues will be moved from their curre nt containers and 
stabilized for long-term storage. 
  The Pu and residues to be managed as Special Nucl ear Material (SNM) 
will be stored in a newly constructed storage facil ity (vault) after 
consolidation for staging in Building 371. 
  Pu and residue processing will be conducted prima rily in Building 707. 
  Pu pits will be packaged in approved shipping con tainers. 
The estimated cost for this activity is $800 millio n, of which about $150 
to $200 million is for a new passive plutonium vaul t. The critical path 
schedule for both residue and Pu stabilization is e xpected to continue 
through 2001. Continued planning and analysis are n eeded to shorten the 
required schedule. The post 2003 operating costs ar e estimated to be $20 
million. 
Plutonium consolidation and stabilization issues th at remain to be 
resolved include the following: 
  The onsite Pu storage location (new vault, Buildi ng 371, or other 
alternative) 
  The implementation methods to meet the criteria f or safe, long-term 
storage of residues 
  Schedule compression, including technology choice s for residue 
stabilization 



  The quantity and types of materials to be shipped  to Waste Isolation 
Pilot Plant (WIPP) or other locations 
Waste Management 
  A new hardened TRU waste storage facility would b e constructed. This 
facility may store up to 3,000 kgs of plutonium wit hin the waste matrix 
of approximately 20,000 drums. 
  Bulk Low-Level Waste (LLW), Low-Level Mixed Waste  (LLMW), and 
remediation and decommissioning waste would be disp osed of in an onsite 
disposal facility located in the Industrial Area (p robably in the 
Protected Area). Some waste may be shipped offsite and most waste will be 
disposed in such a way that will facilitate future offsite disposal if it 
becomes cost-effective. 
  Waste treatment would be accomplished only as nec essary, regardless of 
regulatory imperatives to ensure safety for long-te rm storage or 
disposal. 
  Waste would be stored temporarily in existing bui ldings outside the 
Protected Area while long-term storage capacity is constructed. 
  All landfills and waste facilities would be close d by the end of 2003. 
The cost for this alternative is about $550 million  with about $100 
million required for the new hardened TRU waste sto rage facility. This 
new facility would be expected to be operational in  the year 2000. Long-
term Operations and Maintenance costs after 2003 ar e estimated to be 
about $3 million per year. 
Some waste management issues for further considerat ion include: 
  Onsite as opposed to offsite storage/disposal of all waste types 
  Treatment criteria for long-term storage or dispo sal for all waste 
types and regulatory alignment with criteria 
  Lower-cost options for storing TRU waste other th an in a hardened 
facility 
Facility Decommissioning 
  Most buildings of the 425 facilities at the Site are not radiologically 
contaminated and will be dismantled except for thos e deemed economically 
valuable (e.g., National Conversion Pilot Project).   
  The major plutonium buildings and Building 881 wi ll be partially 
dismantled with the lower-level portions entombed. This would involve 
removing significant contamination and then filling  the basement areas 
with demolition debris, entombing the basement with  material such as 
impervious clay slurry, and covering it with a land fill cap. 
  Many of the plutonium buildings must remain opera tional for several 
years in order to consolidate and stabilize plutoni um and waste. The 
approach will therefore be to remove administrative  and ancillary 
buildings first in order to clear space and to leve l the workload. Major 
plutonium facilities, such as Buildings 371 and 707 , will be the last to 
be completely decommissioned. 
Current planning indicates most facilities can be d ecommissioned by the 
end of FY02 at a total cost ranging from $1.5 billi on to $2 billion. 
The remaining facility decommissioning issues to be  addressed include: 
  Further refinement of building sequencing and fur ther development of a 
detailed logic, safety authorization basis, and cos t estimates for all 
buildings 
  Ensuring onsite and offsite safety during decommi ssioning 
  Determining the cost-benefit tradeoffs regarding the degree of 
contamination to be left with the building rubble o r placed in a disposal 
cell 



  Defining the regulatory process for decommissioni ng 
  Determining the workforce composition and skill m ix 
Interim Closure 
  The potential exists for unrestricted use (from a  contamination 
perspective) of 5,000 of the Site's 6,500 acres. An  additional 1,000 
acres would be suitable for use as unoccupied open space, and 300 acres 
would be suitable for industrial reuse. The remaini ng 200 acres would be 
placed under a landfill cap, which includes the cur rent landfill (OU7), 
the 800 old uranium processing area, and the pluton ium processing area 
(Protected Area). 
  Groundwater and surface water would be protected to national standards 
for water leaving the Site by upgradient diversion and downgradient 
passive reactive barriers. 
  About 40 of the 173 individual hazardous substanc e sites (IHSSs) that 
are high or medium ranked from a risk perspective w ould be remediated. 
The remaining 133 Sites have low enough contaminati on and risk levels 
that they can be cleared without further action. 
The cost for this activity is about $400 million wi th about half the cost 
for IHSS remediation and half the cost for landfill  caps and water 
management. Long-term monitoring will cost about $3  million per year 
after 2003. The final cap is on the critical path s chedule, will take 
about two years to complete, and extend about six m onths after the last 
building (Building 707) has been fully decommission ed. 
Interim closure Issues to be resolved include: 
  Acceptability of the land use restrictions of the  feasible alternative 
and the standards that apply to those land-use crit eria. Additionally, 
there are many who favor a 'greenfield' site cleanu p that would cost 
another $10 billion or so to achieve. 
  The methods to be used for surface and groundwate r control (e.g., 
reactive barriers) and water quality standards; 
  Integration with the issues to be resolved for wa ste management and 
facility decommissioning regarding onsite disposal of waste and 
decommissioning materials; 
  The design of the landfill cap to ensure long-ter m integrity; and 
  The impacts of excavating and placing the more th an 2,000,000 cubic 
meters of material needed for the landfill cap. 
Site Infrastructure 
  The feasible alternative requires a site infrastr ucture to support the 
remaining plutonium and waste storage facilities an d about 300 total 
staff. 
  Relocate most infrastructure offsite. This would be accomplished by 
using public or commercial utilities to provide uti lities services 
directly to buildings. Sewage would be managed onsi te in a small lagoon 
or septic system. 
  Most emergency and health services would be contr acted for offsite, 
except for the nuclear material protective force. 
  All office and support facilities would be locate d offsite to reduce 
the demand for expensive onsite infrastructure. 
Cost of development of the infrastructure for comme rcial service to the 
Site and conversion of other site infrastructure to  the new configuration 
is estimated at about $70 million. The post 2003 an nual operating costs 
are estimated to be $12 million. There are no criti cal path schedule 
items in this conversion. 
Site infrastructure issues to be resolved include: 



  Verifying the desirability of this fairly radical  reconfiguration and 
the ability and willingness of the commercial and p ublic utilities and 
emergency services to serve the Site 
  Timing for implementation (sooner or later) of in dividual components 
Implementation 
  Regulatory Alignment - The regulatory structure a nd process needs must 
be aligned to accomplish the Site closure mission. Currently, the Site is 
regulated as an operating production facility, whic h creates regulatory 
road blocks to an expedited cleanup that would not exist at a typical 
Superfund site. 
  Workforce Restructuring - DOE and the contractor will need to 
coordinate realignment of required work, skills mix , and retraining to 
provide the most productive use of the workforce. A  human resource plan 
must consider the inevitable downsizing of the work force. 
  Stakeholder and Political Alignment - A scope, sc hedule, and funding 
package needs to be developed that meets the consen sus needs of both the 
funders (i.e., Congress, DOE/HQ) and the beneficiar ies (e.g., Colorado 
and the nation at large) of the project. 
  Site Productivity - The Contractor and DOE need t o continue to evaluate 
procedural and motivational methods to increase the  Site's productivity 
and cost, scope, and schedule accountability. 
  Projectizing - The implementation plan calls for projectizing the Site, 
as indicated by the word "project" in the ASAP. Pro jectizing has some 
significant structural and process implications for  DOE, the Contract, 
and the Contractor. 
NEXT STEPS 
This paper primarily summarizes the Phase I of ASAP . Adjustments in the 
FY96 operating activities are currently being made to accommodate the 
most basic features of the strategy. Phase II of AS AP, to be accomplished 
by early February 1996, will develop and evaluate a lternatives to address 
the key policy choices and issues described at the beginning of this 
paper. This process will also look at outyear (beyo nd 2003) alternatives 
to ensure that the final Site strategy is represent ed and will include 
rigorous stakeholder and regulator involvement. It is expected that ASAP 
Phase II will facilitate mutual understanding of th e key issues and allow 
DOE to arrive at a best solution during Phase III t hat balances competing 
needs and concerns. 
Once the overall integrated ASAP plan has been deve loped and necessary 
consensus reached, key decisions and issues will be  segregated to 
determine decision pathways and time frames. A plan  will also be 
developed for more detailed stakeholder involvement  in the alternatives 
in those second-tier decisions. 
CONCLUSION 
The Accelerated Site Action Project represents a st ep change in the 
mindset and management approach for driving the Roc ky Flats Environmental 
Technology Site to closure (Fig. 3). It radically a lters the vision of 
the future for the Site, and moves the reality of S ite closure into the 
personal career time frame for most of the Site wor kforce and local 
stakeholders. Most important of all it shatters the  cost and schedule 
paradigms for closure of DOE nuclear sites that say  closure must take 
many decades, and demand budgets that the Congress may never appropriate. 
ASAP presents the argument that the closure can be done quickly, safely, 
economically, and in a manner that greatly reduces the risks posed to the 
Site workforce and surrounding communities. ASAP wi ll be neither easy to 



implement nor without controversy, but it offers a feasible solution to 
achieve the closure of the Rocky Flats Environmenta l Technology Site and 
thus conclude a major chapter in the nation's nucle ar weapons legacy. 
Fig. 3  
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ABSTRACT 
The Fernald Environmental Management Project is uni que among Department 
of Energy (DOE) sites by virtue of successful effor ts by the Fernald 
Environmental Restoration Management Corporation (F ERMCO) and DOE-Fernald 
Area Office (FN) in securing a stakeholder-assisted  final site closure 
vision and all Record of Decisions (ROD) or Interim  RODs required to set 
the stage for final remediation. DOE and FERMCO hav e agreed in principle 
on a Ten Year Plan which accelerates all activities  to remediate the site 
in approximately half the target schedule. 
This paper presents the path that led to the curren t Ten Year Plan, the 
key elements of the plan, and the implementation st rategies.  
PATH TO THE TEN YEAR PLAN 
The Fernald site is divided into five operable unit s (OUs) pursuant to 
the Comprehensive Environmental Response, Compensat ion and Liability Act 
(CERCLA) process. RODs are in hand for all five OUs . These RODs summarize 
the results of the Remedial Investigation/Feasibili ty Study (RI/FS) 
reports and detail the selected remedial actions. T he five OUs and the 
primary remedies are: 
OU1 - Waste Pits: excavation, drying and shipment t o an off-site disposal 
facility. 
OU2 - Other Waste Units: excavation and disposal in  an on-site facility. 
OU3 - Former Production Area: Dismantlement of stru ctures and disposal on 
and off-site. 
OU4 - Silos: Vitrification of the waste and disposa l at the Nevada Test 
Site. 
OU5 - Environmental Media: excavation of soil and d isposal in an on-site 
facility; pump and treat groundwater. 
With the remedies chosen and the RODs in place Fern ald is in a position 
where it has the technical scope, schedule and budg et defined for each 
Operable Unit. The first step in the development of  a site remediation 
plan was the integration of the schedules of the fi ve Operable Units into 
one comprehensive overall plan, with the duration o f the work for the 
five OUs optimized and with a defined critical path . Once the schedule 
was defined, the scope and costs were reviewed to p ut them all on a 
consistent technical basis and to identify efficien cies which were 
realized by the integration of the OUs. 
Initially, two unconstrained funding scenarios were  developed: a seven-
year plan and a ten-year plan. The seven-year plan contained many of the 
same assumptions as the ten-year plan, however, it assumed that some of 
the DOE Orders, requirements and restraints were re moved. Funding for 
these plans peaked at $351 million and at $331 mill ion for the seven and 



ten-year plans, respectively (unescalated). The sit e at the end of either 
of these plans was completely remediated except for  the continuing pump-
and-treat operation needed to complete remediation of the aquifer. 
Nothing was left on site except for the disposal fa cility, the wells and 
the treatment facility.  
These plans were provided to DOE Headquarters and t o stakeholder groups. 
When challenged by DOE Headquarters to determine ho w quickly the site 
could be remediated if the funding from FY97 on was  set at $276 million 
in FY96 dollars and the seven-year assumptions were  used, the current Ten 
Year Plan ($276 Million Case) was developed. 
At the time the Ten Year Plan was completed, Fernal d was projecting a 25-
year remediation schedule and a cost from FY96 to c ompletion of $5.8 
billion (escalated), in accordance with the then-cu rrent target budgets. 
The cost estimate for the Ten Year Plan is $3.4 bil lion. Its shortened 
schedule and substantial cost savings made it an at tractive proposal. In 
addition, Fernald will be the first DOE site of maj or consequence to be 
totally brought to clean closure. Successful implem entation of the Ten 
Year Plan will set benchmarks and pave the way for similar successes at 
other major DOE facilities simply by showing it can  be done if the right 
approach is used. 
Key to acceptance of the Ten Year Plan were the sub stantial cost savings, 
the acceptance of the plan by the regulators and pu blic stakeholders and 
their active support of the plan with DOE and Congr ess. The regulators 
involved are the US and Ohio EPAs. Public stakehold ers include the 
Fernald Citizens Task Force and the citizens' group  Fernald Residents for 
Environmental Safety and Health (FRESH). Ohio Congr essmen and Senators 
also supported the adoption of the Ten Year Plan. 
Once the Plan was accepted by DOE-HQ, Fernald was r equested to undertake 
detailed FY96 and FY97 planning to support it. The plans for FY98 to FY05 
were also requested, at a planning package level of  detail. These plans 
will be completed in February 1996 and will provide  the baseline for 
Fernald's final remediation . 
KEY ELEMENTS OF THE TEN YEAR PLAN 
Figure 1 illustrates the Fernald site in the years 1995 through 2005. The 
progress of decontamination and dismantlement (D&D)  of site facilities 
and the construction of the on-site disposal facili ty can be clearly 
seen. In the year 2005, all that will remain at Fer nald is the disposal 
facility and a groundwater pump-and-treat system. T he final land use has 
not been determined, except that residential or far ming use will not be 
permitted. The final land use will be determined by  DOE and the 
stakeholders with additional public input. 
Fig. 1 
Figure 2 depicts the overall schedule and indicates  the critical path 
activities. Once the remaining nuclear materials ar e removed and the safe 
shutdown activities (removal of in-process material  from lines, tanks and 
equipment) are completed, the critical path consist s of D&D of the 
buildings, excavating the soil and underground foun dations, piping, and 
utilities and building the on-site disposal facilit y.  
Fig. 2 
Figures 3 through 10 provide the key indicators or performance measures 
for the remediation of Fernald. They are: 
Fig. 3 
Fig. 4 
Fig. 5 



Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9 
Fig. 10 
TEN YEAR PLAN IMPLEMENTATION STRATEGY 
Several changes have been made or are being impleme nted to streamline 
project operations, procedures or requirements to a llow the Ten Year Plan 
to proceed within its schedule and budget constrain ts. They include 
projectization of the work, streamlining the DOE re quirements which apply 
to the work, the use of innovative ways of working to achieve accelerated 
results, and the adoption of the performance-based fee approach. 
Projectization 
The five Operable Units as originally defined inclu ded all remediation 
within their physical boundaries. For example, OU4 included both 
vitrification of the silo materials and the remedia tion of the underlying 
soil. However, now that all RODs are in place, it i s more efficient to 
handle OU4 soils under a Soil Remediation Project a nd to have this 
Project manage the soils from the other four OUs as  well. The Soil 
Remediation Project will define the excavation para meters, contract for 
the excavation, and select the parameters that veri fy that the soil 
remaining is below the action levels. They also hav e the burden of 
defending these items to the regulators. There are other items within the 
five OUs that could be more efficiently handled by a single Project as 
well, such as the D&D of the remediation facilities  and off-site shipment 
of waste to a commercial disposal facility. Therefo re, these items were 
transferred to single Projects after consultation w ith the regulators. 
Five Projects were set up, each one containing the primary work in the 
OU, with the peripheral work transferred to the rel evant Project. The 
five Projects are: 
  Waste Pits Remedial Action Project 
  Facilities D&D Project 
  Fernald Residues Vitrification Plant Project 
  Soil Remediation Project 
  Aquifer Restoration Project 
In addition to the scope movements, the projectizat ion of the OUs was 
completed by changing their internal organization t o a well defined 
project structure instead of a functional structure , defining various 
subprojects and naming project managers responsible  for the subprojects 
and projects. In addition, the support groups Cost/ Schedule Control, 
Procurement and Document Control were reorganized a nd aligned to this 
project structure. 
DOE Requirements 
The Fernald site was the first DOE site to have it Standards/Requirements 
Identification Documents (SRIDs) approved. These SR IDs define the DOE 
Orders and Requirements that apply to the Fernald P roject. After 
completing the basic document, FERMCO has been acti ve in streamlining 
these requirements to shorten schedules and reduce costs. Examples of 
these requirements are the request for waiving the requirement for a 
Performance Assessment for the on-site disposal fac ility, by showing 
equivalence through the CERCLA process, and waiving  the requirement for 
disposal of waste in DOE off-site facilities. Elimi nating these two 
requirements allows the shortening of the schedule and substantially 
reduces costs. FERMCO is actively pursuing the waiv er or reduction of 



numerous other requirements, many of them administr ative in nature and 
applying more to an operating facility than a remed iation site. The 
inclusion of standard commercial procurement practi ces is one of the 
areas being pursued. 
Innovative Ways of Working 
Fernald is exploring new ways of working on site th at maximizes the use 
of off-site expertise. Recently Chem-Nuclear System s Inc. (CNSI) was 
contracted to stabilize 6,000 gallons of thorium ni trate as a CERCLA 
removal action on-site. By using an off site subcon tractor with 
experience in the treatment of significant quantiti es of thorium nitrate, 
a fully-trained work force and a proven "off-the-sh elf" mobile treatment 
system were brought together as a unit, resulting i n a highly successful 
remedial action. Use of experienced technicians to operate the system 
expedited training and increased safety. The entire  project was completed 
less than six months after FERMCO contracted with C NSI to perform the 
work. Project costs were reduced by over 40 percent  and the schedule 
accelerated by one year from the original plan whic h was based on design, 
construction, and operation of a treatment system i n-house. 
The accelerated schedule was possible because FERMC O used CNSI's Nuclear 
Regulatory Commission (NRC) field license to meet D OE requirements for 
handling radioactive material. DOE requirements and  NRC requirements 
implemented by CNSI during the project were shown t o be equivalent for 
project management systems; the quality assurance p rogram; environmental, 
safety and health programs; training; and conduct o f operations. 
Demonstrating that DOE and NRC requirements were eq uivalent provided the 
following benefits:  
 Eliminated review of CNSI engineering, design, qua lity assurance, 
procedures, and training programs during readiness assessment. CNSI's 
experience and attainment of an NRC license demonst rated their ability to 
conduct the operation.  
 Use of an "off-the-shelf" mobile treatment system tailored to meet the 
requirements of thorium nitrate treatment eliminate d extensive design 
documentation and reviews and reduced the planning and design phase by 
approximately 10 months from the original plan. 
Operation and control of the solidification process  equipment was solely 
CNSI's responsibility under their NRC license. The project site was 
designated an "NRC compound" for processing thorium  nitrate. CNSI's 
license requirements applied in this compound in co njunction with the DOE 
requirements. Extensive coordination was required t o ensure that both DOE 
and NRC requirements for radiological protection we re met. 
The FERMCO on-site union personnel worked along sid e CNSI technicians in 
the NRC area. It was the first time such joint oper ations had been 
conducted at this DOE nuclear facility. To address the union issues, 
roles and responsibilities of FERMCO and CNSI were established early in 
the planning process, with support from Industrial Relations and input 
from the union. These roles were incorporated into the subcontract. 
Ultimately, the relationship was successful because  CNSI made the union 
workers an integral part of the project team and li stened to their 
suggestions and concerns for safety and the operati on. The team produced 
outstanding productivity and safety records with op erations completed 
without safety incidents and with radiation exposur es below expected 
levels. 
Another area of innovation under consideration at F ernald is the 
privatization of some of the project activities. Tw o that are being 



considered now are the privatization of OU1 and the  treatment of mixed-
waste residue from production processes. Benefits e xpected to be derived 
from these efforts are reduced up-front cash flow a nd thus funding 
requirements to the project as the contractors will  amortize their 
capital costs over the term of the work; utilizatio n of off-site 
expertise in allowing contractors maximum flexibili ty applying their 
skills and methods to solve the problem; and lower overall costs due to 
the conversion of the efforts from cost reimbursabl e to fixed price/unit 
rate efforts. Studies are underway to work out the funding, contractual, 
technical, regulatory and other considerations of p rivatization. 
Decisions will be made in the first half of 1996 on  whether to pursue the 
privatization of these two efforts. 
Performance-Based Fee 
Fernald was the first site to adopt the contract re form principles of 
performance-based fee contracting. In this concept,  as described in 
detail in Ref. 1. the basic objectives are set for each six month period 
in alignment with the Ten Year Plan and include har d milestones linked to 
key deliverables where quality, safe work is requir ed to maintain the 
schedule and soft objectives set to measure progres s on procurement, 
safety, stakeholder involvement and other measures.  By aligning both DOE 
and FERMCO personnel to the fee plan, a win-win sit uation is produced. 
Both DOE and FERMCO benefit if excellent performanc e is achieved in 
accordance with the fee plan. The use of this plan will keep the 
achievement of Ten Year Plan in focus and a high pr iority for all 
parties. 
CONCLUSION 
All of the prerequisites are in place to allow the Fernald site to 
proceed at an accelerated pace of remediation. The basic elements of the 
Ten Year Plan are laid out and are being detailed. Performance Measures 
have been selected to monitor the progress, and cha nges in project 
structure, organization, and requirements are being  implemented to allow 
the Ten Year Plan to succeed. 
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ABSTRACT 
This paper describes the status of the Idaho Nation al Engineering 
Laboratory (INEL) systems engineering approach to i ntegrating 
Environmental Management (EM) activities. It provid es a detailed 
description of how a team of technical and environm ental program experts 
was assembled to examine integration opportunities and solutions to 
manage EM programs across the INEL. Using a convent ional systems 
engineering approach, the team selected a preferred  path that treats and 
stabilizes waste and material for disposal, accompl ishes maximum volume 



reduction of waste and materials for disposal, prep ares the appropriate 
waste and material for shipment to the Waste Isolat ion Pilot Plant (WIPP) 
and the deep geologic repository, and minimizes the  total cost by doing 
the work in the near-term rather than deferring it.  Further, it details 
the work that has been accomplished to streamline E M activities at the 
INEL to meet the Department of Energy (DOE), Lockhe ed Idaho Technologies 
Company (LITCO), and stakeholder objectives in mana ging EM programs. 
Preliminary results of this integration effort iden tified savings of 
approximately seven billion dollars over the life-c ycle of the program, 
when compared with the FY 1995 BEMR submittal. Addi tionally, this 
integration effort identified an alternative that m oves the waste and 
materials from Idaho within a time frame acceptable  to stakeholders and 
maintains acceptable risk levels. This activity has  received wide 
acceptance at the INEL and within the State of Idah o, and has captured 
the attention of DOE-Headquarters and other DOE sit es. 
Integration activities have continued since the ori ginal March 1995 
effort. The most recent product is the FY 1996 BEMR  submitted to reflect 
changes to the INEL EM programs. This submittal inc ludes reduced budget 
targets, except for FY 2001 and 2002, and the recen t settlement agreement 
between the DOE and Governor Batt of Idaho. The acc elerated schedules 
required by the settlement agreement generate a cos t curve that spends 
more money from FY 2002 through 2015 to achieve sig nificant savings over 
the life cycle of the INEL EM program, while simult aneously fulfilling 
the intent of the agreements and reducing costs to the targets. (See Fig. 
1) 
Fig. 1 
WHAT IS THE PROBLEM WE ARE SOLVING? 
The INEL must treat, dispose, and otherwise manage 405,000 cubic meters 
of waste, 700 cubic meters of spent nuclear fuel, a nd other materials in 
a time of declining budgets and increasing regulato ry requirements. This 
could prevent the INEL from achieving final disposi tion of wastes in a 
time frame that is acceptable to stakeholders and f rom meeting the 
requirements of the settlement agreement between th e DOE and the State of 
Idaho. 
Historical funding mechanisms fostered compartmenta lization or 
"stovepiping" of EM activities. This stovepiping re stricted integration 
and synergism between the activities and impeded ef forts to identify 
cost-efficient, effective solutions to managing EM programs across the 
INEL. 
WHAT IS THE INEL'S SOLUTION TO THE PROBLEM? 
In March, 1995 the INEL assembled a team of technic al and environmental 
program experts to examine the problem. Using a con ventional systems 
engineering approach, the team selected a preferred  path, the Full 
Treatment Alternative, that: 
  Treats and stabilizes the maximum amount of waste  and material for 
disposal, 
  Accomplishes maximum volume reduction of wastes d estined for 
repositories, 
  Prepares the appropriate waste and material for s hipment to the WIPP 
and the deep geologic repository, and 
  Minimizes total costs by doing work in the near-t erm rather than 
deferring it. 
The team integrated waste streams and materials wit h treatment 
processing, treatment technologies, and facilities.  All EM wastes and 



materials were considered. The scope of this effort  included all waste 
management, environmental restoration, technology d evelopment, facility 
transition, and infrastructure activities planned f or the INEL. For all 
alternatives considered, risk was maintained within  acceptable limits. 
HOW DID THE INEL ACHIEVE THE SOLUTION? 
Systems engineering, practiced successfully by the Lockheed Martin 
Corporation, was used. It emphasizes the management  of change and the 
careful control of requirements, decision criteria,  and costs. A computer 
model was developed for this task to allow comparis on of alternatives. 
This combination of systems engineering and technic al expertise, as 
illustrated in Fig. 2, produced an integrated solut ion. 
Fig. 2 
The systems engineering staff developed an eight-ph ased approach to 
developing the alternative set. The phases consiste d of: 
1. Requirements Analysis and Data Gathering 
2. Functional Analysis 
3. Scenario Development 
4. Alternatives Development and Evaluation 
5. Trade Studies and Systems Analysis 
6. Refinement of Alternatives 
7. Presentation of Results  
8. Alternatives Verification and Post-Workout Activ ities  
Joint DOE and contractor teams initially had diffic ulty tackling the 
requirements definition process because systems eng ineering requirements 
are somewhat different than requirements as usually  defined in the DOE 
culture. Some resistance persisted through the iden tification of 
functions. But once the requirements and functions were displayed by 
waste stream and each team reviewed other teams wor k, team members began 
to accept the process. They quickly recognized the value of increasing 
their understanding of the interconnectedness, simi larities, and 
differences between EM programs. Additionally, they  began to understand 
that having clear requirements that aligned with wo rk activities 
facilitated the identification and elimination of n on-essential 
activities and the defense of essential activities.  During scenario 
development it became apparent that the group was c onvinced of the value 
of the workout. (See Fig. 3) 
Fig. 3 
Breaking traditional ways of thinking was especiall y challenging. Systems 
engineers used innovative methods to involve team m embers in creative 
thinking. Various approaches to instilling paradigm  shifts were 
attempted, with some success, but intervention from  executive management 
finally got things moving. The teams, entrenched in  tradition, needed to 
be encouraged to consider eliminating work and jobs , as well as to 
discover ways to relax perceived requirements while  maintaining 
acceptable risk levels. As opposed to the former vi ews of cutting costs 
by slipping schedules, teams began to modify scope and decrease 
associated costs. This was finally achieved in mid- December, just in time 
to meet the deadline for the BEMR submittal. 
WHAT IS THE PATH FORWARD AT THE INEL? 
At the INEL, technical integration across the progr ams is largely 
achieved. The INEL will continue to follow the syst ems engineering 
approach to managing EM programs. At the present ti me, the path forward 
is simply a modification of the original effort, an  approach known as the 
Full Treatment Alternative. This alternative maximi zes treatment and 



minimizes final waste form volume for shipment to d eep geologic 
repositories. It does not rely on the granting of a  No-Migration 
Determination for WIPP. And finally, it has a far l ower cost than 
traditional approaches to environmental management.  
The path forward, as originally defined, continues to undergo 
improvement. A team is currently refining a defensi ble requirements and 
cost baseline. This activity is being accomplished in preparation for the 
budget submittal in April, 1996. Integrating the sy stems engineering 
approach continues to yield increased opportunities  to streamline costs 
and work activities. 
WHAT ARE SOME OF THE DIFFERENCES BETWEEN DOE AND AEROSPACE INDUSTRY 
SYSTEMS ENGINEERING APPROACHES? 
All steps of the Systems Engineering Process are ap plicable to the DOE. 
Many parts of the process are infused into the DOE EM Culture, as 
formerly required by DOE Order 4700.X, Project Mana gement System, and 
currently implied within DOE Order 430.1 Life-Cycle  Asset Management. But 
since managing waste and materials is substantially  different from 
building a rocket or an airplane, adjustments were made to accommodate 
the unique situation. 
A Systems Management Approach, rather than a System s Engineering Approach 
should be used. Systems Management combines Systems  Engineering, Program 
Management, and Program Controls in an interactive attempt to instill 
discipline into managing programs. This approach st ill follows 
traditional Systems Engineering, but infuses the cu ltural aspects of the 
system with new rigor through the identification of  requirements and 
functions. The cultural aspect of the DOE makes it resistant to the 
systems approach. Dynamic environments, role confus ion and diffusion, and 
lack of trust between contractors, and between cont ractors and federal 
employees makes implementation especially challengi ng.  (See Fig. 4) 
Fig. 4 
Efforts to "systems engineer" activities at other D OE sites have met with 
varied acceptance. Conventional approaches require the systems engineer 
to design modifications to systems based on specifi cations received from 
other functional organizations, and to turn back th e final product once 
the acceptance testing is complete. In the DOE syst em, specifications are 
often non-existent for the human systems which requ ire engineering. The 
most successful strategy identified to date is to h ave the systems 
engineers work directly with the program staff, bot h contractors and 
federal employees, to facilitate them through the p rocess.  
Lessons learned indicated that adjustments must be made when tailoring 
the traditional aerospace approach to the DOE syste ms. Some of these 
required adjustments are described below. Systems E ngineers should: 
  Be sensitive to the requirements and concerns of the stakeholders, 
  Capitalize on DOE and contractor knowledge in the  components of the 
systems process, 
  Avoid forcing the approaches or terminology onto processes, 
  Provide operational definitions of terms so that concepts may be 
accurately translated in the DOE language, 
  Teach or train individuals on the systems enginee ring concepts in a way 
that the benefits are obvious, 
  Be flexible in applying rigid approaches to a "so ft, fuzzy" culture, 
and 
  Be prepared for confusion and rejection, before e nlightened acceptance 
is realized. 



Applying systems engineering within the DOE is real ly human systems 
engineering, and is less well defined than traditio nal systems 
engineering. Creating culture change is not an easy  task, so continued 
emphasis should be placed on integrated systems man agement. The work of 
the EM Integration activities will become the INEL EM baseline. The 
challenge is to infuse that baseline into the way o f conducting EM 
business at the INEL. Additionally, many non-EM sys tems engineering 
applications are underway at the INEL. These activi ties will continue as 
Lockheed systems engineers become more effective in  supporting DOE 
requirements. 
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ABSTRACT 
At the U.S. Department of Energy's Rocky Flats Envi ronmental Technology 
Site (RFETS), planning efforts are keenly focused o n achieving meaningful 
progress toward cleanup, decommissioning, and site closure. In the face 
of declining operating budgets, the site's Integrat ing Contractor, 
Kaiser-Hill Company, launched the Accelerated Site Action Project (ASAP). 
The ASAP proposes to accelerate interim closure of the site so that risks 
to the environment and surrounding communities can be greatly reduced and 
lands made available for other beneficial uses. 
Rocky Mountain Remediation Services (RMRS) is helpi ng to meet the 
challenges of the ASAP through preparation of the R FETS Life-Cycle Waste 
Management Plan (LCWMP). The LCWMP produces a waste  management strategy 
for implementation with the lowest life-cycle cost,  consistent with the 
overall direction and guidelines of the ASAP. The p lan assures that waste 
management systems, facilities, and services at RFE TS are configured to 
satisfy operational mission needs in the most cost- effective manner. 
The LCWMP adopts a systems approach, utilizing a de fined set of end-state 
requirements (i.e., disposal site waste acceptance criteria) to derive 
the preferred path for each individual waste stream . The large number of 
wastes at RFETS are classified into distinct groupi ngs, defined by common 
source, bulk material, concentration of contaminant s, and/or downstream 
treatment requirements. The LCWMP provides a compre hensive view of all 
wastes currently in inventory and those projected f rom future activities 
such as 1) consolidation, stabilization, and long-t erm storage of special 
nuclear material; 2) remediation of environmental r eleases; and 3) 
decontamination and decommissioning of former produ ction and 
infrastructure facilities. The proposed routings fo r individual waste 
streams are analyzed within the context of the over all waste management 
system to ensure that an appropriate combination of  existing and new 
facilities is planned for treatment, storage, and d isposal. 
At the core of the waste management planning effort  is the application of 
analytical models to 1) simulate the flow of materi als through storage, 



treatment, and final disposal locations; and 2) est imate the life-cycle 
costs, for comparison purposes, of numerous differe nt waste management 
alternatives. The models assist waste planners in r apidly assessing the 
technical and economic feasibility of different opt ions in a repeated 
effort to refine and optimize the waste strategy. A n ongoing review 
allows continuous reduction of the main risks and u ncertainties 
associated with the strategy. Allowance is also mad e to accommodate any 
newly identified wastes. 
Preparation of the LCWMP is allowing an integrated,  comprehensive waste 
management strategy to emerge. With a clearly defin ed waste strategy, 
RMRS and the Integrating Contractor can justify and  control the site's 
waste management baseline. Work projects can thus b e integrated with 
other major programs and support operations at RFET S to assure the 
success of the ASAP. 
INTRODUCTION 
The Rocky Flats Environmental Technology Site (RFET S), formerly named The 
Rocky Flats Plant, is part of the U.S. Department o f Energy's (DOE) vast 
nuclear weapons complex. The facility is located on  approximately 6,550 
acres in northern Jefferson County, about 16 miles northwest of Denver, 
Colorado. Constructed in 1952, Rocky Flats was in p roduction for almost 
40 years, manufacturing nuclear weapon components f rom materials such as 
plutonium, uranium, beryllium, and a variety of sta inless-steel alloys. 
When the production mission was officially terminat ed in 1992 the site 
entered a period of transition, focusing future eff orts on safe storage 
of special nuclear material; cleanup of environment al contamination; 
facility decontamination and decommissioning; waste  management; and 
conversion of facilities for economic development. The major challenge to 
the Waste Management Program was whether systems an d facilities were 
prepared to handle the types and amounts of waste t hat could be expected 
from such a major shift in site mission. 
Today the site's goals are established on achieving  final closure at 
reduced fixed and operating costs over previously b aselined budgets. The 
site's Integrating Contractor, Kaiser-Hill Company,  has launched an 
Accelerated Site Action Project (ASAP) with the int ent of rapidly 
stabilizing materials and facilities at the site; r educing risks to the 
environment and surrounding population; and increas ing the availability 
of land for other stakeholder-desired uses. 
This paper presents the approach taken by RMRS to d evelop a Life Cycle 
Waste Management Plan (LCWMP) and discusses the imp ortance of this 
document to achieving the site's current mission an d goals. Also 
presented are elements of the waste management stra tegy, key waste issues 
at Rocky Flats, and potential solutions currently u nder consideration. 
PURPOSE AND ROLE OF THE LCWMP 
The concept of a life-cycle approach to waste plann ing was part of RMRS's 
strategy when awarded the contract for environmenta l remediation, waste 
management and decontamination and decommissioning in July, 1995. The 
techniques used at RFETS are based on previous pare nt-company (British 
Nuclear Fuels plc) success with a comprehensive str ategy for intermediate 
level wastes at the Sellafield site in the United K ingdom. 
The fundamental problem for the LCWMP is to develop  an optimized strategy 
for managing the large variety and volumes of waste  expected from future 
site decommissioning and closure activities. The pl an will lead to an 
optimized configuration of waste management systems  and facilities to 
satisfy operational mission needs. To be successful , it must blend 



technical feasibility, life-cycle costs, and risk a cceptance consistent 
with the overall site strategies and goals set by t he ASAP. The LCWMP 
will provide the in-depth analysis necessary to sup port the ASAP and 
compare the costs of alternative approaches for eac h waste stream 
currently in storage or expected from future genera tion. 
Additionally, the LCWMP supports the following RMRS  objectives: 
  Document a waste management program baseline in t erms of scope, 
requirements, timing of events, and costs 
  Develop a waste management system model with whic h to perform cost-
benefit analyses on different waste management opti ons 
  Apply a "systems" approach to waste management us ing final waste form 
requirements to drive the processing and handling s trategies for 
individual waste streams; assure that solutions to individual streams are 
sensible within the context of the overall waste ma nagement system 
  Assess treatment, storage, and disposal (TSD) alt ernatives for each 
waste stream (i.e., technical approach, timing, lif e-cycle costs, risks, 
and uncertainties) 
  Identify waste management system and facility def iciencies 
  Produce a high-quality strategic planning service  to support the 
Integrating Contractor and the ASAP 
PROJECT APPROACH 
The importance and anticipated level of effort dema nds that the Life 
Cycle Waste Management Plan be established as an in dividual project. The 
general approach consists of preparing a project pl an; establishing a 
project team with responsibilities matrix; allocati ng a separate budget 
source; and placing the effort under the watchful e ye of a senior 
management review group. Since the LCWMP is such a large-scale 
integration effort, accommodating plans and strateg ies of numerous 
organizations throughout the site, the composition of the project team is 
crucial to promoting communication across organizat ional boundaries. 
The core team comprises the project manager from th e Strategic and 
Integrated Planning department; support staff from Programs/Operations 
Support and Technology Applications; and a program lead advisor from the 
Integrating Contractor. This team is responsible fo r collection and 
synthesis of all pertinent waste management data; r eview of waste 
processing capabilities; interface with the site"s waste generators; and 
operation/analysis of system and cost models. The c ore team develops and 
issues proposed waste strategies and assures integr ation with site 
cleanup, decommissioning, and other risk-reduction activities. They are 
also responsible for identifying the principal risk s and for maintaining 
an overview of the waste strategy. 
Proposed waste strategies are distributed for revie w and revisement to 
waste storage, treatment, and disposal operations g roups, who will become 
the eventual owners of the strategy and sponsors of  key projects. Their 
involvement in the concept and scope of projects th at arise from the 
waste strategy is important. 
LIFE-CYCLE PLANNING PROCESS 
Strategic planning at RFETS is proceeding on severa l levels. The 
Integrating Contractor is directing the Accelerated  Site Action Project 
(ASAP) which will define the overall path forward f or the site and the 
conditions under which site closure will occur. The  ASAP is being 
developed through a phased approach to allow analys is of multiple site 
scenarios and full dialogue with regulatory agencie s and other interested 
stakeholders. Decisions made through the ASAP will form the framework for 



a more detailed waste management life-cycle cost an alysis provided by the 
LCWMP. Figure 1 presents an overview of the life-cy cle planning process 
and relationship between planning efforts. RMRS and  the Integrating 
Contractor are working jointly to develop consisten t data sets and 
assumptions for use in the ASAP and LCWMP. 
Fig. 1 
The process used to develop the LCWMP is explained in the following 
sections. 
Gathering and Maintaining Waste Management Data 
Collection, synthesis, and maintenance of adequate waste management data 
is a time-consuming process in life-cycle planning.  Key information 
required for the analysis includes the status of on -hand waste 
inventories; waste generation forecasts; assessment  of onsite treatment, 
storage, and disposal capabilities; knowledge of TS D options at other 
Federal and/or commercial facilities; and waste man agement costs. 
Waste generators are requested to prepare and submi t future waste 
forecasts for their individual programs. It is impo rtant that waste 
planners work closely with the generators to unders tand the bases and 
assumptions behind these estimates. Waste projectio ns are a potential 
source of uncertainty in the life-cycle analysis an d they have a tendency 
to fluctuate based on internal or external conditio ns imposed upon the 
programs (e.g., changing program budgets or differi ng cleanup standards 
set by a regulatory agency). Also, waste planners, with their 
understanding of waste processing and disposal crit eria, can suggest 
waste minimization techniques or methods to improve  waste packaging 
efficiencies. 
System Modeling 
Several analytical models are used to assist planne rs in visualizing the 
relative differences between options and the sensit ivities of underlying 
assumptions. The first of these models combines ann ual waste generation 
projections with other waste management data such a s on-hand inventories; 
capacities of individual storage units; present and  future waste 
treatment capabilities; waste characterization and certification rates; 
and shipping/disposal capacities. This model is spr eadsheet based and 
controlled by numerous links between worksheets and  graphical output. The 
data are modeled to simulate the annual waste flow balance and to 
identify potential deficiencies (either in capacity  or capability) or 
under-utilization in any area of the RFETS waste ma nagement system. Once 
a baseline scenario is analyzed, input parameters a re varied to simulate 
other waste management scenarios or to test the sen sitivities of 
assumptions. 
The second model derives the life-cycle costs of ea ch planning case. Its 
function is to differentiate the economics between optional paths for 
each waste streams or to project the life-cycle cos t of the Rocky Flats 
waste management system as a whole (depending on sy stem configuration and 
projected operating lifetime). RMRS has chosen to u se the System Cost 
Model (SCM), developed for the DOE by a joint effor t between Lockheed 
Idaho Technologies Co. and Morrisson Knudsen Corpor ation. This model has 
direct application to waste management life-cycle c ost analyses and has 
been used by DOE-Headquarters in a number of prior studies. RMRS will be 
tailoring this model to reflect site-specific condi tions and plans. 
The advantage of using system models is that it all ows the disposition of 
a complex arrangement of waste streams to be evalua ted over time. These 
models comprise a flexible planning tool with the m eans to rapidly 



respond to changing site conditions and/or assess m odifications to 
planning assumptions. 
Analysis and "Optioneering" 
This part of the planning process begins when a spe cific site scenario or 
case is presented for evaluation. The objective of this step is to 
perform iterative analyses of waste management opti ons in a continuous 
attempt to drive down the total costs of the waste management system. 
With each iteration, the waste streams contributing  most to the system 
life-cycle cost are identified. Then treatment, sto rage and disposal 
(TSD) options are developed and tested through the life-cycle cost model. 
The relative differences in cost, risk, and/or unce rtainty between 
options are documented. 
At this stage, knowledge of the physical, chemical,  and radiological 
characteristics of the waste streams, and understan ding of the 
appropriate waste acceptance criteria is of key imp ortance. Each waste 
stream option must satisfy the acceptance criteria of the intended 
receiving facility. 
The advantage of this approach is that allows waste  planners to focus on 
optimizing a detailed waste management strategy for  the preferred ASAP 
alternative. The waste strategy functions as a "liv ing" document, subject 
to continuous review and refinement. 
WASTE MANAGEMENT STRATEGY AND KEY ISSUES 
The overall policy for the management of RFETS wast es is storage onsite 
followed by treatment in preparation for either off site or onsite 
disposal. The strategies for individual waste strea ms within this policy 
are considerably more complex and driven by specifi c technical, economic 
and risk factors. The extent and approach to waste treatment and onsite 
disposal are still under review at this time; howev er, as the LCWMP 
continues to evolve, the objective is to ultimately  declare a strategy 
for all waste streams from the point of generation to final disposal. 
RFETS generates and/or stores six major categories of radioactive and 
nonradioactive waste. Radioactive types include plu tonium residues, 
transuranic (TRU), and low-level waste (LLW). The n onradioactive 
categories are hazardous, municipal solids and othe r regulated wastes 
such as asbestos-containing material, polychlorinat ed biphenyls (PCBs), 
and infectious medical waste. The radioactive waste s have their mixed 
waste counterparts, i.e., those waste forms that ar e both radioactive and 
bear a hazardous constituent or characteristic. The  only major category 
that will not be generated in the future is residue s, which are 
byproducts from weapons production and were once he ld in reserve for 
plutonium recovery. 
Annual waste generation is currently ranges between  1,500 and 2,000 m3. 
As cleanup and decommissioning activities accelerat e, large quantities of 
waste are expected. Annual volumes may total as hig h as 50,000 m3 per 
year from 1998 through 2002. Over the next 10 years , the largest sources 
of waste will stem from processing/stabilization of  residue materials, 
remediation of contaminated areas throughout the si te, and 
decommissioning of former production facilities. 
Waste Storage 
One of the key waste management problems at RFETS h as been the ability to 
supply adequate storage space to support continuing  operations. RFETS has 
accumulated over 20,000 m3 of waste in storage , mo stly due to lack of 
access to appropriate treatment and disposal facili ties. Wastes are 
stored in a variety of locations throughout the sit e and under a variety 



of different conditions. Radioactive and nonradioac tive waste is 
currently stored in many former plutonium productio n buildings; in steel 
framed, warehouse-style buildings; in cargo contain ers; and in large 
tents on asphalt pads. 
The primary issues relating to life-cycle planning for waste storage are: 
  Determination of future storage capacity requirem ents: this is a 
complex function of waste generation rates and the capability to 
permanently dispose of such waste 
  Storage facility configuration: ensuring an appro priate and cost-
effective mix of facilities are available to safely  store wastes of a 
variety of plutonium concentrations; i.e., from les s than 1 g/drum to 
greater than 200 g/drum 
  Storage time frames: longer storage requirements favor the construction 
and operation of new storage facilities vs. utiliza tion of existing 
buildings 
Waste storage strategies for the next 2-3 years are  targeted at 
increasing operational efficiencies and reducing ov erall storage costs. 
Waste Management is consolidating storage units as much as possible and 
reducing the quantities of waste stored in former p lutonium processing 
facilities. New capacity to cover near-term storage  needs is being added 
by retrofitting existing facilities that were idled  when the site's 
mission changed. An example of this is Building 440 , formerly used to 
manufacture safe, secure transport trailers, is und er conversion to a 
low-level waste storage and shipping facility. 
Strategies to cover long-term waste storage require ments continue to be 
reviewed at this time. In general, the style of fac ilities used to store 
low-level and most transuranic waste will be pre-en gineered, Butler-type 
buildings due to their relatively low cost of const ruction and operation. 
Specific plutonium content limitations will be plac ed on these facilities 
to ensure the safety and exposure protection to wor kers and the offsite 
public. It is probable that, because of high pluton ium loadings, some 
transuranic wastes will require storage in a signif icantly more hardened 
and protective facility. This building would be a r einforced concrete 
structure with high-efficiency particulate air filt ration. 
The storage capacity requirements for radioactive w astes are dependent on 
projected rates of generation and the availability of disposal sites 
under the ASAP site alternatives. Options range fro m utilization of 
existing facilities to the consolidation of all was tes into new, large 
storage buildings. 
Waste Treatment 
Current waste treatment strategies are published in  three primary 
documents: the RFETS Sitewide Waste Water Treatment  Strategy; the RFETS 
Proposed Site Treatment Plan, which addresses low-l evel and transuranic 
mixed wastes; and the Site Integrated Stabilization  Management Plan , 
which covers liquid and solid residues. Many wastes  at RFETS require 
various forms of treatment to 1) remove conditions that could compromise 
the integrity of the waste container and/or jeopard ize worker safety; 2) 
satisfy Resource Conservation and Recovery Act (RCR A) Land Disposal 
Restrictions (LDR) treatment standards prior to dis posal; 3) meet certain 
waste acceptance criteria imposed by the disposal f acility; 4) provide 
for more efficient (and cost effective) waste packa ging; or 5) provide a 
means to recycle/reuse the waste material. 



The treatment requirements for various RFETS waste categories are shown 
in Table I. These requirements reflect current plan ning scenarios and the 
respective disposal site waste acceptance criteria.  
Table I 
The expected future cost of solid waste treatments has prompted a 
reevaluation of the expected benefits to be derived  from such activity. 
Much of the low-level mixed (LLM) waste inventory a t RFETS could be 
considered low risk to human health and the environ ment if disposed of 
properly. Waste treatment strategies are still unde r review at this time; 
however a variety of options are under consideratio n including no 
treatment; minimal treatment to LDR standards based  on the inherent risks 
of the waste; and full treatment of LLM waste to LD R. The minimal 
treatment approach reviews the physical and chemica l characteristics of 
each waste and proposes treatment for only those st reams that represent a 
significant health hazard to the public if disposed  of untreated. 
As treatment requirements for TRU and TRU mixed (TR M) wastes are 
established by the WIPP WAC, two primary options ar e up for 
consideration. The first option would propose minim al treatment of 
TRU/TRM waste forms to facilitate safe storage onsi te for a period of 20 
to 30 years. The second option would offer treatmen t of current and 
future TRU/TRM waste to guarantee availability for shipment to WIPP as 
resources allow. With the second option, there is a n economic incentive 
to combine TRM and LLM treatments in common treatme nt systems, if the 
decision is made to locate these facilities at RFET S. 
The site's process waste water treatment facility, located in Building 
374, has been in service since 1978. This facility is operating beyond 
its original design life and several systems are ei ther inoperable or 
marginally operable. Major upgrades are required to  restore its original 
capacity and capability. Following an evaluation of  the site's waste 
water treatment systems, RMRS proposed an alternati ve strategy for a low-
cost, safe, and versatile waste water treatment sys tem for the future. 
RMRS recommended that existing precipitation and ev aporation systems in 
Building 374 be closed in favor of smaller, more co st-effective units. 
This strategy will save approximately $58 million i n planned capital 
expenditures and approximately $60 million in opera ting and maintenance 
costs over a 10-year period. 
Waste Disposal 
Life-cycle waste management planning assumes that a ll wastes at RFETS are 
eventually placed in approved, final disposal facil ities. While municipal 
solid waste is the only type currently disposed ons ite, a number of 
onsite and offsite options are under consideration for other waste 
categories. The overall waste disposal strategy is still under review at 
this time but could incorporate both onsite and off site disposal 
facilities. Disposal options, as well as long-term,  monitored retrievable 
storage, continue to be evaluated with regulatory a gencies and affected 
stakeholders. 
Proposed onsite disposal options include waste empl acement in either 
concrete-lined cells or in conventional-style landf ills. Either facility 
would be designed to handle LLW/LLM waste; small qu antities of specialty 
wastes such as radioactive PCBs and asbestos; demol ition debris; and 
other municipal solid wastes. These facilities woul d be permitted and 
designed to meet RCRA Subtitle C standards in terms  of protective 
measures and environmental controls installed to pr event contaminant 
migration. RFETS is currently constructing a new mu nicipal solid waste 



landfill which is expected to meet the site's needs  for the foreseeable 
future. 
RFETS is currently utilizing offsite disposal facil ities for low-level 
and low-level mixed wastes and will likely continue  this practice in the 
future. Table II lists the current and potential di sposal destinations 
for wastes along with acceptance dates used for pla nning purposes. 
Table II 
SUMMARY AND CONCLUSIONS 
This paper presents the approach taken by RMRS to d evelop a Life-Cycle 
Waste Management Plan and discusses the status of a n emerging waste 
strategy at the RFETS. The planning effort is curre ntly in progress and 
initial results of life-cycle cost modeling should be ready by late March 
or early April, 1996. Future technical papers will explore the outcome of 
the waste strategy in considerably more detail. 
As Rocky Flats takes on the challenge of accelerati ng site closure, it is 
imperative that the waste management system be read y and capable of 
supporting the effort. RMRS is meeting the challeng e through a life-cycle 
approach to waste planning and operations. This met hodology will provide 
continuous reduction in the unit cost of waste oper ations, freeing up the 
site's limited operating budget to concentrate on h igh priority, risk-
reduction activities. 
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ABSTRACT 
DOE's contract reform initiatives at Fernald and th e performance-based 
system DOE is now using to evaluate FERMCO are key elements to the 
current and future success of DOE and FERMCO at Fer nald. Final cleanup of 
the Fernald site is planned for completion by 2005 per an accelerated 10-
year remediation plan which has been approved by DO E and endorsed by the 
U.S. EPA, Ohio EPA, and the Fernald Citizens Task F orce. Required funding 
of approximately $276 million plus inflation annual ly for 10 years to 
accomplish final cleanup is now being considered by  U.S. Congress. 
Contract reform initiatives and modified performanc e measurement systems, 



along with best business practices, are clearing th e path for the 
expedited cleanup of Fernald. 
MODIFIED CONTRACT BOOSTS "ON-THE-GROUND" REMEDIATION 
When DOE and FERMCO signed a significant modificati on to the contract in 
July 1994, it represented the first significant act ion under DOE's 
contract reform initiatives nationwide. In effect, it was the beginning 
of what is now referred to as performance-based con tracting. 
The modified contract represented a significant dep arture from the 
management and operating (M&O) type contract that D OE has traditionally 
awarded at other sites. DOE wanted a contractor tha t was project-focused. 
The modified contract provides FERMCO a financial i ncentive to manage the 
environmental remediation process as efficiently as  possible. Unlike M&O 
type contracts, this contract requires FERMCO to ac cept financial 
responsibility for its actions at Fernald, includin g any fines or civil 
penalties that might arise from FERMCO's own neglig ence. In return, 
FERMCO is granted more authority to make aggressive  decisions about 
remediation methods. 
Rapidly shifting political and business environment s have brought about a 
number of changes in the post Cold War era. These c hanges are driven by 
dramatically reduced federal budgets that require w ork to be completed 
faster, better, and at less expense to taxpayers. D OE and FERMCO have 
formed an effective partnership that is resulting i n streamlined 
environmental remediation efforts at Fernald. To be  sure, contract reform 
is an integral part of DOE's response to President Clinton's mandate to 
"reinvent government." 
PERFORMANCE-BASED FEE A POWERFUL MANAGEMENT TOOL FOR DOE 
The goal of both DOE and FERMCO was to make the bon us fee performance-
oriented, creating a system that would establish ob jective, quantifiable 
criteria as the basis for fee determination. The ce nterpiece of the 
contract modification was the replacement of the ol d Cost Plus Award Fee 
(CPAF) model -- widely used in the DOE system at th e time -- with a fee 
plan based on quality and performance. 
Under the new performance-based fee system, FERMCO and DOE agree upon a 
set of specific, measurable project goals for every  six months. FERMCO 
earns bonus fee only when it exceeds those goals; s atisfactory 
achievement of Performance Objective Criteria (POC)  by itself is simply 
expected and no longer earns any fee. 
NUMERICAL GRADING SYSTEM 
Each of the three major performance areas are given  ratings of excellent, 
satisfactory or unsatisfactory. Unsatisfactory perf ormance results in a 
negative numerical rating; satisfactory performance  results in a 
numerical rating of zero, and excellent performance  receives a positive 
numerical rating. Each six-month evaluation period,  FERMCO's performance-
based fee depends on the sum of the numerical ratin gs. If FERMCO receives 
an overall rating of zero, no performance-based fee  is earned. If a 
positive numerical rating is earned, FERMCO receive s a performance-based 
fee. If a negative number results, FERMCO receives no performance-based 
fee and has to pay back some of the fee the company  previously was paid. 
The performance-based fee system provides an opport unity for DOE 
evaluators to align project objectives with FERMCO managers at the 
beginning of each six-month fee period. FERMCO is t hen rewarded on its 
ability to meet those objectives. This is a prime e xample of a win-win 
situation for both DOE and FERMCO. 



For example, early last year DOE placed heavy empha sis on neutralizing 
more than 200,000 gallons of uranyl nitrate hexahyd rate, or UNH, which 
basically is uranium dissolved in nitric acid. It w as an intermediate 
compound in the former uranium recovery process at Fernald. UNH had been 
an ongoing concern for Fernald management, regulato rs and stakeholders, 
primarily due to the poor condition of the tanks in  which the material 
was stored. In the first half of FY 95, FEMRCO miss ed a milestone for 
startup of the UNH processing. Successful completio n of the UNH 
neutralization project became part of FERMCO's perf ormance-based fee plan 
for the second half of FY95. FERMCO assigned a spec ial team to the task, 
and the UNH project was successfully completed seve ral weeks ahead of the 
regulatory deadline. 
While the performance-based fee system is designed to reward FERMCO for 
achieving excellent performance, it can result in f orfeiture of base fee 
if FERMCO fails to meet minimum performance require ments. Funds available 
under the performance-based fee structure are divid ed into two main 
categories: General Contract Performance Criteria a nd Milestone 
Completion. 
GENERAL CONTRACT PERFORMANCE CRITERIA 
General Contract Performance Criteria are elements of the Fernald work 
scope that directly affect our mission of a safe, l east-cost, early 
cleanup of the site. These criteria are further sub divided into three 
main sections: Safety and Health, Environmental Man agement and 
Administrative Management. The three levels of perf ormance are 
"excellent," "satisfactory" and "unsatisfactory." T he objective measures 
which determine the performance level, and the amou nt of fee, are 
assigned to a particular criterion. 
For example, the DOE Fernald Area Office may consid er shipping one 
thousand drums of mixed waste to be excellent perfo rmance, for which 
FERMCO would receive two percent of the available f ee. Shipping only 800 
drums of mixed waste would reflect satisfactory per formance, but FERMCO 
would receive no fee. Shipping any fewer than 800 w ould be considered 
unsatisfactory performance, and FERMCO would have t o refund two percent 
of the performance-based fee back to DOE. FERMCO co uld be required to 
refund up to 25 percent of its base fee for unsatis factory performance. 
While most of the General Contract Performance Crit eria contain these 
objective performance measures (excellent, satisfac tory or 
unsatisfactory), a few of them have been reserved f or DOE's subjective 
evaluation of FERMCO's performance. In these cases,  DOE provides a 
description of the criterion without any specific p erformance measures 
attached to them. 
MILESTONE COMPLETION 
The Milestone Completion section includes activitie s that are considered 
high-risk, and most of them are included in the Ame nded Consent Agreement 
between the DOE and U.S. EPA. Milestones have perfo rmance measures for 
"achieved excellence" and "did not achieve excellen ce" because nearly all 
of the milestones are based on deliverable dates. T hat is, FERMCO either 
met the due date or it did not. FERMCO is not requi red to refund fee to 
the DOE for failing to achieve excellence under the  Milestone Completion 
section, but FERMCO is still potentially liable for  fines levied by EPA 
for missed deadlines. 
PERFORMANCE AREAS, CRITERIA AND MILESTONES USED FOR EVALUATION 



It is important to keep the Fernald mission stateme nt in mind when 
reviewing the major performance areas negotiated be tween DOE and FERMCO 
to assess FERMCO's performance against established criteria: 
 Together, DOE and FERMCO are committed to protecti ng human health and 
the environment through the safe, least-cost, earli est, final cleanup of 
the Fernald site, within applicable DOE order, regu lations and 
commitments, and in a manner which addresses stakeh older concerns. 
FERMCO's performance is assessed every six months o f the fiscal year, 
covering periods from October 1 through March 30 an d April 1 through 
September 30. FERMCO is evaluated on three elements  of the mission 
statement: 1) Safe Cleanup, 2) Least-Cost, Earliest  and Final Cleanup, 
and 3) Addressing Stakeholder Concerns. 
Under the Safe Cleanup performance measure, FERMCO is expected to 
significantly reduce the probability of accidents, exposures or releases 
from occurring. While DOE recognizes that an effect ive Safety and Health 
program cannot prevent all accidents, exposures or releases, FERMCO's 
Safety and Health programs are expected to identify , categorize and 
control deficiencies in a timely manner to prevent them from happening 
again. 
In addition, FERMCO's Radiological Protection Progr am is evaluated on how 
well it keeps exposure and contamination incidents to workers and the 
public at a minimum. Therefore, employees must be a ware of workplace 
hazards and safety precautions that can prevent acc idents from happening. 
That is why Safety First initiatives and the Volunt ary Protection Program 
are heavily weighted in evaluating FERMCO's perform ance. 
The Least-Cost, Earliest, Final Cleanup performance  measure address the 
Project Management Control System, which is used to  integrate technical, 
cost and schedule performance data. Success of remo val actions and waste 
packaging and shipping also are considered under th is heading. This 
category also considers FERMCO's ability to improve  procurement processes 
and develop technology programs. 
FERMCO also is evaluated on its ability to address stakeholder concerns. 
FERMCO is expected to comply with requests from the  public in a timely 
manner, and to provide information about project pl ans at the site to 
employees and the public. Programs evaluated under this heading include 
the envoy program, media relations, employee commun ications, support of 
the citizens task force, and the success of the Com munity Relations Plan 
which is designed to inform stakeholders about publ ic involvement 
opportunities. 
CRITICAL FEW PERFORMANCE MEASURES 
DOE and FERMCO recently agreed on a list of "critic al few" additional 
performance areas to be measured. FERMCO will be ev aluated under the 
Program Progress heading for its ability to conduct  legacy waste 
characterization and low-level waste shipping; mini mize effluent 
discharges to the Great Miami River from wastewater  treatment systems; 
achieve design milestones and implement field work in support of EPA-
approved Records of Decision, and remove holdup mat erial from equipment 
and lines under the Safe Shutdown program. FERMCO a lso is expected to 
demonstrate a Return on Investment by reducing main tenance and electric 
utility costs and transferring or disposing of exce ss government 
property; measure stakeholder opinions and views ab out Trust and 
Confidence in a process to be conducted by independ ent third parties with 
results reported to DOE; and meet scheduled commitm ents for rebaselining 



the 10-year remediation plan, upgrading the Progres s Tracking System list 
and successfully completing Project Tracking System  milestones. 
WHERE WE ARE TODAY 
The nature and extent of contamination has been def ined, and the selected 
remedies have been well researched and they're supp orted by DOE and its 
stakeholders. 
We have a plan and now we are baselining our schedu le milestones and 
developing detailed cost estimates for each of the five areas targeted 
for remediation at Fernald. It is an aggressive pla n designed to expedite 
cleanup and significantly reduce or eliminate costs  associated with 
overhead, landlord activities, and building mainten ance. A concerted 
effort is being made to spend as little money as po ssible supplying 
heat,electricity and maintenance support to buildin gs targeted for 
demolition. 
We have realized significant cost savings, cost avo idances, and greater 
efficiency by aligning technical project needs with  regulator and 
stakeholder interests, thereby reducing the obstacl es that drive costs 
up. The modified contract incentivizes FERMCO to pr oduce "on-the-ground" 
remediation progress. FERMCO also has strategically  aligned project 
organizations which are completely focused on plann ing and executing 
final remedial activities. The project concept work s well at Fernald, 
because start-and-finish timelines exist and the wo rk scopes are easily 
measured. 
DOE and FERMCO developed this accelerated cleanup p lan in conjunction 
with federal and state regulatory agencies and Fern ald stakeholders to 
achieve the most cost-efficient, aggressive approac h to cleanup without 
compromising safety principles or regulatory guidel ines. This can be 
accomplished within 10 years. The focus has been to  create a dedicated 
project team that will be disbanded in a programmed  manner as each phase 
of the job is finished. 
Under the accelerated cleanup plan, as work progres ses we will 
continually collapse and consolidate radiologically  contaminated zones. 
They will get smaller and smaller and fewer in numb er until there are no 
more. 
The U.S. EPA, Ohio EPA and Fernald stakeholders agr ee with DOE and FERMCO 
that an accelerated cleanup approach is well-timed,  doable, and fiscally 
responsible, saving taxpayers an estimated $2.7 bil lion in escalated 
funds. We are moving forward in an aggressive manne r. 
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The U.S. Department of Energy (DOE) will rely exten sively on efficient 
chemical separations technologies to treat radionuc lide containing waste 
left behind from nuclear weapons production. The wa ste varies in 
composition over extreme ranges of pH from acidic t o basic. A new 
approach uses technology which has been developed t o incorporate almost 
any sorbent particle into membranes and then fabric ate these into 
versatile, highly efficient chemical absorbing cart ridges. 
This is particularly attractive because the process  is based on selective 
sorbent technology instead of traditional wet chemi cal extractions, 
chemical precipitations or large ion exchange colum ns. It provides the 
capability of removing contaminants down to detecti on levels at high flow 
rates, if necessary in the presence of high levels of radiation, 
concentrating the contaminants while generating a m inimum of secondary 
waste. The full system is projected to have a lower  capital cost and 
smaller footprint than conventional technology. In many ways, the process 
is as simple as filtering the liquid through a cart ridge. 
DISCUSSION 
In early 1989, 3M introduced this technology as an alternative form of 
solid phase extraction (SPE), which is used to extr act dissolved species 
from water (1)(2). The sorbent is loaded into a web  or membrane which is 
used in a filtration-like process.  
Figure 1 shows a typical example of Emporem membran es in which inert PTFE 
fibrils are used to hold the sorbent particles. Sev eral classes of 
materials have been successfully incorporated into the 3M membranes, 
including commercial organic ion exchange materials , inorganic 
adsorbents, unique zeolyte structures and elaborate  macrocycles. The 
resulting membranes are characterized by high separ ation efficiencies, 
radionuclide loading, fast flow rates and kinetics and physical 
ruggedness. A radiolytically resistant (up to 2,000  megarad) material may 
be used as the membrane matrix. Because the membran e is very densely 
packed (up to 95% particle by weight), with small ( 5-25 mm), high surface 
area particles the flow rate can often be 10 to 100  times greater than in 
standard column ion exchange processes while achiev ing equal extraction 
efficiencies. Particles of this size would result i n unacceptable back 
pressure if used in columns. Channeling, or wall ef fects, which can be a 
severe limitation for columns, is absent in membran es and offers another 
reason why high flow rates are possible. This membr ane separation 
technology allows the use of a number of known, hig h performance, 
chemical adsorbing powders, which previously could not be put into a 
useful engineered form because of their small parti cle size (3). It 
provides the ability to concentrate materials into much smaller volumes 
than alternative technologies.  
Fig. 1 
Laboratory scale experiments at Idaho National Engi neering Laboratory 
(INEL) (3)(4) showed that strontium and cesium coul d be selectively 
removed from actual radioactive acidic waste with e xtremely high 
efficiency even in the presence of relatively high concentrations of 
other ionic species. The membranes used were 22 mm diameter, 0.5 mm thick 
filter-type disks with either IBC Advanced Technolo gies, Inc., Superligm 
particles for the removal of strontium and lead, or  crystalline titanium 
phosphate (PhTiA) (5) particles for the removal of cesium. The waste 
composition is shown in Table I.  
Table I 



Table II summarizes the test results and Figs. 2 an d 3 show the 
breakthrough curves describing the separation of ce sium and strontium 
respectively . 
Table II 
Fig. 2 
Fig. 3 
When the membrane is fabricated into a pleated cart ridge large volume 
separations are possible. Cartridge capacity varies  according to sorbent 
type and mass and the composition of the process st ream. 
In August 1995, Empore cartridge technology was tes ted at the West Valley 
Nuclear Services site. The goal of the project was to test the system for 
removal of technetium (as pertechnetate) and cesium  from waste water. The 
cartridges used were 4" pleated cartridges containi ng carbon/Aliquat 336m 
and potassium cobalt hexacyanoferrate for, techneti um and cesium removal, 
respectively. The flow rate used was 0.1 gallons/mi nute and the test 
continued for about eight days, or a volume of almo st 1,500 gallons. To 
summarize the results, the technetium cartridge was  loaded to a 50% 
breakthrough after about 90 gallons (see Fig. 4) an d the cesium cartridge 
ran for 40 hours (about 250 gallons) with no detect able breakthrough of 
cesium. The cesium in the feed was present at 1,200  pCi/L, while the 
detection limit for the cartridge effluent was abou t 2 orders of 
magnitude lower. These results are particularly int eresting because the 
feed had already been processed through traditional  ion exchange columns 
for cesium removal. 
Fig. 4  
In September 1995, the technology was tested at Ida ho National 
Engineering Laboratory, Test Area North (TAN) (6). The purpose of the 
demonstration was to evaluate the performance of th e cartridges on 
injection well water which had already been process ed through ion 
exchange columns.  
Figure 5 is a schematic of the equipment used at IN EL.  The flow rate was 
0.25 gallons per minute, (i.e. 1,250 gallons were p rocessed over the 80 
hour demonstration), using a feed whose composition  is shown in Table 
III. Species to be removed in this case were stront ium and cesium using 
4" cartridges of, respectively, sodium titanate and  potassium cobalt 
hexacyanoferrate, (Table IV). 
Fig. 5 
Table III 
Table IV 
The presence of non-radioactive strontium in the gr oundwater resulted in 
a much higher concentration of total strontium, an important 
consideration since there is no measurable recognit ion of sorption for 
different isotopes of the same element. The high to tal strontium 
concentration, coupled with absorption of calcium a nd magnesium, resulted 
in Sr breakthrough of 50% (breakthrough =C/Co *100% ) after approximately 
800 gallons of water had passed through the Sr abso rber. Concentrations 
of Sr, Ca, and Mg in the effluent are shown as a fu nction of time in Fig. 
6. Calcium and Mg, present as divalent cations at s ubstantially higher 
concentrations than Sr in the TAN groundwater, comp ete with Sr for the 
active sites in the adsorption medium.  
Figure 6 indicates that both Ca and Mg breakthrough  occurs more rapidly 
than the Sr breakthrough and implies that Sr is pre ferentially adsorbed 
in the sodium titanate cartridge. Analysis of radio -strontium, 90Sr was 
performed independently on several samples of the e ffluent during the 



course of the experiment. Analytical results for 90 Sr are also shown in 
Fig. 6. The analytical results for total and radio strontium are in 
excellent agreement and serve to indicate consisten cy of the two data 
sets. Note that the "leveling" of the Sr curve at a pproximately 55% 
breakthrough may be attributed to displacement of C a or Mg by Sr, or it 
may be an unrealistic nuance of the curve-fitting r outine. Irrespective 
of the cause, the Sr curve would eventually climb t o a breakthrough of 
100% if enough water had been pumped through the ca rtridge. 
Fig. 6 
Cesium showed no detectable breakthrough for the fo r the entire 
demonstration, with a detection limit of 9 pCi/L. A gain it is important 
to note that this water had already been through th e groundwater 
treatment facility. 
CONCLUSIONS 
Strontium, cesium and technetium have been successf ully removed from 
radioactive waste using a new and innovative techno logy. Laboratory scale 
experiments at Idaho National Engineering Laborator y (INEL) showed that 
strontium and cesium could be selectively removed f rom actual radioactive 
acidic waste with extremely high efficiency even in  the presence of 
relatively high concentrations of other ionic speci es. Larger scale 
technology demonstrations, removing trace quantitie s of technetium (as an 
anionic species) and cesium from process water at t he West Valley Nuclear 
Services site in New York state and removing cesium  and strontium from 
previously processed injection well water at INEL s how the feasibility of 
applying the technology on an industrial scale. 
Additional large volume technology demonstrations a re planned involving 
wastes of different characteristics in terms of con taminants, pH and 
ionic strength and using a variety of sorbents. 
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ABSTRACT 
Two different reverse osmosis systems were investig ated in this work. The 
first was a 50-element plant-scale system that is u sed to treat 2200 
cubic metres of AECL liquid radwastes annually. It uses thin film 
composite (TFC) membranes and operates at an applie d pressure of 2760 
kPa, with a fixed crossflow of about 40 L/min. The other system uses the 
same thin film composite membranes for waste proces sing, but is a 2-
element pilot-scale system. It is operated at press ures ranging between 
1500 kPa and 7000 kPa, at a fixed crossflow of 55 L /min.  
The average lifetime of the thin film composite mem branes in the plant-
scale processing application at AECL is about 3000 hours. After this 
service life has expired the rejection efficiency ( for total solids) 
declines rapidly from 99.5% to about 95% as the mem branes become impaired 
from chemical cleaning procedures that are required  after each hundred 
cubic metres of waste are treated. The permeation f lux for the plant-
scale system decreases from about 2.2 L/min/element  to below 0.5 
L/min/element at the end of the membrane's useful s ervice life.  
The plant-scale membrane elements, fouled by an ass ortment of chemicals 
including calcium phosphate and various organics, w ere successfully 
regenerated by exposing them to a three-step chemic al cleaning procedure 
(in the pilot-scale system), using detergent, HCl, and an alkaline-based 
cleaning with EDTA. The 3-step procedure was succes sful in elevating the 
flux from 0.5 L/min for the spent membrane, to 1.2 L/min after cleaning. 
The 1.2 L/min post-cleaning flux could be maintaine d provided that the 
crossflow velocity remained high. 
The DF for cesium for the plant-scale system (at th e operating pressure 
of 2760 kPa), decreased from about 100 when the mem branes were new, to 
about 30 after they were replaced. After cleaning t he fouled membranes 
with the pilot-scale system, the DF for cesium incr eased from about 30 to 
50, if the applied pressure to the system was incre ased from 1500 kPa to 
5500 kPa. By comparison, the strontium DF increased  for the fouled 
membranes at the operating pressure of 2760 kPa, fr om about 1000 (when 
they were new), to about 4000 for the spent membran es. The strontium DF 
was unaffected by the applied pressure. The increas e of strontium DF is 
believed to be due to the exchange of strontium wit h deposited calcium on 
the fouled membrane.  
INTRODUCTION 
In the mid 1970's, AECL, at the Chalk River Laborat ories (CRL) site, 
built a Waste Treatment Centre (WTC) for treating l ow-level solid and 
aqueous liquid wastes. The objective was to demonst rate processes for 
converting Canadian Deuterium Uranium (CANDU) waste s to a form suitable 
for disposal. The liquid waste streams are effectiv ely volume reduced by 
a combination of continuous crossflow microfiltrati on (MF), spiral wound 
reverse osmosis (SWRO), and tubular reverse osmosis  (TRO) membrane 



technologies (Fig. 1). Backwash and chemical cleani ng wastes from the 
membrane plant are further volume reduced by evapor ation. The concentrate 
from the membrane plant is ultimately immobilized w ith bitumen using a 
thin-film evaporator in a shielded cell. The abilit y of the MF/SWRO 
technology to remove impurities non-selectively mak es it suitable for the 
treatment of radioactive effluents from operating n uclear plants, with 
proper membrane selection, feed characterization, s ystem configuration, 
and system chemistry control. 
Fig. 1 
Currently, there are two streams routinely treated at CRL. One originates 
from the Decontamination Centre (DC waste) and the other collects waste 
from the Chemical Drain (CD waste) system. The comp ositions of the two 
streams are given in Table I. A total of about 2200  m3 of blended liquid 
(low to intermediate-level) waste are currently tre ated by the membrane 
plant annually. The current overall volumetric reco very of the two stage 
(concentrate-staged) reverse osmosis train employin g SWRO and TRO is 
96.6%. For a 35 m3 batch of waste treated there is 0.7 m3 of backwash 
concentrate and 1.17 m3 of TRO concentrate sent to the evaporator for 
further volume reduction in a small evaporator, and  subsequent 
immobilization with emulsified bitumen in a thin-fi lm evaporator. The 
bituminized product from the facility occupies 0.17 5 m3. The 
immobilization of the concentrate with emulsified b itumen has been 
described in a companion WM'96 paper (1). The overa ll volume reduction of 
the fresh feed through the integrated plant (employ ing both membranes and 
evaporation) is about 250. 
Table I 
SPIRAL WOUND REVERSE OSMOSIS SYSTEM 
Reverse osmosis (RO) is a technology which is well established for the 
production of potable water from brackish water or seawater. It has been 
successfully used to produce high-purity water for the electronics, 
pharmaceutical, and power industries. Because of it s versatility to 
remove ionic impurities, particulates and colloids,  organics, 
microorganisms and pyrogenic material from water, R O has attained a 
prominent role in water purification (2).  
In spiral wound reverse osmosis treatment, feedwate r containing dissolved 
and suspended solids is pumped into the system at a  desired feed pressure 
greater than the osmotic pressure of the solution. The feed stream is 
pumped into a pressure vessel containing one or mor e membrane elements 
connected in series. The feedwater then flows into the channels between 
the membrane sheets. These feed channels are compos ed of a plastic 
netting which breaks up the flow into small turbule nt areas above the 
membrane surface.  
Immediately above the membrane surface a concentrat ion boundary layer 
forms whose thickness depends on feedwater ionic st rength, particulate 
level, and flow in these small turbulent areas. The  water and ions are 
transported by a solubility-diffusion process to th e permeate water 
carrier. The purified water or permeate is recovere d at atmospheric 
pressure. The remaining water, dissolved solids and  particulates form the 
reject stream. The pressurized concentrate or reten tate is dropped to 
atmospheric pressure through a back pressure regula ting valve, 
immediately downstream of the system. 
The performance of an RO membrane is usually descri bed in terms of 
permeate flow, or "flux", contaminant rejection eff iciency, and 
volumetric recovery. Permeate flux refers to the am ount of flow across 



the membrane per unit area, at a particular operati ng pressure and 
dissolved solids concentration. The flow of water a cross the membrane is 
proportional to the effective pressure (applied pre ssure minus pressure 
drop minus the osmotic pressure of the solution). I ncreasing the applied 
pressure will increase the permeate flow without in creasing the solute 
flow. 
Rejection is the relative change in contaminant con centration from the 
feed stream to the permeate stream. RO membranes ar e not absolute 
barriers, and some small percentage of the solute ( typically about 0.5%) 
does pass through the membrane. The amount of solut e transport is a 
function of the membrane type and is proportional t o the differential 
concentration across the membrane.  
Spiral wound RO membrane types can be broadly class ified as cellulosic or 
noncellulosic. Cellulose acetate membranes are stil l widely used because 
of their resistance to fouling, and their low cost.  They are, however, 
easily damaged by bacterial attack and have relativ ely low rejection 
efficiencies. Noncellulosic membranes, such as the thin film composite 
membranes used at CRL, can operate over a wider pH range and exhibit high 
solute rejection efficiencies. The SWRO configurati on achieves a large 
specific surface area per unit volume, which is typ ically 1000 m2/m3. 
This can be compared to 165 m2/m3 for plate modules  and 335 m2/m3 for 
tubular modules. 
The ratio of permeate to feed in a RO system is ref erred to as volumetric 
recovery, or simply, "recovery". To achieve high re coveries (up to 85% 
currently employed at CRL), it is necessary to stag e the concentrate 
stream or recycle the concentrate for reprocessing.  This is normally 
accomplished in a tapered system design. For instan ce, a two-stage system 
may have four pressure vessels in the first stage, feeding two vessels in 
the second stage. The tapered configuration compens ates for feed flow 
loss by permeation, therefore maintaining optimum c ross-flows in both 
stages. 
Plant-Scale SWRO System Description 
The CRL plant-system is a three-stage 5:3:1 tapered  system with 10 cm 
diameter by 6 m long pressure vessels. Each pressur e vessel contains six 
membrane elements. The system is fed with a Goulds 3333 multi-stage 
centrifugal booster pump. Typical feed crossflows a re maintained at about 
40 L/min, with an inlet pressure of 2760 kPa.  
Pilot-Scale SWRO System Description 
The pilot-scale system is equipped with a 5 mm cart ridge filter upstream 
of the two high pressure pumps, both of which can d eliver a maximum of 
7000 kPa. The pressurized feed flowing at about 55 L/min is directed to 
one of two membrane pressure vessels, each containi ng two 10 cm diameter 
by 100 cm long membrane elements. The purified perm eate stream exits the 
vessel, then passes through a flowmeter, and can be  rejected from the 
system or recycled back to the feed tank. The major ity of the retentate 
(concentrate stream with 99% of the contaminants in  the feed), 
recirculates back to the suction side of the high p ressure pump to 
maintain the high crossflow rate. The remainder of the retentate is 
directed back to the feed tank. The operating press ure of the system is 
manually controlled by adjusting the backpressure c ontrol valves on both 
retentate streams leaving the vessel. A system is p rovided to flush the 
vessel and piping with clean water after an experim ent. An onboard 
cleaning tank is also provided if chemical cleaning  of the membranes is 
required. 



The primary difference between operations of the pi lot-scale and the 
plant-scale system was the effective crossflow rate  through each vessel; 
for the pilot-scale system it was 55 L/min/vessel, while for the plant-
scale system it was about 40 L/min/vessel. A more s ubtle difference 
between the units is the actual processing method t o achieve the desired 
volumetric recovery of between 85 - 95%. For the pl ant-scale system 
retentate was recirculated to the feed tank, and a small bleed fraction 
was continuously removed. Filtrate was continuously  added to the feed 
tank from the MF system, and so the operation was c ontinuous. By 
comparison, the pilot-scale rig was operated in a b atch mode of operation 
where a given volume of fresh MF filtrate was volum e reduced to the 
predetermined volumetric recovery.  
PERFORMANCE OF THIN FILM COMPOSITE MEMBRANES FOR LIQUID WASTE PROCESSING 
Normalised Permeation Flux 
The permeation flux from an RO system is a function  of several variables 
including temperature, pressure, and pH. The plant- scale system used 50, 
40-inch elements in nine pressure vessels, which we re staged as 5:3:1. 
The permeation flux data obtained was normalised to  an applied pressure 
of 2.76 MPa and a feed temperature of 25oC using a method given by Bukay 
(1984) (3). The observed permeation flux (OBF) was normalised for 
temperature using a temperature correction factor ( TCF) obtained from the 
membrane manufacturer, an effective pressure, and f or the total number of 
elements using Eq. 1.  
Eq. 1 
From a processing perspective it is desirable to ma intain a permeation 
rate of between 0.80 and 1.0 L/min/element at all t imes, so that the 
throughput of the 50-element plant-scale system mat ches the filtrate 
production rate of about 42 L/min from the MF syste m situated upstream. 
In the continuous mode of operation, downtime of eq uipment is minimized 
and maximum utility is made of the equipment. 
Figure 2 shows the normalised permeation flux for t he plant-scale system 
after liquid processing was initiated. The data sho wn is a continuation 
of normalised permeation flux data reported in a pa per presented at WM'95 
(4). Membranes were changed at about 3800 hours and  again after 7000 
hours of operation, when the NPF decreased below 0. 25 L/min/element. By 
comparison, the NPF for the pilot-scale system, whi ch is operated at 
higher crossflow velocity, is consistently at 2.2 L /min/element. The 
scatter of the data in Fig. 2 is not due to errors in measurement; 
rather, it is the result of permeation flux decline s during a given run, 
and the subsequent recovery after a chemical cleani ng with an appropriate 
solvent. After a chemical cleaning it was possible to have up to a 100% 
improvement of normalized permeation flux or more, although this 
improvement of performance could not be maintained.   
Fig. 2 
When the membranes were replaced after 7000 hours o f operation (Fig. 2), 
several precautions were taken to minimize the larg e flux loss observed 
at 3800 hours. These included: i) operating at a vo lumetric recovery 5% 
lower than for the previous set which was processin g to 85%; ii) using 
recommended anti-scalant chemicals in the feed solu tions and; iii) 
cleaning at more regular intervals. Yet, none of th ese preventative 
measures appeared to be of much benefit in the resu lting loss of 
throughput that was observed. Regular chemical clea ning cycles appeared 
to decrease the pressure drop across the membrane p lant, but had less 
impact on improving permeation flux than similar ch emical cleanings 



performed on the previous membrane set. After about  7000 hours of 
cumulative service the membranes were replaced due to i) the 
deterioration of membrane rejection efficiency, and  ii) inefficient plant 
operation due to the frequency of equipment shut-do wns from excessive 
chemical cleaning requirements.  
Rejection Efficiency of TFC Plant-Scale Membranes 
Another performance indicator that can be used to a ssess the RO membranes 
is the overall removal efficiency of conductive ion s. The many aggressive 
chemical cleanings that were required to restore th e permeation flux 
(Fig. 2) may have had a detrimental effect on the m embrane integrity, 
resulting in the considerable loss of membrane reje ction performance. 
Physical abrasion of the polyamide rejecting layer over time may also 
have been a contributing factor.  
A plot of the conductivity rejection efficiency ver sus the elapsed 
processing time in the plant-scale system is shown in Fig. 3. The feed 
conductivity in the present application ranged betw een 100 and 1000 mS/m, 
while the permeate conductivity varied between 0.6 and 20 mS/m. Figure 3 
is a continuation of rejection efficiency informati on reported previously 
at WM'95 (4). The membranes were replaced after 300 0 hours because the 
flux decreased to very low permeation throughputs ( Fig. 2), and the 
rejection efficiency decreased to values below 95% (Fig. 3). A rejection 
efficiency of 95% indicates that the thin film comp osite polyamide 
membranes have degraded to a point where they were no longer useful for 
the specific processing.  
Fig. 3 
After the membranes were replaced at 3000 hours (Fi g. 3), the rejection 
efficiency increased back to 99.5% overall. The rej ection remained at 
about 99.5% until about 7000 hours of operation, wh en the overall 
efficiencies again declined back to about 95%, and the membranes were 
subsequently replaced. For those runs between 3000 hours and 7000 hours 
where the removal efficiency was lower than 99%, le akage took place of 
excessive nitrate and sodium ions into the permeate  following a chemical 
cleaning. Monovalent ions have low rejection effici encies (5). Since the 
plant feed would have been temporarily overloaded w ith monovalent ions, 
this situation resulted in a reduced overall reject ion efficiency. After 
the cleaning chemicals were flushed from the system , the rejection 
efficiency was restored to about 99.3% overall.  
Cause of Flux Decline in Plant-Scale System 
The flux decline with time observed in Fig. 2 at 38 00 hours and 7000 
hours, is the result of concentration polarization and/or surface 
fouling. (6) Surface fouling occurs when there is d eposition of submicron 
particles on the surface, as well as crystallizatio n and precipitation of 
smaller solutes. It is manifested when rejected sol ids are not 
transported from the surface of the membrane back t o the bulk stream. In 
general, there are five types of fouling: namely me mbrane scaling, 
fouling by metal oxides, device plugging, colloidal  fouling, and 
biological fouling (7). The different types of foul ing frequently occur 
at the same time and can influence each other. Unfo rtunately, the 
interactions between the types of fouling are poorl y understood. 
The chemical scale on the fouled CRL reverse osmosi s membranes is 
comprised primarily of aluminum, silica, calcium, p hosphorous, and to a 
lesser extent iron and sulphur (4). Calcium hydroxy lapatite and 
octacalcium phosphate scale have been identified as  a major fouling 
species. Clay and aluminum silicate-based scale is thought to account for 



the initial large flux decline associated with conc entration 
polarization, and represents the scale which is the  most difficult to 
remove by standard chemical cleaning procedures. Pr ecipitates approaching 
10 mm in diameter have been observed on the surface  of the membrane, and 
these precipitates are hard to dissolve in even the  most concentrated 
acids. This is further supported by the observation  that alkaline 
cleaning chemicals at pH 12 are the most effective for permeate flux 
restoration where silica solubilizes to silicic aci d (8). The 
precipitates in the 50 membrane elements of all thr ee SWRO stages are 
similar in chemical composition. 
While operating, thin film composite membranes take  on an anion charge on 
the surface. This causes cationic foulants, such as  aluminum and ferric 
hydroxides, along with cation coagulant polymers, t o be attracted to it. 
Further, because of the high flux rates on thin fil m composite membranes, 
fouling occurs faster and is more noticeable than w ith other membranes 
(9). Moreover, in the CRL plant-scale application t he volumetric recovery 
is maintained at about 85%. This high recovery lead s to increased solute 
concentrations at the boundary layer, leading to mo re concentration 
polarization and a higher deposition of fouling sub stances. 
Performance of Pilot-Scale System 
The primary difference between operations of the pi lot-scale and the 
plant-scale system is the effective crossflow rate through each vessel; 
for the pilot-scale system it was 55 L/min/vessel, whereas for the plant-
scale system it was about 40 L/min/vessel. To compa re the performance of 
the two systems, the fresh feed to the pilot plant was the same 50:50 
blend of the CD/DC waste streams. The pilot-scale s ystem was run in 
parallel with the plant-scale system, and both of t he systems were 
targeted to achieve 85% volumetric recoveries overa ll. By comparison with 
the plant-scale system, which was only able to main tain 0.5 L/min/element 
(at the start of a processing campaign), the pilot- scale system was able 
to sustain a permeation rate of 2.7 L/min. During t he course of a run, 
the flux typically decreased from 2.7 L/min to abou t 1.7 L/min, depending 
upon the final volumetric recovery that was sought.  However, the loss of 
flux during a run was always reversible (after flus hing the system with 
permeate), indicating it was due to concentration p olarization, and not 
irreversible fouling. If the system was placed in t otal recirculation at 
any time during the run the permeate flows would no t decrease further.  
Regeneration of Spent Plant-Scale Membrane Elements  with Pilot-Scale 
System 
Since the performance of the pilot-scale system was  so much superior to 
the plant-scale system for CRL liquid waste process ing applications, a 
test was undertaken to evaluate the cleaning effect iveness for spent 
plant-scale membranes in the pilot-scale system. Th e spent membranes were 
removed from the plant-scale system at 7000 hours ( Fig. 2), and two were 
chosen randomly for cleaning tests.  
A chemical cleaning campaign of a fouled plant-scal e thin film composite 
membranes was carried out using a three-step proced ure at an applied 
pressure of 2760 kPa (the same operating pressure a s the plant-scale 
system). The fouled membrane was taken from the fir st stage of the three-
stage system. During the first cleaning step a dete rgent formulation (1 
wt.%) was used to remove surface oil and grease. In  the second step, HCl 
(at a pH of 2 and ambient temperature), was employe d for the dissolution 
of metals. In the third step, NaOH (at pH of 12) an d 2 wt.% EDTA was used 
to complex metals and remove silica deposits by dis solution.  



A 73.5% improvement of permeability was observed af ter cleaning with the 
detergent. A total of 0.8 kg of oil and grease was removed from the 
element with the detergent cleaning process. After the second cleaning 
procedure with HCl, a further improvement of 14% wa s observed. After the 
third step where chemical cleaning was carried out with NaOH and EDTA, an 
incremental improvement of 20% was noted for the el ement. The overall 
improvement for the element based on the three-step  cleaning sequence was 
137%; the water permeability increased from 0.48 L/ min before cleaning to 
1.14 L/min after cleaning. The same cleaning tests were carried out on 
another fouled element, and the results could be re plicated.  
A complete regeneration of the fouled membrane elem ents was not achieved. 
The permeation flux for a new element was about 2.2  L/min (Fig. 2), and 
hence the pilot-scale cleaning procedure was capabl e of restoring about 
50% of the membrane's original performance. The cle aned elements could be 
reused in the plant-scale system at a throughput of  1 L/min, however, 
because this would match the filtrate production fr om the MF system 
situated upstream (Fig. 1). 
Following the 3-step cleaning procedure, a series o f three further 
experiments were carried out in which blended CD/DC  MF-filtered waste was 
processed in the pilot-scale unit to evaluate the l ong term benefit of 
the cleaning methods. Results are shown in Fig. 4, for the flux curves 
before cleaning and after cleaning (represented by Tests 1,2,3). In the 
first experiment a batch of CD/DC waste was passed through the system 
with a 5 micron prefilter in place. The feed was re duced to a final 
recovery of 90%. After flushing the system with per meate at the 
completion of the run, the same test was replicated  (Test 2). The purpose 
of Test 2 was to determine if the permeate flux aft er a pure water flush 
could be restored to the same initial value (which had previously been 
observed for CD/DC waste processing). Finally, a th ird test was carried 
out in which the 5 micron prefilter was removed fro m the system to 
determine if a coarse filter was required upstream of the membranes at 
the higher crossflow velocities.  
Fig. 4 
At a volumetric recovery of 90% in Test 1, the perm eation flux decreased 
to 0.88 L/min. The flux decline curve was identical  for Test 2, 
indicating that the performance curve was reproduci ble. It also provided 
evidence that the chemical cleaning procedures had been effective in 
displacing scaling materials. In Test 3, where the 5 micron prefilter was 
removed from the system, the permeation rates at al l volumetric 
recoveries mimicked the previous two tests. The res ults of Test 3 
indicate that a coarse 5 micron prefilter is not re quired upstream of the 
RO system.  
Pure Water Permeability after Spent Membrane Regene ration 
A water permeability test was carried out before an d after the chemical 
regeneration procedures, so that comparisons of the  cleaning efficiency 
could be made on the basis of membrane permeability . Pure deionized water 
was passed through the element at various applied p ressures ranging 
between 1500 kPa and 5500 kPa, and the permeation f lux was recorded as a 
function of the operating pressure.  
The results of the permeability tests for the two d ifferent membrane 
elements are shown in Fig. 5. Prior to the chemical  cleaning procedure, 
the flux for element #1 varied between 0.25 and 0.9  L/min/element, as the 
pressure increased from 1500 kPa to 5500 kPa. After  cleaning the flux for 
element #1 increased to between 0.6 and 2.2 L/min/e lement over the same 



pressure range. A similar improvement of pure water  permeability was 
observed for element #2 after the cleaning procedur es. The pure water 
permeabilities for both elements after the chemical  cleaning procedures 
were approximately the same (at all pressures), eve n though element #1 
was more fouled. This would indicate that the membr anes were cleaned to 
the maximum possible extent by the three-step clean ing procedure, which 
is about 50% of the new membrane's performance.  
Fig. 5 
Effect of Pressure on Decontamination Factor 
Tests were carried out to evaluate the impact of th e chemical cleaning 
procedures on the removal efficiencies of cesium an d strontium. The 
results are plotted in Fig. 6 in terms of a deconta mination factor (DF), 
rather than a rejection efficiency for clarity on t he figure. The 
decontamination factor (DF) is defined by Eq.  2. 
Fig. 6 
Eq. 2 
It was necessary to use stable isotopes of cesium a nd strontium instead 
of radioactive isotopes to determine the DF of each  accurately. This was 
required since the resolution of the analytical ins truments were not 
sufficient to detect radioactive contaminants relia bly at low 
concentrations in the permeate. The results of thes e tests showed that 
the DF before cleaning for cesium was 30 (at 1500 k Pa), and increased to 
50 (at 5500 kPa) before cleaning. However, the cesi um DF for a new 
element was about 100, which indicated that there h ad been some permanent 
loss of rejection after its 3000 hour service life was over. There was no 
increase of cesium removal after the three-step cle aning procedure with 
the pilot-scale system. The tests demonstrated that  the aggressive 
chemical cleaning carried out did not impair the me mbrane'a ability to 
remove contaminants. 
The DF for strontium increased from about 1000 for a new membrane element 
to roughly 4000, after the membrane had been expose d to about 3000 hours 
of liquid waste processing. The strontium DF was re latively independent 
of both the applied pressure and the chemical clean ing procedures. The 
increase of DF after waste processing can be ration alized by noting that 
the dominant scale on the plant-scale membranes is calcium phosphate. It 
is probable that strontium replaces the precipitate d calcium on the 
fouled membrane (as strontium phosphate), liberatin g calcium in the 
process. Evidence of this phenomenon can be gleaned  from the contact beta 
radiation fields on the fouled membranes. Following  their removal from 
the plant-scale system at 7000 hours (Fig. 2), the fouled membranes had 
contact beta fields that sometimes approached 20 Ra ds/h. The high beta 
field is evidence of Sr-90 deposits; there are no o ther abundant pure 
beta emitters in the CRL waste streams. 
CONCLUSIONS 
Membrane replacements are required after approximat ely 3000 to 4000 hours 
in the plant-scale liquid waste processing applicat ion at AECL. After 
this period, the average permeation flux for the 50 -element plant-scale 
system decreased below 0.3 L/min/element, and the b ulk conductivity 
rejection efficiency declined rapidly from 99.5% to  95%. By comparison, 
with the pilot-scale system, where there is 50% hig her feed crossflow, it 
is possible to maintain a permeation flux of about 2.2 L/min/element.  
The fouled CRL membrane elements could be regenerat ed by exposing them to 
a three-step chemical cleaning procedure (at higher  crossflow in the 
pilot-scale system), using detergent, HCl, and an a lkaline-based cleaning 



solution containing EDTA. The 3-step procedure was successful in boosting 
the flux from 0.5 L/min for the fouled membrane ele ment to 1.2 L/min for 
both elements that were cleaned. 
The decontamination factors for cesium and strontiu m were not affected by 
the aggressive cleaning procedures in the pilot-sca le system. The DF for 
cesium increased from about 30 to 50 as the applied  pressure increased 
from 1500 kPa to 5500 kPa. However, there was no va riation of the cesium 
DF after the cleaning procedures were completed. Fo r strontium, the DF 
varied between 3000 to 4000, and was unaffected by the applied pressure. 
The strontium DF did not change after the chemical cleaning. In addition, 
the strontium DF increased from 1000 (for the new e lement) to 4000 for 
the fouled membrane. The increase is believed to be  due to the exchange 
of strontium from solution with deposited calcium o n the fouled membrane 
surface.  
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ABSTRACT 
Advanced Liquid Radwaste Treatment processes can be  defined as those 
technologies which provide substantial solid radwas te reduction and 
improved water quality when compared to conventiona l processes such as 
demineralization and evaporation. Nine Mile Point -  Unit 1 (NMP1) has 
successfully processed over 6 million gallons of ou tage and non-outage 
generated floor drain water through an advanced tre atment system since 
January of 1995. Operating results show that advanc ed systems are capable 
of processing widely varying waste water streams wh ile lowering product 
water impurities and solid radwaste generation rate s. This paper relates 
full scale operating experiences encountered since startup, as well as, 
feed and effluent chemistry results. Information pr ovided in this paper 
will specifically benefit two groups of nuclear fac ilities: 1) those 
operating under a zero-liquid discharge scenario, w here restrictive 
product water quality standards are imposed, and 2)  those facilities that 
require less than minimum detectable activity (<MDA ) concentrations of 
gamma emitting isotopes in the water discharged to the environment. 
Specific operational techniques used to maintain To tal Organic Carbon 
(TOC) concentrations under 50 ppb and post UV-IC an ion concentrations 
under 5 ppb are discussed. Advanced systems show pr omise for aiding 
nuclear facilities in meeting solid radwaste, fuel integrity, ALARA, and 
offsite dose goals. 
INTRODUCTION 
Changes in social and political affairs have placed  increased emphasis on 
concerns for the environment resulting in new laws,  rules, and 
regulations. Improvements made in analytical instru mentation have had a 
great impact on analysis limits, with smaller and s maller concentration 
of impurities detected and evaluated in water retur ned to the reactor. 
And, competition from independent power producers d ictate cost cutting 
and expense minimization in every aspect of radwast e operations - from 
operator overtime to radwaste disposal. These facto rs drive Nine Mile 
Point (NMP) to continually research and utilize adv anced systems for the 
treatment of liquid and solid radioactive waste. 
Plant Processing History 
NMP - Unit 1 is a 610 MW Boiling Water Reactor that  operates under a 
"zero-liquid" discharge philosophy. No water has be en released from this 
facility in over four years due to good water manag ement practices and an 
effective water treatment program. A forced circula tion evaporator was 
utilized for processing the floor drains from start -up until 1992 when a 
portable, granular based filtration and demineraliz ation system was 
installed. The change from evaporation to demineral ization provided the 
following improvements: 1) lowered radwaste volumes  2) increased product 
water purity 3) lowered operator/maintenance person nel exposure and 4) 
lowered overall operating cost. In fact, due to the  shut down of an 



electric fired steam boiler that heated the evapora tor, NMP1 set all time 
electrical generation records. Instead of using the  electricity for 
heating water, it was put on the grid and sold to c ustomers.  
In 1994 a new, advanced technology was conceived, c ooperatively developed 
by Nine Mile Point, and tested offsite. After offsi te testing provided 
substantial promise for increased performance and b enefits THERMEX was 
installed at NMP1. This advanced system reduced was te generation rates by 
over 500% when compared to the demineralizer system . The system has also 
maintained high product water purity levels despite  encounters with high 
conductivity and high TOC feed water conditions. A second THERMEX is 
currently being installed at NMP-Unit 2 with start- up scheduled for March 
of this year. 
Goals of the Advanced Processing System 
The first goal of the new system is to reduce liqui d treatment system 
solid radwaste generation rates by over 500%. With the uncertainty of 
disposal site access, NMP1 wanted to extend the lif e of the on-site solid 
radwaste storage facility. Replacing the floor drai n and equipment drain 
systems with a more advanced system would increase the life of the 
radwaste storage facility by a factor of 5 or 25 - 30 years. 
The second goal is to process waste water feeds wit h widely varying 
concentrations of impurities while maintaining ultr apure product quality 
standards. NMP's zero liquid discharge philosophy d ictates that all water 
generated within the plant has to be returned for r ecycle. Lake water in 
leakage and chemical intrusions into waste water co llection tanks 
periodically caused significant processing problems  for the conventional 
treatment systems. In Table I, "Product Water Quali ty Requirements", the 
product water quality standard for the advanced sys tem are compared to 
those imposed on the demineralizer when it went int o service in 1992. 
Table I 
An ancillary goal of the system was to reduce the c oncentration of 
organo-anions that were recycled to the reactor. St andard ion 
chromatography (without ultraviolet oxidation as a pre-treatment), showed 
that anions exiting the floor drain demineralizer s ystem were < 5 ppb. 
After ultraviolet oxidation, the anion concentratio ns in samples of 
product water would increase into the tens of ppb. Reducing the amount of 
anions returning to the reactor will increase fuel integrity and minimize 
corrosion, thereby reducing overall utility/plant l ife cycle costs. 
The final goal of the system is to reduce onsite pr ocessing costs. 
Niagara Mohawk's cost reduction program dictates bu dgetary justification 
all change requests. 
PILOT TESTING 
Since the advanced process was a new development, p ilot scale testing was 
performed to ensure that equipment installed onsite  at NMP was 
appropriately sized and specified to treat the plan t specific waste 
stream. To minimize costs and reduce the complicati ons associated with 
testing at a nuclear power plant, two 1,200 gallon samples of floor drain 
water were shipped from both Nine Mile Point Units to Chem-Nuclear's 
licensed pilot test facility in Barnwell, SC. The o bjectives of the pilot 
test program were to: 
1. Obtain operating and performance data necessary to verify full scale 
system performance. (This will verify the claims ma de earlier related to 
improved product water quality and reduced radwaste  volumes.) 
2. Develop radiological and chemical characterizati on of typical waste 
water at various points in the system through monit oring and analysis. 



3. Aid plant personnel in developing an understandi ng of how the 
equipment operates. 
The pilot system is 1/25th scale ( 2 gpm) and has a ll the components 
provided with the full-scale equipment.  
Pilot Sample Characteristics 
Multiple samples of waste water from other nuclear facilities had been 
processed through the pilot system prior to the NMP 1 sample. To minimize 
the amount of equipment changes, NMP1 was consideri ng the use of deep bed 
filters that were already onsite and in use with th e portable floor drain 
demineralizer system. Accordingly, to simulate full  scale operation, the 
test sample was taken from the effluent of the deep  bed filter. The 
concentration of contaminants in the NMP1 waste wat er was 15-30 umho/cm 
in conductivity. The sample from NMP1 was cleaner t han that from other 
facilities for several reasons: 1) A few of the oth er plants obtained 
their samples by flowing through systems that are n ot typically used for 
water treatment. In doing so, a large amount of sus pended solid material 
was added to the sample; 2) The NMP1 sample was fil tered through a deep 
bed filter to aid in simulation of the full scale s ystem. This 
significantly reduced suspended solids concentratio ns; 3) The sample from 
NMP1 was taken from a waste collector tank that con tained ion exchange 
resin. Turbulence associated with recirculating thi s tank prior to 
sampling caused the waste water to be mixed with th e ion exchange resin, 
thus lowering the tanks conductivity. 
Pilot Processing Results 
Physical and chemical results from the operational testing were reviewed 
by Chem-Nuclear and NMP1 personnel immediately afte r the tests were 
completed. The test results were then used to: 1) C ustom tailor the 
system design to specific plant needs; 2) Predict f ull scale advance 
processing efficiency; and 3) Final radwaste volume s. Results from the 
pilot testing are presented in Table II, "Pilot Sca le Test Results". The 
higher than expected concentration of organics can be attributed to an 
insufficient rinse down of the pilot scale system p rior to pilot testing. 
The pilot system is chemically cleaned and preserve d between sample to 
maintain membranes within their baseline or "clean"  performance 
specifications. Additional rinsing to remove residu al chemicals prior to 
startup would have likely reduced the product TOC. The volume reduction 
factor was extremely high due to the low conductivi ty and small amount of 
solids present in the waste sample. 
Table II 
Positive results from the pilot scale sample provid ed justification for 
implementing the full scale onsite advanced treatme nt system. 
ONSITE OPERATIONS 
After completing the 10CFR50.59 safety evaluation a nd operator training, 
the full scale advanced system was installed and op erations began in 
January 1995 prior to refueling outage number XIII.  Feed and product 
values for conductivity, pH, and TOC are monitored on a daily basis. The 
following sub-sections provide additional informati on on each of the 
monitored parameters. 
Feed Conductivity 
Conductivity has averaged 76 mS/cm since start-up. Figure 1, "Feed 
Conductivity", shows that conductivity averaged 25 mS/cm prior to the 
outage. The outage lasted from mid-February through  mid-April. Outage 
related maintenance activities caused lake water an d decontamination 
solutions to be put into the floor drains raising t he conductivity to 



over 100 mS/cm. Now that the outage is over conduct ivity values are 
beginning to trend down. One disadvantage of having  a resilient water 
treatment system is that personnel tend to put misc ellaneous materials 
down the drains that would have normally been segre gated out and treated 
through a separate process. 
Fig. 1 
Feed pH 
Feed pH has been neutral to slightly alkaline. Duri ng the refueling 
outage the pH range from 4 to 10. These spikes were  likely caused by 
rinse solutions entering the floor drain after an a dvanced system 
chemical cleaning. It should be noted that the flus h solutions were very 
dilute - the conductivity of the flush solutions wa s lower than the 
average conductivity experienced during the same ti me period. No 
operational difficulties were caused by the pH rang es experienced to 
date. 
Feed TOC 
The feed TOC concentration averaged 18 ppm primaril y due to unusually 
high values encountered at the end of March. The hi gh values were 
possibly caused by a water soluble cationic polymer  that overflowed from 
a clarification tank. Figure 2, "Feed TOC", does no t account for oils 
that were fed to the advanced system several times during the outage. 
Even though oils entered the system and high concen trations of soluble 
TOC's were encountered, product quality was not com promised. In fact, the 
advanced system was the only treatment system at NM P1 that was capable of 
making water of an acceptable quality for recycle t o Condensate Storage 
Tanks (CST's). During the TOC transient also known as the "swarf event" 
both floor and equipment drains were processed thro ugh the advanced 
system. If the advanced system had not been onsite water would have 
likely been released because the plants conventiona l filter/ 
demineralizer could not remove the organics associa ted with the swarf. 
The oils and TOC did affect the operational perform ance of the advanced 
system, it had to be shut down and chemically clean ed after the transient 
waste water was processed in order to remove high m embrane differential 
pressure. 
Fig. 2 
Product Conductivity and pH 
Conductivity trends are provided in Fig. 3. Product  conductivity averaged 
0.063 mS/cm or almost 16 MOhm and product pH averag ed 6.29. Several of 
the values reported were determined through the use  of a dip cell. These 
values tended to have higher conductivities and low er pHs due to the 
reaction of the product water with carbon dioxide i n the air to produce 
carbonic acid. The measurement of pH for high purit y water can easily be 
changed by as much as 1 or 2 units by only trace am ounts of CO2 and other 
impurities.  
Fig. 3 
Product TOC 
Many organics are non-ionic and highly soluble in w ater - making them 
extremely difficult to remove. The TOC concentratio ns in the product 
water from the NMP1 advanced system have remained a mazingly stable 
considering that the system has been challenged wit h feed TOC 
concentrations of over 600 ppm. To date, the produc t water has averaged 
63 ppb TOC. Since the end of the outage TOC values have ranged between 20 
and 50 ppb. Figure 4, "TOC - Feed Vs. Product", sho ws that the product 
TOC values are not necessarily dependent on the fee d TOC concentration. 



TOC removal efficiencies depend on the molecular ma ke-up of the 
contaminants. Large ionic organics are easily remov ed and non-ionic low 
molecular weight organics are difficult to remove. The processing of 
miscellaneous soluble non-ionic organics, such as, ethylene glycol and 
hydraulic fluid resulted in several TOC concentrati ons over 100 ppb. 
Fig. 4 
Radionuclide Decontamination Factors 
Advanced systems offer those facilities that discha rge waste water 
significant promise for the reduction of curies rel eased to the 
environment. The concentration of gamma emitting ra dioisotopes have 
always been at less than minimum detectable activit y limits in the 
product water from the advanced system. Table III, "Decontamination 
Factors", provides typical concentrations of feed a nd effluent 
radionuclides encountered at NMP1. 
Table III 
Radwaste Generation 
The advanced system at NMP1 utilizes multiple proce ss technologies, 
consequently several types of waste are produced. O ne waste stream 
contains ion exchange resin, another is high in dis solved solids, another 
is high in suspended solids, etc. All of the waste generated at NMP1 has 
either been shipped to Chem-Nuclear's THERMEX Centr al Volume Reduction 
Facility for dehydration or deposited on partially exhausted condensate 
polishing resin. Since the partially exhausted cond ensate polishing resin 
was already considered radwaste, no net radwaste in crease was incurred by 
depositing additional materials on the media. 
To date, less than 4 cu-ft of waste has been genera ted from the advanced 
system at NMP1. This calculates out to a waste gene ration rate of less 
than 2 cu-ft per million gallon of product water. N one of the ion 
exchanges resin contained within the system have ex hausted to date; 
therefore, this rate of radwaste generation is unre alistically low. Based 
on the waste water characteristics at NMP1, includi ng outage generated 
water, the projected rate of radwaste generation is  7.8 cu-ft per million 
gallons of product. 
SUMMARY AND CONCLUSIONS 
The following conclusions can be developed based on  the advanced system 
test results and the NMP1 operational experience: 
  Advanced treatment systems that utilize membrane based process 
components can successfully process waste water fro m a nuclear power 
plant. 
  The industry trends show that the use of an advan ced system for the 
treatment of liquid waste has provided improved wat er quality and a 
reduction in radwaste generation when compared to e vaporation and 
demineralization.  
  Oils and certain polymers are detrimental to the performance of 
membrane based systems. Prolonged operations with t hese types of 
materials will likely result in frequent chemical c leaning. 
  The rejected contaminants or brine produce a Clas s A / Type A waste 
after dehydration. 
  Conductivity and TOC ranges experienced had littl e impact on product 
water quality and overall system performance. 
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ABSTRACT 
A wet oxidation system, ModulOx, for the removal of  organic material from 
radioactive waste has been developed in the UK as a  mobile plant concept 
by AEA Technology in conjunction with Nuclear Elect ric as part of a four 
year development project supported by the European Commission and the UK 
Government (1). The system can effect a significant  reduction in waste 
mass and volume by converting organic carbon to car bon dioxide and water 
and concentrating the mineral residue prior to subs equent conditioning 
processes such as drying or cementation. The proces s operates at 
atmospheric pressure and aqueous boiling temperatur e, with organic 
destruction proceeding by metal ion catalyzed, free  radical mediated 
oxidation with aqueous hydrogen peroxide. 
This paper describes the process development and mo bile pilot plant 
design, and presents the results of radioactive ope ration. Wastes treated 
by the ModulOx plant include bead ion exchange resi ns of the type used 
routinely in PWR/BWR operation, decontamination res ins and effluents 
containing organic chelates such as EDTA, and mixed  radioactive sludge. 
INTRODUCTION 
A variety of radioactive waste streams which contai n organic materials 
are in storage and many continue to be generated. T hese arise as a result 
of power reactor operation, fuel reprocessing and d econtamination 
operations, together with contributions from indust rial, educational and 
medical uses of radioactive materials. 
Substantial or complete removal of the organic comp onent of radioactive 
waste can provide one or more of the following bene fits : 
  A significant reduction in the volume of radioact ive waste which 
requires storage, transport, conditioning and final  disposal. 
  Elimination of organic components which may speci fically impair safe 
disposal (toxic chemicals or chelating agents, for example). 
  Enhanced compatibility of the treated waste with secondary conditioning 
processes (such as cement encapsulation), producing  a conditioned 
wasteform with better physical or chemical properti es for interim storage 
and final disposal. 
Thermal processes, in particular incineration, are the most widely used 
methods of organics removal from radioactive waste,  especially Low Level 
Waste (LLW). Some organic waste types, notably ion exchange resins, are 
associated with the production of corrosive by-prod ucts which can 
severely affect incinerator and thermal plant integ rity. Complex 
treatment of the large volumes of radioactive off-g as produced during 
incineration is usually required, and secondary was te volumes may be 
large. The volatility of caesium isotopes in partic ular is a recurrent 
problem for high temperature processes. 
Recognizing that alternative technologies may overc ome some of the 
technical limitations of incineration for several o rganic waste 
categories, a non-thermal, atmospheric pressure wet  oxidation process 
using catalyzed hydrogen peroxide has been develope d by AEA Technology 
and Nuclear Electric (2, 3,4). 



The ModulOx system does not offer the universal sol ution to organic 
radioactive waste treatment optimistically claimed for some thermal 
technologies. Most plastics, rubbers and oils, toge ther with concentrated 
organic solvents are not suitable for wet oxidation  treatment by this 
method. Nevertheless, it can be applied to importan t radioactive wastes 
such as ion exchange resins, sludges and contaminat ed liquid effluent 
which form a significant proportion of organic wast e, by volume and 
activity content, in many countries. 
The use of very mild process conditions has allowed  the design and 
construction of a pilot plant which is both modular  and mobile, since 
support systems, power requirements and off-gas tre atment requirements 
are much reduced in comparison to typical thermal t echnologies. The 
latter benefit stems from the retention of most of the radioactivity in 
dissolved ionic or solid forms within the aqueous p hase. 
This modular wet oxidation system, ModulOx, has bee n used to process 
spent radioactive ion exchange resin, solid deconta mination waste 
containing EDTA and citrate, and mixed reactor slud ge waste. Preceding 
the work described in this paper, laboratory and/or  non-radioactive plant 
trials on decontamination solutions and foams, cell ulosic waste and 
organic scintillant solutions have also been conduc ted (1), as have 
extensive laboratory and pilot plant trials on toxi c effluents (5). 
NON-THERMAL, NON-PRESSURIZED PROCESSING OF ORGANIC RADIOACTIVE WASTE 
Hydrogen peroxide in aqueous solution can act as a strong oxidizing 
agent, reacting with nucleophilic organic molecules  under appropriate, 
often mild, conditions. This oxidizing ability form s the basis for its 
historical use as an industrial bleaching agent. 
When trying to oxidize polycarboxylic acids without  nucleophilic sites, 
Fenton found that the reaction with hydrogen peroxi de was strongly 
promoted by the ferrous ion (6). It is generally ac cepted that in the 
Fenton system this enhanced oxidizing power is due to the formation of 
the hydroxyl radical, OH.: 
Eq. 1 
At ambient temperature and under acidic conditions,  the hydroxyl radical 
has a reported electrochemical oxidizing power high er than any other 
species except fluorine (7). 
With originally insoluble organic polymers such as ion exchange resins, 
the electronic rearrangements which accompany the i nitial stages of 
hydroxyl radical attack have been shown to cause fr agmentation by 
cleavage of benzyl ring systems and alkyl cross-lin kages (8). The now 
hydroxylated resin fragments are more water soluble  and their oxidation 
proceeds in solution. GC-MS analysis of the reactio n intermediates 
present in solution during ion exchange resin oxida tion (mixed 
polystyrene DVB resins) with catalyzed hydrogen per oxide has identified a 
wide range of oxidized species, including aliphatic  acids, ethanol, other 
short chain alcohols, acetone and primary, secondar y and tertiary amines 
(from anion resin degradation). The large number of  different oxidized 
intermediates found would suggest that the attack o n the resin structure 
is largely indiscriminate. 
Ultimately almost all the original organic carbon s tructure is converted 
to carbon dioxide, water (from hydrogen abstraction  by OH.) and inorganic 
salts from any functional groups. The overall react ion is therefore 
analogous to incineration and can be represented ap proximately by the 
stoichiometry given below. 
Eq. 2 



where (X) is a functional group 
The rate of reaction of hydroxyl radicals with almo st all water soluble 
organics is extremely fast (7), with reported secon d order rate constants 
for hydrogen abstraction in the range 107 - 1010 M- 1s-1. In comparison 
the overall second order rate constant for catalyze d hydroxyl radical 
production from hydrogen peroxide has been reported  as 41.4 M-1s-1 at 
20oC in the same study, and although the rate rises  with temperature free 
radical production is under most conditions the rat e determining step. 
It is this latter step, the catalytic cleavage of t he peroxide bond, 
which is controlled in the plant scale wet oxidatio n application by 
control of hydrogen peroxide addition rate, tempera ture, catalyst 
concentration and pH. The reaction rate must be bal anced with the rate at 
which the exothermic heat and gaseous products can be effectively removed 
by engineered systems. To maintain relatively stabl e temperatures and to 
allow the removal of excess water as steam, the pro cess is operated at or 
near the boiling point of the aqueous system. 
DESIGN OF THE ModulOx PILOT PLANT 
The design specification for the pilot ModulOx unit  required a plant 
capable of safely treating radioactive waste, in pa rticular ion exchange 
resin, containing up to 370 GBq m-3 as 60Co. Anothe r important 
requirement was the ability of the unit to be readi ly transported from 
site to site without dismantling. The design throug hput for the plant was 
50 - 100 litres of ion exchange resin per 8 hour da y. 
Following an options study and process selection, t he ModulOx unit has 
been built within its own transport container, and uses a semi-continuous 
treatment process in preference to batch or continu ous operation. This 
option provides advantages in throughput and proces s efficiency whilst 
maintaining the engineering simplicity desirable in  mobile radioactive 
facilities. The pilot ModulOx plant is shown in Fig s. 1 and 2. The wet 
oxidation reactor has a volume of 160 litres. 
Fig. 1 
Fig.  2 
The ModulOx unit design allows ion exchange resins,  sludges and liquid 
wastes to be metered into the wet oxidation reactor , provides for 
concentration of the mineral residue product using evaporation, and 
additionally includes a gas treatment system consis ting of demisting, wet 
scrubbing and HEPA filtration components. 
The steel ISO container enclosing the plant is 2.6m  high, 2.4m wide and 
6m long. The plant requires only a 415V 3-phase sup ply for operation, 
together with a modest volume of service water for chemical make-up and 
washdown.A remote control and data acquisition unit , which may be sited 
up to 100 m away from the ModulOx container, is use d for the control of 
all plant systems during processing of radioactive waste. 
NON-RADIOACTIVE TESTING 
Ion Exchange Resin 
This spent resin had been used to deionize water fr om steam generator 
blowdown at a nuclear power station, but was not ra dioactive. Its 
chemical and physical characteristics (Table I) wer e broadly similar to 
typical nuclear grade ion exchange resin.  
Table I 
A total of 0.52 m3 of settled resin was processed, at a rate of 60 litres 
per working day, and reaction profile data obtained  (9). Following 
treatment in the ModulOxm plant, the primary produc t was an alkaline 



mineral sludge containing 90-95% calcium sulphate i n the solid phase. A 
summary of processing results is given in Table II.  
Table II 
Decontamination Liquor Simulant 
A solution consisting of 7% EDTA dissolved in a dil ute ammonia solution 
with added iron and copper salts was processed by t he pilot plant. Key 
results are summarized in Table III. The average th roughput achieved 
whilst removing >99% of organic carbon from the sol ution was 40 l hr-1. 
(300 l per day). 
Table III 
RADIOACTIVE OPERATION OF THE ModulOx PILOT PLANT 
Examples of radioactive wastes treated during the f irst phase of active 
operations are described below. The ModulOx pilot p lant is currently 
being recommissioned in readiness for a demonstrati on program involving 
transport and operation in several European countri es. 
Spent Ion Exchange Resin 
The composition of this organic waste type is given  in Table IV below. A 
waste with relatively low levels of radioactive con tamination was chosen 
to provide information on real waste treatment and distribution of active 
species without the need for remote waste handling.  
Table IV 
250 l of settled IX resin was processed at a rate o f 40 l day-1 . The 
residue after wet oxidation consisted of a 35% slur ry of calcium sulphate 
and minor amounts of other salts such as ammonium s ulphate, sodium 
sulphate and calcium hydroxide (the last is added f or control of pH). The 
volume of sludge discharged from the ModulOx plant was 116 litres. 96% of 
the organic carbon originally present in the ion ex change resin had been 
removed. The small residual amount of organic matte r is almost entirely 
present as an inert solid. Preliminary analysis sug gests that it 
comprises fragments of unfunctionalized polystyrene  present in the 
original resin polymer. 
Spent Decontamination Resin 
A similar campaign with real waste comprising ion e xchange resin used for 
decontamination of chemical cleaning solution was c arried out. The high 
levels of the chelating agents EDTA and citrate pre vent disposal of this 
type of waste under current UK Waste Acceptance Cri teria for LLW. 
The original waste composition is given in Table V.  In addition to 60Co 
contamination, 55Fe and 3H isotopes were also prese nt. Treatment of 360 
litres of this waste was carried out at an average processing rate of 50 
l day-1 . The organic carbon content was reduced by  95% and specifically 
the levels of EDTA and citrate were reduced from 42 00 mg l-1 and 850 mg 
l-1 respectively to below the analytical detection limit of 50 mg l-1. 
Table V 
Following solidification in cement, the waste packa ges produced met UK 
waste acceptance criteria for LLW disposal at the e ngineered near-surface 
facility at Drigg. 
SGHWR Reactor Sludge 
The waste treated was a mixture of real and simulan t sludge material to 
reduce the radionuclide inventory to contact handle able levels. The three 
principle isotopes present in the sludge were 60Co,  137Cs and 55Fe. The 
organic content of the sludge is associated with po wdered ion exchange 
resin (POWDEX). ModulOx treatment removed 94% of th e organic carbon 
content in this waste, at a net throughput of 60 li tres per day. 
Importantly, the ratio of the three main contaminan ts present in the 



primary waste was preserved, at very much lower act ivity, in the 
secondary scrubber liquor and distillate produced. This confirmed that 
caesium isotopes are not volatile under the ModulOx  reaction conditions, 
and that the likely mechanism for activity carryove r of these species 
into the secondary waste is via particulates or aer osol only. 
RESIDUE CONDITIONING AND DISPOSAL VOLUMES 
Reference Conditioning Processes for Ion Exchange R esins 
In the UK, the current favored option for the treat ment of LLW and 
intermediate level waste ( 12 GBq t-1 bg and/or  4 GBq t-1 a) organic ion 
exchange resins is direct encapsulation in cement. This produces a solid 
product and enhanced stabilization of the radionucl ide content with 
regard to leaching. The waste loading of ion exchan ge resin in cement is 
limited by the requirements for the mechanical stre ngth and other 
physical properties of the resulting conditioned wa steform. For 
cementation plant currently operating in the UK, th e waste loading of 
both LLW and ILW organic IX resin in cement is typi cally 50% by volume. 
Each cubic metre of ion exchange resin waste theref ore produces 2.0 m3 of 
solidified waste for storage and disposal . 
Cement Conditioning of Primary Wet Oxidation Residu e 
The effect of variation in the waste loading of the  inorganic residue in 
cement was examined, using samples of primary resid ue from the inactive 
plant trials on mixed ion exchange resin. 
The wet oxidation treatment itself produces a volum e reduction, with 1m3 
of mixed IX resin producing approximately 0.46m3 of  residue at 35% 
solids. 
Using a mixture of Blast Furnace Slag (BFS) and Ord inary Portland Cement 
(OPC) in the ratio 9:1 by mass, the maximum waste l oading of residue 
which produced a product with acceptable mixing and  physical properties 
was established. Mixing trials were carried out at 20 litre scale using 
13.3 litres (17.3 kg) of ModulOx residue with a tot al solids content of 
35% by mass. 
After 2 days, the cemented residue possessed a comp ressive strength of 
2.6 N mm-2, rising to 19.1 N mm-2 after 90 days. Th e initial set time was 
9 hours. Only small dimensional changes were measur ed in prism samples of 
the conditioned residue, suggesting that expansive calcium 
sulphoaluminate phases had not been formed. 
Since each cubic metre of mixed ion exchange resin is reduced to 0.46m3 
of residue, at this optimized formulation only 0.69 m3 of solidified waste 
would be produced. 
In comparison to the reference method of direct cem ent encapsulation of 
the untreated IX resin, treatment by wet oxidation prior to encapsulation 
of the treated residue should reduce the volume of conditioned waste for 
storage and disposal by around 66%. 
Other Conditioning Methods 
In other countries, for example Germany, drying of radioactive wastes 
prior to storage in high integrity containers is an  established 
conditioning option. To ascertain the potential of this approach for wet 
oxidation residue, small samples of inactive residu e, as used in the 
cementation trials described above, were evaporated  to dryness at 105C. 
This produced a fine mobile powder. The powder was then loaded into an 
stainless steel die and compressed with a pressure of 19.6 N mm-2 
(commercial waste supercompactors exert pressures i n the region of 50 - 
100 N mm-2 ). The compressed product consisted of a  solid with a density 
of 1800 kg m-3. From the results of these small sca le drying trials, in 



which 100 cm3 of residue was converted to 24cm3 of solid dry product, it 
may be predicted that a cubic metre of ion exchange  resin, treated by 
ModulOxm and then dried and compacted would only pr oduce 0.11m3 of solid 
waste. If this conditioning method was acceptable a s an alternative to 
direct cementation, the volume of conditioned mixed  IX resin waste could 
be reduced by 95%. 
SECONDARY WASTES 
Aqueous Distillate 
Water is removed from the wet oxidation reactor dur ing processing by 
evaporation. The treatment of 1m3 of organic ion ex change resin waste 
typically produces 5 m3 of aqueous distillate, alth ough the aim is to 
reduce this quantity by a combination of recycling (e.g. using distillate 
as a waste transport fluid rather than clean water)  and improved waste 
transfer. The organic content of the distillate, as sociated with low 
molecular weight species such as ethanol and acetic  acid, varied little 
between different treatment runs, with organic carb on measurements having 
an average value of 650 mg l-1 .  
By measurement of the 60Co and non-volatile b level s present in the 
distillate following each radioactive treatment usi ng the mobile pilot 
plant, decontamination factors (DF's) have been cal culated, relative to 
the original radioactive inventory of 60Co and non volatile b in each 
run. Variation in DF from 5 x 101 up to >5 x 103 we re measured, with 
activity carryover increased for treatment runs whe re reagent frothing 
was more prevalent. The first radioactive run using  mixed IX resin, with 
a 'clean' plant, produced a distillate with the hig hest DF of >5 x 103. 
Improvements in process control and plant design ma y be required if 
direct discharge of distillate produced during ILW treatment is to be 
always viable. If DF's cannot be increased sufficie ntly by these methods 
alone, then decontamination of the distillate using  a small IX resin bed 
may be utilized. This small amount of secondary spe nt IX resin can be 
recycled into the oxidation process, and should onl y increase the total 
volume of primary waste by 1% or less. 
Airborne Discharges 
The non-condensable gas mixture produced by the wet  oxidation process 
consists predominantly of carbon dioxide and oxygen , but may potentially 
contain small amounts of particulate or volatile ra dioactivity. For each 
cubic metre of radioactive IX resin waste processed , approximately 550 m3 
of gas is generated. After passing through the Modu lOx plant packed tower 
scrubbing column, the gas stream was mixed with ven tilation air from the 
secondary containment outlet and the combined off-g as filtered using a 
circular High Efficiency Particulate Air (HEPA) fil ter.  
In all the radioactive treatment runs carried out u sing the mobile plant, 
the measured decontamination factor for b particula te activity in the 
discharged gas was greater than 106 and contained n o detectable activity 
of this type above background levels. 
In the case of the decontamination IX resin waste, which contained 7MBq 
of tritium in the free water associated with the wa ste, approximately 1.5 
kBq of tritium was discharged in the off-gas as tri tiated water vapor, 
corresponding to 0.02% of the original tritium inve ntory in the waste, or 
a tritium partitioning equivalent to a DF of 2 x 10 4. 
Scrubber Liquor 
The liquid recirculated through the packed tower sc rubbing column of the 
mobile plant was initially 10% by mass sulphuric ac id solution. For 
organic wastes which include nitrogenous material, including most anionic 



IX resins, ammonia and amines may be discharged fro m the treated primary 
residue during neutralization with calcium hydroxid e. Ammonium sulphate 
dissolved in the scrubber liquor is therefore the m ain product. If 
necessary the modest amount of spent scrubber liquo r generated during 
operation can be decontaminated in a similar way to  the distillate phase 
described previously, as similar low levels of acti ve contamination are 
likely to be present in both streams. 
CONCLUSIONS 
For the treatment of the important group of organic  radioactive wastes 
which include spent ion exchange resin, decontamina tion effluent, organic 
sludges and dilute aqueous liquids contaminated wit h toxic organics, this 
demonstration program confirms that ModulOx provide s an effective option 
with several important advantages: 
 Significant reduction in the volume of spent ion e xchange resin without 
the release of SOx , NOx and volatile metals into t he off-gas system, at 
process conditions which cannot form recombination products such as 
dioxins and furans. 
 In comparison to direct cement encapsulation of io n exchange resin, pre-
treatment by ModulOx can reduce wasteform disposal volumes by around 66%, 
or by over 90% if the potential of waste drying and  compaction as a 
conditioning method can be realized. 
 Chelating agents or toxic organics can be removed by ModulOx from solid 
or liquid wastes to meet specific Waste Acceptance Criteria for existing 
or planned disposal facilities, or to meet effluent  discharge criteria. 
 Cement encapsulation of primary calcium sulphate r esidue from ion 
exchange resin processing has been shown to produce  a solid wasteform 
with good physical properties suitable for interim storage or disposal. 
 Operation at 100oC, atmospheric pressure and witho ut the use of any 
highly corrosive chemicals allows the use of an "of f-the-shelf" glass 
lined mild steel reactor, and standard stainless st eel process 
engineering equipment. 
 The relative simplicity and standardization of the  ModulOx pilot system 
will minimize the design and development requiremen ts for larger mobile, 
modular units with throughputs for ion exchange res in of up to 1m3 per 
day. 
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ABSTRACT 
Disposal and safe storage of contaminated nuclear w aste is a problem of 
international scope and concern. Probably the great est concentrations of 
waste requiring attention resides with the current nuclear superpower, 
the USA, and former nuclear superpower, the Soviet Union, from their 
nuclear power and weapons activity. However, there are also 
concentrations of similar waste in Western Europe a nd Japan where 
disposal and storage could be more acute than in th e large land masses of 
the USA and former Soviet Union because of populati on density, 
particularly Japan. 
In Japan reducing the radioactive contaminated wast e volume needing safe 
storage is being encouraged. Decontaminating LOW LE VEL radioactive waste 
reduces or eliminates its demand for safe storage o pening up space for 
the more critical wastes, TRANSURANIC and HIGH leve l radioactive waste. 
Chemical decontamination of low level radioactive w aste is economical and 
can be safely achieved without creating any mixed w aste because the 
chemical cleaners can be recaptured, refined for re cycling or decomposed 
into nontoxic elements. Since the decontaminated ob jects may be recycled 
as scrap or reusable tools the waste stream is cons iderably reduced. 
As a preface to its main topic this paper will touc h briefly on a 
successful method of chemical decontamination being  developed in Japan 
utilizing methylene chloride and CHELATE SOLUTION f or decontaminating low 
level radioactive waste consisting of tools, scaffo lding components and 
other steel and iron items that are used or removed  in routine 
maintenance programs at nuclear power plants. 
In particular this paper will examine the decomposi tion of CHELATE 
SOLUTION and the reduction of its waste stream to a  negligible amount as 
developed by Genden Engineering & Construction Comp any in cooperation 
with Morikawa Industries Corporation, both of Japan . 



INTRODUCTION and BACKGROUND 
Japan's problem with nuclear generated radioactive waste disposal, 
reduction and storage is similar to that of the USA . Japan's waste is 
mostly created by nuclear power plants, giving it l ess waste volume to 
manage since they have no military or defense weapo n's volume. However, 
their problem may well compare to that in the USA w hen you consider that 
their population, roughly half that of the USA's, i nhabit an area the 
size of California. It may not be too far fetched t o think that if 
everyone's back yard was in California, the USA cou ld very well have an 
unsolvable nuclear waste storage problem. 
Viewing this as an opportunity to contribute to sol ving a national 
problem with a parallel opportunity for commercial reward, Morikawa 
Industries Corporation (Morikawa) of Koshoku City, Nagano Prefecture, 
Japan, began research and development activity deco ntaminating low level 
radioactive metal objects seven (7) years ago. Mori kawa has committed 
considerable of its resources to this research and development over the 
past several years, and as designers and manufactur ers of special 
machinery for many years they are able to bring spe cial 
electro/mechanical/pneumatic engineering skills and  knowledge to solving 
these unique problems.  
Recently Morikawa entered into a technology agreeme nt with Genden 
Engineering & Construction Services Company (GESC),  an affiliate of Japan 
Atomic Power Company, which should enhance both com panies abilities and 
efforts in these developments to substantially redu ce the quantity of low 
level waste (LLW) being placed in extended time sto rage thus contributing 
to an environment more safe for the Earth's inhabit ants. 
As a preface to our principal topic this paper will  present equipment 
with mechanical and chemical processes, developed o ver the past several 
years by Morikawa and more recently in cooperation with GESC, for 
decontaminating LLW metal objects.  
Following the preface, this paper presents our prin cipal topic, the 
development, made jointly by GESC and Morikawa, for  successfully and 
effectively removing low level radioactive contamin ation from various 
contaminated components that are generated in nucle ar power plants by the 
use of chelate solutions, which after use in decont aminating objects are 
decomposed by electrolysis into clean water and har mless carbon dioxide 
gas thus considerably reducing secondary radioactiv e waste. 
BACKGROUND FOR ATTENTION PAID TO, and EMPHASIS ON D ECONTAMINATION 
With continuous operation of nuclear power plants i n Japan over an 
extended period of time, a considerable amount of l ow level radioactive 
waste has been generated, stored in drums or solidi fied in concrete, all 
which is kept at power plant sites. Furthermore, co mponents, pipe and 
fittings, structural parts, tools, etc. replaced, u sed and/or discarded 
during annual plant maintenance programs have been continuously 
increasing in quantity. Dealing with this problem h as become "a real 
headache" at all nuclear power plants. 
Two techniques are commonly used in decontamination . 1) Mechanical 
processes that physically remove contamination from  objects and 2) 
chemical processes that remove contamination from o bjects by the use of 
chemical solvents and/or cleaning agents. Although each technique has 
favorable and unfavorable features, neither can be said to be an 
effective decontamination method as a stand-alone p rocess.  
DECONTAMINATION USING CHELATE SOLUTION 



Chelate agent is also known as a rust removal agent , as its molecular 
structure has a carbolic acid radical, which has th e ability to remove 
matter adhered to the surface of metals enhancing d econtamination. GESC 
and Morikawa, in order to establish an optimum deco ntamination method 
using chelate agent, concentrated on developing a t echnique to decompose 
the residual solution containing chelate agent into  nontoxic carbon 
dioxide, CO2, and water, H2O, thus yielding permane ntly harmless 
residuals. The joint effort has succeeded in establ ishing an effective 
decontamination method that safely decomposes liqui d waste. 
DECONTAMINATION PROCESSES 
REMOVAL OF PAINT COATING ON METAL SURFACES 
Chemical Dissolution Method 
Low level radioactive objects are put into a methyl ene chloride (CH2CL2) 
washing tub. The solution is circulated around and pressure sprayed onto 
the contaminated objects. This process removes oils  and fats from the 
metal surface and also exfoliates the paint coating  exposing the metal 
surface itself. Then the contaminated object is exp osed to supersonic 
washing inside the methylene chloride tub, where su personic vibration is 
induced, which removes even microscopic size paint coating. The spent 
contaminated methylene chloride from this process i s vaporized and 
distilled purifying it for reuse, which also concen trates the 
contaminated paint and oil sludge for packaging and  safe storage or 
responsible disposal. 
Mechanical Plastic Media Blasting Method 
For contaminated objects with paint coatings that m ethylene chloride 
cannot successfully remove the mechanical plastic m edia blasting method 
may be used. The object's contaminated metal surfac e is shot blasted with 
plastic beads accelerated to high speed by compress ed air, which upon 
impact physically removes paint coating and rust th at still adheres to 
the surface. Since plastic media impacting with the  object causes no 
deformation or harm to its surface, this method is effective for 
decontaminating turbine blades, shafts, bolts, nuts , etc. Spent plastic 
bead media may be safely disposed of by incineratio n. 
RUST REMOVAL 
Contaminated objects that have been partially decon taminated by the use 
of methylene chloride washing and/or plastic media blasting are next 
placed into a tub containing a rust removal solutio n, chelate agent or 
inorganic acid. Refer to Fig. 1, FLOW DIAGRAM: USED  CHELATE SOLUTION 
ELECTRO-CHEMICAL PROCESS, at the end of this paper.  Supersonic vibration 
is applied to the objects immersed in the solution in the tub to assist 
and enhance rust removal. In the process using chel ate agent, the 
radioactively contaminated object is decontaminated  by metal-ionizing its 
surface. During decontamination the chelate solutio n picks up metals and 
other solids becoming contaminated and must be fort ified with fresh 
chelate to maintain the solution at an efficient pr ocessing level. The 
contaminated chelate enters the waste stream, which  in most 
decontamination processes previously applied entomb ed the entire waste 
stream in concrete for safe storage disposal. 
Fig. 1 
DECOMPOSING TECHNIQUE FOR RESIDUAL CHELATE SOLUTION 
The residual chelate agent waste solution that has been used in the rust 
removal process is placed into a reaction precipita tion tub where sodium 
hydroxide is added to precipitate metallic ions as hydroxides, which 
results in separating metallic ions from the chelat e solution. Again 



please refer to Fig. 1, Flow Diagram: Used Chelate Solution Electro-
Chemical Process. 
The chelate solution is transferred to an electroly tic cell where it is 
decomposed into carbon dioxide and water and where sodium hydroxide 
(NaOH) is added supporting the electrolysis process  and improving 
reaction efficiency. The discussion immediately bel ow, supported by 
several graphs (Figures), demonstrates some of the factors influencing 
EDTA chelate decomposition. 
Figure 2 illustrates how electrolysis lowers the ED TA concentration from 
10,000 PPM to less than 10 PPM over a 2-1/2 hour pr ocessing time frame. 
The Y axis uses a logarithm scale to obtain a near- straight-line curve. 
This data was derived using the following test setu p and specifications: 
 Current density:  8.3 amps/dm2  
 Waste liquid volume:  3 liter. 
 Anode surface area:  6 dm2  
 Added chemical:  0.1 mol NaOH/liter  
Fig. 2 
Figure 3 shows the effect electrolysis current leve l has on the time to 
achieve lowered EDTA concentrations. At 20 amperes current 4 hours is 
required to reduce EDTA concentration to approximat ely 60 PPM, while at 
60 amperes current 2 hours is required to reduce ED TA concentration to 
approximately 4 PPM. Expressed another way, the ele ctrolysis process at 
60 amperes current requires half the time (2 VS 4 h ours) to achieve a 93% 
lower concentration (4 PPM VS 60 PPM) than occurs a t 20 amperes current. 
These data were derived using the following test se tup and 
specifications:  
 Electrolyte volume:  3 liter. 
 Electrode area:   6 dm2  
 Electrolyte:   NaOH. 
Fig. 3 
Figure 4, following on page 6, illustrates the redu ction of radioactivity 
that occurs during the various decomposition proces ses shown in Fig. 1, 
Flow Diagram.  
 Spent or used EDTA solution has a radioactive leve l of 30 Bq/cm3.  
  Step 1 Metal Ion Separation/Filtration process re duces used EDTA 
solution radioactivity to 1.8 Bq/cm3.  
  Step 2 Electrolysis further reduces used EDTA sol ution radioactivity to 
0.5 Bq/cm3.  
  Step 3 Dedicated Filtration reduces EDTA radioact ive level to 0.08 
Bq/cm3.  
  Step 4, Reverse Osmosis Membrane processing, redu ces used EDTA solution 
radioactivity to a level lower than the natural bac kground or 
surroundings.  
Fig. 4 
Following dedicated filtration and before reverse o smosis membrane 
processing, as an option, the spent partially proce ssed chelate solution 
may be processed through an ultraviolet ray reactor  tower equipped with 
low voltage mercury lamps. Bubbling air, which beco mes saturated with 
Ozone when it passes near the mercury lamps, flows into the residual 
chelate solution. Exposure to the ozone rich air ox idizes the remaining 
organic matter dissolving it. 
The sodium hydroxide contained in the water solutio n that has passed 
through the ultraviolet reactor tower is then recov ered in the reverse 
osmosis membrane and recycled. 



COMPARISON OF CHELATE AGENT DECONTAMINATION METHOD WITH OTHER METHODS 
Morikawa compared methods using chelate agent with other chemicals.  
Using inorganic acid the processes involved include : 
  Cleaning contaminated objects using inorganic aci d.  
  Concentrating the liquid waste. 
  Solidifying waste in concrete.  
 This method requires 20 man-hours of labor and pro duces about 1.5 drums 
of waste needing storage space. 
Using chelate agent solution the processes involved  include: 
  Precipitation treatment. 
  Electrolysis treatment. 
  Secondary waste treatment.  
 The chelate agent method requires 4 man-hours of l abor producing about 
0.04 drums of waste, principally filter media, need ing storage space. 
As these figures for the competing processes show, the chelate agent 
method uses 4 man-hours while the inorganic acid me thod uses 20 man-hours 
of labor. The Chelate agent method saves 80 percent  of the labor man-
hours. Also the chelate method generates 0.04 drums  of waste while the 
inorganic acid method generates 1.5 drums. Chelate agent generates less 
than 1/100 of the waste requiring storage that the inorganic acid method 
generates. 
HOT TEST RESULTS, LOW LEVEL RADIOACTIVE OBJECTS. 
Morikawa conducted decontamination hot tests of con taminated objects 
using processes including Organic Solvent Decontami nation, Rust Removal 
Decontamination and Washing. This test was conducte d at Tokyo Electric 
Power Company's (TEPCO's) Fukushima No.1 Nuclear Po wer Plant. 
The steel tools and objects subjected to decontamin ation processing 
numbered 159 as shown in Table I at the end of this  paper. For the 
various tool and steel objects decontaminated in th e hot test, data in 
Table I show the Level of Radiation and Count of Ob jects successfully 
decontaminated in the first step. During the first step 131 objects were 
successfully decontaminated to radiation levels bel ow 50 cpm out of 159 
objects processed. The test was not 100% effective in decontaminating all 
objects because the test equipment consisted of lab oratory units not 
suitable for processing some tools and several stee l objects, such as the 
unacceptable 28 objects having levels over 50 cpm r eadings following 
first step decontamination. These 28 objects had he avy welds, thick rust 
and/or deep cracks. After hand grinding these 28 un acceptable objects 
were processed again in a second step through the d econtamination 
equipment. These data as displayed in Step 2 at the  bottom of Table I 
show that all previously unacceptable 28 objects dr opped to acceptable 
levels below 50 cpm or below background level readi ngs. 
Table I 
FUTURE PROJECTS 
Morikawa's initial prototype equipment for decompos ing contaminated 
liquid waste Chelate solution has proved to be tech nically satisfactory. 
Another prototype machine has been assembled using the same test 
equipment components and is being shown and demonst rated at nuclear power 
plants now around Japan. 
A basic patent application for the technique of che late agent 
decontamination and liquid waste decomposing equipm ent was issued in 
1993. Additional patent applications for peripheral  technology and 
related applications are being filed now. These add itional patent 



applications are also being filed in the USA and ot her major industrial 
countries. 
SUMMARY 
We believe this decontamination method for steel an d iron metal 
substrates using cleaning chemicals and/or chelate solutions for removal 
of radiation bearing coatings. corrosion or rust, g rease, oils and other 
solid contaminates where the cleaning chemicals can  be purified for 
recycling/reuse by vaporizing and distilling, and/o r where other chemical 
chelate solutions can be decomposed into nontoxic e lements or substances 
for safe release to the environment, to be an econo mically viable and 
responsible decontamination method substantially re ducing the volume of 
low level radioactive waste and mixed chemical wast e that requires 
expensive long term storage thus freeing up space f or the more critical 
storage of transuranic and high level radioactive w aste. Not only do 
these processes avoid long term storage for a consi derable volume of 
material, they make it possible to safely recycle s teel and iron scrap 
through normal primary metal industry channels. 
Responsible avoidance of storage for radioactive wa ste, wherever 
possible, is not only highly desirable economically , socially and 
politically, but should be aggressively pursued and  could well be, if not 
already established, as a major nuclear industry ob jective and policy. 
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ABSTRACT 
The German regulations for the final disposal of ra dwaste prescribe, that 
these waste neither contain nor release free liquid s, apart from 
reasonably achievable and unavoidable residual cont ent. In addition, the 
volume reduction of radwaste is to be the preferred  treatment prior to 
all other methods for conditioning.  
Referring to these requirements, a new designed sys tem is now available 
for drying water-containing, pumpable operational r adwaste. The 
separation of the water from the solid matter is pe rformed under 
atmospheric conditions with a hot-air heating. The solidified product is 
generated within the disposal container. The proces s and the system 
design offers economical, operational and radiation  protection related 
advantages. 
INTRODUCTION 
In the Federal Republic of Germany, the legal situa tion stipulates volume 
reduction of radioactice waste is to be the preferr ed treatment prior to 
all other methods for conditioning. On the other ha nd, the regulations 
for the final repository require avoidance of ferme ntation, rotting and 
corrosion processes, as well as the generation of r adiolysis/hydrolysis 
gas set off by reactive water (1).  
An advantageous and acceptable treatment for meetin g these requirements 
is the drying of the material, especially when it c ontains mostly water 
as liquid and is non-burnable. 



Liquid waste has already been partially dehydrated mechanically or 
thermically with the existing systems of the nuclea r power station 
(sedimenting, centrifuging, evaporation etc.). Pre- treated liquid wastes 
with a high water content are for example Evaporato r concentrates and 
Filter sludges (suspensions of ion exchange resins,  filtering aids etc.). 
However, because of the remaining high water conten t, this pre-treated 
liquid waste is not suitable for final disposal, so  it must be subjected 
to thermic residual drying. As a result, a signific ant reduction in 
volume will take place.  
For this purpose, various techniques have been deve loped in Germany. The 
drying system that will now be described offers an advantageous, proven 
dryer unit which conditions liquid waste in accorda nce with the 
regulations for the final disposal of radwaste (2,3 ). 
SYSTEM DESCRIPTION OF HPA DRYER WITH POST-FEEDING 
The flow chart of the process is shown in Fig. 1: 
Fig. 1 
The drying of liquid waste is carried out in standa rd disposable 
containers (200-l-drums or 180-l-cartridges). The m ovement of the 
containers is carried out with a transport carriage  which can be 
transported, depending on the individual controls a ctivated on the 
control panel, to the lid removal unit or the liddi ng unit.  
The heart of the process is the drying chamber. Aft er the lid has been 
removed, the container is transported into the dryi ng chamber, positioned 
appropriately, lifted by a lifting carriage to the permanently installed 
docking plate and, at the same time, sealed. 
The receipt of the liquid waste from the nuclear po wer station for the 
dryer takes place in the storage tank. To prevent s edimentation processes 
effectively, the liquid waste is constantly stirred  and circulated. The 
liquid waste from the circulation system is fed int o the container with a 
regulated level by means of the post-feeder. The he ating operation will 
be started during the feeding of the liquid waste i nto the container. 
Therefore, the air contained in the drying chamber is circulated in the 
electrically heated flow channel by means of a hot air fan and, depending 
on the type of waste, heated to 130 to 190 C (heati ng circulation). The 
heated air is fed to the container in the drying ch amber by an optimized 
flow. 
After a short heating phase, the drying process beg ins under atmospheric 
conditions. The resultant water vapor is extracted via a separate steam 
pipe and condensed in the subsequent condenser. The  condensate that 
arises is measured in the condensate measuring vess el and, after interim 
storage in the condensate collecting tank, it is re turned to the waste 
water line of the nuclear power station. 
During the drying process, liquid waste is again ad ded to a controlled 
level, and the non-watery waste components, includi ng the radioactive 
nuclides, are concentrated in the container. By thi s means, the drum 
volume is fully utilized. 
Depending on the moisture content and the compositi on of the waste, 
different drying times occur. The process control i s determined by the 
rate of condensation. With an increasing concentrat ion of solids, the 
amount of condensate decreases over time. As soon a s the rate of 
condensation is below a specific level, the post-fe eding is interrupted. 
Simultaneously, the after-drying process begins. Th e after-drying process 
is deemed to be complete when no noticeable amount of condensate is 
produced. 



During drying of evaporator concentrates, a solid s alt block is finally 
formed. 
After the drying process has been completed, the co oling operation is 
begun, and the filled container is removed from the  chamber with the 
transport carriage, the lid is fitted and the conta iner is transported to 
the unloading position. 
EQUIPMENT DESCRIPTION 
The liquid waste drying system shown in Fig. 2 is b uilt as a tandem 
installation. This enables a higher throughput to b e achieved. 
Fig. 2 
The system consists of two drying chambers (each wi th a post-feed 
system), one storage tank, one transport section (c onsisting of carriage 
for receipt and positioning of containers, lid fitt ing machine for lid 
removal and lid fitting, cartridge grapple to remov e compressed 
cartridges from the container, cartridge lid fittin g machine for lid 
removal and lid fitting and weighing system), Contr ol panel, Process 
control system "BIKON", Video monitoring feature, S hielding system and 
Sampling system. 
The technical data and consumption of operating mat erials are shown in 
Table I. 
Table I 
AUTOMATIZATION 
In order to comply with the radiation protection re gulations it is 
necessary to handle the full containers by remote c ontrol . The system is 
therefore shielded and prevents be entery by person nel during normal 
operation. 
In the shielded zone, all functions are fully contr olled automatically 
from a separate control panel. The automatization i ncludes the transport 
of the container into and out of the appropriate li d fitting and lid 
removal stations and the packaging unit and the tra nsport of the 
containers to the loading and unloading of the dryi ng chamber, the 
filling of the storage tank, the feeding of liquid waste and the 
supervision of the drying process. 
All functions can be addressed individually and can  be carried out under 
video supervision. 
DOCUMENTATION 
In accordance with the regulations for the control of radioactive waste, 
the waste conditioning must be appropriately docume nted. This includes 
the precise recording of the operating data relevan t to the process. This 
makes it possible to demonstrate that the waste pro duct for permanent 
storage has been produced correctly. 
The processing of each batch is recorded with a pro prietary process 
control system "BIKON". The advantage of this syste m is, that the 
important data for the batch documentation can be t aken directly from the 
process monitoring system. At the same time the ent ire process can be 
visualized on screen. The batch documentation which  is saved on disk can 
be analyzed at any time with separate PC. 
Furthermore, the operating parameters relevant to t he process are 
documented in fail-safe form with a multi-channel p rinter. 
OPERATING RESULTS 
Since October 1994, extensive operating experience has been gathered with 
a drying system with post-feeding feature, configur ated as a tandem 
installation. Several drying experiments have been carried out, which 
have produced major insights into the optimum contr ol of the process. As 



a result, the installation has been optimized with regard to the maximum 
evaporation rate and optimum product quality. 
The typical behavior of the drying process is shown  in Fig. 3: 
Fig. 3 
Because of the isothermic heating of the container with the liquid waste, 
a maximum evaporation rate is achieved at the begin ning which is 
dependent on the feed temperature of the heating ci rcuit, the material of 
the container (thermal conductivity) and the fillin g level of the 
container (heat transfer surface area). 
As the drying process progresses, the evaporation d ecreases as a result 
of the corresponding increase in the salt concentra tion. This enables a 
gentle evaporation to be achieved. The end of the d rying process is 
indicated by the sudden reduction in the evaporatio n rate. 
The principle of the salt block formation as a resu lt of isothermic 
heating of the container can be seen in Fig. 4:  
Fig. 4 
In the interior of the filled container, a flow pro file is created by the 
convective transfer of heat to the liquid waste (na tural circulation). 
This creates a temperature gradient from the contai ner wall to the 
central area. As a result of the permanent removal of water, a compact 
salt block (monolith) forms under isothermic heatin g in the cooler area, 
and in the drying process this mass grows slowly ou twards (evaporation 
crystallization). Therefore the structure of the mo nolith is layered in 
cross section.  
Carrying out the drying process under atmospheric c onditions leads to 
less water content during the salt block formation.  At the end of the 
drying process, the container will be heated withou t post feeding of 
liquid waste. In this drying operation, the isother mic heating leads to 
firm products. The overall mass balance of the proc ess shows, that it 
will produced 15 to 20 % solids, formed as a monoli thic salt block in the 
container (calculated on the basis of 100 % evapora tor concentrate). The 
salt block is characterized by a high specific weig ht (r = 1.7 kg/l), a 
high solidity, thermic stability up to 70C and a re sidual moisture 
content less than 10 % (crystallization water, no f ree water). The volume 
reduction factor of the liquid waste is between 8 a nd 11 : 1. 
SUMMARY 
The German regulations for the final disposal of ra dwaste prescribe, that 
these waste neither contain nor release free liquid s, apart from 
reasonably achievable and unavoidable residual mois ture. In addition, the 
volume reduction of radwaste to be preferred treatm ent prior to all other 
methods for conditioning. 
Referring to these requirements, a new designed sys tem is now available 
for drying water-containing, pumpable operational r adwaste. The described 
drying system with postfeeding of liquid radwaste d uring the drying 
process offers the following advantages: 
  Drying under Atmospheric Conditions 
    High degree of drying 
    (lower residual water content of the dried prod uct leads to maximum   
volume reduction in comparison with vacuum dried pr oducts) 
   Isothermic Drying with Hot Air 
    Monolith formation  
    (high end product solidity, no local overheatin g in the final drying 
phase) 
   Minimal Contamination Risk 



     Drying in containers 
     (no filling process after drying, separate vap or extraction) 
   Highly Automated 
    Fully automatic control from a shielded control  panel with video   
supervision 
   High Documentation Standard 
     Immediate process visualization throughout the  drying process 
     Simple quality control of product 
   High Level of Flexibility 
     Designed as a small compact unit on a modular principle 
     Supply of mobile or stationary installations, 
     on request, service operation possible 
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ABSTRACT 
The tank waste characterization process is an integ ral part of the 
overall effort to identify, quantify and control th e hazards associated 
with radioactive wastes stored in underground tanks  at the Hanford 
Reservation.  
Characterization of the current waste tank contents  through the use of 
waste sampling is only partly effective. The histor ic records must be 
exploited as much as possible. A model generates an  estimate of the 
current contents of each tank, built up from the es timated volumes of 
each of the defined waste components. The model com bines the best 
estimate of the waste stream composition for each o f the major waste 
generating processes. All available waste transfer records were compiled 
and integrated to track waste tank fill history. Th e behavior of the 
waste materials in the tanks was modeled, based on general scientific 
principles augmented with specific measurement data . Sample analysis 



results were not used directly to generate any of t he tank contents 
estimates, but were used to determine the values of  variable parameters 
such as the solubility. By considering all availabl e information first 
(including historical model estimates, surveillance  data, and past sample 
analysis results), future sampling resources and ot her characterization 
efforts can best be spent on tanks that will provid e the largest returns 
of information.  
INTRODUCTION 
The Hanford Reservation system of underground stora ge tanks contains 
approximately 230 million liters of waste material distributed among 177 
tanks. The waste in these tanks was produced as a p art of the nuclear 
weapons materials processing mission that occupied the Hanford Site for 
the first 40 years of its existence. Waste tanks (1 49 single-shell and 28 
double-shell tanks) contain a wide variety of waste  compositions 
generated by three distinct chemical separations pr ocesses, several waste 
management/waste volume reduction operations and tw o tank waste 
reprocessing flowsheets. Characterization of the ta nk wastes is required 
to maintain the safe storage of the wastes, and to guide retrieval, 
processing, and disposal technology development.  
MOTIVATION FOR CHARACTERIZATION 
The tank waste characterization process is an integ ral part of the 
overall effort to identify, quantify and control th e hazards associated 
with radioactive wastes stored in underground tanks  at the Hanford 
Reservation.  
Knowledge of the physical, chemical and radiologica l properties of the 
wastes is prerequisite to operations to store, retr ieve, process and 
dispose of the wastes safely.  
The Tank Waste Characterization Project currently a ddresses the 
information needs identified for the Tank Waste Rem ediation System (TWRS) 
through the Data Quality Objectives (DQO) process ( 1).  
Safe Storage of the Waste 
Characterization for safe storage of the waste incl udes the screening of 
all tanks for key parameters that may indicate pote ntial safety issues. 
The areas of concern are:  
  The presence of energetic compounds in the conden sed phase of the waste 
in a configuration that could support a propagating  exothermic reaction 
(i.e. dry, in the presence of an oxidizer, located where an initiating 
factor is feasible). 
  The presence of flammable gases in the dome space  above the waste 
surface at sufficient concentrations that combustio n is feasible. 
  The presence of fissile materials concentrated in  the absence of 
significant neutron absorbers so that a criticality  event is feasible.  
In all areas of concern, several factors must inter act to give rise to an 
actual safety issue. The presence of specific waste  components, 
addressable by characterization, is only one of the  contributing factors. 
Characterization can be used to identify and quanti fy hazards and develop 
the most appropriate responses for dealing with the m. A combination of 
active and passive controls can provide multiple sa feguards that prevent 
an event from occurring. 
Safe Operation of the Waste Tank Facilities 
Although many of the tanks are currently stabilized  and undergo no 
operations, several operations are ongoing in a sub set of tanks. A waste 
evaporator unit concentrates liquid waste to provid e additional storage 
space in the existing tanks. Removal of pumpable li quid from single shell 



tanks is performed to prevent leakage into the soil . Transfers of waste 
between operating double shell tanks is necessary t o support these 
operations. Other specific operations may occur, su ch as the addition of 
caustic to a tank to maintain operating specificati ons.  
All operations must be performed in accordance with  all applicable 
regulations. Intrusive operations must be carried o ut in a manner that 
ensures that none of the safety issues identified a bove (see Safe Storage 
of the Waste above) are generated during operations . This requires the 
review of existing characterization information pri or to initiation of 
the operation, and may require acquisition of new i nformation. 
In addition, other information on waste characteris tics may be required 
to support physical operations. For example, prior to transfer of waste 
material, the physical parameters of the waste must  be well enough 
understood to ensure that the material will not sol idify during transfer, 
clogging the transfer lines.  
Resolution of Safety Issues 
The above areas address characterization needed to ensure that safety 
issues are recognized so that they may be corrected , are not created 
during waste management and disposal operations. Se parately, a thorough 
understanding of the mechanism behind the safety is sues is needed in 
order to select the appropriate response. For examp le, one needs to 
understand how flammable gas is generated in the wa ste material, and what 
causes it to be retained or released at a given rat e. This understanding 
ensures that the symptoms of a potential problem ar e correctly 
identified, that the correct controls or treatment for the problem are 
applied, and that sufficient foresight is applied i n the future to 
prevent occurrences during waste management and dis posal operations. The 
information to resolve safety issues is obtained fr om many sources, 
including theoretical work, laboratory experimentat ion, and in some cases 
characterization data.  
Preparation for Waste Disposal 
Safe storage and operation of the waste tanks is an  interim step until 
facilities are available for the retrieval, pretrea tment, processing and 
final disposal of the material. The equipment and f acilities for these 
steps are still in the design phase. Characterizati on of the waste 
requires that the physical and chemical properties be adequately 
quantified, both in terms of average values and of bounding values, to 
support design. In addition, physical samples of wa ste material are 
required for small and large scale testing of vario us treatment 
processes.  
TANK WASTE CHARACTERIZATION PROCESS 
Characterization of the current waste tank contents  through the use of 
waste sampling is only partly effective. The waste tanks contain very few 
access ports, limiting the number of samples obtain able. The access port 
locations do not necessarily support obtaining repr esentative samples, 
particularly in tanks where the waste material is h eterogeneous. Sampling 
is expensive and complex because of the radioactive  and chemically 
hazardous nature of the waste. The historic process  records must be 
exploited as much as possible to improve overall wa ste characterization. 
By considering all available information first (inc luding historical 
model estimates, surveillance data, and past sample  analysis results), 
future sampling resources and other characterizatio n efforts can best be 
spent on tanks that will provide the largest return s of information (2).  
The Overall Process 



The approach to characterization of each tank is to  compile all available 
information about each tank to provide an estimate of the contents. 
Information sources include models of waste content s developed from 
historic records of processes and waste transfers, surveillance and 
monitoring data, sampling and analysis results, and  models of chemical 
behavior. The estimates developed from these source s are improved by 
sampling or other measurement to provide additional  data. Grouping of 
similar tanks is employed in developing the estimat es (3,4). Based on the 
amount and quality of data extant, an estimate of t ank contents and the 
identified needs, a plan is developed to obtain add itional data (5,6). 
The development of a defensible plan requires an un derstanding of the 
quality of existing data and the capabilities and l imitations of the 
tools which may obtain new data.  
Role of Historic Modeling 
The waste tanks contain a wide variety of waste com positions, principally 
generated by three distinct chemical separation pro cesses, several waste 
volume reduction operations and two tank waste repr ocessing flowsheets. 
All of the processes contributing to the waste gene ration underwent 
significant evolution over time. Extensive (albeit incomplete) records 
were kept describing the initial placement of waste  in specific tanks and 
the later transfers of waste between tanks. The com plete reconstruction 
of current tank contents through use of the records  is complicated by 
several factors: 
  Although the flowsheets for the waste-generating processes are well 
known at the start of a process, the evolution of t he process during 
plant operation is not well documented. In addition , process vessel 
corrosion and impurities in process chemicals can d ramatically affect the 
nature of the waste stream.  
  Active concentration of tank waste supernatants i n six different 
evaporator campaigns spanning the fifty years of pr ocessing have not been 
thoroughly documented. There are many uncertainties  in the tank 
transaction histories for these campaigns. The wast e heating during 
evaporator campaigns may also have accelerated chem ical reactions, 
changing waste properties from those described in t he flowsheets or in 
early sample analysis. 
  The waste transactions associated with the remova l of tank waste for 
the two major tank waste reprocessing campaigns, th e Uranium Recovery 
campaign in the 1950's and the Cesium/Strontium rem oval campaign in the 
1960-70's, are incomplete. These processes were bas ed on assumed waste 
characteristics, not actual waste characteristics. Significant changes 
were performed as the processes evolved during the course of the 
reprocessing campaigns. In many cases these changes  were not well 
documented. 
The construction of a model of tank contents combin es the best estimate 
of the waste stream composition for each of the maj or waste generating 
processes and several minor processes. Altogether, 48 distinct waste 
types are modeled, referred to as the Hanford Defin ed Wastes (7). All 
available waste transfer records were compiled and integrated to track 
waste tank fill history (8-11). The behavior of the  waste materials in 
the tanks is modeled, based on general scientific p rinciples augmented 
with specific measurement data (12,13). Although sa mple analysis results 
are not used directly to generate any of the tank c ontents estimates, 
sample analysis is used to determine the values of variable parameters 



such as the solubility and precipitation rates of s pecific analytes in 
specific waste materials.  
The model generates an estimate of the current cont ents of each tank, 
built up from the estimated volumes of each of the defined waste 
components (14-17). The quality of these waste cont ent estimates is now 
being reviewed and quantified through several paral lel activities. A 
Monte Carlo simulation has been performed to quanti fy the uncertainty of 
the model estimates for several tanks, based on the  variability of key 
model parameters such as limiting solubility. This intial variance or 
uncertainty estimate has been used in the systemati c comparison of tank 
contents estimates with actual sample data (18). In itial results are 
promising in most cases (i.e., relatively good agre ement between model 
estimates and sampling estimates). However, some re sults indicate that 
there are significant differences between the model  estimates and 
sampling results. This observation could indicate: 
  incomplete modeling of the major error sources in  the Monte Carlo 
simulation,  
  overly optimistic estimates of variance based on sampling results, 
  systematic errors in the model that require corre ction, 
  or some combination of the above factors.  
Additional samples of key waste types are being acq uired and analyzed to 
allow better definition of the composition of the d efined wastes types 
used in the model (19). The evaluation and improvem ent of the historic 
model will continue until a quantitative variance e stimate can be 
provided for each of the contents estimates. The av ailability of the 
resulting tank contents estimates will allow reduce d sampling of many 
tanks, better grouping of similar tanks, and more e ffective planning of 
sampling events.  
The Role of Sampling and Analysis 
Analysis of sample material alone will not provide adequate 
characterization information for the Hanford underg round storage tanks. 
It is not possible to design a sampling scheme that  provides a 
statistically significant number of truly random sa mples.  
Most tanks have very few available access ports or risers (many have no 
more than two accessible risers). The locations of the risers often leads 
to sampling of non-representative material. The ris ers have in some cases 
been used for dumping of additional waste material.  Previous samples may 
have been taken from the risers, disrupting the sol id materials. 
Instruments may have been introduced into the waste  through a riser. 
Removal of instruments may have required decontamin ation, introducing 
water or other solutions into the waste near the ar ea where samples are 
taken.  
Given these constraints, the value of sample analys is may be called into 
question. However, when combined with the historic model and contemporary 
surveillance data, and allowing for potential biase s and sampling error, 
a well thought out sampling scheme can provide sign ificant information. 
The first step in the development of the sampling s cheme is to consider 
the historic information, including the waste type predictions, records 
of any previous sample activity and photographs of the waste tank 
contents. After this initial assessment, contempora ry surveillance data 
is considered. Review of the available risers is ne cessary so that any 
factors that may make a specific sample different f rom others in the tank 
are understood. Review of the photographs can revea l surface 
heterogeneity and give clues to the relationship be tween a sample at a 



specific location and the overall tank content. It must be noted that 
some tanks may be so heterogeneous that very little  information can be 
gained from any small number of samples. In these c ases, an alternative 
approach (such as adding liquid to turn the waste i nto a homogeneous 
slurry and retrieval into an interim storage tank) must be considered.  
When a sampling approach is selected, it is also ne cessary to consider 
how the acts of acquiring, removing, transporting a nd analyzing the 
sample may affect the parameters being measured (20 ). Any systematic 
biases that are introduced during the sampling proc ess need to be 
considered when using the results to reconstruct th e total tank contents.  
Given all the constraints, the most realistic appro ach to tank waste 
characterization must consider all available data, start with a model of 
the waste generated from the historic records, and then use sampling to 
confirm or refine specific aspects of the model.  
Optimization of the Process 
Programs requiring data regarding waste composition  document their issues 
and information needs and identify tanks which must  be characterized to 
meet the needs. The programs identify criteria by w hich all tanks can be 
prioritized with respect to each issue. The Charact erization Project 
integrates the information needs and tank prioritie s to define an overall 
plan for obtaining new information through sampling . The process for 
developing the priority list and generating a sampl ing schedule includes 
the application of technical and operational constr aints. The most 
effective overall prioritization of tank sampling e vents ensures that 
early events provide data that supports characteriz ation of multiple 
tanks. High priority sampling events are those that  provide data to:  
  Allow resolution of safety issues affecting multi ple tanks. 
  Define the appropriate approach to characterizati on of multiple tanks 
for safety issue identification and resolution. 
  Improve the estimates of waste content for multip le tanks, particularly 
with regard to important safety and disposal parame ters. 
It is not yet possible to determine the total numbe r of samples needed to 
characterize the wastes adequately (either for an i ndividual tank or for 
the entire tank farm system). An initial set of 28 tanks has been 
identified as high priority to address the above is sues (2). It is 
anticipated that the information gained from those samples will support 
resolution of issues (reducing the characterization  needs associated with 
other tanks) and provide quantitative information a bout the quality of 
the tank content estimates developed from historic data. Once the 
uncertainty associated with the historic models is quantified, it may be 
possible to use the model estimates alone to make f uture decisions 
regarding the operation and disposal of specific ta nks. This application 
of the historic model has the potential to greatly reduce future sampling 
requirements.  
CONCLUSIONS 
Continued evaluation of historical information and modeling techniques is 
needed to enhance the value of that information and  potentially reduce 
the need for future in-tank sampling operations. As  additional knowledge 
is gained, that knowledge is fed back into the proc ess to help 
prioritize, guide and define future efforts so that  the most important 
information is obtained as soon as practicable. Con tinued evaluation and 
improvement of sampling and measurement methods is required to improve 
the ability to obtain new information and to unders tand its meaning and 
limitations.  
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ABSTRACT 
Over 2,000 tons of irradiated zirconium alloy clad uranium metal fuel are 
stored in the water-filled Hanford K Basins. Half o f this N Reactor fuel 
is in open top aluminum and stainless steel caniste rs (in K East Basin) 
and half is in sealed vented canisters (in K West B asin). On the basin 
floor and associated with this fuel is an accumulat ion of sludge 
containing fuel, fission products, corroded structu ral material, and wind 
blown debris. Previous papers discussed plans and e quipment for the 
sampling of gas and liquid from sealed canisters, s ampling of sludge from 
the basin floor, and the movement of fuel to the Ha nford hotcells. These 
sampling activities have now been accomplished. Var ious lessons have been 
learned from the execution of various sampling camp aigns at the K Basins, 
and analytical characterization data resulting from  the examinations 
continue to support decisions for the storage and d isposal of fuel and 
sludge. 
 1. Data obtained from the sampling of gas and liqu id in sealed canisters 
include radionuclide concentrations in the liquid a nd the degree of 
displacement of the nitrogen canister cover gas by significant quantities 
of hydrogen. The macroscopic condition of fuel and the volume of in-
canister sludge, observed when selected canisters a re opened has been 
shown. Inferences on the degree of fuel corrosion i n canisters can be 
drawn. 
 2. The recent sludge sampling campaign for the K E ast floor has been 
much more comprehensive than any previous attempts with respect to both 



quantity of sludge retrieved and the number of phys ical/chemical 
properties addressed. Sludge composition and proper ties are now known as 
a function of both basin location and of the positi on of various layers 
within the sludge. 
 3. Fuel elements from the K West Basin have been e xamined both visually 
and metallographically at the Hanford hotcells. Det ailed observations on 
the condition (including corrosion) of damaged and undamaged elements 
have been made. 
 4. A controlled-atmosphere furnace has been instal led in the Hanford 
hotcells. This new capability has allowed small sec tions of fuel elements 
to be subjected to the dewatering and conditioning processes envisioned 
for the fuel now stored in K Basins. Moisture reduc tion and hydrogen 
evolution have been monitored as a function of temp erature and system 
pressure (vacuum and flowing gas scenarios). With t his system, oxide 
layers have been applied to fuel samples to reduce the chemical 
reactivity of the exposed surfaces and the stabilit y of these protective 
layers has been assessed. 
INTRODUCTION 
Characterization is in progress for the N Reactor f uel stored in the 
Hanford K Basins. These activities (1) support the strategy for removal 
of fuel from the basins and storage of fuel in a dr y condition at an area 
remote from the Columbia River. This strategy curre ntly consists of 
placing fuel in a Multi-Canister Overpack (MCO), dr ying the fuel while it 
resides in the MCO and conditioning some portion of  the fuel to reduce 
its chemical reactivity. (2) Characterization inclu des the examination of 
fuel, canisters, and associated sludge. It consists  firstly of in-basin 
activities such as visual examination, sludge depth  measurements, and 
sampling of gas and liquid in canisters. Secondly c haracterization 
encompasses the examination of samples of fuel and sludge which have been 
removed from the basins and shipped to laboratories . This paper presents 
observations made in the basins during the most rec ent attempts to ship 
samples from the basins and data obtained in the la boratory hotcells. 
EXAMINATION OF CANISTERS AND FUEL 
Of the 2,000 metric tons of uranium metal spent fue l at the two Hanford K 
Basins, roughly half is stored in sealed aluminum a nd stainless steel 
canisters in the K West Basin. Each water-filled ca nister contains 14 
fuel assemblies (14 inner elements and 14 outer ele ments distributed 
between two barrels). In March of 1995 three canist ers were opened in K 
West Basin and three fuel elements were shipped to the Hanford hotcells. 
In-Basin observations were made during the fuel ret rieval operations and 
the fuel was subsequently utilized in detailed hotc ell examinations and 
conditioning tests summarized in the following sect ions. Specific 
canisters to open were chosen through a review of t he data base of 
available fuel inventory and through sampling of ca nister gas and water 
to identify presence of uncontained fission product s (which implies 
damaged fuel in a given canister). Only those canis ters which were 
stainless steel, which showed evidence of gas gener ation and which 
contained fairly long fuel elements were considered  candidates for 
opening due to emphasis, for this first shipment, o n evaluating 
particular corrosion mechanisms. 
Gas and Water Samples From K West Canisters 
In order to identify canisters likely to contain fa iled fuel, liquid 
samples were obtained from 10 canisters (20 barrels ). Also, in a few 
cases, gas samples were obtained from the sealed ba rrels. (Note canisters 



nominally are water-filled and have a 2.5 inch nitr ogen gas space when 
they are first loaded into K West Basin). Gas and w ater samples obtained 
in this manner were first evaluated by a mobile lab oratory which provided 
immediate analysis for fission products i.e., cesiu m in the water and 
krypton in the gas. Subsequently gas and water samp les were sent to 
laboratories at Hanford for additional identificati on of chemical 
species. 
Analysis of cesium in K West canister water did lea d experimenters to the 
desired fuel elements for hotcell examination. The most badly damaged 
element removed from the canisters was indeed from the canister with the 
highest cesium content (approximately 0.5 curies). Hydrogen gas was found 
to be the major constituent of all of the gas sampl es. Thus the original 
nitrogen cover gas had been largely replaced. Krypt on gas concentrations 
correlated well with hydrogen which in turn correla ted with cesium 
concentrations in the liquid. Thus krypton is a cre dible indicator of 
corrosion but krypton and hydrogen concentrations d o saturate as the 
original nitrogen covergas is replaced. 
Reaction of Basin Water with Fuel 
After three canisters were opened in the K West Bas in, no energetic 
reaction was observed between the newly introduced basin water and the 
fuel. After three fuel elements were placed in ship ping containers the 
associated containers were capped with inverted gra duated cylinders to 
trap bubbles and indicate any further reaction (i.e ., hydrogen 
production). At the end of 2 to 5 days of monitorin g, no accumulation of 
gas was found in any of the three cylinders even th ough at least two of 
the resident elements were failed with obvious expo sed fuel. 
Observations of Sludge During Fuel Handling 
When canisters lid valves were opened during the ca nister flooding 
operation a continuous stream of bubbles was observ ed. Often accompanying 
this stream was a distinctly separate stream of red dish-brown liquid 
which appeared to have the character of a suspensio n and which was easily 
distinguishable from the surrounding basin water. 
When canister lids were opened to remove fuel, larg e amounts of sludge 
were not observed. For two of the canisters no sign ificant sludge was 
visible in the canisters even when fuel elements we re removed. No sludge 
was seen to accompany the fuel elements retrieved f rom these two 
canisters during their transfer to shipping contain ers. For the fuel 
element retrieved from a third canister, sludge was  seen trailing behind 
the element during its transfer to a shipping conta iner. Removal of the 
target element from this latter canister stirred up  sufficient flocculent 
sludge to fill the canister barrel to within a few inches of the top for 
several hours. Variations in observed sludge conten t may however be 
linked to variations in flooding and opening proced ures. 
Visible Condition of the K West Fuel 
 The retrieval of fuel went as follows: 
 1. When the first of three canisters was opened, i t was found that a 
known fuel element breach (identified in the loadin g video tapes circa 
1983) had not greatly deteriorated, if at all, sinc e the time it was 
placed in the canister. This outer fuel element, wi th obvious missing 
fuel/cladding piece, was selected for hotcell exami nation and moved to a 
shipping container. Subsequent hotcell examinations  did in fact identify 
some additional corrosion which can be attributed t o in-canister storage. 
 2. The second canister was opened based on its hig h cesium 
concentration. One outer element with split claddin g (Fig. 1, inset) was 



easily visible. The fuel in this element certainly had reacted with the 
canister water (i.e., reaction was not apparent in video tapes made 
during original loading) and the element was select ed for hotcell 
examination. 
 3. The third canister (Fig. 1) was opened based on  written records of a 
breached element and on a moderate cesium content m easured in its water. 
An inner element was selected for shipping to hotce lls based on the 
desire for an intact element and on a visible dent in the end cap of the 
selected element. 
Fig. 1 
Metallographic Examination for Hydrides 
Emphasis during the metallographic examination of t he three K West 
elements was placed on the identification of uraniu m hydride due to its 
association with reported pyrophoric events. Specim ens were cut using a 
tungsten-carbide slitting saw mounted on a remote-o perated milling 
machine. Argon gas was used to cool the fuel elemen t during the cutting, 
to provide an inert cover and thus, preserve the fu el microstructure as 
near to the as-received condition as possible. Cut samples were mounted, 
polished, attack-polished using chromic acid, and e xamined. The presence 
of uranium hydride was detected by a heat-tinting t echnique which 
delineates the oxidized hydride inclusions from the  uranium matrix. 
Uranium hydride inclusions were found to be randoml y distributed 
throughout the fuel matrix. It is not possible at t his time to 
unambiguously determine the source of the hydrides.  Possible sources 
include: 1) residual hydrogen which has been in the  uranium alloy since 
fabrication, 2) hydrogen present as a result of cor rosion processes and 
subsequent migration within the fuel, and 3) hydrog en present as a result 
of diffusion through the cladding. Thermodynamicall y, the zirconium alloy 
cladding is a favorable sink for hydrogen and there fore hydrogen 
diffusion through the cladding is the least likely source of hydrogen in 
the fuel. 
Fuel Conditioning 
Fuel samples (with cladding intact) from the K West  elements were tested 
in a controlled atmosphere furnace to determine dry ing characteristics, 
dehydriding behavior, and oxide film formation for exposed uranium 
surfaces. These experiments are the first attempt t o study a process 
whereby at least some of the fuel in K Basins will be conditioned in an 
oxygen containing atmosphere to reduce chemical rea ctivity through 
application of an oxide layer. Specimens were taken  from a corroded fuel 
element but from areas which were not immediately a djacent to the 
principal corrosion sites. They were placed in a fu rnace system located 
in a hot cell and tested according to the following  heating cycles: 
 A fuel drying step in which the fuel is dewatered for approximately 10 
hours (free water removal) either at 373K in dry ar gon or at 323K in 
vacuum. The fuel is then dried at 573K under dry ar gon (or vacuum) for 
approximately 24 hours (to remove water of hydratio n and partially 
decompose any uranium hydride present). 
 A fuel passivation step, in which the fuel is expo sed to a 98% argon-2% 
oxygen atmosphere at temperatures ranging from 423 K to 523 K for about 
10 hours. The objective is to create if possible, a n adherent passive 
oxide film on any exposed uranium-metal or hydride surfaces. In the 
testing runs to date, this step was conducted at ne ar atmospheric 
pressure. 



The evolution of moisture during the tests was moni tored continuously by 
a moisture monitor while the total water release du ring the experiment 
was measured by trapping in a drying column. Hydrog en and oxygen in the 
off-gas stream were monitored by a gas chromatograp h. Solid residues 
(spalled oxides) were analyzed by X-ray diffraction . 
Specimen temperature, hydrogen in the off-gas strea m, moisture 
concentration in the off-gas stream, and the oxygen  concentration are 
presented in Fig. 2 for a typical two step drying c ycle (Fig. 2a) 
followed by a conditioning cycle (Fig. 2b). The res ults indicate an 
increase in the moisture content of the gas stream for the low 
temperature drying cycle during the transient heat- up of the specimens, 
with the hydrogen concentration below detection lim it. During the higher 
temperature drying cycle, both hydrogen and moistur e concentration peaked 
during the transient heat-up of the specimens. The moisture eventually 
decreased to the detection limit of the moisture mo nitor, but the 
hydrogen maintained a steady concentration in the o ff-gas stream. 
Fig. 2 
Figure 2b shows the initial depletion of oxygen in the gas stream that 
occurs during the conditioning cycle. The total oxy gen pick-up by the 
specimens was estimated by integration of the oxyge n depletion curve and 
by specimen weight change. 
The results of the furnace testing indicate evoluti on of both moisture 
and hydrogen from the fuel specimens. The probable sources of the 
observed moisture are absorbed water on the metal s pecimen, oxide layers, 
and accompanying sludge. The hydrogen, however, cou ld be from uranium 
hydride decomposition and/or reaction. Recent tests  with defueled 
cladding have ruled out cladding as a hydrogen sour ce. The low limit of 
solubility of hydrogen in uranium cannot account fo r the level of 
hydrogen measured but can contribute a small fracti on to the amount of 
hydrogen measured. The depletion of the moisture so urce even though 
hydrogen is being released, and the moisture respon se to the oxygen 
addition seems to diminish the likelihood of uraniu m reaction with gas as 
the principal hydrogen source. 
SAMPLING OF BASIN FLOOR SLUDGE 
Associated with Spent Nuclear Fuel is an accumulati on of particulate 
layered material which is generally called sludge. Sludge is found on the 
basin floors, in canisters, and in the basin pits w hich are used for 
miscellaneous tasks such as cask handling. In fact,  numerous different 
types of sludge have been identified depending on w hich basin, canister 
type, or pit location that the particular sludge is  found. Each type of 
sludge is a unique nonhomogeneous mixture possibly containing corroded 
fuel, debris such as windblown sand or insects, rac k and canister 
corrosion products, and/or fission products. All of  the various sludges 
will need to be transported away from the K Basins and disposed with 
different types of sludge possibly having markedly different disposal 
paths. Characterization of sludge found on the K Ea st Basin floor and 
that currently found in one K East Basin pit has be en completed and is 
discussed below. 
The central problem addressed in the current sludge  characterization 
effort is "What is an acceptable way to retrieve sl udge from the K East 
Basin (and Weasel Pit) and to process, transport, a nd store the material 
until a permanent repository becomes available?" Th e first part of this 
effort (i.e.,retrieval, transportation, and process ing of the sludge) 
will possibly require the specification, design, an d fabrication of 



sludge handling/processing/dewatering equipment or the procurement of 
similar commercial services. Sludge will, for examp le, need to be pumped 
and dewatered with devices such as filters and hydr ocyclones. Such an 
effort will require the knowledge of various physic al parameters (i.e., 
fluid viscosity, particle size, etc.) which could b e used directly to 
design apparatuses and/or could be utilized to spec ify simulants which 
can be used for evaluation of candidate equipment. Knowledge of the 
Special Nuclear Materials content of the sludge wil l be necessary to 
maintain accountability of material which leaves th e Basins. 
The second part of the problem is to designate a st orage method whereby 
sludge can be stored away from K Basins in a more e nvironmentally 
acceptable area. Two prime alternatives for storage  have been identified. 
These are 1) transferring of sludge to Hanford doub le shell waste tanks 
and ultimate disposition along with other tank wast es, or 2) processing 
the sludge into a form appropriate for solid waste disposal. In these two 
cases the chemistry of the sludge must be determine d, either to ensure 
compatibility of sludge with any non-fuel waste enc ountered in the tanks 
or to ensure that sludge does not contain chemicals  which are 
incompatible with storage as solid waste. 
Measurements of sludge depths in the K East Basin a nd Weasel Pit were 
reported previously (3) and have shown that the flo or is covered with 
sludge to a depth of 5 to 19 cm (2 to 7.5 inches), with the Weasel Pit 
containing sludge approaching a meter in depth. Som e of the fuel 
canisters in K East Basin have screened bottoms and  slotted sides, and 
all of the K East canisters have open tops. This me ans that fuel 
corrosion products (uranium oxide and fission produ cts mostly) found in 
canisters have, to some extent, mixed with the expe cted wind blown debris 
and corrosion products (from aluminum canisters and  steel racks) in basin 
areas which are in close proximity to canisters.  
A campaign to retrieve 20 representative samples of  sludge from K East 
Basin and Weasel Pit has been completed. Locations for sampling were 
chosen to span a diversity of expected sludge const ituents and to supply 
information needed for sludge removal in a statisti cally valid manner. 
Equipment was designed and utilized, Fig. 3, which assured that full 
representative core samples of material were collec ted from only specific 
localized areas. Sludge was found to contain signif icant iron, aluminum, 
and uranium and to be flocculent. Most particles ar e in the sub-micron 
range with most of the volume in 10 to 50 micron si zes. 
Fig. 3 
CONCLUSION 
Canisters in the K West Basin do contain failed fue l. However the first 
shipping campaign demonstrated conclusively that se rious deterioration of 
this fuel, even when failed, is not universal. Remo val of this fuel, even 
when failed, is possible with the proper tools. For  the specific type of 
fuel targeted by this examination, deterioration to  rubble had not 
occurred and in fact large amounts of sludge were n ot observed. That 
sludge which was observed in canisters had a defini te flocculent 
character and took some time (hours) to settle. Cor rosion of fuel is 
certainly occurring in some of the damaged fuel ele ments but it is also 
possible for some exposed fuel to have undergone on ly minimal corrosion. 
The predominant constituent of the canister cover g as sampled was 
hydrogen produced either from radiolysis or more li kely from corrosion. A 
good discriminator for finding canisters with faile d fuel appears to be 
the concentration of cesium in the barrels. Chemica l and physical 



property data to facilitate transfer of sludge from  K East Basin floor 
have been obtained. Campaigns to recover fuel sampl es from the K East 
Basin canisters and sludge from inside of canisters  from both basins are 
planned for the near future. 
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VENDOR ASSESSMENTS OF RADIOACTIVE/MIXED  
WASTE PROCESSING/DISPOSAL FACILITIES  
Joseph Bourassa 
Yankee Atomic Electric Company 
ABSTRACT 
This paper was developed based on Yankee Atomic Ele ctric Company 
experiences gained through the performance of vendo r assessments of 
radioactive and mixed waste processing and disposal  facilities. This 
paper will provide insights to companies or organiz ations who have 
radioactive and/or mixed waste which requires dispo sal. The paper will 
discuss the technical, legal and programmatic issue s which should be 
considered when evaluating waste processing and/or disposal options. The 
discussion focuses on the methods utilized for the preparation, 
performance and reporting of assessments of waste d isposal vendors. The 
paper includes a discussion of the scope and purpos e of the assessment 
process, and the methodologies and approach taken t o evaluate the 
technical and programmatic areas. This paper provid es guidance and 
direction to those individuals involved in evaluati ng the capabilities of 
the waste processing and or disposal vendors. The p aper is also a 
resource which identifies regulatory and industry g uidance available for 
consideration in the planning for a waste disposal/ processing vendor 
assessment. 
The purpose of an assessment will primarily be base d upon due diligence 
so as to support control of company production acti vities which result in 
the generation of radioactive and or mixed waste pr oduct which require 
disposal. The company needs to determine what is th e most practical 
disposal method. This disposal method may be a comb ination of waste 
processing and direct disposal, which is consistent  with the 
methodologies utilized by the Yankee Atomic Electri c Company at the 
Yankee Nuclear Power Station and by other Yankee pl ants. Due to the 
anticipated/active need for utilizing a number of v endors for performing 
these activities. The determination has been made t hat assessments of the 
vendors supplying the services are required to ensu re that activities are 
being effectively performed in order to minimize po tential liabilities. 
The assessments need to consider not only the techn ical aspects of the 
operations, but also require an evaluation of the q uality system(s) being 
utilized to ensure the consistent and effective imp lementation of 
applicable process controls.  
ASSESSMENT PREPARATION 
One of the first and most important activities in p reparing for, and 
performing a vendor assessment, is developing a sco pe which is consistent 



with the purpose of the evaluation. The key paramet ers which should be 
included in the evaluation are determined based on the vendor's 
activities which will be utilized in support of the  waste disposal 
processes. Depending on the intended utilization of  the vendor's services 
(disposal or processing activities), certain progra mmatic and technical 
activities need to be considered in developing the assessment plan. 
Sample assessment plans are provided in Attachment A (Disposal Facility) 
and Attachment B (Processing Facility). These asses sment plans were 
developed based on services being utilized in suppo rt of the disposal of 
YNPS radioactive and mixed waste generated during o perational and 
decommissioning activities.  
In developing assessment plans, specific considerat ion must be given to 
the licensing organization and the associated gover ning regulatory bodies 
(State and/or Federal). The licensing agency determ ines which of the 
governing requirements the facility must be license d under to support the 
vendor's operations. Many facilities have multiple licenses depending on 
the activities they are performing. Licenses may be  issued in support of 
radwaste processing activities in accordance with 1 0CFR20, 30, 40 and or 
70 requirements. If the vendor is performing mixed waste processing or 
disposal activities, the facility will be permitted  under 40CFR261 
requirements to operate a Temporary Storage and Dis posal Facility (TSDF), 
which requires consideration within the assessment plan. Additional 
licensing requirements could be governed by state a gencies, depending on 
whether the state is an Agreement State. Under thes e situations, the 
licenses will be issued to the facility in accordan ce with state 
regulations. Waste disposal facilities can be simil arly licensed, 
although the licensing requirements will include 10 CFR61 or the Agreement 
State's comparable regulations. These regulations s hould be factored in 
the assessment plan developments.  
In addition to the technical requirements being con sidered, the quality 
systems which are in place need to be evaluated to determine if 
sufficient process controls are implemented within the vendor's 
operations, to ensure an effective and consistent a pproach to waste-
related activities. The facility should have a form al Quality Assurance 
Program that is consistent with the criteria of 10C RF50, Appendix B. 
Although required, the program may be the bases for  the quality assurance 
program to meet the quality control requirements of  10CFR61. Additional 
guidance is provided in NUREG-1293, "Quality Assura nce Activities for 
Near Surface Disposal Facilities." The specific gui dance that should be 
considered in the evaluation is included in Attachm ent C to this report 
and can be utilized for developing an assessment pl an. The sections that 
should be included in the assessment plan are the p urpose, scope, 
applicable requirements, assessment dates and makeu p of the assessment 
team.  
Once an assessment plan has been developed and the regulatory bases have 
been identified, the allocation of personnel resour ces needed to support 
the assessment should be determined. Since the wast e generator has 
potential liabilities, e.g., potential Comprehensiv e Environmental 
Response, Compensation and Liability Act (CERCLA) r esponsibilities, the 
assessment team should comprise both technical and quality assurance 
personnel. The assigned technical specialists shoul d have expertise in 
the activities being evaluated. Ideally, the assess ment team should 
include an Assessment Team Leader, an expert in lic ensing activities 
(radiological and hazardous waste), an individual w ith expertise with 



radwaste and mixed waste, an individual with expert ise in geology and 
hydrology (waste disposal facility only), and an in dividual with 
expertise in radiological effluent and environmenta l monitoring. This 
assessment team is consistent with the teams utiliz ed by YAEC to evaluate 
waste disposal facilities. Smaller assessment teams  have evaluated waste 
processing facilities. Consideration should also be  given for the 
development of teaming arrangements, in which sever al facilities can 
provide resources to perform the vendor assessment.  Teaming arrangements 
improve the depth of the assessment, while reducing  costs to the clients. 
Yankee's experience in utilizing expertise from oth er waste generators in 
teaming arrangements has proven to be an effective method for performing 
these assessments. 
There are many resources that may be considered in developing the 
assessment plan. See Attachment C for a list of doc uments that have been 
considered during YAEC vendor evaluations. 
It is important to obtain the key documents prior t o performing the 
vendor assessment. The vendor should be contacted a pproximately 30 days 
prior to performing the assessment to establish a p oint of contact. This 
individual will usually be a quality assurance repr esentative, but may 
also be a customer service representative. The asse ssment plan should be 
sent to the vendor to facilitate obtaining informat ion, in preparation 
for the assessment. The following documents are imp ortant in preparing 
for the assessment and should be obtained prior to the start of the 
assessment: 
  Radioactive Material License 
  Quality Assurance Program 
  Index Of Vendor Procedures 
  Organizational Chart 
  State Regulations for Agreement States 
  Environmental Assessment Report (Disposal Facilit y Only) 
  Design Documents 
  Facility Capability Document 
  Associated Purchase Order 
After obtaining these documents, a checklist may be  developed to 
incorporate specific program requirements to be con sidered during the 
performance of the assessment. Once the assessment plan and checklist 
have been developed, a meeting with the assessment team members should be 
conducted to ensure that the expectations for the a ssessment are clearly 
defined and understood by all participating individ uals. 
ASSESSMENT PERFORMANCE 
The initial phase of the assessment should consist of conducting an 
entrance meeting to ...... This meeting is an integ ral part of the 
assessment because there is limited time and there are a number of 
activities to be evaluated. At this meeting the pur pose and scope of the 
assessment should be presented to management. The a ssessment team members 
should be introduced and the specific activity that  each one is assigned 
should be discussed. The vendor contacts for the as sessment should be 
established at this time. The schedule for the asse ssment should be 
conveyed to the vendor's contacts. The team should have a well-defined 
approach for the assessment. At this time, the vend or's representatives 
should be provided with a list of additional docume nts that may be 
considered for review and evaluation during the ass essment. While the 
vendor is preparing the documents requested, the as sessment team should 
be provided with a tour of the facility.  



During the tour of the facility, the team should ev aluate the vendor 
services being considered for use. The tour may nee d to be limited in 
scope based on time constraints for the assessment.  The tour provides an 
opportunity for all assessment team members to beco me familiar with the 
facility and the overall setup of the organization.  The tour of the 
facility will also provide an opportunity for the a ssessment team to ask 
questions about the capabilities of process equipme nt and operators. It 
also enables assessment team members to identify ar eas that may require 
further evaluation. Once the tour has been complete d, the document review 
should be initiated. These reviews should include a  variety of technical 
and administrative procedures and records. The foll owing is a sample of 
documents that should be considered in the review: 
  Internal Quality Assurance Audits and Inspections  
  NRC and/or State Inspection Reports 
  Vendor Audits from Other Facilities 
  Radiological Effluent and Environmental Reports 
  Nonradiological Environmental Monitoring Reports 
  Geologic and Hydrologic Studies of the Facility S ite 
  Financial Reports 
  Sureties and Closure Funding 
  Operating and Administrative Procedures 
  Organizational Charts and Responsibilities 
  Quality Assurance Program 
At this time, the assessment team members should be gin evaluating the 
activities assigned as determined during assessment  planning. The team 
members should attempt to gather sufficient informa tion to determine 
whether the vendor's programs and processes are suf ficient to ensure 
compliance with regulatory and state requirements. The review of 
documents and records should also evaluate if the p rograms are 
sufficiently established to assure the vendor's com pliance with the 
applicable purchase order requirements. This evalua tion needs to consider 
where potential liabilities may exist and where the  vendor may have 
potential weaknesses. While assessing the vendor's programs and 
processes, it is important to ensure that sufficien t information is 
gathered to support the development of the assessme nt report. This 
information should support the overall conclusions of the audit, 
including whether the vendor is capable of effectiv ely providing the 
services being considered. Refer to the Audit Plans  in Attachments A and 
B for specific activities that should be considered  in the evaluation.  
 Quality Assurance Program Evaluation 
 Evaluation of the vendor's Quality Assurance Progr am is a very important 
facet of the assessments. The initial part of this review should be 
performed by evaluating internal and external audit s and assessments, if 
possible. The review of these documents will enable  the assessment team 
leader to quickly determine the quantity and types of issues being 
identified by the vendor. (Whether the issues are t echnical or 
administrative in nature.) The evaluation will also  help determine the 
effectiveness of the vendor's corrective action pro gram. These enable the 
assessment team leader to assess the Vendor's credi bility and may enable 
the focus of the assessment to be better defined. 
 The Quality Assurance Program should be evaluated to determine whether 
the vendor has quality systems in place that will e nsure the effective 
implementation of program and regulatory requiremen ts. These systems 
should cover the activities being performed at the vendor's facility. The 



assessment should focus on the systems being utiliz ed for these vendor 
services being considered for use. Guidance for Qua lity Assurance 
Programs for low level radioactive waste disposal f acilities is provided 
in NUREG-1293. This document provides a good basis for evaluating the 
adequacy of the attributes of the vendor's Quality Assurance Program. 
Most facilities will have Quality Assurance Program s that are consistent 
with the 18 criteria of 10CFR50, Appendix B, which are defined as 
follows: 
  Organization 
  Quality Assurance Program 
  Design Control 
  Identification and Control of Material, Parts and  Components 
  Inspection 
  Test Control 
  Control of Processes  
  Inspection 
  Test Control  
  Procurement Document Control 
  Instructions, Procedures and Drawings 
  Document Control 
  Control of Purchased Material, Equipment and Serv ices 
  Control of Measuring and Test Equipment 
  Handling, Storage and Shipping 
  Inspection, Test and Operating Status 
  Nonconforming Materials, Parts or Components 
  Corrective Actions 
  Quality Assurance Records 
  Audits, Surveillance and Managerial Controls 
  The review should consider each of the elements o f the Quality 
Assurance Program, as applicable to the vendor's se rvices being 
considered. The evaluation should determine if the vendor has developed 
sufficient controls to ensure the effective impleme ntation of the 
vendor's processes. The evaluation should be perfor med utilizing 
personnel interviews, a review of records and progr am assessments. There 
should be sufficient awareness of the Quality Assur ance Program 
requirements and management's expectations to enabl e the effective 
implementation of the program. The program should e nable the vendor to 
self-identify and correct program and/or process we aknesses. 
 Technical Evaluation 
 The technical evaluation should be performed to de termine whether 
sufficient controls have been developed for the pro cesses being 
evaluated. The assessment should also determine the  effectiveness of the 
controls which are being utilized for controlling t he day to day 
operations of the facility. The evaluation should b e performed utilizing 
personal interviews, a review of procedures and rec ords, observations of 
activities in the field, and tours of the facility.  The technical 
evaluation should focus on issues that are importan t to the safe and 
effective operation of the vendor's processes. For example, if the vendor 
is supplying waste disposal services to your facili ty, the evaluation 
should determine if the vendor has procedures in pl ace for receipt, 
tracking and preparation of the waste for processin g and/or disposal. The 
vendor should have individuals who are trained and qualified to perform 
the activities defined in the procedures. The vendo r should be performing 
the processing and or disposal activities as descri bed in the vendor's 



procedures, regulatory requirements and license com mitments. The vendor 
should have records that support and document the p erformance of these 
activities. An effective methodology in performing an evaluation similar 
to this is to select a small sample of similar type  material as your 
facility's waste, review the records from arrival t hrough processing to 
disposal, including verifying the current location.  This provides 
assurance that the processes are in place for track ing waste through 
disposal. Individuals involved in the receipt and h andling of waste prior 
to processing and disposal should be interviewed. O bservation of any 
activities that are ongoing at the time of the asse ssment should be 
conducted. This may be performed at any phase of th e assessment and will 
provide some assurance that the vendor is utilizing  the programmatic 
controls that have been developed. Observations can  also be utilized to 
determined if the individuals performing the work a re knowledgeable of 
the programs controlling the activities they are pe rforming. This 
approach can be utilized for any vendor service bei ng evaluated, whether 
it is mixed/radioactive waste processing, packaging  or disposal 
activities.  
During the performance of the assessment it is very  important for the 
team leader to keep in constant communication with each of the assessment 
team members. At the conclusion of each day, the as sessment team leader 
should conduct an informal meeting to discuss the p rogress of the 
assessment. Additionally, any concerns should be di scussed amongst the 
entire team, along with the next days' scheduled ac tivities. The 
assessment team leader needs to ensure that the ass essment is progressing 
on schedule and that the entire scope of the assess ment will be 
completed, based on the time constraints of the ass essment. During these 
meetings, consideration needs to be given to the ef fectiveness of the 
programs and processes being evaluated. The discuss ions should also 
include a determination as to whether any findings have been identified 
and or any concerns require further evaluation. 
The team leader should maintain good communications  with all assessment 
team members also to ensure the effective preparati on for the close-out 
meeting which is conducted at the conclusion of the  assessment. The 
close-out meeting is conducted with the vendor's ma nagement and quality 
assurance representatives. This meeting is an impor tant part of the 
assessment performance because it provides a forum for the assessment 
team and the vendor management to discuss any issue s that were identified 
during the assessment. The meeting also provides an  opportunity to listen 
to any proposed corrective actions being considered  by the vendor. The 
adequacy of the responses and the attitude of the v endor's management 
should be considered in determining whether the ven dor's services can be 
utilized. The close-out meeting also provides an op portunity for the 
assessment team to discuss the impressions of the f acility and its 
operation. At this meeting, a documented list of co ncerns should be 
provided to the vendor's management. It is importan t to utilize at least 
two (2) categories of concerns, e.g., Findings and Observations or 
Recommendations. This provides the assessment team with an opportunity to 
present not only any violations of program or regul atory requirements, 
but also allows the team to indicate areas that may  require enhancements. 
At this time the vendor should be informed of the p rocess for assessment 
reporting and follow up corrective action response and verification. The 
vendor should be informed of the time table expecte d for the report 
issuance and when any vendor responses would be exp ected. 



ASSESSMENT REPORTING 
The method of reporting the results of the assessme nt is vitally 
important, in order to properly reflect the evaluat ions performed by the 
assessment team. Reporting can be difficult, if the  approach to 
documenting the evaluation was not determined durin g preplanning. The 
assessment may be documented in several different w ays depending on who 
will be reviewing the report and how the informatio n will be used. The 
documentation may be in the form of an elaborate ch ecklist, which is 
utilized during the performance of the assessment. The assessment team 
leader may decide to utilize a report format that i s primarily narrative 
in form, or the report may consist of some combinat ion of the two 
methods. If the assessment is being used primarily for internal use, the 
detailed checklist may be the least time consuming approach for 
documenting the results of the assessment. However,  if the report is 
intended for external distribution, then a detailed  presentation may be 
the most appropriate reporting mechanism. In either  case, a formal 
assessment report should be developed which delinea tes the effectiveness 
of the processes which were evaluated and whether t he programs are 
consistent with regulatory and license requirements . The report should 
also discuss the adequacy of the Quality Assurance and Technical Programs 
which were evaluated and the adequacy of the proces ses utilized to 
implement the vendor's activities. 
The assessment report should be completed in a time ly manner to 
facilitate rapid notification and quick resolution of any concerns 
identified during the assessment. The distribution of the assessment 
report should be similar to that of the assessment plan, including 
cognizant groups in the assessment results, e.g. th e user department, 
purchasing, management, etc. The report may be issu ed to the vendor, but 
is at the discretion of the evaluating organization . However, any 
identified findings and/or observations should be i ssued to the vendor to 
ensure the concerns can be evaluated and corrective  actions can be taken. 
The report should include the following: 
  Assessment of the Effectiveness of the Activities  Evaluated 
  Assessment Team Members 
  Purpose 
  Scope 
  Details of the Assessment 
  Personnel Contacted 
  Findings, Observations and/or Recommendations 
Each of the activities described in the assessment plan should be 
identified and discussed in the "Details of the Ass essment" section of 
the report. The depth and details of the assessment  report should have 
been determined during the planning phase of the as sessment and should be 
the basis for the development of the report format.   
Upon issuing the report to the vendor, responses to  any concerns 
identified should be requested within a specified t ime period, e.g., 30 
working days. The responses should be submitted to the assessing 
organization for review and approval. For significa nt concerns, 
consideration may be given to performing a follow-u p evaluation to verify 
the effectiveness of the corrective actions. The fi nal phase of the 
reporting process includes documentation of the ass essment responses, 
evaluation of the proposed corrective actions for a dequacy, verification 
that corrective actions and final closure of any co ncerns have been 
identified during the assessment. The documentation  and reporting of the 



assessment allows some flexibility, as long as the reporting process and 
methodology is defined up front and ensures closure  of any identified 
concerns. 
ATTACHMENT A 
WASTE DISPOSAL FACILITY ASSESSMENT PLAN 
PURPOSE: 
The purpose of the assessment is to evaluate the ef fectiveness of the 
vendor's operations for adequacy and effectiveness of the quality 
controls, management practices and supporting proce sses governing the 
land disposal of radioactive/mixed waste(s). 
SCOPE: 
The assessment will evaluate the adequacy of the ha ndling, processing, 
and disposal of radioactive and mixed waste(s), as well as evaluating 
both the current and historical execution of the Qu ality Assurance 
Program. The assessment will include the following elements: 
  Adequacy and effectiveness of the vendor's PROCES S CONTROLS for 
receiving, handling and burial of radioactive waste . 
  Adequacy and effectiveness of the vendor's GEOLOG IC AND HYDROLOGIC 
MONITORING Program. 
  Adequacy and effectiveness of the vendor's RADIOL OGICAL ENVIRONMENTAL 
AND EFFLUENT MONITORING Programs. 
  Adequacy and effectiveness of the vendor's PROCES S CONTROLS for 
receiving, handling, processing and burial of mixed  waste. 
  Adequacy and effectiveness of the vendor's QUALIT Y ASSURANCE Program 
and its implementation. 
  Adequacy of the vendor's site CLOSURE PLAN. 
APPLICABLE REQUIREMENTS: 
State and Regulatory Requirements (10CFR, 40CFR, 49 CFR, Agreement State 
Regulations,...) 
(Reference Appendix C for Additional Guidance.) 
ATTACHMENT B 
WASTE PROCESSING FACILITY ASSESSMENT PLAN 
PURPOSE: 
The purpose of the assessment is to evaluate the ve ndor's operations for 
adequacy and effectiveness of quality controls, man agement practices and 
supporting processes governing the processing of ra dioactive and mixed 
wastes.  
SCOPE: 
This assessment will evaluate the handling, process ing, storing and 
shipping of radioactive and mixed waste(s), as well  as evaluating 
effectiveness of the implementation of the vendor's  Quality Assurance 
Program. The assessment will include the following activities: 
  Adequacy and effectiveness of the vendor's ADMINI STRATIVE CONTROLS for 
activities being performed. 
  Adequacy and effectiveness of the vendor's WASTE TRACKING SYSTEM for 
the entire processing evolution. 
  Adequacy and effectiveness of the vendor's RADIOL OGICAL SURVEYS AND 
MEASUREMENT capabilities. 
  Adequacy and effectiveness of the vendor's RADIOL OGICAL ENVIRONMENTAL 
AND EFFLUENT MONITORING Programs. 
  Adequacy and effectiveness of the vendor's PROCES SING METHODS being 
considered for use. 



  Adequacy and effectiveness of the vendor's MIXED WASTE OPERATIONS, 
including facility design, safety, security, manage ment and facility 
history.  
  Adequacy and effectiveness of the vendor's QUALIT Y ASSURANCE Program. 
APPLICABLE REQUIREMENTS: 
State and regulatory guidance (10CFR, 40CFR, 49CFR,  Agreement State 
Regulations ...) 
(Reference Appendix C for additional guidance.) 
ATTACHMENT C 
ASSESSMENT REFERENCE DOCUMENTS 
COMMON REFERENCE MATERIAL FOR WASTE DISPOSAL AND  PROCESSING 
ASSESSMENTS 
State or federal radioactive material licenses (Cou ld vary in number) 
Facility Quality Assurance Program 
State Regulations for Agreement States 
Federal Regulations (10CFR20, 10CFR30, 10CFR40, 10C FR61, 10CFR70, 40CFR ) 
COMMON REFERENCE MATERIAL FOR WASTE DISPOSAL FACILITIES 
  "Nonradiological Ground Water Quality at LLW Disp osal Sites," NUREG-
1183, 1986 
  "Geochemical Studies of LLW Disposal Sites: Topic al Report," NUREG/CR-
4644, 1986 
  "Data Input Guide for Swift II, the Sandia Waste- Isolation Flow and 
Transport Model for Fractured Media," NUREG/CR-3162  
  "Theory and Implementation for Swift II, the Sand ia Waste," NUREG/CR-
3328 
  "Hydrologic Factors in the Selection of Shallow L and Burial Sites for 
Disposal of Low Level Radioactive Waste," USGS Circ ular 973 
  "Standard Format and Content of Environmental Rep orts for Near-Surface 
Disposal of Radioactive Waste," Regulatory Guide 4. 18, 1983 
  "Environmental Standard Review Plan for the Revie w of a License 
Application for a Low-Level Radioactive Waste Dispo sal Facility," NUREG-
1300, 1987 
  "Quality Assurance Guidance for Low-Level Radioac tive Waste Disposal 
Facility," NUREG-1293, 1987  
  "Special Nuclear Material Inspections at Near Sur face Low-Level Waste 
Disposal Facilities in Agreement States," NRC Inspe ction Manual, 
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ABSTRACT 
For the proposed Central Interstate Compact (CIC) l ow-level radioactive 
waste (LLRW) disposal facility, simulations of tran sport of radionuclides 
in ground water with variable annual recharge were made to compare the 
results with those obtained when a constant, "bound ing" recharge was 
used. This was done to ensure that the constant "bo unding" recharge 
resulted in bounding concentrations of the radionuc lides in ground water. 
To generate a long-term annual series of recharge r ates, the calibrated 
recharge rates for the years for which ground water  level data exist were 
first correlated with annual precipitation using re gression analysis. It 
was found that the logarithm of the recharge rate f or any year correlated 
closely with the precipitation of that year and the  preceding two years. 
Next, a long-term series of annual precipitation wa s generated by 
correlating the existing record at the site with th e longer record at a 
climatically similar station. This, together with t he regression relation 
between recharge rate and precipitation was then us ed to generate a long-
term series of annual recharge rates. 
Analytical solutions of ground water transport equa tions for a system 
representing the actual system were used to generat e concentration 
histories for various nuclides for both the variabl e and constant 
recharge cases. It was demonstrated that the concen tration history of a 
radionuclide for constant, "bounding" recharge rate  bounded the 
concentration history for the variable recharge rat e. 
INTRODUCTION 
A low-level radioactive waste disposal facility is being proposed for the 
Central Interstate Compact (CIC) member states cons isting of Nebraska, 
Kansas, Oklahoma, Arkansas, and Louisiana. The prop osed waste disposal 
facility will be located on a 100-acre (0.4 km2) si te in Boyd County, 
Nebraska, near the town of Butte.  
To support the site characterization and the perfor mance assessment 
analysis, a regional and a local three-dimensional flow model and a two-
dimensional transport model were developed. A key c alibration parameter 
of the flow models was the deep percolation (rechar ge) rate. The region 
in which the Butte site is situated is semiarid, wi th the hydrologic 
regime characterized by low annual rainfall and rel atively high potential 
evaporation. Recharge rates are typically low. Cali bration recharge rates 
were in the range of 0.04 to 0.1 in/yr (0.1 to 0.25  cm/yr). 
To provide a bounding case analysis, hydraulic cond uctivity values in the 
flow and transport models were set equal to the 95 % upper confidence 



limit of the geometric mean of all measured values (i.e., given the 
number of hydraulic tests performed within each lay er, the probability 
that the mean does not exceed the conductivity valu e used in the model is 
95 percent). Furthermore, the bounding case was cal ibrated by requiring 
that the rate of recharge be high enough to produce  a high water table 
very near the ground water surface and remains ther e at all times. This 
condition is considered to be extremely conservativ e assumption because 
the water table at the site is known to fluctuate, and in average years 
it has been observed to be approximately 8 feet (2. 4 meters) below the 
ground surface. The recharge rate needed to sustain  these conditions was 
estimated to be 0.18 in/yr (0.46 cm/yr) which is mo re than 4 times the 
base case recharge rate. 
Although the bounding case analysis provides a long -term high level of 
conservatism, it does not specifically account for individual years of 
extreme rainfall when the actual deep percolation r ate might exceed the 
bounding case recharge rate of 0.18 in/yr (0.46 cm/ yr). The purpose of 
this paper is to assess the impact of variable annu al recharge rates on 
radionuclide transport by comparing radionuclide co ncentrations obtained 
with the constant bounding case analysis to those o btained with a 
variable rate of recharge. This analysis consists o f the following steps: 
  Estimation of annual recharge rates for the indiv idual years of the 
period of water level observations (1990 through 19 94) using the local 
flow model 
  Regression analysis of estimated recharge rates a nd precipitation data 
  Generation of long-term annual time-series of rec harge rates. 
  Transport simulations with the variable recharge rates. 
ESTIMATION OF THE ANNUAL RECHARGE RATES FOR THE YEARS 90-94  
The model was calibrated for recharge year by year for years 1990 through 
1994, by matching the time-averaged yearly observed  well water levels. 
For these yearly simulations, the boundary conditio ns in the local model 
were altered only to account for the yearly prevail ing climatic stresses. 
These simulations were made using an exponential ev apotranspiration (ET) 
function for the dependence of ET on the depth to t he water table. 
The calibrated recharge rates are shown in Table I.  
Table I 
GENERATION OF LONG-TERM RECHARGE RATES 
Extension of the Butte Rainfall Record 
The 46-yr rainfall record of Butte (1949-1994) is c onsidered short 
relative to the time scale of the transport simulat ions for the 
performance assessment which is in the thousands of  years. Since there 
are no readily available climatic records of this s cale within the region 
of the site, the extension of the Butte rainfall re cord was sought. The 
advantages of extending the record is that longer r ecord may contain 
yearly extremes, and dry or wet sequences not seen in the 46-yr record. 
Therefore, Butte record was extended to year 1899 b ased on the rainfall 
record of Atkinson, Nebraska using a linear regress ion equation developed 
between the records of these two gages. The Atkinso n gage is located 
about 25 miles (40 km) south of Butte at latitude 4 2 degree and 33 
minutes and longitude 98 degrees and 58 minutes, an d at elevation 2130 
feet (650 m) MSL. The coefficient of determination for the linear 
regression was 0.8, indicating that 80 percent of t he variability of the 
annual rainfall amounts at Butte can be explained b y the regression 
equation. The annual statistics of the extended rec ord shown in Fig. 1 
are quite similar to the 46-yr record at Butte. The  minimum and the 



maximum of the 96-yr record both occurred within th e period of site 
observations: the minimum in 1989, and the maximum in 1993. These extreme 
events have approximately a 100-yr return period. A lso the 1992-1993 two-
year period had the highest rainfall for any consec utive two-year period 
of the 96-year record. 
Fig. 1 
Generation of Long-Term Recharge Rates 
The recharge rates generated by the local model for  1990 through 1994 
were 0.055, 0.048, 0.115, 0.75 and 0.51 in/yr (0.14 , 0.12, 0.29, 1.91 and 
1.3 cm/yr) respectively. The rate of recharge depen ds on precipitation, 
runoff, evapotranspiration and antecedent soil mois ture conditions. The 
only one of these parameters which is directly meas urable is 
precipitation. Antecedent moisture conditions depen d on precipitation in 
the preceding year or years. Therefore it is reason able to assume that 
the rate of recharge in a particular year depends o n precipitation during 
that year and the preceding years. This dependence was evaluated by 
performing a linear regression analysis between rec harge and 
precipitation at every year and the two preceding y ears, i.e. by assuming 
that: 
Eq. 1 
The coefficient of determination of the multiple li near regression was 
0.82. To explore if it is possible to obtain a rela tionship with a higher 
coefficient of determination, a multiple linear reg ression analysis was 
performed on the precipitation and logarithm of the  recharge: 
Eq. 2 
The regression coefficient of determination was 0.9 6, indicating that 96 
percent of the variability of the annual recharge r ates is explained by 
the regression relationship. The high regression co efficient of 
determination suggests that the dependence of recha rge on precipitation 
is exponential. The regression coefficients were B= -7.01967, b0 = 0.0656, 
b1 = 0.06066, and b2 = 0.07493. 
Therefore, the nonlinear multiple regression relati onship thus 
established between the recharge rates and the annu al rainfall amounts 
was used to model the variability of recharge rates . The generated 
relationship accounts for both the nonlinear depend ence of recharge on 
water levels as well as the for the dependence of t he water levels on 
antecedent rainfall (storage or persistence effects ). 
Based on the annual rainfall record for the 1899-19 94 period at Atkinson 
and using the above equation, annual recharge value s were generated for 
Butte, and are shown in Fig. 2. The maximum recharg e rate is 0.75 in/yr 
(1.91 cm/yr) and the minimum is 0.03 in/yr (0.08 cm /yr). The mean 
recharge rate is 0.12 in/yr (0.3 cm/yr) with the lo wer and upper 95% 
confidence limits of 0.097 and 0.137 in/yr (0.25 an d 35 cm/yr). The 
median of the data is 0.092 in/yr (0.23 cm/yr), wit h the lower and upper 
95% confidence limits of 0.078 and 0.102 in/yr(0.2 and 0.26 cm/yr). The 
distribution of the recharge rates can be best appr oximated by the 
lognormal distribution, therefore the long-term ave rage recharge rate is 
best estimated with the median of the data which is  0.09 in/yr (0.23 
cm/yr). The maximum recharge rate which occurred in  1993 has a 100-yr 
return period approximately. 
Fig. 2 
TRANSPORT SIMULATIONS 
Mathematical Derivation 



If the rate of recharge varies from year to year, t he mass flux of 
nuclides leaching from the waste area also varies w ith time. A simplified 
and conservative description of nuclide transport u nder these conditions 
can be obtained by neglecting transport through the  vadose zone and 
assuming that nuclides from the waste storage area reach the water table 
instantaneously. If we assume that the flow through  the saturated zone 
remains constant in time, and that the nuclides rea ching the water table 
mix vertically within the uppermost saturated layer  providing a pathway 
to the site boundary receptor, then the variable-in -time recharge and 
associated nuclide flux produce a variable concentr ation source at the 
water table, with the concentration varying in prop ortion to the rate of 
recharge. Under these assumptions the effect of a v ariable source on 
concentrations at the site boundary receptor can be  evaluated with the 
aid of an analytic solution of the one dimensional transport equation. 
This equation provides a simplified description of transport in the 
saturated zone under the assumption that flow is un iform, the aquifer is 
homogeneous, and there is no lateral dispersion. Th e transport equation 
used for this purpose accounts for advection, dispe rsion, decay and 
retardation. The solution of the general one-dimens ional transport 
equation and its solution are listed below (1).  
The partial differential equation describing the on e-dimensional 
advective-dispersive solute transport is  
Eq.  3 
Equation (3) can be solved for the following initia l and boundary 
conditions: 
Eq. 4 
Eq.  5 
Eq.  6 
where 
 l decay constant [T-1], 
 Ca time-independent component of the boundary conc entration, and 
 Cb the time-dependent component of the boundary co ncentration 
                  [M/L3]. 
The analytical solution of Equation (3) subject to the initial and 
boundary conditions described by (4)-(6) is given b y van Genuchten and 
Alves (1) 
Eq.  7 
Because of the linear nature of the advection-dispe rsion equation, the 
solution for a time variable source, e.g. for a yea r-to-year variable 
source concentration, can be obtained with the aid of the principle of 
superposition. The solution of the transport equati on for a variable 
source obtained by superposition is given in the fo llowing section. 
For the special case where: 
a.  initial concentration Ci=0,  
b.  production rate g=0, 
c.  boundary concentration c(0,t)=C0e-lt (i.e., Ca= 0), and 
d.  decay rates m=l, 
the solution to the one-dimensional advective dispe rsive equation is 
given by: 
Eq.  8 
Furthermore, when there is no retardation (i.e., kd =0 and R=1), w=v and 
the concentration is given by: 
Eq.  9 



For the case with no decay (l=0) Eq. (8) is reduced  to the solution given 
in page 391 of Freeze and Cherry (8). 
Eq. 10a 
When the boundary concentration is variable with ti me and, at the same 
time, undergoes decay, the following model can be u sed to represent the 
boundary concentration:  
Eq. 10b 
where j = 1,...,N is a time index and N is the tota l number of time 
steps. Because Equation (3) is linear the principle  of superposition can 
be used to estimate the concentration function c(x, t). This can be 
achieved by representing the system by a series of individual boundary 
concentrations (Cj - Cj-1) for the time intervals [ tj-1,tj] and summing 
up the contribution of each: 
Eq. 11 
where Dtj=t-tj is the time since the concentration c(o,t) = Cje-lt is 
imposed at the boundary. 
Simulation Results 
The analytic solution was used to compare concentra tions at the site 
boundary receptor for a time dependent source scale d in proportion to the 
year-to-year variable recharge and for a constant s ource scaled in 
proportion to the recharge rate for the bounding ca se analysis (0.18 
in/yr, 0.46 cm/yr). It is noted again that this cal culation accounts for 
transport through the saturated zone only. The addi tional travel time and 
attenuation through the vadose zone will lead to lo wer concentrations 
than those obtained from the calculations. 
The variables used in this simulation are represent ative of the 
conditions observed at the site. Specifically the f low velocity was 
assumed to be equal to 3 m/year (~10 ft/year) and t he dispersivity equal 
to the longitudinal dispersivity value of 5 m. The source concentration 
was assumed to vary in proportion to the rate of th e recharge for the 94 
years of the synthesized recharge record. It is als o assumed that the 94-
year cycle repeats itself. Figure 3 shows the varia bility of the assumed 
source over a period of 500 years. Figure 3 also sh ows the calculated 
concentrations at a distance of 250 m (~ 820 ft) fr om the source, a 
distance representative of the distance between the  B/C cells and the 
north site boundary. The results presented in Fig. 3 are for three 
combinations of parameters corresponding to: 
Fig. 3 
  non-retarded nuclides with very long half-lives, i.e. practically non-
decaying nuclides such as iodine and technetium (Fi g. 3b), 
  carbon-14 with kd=0.1 ml/g and a half life of 572 3 years (Fig. 3c), and 
  americium with kd=0.1 ml/g and a half life of 459  years (Fig. 3d). 
Figure 3 shows also the solution for a constant-in- time source 
corresponding to a recharge rate of 0.18 in/yr (0.4 6 cm/yr). The 
concentrations presented in Fig. 3 are normalized b y the initial 
concentration of a source associated with a nuclide  mass flux form the 
waste area corresponding to a recharge rate of 0.18  in/yr (0.46 cm/yr). 
As can be seen from Fig. 3, in all cases the soluti on obtained for the 
constant recharge of 0.18 in/yr (0.46 cm/yr) is bou nding the solution for 
the year-to-year variable recharge rate, despite th e fact that few 
individual recharge values, representing extremely wet years, are higher 
than 0.18 in/yr (0.46 cm/yr). 
CONCLUSIONS 



The effect of the annual variability of recharge ra tes on concentrations 
at the site boundary receptor was evaluated by comb ining the results of 
the local ground water flow model with 94 years of hydrologic data to 
synthesize a record of recharge rate, and then empl oying an analytic 
solution of the one-dimensional transport equation to calculate 
concentrations under two different conditions. Conc entrations were 
estimated first for a year-to-year variable mass fl ux of nuclides, 
proportional to the synthesized annual recharge rat es, and then for a 
constant mass flux corresponding to the recharge ra te of 0.18 in/yr (0.46 
cm/yr), used in the bounding case analysis. These c alculations account 
for transport through the saturated zone only. The additional travel time 
and attenuation through the vadose zone will lead t o lower concentrations 
than those obtained from the calculations. The calc ulations were repeated 
for several combinations of parameters correspondin g to those that 
describe the major contributors to the dose, i.e. t echnetium, iodine, 
carbon-14 and americium. In all cases the calculate d concentrations for 
the recharge rate of 0.18 in/yr (0.46 cm/yr) were h igher than the peak 
concentrations for the variable recharge rate, even  though few individual 
recharge values, representing extremely wet years, were higher than 0.18 
in/yr (0.46 cm/yr). 
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ABSTRACT 
Approximately 230,000m3 of defense nuclear wastes i s stored in 
underground tanks at the US Department of Energy si te in Hanford, 
Washington. Retrieval and pretreatment will lead to  a low level waste 
stream that contains sodium nitrate and nitrite sal ts in a highly 
alkaline liquid slurry. Westinghouse Hanford has be en evaluating 
alternative vitrification technologies for treating  this low level waste 
stream. GTS Duratek and the Vitreous State Laborato ry of the Catholic 
University of America demonstrated low temperature vitrification (11500C) 
on the DuraMelterTM 100 and 1000 joule-heated vitri fication systems. The 
Hanford LLW simulant was successfully vitrified at sustained feed rates 
that were twice the nominal capacity of the melters . Approximately 610 kg 
and 10,700 kg of glass was produced in the DuraMelt erTM 100 and 1000 
tests, respectfully. All glasses produced far excee ded stated leach 
resistance requirements. The off-gas system perform ed effectively with 



reduced nitrogen oxide emissions, and final particu late and metal 
emissions from the process were all below measurabl e and regulatory 
limits. 
INTRODUCTION 
There are 177 underground storage tanks storing app roximately 230,000 m3 
of defense nuclear wastes containing 242 MCi of rad ioactivity at the U.S. 
Department of Energy (DOE), Hanford site in Washing ton State. The Tri-
Party Agreement (TPA) signed between the U.S. Envir onmental Protection 
Agency (EPA), the DOE, and the Department of Ecolog y, Washington State, 
calls for separating this waste into a high-level a nd low-level 
radioactive fractions and then stabilizing these fr actions. The low-level 
radioactive waste stream will consist mainly of sod ium nitrate and 
nitrite salt in a highly alkaline liquid/slurry. Vi trification has been 
selected as the treatment technology for this waste  stream which will 
produce approximately 400,000 metric tons of vitrif ied waste. Seven 
vendors, selected by Westinghouse Hanford Company ( WHC) conducted tests 
of several alternative vitrification methods on a n on-radioactive 
surrogate for this waste. 
This paper presents the findings obtained from the melter tests using the 
WHC supplied simulant performed by the Vitreous Sta te Laboratory of 
America of the Catholic University of America (VSL)  and GTS Duratek, Inc. 
(GTSD). These tests were carried out in GTSD DuraMe lterTM 100 and 
DuraMelterTM 1000 vitrification systems at the VSL.  The first test was 
carried out on in late September 1994 with the Dura MelterTM 100 and 
satisfied a TPA September 30, 1994 milestone. 
TEST OBJECTIVES  
 The primary objectives of the test were: 
  Conduct proof of principle tests to demonstrate t hat the DuraMelterTM 
vitrification systems will process a highly alkalin e, high 
nitrate/nitrite, LLW feed and produce a glass of co nsistent quality. 
  Demonstrate a practical and reliable feed system.  
  Demonstrate the ability to produce a durable, hom ogenous glass with a 
target composition. 
  Determine specific requirements for feed preparat ion, secondary waste, 
and off-gas treatment systems. 
  Describe general operating behavior during the te sts including upsets 
and operating problems. 
  Collect mass balance data across the system for p otentially volatile 
components such as Cs, Na, B, K, Mo, to determine p artitioning of these 
components between the glass, condensed deposits, o ff-gas entrained 
particulates, and scrub solutions. 
  Measure NOx and SOx concentrations, flow rates, a nd quantities and 
composition of entrained particles. 
  Collect data to assess melt characteristics inclu ding phase separation, 
foaming events, cold cap behavior, etc. 
  Collect glass samples throughout the tests for as sessment of glass 
composition consistency and uniformity as well as l each resistance 
testing. Collect feed, product glass, off-gas scrub  solutions, and off-
gas sampling every few hours after steady state ope ration achieved to 
supply WHC for analysis and archiving. 
  Perform pre-test and post-test inspection of equi pment to identify 
solids buildup, deposits, plugging, corrosion, eros ion, refractory wear, 
electrode wear, and equipment damage. 
SCOPE OF TESTING 



A series of crucible melts was completed first and each characterized for 
key processing information such as melt viscosity, electrical 
conductivity and liquidus temperature. PCT tests we re conducted to assure 
that the selected composition met the WHC requireme nt for a normalized 
sodium release of below 1 g/m2/d. The results, obta ined by the VSL and an 
independent analysis by the Pacific Northwest Labor atory, showed the 
glass to be well within this criterion 
Two DuraMelterTM systems were used for these tests which allowed a factor 
of ten scaling (nominal glass production rates of 1 00 and 1000 kg/day, 
respectively) in the data sets. The operation of th e smaller DuraMelterTM 
100 first provided information which was useful in the operation of the 
DuraMelterTM 1000. The smaller system is large enou gh that the general 
behavior is similar to the larger system and is sca lable. The power 
supply for the smaller melter has greater connected  power relative to 
melter volume than the power supply for the larger system. This would 
have allowed higher relative production rates to be  investigated int he 
smaller system if connected power was the controlli ng factor. Production 
rates of over twice the nominal values were comfort ably demonstrated and 
higher rates were certainly achievable. 
The DuraMelterTM 100 
The DuraMelterTM 100 is a Joule-heated ceramic-line d melter with a 
nominal glass melting rate of 100 kg/day. The actua l melting rate depends 
upon a variety of factors such as composition of fe ed, melter 
temperature, glass properties (viscosity etc), rate  of bubbling (mixing), 
and other operational parameters. This melter is ap proximately 3 feet by 
3 feet with a discharge chamber on one side that is  1.5 feet by two feet. 
The glass refractory is a Monofrax K3 refractory wh ich forms a 14" by 14" 
melt pool. The normal glass depth is maintained at 15" and the K3 
refractory extends several inches above that level.  There are two 1" 
thick flat plate Inconel 690 electrodes on opposing  walls of the melt 
chamber. The surface area of each electrode is 162 square inches. The 
resultant glass volume is 2500 cubic in. (41 liters ). This is 100 kg for 
a glass with a density of 2.5 g/cm3. There is a 15"  air space between the 
melt surface and the ceiling. The melter contains a n inner shell to 
prevent leakage of any molten glass into the layers  of insulating 
refractory. The melter has three drains, one is on the bottom for direct 
discharge of the entire melter, one is a side disch arge to drain any 
floating, secondary phases and the third drain exit s the bottom through a 
side port and riser to a pour trough. This, along w ith an air lance, 
forms an airlift, which is activated by bubbling ai r through the air 
lance. Glass drains through the pour trough into th e waste container that 
is sealed to the discharge flange. 
The melter uses a patented bubbling system to promo te mixing and increase 
the melt rate. This bubbler is designed to produce a curtain of bubbles 
rising form the melter floor between the electrodes . This not only mixes 
the glass pool, it also keeps the melt well oxidize d. 
The off-gas system consists of a melter exhaust fil m cooler, evaporative 
quencher, packed bed scrubber, air reheater, heated  air dilution port, 
air-jet bag filter and HEPA filter units. The off-g as systems for both 
DuraMeltersTM are functionally identical. Both are designed to treat 
particulate, aerosol, and acidic gaseous emissions other than NOx.  
The DuraMelterTM 100 was successfully operated with  a slurry feed system 
as well as the larger DuraMelterTM 1000 system. Sev eral feed additives 
were evaluated with respect to their effects on emi ssions and based on 



these tests, urea was selected as the primary addit ive to reduce NOx 
emissions. 
The DuraMelterTM 1000 
The DuraMelterTM 1000 is very similar in design to the DuraMelterTM 100 
and is more than an order of magnitude greater in s ize. The nominal 
production capacity is 1000 kilograms per day but a ctual production 
capacity may but much larger depending on feed comp osition and operating 
conditions. This is also a Joule-heated melter with  a pair of Inconel 690 
electrodes on opposing walls. The outside dimension s are approximately 6 
3/4 ft. by 6 3/4 ft. By 9 ft tall with a 2 ft. By 4  ft. Discharge chamber 
on one end. The surface of the glass pool is 42" by  42" and is nominally 
38" deep. The melt volume is 67,000 cubic in. (1100  liters) of glass at a 
density of approximately 2.3. The refractories are contained in an inner 
shell with penetrations for drains and electrodes. The melter has a 
bottom drain and the normal drain via an airlift. T he off-gas system is 
functionally similar to the DuraMelterTM 100. 
Off-Gas Monitoring and Sampling 
Off-gas monitoring and sampling was performed by CU A-VSL staff and a 
certified air monitoring laboratory. Two different monitoring modes were 
performed: continuous emission monitoring (CEM) of the gaseous compounds 
NO, NO2, SO2, O2, CO, and total hydrocarbon concent ration (THC), and 
standard isokenitic sampling for metals and particu lates. Periodically, 
VSL staff monitored HCl and NH3 during the DuraMelt erTM 1000 steady state 
run.  
Glass Formulation 
A series of formulations consisting of glass-formin g additives and 
chemicals representing the waste stream were prepar ed. The target glass 
was to have the following characteristics: waste lo ading of 25 wt% 
(corresponding to sodium oxide at 20 wt%); viscosit y below 100 poise at 
melt temperatures between 1100o C and 1150oC; elect rical conductivity 
between 0.3 and 0.5 Siemens/cm at melt temperature;  liquidus temperature 
below 950oC; and normalized Product Consistency Tes t (PCT) release rates 
below 1 g/m2/d. Five separate glasses were prepared . All met the above 
conditions and the one that exhibited superior proc essing rates and good 
PCT performance was chosen. 
DuraMelterTM 100 Runs 
Prior to the start of the first run, the melter was  flushed (three 
turnovers) with the Hanford simulated waste feed to  remove the standby 
glass before the start of the steady-state tests. T he turnover runs 
occurred between September 21-24, 1994 and the stea dy-state runs between 
September 26-29, 1995. Approximately 300 kg of glas s were produced in the 
turnover and steady-state periods from approximatel y 370 liters of feed 
for each of these runs. The average glass productio n rate for the steady-
state run was 7.7 kg/hr which is above the nominal 100 kg/day production 
rate. The primary consumption of energy is through the electrodes, the 
lid heaters and the discharge chamber heaters. The average power usage 
was 33 kW (4.3 kWhr per kg glass produced).  
Two of the glasses produced during the steady-state  run were subjected to 
PCT leach test procedure by the United States Geolo gical Survey (USGS). 
Leach rates were well below the SRL-EA standard gla ss. The normalized 
average leach rates for sodium were approximately o ne order of magnitude 
below the 1 g/m2/day goal. Corrosion tests were per formed on coupons of 
the following melter materials: Inconel 690, Incone l 601, K-3 brick, and 



Zirmul brick. On visual inspection at the conclusio n of the tests, there 
did not appear to be any sign of corrosion of any o f these coupons.  
DuraMelterTM 1000 Runs 
The melter was flushed with Hanford simulated waste  feed for three 
turnovers to establish the starting conditions for the test. The steady-
state run was conducted on January 19-21, 1995. App roximately 7000 kg of 
glass was produced in the turnover run and 3700 kg of glass was produced 
in the steady-state run (from 4500 and 3500 liters of feed respectively). 
The average production rate during the steady-state  run was 1800 kg/day, 
well above the nominal 1000 kg/day production rate.  Unlike the DuraMelter 
100 run, there was significant drum-to-drum variati on in the nature of 
the supplied simulant. The total average power cons umption for the 
electrodes, lid heaters and discharge chamber heate rs was 145 kW or a 
power consumption rate of 2 kWhr per kg of glass pr oduced during the 
steady-state runs. This rate is about half of the r ate for the smaller 
melter. The fraction of the total power supplied to  the lid and discharge 
heaters is considerably smaller for the larger melt er, as is also the 
effect from thermal losses. The leach rates from th e PCT were well below 
that of the SRL-EA standard glass and the leach rat es for sodium were 
more than one order of magnitude below the goal of 1 g/m2/day. 
NOx Emission Control 
The LLW stream at Hanford contains significant amou nts of nitrogen in the 
form of nitrates and nitrites. Various NOx treatmen t options were 
investigated in several sets of experiments. NOx re moval of over 50% was 
demonstrated with liquid scrubbing alone although t his process is highly 
dependent on the residence time of the gasses in th e scrubbing tower ant 
he temperature of the scrubbing solution (the lower  the temperature the 
greater the amount of NOx removed). Spraying hydrog en peroxide into the 
gas stream at vaporizing temperatures was observed to lower the NOx 
emissions by an order of magnitude. Urea addition a lso proved to be very 
effective to lowering the NOx emissions to 5% of th e original amount. The 
effectiveness of the urea addition depended upon th e size of the coldcap 
on the glass. As the cold cap increased to 100%, th e NOx emissions 
increased by a factor of four. 
SUMMARY AND CONCLUSIONS 
The melters were successfully operated to demonstra te the vitrification 
of Hanford LLW simulant. The objectives detailed in  the WHC test plan 
were met during the turnover and steady-state runs.  The feed rate that 
was achieved and maintained was nearly twice that o riginally planned. 
Excellent material mass balance were achieved for t he steady-state runs 
which shows minimal carry over from the melter. Ure a was effective in 
reducing the NOx emissions-forty to fifty per cent of the nitrogen 
entering the DuraMelterTM 1000 was decomposed to N2  in the plenum area 
with no additional engineering controls. 
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ABSTRACT 
The suitability of a cyclone furnace was investigat ed for the 
vitrification of a low level radioactive, high sodi um content waste 



simulant. Vitrification was accomplished by blendin g the waste simulant 
with glass formers prior to thermal treatment. The simulant and glass 
former recipe was designed to achieve a "target" co mposition in the glass 
that was anticipated to yield a glass with suitable  properties for long 
term disposal, a durable glass not susceptible to l eaching of any of its 
constituents. The primary objective, the demonstrat ion of continuous 
glass production for over 24 hours was successfully  completed. The 
process streams, feed solids, off-gas solids, and g lass, were subject to 
material balances, chemical analyses, and microanal ytical analyses, and 
provided information which will be useful toward se lecting process 
modifications leading to process improvements in fu ture testing. 
The off-gas solids (cyclone carryover) are comprise d of mechanical 
carryover and volatile carryover. Mechanical carryo ver are injected feed 
solid particles which escape the cyclone furnace th rough physical 
entrainment with the combustion gases. Volatile car ryover are glass 
constituents which vaporize off the glass stream at  high temperature, 
enter the off-gas stream and condense at cooler tem peratures downstream 
to contribute to the cyclone carryover. During the Demonstration Test, 
approximately 32% of the total carryover was due to  vaporization, and 68% 
was mechanical carryover. Therefore, total cyclone carryover was enriched 
in the volatile constituents B, K, and Na. With 26. 7% of the total solid 
feed partitioning to the cyclone carryover during t he Demonstration Test, 
72.5% of the B, 54.5% of the K, and 43.0% of the Na , partitioned to the 
cyclone carryover. Mechanical carryover is expected  to have a composition 
very close to the target composition. However, vola tile carryover caused 
significant deviations of the actual glass composit ion from the target 
glass composition. In addition, the high Al content  furnace refractory 
was physically and chemically eroded, and blended i nto the glass stream. 
Microanalytical analyses of the glass indicate macr oscopic 
inhomogeneities caused by refractory contamination,  but with relatively 
homogenous regions comprised of glass formed from f eed solids. As a 
result of the deviations from the targeted glass co mposition, leach rates 
of several glass constituents which were determined  by the Product 
Consistency Test were actually lower than the ideal  laboratory glass with 
the targeted composition. 
INTRODUCTION 
The Department of Energy (DOE) Hanford Site, coveri ng a 560 square mile 
area of Washington state's southeastern desert, was  constructed during 
World War II to produce plutonium for atomic weapon s. The storage of 
large quantities of hazardous and radioactive waste s occurred at this 
site during the cold war period. This ultimately le ad to the Hanford 
Federal Facility Agreement and Consent Order, also known as the Tri-Party 
Agreement in 1989 among the State of Washington Dep artment of Ecology, 
the U.S. Environmental Protection Agency (EPA), and  the DOE. This 
agreement established a multi-phase program to clea n up the site over a 
30 year period. As part of this program, the DOE co ntracted the 
Westinghouse Hanford Company (WHC) to coordinate an d evaluate seven 
technologies to convert 60,000,000 gallons of low l evel waste, separated 
off from underground storage tanks, into a silicate  glass. The 
technologies currently under evaluation include jou le, slagging furnace, 
plasma, and carbon arc melters. This paper covers r esearch performed by 
the Babcock and Wilcox Company on the applicability  of the cyclone 
furnace for the vitrification of the low-level radi oactive liquid waste. 



The cyclone furnace is a B&W designed high intensit y slagging combustor 
originally designed for the combustion of low grade  coals. The cyclone 
furnace has been used for commercial steam generati on since the 1940s. 
However, more recently, the cyclone combustor has b een investigated for 
its applicability in the thermal treatment and vitr ification of hazardous 
waste. To date, B&W research in cyclone vitrificati on includes the 
treatment of dry soil contaminated with organic com pounds, dry soil 
contaminated with organics and radionuclide surroga tes, an industrial 
waste sludge, and a simulated Hanford low-level was te, the subject of 
this paper. The most comprehensive of the previous studies was the U.S. 
Environmental Protection Agency (EPA) Superfund Inn ovative Technology 
Evaluation (SITE) Demonstration (1). 
The Small Boiler Simulator (SBS), a B&W pilot scale  facility was 
constructed to simulate the gas side environment of  large utility boilers 
for the purpose of research and development on equi pment utilized on 
these systems. With the SBS in its cyclone fired co mbustion mode, slag 
forms from the inorganic constituents of the coal. Since the cyclone was 
designed to produce molten slag from the coal ash, it was thought that 
the cyclone had potential application in the vitrif ication of hazardous 
inorganic wastes. Based on the positive results fro m B&W's early cyclone 
vitrification studies, the cyclone furnace was asse ssed for its potential 
for the vitrification of Hanford low level tank was te using a simulated 
liquid radioactive waste formulated and prepared by  WHC. 
Figure 1 illustrates the SBS cyclone vitrification configuration utilized 
in Phase I of the current program. Vitrification wa s achieved by mixing 
the simulated waste with glass formers before intro ducing the mixture 
into the cyclone. Glass formers included boric acid , coarse sand, fine 
sand, hydrated alumina, and limestone. The various glass melter 
subsystems include the feed system, the cyclone fur nace (glass 
generator), the SBS radiant furnace and convective pass, and the back-end 
cleanup system including a pulse jet baghouse and d ry scrubber. The feed 
system maintains a well mixed waste slurry (glass f ormers and waste 
simulant), and pumps the slurry into a cyclone comb ustor through a feed 
injector that propels the slurry toward the hot cyc lone walls. The SBS 
radiant furnace and convection pass extract heat fr om the flue gas to 
lower flue gas temperature while boiling water to g enerate steam. The 
baghouse removes essentially all particulate, and t he dry scrubber 
removes acid gases from the flue gas. The locations  for sampling molten 
glass, and solids that escape through the convectiv e pass with the flue 
gas are also depicted in Fig. 1. Chemical analyses of these samples were 
necessary to perform the material balances presente d in this paper. 
Fig. 1 
OBJECTIVES 
The primary goal of Phase I was the execution of a 24-Hour Demonstration 
Test to generate a vitrified product of a surrogate  waste specified by 
WHC. Additional objectives of Phase I were aimed at  providing key 
information for the WHC assessment of this technolo gy, and include: 
 1) Formulate a feed with the desired physical prop erties and composition 
 2) Characterize the feed and the individual feed i ngredients 
 3) Set up and check out a pilot feed handling syst em 
 4) Evaluate glass/refractory interactions and glas s build-up in the 
pilot system 
 5) Identify the flue gas composition 
 6) Evaluate volatilization and partitioning of the  constituents 



 7) Determine the glass quality and identify possib ilities for 
improvement 
 8) Provide technical inputs (engineering and life expectancy/reliability 
information). 
All the objectives were completed successfully, and  are covered by Holmes 
(2). This paper focuses on data analysis pertaining  to objectives 4, 6, 
and 7. 
RESULTS AND DISCUSSION - PARTITIONING 
In the development of this technology, the partitio ning of major and 
minor glass components between the glass and the of f-gas streams is 
important to characterize in order to establish the  basis for off gas 
treatment and material recycle. The portion of soli ds material that 
partition to the off-gas stream is called cyclone c arryover, which 
necessitates off-gas treatment to remove potentiall y hazardous 
particulate prior to emission to the atmosphere. Th e quantity and the 
nature of the off-gas particulate determine the des ign of particulate 
removal equipment necessary for proper performance.  Cyclone carryover can 
be collected for treatment as a secondary waste str eam and recycled back 
into the cyclone feed. 
The extent to which glass constituents partitioned to the flue gas (off-
gas) rather than the process glass stream was estim ated with an overall 
material balance. The following data was utilized t o perform the material 
balance: 1) calibrated feed rates of simulated wast e, fuel, and 
combustion air, 2) off-gas suspended solid concentr ations at the 
convective pass outlet by EPA method 5, and 3) elem ental analyses by 
Inductively Coupled Plasma (ICP) of feed, glass, an d carryover solids. 
The material balance is described by the following equation. 
Eq. 1 
Wfsolids:  The total estimated solids input from th e waste feed as 
oxides   (751.7 kgs) 
R:  The total weight of the refractory loss 
G:   The total glass weight collected in the quench  tank (576.3 
   kgs) 
CP:   The total solids measured exiting the convect ion pass (131.6 
   kgs) 
 g*   The fractional weight change of the volatile glass elements 
by    existing as gas phase compounds other than th e oxides. 
D:   The total weight of the deposition on internal  surfaces as 
   oxides 
Solids that deposited on internal boiler surfaces ( D) and refractory loss 
(R) from the cyclone and lower furnaces walls were not measured 
quantities. These quantities were estimated by the simultaneous solution 
of Eq. 1 and Eq. 2 shown below. 
 Eq. 2 
xAl :   The average measured mass fraction Al for t he glass 
    (0.0761) 
yAl   The average mass fraction of Al for the EPA-5  particulate 
   samples (0.0292) 
WF:   The total weight of the injected feed (DAS re corded) 
fAl:   The average "as fed" elemental Al concentrat ion of the feed 
   (0.0294). 
Equation 2 is a material balance of the element Alu minum (Al). Al was 
chosen since it comprised the major portion of the furnace refractory 
(Plibrico 88-Special ), and consequently provided t he best tracer for 



refractory contamination. The refractory manufactur er specified an Al 
content of 0.4455 mass percent. The refractory loss  (R) and solids 
deposition of internal surfaces (D) were estimated as 25.0 kgs and 80.4 
kgs respectively. Since measured solids at the conv ection pass outlet 
yielded 120 kgs as oxides, the total mass % carryov er was 26.7%, with 
40.1% depositing on internal boiler surface prior t o the convection pass 
outlet. 
Average cyclone carryover for specific elements for  the Demonstration 
Test is shown in Fig. 2, representing the overall m aterial balance. Exact 
mass recovery (100%) is expected for total mass and  Al since Eqs. 1 and 2 
must be satisfied when D and R equal 25.0 kgs and 8 0.4 kgs, respectively. 
The calculated values of D and R lead to excellent mass recoveries for 
the other elements. Recovered mass for Na, B, K, Si , and Ca amounted to 
98%, 105%, 103%, 98%, and 103% of the feed, respect ively. Feed 
concentrations were very accurate by the fact that the feed recipe 
composition was confirmed by the close agreement wi th the elemental feed 
analyses of feed samples. Since feed rates were als o accurately 
calibrated, the calculated mass of each glass eleme nt into the process is 
very accurate. Consequently, Fig. 2 shows the perce nt partitioned to the 
glass and carryover streams normalized to yield 100 % recovery of the feed 
for all elements. Since high temperature vaporizati on significantly 
contributes to the cyclone carryover, the percent e lemental carryover 
correlates with the vapor pressure of common compou nd forms of the 
respective elements. 
Fig. 2 
Trace species were selected for inclusion in the wa ste simulant to act as 
surrogates for radioactive species in the real wast e. These included Cs, 
Mo, Cl and F. Mo was the surrogate for radioactive Technetium (Tc). There 
was a detection problem in the fluorine analysis, a nd thus fluorine 
carryover is not included in these results. Average  cyclone carryover for 
Cs, Mo, and Cl were estimated for the Demonstration  Test as shown in 
Table I. 
Table I 
RESULTS AND DISCUSSION - VOLATILE VS. MECHANICAL CA RRYOVER 
Cyclone carryover is comprised of mechanical carryo ver and volatile 
carryover. Mechanical carryover is defined as the s olid particles that 
remain physically entrained in the highly turbulent  cyclone fluid flow 
and exit the cyclone with the off-gas. Volatile car ryover pertains to the 
solid glass constituents that vaporize at high temp erature. These off-
gases ultimately condense and contribute to the cyc lone carryover solids. 
Insight into what caused cyclone carryover is criti cal in determining how 
to minimize it through process modifications. For e xample, if carryover 
is predominantly volatile, it is critical to contro l the process 
temperature. On the other hand, if mechanical carry over dominates, more 
attention may be given to an optimal design and pla cement of the feed 
atomizers.  
A method was developed to approximate the relative fraction of total 
carryover that was generated by mechanical entrainm ent versus 
vaporization. It is assumed that the feed solids in itially have the 
designed target composition before any volatilizati on occurs. The feed 
recipe was formulated to produce a glass with the o ptimal (target) 
composition, and assumes that no glass constituents  will preferentially 
partition to the off-gas. This target glass composi tion was determined in 
separate laboratory studies performed by Pacific No rthwest Laboratories. 



The measured deviation of glass and carryover solid s composition from the 
target composition was a measure of vaporization of f the glass to the 
carryover, and was represented by "T" in Eq. 3. 
 Eq. 3 
yi :    Measured carryover solids mass fraction of element  
   "I". 
xt,i :    The target glass composition of element " I" 
assuming     formation of the pure oxide glass with  no 
preferential     partitioning to carryover solids. 
Ti :    The elemental mass transfer rate (kg/hr) fr om the glass 
   at the target composition to the carryover requi red to 
    achieve the measured particulate elemental  
    concentration, yi. 
Ytotal:    The total mass flow rate (kg/hr) of carr yover. 
bj:    For Na, B, and K only (major volatile consti tuents). 
 j :    Mass conversion factor for element j to its  assumed 
    compound form in the oxide glass (i.e. Na2O, B2 O, 
    K2O). 
(Ytotal /g - SbjTj):  The mass flow rate (kg/hr) of  mechanical carryover 
as     oxides. 
The equation above represents six separate equation s for each of the 
major glass elements. Since the volatile loss of Si , Al, and Ca are 
negligible relative to B, Na, and K, only these vol atile elements are 
included in the summation term. Each solution set " Ti" applies to an 
hourly data set acquired during the demonstration t est or a preliminary 
scoping tests. 
An estimate of mechanical carryover is computed as the total carryover 
minus the total volatile loss from the glass stream . Of the total 
carryover, the relative proportions of the mechanic al carryover and 
volatile carryover were estimated as 68%/32% and 63 %/37% for the 
Demonstration Test and the earlier exploratory test s, respectively. 
Mechanical carryover correlates with volatile carry over as depicted in 
Fig. 3. The rate of volatile carryover is normalize d by the maximum 
possible elemental mass transfer rate from the glas s stream (xt,i*( X+ 
SbjTj)), where X is the feed solids flow rate to th e glass stream. 
Fig. 3 
The physical basis for this correlation can be expl ained as follows. 
Through much of the preliminary exploratory testing , the accumulation of 
simulated waste feed occurred on internal cyclone s urface, often 
significantly reducing cyclone volume, and on two o ccasions causing 
shutdown due to blockage of fuel and air inlets. Th is was confirmed by 
post test inspection after these two cases. A modif ication to the fuel 
injection configuration performed prior to the Demo nstration Test 
eliminated the problem by more uniformly distributi ng the heat of 
combustion inside the cyclone melter. Low feed accu mulation cases could 
be related to relatively high heat transfer measure d to the glass melter 
water jacket during these periods where feed solids  were not insulating 
the internal cyclone walls as much. Tests for which  little accumulation 
of feed solids had occurred on the feed atomizer an d internal cyclone 
surfaces were associated with tests where mechanica l and volatile 
carryover were estimated to be high. Low feed accum ulation (an 
uncontaminated open cyclone) generated relatively h igh cyclone 
temperatures and high volatile carryover because th is condition allowed 
the maximum gas residence time for the combustion o f more fuel within the 



cyclone, and also allowed a fully developed cycloni c flow pattern which 
intensified the rate of fuel and air mixing. Low fe ed accumulation (an 
unimpeded waste feed atomizer) was also favorable t o the generation of a 
relatively fine spray aerosol which is known to inc rease mechanical 
carryover. This also increased the internal cyclone  surface area upon 
which the spray impinges and maximized heat transfe r to feed solids, 
increasing volatile carryover. Thus, high volatile carryover correlated 
well with high mechanical carryover. 
It is important to recognize that operating conditi ons during the 
Demonstration Test were not optimized to minimize c arryover. Feed rates 
during the Demonstration Test were low relative to the previous 
exploratory tests. Low feed rates were maintained b ecause there was still 
concern over the excessive accumulation of feed on internal cyclone 
surfaces before the modified cyclone furnace natura l gas firing 
configuration proved to be successful. Therefore, a s it turned out, the 
feed rates were set too low, and led to the relativ ely high gas side 
temperatures which exacerbated volatile carryover. By merely increasing 
feed rates in future testing, it is expected that v olatile carryover can 
be significantly reduced. 
It is also expected that mechanical carryover can b e reduced by optimal 
design and placement of the feed atomizer(s). The a tomizer(s) can be 
located in closer proximity to the cyclone wall in the tangentially 
oriented combustion air flow entrance. Atomizer des ign affects spray 
momentum, shape and particle size distribution whic h all should be 
optimized to achieve uniformity of feed coverage on  the cyclone's 
internal walls, and the minimization of mechanical carryover. Cyclone 
design changes such as a larger slag tap and/or a s maller exit area can 
also reduce mechanical carryover. 
RESULTS AND DISCUSSION - GLASS QUALITY 
Uniformity and homogeneity are desired physical qua lities of the process 
glass. Inhomogeneities might be indicative of a gla ss that has not 
completely formed, or has been contaminated by furn ace refractories. A 
measure of glass durability utilized in the evaluat ion of the technology 
was the Product Consistency Test (PCT). This is a s tandard procedure for 
determining the elemental leach rate from a ground glass sample into a 
mildly acidic solution. Leach rates were normalized  to the sodium content 
by dividing by the sodium mass fraction. 
To assess the homogeneity of the glass, micro-analy tical analyses were 
performed, and included Light Microscopy, Energy Di spersive X-Ray 
Spectrometry (EDX), and Scanning Electron Microscop y (SEM). Light 
Microscopy clearly showed dark streaks embedded in a homogenous phase 
which were pink regions on these images, an example  of which is depicted 
in Fig. 4. High magnification SEM revealed more phy sical details of the 
inhomogeneities, characterized as cords, streaks, a nd inclusions. EDX 
analyses of these regions together with manufacture r supplied average 
furnace refractory material compositions suggest th ese refractories are 
the source of the inhomogeneities. Physical evidenc e of refractory loss 
was also obtained by collecting refractory specimen s off the furnace 
walls, and also by photographing the lower furnace walls and cyclone 
surfaces after testing. 
Fig. 4 
SEM/EDX analyses also showed uniform homogeneous re gions where 
macroscopic inhomogeneities did not exist. The elem ental spectra measured 
in these areas showed consistency in the signal str ength intensity of the 



major glass constituents, and indicate that these a reas are comprised of 
the glass produced in the cyclone. Back scattered e lectron imaging showed 
little atomic number contrast, indicating compositi on uniformity in these 
areas. However, due to preferential elemental cyclo ne carryover, there 
was significant deviation of the glass composition from the target 
composition as Table II below illustrates. 
Table II 
The furnace refractory, predominantly Plibrico 88-S pecial, contaminated 
the glass to a significant extent due to chemical a ttack by the molten 
glass. The material balance indicated that on the o rder of 10% of the 
lower furnace refractory blended into the glass str eam. Another 
refractory material, Shamrock, was tested for resil iency by inserting a 6 
inch plug on the lower furnace water wall. It did s how improved 
resistance to chemical attack under the conditions of the test. 
An intense effort to find the most chemically resis tant refractory may 
not be the approach in the future development of th is process. It is 
believed that significant refractory loss can occur  without any 
detrimental effect to the process because of experi ence gained with coal 
slagging furnaces. The glass that blends with and p artially replaces the 
refractory should form a hard protective scale over  uncontaminated 
refractory closest to the water wall. The sharp tem perature gradient near 
the furnace water wall create sufficiently low temp eratures for this to 
occur. Refractory closest to the gas side will degr ade and blend into the 
glass stream until only molten glass comprises this  layer adjacent to the 
combustion gases. Therefore, a steady state conditi on will be reached 
where the rate of refractory loss will fall to zero . This point had not 
been reached during the Demonstration Test since th e glass samples 
acquired toward the end of testing still displayed refractory 
contamination. However, in future work, the long te rm effect of the above 
process on melter performance should be evaluated. Although this glass 
may not be as aesthetically appealing during the in itial period of 
contamination by refractory, the data shows that th is does not appear to 
adversely effect PCT results. 
A low PCT value is an indication of a stable, durab le glass. The ideal 
laboratory glass formulated by PNL (Pacific Northwe st Laboratory) 
underwent PCT analyses on its major constituents, a nd acted as a 
benchmark against which the process glass was compa red. The negative PCT 
deviation from the target glass (Table II) is attri buted to the carryover 
of Na and the dissociation of Al from the refractor y. Although PCT values 
can not be predicted for a glass with a full comple ment of Na when 
material recycle is incorporated into an integrated  process, the Na that 
was captured in the glass was reasonably well react ed on a micro scale. 
CONCLUSIONS 
  The 24-hour demonstration test was successfully p erformed, and 
therefore, feasibility has been established. A glas s product was 
continuously produced for over 28 hours. 
  The glass was macroscopically non-homogeneous, bu t was amorphous on a 
microscopic level. The macroscopic non-homogeneity of the glass is 
attributed to the blending of the alumina-based ref ractory into the glass 
stream. 
  The Plibrico refractory used in this project was prone to chemical 
attack by the glass. A Shamrock refractory plug ins erted in the system 
for comparison was more resistant to the molten gla ss. 



  Based on sample analyses performed by Corning and  USGS labs, the glass 
samples all had PCT leaching rates better than the laboratory glass. 
  The mechanical and volatile carryover are estimat ed to comprise 
approximately 68% and 32% of the total carryover du ring the Demonstration 
Test, respectively. Total carryover was roughly 26. 7% by mass of the 
injected feed solids. Preferential carryover of rel atively volatile 
compounds caused some deviation from the targeted g lass composition, but 
with no adverse effect on PCT leach rates. 
  Of the major glass constituents, boron, potassium , and sodium showed 
the highest cyclone elemental carryovers of approxi mately 72.5%, 54.5%, 
and 43.0% by mass of injected feed, respectively. 
  The trace glass constituents Cl, Cs, Mo showed cy clone elemental 
carryovers of 80.8%, 87.9%, and 59.9% by mass of in jected feed, 
respectively. 
  The relative cyclone carryover of glass elements followed the relative 
volatility of many of their gaseous compound forms.  Volatile partitioning 
was most significant for the volatile elements (B,K ,Na,Cs,Mo,Cl). 
RECOMMENDATIONS 
 As with commercial systems, refractory loss can be  expected until 
steady-state operation is reached and the refractor y is covered by a 
protective layer of glass or slag. This is typicall y the manner in which 
coal-fired utility cyclones operate. Steady state o peration in this 
regard had not been reached in the Demonstration Te st. It is recommended 
this type of operation be tested, with the glass ul timately providing 
part of the protective scale on the water wall. 
 Means for mitigating volatile carryover include su ch possibilities as 
lowering the operating temperature of the cyclone, recycling of volatile 
constituents back to the melter, using less volatil e glass formers, or 
sending volatilized constituents to the high level waste process. Phase 
II testing will determine the necessary adjustments  to the feed recipe to 
accommodate cyclone carryover and solids recycle so  that the targeted 
glass composition can be closely attained. 
 Physical entrainment losses (mechanical carryover)  from the glass were 
significant. Cyclone design changes and optimizatio n of the feed 
injection will be used to resolve this issue. 
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ABSTRACT 
Vitrified intermediate level radioactive waste was obtained during test 
operation of experimental vitrification plant at SI A "Radon". The 
behavior of borosilicate glass matrix was investiga ted in natural 
conditions simulating shallow ground disposal. Long  term tests of 
vitrified radioactive waste from nuclear power plan ts were performed in a 
shallow ground repository as well as on an open tes ting area. 
Radionuclide leaching differs significantly in natu ral conditions in 
contrast to laboratory behavior. There are many flu ctuations -as when the 
leach rate grows by an order of magnitude- after th at it remains almost 
smooth and slowly decreases as usually. Changes in leaching rates are 
greater and more frequent for open area tests. Aver age leaching factors 
were obtained for open area tests as well as for re pository tests. These 
factors can be used for long term predictions since  they take into 
account the real character of leaching.  
INTRODUCTION 
Glass now is one of the most useful and utilized ma terial. Historical 
experience of application of glass gives evidence o f high stability of 
this material and good environmental compatibility.  Certain glass 
specimens on the earth have a few millions age. Gla ss specimens from the 
moon are a few hundred million years old.  
One of the conventional functions of glass is utili zation as packaging 
for the storage of various materials including dang erous products. Glass 
was found to be an appropriate host material for th e isolation of 
radioactive waste. Most of radioactive waste compon ents can be included 
into the structure of glass. Glass incompatible com ponents can be also 
included into the glass matrix in the form of dispe rse phase. High 
physical and chemical durability of glass provides long term retention of 
radionuclides. 
Although glass was initially proposed for high leve l radioactive waste 
treatment, now vitrification is considered as possi ble process for 
intermediate level radioactive waste immobilization . Equipment to provide 
waste vitrification in this case is much simpler. R equirements for the 
glass product are not as stringent as in the case o f high level waste. 
For instance, inhomogeneities in glass are permitte d, therefore glass 
composite materials can be used to immobilize glass -incompatible waste 
(1). On the other hand, durability of glass provide s simplification of 
disposal facilities, shallow ground disposal being the most suitable. 
Long term laboratory tests as well as long term in- situ tests of waste 
glass have great importance for the assessment of v itrified waste 
behavior. Now there are many well established data on the behavior of 
waste glass in the case of high level vitrified was te (2-6). Most of 
these data can be used to understand the nature of glass behavior of 
vitrified intermediate level waste. Nevertheless so me peculiarities of 
glass products and storage conditions have to be co nsidered in this case.  
Laboratory testing of glass products is an essentia l part of waste 
management program. It provides parameters of glass  durability. However 
natural tests give the most reliable data on the re al behavior of 
materials under conditions close to those of real d isposal.  
The aim of this paper is to review the results of l ong term observation 
on the behavior of vitrified intermediate level was te under conditions 
close to those of shallow ground disposal. Two type s of tests were 
performed: the first one being in conditions simila r to shallow ground 



repository, and the second one on a open testing ar ea. These tests were 
conducted more than 7 years. 
SPECIMEN PREPARATION 
Vitrification of intermediate and low level radioac tive waste is a new 
perspective trend, providing the maximum waste volu me reduction and 
obtaining a highly durable product. SIA "Radon" beg an experimental 
vitrification of radioactive waste in the early 70' s. Borosilicate glass 
was selected as a matrix material for the immobiliz ation of waste 
components. A ceramic melter with direct Joule heat ing and capacity up to 
50 kg/h for glass mass was used for vitrification E lectrical power supply 
of the system was 150 kW, temperature in melter bei ng 1250C. Many types 
of wastes with specific activity up to 37 MBq/l and  among them wastes 
from atomic power stations with reactors WWER and R BMK were vitrified. 
Volume reduction factors for vitrification are 4,2 - 4,5. Losses of 
radioactive Cs from the melter in the process of me lting were not more 
than 3,5%. Leaching rate for Cs137 from final glass  product was within 
1,410-5 - 4,410-6 g/cm2day. Total amount of glass p roduced by ceramic 
melter constitutes more than 10 tons.  
Recently SIA "Radon" has developed a new vitrificat ion method (7). It is 
based on coreless induction melting of glass in a c old crucible. Glass 
composite materials, which contain separately radio active components in 
the form of disperse phase in the glass matrix, are  considered for 
immobilization of glass-incompatible chemical compo nents (such as 
sulphates, hard metal oxides, etc.) (8). The new vi trification plant with 
a capacity of 75 kg of glass per hour is under the test stage. 
Specimens for long term tests were selected during the experimental 
vitrification of real intermediate level radioactiv e waste from nuclear 
power plants (NPP). The initial liquid radioactive waste consists of 
aqueous sludges. About 30 - 40% of waste salts were  incorporated into 
glass The composition of glass product is given in the Table I.  
Table I 
The main radionuclides in waste were Cs137(63.2 - 8 2%), Cs134 (17 - 
35.1%), Co60 (1 1.6%), Pu239 and Sr90 (less than 0. 1%). The parameters of 
tested specimens (glass blocks) are presented in th e Table II. 
Table II 
Glass blocks were disposed for long term tests duri ng 1987 - 1989. They 
had a prismatic form.  
TESTING CONDITIONS 
Two types of testing programs were initiated at exp erimental testing site 
of SIA "Radon". The first program comprises long te rm tests of specimens 
on an open area. Obviously here the glass is subjec ted to the maximum 
influences of erosion and weathering that contribut e to radionuclide 
release (9). These tests give assessment of capabil ity of glass to retain 
radionuclides in extreme conditions related to the possible accidental 
opening of waste repository.  
Glass blocks (see Table II) were placed on stainles s steel trays (52 X 52 
cm) at 60 cm height from the surface of the ground.  They were able to 
collect all water which contacted the glass. Atmosp heric sediments that 
contacted waste glass were sampled for chemical and  radiometric analysis. 
Usually water sampling was performed twice per mont h.  
The climatic parameters of the open testing area ar e presented in Table 
III.  
Table III 



The second testing program comprises long term test s in a shallow ground 
repository. Glass blocks were placed here (see Tabl e II) on stainless 
steel trays in a loamy soil experimental burial sit e at the depth 2 - 2.4 
m. These blocks were covered first by pure bank san d to exclude direct 
contact with surrounding soil. After this glass blo cks were covered by 
host soil up to the surface of ground (see Fig.1).  
Fig. 1 
As distinguished from in-situ tests (3, 6), radionu clide sorption onto 
soil was eliminated. The trays were supplied by tra ps for the collection 
of ground water which contacted the glass. Ground w ater that contacted 
waste glass was sampled for chemical and radiometri c analysis. Usually 
water sampling was performed twice per month.  
The parameters of experimental shallow ground repos itory are provided in 
Table IV.  
Table IV 
The ground water on the testing place has a hydro-c arbonate-sodium-
calcium content with a summary mineralization of ab out 0.5 g/l.  
RESULTS AND DISCUSSION 
Due to the absence of additional sorption of radion uclides in the host 
soil (as well as in the case of open area tests) it  was possible to 
calculate leaching rates for every glass block on t he basis of the 
analysis results. In Table V one can see results of  long term tests. Here 
one can compare these parameters for 1 year testing  time and 7 years. A 
special computational method was developed to obtai n both the leaching 
factor, L, and the effective diffusion coefficient,  D, for radionuclides 
in glass (10). The main results of the computations  for two specimens are 
in Table V also.  
The leaching factor, L, takes into account the real  character of leaching 
including discontinuities in the leaching rate. The refore the leaching 
factor, L, should be used for long term predictions  of radionuclide 
losses. 
Table V 
The leaching process under natural conditions has s ome peculiarities when 
compared to laboratory testing results. The leach r ate is higher under 
open area conditions. Moreover the leaching process  is not monotonic. 
There are many fluctuations. For example, the leach  rate grows by an 
order of magnitude- after that it remains almost co nstant and slowly 
decreases in accordance with theoretical prediction . Changes in the 
leaching rate are greater and more frequent for ope n area tests.  
The changes in the leaching processes can be caused  by the generation of 
new surface regions that contact water. Actually, m any small cracks can 
be viewed on the glass surface after prolonged test s in an open area. In 
time, they form an entire network over the surface of the glass. 
Therefore the formation of cracks is responsible fo r the fluctuating 
character of radionuclide leaching. Nevertheless on e should mention that 
basically the glass status after prolonged tests re mains satisfactory and 
radionuclide retention is reliable (see Table V). 
An important value is the level of contamination of  water which contacted 
vitrified radioactive waste. Obviously this level w ill be much higher if 
the water contacts fresh regions of the glass surfa ce. Therefore in the 
initial stage, when small portions of water contact  fresh glass blocks, 
the contamination level can be high. A similar situ ation occurs in the 
case of crack formation when new contacting areas a ppear on the surface 
of waste glass.  



The specific radioactivity of water which contacted  vitrified radioactive 
waste is shown in Table VI for 1 year testing time and for the 7-th year. 
Table VI 
Only Cs-137 was detected in the exposed water. As f or chemical 
contamination one can see the results of examinatio n of ion content in 
water which contacted the glass blocks in Table VII . 
Table VII 
Changes in the ion composition of water are not sig nificant especially 
for the main ionic species.  
CONCLUSIONS 
Long term test of vitrified radioactive waste has g iven appropriate data 
on the leaching process and glass behavior under co nditions of real near 
surface disposal. The leaching is discontinuous; ho wever, radionuclide 
retention by glass matrix remains reliable. Accurat e prediction of 
radionuclide losses can be done by using results of  long term tests. 
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ABSTRACT 
Canberra designs a variety of instruments that are required to accurately 
measure the radioactivity content of large and/or c omplex sources. The 
Monte Carlo code MCNP was evaluated to determine if  it would be suitable 
to predict the performance of these instruments. A series of experiments 
was designed, starting with simple source-detector geometries and 
becoming increasingly more complex. For each geomet ry the full energy 
peak efficiency was computed with MCNP, and also me asured experimentally. 
Multiple energies (nominally 100-1500 keV) were use d for each experiment. 
The lessons learned from each experiment are descri bed, and were suitably 
incorporated into later experiments. 
Computer run time can be quite long, and therefore a geometrical biasing 
scheme was developed to make these computations mor e practical. The speed 
advantage can be a factor of 10 or greater.  
It is concluded that this technique is very powerfu l and accurate when 
properly applied. For the geometries tested, effici ency calibrations are 
accurately predicted to within 5% for simple geomet ries, and up to 15% 
for complex geometries at low energies. 
INTRODUCTION 
The primary purpose of this project was to develop a design tool for the 
evaluation of the various detector-geometry factors  as we create new 
radioactive waste assay systems. These gamma spectr oscopy systems are 
required to measure large and often complex samples . The sample sizes 
range from 200 liters to 36000 liters. It is necess ary to create the 
optimum detector placement strategy in order to ach ieve the lowest 
minimum detection limit and to minimize sample non- homogeneity errors. 
The traditional methods we have employed in the pas t (1) have used real 
detectors of varying sizes, and multiple geometries  made with radioactive 
sources. While suitable for simple [cylindrical] an d small [200 liter] 
samples, this becomes less practical as the sample size and complexity 
increases. And, the use of radioactive samples for testing and 
calibration generates radioactive waste. 
A potentially useful tool would be Monte Carlo mode ling. MCNP (2) is a 
well known general-purpose Monte Carlo code commonl y used for neutron 
transport applications. It is also capable of model ing photon problems. 
There have been a few very useful publications desc ribing the use of MCNP 
to model gamma ray spectra and efficiencies for Ge detectors (3-6). 
However, these have generally evaluated fairly simp le detector-source 
geometries, or they have not performed direct effic iency calibrations 
(6). Important issues such as what are the critical  parameters, how much 
detail is necessary in the model, etc. have not bee n studied, or 
reported.  
At a minimum, the goal of this project was to devel op a tool useful for 
relative comparisons. This tool could then be used for selecting the 
optimum size, number, type, and placement of detect ors. We could then 
also investigate the relative error associated with  non-homogeneity of 
the sample in the matrix. The ultimate goal, howeve r, is to demonstrate 
that we can accurately model these complex geometri es, and them be able 
to determine system performance prior to building t he first system. If we 
can accomplish this goal, then we can use MCNP to a ccurately and 
economically perform the primary calibration for a wide variety of sample 
conditions.  



In this report, we present the results of a detaile d study showing the 
validity of the use of MCNP to perform efficiency c alculations of complex 
geometries with Ge detectors.  
METHODOLOGY 
A sequence of different source-detector geometries was created. Six major 
geometries with a total of 16 different source-dete ctor geometries were 
modeled for efficiency determinations. These starte d with simple 
geometries, and proceeded to increasingly more comp lex geometries. The 
geometry was first modeled and the efficiency compu ted using MCNP. Then a 
multi-energy calibration source was used to develop  a traditional 
efficiency calibration for the same geometry.  
The test geometries modeled and measured for this s tudy were the 
following: 
1. Full energy peak efficiency for a small multi-en ergy gamma source 
positioned at a distance of about 40 cm and at 0, 4 5, and 90 degrees with 
respect to the axis of a 32% relative efficiency co axial Ge detector. 
2. Full energy peak efficiency for a Eu-152 multi-e nergy line source of 
80 cm in length, positioned 14 cm from the endcap o f a 30% relative 
efficiency coaxial Ge detector. 
3. Full energy peak efficiency for a multi-energy p lanar gamma source 50 
x 50 cm positioned 8 cm from the endcap of a 25% re lative efficiency 
coaxial Ge detector. 
4. Full energy peak efficiency for a series of sing le nuclide sources in 
a 1 liter water-equivalent matrix in a Marinelli be aker with a 25% 
relative efficiency coaxial Ge detector. 
5. Full energy peak efficiency for a Eu-152 point s ource successively 
shielded by 0, 1.0, 3.0, 6.1 and 9.1 cm of steel pl aced between the 
source and a 25% relative efficiency coaxial detect or. 
6. Full energy peak efficiency for a multi-energy s imulated volume source 
in a 200 liter (55 gal) drum at 4 different drum ma trix densities in a 
Canberra Q2 Low Level Waste Assay system with 3 nom inally 28% relative 
efficiency Ge detectors.  
The multi-energy source had nuclides from 88 to 183 6 keV. Eu-152 was 
analyzed for each of the lines to give data points from 122 to 1408 keV. 
The Marinelli beaker sources had energies from 60 t o 1115 keV.  
Each of the 6 experiments was performed separately and sequentially. The 
two efficiencies [modeled and measured] were compar ed. Where there were 
differences that were statistically significant and  greater than 
approximately 5%, both the calculation and the sour ce measurement were 
examined carefully. Generally, this resulted in inc reasing the complexity 
of the source and/or detector model, and then the r ecalculations were in 
better agreement. But some changes were also made i n the setup of MCNP, 
or to the code to improve performance and/or speed.  When each experiment 
was at it's best agreement, then the next experimen t was started. What 
was learned in earlier experiments was successively  applied to later 
experiments. However, we generally did not go back and try to refine the 
earlier experiments. 
MCNP CONSIDERATIONS 
The MCNP input files for all of the above geometrie s were created by 
following the standard procedure described in detai l in reference (2). 
The input files consist of four parts: a geometry p art, a source 
definition part, a material part and a tally part. 
Only the photon mode was used. Electron mode was no t used because it 
takes at least 40 times longer than that with photo n mode alone. Although 



electron transport was not simulated, the electron- induced photons were 
not neglected. A thick-target bremsstrahlung model (TTB) was used 
instead. The TTB model also generates electrons, bu t assumes that they 
travel in the direction of the incident photon and that they are 
immediately converted. The bremsstrahlung photons p roduced by these 
electrons are then banked for later transport. 
The detailed physics treatment (default MCNP choice ) for photon 
interactions was chosen for all geometries in this report. 
There are many tally types in MCNP. For our applica tion, only tally 8 
(pulse height tally) was necessary. For this tally,  the only possible 
variance reduction scheme is biasing of the source itself. 
The direction of a gamma photon at birth is determi ned by an azimuthal 
angle (0-2pi) and a polar angle (0-pi). In reality,  photons are emitted 
isotropically over 4pi solid angle. When a source i s far away from the 
detector, most of the photons will never reach the detector due to the 
low geometrical efficiency. Since there is no varia nce reduction scheme 
to shorten or terminate the life of those photons f or this tally type, 
there is much wasted calculation time. However, if one is only interested 
in the total efficiency of a detector, and if in th e energy range of 
interest the elastic (Thomson, or coherent) scatter ing is not important, 
then directional biasing schemes can be used. In th is method, only a 
small range of the azimuthal and polar angle is use d. Instead of the full 
4pi solid angle, particles are forced to be emitted  from the source in a 
direction toward the detector, and with all photons  in a cone which 
entirely encloses the detector volume. Since only a  small fraction of the 
particles are modeled (in most cases less than 10 % ), this method can 
greatly reduce the computation time. The results ar e then corrected by 
the ratio of the solid angle subtended with the bia sing cone to the 4 
total solid angle. This will then yield the same ef ficiency response as 
if no biasing was used. 
When elastic scattering becomes important (which is  more likely at lower 
energies and in heavily attenuated sources), using highly collimated 
directional biasing will result in somewhat lower c omputed "efficiency". 
If this loss is considered significant, then one mu st use the full 4-pi 
emission angle in order to achieve the desired accu racy. 
Unless otherwise stated, directional biasing was th e default method used 
for most of the MCNP efficiency calculations in thi s report. The few 
cases where this method did not give accurate resul ts are discussed.  
The MCNP output for pulse height tally is in counts  (normalized by number 
of histories at that energy) vs energy. For all the  efficiency 
calculations, the channel width was set to 1 keV. T he efficiencies are 
obtained from output files by subtracting the backg round continuum counts 
(the average of the counts in the left and right ne ighboring energy bins) 
from the peak counts. This was done with a custom s oftware routine. 
All of the experimental results were taken and anal yzed by standard 
Canberra instruments and software. Because these te sts covered over a 
year in time, various detectors, MCAs, and data ana lysis software were 
used. All MCAs were properly calibrated for energy,  and had adequate gain 
to sufficiently resolve the peaks of interest. Alth ough the spectra were 
analyzed using various Canberra software packages, all of the analysis 
algorithms used compute the full energy background- corrected net peak 
count rate for each of the relevant peaks of the sp ectra in a similar 
manner. Therefore, the results are comparable.  



In almost all of the MCNP calculations for full ene rgy peak efficiency, 
the statistical precision of MCNP calculations and experimental 
measurements was kept less than 3% to ensure the st atistical validity of 
the results.  
Three kinds of computers were used for the MCNP cal culations: DEC Alpha 
AXP (DEC chip 21064), VAX 4000 and IBM PS/Value Poi nt (Intel 486DX2-
66Hz). The ratio of the speed for these machines is  roughly 6:1:1 
(AXP:VAX:IBM ). 
RESULTS AND DISCUSSION 
Each of the experiments described in this section h as an introductory 
text description, a simple graphical portrayal of t he detector geometry, 
and a graphical presentation of the energy/efficien cy comparison, and a 
discussion of the results.  
Unless otherwise mentioned, the total number of par ticles are equal for 
each energy (equal weights are given for each energ y). However, more CPU 
time is spent on the higher energy photons because the lifetime of higher 
energy photons is usually longer than that of lower  energy photons in the 
simulation.  
Test 1: Multi-energy Small Source at Various Angles  
The detector used was a Canberra P-type coaxial Ge detector (S/N 3155). 
The detector had 32% relative efficiency at 1332 ke V. The detector 
physical size is 53.4 mm diameter and 62.0 mm lengt h. Other physical 
features of the detector (e.g. top and side dead la yer thickness', 
detector holder, detector well and groove, detector  holder and all endcap 
features) are included into the model. The source u sed in the experiment 
was a mixed gamma source in a 20 cc cylindrical liq uid scintillation 
counting vial from Analytics, Inc. (S/N 46481-121).  It contained nuclides 
with 10 energies from 88 keV to 1836 keV. Three cas es were studied: 
  source on axis at a distance 36.5 cm from the det ector endcap; 
  source 45 degrees at 48.3 cm; 
  source 90 degrees at 38.5 cm. 
The geometry and graphical presentation of the resu lts are shown in Fig. 
1. The agreement between MCNP and experimental meas urements is excellent. 
For the 0 degree angle source position, the largest  relative difference 
is 5% for all energies, and the overall average dif ference is 3%. This 
geometry is straightforward to model since the shap e of the materials, 
such as the Al endcap and detector dead layer betwe en the source and the 
detector, is cylindrical. For 45 degrees, the large st relative difference 
is 6% for all the energies and the overall average difference is 2%. For 
90 degrees, the largest relative difference is just  slightly higher at 
7%, and the overall average difference becomes 4%. For the off-axis 
geometries, we found it necessary to add many more features to the 
detector model (holder, endcap, side dead layer, et c.) in order to 
achieve the results shown.  
Fig. 1 
Test 2: Eu-152 Line Source 
Although in the previous geometry both the source v olume and density were 
included in the model, the distance effect makes it  more or less like a 
point source. The objective of this geometry is to see how accurate MCNP 
is when the source is extended linearly. 
The detector used was a Canberra P-type coaxial Ge detector (S/N 3202). 
The detector had 30% relative efficiency at 1332 ke V. The detector 
physical size is 53.0 mm diameter and 59.5 mm lengt h. The source used in 
the experiment is a Eu-152 line source from North A merican Scientific, 



Inc. (S/N A0980). The activity of the source was un iformly distributed in 
an epoxy matrix with a density of 1.07 g/cc and cas t in 6.53 mm O.D. 
Tygon tubing. This tubing is then inserted into rig id plastic tubing with 
an overall length of 80 mm and an outer diameter of  10.3 mm. The source 
was placed horizontally, 14 cm above the detector A l endcap and supported 
by a plastic disk. The detector axis passes through  the center of the 
line source. All of these factors were included in the model. 
The initial results indicated an average 17% bias b etween the 
experimental data and the calculated results. Addit ional features to the 
model, and repeated measurements of the line source  did not change the 
bias. Other detectors were used for both MCNP and e xperimental 
measurements and gave the same bias. But a summatio n of point source 
measurements done to simulate the line source had q uite good agreement 
with the MCNP data. This led us to suspect the cali bration source 
accuracy. This was later confirmed by the manufactu rer with an amended 
calibration certificate.  
The test geometry are shown in Fig. 2(a) and the fi nal results are shown 
in the graph of Fig. 2, middle data set. The agreem ent is excellent at 
all energies, with largest relative difference of 3 % and overall relative 
difference of 2%. 
Fig. 2 
Test 3: Mixed Gamma Plane Source 
This experiment is intended to extend the calibrati on validation from a 
one dimensional source to two-dimensional planar la rge area source. 
The detector used was a Canberra P-type coaxial Ge detector (S/N 3313). 
The detector had 25% relative efficiency at 1332 ke V. The detector 
physical size is 52.0 mm diameter and 53.0 mm lengt h.  
The source used was manufactured by North American Scientific, Inc. It is 
a thin (1mm) source with an area of 50 x 50 cm, bac ked by a support plate 
for a total thickness of 1 cm. It was placed 8 cm a bove the Al endcap of 
the detector. The source is supported by a 10.2 cm I.D. 0.64 cm thick 
plastic pipe. All of these geometrical factors were  included in the 
model.  
The test geometry is shown in Fig. 2(b), with the g raphical results in 
Fig. 2, bottom data set. The largest relative diffe rence is 10%, and the 
overall difference is 6%. There is a positive bias of approximately 7% in 
the MCNP efficiency over the source efficiency. It is unclear what is 
causing this bias. The two likely possibilities are  that the source has a 
non-uniform distribution in the source plane, or th at the source activity 
is different than on the source document, as in the  line source case. 
However, by the time this was identified, the sourc e was no longer 
available for re-calibration to verify these hypoth eses.  
Test 4: Marinelli Beaker Source 
This common geometry is an additional extrapolation  of the extended plane 
source in experiment 3, but with a moderately thick  sample.  
The detector used was a Canberra P-type coaxial Ge detector (S/N 3313). 
The detector had 25% relative efficiency at 1332 ke V. The detector 
physical size is 52.0 mm diameter and 53.0 mm lengt h. Three Marinelli 
beaker sources made by Analytics, Inc. were used (C s-137 for 662 keV, Am-
241 for 60 keV, and Zn-65 for 511 and 1115 keV). Th ese sources are 
specifically chosen to eliminate coincident summing  effects in the 
experimental data for this high efficiency geometry . The source volumes 
are all 1 liter with matrix density of 1.09 g/cc. T he source sits right 



on top of the detector. No directional biasing was used because this is a 
relatively high efficiency geometry.  
The test geometry is shown in Fig. 2(c) and the res ults are in the graph 
of Fig. 2, top data set. The agreement between MCNP  and experiment is 
excellent. All the relative differences are within the statistical 
uncertainty given by the source and MCNP calculatio n. The largest 
relative difference is 4 % and the overall differen ce is 2 % with an 
uncertainty of 2.5 %. 
Test 5: Heavily Shielded Mixed Gamma Source 
The objective of this test is to evaluate the abili ty of MCNP properly 
calculate the effect of heavily attenuated sources.  This is also 
important for successful calibrations of very thick  sources.  
The detector used was a Canberra P-type coaxial Ge detector (S/N 3313). 
The detector had 25% relative efficiency at 1332 ke V. The detector 
physical size is 52.0 mm diameter and 53.0 mm lengt h. The source was made 
by North American Scientific, Inc. The activity of the source is 
contained on a 1 mm diameter resin bead in the cent er of a 2.5 cm 
diameter by 0.64 cm thick plastic disc. Attenuators  made of steel disks 
with thickness' of 0.0, 1.0, 3.0, 6.1 and 9.1 cm we re placed between the 
source and the detector. The steel shield disks hav e a radius of 10 cm. 
The shield is supported by a 10.2 cm I.D. 0.64 cm t hick plastic pipe and 
a Eu-152 button source was placed right on top of t he shield. All of 
these are included in the model.  
The test geometry and the graphical results are sho wn in Fig. 3. The low 
energy data points are missing in the 6.1 and 9.1 c m cases because the 
corresponding experimental and MCNP lines are almos t completely shielded. 
For 0 cm thickness, the agreement between experimen tal and MCNP results 
is excellent with the largest difference of 3 %. Ev en at the maximum 
thickness where there is 99.9% attenuation, the agr eement is still very 
good (within 6%) and all data are individually stat istically acceptable.  
Fig. 3 
Test 6: Multiple Line Sources in a 55 Gallon Drum i n a Canberra Q2 System 
with Three Detectors 
This experiment was designed to demonstrate the cap abilities of MCNP to 
accurately model very complex sources.  
The Q2 counter is a standard nuclear waste assay sy stem designed and 
manufactured by Canberra. It is shown schematically  in Fig. 4(a). The 
typical size of the steel shield is nominally 100 x  100 x 100 cm with a 
wall thickness of 16 cm. A 200 liter drum which con tains the sample to be 
assayed sits on a rotating table. The standard syst em is equipped with 3 
vertically aligned Ge detectors viewing the sample radially through holes 
in one of the shield walls. The drum is rotated abo ut the axis multiple 
times during the measurement.  
Fig. 4 
The Ge detectors used are Canberra standard coaxial  (S/N 3292, 3277 and 
3290) with similar sizes (50 mm O.D. and 45 mm leng th) and similar 
performance (28 % relative efficiency at 1332 keV).  
The calibration geometry used by Canberra is shown in Fig. 4(b). It is 
intended to simulate a uniformly distributed source , but without the 
expense of constructing 4 different radioactive cal ibration drums. Six 
line sources are placed at 6 different radial posit ions in a non-
radioactive drum. The radial distances are each at the center of 6 
concentric hollow cylindrical volume elements, with  each volume element 
containing 1/6 of the drum volume. Four different n on-radioactive drums 



have been constructed, each with a different densit y. They have standard 
200 liter drum shells, and are filled with foam (0. 02 g/cc), cellulose 
board (0.43 g/cc), particle board (0.75 g/cc) and s and (1.70 g/cc).  
This is a relatively difficult geometry to model be cause of the number of 
components involved. The cross sectional view of th e 200 liter drum is 
shown in the top drawing of Fig. 4(b). The line sou rces are Eu-152, 
similar to those used in experiment 3. The source i s enclosed in a 
plastic tubing of 7/8" O.D., 11/16" I.D. and 33" le ngth. The drum rotates 
with a constant velocity through many rotations whi le being counted. But, 
since MCNP is not capable of simulating a rotating source, the 6 rotating 
line sources in the drum were approximated by 6 uni form cylindrical 
sources with zero thickness. The plastic tubes and source matrices were 
modeled by adding the appropriate cylindrical layer s outside the drum as 
shown in the bottom drawing of Fig. 4. Since the si x Eu-152 line sources 
have similar activity (about 3 % difference). The g ammas have equal 
probability to be emitted from the cylindrical sour ce surfaces. 
Because of the low geometric efficiency, and the hi gh probability for 
photon absorption, the calculation time would be ex tensive, even when the 
standard directional biasing is used. The MCNP gene ral purpose source 
definition input card only allows the user to bias all of the photons in 
a single direction and within a single conical angl e. But, since the 
geometry is quite variable depending upon the start ing location of the 
photon in the source, it was necessary to prepare a  special subroutine to 
more efficiently do this task. In this subroutine, each photon is focused 
toward the detector in it's own biasing cone. The s ize of the biasing 
cone is variable, and depends upon the location of the origin of the 
photon. The cone completely encompasses the detecto r. The biasing 
fraction is for each photon is cumulated during the  run. After the 
computations are complete, the biasing is removed w ith this cumulative 
factor.  
The results are graphically displayed in Fig. 4. Fo r densities 0.02, 0.43 
and 0.76 g/cc, except the energy 122 keV, the agree ment between MCNP and 
experiment is quite good. Except for the 122 keV da ta points, all others 
are within 1 standard deviation and less than 6% bi as. For the 1.7 g/cc 
density, MCNP shows a consistent bias of approximat ely 10% (except 122 
keV). It is suspected that this bias may be caused by one or a 
combination of errors in the source measurement. Li kely candidates are 
errors in the true drum size (there was a slight di fference in size among 
the drums which we did not include in the model), t he geometrical 
placement of the drum during the calibration, and/o r imprecise knowledge 
of the true physical location of the outer line sou rce in the drum. 
CONCLUSIONS 
A series of benchmark tests have been conducted to validate use of MCNP 
for efficiency calibration of Ge detectors for simp le and complex 
geometries. The analyses result in the following co nclusions. 
For accurate efficiency calculations, especially at  low energies, it is 
critical that the source and detector model be comp lete. All source and 
detector dimensions must be known and entered into the model. The density 
and elemental composition of the source, the detect or, and any 
intervening absorbers must be accurately known. For  example, we have 
found it necessary to use approximately 20 paramete rs in the model just 
to define the detector, mounting structure, and end cap.  
For Ge detector peak efficiency, and for energies a bove 200 keV, MCNP is 
capable of achieving better than 10 % accuracy (all  tests with the 



exception of Q2 at 1.7 g/cc density) in a reasonabl e amount of computer 
time (less than 24 hours for an AXP), with the use of directional 
biasing. Abandoning directional biasing can keep th e accuracy within 10% 
down to 100 keV, but at the expense of 10-100 times  longer computer time. 
It is easy to make mistakes in using MCNP. The prog ram is not user 
friendly. Many physical parameters of the source an d the detector must be 
entered to adequately describe the source-detector geometry. While there 
are some complementary software programs to provide  some degree of error 
checking of the model, nothing can replace careful multiple checking of 
all input parameters, and reality checks of the res ults. First to verify 
the detector model, we compute a point source effic iency for a source on 
the detector axis, and at 90 degrees. This is then verified with a multi-
energy source measurement. We then independently do  something to check 
the source geometry, (e.g. reduce it to a point sou rce or comparison the 
results to a previous good calibration). 
MCNP, when used properly, is likely to be more accu rate for efficiency 
calibrations of large and complex sources than cali bration standards 
created for such geometries. For small well defined  geometries at unit 
density, it is easy to obtain 3% calibration source s. However for small 
sources of other than unit densities, for sources w ith large volumes 
(tens to thousands of liters), or for complex shape s (long rods, large 
flat plates, cylindrical shells, etc.), the additio nal errors in source 
distribution and fabrication and calibrations are l ikely to be larger 
than the 10% MCNP accuracy demonstrated here. And, when a calibration 
using MCNP run is completed, there is no radioactiv e disposal cost. It is 
our plan to make MCNP the calibration method of cho ice for the large 
geometries in our gamma spectroscopy Waste Assay pr oduct line.  
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PHASE I RESULTS OF THE WASTE INSPECTION TOMOGRAPHY SYSTEM* 
Richard T. Bernardi 
Bio-Imaging Research, Inc. 
Lincolnshire, IL 60069 
ABSTRACT 
Waste Inspection Tomography (WIT) consists of a sel f-sufficient mobile 
semi-trailer for Non-Destructive Evaluation and Non -Destructive Assay 
(NDE/NDA) characterization of nuclear waste drums u sing X-ray and gamma-
ray tomographic techniques. WIT is a Program Resear ch and Development 
Announcement (PRDA) contract funded by the Environm ental Management's 
(EM) Office of Technology (OTD/EM-50) for the Unite d States Department of 



Energy (DOE). Bio-Imaging Research, Inc. (BIR), of Lincolnshire, Illinois 
has completed Phase I involving design, fabrication , factory testing, 
evaluation and demonstration of WIT. The recently c ompleted 23-month WIT 
Phase I included the design, fabrication, and initi al testing of all WIT 
subsystems installed on-board the trailer. Initial test results include 2 
MeV Digital Radiography (DR), Computed Tomography ( CT), Anger camera 
imaging, Single Photon Emission Computed Tomography  (SPECT), Gamma-Ray 
Spectroscopy, and Active and Passive Computed Tomog raphy (A&PCT) using a 
1.4 mCi source of 166Ho. These techniques were init ially demonstrated on 
a 55-gallon phantom drum with three simulated waste  matrices of 
combustibles, heterogeneous metals, and cement usin g check sources of 
gamma active isotopes such as 137Cs and 133Ba with activities between 9 
Ci and 250 Ci. Waste matrix identification, isotopi c identification, and 
attenuation-corrected gamma activity determination were all demonstrated 
nondestructively and noninvasively in Phase I. 
BACKGROUND INFORMATION 
The United States Department of Energy has in exces s of 1,000,000 nuclear 
waste drums currently stored at nearly 50 sites wit hin the United States 
that need to be characterized over the next few yea rs. The contents of 
these drums must be characterized as either high-le vel waste (HLW), low-
level waste (LLW) or transuranic waste (TRU), befor e the drums are 
assigned to one of three permanent storage location s. Strict permitting 
regulations also require information to be gathered  about the condition 
and contents of the waste containers.  
X-ray imaging is an established method for waste co ntainer inspection. 
The technique generally used is real-time radiograp hy (RTR) using a 420 
kV radiation source, in which a TV camera is couple d to a two-
dimensional, light-producing X-ray detector, such a s an image intensifier 
or a scintillation screen. The camera output provid es a TV image that is 
viewed on a monitor during X-ray exposure which, as  an example, can see 
the motion of a moving liquid surface.  
RTR systems have several disadvantages however. Are a X-ray detectors 
typically suffer from blooming artifacts. Blooming is caused when a 
saturated signal spills over into neighboring senso r elements resulting 
in excessive brightness and limited spatial resolut ion. RTR systems have 
limited contrast discrimination with a true dynamic  range of usually less 
than 14-bits (16,384 gray levels in the image), mea ning that contrast in 
a single exposure is limited. An image intensifier is also limited to a 
small area of the drum. 
RTR limits geometric depth perception because of su per-positioning, and 
it lacks quantitative information including two- an d three-dimensional 
spatial and density measurements because the data i s not in digital form. 
The combination of 420 kV source and a restricted d etector dynamic range 
limits RTR penetrating and discriminating capabilit y for inspecting the 
denser waste containers including cement-solidified  drums, glass, and 
sludges, which make up nearly half of DOE's invento ry of nuclear waste 
drums.  
Emerging technologies, like WIT, designed for nonde structive evaluation 
(NDE) of low level, transuranic, and mixed nuclear waste, include high-
energy 2 MeV X-ray computed tomography (CT) and dig ital radiography (DR), 
with 18-bit dynamic range. Figure 1 shows a 2 MeV t ransmission with a 
full-drum, DR projection image of a 55-gallon drum phantom. Clothing in 
the top layer simulates low-density combustible was te. Cans of liquid, 
metal rods and plastic in the mid section simulate higher density waste. 



Cement in the bottom layer simulates solidified hig h-density waste. A 
133Ba isotope bottle is visible in the upper left p lexiglass tube. 
Fig. 1 
In its conventional approach, WIT CT/DR imaging use s a curved linear 
array of solid-state X-ray detectors. The array is composed of 
individual, closely aligned detection channels. The  channels are 
separated by thin septa that minimize crosstalk and  blooming, while 
offering superior spatial and contrast resolution w ith high image 
quality, compared to real-time approaches. These de tectors have enough 
dynamic range to provide contrast sensitivity of 18 -bits (up to 262,144 
gray levels). The greater the dynamic range and pen etrating radiation, 
the greater the advantage in examining denser waste  forms mentioned 
above. Thus, the WIT approach can image nearly all dense DOE waste 
streams with even faster throughput for the lighter  waste forms. This 
cannot be said for the more commonly used RTR X-ray  imaging systems. 
For WIT CT, X-ray projection data is collected from  a thin plane of the 
object, using a linear detector array on the arc of  a curve while the 
object rotates within a thin X-ray fan beam with sp iral-like motion 
capability. This technique is called third-generati on CT. The data are 
mathematically combined to form a cross-sectional i mage of the thin, 
irradiated plane or slice. The image in Fig. 2 is a  1024 x 1024 
reconstruction of a 10 mm thick slice through the u pper section of the 
phantom drum.  
Fig. 2 
Slices can be stacked to form a volume rendering of  drum content such as 
the one shown in Fig. 3. In WIT DR, the drum is mov ed vertically in front 
of the linear detector array while projection data is collected one line 
at a time. These techniques measure the X-ray atten uation of the waste 
matrix and drum. The lines are then displayed as a two-dimensional, 
freeze-frame projection image (like a baggage inspe ction X-ray) for DR.  
Fig. 3 
Active CT on WIT is similar to the conventional X-r ay CT techniques. The 
difference is that a radioisotopic source and singl e-channel high-purity 
germanium detector are used with a first-generation  CT approach. Active 
CT data result in the absolute determination of the  attenuation of the 
drum and its contents.  
Two emission imaging techniques are employed on WIT  for characterizing 
materials in waste containers. The first of these i s gamma emission 
tomography, commonly called single-photon emission computed tomography 
(SPECT). Rather than measuring gamma-rays from an e xternal radiation 
source, SPECT measures the gamma-ray emission inher ent in the radioactive 
waste emitting from within the drum. In this case, emission from actual 
nuclear waste within a container can provide three- dimensional volume or 
slice data of the radioactive sources within the co ntainer. SPECT uses 
large area sodium iodide crystals with a two-dimens ional array of 
photomultiplier tube (PMT) detectors for rapid loca lization of gamma-ray 
emissions in two-dimensional space and in 3-D with SPECT. These area 
cameras are called Anger cameras.  
The second WIT emission technique uses an energy se nsitive single-channel 
high-purity germanium detector for gamma-ray nuclea r spectroscopy. This 
technique, for nondestructive assay (NDA), can dire ctly identify the 
emitting isotopic species and the external radioact ivity.  
The mobile feature of WIT allows inspection technol ogies to be brought to 
the nuclear waste drum storage site without the nee d to relocate drums 



for safe, rapid, and cost-effective characterizatio n of regulated nuclear 
waste. See Fig. 4. The combination of these WIT cha racterization 
modalities provides the inspector with an unprecede nted ability to non-
invasively characterize the regulated contents of w aste drums as large as 
416 liters (110 gallons), weighing up to 726 kg (1, 600 lbs). Any objects 
that fit within these size and weight restrictions can also be inspected 
on WIT, such as smaller waste bags and drums that a re 19 and 132 liters 
(5 and 35 gallons). 
Fig. 4 
Bio-Imaging Research, Inc. (BIR), from Lincolnshire , Illinois has 
completed Phase I over 23 months involving the desi gn, fabrication, 
factory testing, and evaluation of WIT. BIR has des igned the trailer and 
multiple inspection techniques including DR, CT, SP ECT, and area gamma-
ray imaging. BIR has also developed the WIT operati onal software, the 
computer hardware, and the gantry mechanical system s. Lawrence Livermore 
National Laboratory (LLNL), as a subcontractor to B IR under a Work-for-
Others agreement with BIR, has developed the A&PCT scanning technique and 
is participating in WIT evaluation. Early BIR effor ts prior to WIT 
involved investigating the feasibility of using CT to characterize 
nuclear waste between 1990 and 1993 under Small Bus iness Innovative 
Research (SBIR) grants from DOE.  
DETECTOR DESCRIPTION 
The three WIT detection technologies include a line ar array of solid-
state high-energy X-ray detectors, two area gamma-c ameras, and a single 
high-purity germanium detector. The throughput of W IT inspection is 
dependent on the physics of the drum being inspecte d. As an example, the 
lighter the drum weight, the faster the WIT NDE ins pection, and the 
higher the drum radioactivity, the faster the NDA i nspection. The reverse 
is also true where heavier drums with little radioa ctivity will require 
longer inspection times. Ideally, WIT is designed t o inspect four drums 
per hour, per technique. Throughput extremes could yield inspection times 
of between one and seven drums per hour for each te chnology employed. 
The WIT linear detector array is curved and consist s of 896 individual 
channels of cadmium tungstate (CdW4) crystals mount ed on individual 
photodiodes with thin septa between channels to eli minate crosstalk, 
blooming, and in-plane scatter. These detectors hav e an 18-bit (262,144 
gray levels) dynamic range for analog-to-digital co nversion. The wide 
dynamic range is necessary to image the variety of material densities and 
geometries found in DOE waste streams, including co mbustibles, glass, 
cement, sludges, and metals that may be present in the same drum. The 
linear array utilizes a 2 MeV high-energy accelerat or as an externally 
transmitted radiation source using a thin fan beam output with a measured 
flux of 70 rads per minute at one meter. This high- energy source is 
needed to penetrate the denser and thicker DOE wast e forms like glass 
logs, sludge, and cemented drums, while allowing fo r an optimum 
inspection throughput. The use of energies above 2 MeV is not practical 
for WIT because of WIT's mobile requirements result ing in weight 
restrictions for radiation shielding limiting close  operator interaction. 
The WIT linear detector array and 2 MeV source prov ide for single-pass 
digital radiography (DR), which yields a freeze fra me projection X-ray 
image of an entire drum (e.g., like a chest X-ray) using an imaging 
technique similar to X-ray baggage inspection syste ms with the drum 
elevating through a stationary horizontal fan beam of X-rays. A single DR 
drum view at 2 MeV with wide dynamic range can be a cquired in less than 



60 seconds with only one X-ray technique. Unlike RT R, both high and low 
density objects can be examined with WIT DR using a  single DR image due 
to the wide dynamic range. 
The linear array and 2 MeV source also provide for transmission computed 
tomography (CT or TCT) with cross-sectional (two-di mensional) slice and 
volume (three-dimensional) imaging of drum content based on density 
distribution. WIT TCT slice thickness ranges from 2  mm to 10 mm through 
the drum. CT images are acquired by simple drum rot ation for data 
collection and drum elevation for slice location. C T is used for waste 
drum content identification with a spatial resoluti on of nearly 2 mm and 
a density sensitivity of nearly 1%. Typical CT reco nstructions and DR 
images have formats of 256 by 256, 512 by 512, or 1 024 x 1024 pixels. 
Individual CT slice scan times for data collection can be as short as 
eight seconds for a slice or eight seconds for two slices with an 
optional dual array for imaging lightweight (S.G.>1 ) combustible waste. 
WIT has slower CT scan times (as long as 20 minutes  per CT slice) for 
dense solid glass logs (S.G.2.7). As a bench mark, 100 slices for a low-
density combustible waste-filled 55-gallon drum cou ld be acquired and 
volume rendered in less than ten minutes (with a du al array), whereas a 
glass log with a density of equal dimensions could take nearly eight 
hours for 100 slices. A cemented drum (S.G. 2.1 ) c ould require a scan 
time of less than 0.5 hours. Drum wall thickness re solution using WIT TCT 
is between 0.25 and 0.5 mm. Volume measurements (i. e., for free liquids) 
of pixels with similar density indications has near ly cubic centimeter 
resolution with WIT TCT.  
WIT's two large area (14" x 17") detectors are each  single crystals of 
sodium iodide in what are typically called Anger ca meras. These detectors 
provide for rapid gamma emission drum area imaging and single photon 
emission computed tomography (SPECT or ECT) for sli ce and three-
dimensional volume localization of gamma-ray emissi ons from a drum. Both 
crystals have a combined total of 110 photomultipli er tubes (PMT) for two 
dimensional gamma ray emission localization within the waste drum with a 
spatial resolution of nearly 25 mm over a cross-sec tional area of the 
drum. An emission slice through the drum may also h ave a thickness of 
nearly 25 mm. Typical gamma emission projection ima ges and SPECT slice 
reconstructions have image formats of 32 x 32, 64 b y 64, and 128 by 128 
pixels. Typical inspection times for a single drum can range from seven 
minutes to one hour, depending on the emitted gamma  ray activity. The 
higher the activity, the faster the scan time and t he reverse is also 
true. 
The single-channel, high-efficiency, (>100% of that  of sodium iodide), 
high purity, germanium detector (HPGe) uses a 50 mm  on-a-side square 
collimator and an active source of 1.4 mCi of Holmi um (166Ho). The HPGe 
detector and 166Ho provide for active and passive c omputed tomography 
(A&PCT) with excellent energy sensitivity (of less than 2 kV) for nuclear 
spectroscopy. 
A&PCT on WIT are each first-generation CT technique s, each using a single 
channel energy sensitive HPGe detector. WIT can det ect energies between 
10 kV and 1.33 MeV using an 8,000 discrete channel multi-channel analyzer 
(MCA). This detector and source are used to determi ne an absolute linear 
attenuation coefficient of the waste drum and matri x. Passive CT 
identifies and localizes the radioactivity. The act ive CT data are used 
to correct the passive CT data for attenuation caus ed by the waste matrix 
and drum itself. The combination of both techniques  results in a more 



accurate nondestructive assay of the waste drum. La wrence Livermore 
National Laboratories (LLNL) has developed the A&PC T techniques. This 
single detector has a spatial resolution of nearly 50 millimeters over 
the area with slice thicknesses of nearly 50 mm. Ty pical A&PCT 
reconstructions have formats of 14 by 14, 28 by 28,  and 42 by 42 pixels. 
Determination of internal radioactivity approximati ons for waste drums 
have thus far shown errors between 5 and 10%. Scan time for a single 
slice can range from one minute to one hour, depend ing on the level of 
radioactivity. 
RESULTS 
The images included in this paper were taken on-boa rd the trailer and 
demonstrate CT, SPECT, and A&PCT capabilities. Addi tional analysis such 
as drum wall thickness, can be determined to help q uantify the relative 
condition of nuclear waste containers and density m easurements of drum 
contents can be analyzed to further identify and qu antify drum contents. 
WIT can quantify the internal radioactivity which h as been corrected for 
attenuation caused by the waste matrix solely with external measurements 
without opening the drum. The WIT system's combinat ion of inspection 
technologies lets inspectors choose an appropriate level of 
characterization for each site or waste container. 
FUTURE WORK 
WIT is a Program Research and Development Award (PR DA) contract number 
DE-AC21-93MC30173. The WIT PRDA is funded by Enviro nmental Management's 
(EM) Office of Technology Development (OTD/EM-50) f or the United States 
Department of Energy (DOE). The program is managed by the U. S. 
government from the DOE Morgantown Energy Technolog y Center (METC) in 
Morgantown, West Virginia.  
Phase II, began in December, 1995, and consists of a twelve-month program 
for the integration and DOE site demonstration of W IT. Phase II, site 
demonstrations of WIT have commenced at Lawrence Li vermore National 
Laboratories in Livermore, California, and are plan ned at Westinghouse 
Savannah River Company (WSRC) in Aiken, South Carol ina, and at the Idaho 
National Engineering Laboratories (INEL) in Idaho F alls, Idaho. These 
demonstrations will involve characterizing real was te to validate the 
system's ability to identify regulated contents and  to verify system 
throughput. 
BIR plans to commercialize WIT and plans offer drum  
scanning/characterization services to DOE and other  sites requiring 
mobile capabilities.  
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CHARACTERIZATION OF LOW-LEVEL WASTE STREAMS AND SUSPECT WASTE FROM THE 
LARGEST LOS ALAMOS NATIONAL LABORATORY GENERATORS 
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Benchmark Environmental Corporation 
Albuquerque, New Mexico 87110 
ABSTRACT 
A detailed waste stream characterization of four pr imary generators of 
low-level waste at Los Alamos National Laboratory ( LANL) was performed to 
aid in waste minimization efforts. Data was compile d for these four 
generators from 1988 to the present. Previous waste  minimization efforts 
have focused on identifying waste stream processes and performing source 
materials substitutions or reductions, where applic able. In this 



historical survey, the surveyed generators included  an accelerator 
facility, the plutonium facility, a chemistry and m etallurgy research 
facility, and a radiochemistry research facility. O f particular interest 
in waste minimization efforts was the composition o f suspect low-level 
waste in which no radioactivity is detected through  initial surveys. 
Ultimately, this waste is disposed of in the LANL l ow-level permitted 
waste disposal pits, which fills a scarce and expen sive resource with 
sanitary waste. 
Detailed analyses of the waste streams from these f our facilities have 
revealed that suspect low-level waste comprises app roximately 50 percent 
of the low-level waste by volume (47 percent by wei ght). However, there 
are significant differences in suspect waste densit y when the type of 
radioactive contamination is considered. For the tw o facilities that deal 
primarily with beta-emitting activation and spallat ion products (i.e., 
the radiochemistry and accelerator facilities), the  suspect waste has a 
much lower density than the total low-level waste c oming from those 
facilities. For the two facilities that perform res earch on transuranics 
(i.e., the chemistry and metallurgy research and pl utonium facilities), 
suspect waste is higher in density than the total l ow-level waste from 
those facilities. It is theorized that the low dens ity suspect waste is 
composed primarily of compactable laboratory trash,  most of which is not 
contaminated but can be easily surveyed. The high d ensity waste is 
theorized to be contaminated with alpha-emitting ra dionuclides, and, in 
this case, the suspect waste demonstrates fundament al limits in 
detection. 
INTRODUCTION 
Los Alamos National Laboratory performs a wide spec trum of research on 
radioactive and non-radioactive materials in suppor t of the United States 
Department of Energy (DOE). In the course of perfor ming such work, solid 
low-level radioactive waste is generated and ultima tely disposed of in 
the low-level waste disposal pits at LANL Technical  Area (TA)-54, Area G. 
Due to the limited disposal volume (approximately 5 9,000 m3 of pit volume 
remained as of July, 1995) and the large cost assoc iated with low-level 
radioactive waste disposal, the Laboratory has a co ncerted waste 
minimization effort aimed at reducing laboratory-wi de waste volume.  
Current building upgrades at the Chemistry and Meta llurgy Research (CMR) 
facility will result in a dramatic increase of low- level waste 
generation. The Laboratory is responsible for exami ning all waste streams 
and identifying opportunities for waste reduction w here technically and 
economically feasible. The following study was perf ormed to identify 
waste from four facilities (i.e., CMR, the Plutoniu m Facility, TA-48 and 
TA-53) and quantify the amount of suspect radioacti ve waste from those 
facilities. Suspect radioactive waste is waste that  originates in a 
radioactive materials management area (RMMA) and, t herefore has the 
potential for radioactive contamination. However, r adioassay and survey 
measurements on the material detected no radioactiv e contamination. 
Cursory analyses have indicated that approximately 50 percent of the 
waste disposed at TA-54 consists of suspect radioac tive waste. By 
segregating actual radioactive waste from waste tha t is known through 
acceptable knowledge to be non-radioactive, Laborat ory waste management 
can develop an approach that will result in non-con taminated waste being 
sent to the sanitary landfill for disposal and mini mize the amount of 
suspect radioactive waste being disposed of at TA-5 4. Gross alpha/beta 
surveys and gamma detection systems would be used t o verify the non-



contaminated status of the waste to levels acceptab le to the Department 
of Energy. 
FACILITY DESCRIPTIONS 
Chemistry and Metallurgy Research Facility 
The Chemistry and Metallurgy Research (CMR) facilit y has served as the 
primary special nuclear materials analytical labora tory for LANL since 
1952. The CMR facility is located in TA-3. The thre e-story structure 
contains approximately 550,000 ft2 of floor space a nd is presently 
designated as a security "category 1" facility with  a safety 
classification of "moderate hazard." The building c onsists of eight 
wings: the Administration Wing and Wings 1 through 5, 7, and 9. The 
Administration Wing contains office and conference room space occupied by 
the Chemical Science and Technology Division Office  (CST-DO). 
Operations 
Wings 1 through 5, 7, and 9 house experimental faci lities. The 
experimental facilities are occupied by personnel f rom several line 
organizations at LANL. Approximately 48,0000 ft2 of  the first floor space 
is devoted to laboratories, and approximately the s ame amount of space is 
devoted to offices. The basement and attic spaces p rovide utility 
services to the first floor laboratories and office s. Some basement areas 
have been modified for use as laboratories. Each wi ng is designed to 
operate independently with its own electrical power  distribution and 
ventilation systems. Wing 9, which contains the hot  cell facilities for 
the CMR, was added in 1960 (1). 
The Plutonium Facility 
The LANL Plutonium Processing Facility is located a t TA-55 and occupies a 
30-acre location with 70 structures. Only the Pluto nium Building (PF-4) 
and the Health Physics Assay Laboratory (HPAL) cont ain nuclear materials. 
Each area is designated as an RMMA. PF-4 is a two-s tory, 151,000 ft2 
building, with support equipment in the basement an d laboratory rooms 
divided among four wings on the main floor. The maj or laboratory rooms 
contain over 300 gloveboxes for the handling of plu tonium, uranium and 
other nuclear materials. 
Operations 
The Residue Processing Group (NMT-2) develops and p roves processing 
technology for plutonium and other actinides throug h aqueous and molten-
salt based technologies. This group supports the LA NL Plutonium Facility 
by recovering and purifying plutonium scrap residue s and converting them 
to an oxide or metal that can be used or placed in long-term storage. 
The Advanced Technologies Group (NMT-6) conducts fu ndamental and applied 
research in actinide chemistry. This group focuses on new and emerging 
separation technologies and improving existing tech nologies. 
The Waste Management and Environmental Compliance G roup (NMT-7) handles 
the hazardous and radioactive waste materials gener ated at TA-55. NMT-7 
also assures that the facility complies with all en vironmental 
requirements, including those regulating waste, wat er, and air discharges 
(2). 
Technical Area 48 
TA-48 is used for the study of nuclear properties o f radioactive 
materials by using analytical and physical chemistr y. Measurements of 
radioactive substances are made and hot cells are u sed for remote 
handling of radioactive materials. 
Operations 



The hot cell facility includes a number of laborato ries and rooms within 
building RC-1 at TA-48. This area is used to proces s targets that are 
irradiated in the proton beam at the Los Alamos Mes on Physics Facility 
(LAMPF) for production of medical radioisotopes. Th ere are large amounts 
of radioactive materials present in the hot cells w ithin the facility. 
Virtually all materials present in the facility are  beta/gamma emitters; 
by policy, large amounts of alpha emitters are not handled by the 
facility (3). 
The alpha cell area is the primary area at TA-48 us ed for plutonium and 
uranium research. This area is segregated from the hot cell. Waste from 
this area accounts for a very small percentage of t he total waste 
emanating from TA-48. 
Other laboratories at TA-48 consist of radiochemist ry laboratories used 
for the characterization of very low levels of radi oactive contamination. 
Waste generated from the processing of research env ironmental samples has 
not included suspect radioactive waste produced ove r the past 7 years. 
Technical Area 53 
Located within TA-53 is the Los Alamos Meson Physic s Facility (LAMPF). 
LAMPF is a high energy particle accelerator facilit y that produces 
protons, neutrons, and subatomic particles for use in basic research, 
isotope production, radiochemistry, solid-state phy sics research, and 
accelerator technology.  
Operations 
The accelerator and beam tube provide a primary bea m of 800 MeV protons 
at an average current of one milliampere for basic nuclear and elementary 
particle physics research. Positive and negative hy drogen ions are 
generated and injected into a high voltage dome. A low density plasma is 
produced and protons are extracted and accelerated through a potential 
field. The beams are steered and focused into the l inear accelerator 
drift tube, into the side-coupled cavity linear acc elerator stage, and 
switched by bending and quadrapole magnets to vario us experimental areas. 
Experimental Area A conducts experiments for partic le physics and nuclear 
structure studies. Pions, muons, and protons are pr oduced and used in a 
variety of experiments. Using the highest intensity  main proton beam from 
the accelerator, the spectrometers in Experimental Area A measure 
particle scattering from interactions of the proton  beam with targets 
located along the beam line to determine number, ty pe, direction, 
momentum, velocity, and electrical charge. 
Experimental Area B conducts experiments in the Neu tron Physics 
Laboratory using a medium resolution spectrometer. A negative ion beam is 
divided into two portions. One portion generates a polarized neutron beam 
by charge interchange in a deuterium target which i s delivered to 
experiments in the neutron area. The other portion of the negative ion 
beam is delivered to the External Proton Beam line where it is accessible 
for experimental setups. 
Experimental Area C houses the High Resolution Prot on Spectrometer (HRS). 
It measures the scattering of protons from nuclei a nd the production of 
other particles resulting from the incident protons . The HRS can also 
measure the spin of scattered particles (4).METHODS  
Historical low-level waste data from the four facil ities was used to 
determine the composition and nature of all low-lev el waste over the past 
seven years. Waste contents, activity, weight and v olume were used to 
identify facility specific trends for actual and su spect low-level waste. 



To perform this analysis, the Low-Level Waste Datab ase was used 
extensively. 
Low-level Waste Database 
LANL has an effective method of tracking all genera ted waste (e.g., 
transuranic, mixed transuranic, low-level, mixed lo w-level, chemical). 
Generators must complete a Chemical Waste Disposal Request (CWDR) form 
for any waste to be disposed, treated, or stored. T his form is forwarded 
to the Waste Management Program, and the form is ve rified for accuracy 
and completeness, and subsequently entered into the  Waste Management 
waste tracking databases. These databases track the  final disposition of 
each item of waste received. Volumes, weights, radi onuclides, activities, 
locations of waste generation and generator informa tion submitted on the 
CWDR is entered into the databases. This provides f or a centralized 
location with comprehensive data accessible to audi tors, waste 
management, and waste minimization programs. 
Volume Data 
The total volume of solid low-level waste disposed of at TA-54, Area G in 
1994 was 2963 m3 (Fig. 1). The four facilities of i nterest in this study 
accounted for slightly more than 28 percent of the total volume. The 
environmental restoration projects at the Laborator y are the single 
largest generator of low-level waste; however, the waste and waste type 
are highly dependent on the site and contamination of the site. For the 
purposes of this study, the four chosen facilities represent a cross-
section of laboratory-wide activities. 
Fig. 1 
Database Analysis 
Information from all low-level waste disposal reque sts from the low-level 
waste database for the CMR facility over the past 7  years were analyzed 
for each of the facilities. Since 1994, "suspect ra dioactive" waste is no 
longer allowed for disposals. As a consequence, was te originating from an 
RMMA that has no detectable activity is typically d escribed as having 
isotopic activities of 1 nCi. Therefore, any waste package with 
radionuclide activity averaging less than 2 nCi is considered as suspect 
in the 1994-1995 timeframe for this study. 
Since 1988, the four facilities have disposed of 6, 639 low-level waste 
packages with 1,829 of the packages containing susp ect radioactive waste. 
The total volume disposed over the same time period  is 14,762 m3 with 
suspect waste accounting for 7,726 m3. 
FINDINGS 
Findings for each of the four facilities are summar ized below.  
CMR Waste Profile 
Low-level waste arising from standard operations at  the CMR facility 
consist primarily of contaminated and potentially c ontaminated laboratory 
equipment, personal protective equipment (PPE), and  laboratory waste 
products. Currently, the CMR building is undergoing  extensive upgrades. 
Due to these upgrades, CMR low-level waste now incl udes construction and 
building debris (e.g., electrical conduit, water pi pes, ventilation 
ductwork) originating in radioactive materials mana gement areas (RMMAs). 
Typically, this waste is packaged in Scientific Eco logy Group (SEG) B-25 
boxes (2.66 m3). 
Radionuclides present in CMR waste can include virt ually any radionuclide 
found at LANL. However, most waste items contain ei ther fission products 
(primarily 137Cs and 125Sb) or plutonium-contaminat ed materials and their 
progeny (238Pu, 239Pu, 240Pu, 241Pu, 241Am, 237Np, 233Pa and 237U). Most 



waste items contain either fission products or plut onium, often both. The 
form of contamination is dependent on the originati on point of the waste. 
Plutonium Facility Waste Profile 
Virtually all items disposed of as low-level radioa ctive waste from TA-55 
over the past 7 years have been described as contam inated with only 
plutonium and plutonium progeny (primarily 241Am). The only exceptions 
have been for disposals of spent radioactive calibr ation sources. Most 
waste items are described as either compactable-box ed room trash (e.g., 
small lab items, PPE, paper) or building debris (e. g., wood, plastic, 
metal, paper, rubber, glass, waste rags, absorbed l iquids, equipment, 
concrete, general building debris). 
TA-48 Waste Profile 
Two primary waste forms dominate the waste generate d by TA-48. Waste 
originating from the hot cell areas accounts for mo re than 80 percent of 
the waste. This waste is typically compactable labo ratory trash 
contaminated with radionuclides identical to those seen in waste from TA-
53. The radioactivity is easily detected, and, cont aminated waste usually 
contains large amounts of activity. 
The second waste form comes from plutonium-based wo rk in the alpha cell 
area. Recently, 67 2-ft3 boxes from this area were assayed. Of the 67 
boxes, 27 boxes were found to have measurable amoun ts of transuranic 
radionuclides (i.e., 241Am, 238Pu and 239Pu) and ne arly all had 
measurable amounts of 137Cs, 85Sr and 95mTc. In onl y one box was there 
contamination from only transuranic radionuclides. 
TA-53 Waste Profile 
The majority of radioactive waste generated by TA-5 3 consists of 
activation and spallation products. These radionucl ides are produced when 
high energy particles collide with matter. Nuclear capture and scattering 
mechanisms subsequently result in the production of  radioactive material. 
The radionuclides produced are dependent on the sca ttering and capture 
cross-sections of the target material. In general, activation of iron 
accounts for the majority of the activity contamina ting waste at TA-53. 
Past radioassay activities conducted on waste packa ges from LAMPF and the 
Los Alamos Neutron Scattering Center (LANSCE) have shown that the common 
radionuclides contained in the waste packages are s trong gamma emitters 
that are readily detectable by commercially availab le detection systems. 
The primary radionuclides include 7Be, 56Co, 60Co, 54Mn, hafnium, 
lutetium, and europium isotopes. 
DISCUSSION 
CMR Facility Data 
The data for CMR shows that approximately 49 percen t of all waste 
packages from the CMR facility have been suspect lo w-level. A total 
volume of 5,978 m3 of low-level waste has been disp osed since 1988, with 
3,704 m3 being suspect low-level waste. As a point of reference, Pit 38 
at TA-54, Area G (the largest low-level radioactive  waste disposal pit at 
LANL) has a total capacity of approximately 37,000m 3 below the spill line 
(5). The amount of suspect waste from the CMR facil ity over the past 7 
years amounts to approximately 10 percent of the vo lume of the largest 
disposal pit at LANL. 
Every CMR item considered to be suspect over the pa st 7 years, has, in 
theory, been contaminated with transuranic radionuc lides. Virtually every 
suspect item has been described in the database as building debris. These 
items are among the hardest to survey and swipe for  contamination; 



therefore, it is not surprising that little or no a ctual values are 
assigned to these items. 
The Plutonium Facility Data 
Since 1988, the volume of Plutonium Facility low-le vel waste disposed at 
TA-54, Area G is approximately 3,570m3 with 1,910 m 3 containing suspect 
radioactive materials. 
Figure 2 shows data for CMR and the Plutonium Facil ity waste. From the 
data, it appears that suspect package density is si gnificantly higher 
than the average density of all waste from these fa cilities. Because the 
majority of suspect waste from these facilities ten ds to be building 
debris, the packages tend to be larger and more den se than laboratory 
trash packages. Building debris surfaces are typica lly very irregular 
with much of the contaminated surface inaccessible for swipes, smears and 
direct survey (i.e., ductwork, plumbing and electri cal conduit). These 
waste items tend to be disposed of in SEG B-25 wast e boxes rather than 55 
gallon drums. The resulting package cannot be count ed on the facilities' 
drum counters. Furthermore, the detection capabilit ies for B-25 waste 
contaminated with plutonium is poor. Therefore, if the waste is not 
grossly contaminated with large amounts of plutoniu m, the waste will 
likely be listed as suspect waste. Figure 3 shows t he detection limits 
for the waste management High Purity Germanium Dete ctor and a 2,000 lb B-
25 box. 
Fig. 2  
Fig. 3 
Figure 2 shows the density of all waste from these facilities has 
increased steadily over the past 4 years. This is b ecause of waste 
minimization efforts to reduce the volume of waste from these facilities. 
Efforts have been made to pack waste more efficient ly with less void 
space. 
TA-48 Data 
A total of 1,017 packages accounting for 2,001 m3 o f TA-48 low-level 
waste, have been disposed of at TA-54, Area G since  1988 with 423 
packages (1,174 m3) being classified as suspect rad ioactive waste. The 
majority of suspect waste packages are described as  laboratory trash and 
laboratory equipment with activation and fission pr oduct suspect 
contamination.  
TA-53 Data 
Data for TA-53 is strikingly similar to that of TA- 48. A total of 654 
packages, totaling 3,213 m3 of low-level waste, hav e been disposed of at 
TA-54, Area G. Suspect radioactive low-level waste accounts for 198 
packages with a total volume of 939 m3 since 1988. 
Unlike the data for CMR and the Plutonium Facility,  data for TA-48 and 
TA-53 show that suspect waste tends to be lower in density than the total 
low-level waste. The waste is typically laboratory trash and, in theory, 
is contaminated with gamma-emitting activation prod ucts. 
Because of the nature of the activation and spallat ion processes, 
radioactive contamination at TA-48 and TA-53 is exp ected to consist of 
fixed contamination of target and beam-line materia ls. It is very likely 
that cellulosic materials used in the handling of t arget and beam-line 
activities are not contaminated. 
CONCLUSIONS AND RECOMMENDATIONS 
CMR and the Plutonium Facility 
Both the CMR and Plutonium facilities are among the  Laboratory leaders in 
waste characterization capabilities. Because of the  nature of the suspect 



contaminated waste, it is not likely that current s tate-of-the-are 
detection equipment will meet any reasonable criter ia for free release. 
Furthermore, because of the widespread contaminatio n in these aging 
facilities, most building materials tend to exhibit  low levels of fixed 
radioactive contamination. It is concluded that the  majority of suspect 
waste from these facilities are actually contaminat ed with radioactive 
materials, but due to detection limits for transura nic radionuclides, 
relatively small amounts of contamination pass thro ugh characterization 
systems undetected. Waste reduction efforts for the se facilities should 
concentrate on source reduction/substitution, decon tamination and 
material compaction rather than detection and free release. 
TA-48 and TA-55 
Because the majority of suspect low-level radioacti ve materials are low 
density cellulosics (Fig. 4), a materials segregati on and 
characterization program may be used to verify that  cellulosic materials 
are cleared for free release. Currently, waste box counters are capable 
of minimum detectable concentrations of less than 1  pCi/g (based on 73As 
and a 200 s count time). If even one-half of the su spect contaminated 
cellulosics can be free released as non-radioactive , the saved volume 
would be approximately 150 m3 annually from these t wo facilities alone. 
This method of characterization and free release wo uld require guidance 
and approval from DOE for volume-contaminated mater ials (i.e., similar to 
methods used in the nuclear power industry). 
Fig. 4 
REFERENCES 
1. Benchmark, "Waste Handling Plan for Phase 1, Che mistry and Metallurgy 
Research Facility Upgrades: Electrical Upgrades," B enchmark Environmental 
Corporation (1994). 
2. K. KNUDTSEN and C. FOXX, "Pollution Prevention O pportunity Assessment 
for the Generation of Mixed Waste at the Plutonium Processing Facility," 
Los Alamos National Laboratory (1995). 
3. LANL, "Site-Specific Training for the TA-48 Hot Cell Facility," Los 
Alamos National Laboratory (1994). 
4. Benchmark, "Pollution Prevention Opportunity Ass essment for the Los 
Alamos Meson Physics Facility," Benchmark Environme ntal Corporation 
(1995). 
5. M. ENGELHARDT, Facsimile from Mike Engelhardt (L os Alamos National 
Laboratory) to Tony Stanford (Los Alamos National L aboratory) about the 
current available disposable space in Area G, (July  1995). 
 
38-10   
RADIOLOGICAL CONTAMINATION PENETRATION  
DEPTH IN FERNALD TRANSITE PANELS 
William R. Russ 
John D. Valentine 
Wei Chung 
University of Cincinnati 
Department of Mechanical 
Industrial, and Nuclear Engineering 
Cincinnati, Ohio 45221-0072 
ABSTRACT 
To characterize the penetration depth of radiologic al contamination 
through the thickness of transite (an asbestos-ceme nt building material) 
from the Department of Energy Fernald site, both de structive and non-



destructive analysis techniques were used. The dest ructive techniques 
were based on progressively removing layers of mate rial and subsequent 
direct analysis of the exposed surfaces. These laye r removal analyses 
included quantitative measurements using a Geiger-M ueller (G-M) detector 
and qualitative measurements based on autoradiograp hy and ultraviolet 
photography. G-M detector measurements during layer  removal provided 
quantitative distributions consistent with diffusio n theory, serving to 
validate a novel non-destructive technique. The ult raviolet analysis 
provided qualitative information with the advantage  of instantaneous 
results that may be useful for screening samples. T he autoradiographic 
analysis also provided qualitative results for comp arison and image 
analysis. The novel non-destructive technique invol ves acquiring gamma-
ray spectra with high-purity germanium detectors pl aced on both sides of 
a panel and relies on relating the difference in ga mma-ray attenuation 
for different energies to the spatial distribution of contamination 
through the thickness of the panel. Both quantitati ve and qualitative 
results from this study indicate that the contamina tion did penetrate 
into the volume of the transite. However, this pene tration depth was 
observed to be strongly dependent on the manner in which the transite was 
exposed to the contamination. Consequently, it is l ikely that 
significantly different penetration depths will be observed for different 
processes, buildings, and sites. 
INTRODUCTION 
A typical decontamination and decommissioning conce rn for both Department 
of Energy (DOE) facilities and nuclear power indust ry facilities is 
accurately determining the depth to which radiologi cal contamination has 
penetrated building materials (1,2). The optimal me ans of decontaminating 
or disposing of such materials will often be depend ent on this 
penetration depth. The building material of primary  concern in this study 
is transite, an asbestos-cement material used in co nstruction of both 
internal and external walls in process buildings at  the DOE Fernald site. 
Transite was used extensively as building panels at  DOE sites (Fernald 
and others) prior to the implementation of asbestos -controlling 
regulations. Uranium processing at the Fernald site  has resulted in the 
radiological contamination of these panels. In the current era of 
remediation, prior to the disposal of these transit e panels, the multiple 
concerns of toxic (asbestos-containing) and radioac tive (process 
contaminated) waste must be addressed. Such a mixed  waste is much more 
costly to dispose of than waste which is solely tox ic or radioactive. It 
is therefore desirable to minimize the amount of mi xed wastes. In the 
case of Fernald transite, surface decontamination m ay potentially restore 
the bulk of the material to the simpler toxic waste  form. The viability 
of decontamination hinges on the distribution of th e contamination 
through the thickness of the transite panels. Conse quently, 
characterizing this contamination distribution is t he first step in the 
disposal of the transite. Note: the term "contamina tion distribution" 
will be used to indicate the distribution of contam ination through the 
thickness of transite samples, and does not refer t o the distribution of 
contamination on the surface of the samples unless specifically 
mentioned. 
The potential exists for a variety of destructive a nd non-destructive 
techniques to be used to characterize the contamina tion distribution 
through the thickness of transite. In this study, t he choice of 
techniques was based on selective criteria, includi ng minimizing cost, 



ability to perform in-house, time constraints, quan titative or 
qualitative nature of the results, ability to measu re contamination 
distribution, accuracy, and precision. Possible tec hniques were grouped 
into three categories based on the ability of the m ethod to provide 
information about the contamination distribution in  the sample: 1) 
destructive techniques which require destroying the  sample to provide any 
information; 2) non-destructive techniques which on ly provide information 
about the surface of the sample and therefore requi re destructive 
analysis to determine the contamination distributio n; and 3) non-
destructive techniques which directly provide infor mation about the 
contamination distribution. Analytical techniques c onsidered included 
neutron activation analysis (NAA), atomic absorptio n spectrometry (AAS), 
and inductively coupled plasma spectroscopy (ICP), proton-induced X-ray 
emission (PIXE), X-ray fluorescence (XRF), backscat ter spectroscopy, 
alpha, beta, and gamma-ray detection, ultraviolet ( UV) fluorescence, 
autoradiography and gamma-ray spectroscopy. Require ments for the third 
category were not met by any known established tech nique. However, a 
novel non-destructive gamma-ray spectrometry techni que has been proposed 
by Chung, et al. (3) and was implemented in this st udy. While the 
development of other non-destructive techniques was  considered, all such 
techniques required some sort of activation or exci tation source. This 
passive gamma-ray spectrometry technique represents  a simple, inexpensive 
means of quantifying the contamination distribution . Considering the 
selective criteria, the techniques of beta and gamm a-ray detection using 
a Geiger-Mueller (G-M) detector, UV fluorescence, a nd autoradiography, as 
well as gamma-ray spectrometry were chosen. All but  the non-destructive 
gamma-ray spectrometry method required sequential l ayer removal and 
subsequent analysis of the exposed surfaces. Use of  such destructive 
techniques was limited due to the difficulties in h andling radiologically 
contaminated asbestos made friable by the destructi ve process. The 
establishment of a suitable non-destructive techniq ue would bypass such 
handling difficulties, allow in-situ analysis, and minimize reliance on 
inferential statistics by allowing a much larger sc ale sampling plan. 
However, prior to validation of the novel non-destr uctive technique, the 
destructive methods were required. 
SAMPLES 
Transite is the brand name of an asbestos-cement co nstruction material 
consisting of chrysotile asbestos (magnesium silica te) and portland 
cement. Manufacturing consisted of bonding multiple  layers in a hydraulic 
press to form composite laminar panels. Transite wa s chosen as a building 
material for its strength and ability to resist moi sture, heat, and 
corrosion. At the Fernald site, these panels typica lly have the 
dimensions of 1.22 m  3.05 m and are either flat or  corrugated in form. 
The flat panels have a nominal thickness of 0.65 cm  whereas the 
corrugated panels have a nominal thickness of 0.95 cm. In general, the 
flat panels were used for internal walls and the co rrugated panels were 
used for external walls. 
The samples used in this study to develop a methodo logy for determining 
the contamination distribution were taken from two different buildings at 
the Fernald site with very different process histor ies, representing 
extreme cases. One was Building 7, a dry process ar ea where very little 
process contamination occurred, and the other was B uilding 2, a wet 
process area where more process contamination occur red. Two groups of 
flat panels (A and C) were taken from these buildin gs for analysis. Both 



of these groups consisted of six panels with each p anel being of 
approximately 25 cm  25 cm. Group A consisted of fl at panels from the 
interior of Building 7. Group C consisted of flat p anels from the 
interior of Building 2. Each panel within both grou ps was further labeled 
1 through 6, resulting in panels A1 through A6 and C1 through C6. 
Furthermore, these panels were subdivided into 9 sa mples each, a through 
i. For example, panel C5 was divided into approxima tely 7.6 cm  7.6 cm 
squares: C5a through C5i. Each of these samples rep resents the basic unit 
of analysis and has an area of approximately 60 cm2 . This sample size 
allows sufficient area for practical application of  analytical techniques 
while attempting to maximize the degree of contamin ation homogeneity 
across the surfaces. 
EXPERIMENTAL PROCEDURES 
The techniques used in the destructive analysis for  this study provided 
information only about the amount of contamination on the sample surface. 
To obtain information about the contamination distr ibution, layers were 
removed to allow measurements at various depths. In  maximizing the number 
of successive surfaces analyzed by minimizing the t hickness of each 
removed layer, it was possible to approximate the c ontinuous 
contamination distribution. 
Destructive Layer Removal 
A 1.0 m  0.5 m  1.2 m high efficiency particulate a ir (HEPA) filtered 
glove box, built specifically for this study, was u sed to contain 
radiologically contaminated friable asbestos genera ted during layer 
removal. Samples of transite were placed in the con tainment along with a 
belt sander and micrometer. Each sample was then pl aced in a vise, such 
that about half of the sample thickness extended ab ove the top of the 
vise. The belt sander with rough grit sandpaper was  then used to remove 
layers of material. Applying the sander in a variet y of directions 
ensured as uniform a removal as possible. With extr eme care, it was 
possible to remove a sufficiently uniform layer wit h a minimum thickness 
of approximately 0.025 cm. Variation in the thickne ss measured by the 
micrometer at eight locations on the sample provide d a measure of this 
uniformity. 
Quantitative Destructive Analysis 
Prior to the initial layer removal and after each o f these layer 
removals, the sample was analyzed with a G-M detect or, UV photography, 
and autoradiography. The G-M detector was used by p lacing the probe, 
which was about the same size as the sample, on the  sample face and 
recording the count rate. Layer removal and analysi s were continued until 
the level of contamination was below the threshold of detection 
(background level). The G-M detector was used becau se of its sensitivity 
to the beta particles emitted by the uranium daught ers which represent 
the contamination. 
Qualitative Destructive Analysis 
When uranium is exposed to an oxygen-containing env ironment, such as air, 
uranyl ions (UO2+2) are formed. These ions fluoresc e visible green light 
when exposed to UV light. Thus, when a sample is co ntaminated with 
uranium, exposing that sample to UV light provides a technique for 
localizing the presence and extent of contamination  as the intensity at 
which the sample fluoresces is proportional to the uranium concentration. 
Consequently, the presence of uranium contamination  can be determined 
qualitatively by direct observation. UV photography  provides a direct 
measure of the distribution of contamination on the  surface of the 



sample, illustrating surface contamination homogene ity. Furthermore, 
through the use of standards to determine relative intensities, image 
analysis could likely produce quantitative results.  Because UV light only 
interacts with the surface of the sample, this meth od provides 
information about contamination on the surface, and  is very quick, 
simple, and inexpensive (4,5). For the UV photograp hy in this study, the 
transite samples were placed in a light box equippe d with ultraviolet 
fluorescent bulbs which emitted light at a 254 nm w avelength. A 35 mm 
camera was attached to the viewport with 200 speed film and an exposure 
duration of 4 seconds. For comparative purposes, co nsistent settings and 
development were crucial. 
Autoradiography differs from typical radiography on ly in that the source 
of radiation is provided by the sample itself and a  separate radioactive 
source is not required. Classical radiography invol ves capturing the 
image of the sample on a photographic plate based o n the attenuation of 
radiation from an external source by the intervenin g sample, while 
autoradiography captures the actual pattern and int ensity of radiation 
from a sample. Consequently, the only requirements for autoradiography 
are radiosensitive film and a means of handling the  light sensitive media 
for exposure purposes. Since autoradiography also p rovided a spatial 
representation of contamination across the surface of the sample, 
illustrating surface contamination homogeneity, it was used for 
comparison to the UV photographic results for verif ying which regions 
contained uranium contamination. Autoradiography pr ovides surface or near 
surface information because the energetic charged p articles that are most 
likely to interact with and register on the thin fi lm are significantly 
attenuated with depth. The autoradiographs were pro duced using standard 
X-ray imaging film with a central polymeric base co ated on both sides 
with a thin emulsion covered with an anti-scratch l ayer. The film was 
placed in direct contact with a sample and stored i n a light-tight box 
for an appropriate exposure time. Consistent develo ping was provided by a 
standard automated developer. 
Non-Destructive Analysis 
The contamination distribution results from the des tructive analysis were 
used to both characterize the transite and to provi de verification of the 
novel non-destructive technique using gamma-ray spe ctrometry proposed by 
Chung, et al.(3). This non-destructive method was b ased on measuring the 
gamma-ray spectra from both sides of the sample. Fi gure 1 illustrates the 
implementation of this technique. Note the differen t photopeak areas (C1 
and C2) recorded by the two detectors in the two ga mma-ray spectra. In 
conjunction with knowledge of the gamma-ray linear attenuation 
coefficient for the material, the ratio of photopea k areas at several 
energies from these spectra can be used to infer th e most-probable 
contamination distribution. Use of a high-purity ge rmanium (HPGe) 
detector provided sufficient energy resolution to d iscern all of the 
photopeaks of interest. Comparing the measured rati o of the respective 
photopeak areas from both sides of the panel (Fig. 1-b) over a range of 
energies to computer-generated ratios for possible contamination 
distributions provided a prediction of the most-pro bable distribution 
(Fig. 1-c). The computer generated ratios were base d on distributions 
predicted by diffusion theory for given types of ex posures, or initial 
conditions. In particular, for a single instantaneo us exposure, the 
distribution was based on a gaussian function, and for a constant 



exposure, the distribution was based on a complemen tary error function 
(6). 
Fig. 1 
RESULTS 
Destructive analysis was conducted on both sides of  one A sample and 
eleven C samples using the G-M detector to obtain q uantitative 
contamination distributions. Approximately six laye r removals were 
required per side to reach background level. As rep resentative G-M 
detector data, sample C5a produced the results show n in Table I and Fig. 
2. Figure 2 also illustrates the correlation of the  measured 
contamination distribution with the distribution pr edicted by the non-
destructive technique. The shape of the measured co ntamination 
distribution is consistent with the diffusion theor y predictions of the 
non-destructive technique. For this study, the cond ition of constant 
exposure was approximated and the complementary err or function proved to 
be applicable. Similar contamination distributions were predicted and 
measured for the other ten C samples. 
Table I 
Fig. 2 
To determine how the contamination distributions va ry from sample to 
sample, the depth at which count rates from the G-M  detector approached 
background were recorded. Table II lists the sample  sides analyzed and 
their corresponding depth to background level. For the twenty-two sample 
sides analyzed from Building 2, the average backgro und depth was 
0.1460.0815 cm. Although the results in Table II il lustrate significant 
variation and uncertainty, it is apparent that ther e are differences 
between samples with different process histories. 
To further verify the penetration of uranium contam ination into the 
thickness of the transite panels, both UV photograp hic and 
autoradiographic analyses were performed on several  samples. Since the 
detection thresholds for both UV photography and au toradiography are 
significantly larger than that of the G-M detector,  these analyses became 
insensitive prior to reaching background levels. Co nsequently, only about 
four layer removals of 0.03 cm each provided useful  image information. 
The autoradiography required an exposure time of ei ther 24 or 48 hours, 
depending on the contamination level. It was empiri cally determined that 
a G-M detector reading of about 1000 counts per min ute (cpm) or greater 
could be exposed for 24 hours to produce a sufficie nt image. Lesser 
activity required a 48 hour exposure. 
As representative of UV photographic and autoradiog raphic results, sample 
C5a produced the images shown in Figs. 3 and 4, whe re Fig. 3 shows the 
sample prior to layer removal and after a single la yer removal and Fig. 4 
shows the sample after two and three layer removals . The progression of 
decreasing contamination and image correlation for the same layer are 
illustrated by the dark green areas in the UV photo graphs which 
correspond to the light areas in the autoradiograph s. 
One concern with results based on layer removal usi ng a belt sander was 
the possibility of cross-contamination between subs equent layers due to 
embedding by abrasion. The well-resolved contaminat ion pattern images 
from the UV photography and autoradiography and the  ability to achieve 
background level after several layers have been rem oved indicate that 
this effect is negligible.  
Fig. 3  
Fig. 4 



CONCLUSIONS 
The UV photographic technique proved to be a good q ualitative tool for 
quickly analyzing the samples. The autoradiographs were used as a 
reference to provide a gross, qualitative indicatio n of what aspects of 
the UV image corresponded to contamination. The aut oradiographs were not 
limited by extraneous background imaging (visual no ise), as the UV images 
were, since exposure of the film resulted only from  radiation produced by 
the contamination. The threshold of detection is th eoretically better for 
the autoradiographs than for the UV photographs, gi ven sufficient 
exposure time. However, this autoradiographic expos ure time is quite 
lengthy, on the order of days. Both UV photography and autoradiography 
provide the degree of surface contamination homogen eity. 
Given the primary concern of determining whether th e transite can be 
decontaminated such that the bulk of the material m eets free release 
criteria, a key characteristic of interest is the d epth to background or 
the thickness of material that potentially requires  removal. Should this 
characteristic be too large, decontamination may no t be viable for a 
given method of removal. Samples with a more signif icant contamination 
exposure history (group C samples - Building 2) had  a background depth 
that resulted in approximately 40% of the total thi ckness of the transite 
being contaminated to some level. For samples with a process history that 
resulted in significantly less contamination (group  A samples - Building 
7), the background depth represented about 8% of th e total thickness of 
the transite. The viability of decontamination is i llustrated to be 
heavily dependent on the process history. For futur e studies, it is 
recommended that a greater variety of sample contam ination exposure 
histories be used for a stronger correlation to bac kground depth. 
The contamination distribution results indicate the  degree to which a 
given sample can be labeled as surface or volumetri cally contaminated. 
The quantitative data provided by the G-M detector produced distributions 
consistent with the non-destructive technique. Ther efore these G-M 
detector distributions adhere closely to what was p redicted by diffusion 
theory, a complementary error function distribution , given the 
appropriate condition of constant exposure. The val ue of this technique 
is its concept of using gamma-ray spectrometry with out destroying the 
samples and that the computer simulations produce a  reasonable 
representation of the actual contamination distribu tion. 
While this study has focused on the characterizatio n of Fernald transite, 
other radiologically contaminated materials could a lso be characterized 
using these techniques. As long as gamma-ray spectr a can be acquired from 
two opposing sides, a range of photopeak energies a re available, and the 
assumption of uniform contamination across the surf ace is not 
restrictive, the non-destructive gamma-ray spectrom etry technique can be 
used. To accurately predict the contamination distr ibution for a 
particular sample, a reasonably accurate knowledge of the manner in which 
the sample was contaminated is also required. In li eu of this knowledge, 
the destructive techniques can be used to establish  appropriate 
mathematical representations of the contamination d istribution. In any 
case, the destructive techniques should likely be u sed on a few samples 
from any new set of building material samples to co nfirm the results of 
the non-destructive technique. This recommendation will be necessary 
until the non-destructive technique has been furthe r validated for a 
broader set of contaminants and exposure scenarios.  However, it is 
envisioned that at some point the non-destructive t echnique will 



accurately predict the contamination distributions without the need for 
any destructive measurements for confirmation. Thes e techniques are well-
suited for analyzing transite samples from other DO E sites. While the 
non-destructive technique and the destructive G-M a nd autoradiography 
techniques are applicable for any radiological cont aminant that emits 
beta particles and gamma-rays, the UV photography t echnique is not 
applicable unless uranium or other contamination th at fluoresces under UV 
excitation is present. Nonetheless, the techniques developed in this 
project would only require minor modifications, if any, to be useful for 
analyzing transite or other building material sampl es from other DOE 
sites for the contamination distribution through th e thickness of the 
samples. 
This study established a reliable means of determin ing the penetration of 
contamination in flat transite panels by destructiv e layer removal and 
analysis. In addition, the novel non-destructive te chnique using gamma-
ray spectrometry has been validated. Specific sampl e contamination 
distributions have been shown to be dependent on ex posure history, as 
consistent with diffusion theory, and should be app licable to materials 
other than transite.  
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ABSTRACT 
In response to regulatory requirements, the current  economic environment, 
and diminishing on-site low-level radioactive waste  (LLW) disposal 
capacity, Los Alamos National Laboratory (LANL) nee ded to develop a 
system to collect data on future LLW generation tha t would comply with 
DOE Order 5820.2A and be an effective facility plan ning tool. The LANL 
Volume Projections Project (VPP) was created to mee t these needs. This 
paper describes the objectives, scope, and componen ts of the VPP that 
will provide information essential to future facili ty planning and 
development. 
The VPP potentially involved the accumulation and e valuation of a large 
volume of data. The minimum data requirements were determined by 
considering the waste management facility's prelimi nary performance 
assessment results, on-site disposal space limitati ons, treatment 
options, and off-site disposal options. Using these  data requirements, a 
questionnaire was developed to obtain the necessary  waste stream 
information from the waste generating facilities. A  pilot program was 
implemented to evaluate the sufficiency of the data  gathered and the 
ease-of-use of the questionnaire.  
An Oracle database will be developed to manage the information. When the 
database is completed, the questionnaire will be di stributed to the five 
largest waste generating facilities (accounting for  75 percent of the 
solid LLW disposed of at LANL). The LANL-wide imple mentation of this 
program is scheduled for the following fiscal year.  
DEFINITIONS 
Container. A receptacle used to hold materials or w aste for shipment, 
storage, or disposal. 
Low-level radioactive Waste. Solid waste that is ra dioactive and is not 
classified as high-level waste, TRU waste, spent nu clear fuel, or 
tailings from the milling of uranium or thorium ore  (1). 
Normal Waste. Waste that is not generated through a n environmental 
restoration project, a decontamination/decommission ing project, a spill 
clean-up, or an abatement project. 
Performance Assessment. A systematic analysis of th e potential risks 
posed by waste management systems to the public and  environment, and a 
comparison of those risks to established performanc e objectives (2). 



Waste generator. Any person by site whose act or pr ocess produces waste 
or whose act first causes a waste to become subject  to regulation (3). 
Waste Stream. A waste or group of wastes generated by a process at 
regular intervals or continuously over time that va ries only within a 
narrow range of parameters (4). 
ACRONYMS 
BEMR   Baseline Environmental Management Report 
DOE   Department of Energy 
IDB   Integrated Database 
LANL   Los Alamos National Laboratory 
LLW   Low-level radioactive Waste 
ORNL   Oak Ridge National Laboratory 
PA   Performance Assessment 
TSD   Treatment, Storage, or Disposal Facility 
VPP   Volume Projections Project 
WPF   Waste Profile Form 
INTRODUCTION 
The LANL Waste Management Program Office and its fa cilities must provide 
waste generation projection data to the Department of Energy, the 
University of California and other stakeholders. Be cause of the following 
concerns, the need for accurate waste generation vo lume projections has 
increase substantially: projected deep budget cuts for environmental 
management programs, and the need to assure the ava ilability of waste 
treatment, storage, and disposal (TSD) capabilities . An annual survey 
will be used to gather facility specific estimates of future waste stream 
generation volumes to compile waste volume projecti on data with TSD 
capacity data. The questionnaire will be useful in performing compliance, 
reporting, and planning activities. 
REGULATORY DRIVER 
DOE Order 5820.2A, Radioactive Waste Management sta tes that "Generators 
shall provide an annual forecast in the third quart er of the fiscal year 
to field organizations managing the off-site dispos al facility to which 
the waste is to be shipped" (2). Additionally, the draft DOE 5820.2B, 
states that "Because of the long time period involv ed and the nature of 
the events and processes affecting disposal facilit y performance, there 
will be substantial uncertainties associated with t he performance 
projections. A Performance Assessment Maintenance P rogram should include 
a process for reducing uncertainties in predictions  about the long-term 
performance of the facility based on experimental a nd model improvement 
efforts. Projections should, at a minimum, provide the following: a 
listing of the types of waste to be shipped and an estimate of the as-
transported volume and weight of each waste type an d the activity of 
major radionuclides by isotope in each waste type" (5). 
DISCUSSION 
Between 1992 and 1995, LANL generated approximately  2600 cubic meters of 
LLW per fiscal year. Therefore, the VPP involved th e accumulation and 
evaluation of a large volume of data. Because of th e large number of LLW 
generators and the need to ensure that the amount o f data gathered was 
manageable, it was necessary to limit the data requ ested to those items 
that directly impact the facility's disposal capabi lities and those 
needed for DOE reporting activities. These items ar e identified in the 
PA, the Baseline Environmental Management Report (B EMR), and in the DOE 
Integrated Database (IDB).  



The PA requires information on the volume of waste disposed of, the 
radionuclide content, the waste matrix, and the typ e of container used 
for disposal. Because of space limitations, treatme nt options, and off-
site disposal options, similar information must als o be evaluated to 
ensure that facility operations are not impacted. T he disposal facility 
must ensure that it has sufficient capacity and tha t the construction of 
new disposal cells are budgeted for. 
Additionally, the data obtain from this project wil l reported to the BEMR 
and the IDB. The BEMR includes "life-cycle cost est imates, tentative 
schedules, and project activities necessary to comp lete the Environmental 
Management Program" (6). The IDB provides "radioact ive waste inventories 
and projections, ...for use in the planning and ana lysis of waste 
management functions" (7).  
Questionnaire Development 
Before the questionnaire was developed, representat ives from LANL's waste 
management facilities, pollution prevention program , and waste management 
program office met to discuss the data required to meet reporting 
requirements. The following items were identified a s minimum data 
requirements to be provided on the VPP questionnair e: 
1. The fiscal year was chosen as the reporting peri od, since the amount 
of waste generated correlates with the funding rece ived for the fiscal 
year. Data will be collected in the first quarter o f each fiscal year for 
the current year as well as the next four years. 
2. The volume is reported in cubic meters. Cubic me ters was chosen as the 
reporting unit because it is the unit requested by the BEMR and the IDB. 
3. The matrix categories are summarized in Table I and are similar to 
those used to report to the IDB and the BEMR The ma trices are important 
to the evolution of the performance assessment, as the waste matrix 
directly effects the migration of radionuclides int o the surrounding 
environment. 
Table I 
4. The container type is the container used to disp ose of the majority of 
the waste. The container types of interest are list ed in Table II. The 
container type affects the containment of radionucl ides and the 
efficiency of the disposal unit. 
5. A confidence level (i.e., low, medium, or high) was requested to 
determine variance in the data.  
Table II 
"High confidence indicates that the volume estimate s are expected to be 
accurate to 25 per cent; Medium 50 percent; Low 100  percent or more" (6). 
Using the minimum data requirements, a questionnair e was developed (see 
Appendix A). The data was requested for each waste stream as identified 
on LANL Form No. 1346, Waste Profile Form (WPF), wh ich describes the 
physical, chemical, and radiological characteristic s of a waste and the 
generating process. The questionnaire was reviewed by the disposal 
facility managers and the LANL waste management pro gram office before the 
pilot program was implemented. 
Target Audience 
LANL operates using a facility management model. Th erefore, the facility 
managers were identified as the target audience for  the questionnaire 
because they are responsible for the activities tha t take place within 
the facilities. Each LLW-generating facility will b e requested to provide 
volume, matrix, and container type for each normal waste stream 
referenced by the WPF. LLW generators will be provi ded with previous 



generation rates to assist them in determining futu re generation rates. 
Previous generation rates will be obtained from the  LANL Chem-LLW 
Database. 
Pilot Program 
A pilot program was developed and implemented to ev aluate the data 
gathered and the ease-of-use of the questionnaire. The pilot program was 
initiated at a major LLW generating facility, the P lutonium Facility. 
This facility generates approximately 400 cubic met ers of LLW per fiscal 
year, making it the second largest LLW generator at  LANL. The two primary 
waste streams coming from this facility are a compa ctible waste stream 
consisting of paper, plastic, and glass and a nonco mpactible waste stream 
consisting of building debris, metal, and wood. Dur ing the pilot program, 
representatives of the generating facility were giv en the opportunity to 
comment on the questionnaire in addition to providi ng data for the next 
fiscal year. A complete questionnaire for Fiscal Ye ar 1996 is located in 
Appendix B 
RESULTS 
As a result of the pilot program, no major changes were made to the 
questionnaire. In the next revision of the question naire, dose rate 
information (i.e., greater than 200 mrem/hr) will b e requested. This 
information will allow the disposal facility to ide ntify waste that 
requires a more restrictive disposal location.  
The questionnaire will be reevaluated annually to i ncorporate changes in 
reporting requirements and facility needs. User com ments will also be 
considered during the review of the questionnaire.  
CONCLUSION 
The VPP was developed to collect LLW volume project ion data essential to 
future planning at the LANL LLW disposal facility. Not only does the 
current economic environment and diminishing dispos al space warrant this 
type of activity, it is also required by DOE Order 5820.2a (2). The 
questionnaire has been developed and evaluated; how ever, because of 
budget constraints the remainder of this project ha s not yet been 
completed. Once funds are available, an Oracle data base will be developed 
to manage the data. This database will allow LANL's  waste management 
organizations to access the information regarding f uture LLW generation. 
Upon completion of the database, the questionnaire will be distributed to 
the five largest waste generating facilities (accou nting for 75 percent 
of the solid LLW disposed of at LANL). The LANL-wid e implementation of 
this program is scheduled for the following fiscal year. 
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ABSTRACT 
Construction and operation of underground radwaste repositories are 
inevitably connected with disturbances of the envir onment, the geological 
media, the compact group of rocks surrounding the r epository and 
technical effects of waste placed within them. Acce ptability of technical 
decisions is determined by an evaluation of the dis turbances, 
consequences of the waste impacts on the environmen t and measures used to 
minimize or to eliminate these disturbances. 
To sufficiently carry out such assessments to satis fy experts and allow 
the public to determine the acceptability of a repo sitory construction, 
it is necessary to determine: 
  type and scale of environmental disturbances; 
  type and scale of technogenous impact on the envi ronment; 
  measures to minimize or eliminate the disturbance s. 
To more fully and qualitatively carry out these ass essments, general 
forms and characteristics of disturbances of the en vironment were defined 
in the zone surrounding the repository. These asses sments include 
geomechanical, hydrodynamic and aerodynamic series of disturbances and 
contaminations. 
Taking into account the importance of full disclosu re of the impact of 
the repository on the environment, a complex classi fication of 
technogenous impacts has been developed and is bein g presented for 
discussion. It includes technological stages of con struction and 
operation of a repository, technogenous impacts and  objects of their 
influence, possible negative results and recommenda tions for their 
partial or full elimination. The proposed classific ation can serve as a 
methodological basis for preparation and support of  technical decisions. 
Construction and operation of underground facilitie s for radwaste 
disposal is inevitably connected with disturbances of the natural 
environment and conditions resulting from operation  of different 
production facilities in the region. This is the re ason environmental 
protective authorities of Russia issued regulatory requirements which it 
is necessary: 
  To evaluate the existing condition of the environ ment, and the 
techtonic and social media in the area of construct ion with ecologically 
dangerous technology and to determine its possible reserve levels; 



  To define possible disturbances of the formed med ium and levels of 
additional loads from the new production facilities  and on the basis of 
complex long-term predictions for development of ec ological situations 
along with the assessment of acceptability of the p roposed decisions; 
  To predict all possible measures to minimize dist urbances of the formed 
medium, to correct it, or at least to bring new tec hnogenous effects to 
ecologically acceptable levels. 
Environmental assessments are required by State reg ulation to assess the 
impact of designed facilities for use with nuclear radiation 
technologies. 
Completion of construction is based on complex inve stigations concerned 
with disclosing technogenous effects, scale and pos sible consequences. 
The first step, while carrying out such investigati ons, consists of 
determining type and source of impact on the enviro nment and the scale 
and characterization of these impacts. 
At the second stage, from the scale of impact, dete rioration of the 
ecological situation is determined. 
On the basis of these activities, the technogenous impacts scale is 
defined and assumptions are made for methods to pre vent or reduce the 
problem. 
While constructing and operating an underground rep ositories for radwaste 
disposal, the resulting technogenous impact on the environment and the 
lithosphere must be taken into account. 
As to technological processes being the source of g eomechanical 
disturbances, it is necessary to: 
  arrange sites for drilling and other geological e xploratory activities; 
  construct roads, communications for industrial an d social purposes, 
buildings and constructions: 
  minimize drift of workings, and drilling debris f rom boreholes; 
  engineer development sites; 
  dig foundation pits for technological purposes an d for building and 
construction foundations; 
  arrange for sewage settlement ponds; 
  prevent erosion of upper soil covers during sewag e discharge up to the 
ravine formation. 
The sources of hydrodynamic disturbances include ac tivities of land 
development, mining and objects operation. Referenc e is made to: 
  transfer of river-beds; 
  drainage of surface water reservoirs; 
  change of level and condition of underground wate rs while drifting of 
debris through aquifers or under-working of aquifer s; 
  depletion of aquifers over the area of an undergr ound repository and 
beyond its boundaries when underground waters come in contact with mine 
debris with the resultant pumping out into water re servoirs. 
To sources connected with radwaste placed in an und erground repository, 
the following must be considered: 
  heat release connected with radioactive decay; 
  radioactive radiation; 
  chemical effect of placed matter; 
Sources of aerodynamic disturbances include: 
  building and high structure change rate, directio n and character of air 
flow movement; 
  change of relief of an engineered development on site; 
  ventilation of air from underground facilities; 



  surface evaporation of settling basins and reserv oirs-accumulators. 
Biomorphological sources of disturbances include en gineering development 
of an industrial site (removal of fertile soil and its stock, site, 
clearing of site, removal of vegetation, etc.). 
Contamination of lithosphere takes place as a resul t of radwaste 
emplacement and migration of solutions containing h azardous elements 
leached from them. 
Sources of hydrosphere contamination refer to: 
  hazardous matters and radionuclides leached from waste placed in the 
repository which migrate into the active water exch ange; 
  sewage discharge and water discharge from constru ction of underground 
facilities; 
Run-off contaminants accumulated on site surfaces b y precipitation; fall-
out of contaminated precipitation and dust from the  atmosphere. 
Sources of atmosphere contamination include dusting  of ground and rock 
dumps. 
Biological contamination of the environment occurs when wastes from 
production are transferred to fertile soils and sit es for housing 
construction.  
Analysis of contamination sources from construction , operation and 
conservation of underground repositories is an impo rtant step for 
assessment of impacts of those facilities on the en vironment. This 
produces a number of important tasks: 
  to comprehensively inspect the construction and p roduction facilities 
in the region of an underground radwaste repository ; 
  to determine possible environmental and technogen ous consequences and 
degree of impact resulting from construction and op eration of an 
underground radwaste repository;  
  to develop measures for the improvement of ecolog ical condition at the 
construction site and determine measures for barrie r protection while 
placing waste in the repository. 
Classification of impact sources and main forms of their manifestation 
witnesses that they present a list of indices of su ch manifestations 
allow to carry out such assessments. 
Because technogenous factors disturb the ecological  balance in the 
construction region of a repository, construction r equires a complete 
evaluation of the impact on the natural environment , determination of 
possible negative results and methods for overcomin g the impact for each 
stage of construction and operation of the undergro und facilities. While 
creating of systems for waste isolation, classifica tion of technogenous 
processes and disturbances is necessary: 
  Flaws inherent in the classification system are: 
-     utilization of known reasons and their charac teristics of 
disturbances as a basis for classification (1,2); 
-     scantiness of factors and stages of works (3, 6).  
Disposal of radwaste in geological formations is a new scientific 
direction in geotechnology. The characteristics of this direction consist 
of a widescale and complex influence of an undergro und repository on the 
area of waste emplacement beyond its boundaries. Th erefore, 
classification must take into account: 
  scale and character of influences on the environm ent during every stage 
of construction and operation of a repository; 



  the factor that long-term existence of an ecologi cally dangerous 
repository becomes an integral interconnected eleme nt of the existing 
environment; 
  to every technological process on every stage of  operation of an 
underground repository those or other objects of th e environment 
correspond (earth, flora, fauna, hydrosphere, etc.) . 
Taking these factors into account will yield a repr esentative model for 
radwaste isolation in the natural environment. 
We propose a classification of technogenous impacts  and disturbances of 
the environment which may occur during disposal of underground radwaste. 
The classification given below takes into account t echnological stages 
for construction and operation of repositories, fac tors of technogenous 
effects on different objects and foreseen negative results. This 
classification, with recommendation for minimizatio n or elimination, can 
be considered guidelines for estimating repository disturbances on the 
environment. 
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ABSTRACT 
Two precision weighing lysimeters were installed ne ar the Area 5 
Radioactive Waste Site (RWMS) on the Nevada Test Si te to provide support 
for investigations of water, solute and heat fluxes  in the near-surface 
of the soil. An outdoor facility is necessary becau se the moisture and 
thermal regimes in the upper part of the unsaturate d zone in arid regions 
are strongly influenced by the atmospheric conditio ns at the soil 
surface. The lysimeters consist of soil tanks with a volume of 16 m3 



mounted on a sensitive scale. The top of the soil t ank is flush with the 
ground surface and access to the side of the soil t ank is provided 
through an underground entry. During installation o f the lysimeters, soil 
was removed in lifts, screened, and set aside for r epacking. The soil 
lifts were repacked in order to simulate the natura l stratigraphy. One 
lysimeter was revegetated with native shrubs wherea s the other was kept 
bare to simulate a non-vegetated waste cover. 
Data consisting of physical and hydrological proper ties of the lysimeter 
soils, thermal and moisture conditions in the lysim eters, and atmospheric 
boundary conditions, are being collected for calibr ating and verifying 
computer models for simulating the flow of water an d heat in the near 
surface of alluvium at the Area 5 RWMS. This effort  will provide site-
specific models for demonstration of "no migration"  of constituents to 
the water table. Physical and hydrologic properties  are being determined 
using standard laboratory methods on repacked soil cores. Moisture and 
thermal conditions are monitored daily using time d omain reflectometry 
probes at eight depths in the lysimeters and thermo couple psychrometers 
at ten depths. Daily evapotranspiration is calculat ed from the lysimeter 
scales. Meteorological variables are monitored by s ensors mounted on a 3-
meter tower adjacent to the lysimeters. An array of  soil-solution 
samplers to be installed through the side of the so il tank will allow 
studies of waste mobility under natural conditions.   
Conceptual designs for closure at the RWMS are focu sed on using an upper 
layer of repacked native alluvium. However, perform ance of other 
components such as a capillary barrier can be teste d by installing a 
scaled version in one of the lysimeter tanks.  
INTRODUCTION 
Weighing lysimeters are an important tool for chara cterizing near surface 
transport processes, including the measurement of e vapotranspiration 
(1,2). Two precision weighing lysimeters were insta lled near the Area 5 
Radioactive Waste Management Site (RWMS) on the Nev ada Test Site (NTS) to 
provide support for investigations of water, solute , and heat fluxes in 
the near-surface of the soil. Data from the weighin g lysimeters, physical 
and hydrological properties of the lysimeter soils,  and atmospheric 
boundary conditions are being collected for calibra ting and verifying 
computer models for simulating the flow of water an d heat in the near 
surface of alluvium at the Area 5 RWMS. This effort  will provide site-
specific models for demonstration of "no migration"  of constituents to 
the water table.  
The lysimeters consist of soil tanks with a volume of 16m3 mounted on a 
sensitive scale. The top of the soil tank is flush with the ground 
surface and access to the side of the soil tank is provided through an 
underground entry (refer to Fig. 1) . During instal lation of the 
lysimeters, soil was removed in lifts, screened, an d set aside for 
repacking. The soil lifts were repacked in order to  simulate the natural 
stratigraphy. One lysimeter was revegetated with na tive shrubs whereas 
the other was kept bare to simulate a non-vegetated  waste cover.  
Fig. 1 
SITE DESCRIPTION 
The lysimeter facility is located approximately 400  m west of the Area 5 
RWMS on the NTS, which is located in the northern F renchman Flat in 
southern Nevada. Frenchman Flat is a closed basin. The RWMS is at an 
elevation of 976 m on a bajada of the Massachusetts  Mountains at the 
intersection of three alluvial fans on a slope of a bout 1 (3).  



The NTS lies in a region that is transitional betwe en the Great Basin 
Desert and the Mohave Desert. The climate of the ar ea is characterized by 
a large number of cloudless days, low precipitation , and high daily 
temperatures, especially in the summer. Annual aver age precipitation is 
approximately 125 mm. The majority of rain falls du ring two peak seasons, 
with a greater peak in the winter and a lesser one occurring during the 
summer months.  
MATERIALS AND METHODS 
Each of the weighing lysimeters were instrumented w ith eight time domain 
reflectometry (TDR) probes to measure volumetric so il water content 
(storage component of the water balance) at depths of 10, 20, 30, 50, 70, 
110, 140, and 170 cm; and 10 thermocouple psychrome ters (TCP's) to 
measure soil water potential and soil temperature a t depths of 10, 20, 
30, 40, 50, 70, 90, 110, 140, and 170 cm. The appro ximate placement of 
these sensors within the lysimeters is illustrated in Fig. 2. TDR and TCP 
data are collected daily.  
Core samples were collected from the lysimeters in 10-cm increments from 
0 to 2m depths for characterization of physical and  hydrologic 
properties. The physical property analysis included  dry bulk density and 
porosity. The hydrologic property analysis included  water retention 
relations, saturated hydraulic conductivity, and hy draulic conductivity-
saturation relations.  
The boundary conditions at the ground surface are p rovided by collecting 
hourly averages of micrometeorological parameters f rom a 3-meter 
micrometeorology instrumentation stand located next  to the lysimeter 
facility. Inputs of water from precipitation are re corded with tipping 
bucket rain gauges and hourly averages of evaporati on and 
evapotranspiration are obtained from the weighing l ysimeters.  
Fig. 2 
PRELIMINARY RESULTS 
Precipitation and evaporation data have been collec ted for nearly two 
years, thus providing a clear picture of the water balance of the area 
for the past two years. Figure 3 illustrates monthl y precipitation 
measured at four stations located at approximately the four corners (NW, 
NE, SW, and SE) of the RWMS, and monthly evaporatio n (measured in the 
bare-soil lysimeter), and evapotranspiration (measu red in the vegetated 
lysimeter) for the period of September 1994 to Augu st 1995.  
Winter rain amounts were greater than evaporation ( E) and 
evapotranspiration (ET) during the months of Decemb er 1994, and January 
1995. Data were not available for the vegetated lys imeter in February 
1995. Monthly ET totals were greater than monthly p recipitation totals 
after February 1995, and monthly E totals were grea ter than monthly 
precipitation totals after March 1995.  
The data period presented resulted in an annual pre cipitation total of 
186 mm, which is approximately 50 percent higher th an the annual average 
amount of 125 mm. The ET total amount was 320 mm, a nd the E total amount 
was 158 mm. These results indicate that although an nual precipitation was 
greater than bare-soil evaporation, it was far less  than annual 
evapotranspiration, thus illustrating that plant wa ter use is a 
significant component of the water balance, and the refore that plants may 
prove to be an essential component in cover designs .  
Fig. 3 
The resulting pattern of soil water distribution fr om this annual cycle 
of wetting and drying is illustrated in Fig. 4 for the vegetated 



lysimeter. The soil water content profile prior to the winter rains was 
consistently dry. Prior to 1995, TDR probes were no t installed in the top 
50 cm of the lysimeters. Following the winter rains , elevated soil water 
content values were found in the top meter of both lysimeters. 
Redistribution over the next new months resulted in  increased soil water 
contents at depth. Later in the year, after a perio d of drying, the soil 
water content profile returned to a consistently dr y state, with 
volumetric water content values at approximately si x percent in the bare-
soil lysimeter, and three percent in the vegetated lysimeter (Fig. 4). 
The presence of plant cover enabled considerably mo re soil drying than 
occurred with a bare-soil cover.  
Fig. 4 
DISCUSSION 
Preliminary results indicate that actual ET rates e xceed precipitation 
rates for this region, even though precipitation wa s 150 percent of 
normal for the test period. Weighing lysimeter data  indicate that each 
annual input of precipitation is entirely removed b y annual ET, thus 
indicating conditions of zero recharge, and indicat ing ideal conditions 
for location of a RWMS, and demonstration of "no mi gration" of 
constituents to the water table.  
Future plans for the lysimeter facility include stu dies of waste mobility 
under natural conditions using an array of soil-sol ution samplers to be 
installed through the side of the soil tank. In add ition, conceptual 
designs for closure at the RWMS will be tested at t he lysimeter facility, 
because most conceptual designs are focused on usin g an upper layer of 
repacked native alluvium, as is found in the lysime ters. Performance of 
other conceptual designs such as a capillary barrie r can also be tested 
by installing a scaled version in one of the lysime ter tanks.  
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ABSTRACT 
There are numerous licensed nuclear sites which hav e a quantity of 
square, contaminated filter elements in store, awai ting disposal. The 
possible methods of treating these filter elements using a form of volume 
reduction are under review for the following reason s: 



The UK Conditions of Acceptance for LLW disposal pr ohibit this form of 
waste without some volume reduction. The less radio active filters can be 
incinerated in the UK but a proportion of them are too actively 
contaminated for volume reduction by this route or have been manufactured 
with metal frames unsuitable for incineration. 
The square filters under consideration are of such a size that they are 
impossible to place within a standard waste drum fo r high force 
compaction, without some form of treatment 
The purpose of this review was to produce a concept ual design of a 
Transportable Volume Reduction System (TVRS) to man age this waste stream, 
specifically for those filters which have metal fra mes or are too 
radioactive for incineration 
OUTLINE TECHNICAL REQUIREMENTS 
The developed system had to be readily transportabl e so that a number of 
sites could be visited, with a minimum of set-up or  strip-down time. 
Careful consideration needed to be given to the req uirement for and means 
of, decontamination prior to moving the TVRS on to public roads. 
The system had to be designed so that materials oth er than square HEPA 
filters could also be volume reduced, so far as tha t was practical, and 
the products of the developed treatment had to be c ollected in a sealable 
steel drum, suitable for transfer to other on-site facilities, if 
required. A means of determining the volume of the contents of the 
collection drum had to be incorporated into the des ign. Overfilling of 
the collection drum was not acceptable. 
The TVRS was to be provided with a form of containm ent around the 
treatment equipment, incorporating a ventilation pl ant built to the UK 
standard AECP 1054 - Ventilation for Radioactive Ar eas. Consideration had 
to be given to controlling larger pieces of debris which, although they 
might not become airborne, could escape the contain ment envelope. 
Conventional safety issues as well as radiological matters were to be 
addressed 
The final dimensions of the TVRS were to be such th at the unit could be 
driven into an existing building, equipped with the  necessary services, 
i.e., radiological changeroom, electrical and compr essed air outlets and 
a suitable discharge point for an on-board ventilat ion plant. 
Standard, proven equipment was to be used in the de sign wherever possible 
to minimize the cost of hardware manufacture and op erational maintenance. 
An estimate of overall costs and construction progr am was to be provided. 
ASSUMPTIONS 
The dimensions of the square HEPA filter elements w ere assumed to have 
external dimensions of 620 mm x 620 mm x 310 mm thi ck, with the filter 
frames being constructed of plywood, glassfibre or aluminum material. 
It was also assumed that the waste collection drum into which the filters 
were to be packed were nominally of 200 liter capac ity with dimensions of 
572 mm internal diameter, 610 mm external diameter over the rolling hoops 
with an internal height of 813 mm and an external h eight of 863 mm. In 
addition, the drum would be fitted with a sealed li d and closure ring. 
A condition set by the authors for acceptance of ma terial for treatment 
was that it arrived sealed in heavy duty plastic ba gs with radiologically 
clean external surfaces and that the activity withi n the bags was of such 
a level that it would be eligible for disposal as L ow Level Waste. 
AVAILABLE PROCESSES 
In reviewing the volume reduction of contaminated s quare filters, the 
authors investigated, in detail, the following proc esses: 



 Compaction ;   Creasing ;    Shredding ;    Cuttin g ;    Dissolution 
Although the investigation was extremely thorough, only the main points 
of the different systems are summarized below. 
Compaction was quickly dismissed on the basis that,  although all UK 
reactor sites are equipped with in-drum compactors,  as the filters will 
not enter the drum to permit compaction, the existi ng compactors cannot 
be utilized on the filter frames until some pre-tre atment has been 
achieved. 
A process of volume reduction, or more realisticall y, dimensional change 
to suit the collection drum, can be achieved by cre asing the filter side 
frames to reduce one of the 620 mm dimensions. The amount of creasing, or 
deformation, required is a function of the diameter  of the drum. Figure 1 
indicates that one dimension of the filter would ne ed to be reduced to 
around 437 mm to enable it to fit into the 572 mm d iameter drum. The 
creasing operation shown taking place on two sides of the filter frame 
would produce a shape which would only permit one d eformed unit to be 
placed in each drum. To improve the packing factor,  the authors reviewed 
the possibility of putting other forms of loose was te with the filter 
before the final compaction process took place. Cre asing was eventually 
dismissed as a candidate process because of the dou ble handling aspect 
and the difficulty of handling a filter with a brok en frame with airborne 
particulate being scattered between the creasing pr ocess and the 
collection drum. 
Fig. 1 
The process of shredding material by means of multi ple cutting discs 
results in a product, the size of which is largely determined by the size 
of the perforations in the mesh below the cutting d iscs and the time 
allocated to the operation. Shredders which employ two rows of cutting 
discs rotating in opposite directions have a good r eliability record when 
operating in dirty and neglected conditions. Normal ly they are provided 
with an ability to reverse the direction of cutter rotation when the 
system becomes blocked. The cutters will then resum e the original 
direction of rotation. The products of the shreddin g operation continue 
to be recycled through the cutting discs until they  are sufficiently 
small to pass through the mesh under the blades. Ob viously, the smaller 
the perforations, the longer the process. The major  disadvantage of the 
shredder system is that it produces large quantitie s of dust, demanding 
that the process would require some efficient conta inment enclosure. It 
is, however, a single handling operation. 
A saw bench style cutting table was also considered , to reduce the frame 
of the elements into four individual components whi ch could be placed 
inside the drum. The drum would, under this system,  ultimately be filled 
with a large quantity of frame sides measuring 310 mm wide x 620 mm long. 
Like the shredder, this system raises a high degree  of dust, demanding 
extensive containment and the depositing of radioac tive solid waste, i.e. 
the filter element material, on the saw bench table . All movement of the 
waste into the drum would demand manipulation throu gh the containment 
wall. 
Although dissolution was considered as a means of p roducing a reduction 
in volume for the filter elements, it is obvious th at it means employing 
large tanks containing acid (for the filter frames)  and water (for the 
filter media) together with the required neutralizi ng tanks, dewatering 
equipment, pumps, valves, etc. The possibility of t hen transferring the 
solution to a site's Active Effluent Treatment Plan t for ultimate 



disposal of the liquid arisings is a complication t hat would best be 
avoided. 
The selected process for the TVRS for the square HE PA filters was 
shredding for the following reasons: 
  The shredding process is a single pass operation,  which will result in 
a volume reduction ratio of at least 3 
  It requires no hands-on intervention, indicating a minimum operator 
radiation dose uptake. 
  The shredding mechanism is shrouded and can be ex tended to provide 
radiological containment 
  The system has already been proven in radioactive  environments on solid 
waste and initial trials indicate it can handle the  frame of the square 
filter 
  It is not expensive, or complex to operate 
  It is rugged, practical and maintainable 
  The shredder is light in weight, compared to the other processes 
reviewed, and has a small envelope size, important factors when 
considering a transportable concept. 
As a result, the Concept Design discussed below has  been based on the 
shredding process. 
CONCEPT DESIGN 
The Shredder 
The basis of the concept is a standard, commerciall y available shredder, 
generally as shown in Figure 2, powered by a 15 kW electric motor, which 
drives the contra-rotating shredder blades via a ro bust gearbox. The 
shredder blades are, in fact, thick, hardened steel  discs provided with 
cut-outs, installed on a shaft. As well as rotating  in opposite 
directions, the shafts also turn at different speed s and are so installed 
that the two sets of discs intermesh with each othe r without coming into 
contact. 
Fig. 2 
A feature of this design of shredder is that if a b lockage of the discs 
should occur, the motor control system reverses the  direction of 
rotation, serving to clear the blockage. The electr ic motor will then be 
put into the normal direction of rotation to contin ue the shredding 
process. This forward/reverse motion will continue for up to 10 attempts, 
when a thermal overload sensor immobilizes the moto r to permit it to cool 
sufficiently, before recommencing the process. Norm ally, blockages are 
cleared within the scheduled 10 attempts built into  the control system. 
If however, the blockage is not cleared, it is prob ably due to the fact 
that the shredder has not been designed to handle t he material loaded 
into the unit. For example, a 50 mm diameter steel bar would be 
considered too difficult to be treated by the shred der cutting discs. 
Equally, a blockage could occur because of a build up of much softer 
material such, as sheet steel, which when re-distri buted by the reversing 
process, permits the shredder to handle it on a mor e progressive basis. 
By varying the cutter blade arrangements and fittin g a suitably 
perforated grill beneath the discs, the particle si ze produced can be 
controlled, from fine granules to strips of predete rmined length and 
width. As the waste material will continue to be tr eated in the shredder 
until it drops through the chosen grill size, the s mall particle size 
will take longer to produce than a more coarse shre d. 
A number of preliminary trials were conducted on a simulate filter frame 
constructed to the correct dimensions (620 x 620 x 310 mm) but fabricated 



in 1.5 mm thick carbon steel for ease of constructi on. The trials proved 
that aluminum, wood and fiberglass frames should be  easily processed by 
the shredder, all being softer material than the si mulant frame. Further 
tests are advocated to confirm the earlier trials, particularly on the 
aspect of loading configuration of the filters into  the throat of the 
shredder. The trials indicated, for example, that t he frames needed 
loading in a particular manner to ensure complete, successful treatment 
and the concept design reflects that aspect. 
The result of the trials has had a significant effe ct on the layout of 
the feed hopper, to ensure that the filters are loa ded correctly, but the 
system can also accept bags of waste when required.  The hopper is 
provided with a recessed hinged door which when wit hin the hopper 
profile, would be sealed to the hopper wall. This d oor was needed to 
restrict the airborne particulate escaping from the  hopper during the 
shredding process, when the ventilation system desc ribed later would be 
providing a scavenging flow across the door catchin g any loose dust that 
might escape from the closed door. 
The opening of the hopper door will serve to stop t he shredder from 
operating, diverting the ventilation flow downwards  through the shredding 
machine, again restricting the release of particula te via the open hinged 
door. 
Below the shredder is a delivery hopper directing t he flow of shredded 
material into a collection drum which is sealed to the neck of the hopper 
by a sliding joint arrangement. The hopper is fitte d with a gate valve to 
control the flow of material into the collection dr um, aided by the small 
vibrator unit installed on the hopper, to ensure th at the shred material 
does not remain stationary within the delivery syst em. The delivery 
hopper is supplied with a connection to the ventila tion plant. 
The sliding joint referred to above is required to provide clearance for 
the collection drum to be positioned below the deli very hopper, and to 
have a small vertical clearance to enable the opera tor to remove and 
replace the drum lid at the appropriate moment in t he process. A vertical 
movement of 40 mm was considered sufficient for thi s purpose. The Process 
Flow Diagram of the system is provided in Fig. 3.  
Fig. 3 
Ventilation System 
The ventilation system provided in the concept will  meet the requirements 
of the UK standard, AECP 1054 - Ventilation for Rad ioactive Areas, with 
the capability to produce a maximum air speed acros s any openings in the 
containment envelope of 1 m/second. The unit in the  concept consists of a 
canister with openings at each end providing access  to a pre filter at 
one end and a HEPA filter at the other, each of whi ch are circular and 
can be replaced employing the safe change principle . Each of these filter 
elements is of such a size that it can be placed wi thin the 200 liter 
drum for subsequent compaction, or passed through t he shredder, if 
preferred. 
The fan fitted into the outlet duct from the filter  canister is a 
centrifugal type capable of providing a flow of 600  liters per second. 
The ductwork associated with the ventilation system  was supplied with 
balance and control/isolating dampers to obtain the  optimum flow and 
pressure conditions. 
The connections between the ventilation plant and t he shredder system are 
arranged to provide the following service: 



  a flow across the recessed hinged cover when the cover is inside and 
sealed to the feed hopper, ensuring that any partic ulate which might 
escape from the shredder containment is swept into the filters in the 
canister. This flow was to cease when the hopper do or is opened. 
  a second flow pulling air down through the open f eed hopper door and 
the shredder, exhausting via a connection in the de livery hopper below 
the shredder box. This flow to diminish to a predet ermined low flow 
condition while the feed hopper door is closed and a collection drum is 
sealed to the delivery hopper. This reduced flow co ndition would ensure 
that a minimum of shredded paper particles get pull ed into the 
ventilation filters thus causing early blockage of the pre filter 
element. The full flow will be restored when the sl iding seal on the 
collection drum is raised for fitting of the drum l id, at which time, the 
flow will be both downwards through the shredder as  well as sideways and 
upwards past the open top drum. 
The exhaust from the fan is fitted with ducting to a location on the 
installation where it could be easily fitted with a  flexible hose, as 
part of the TVRS supply, the other end of which wil l be connected to the 
site ventilation ducting. The shredder ventilation plant is also fitted 
with a small auxiliary fan and 50 mm diameter hose to facilitate the 
ability to clean up any active particulate which ma y have fallen from the 
delivery hopper, prior to the plant leaving a site.  The debris caught by 
this auxiliary system will be vented into the main filter canister. 
Figure 3 indicates the System Process Flow Arrangem ents. 
The Trailer 
The shredder assembly, that is, the shredding machi ne, feed hopper and 
hinged door, delivery hopper, gate valve and slidin g joint, is mounted on 
a support structure built on to the trailer chassis . The trailer, which 
would be specifically designed and constructed for this purpose, has been 
provided with a cut-out in the trailer floor to per mit the drum to be 
positioned on the ground, immediately under the del ivery hopper. This 
keeps the overall height of the trailer to a minimu m. Naturally, the 
shredder support structure is designed to provide t he necessary clearance 
over the drum top rim. 
The ventilation system is also mounted on the trail er and all equipment 
is carefully positioned to provide the required tow ing hitch down load of 
100 kg and to observe the maximum wheel loadings. S ee Fig. 4 for the 
trailer weight distribution. 
Fig. 4 
The design of the trailer is based upon employing r eadily available steel 
channel or rectangular tube, all plated with a smoo th steel sheet for 
ease of any possible future decontamination procedu re. This chassis 
provides the fixings for the shredder assembly, the  ventilation plant, 
the control unit and the standard double axle rubbe r - in - torsion 
suspension units, incorporating overrun operated br akes. The trailer has 
also been provided with a weather containment skin of glassfibre 
reinforced plywood (GRP) panels, which provides an easily decontaminable 
surface, with suitable hinged openings for access t o the following 
  the feed hopper 
  the ventilation filters 
  the shredder control system 
  the collection drum loading/unloading sequence 
  and for regular maintenance requirements 
The Control System 



An important aspect of the Outline Technical Requir ements for this 
concept is the need for a control system to limit t he quantity of 
shredded solid material which is placed in the coll ection drum. As has 
been stated, overfilling of the drum is unacceptabl e, demanding a 
reliable means of determining an early indication o f the level of waste 
in the drum at any time in the filling process, as well as the final 
chosen level. The authors investigated a number of level sensors and 
finally chose to specify an ultrasonic type which i s capable of providing 
three distinct signals over the height of the colle ction drum. These 
levels will be set to indicate: 
  approaching required level 
  at required level- above set level 
The electrical control system is arranged to be ful ly integrated. For 
example, it will be impossible to initiate the star t up of the shredder 
with the hopper feed door open. It will also be imp ossible to start the 
shredding operation if the level sensor indicates t here is insufficient 
room in the collection drum for another shredded fi lter. A delay is also 
built into the control system to ensure the feed ho pper door cannot be 
opened until the shredder drive has come to a compl ete standstill. 
Equally, the electrical actuators holding the deliv ery hopper on to the 
collection drum will not be able to be initiated wh ile the shredder is 
rotating, even if slowing. The electrical interlock s will also make it 
impossible to disconnect a drum until the ventilati on plant is in the 
correct mode, that is with an in-flow of air across  the top of the drum 
and upwards into the delivery hopper. All of the co ntrol systems 
terminate at the control unit positioned over the f ront frame of the 
trailer and accessible through a hinged hatch. The electrical power 
supply, which will be provided by the site being vi sited, via a heavy 
duty cable connected to the TVRS control box by a s uitable industrial 
plug and socket arrangement. This cable is part of the TVRS equipment. 
Overall Dimensions 
The overall dimensions of the assembled Transportab le Volume Reduction 
System are provided in Fig. 4. They are such that t he TVRS will be 
capable of entering a building via a 3 m wide x 3 m  high doorway. 
The estimated overall weight of 3100 kg means that,  in Europe, the TVRS 
could be towed by a Land Rover Defender type vehicl e as it meets the Road 
Vehicles Construction and Use Regulations (1986) 
DEVELOPMENT REQUIREMENTS 
Although the performance capability of the shreddin g process is well 
documented, there are a number of areas of developm ent required before 
the concept could proceed with the utmost confidenc e. Briefly, these are: 
  More tests need undertaking on the shredder to de termine if it would be 
sufficient to only produce strips of material, with  an obvious advantage 
of reduced cycle time, or should the shredder be em ployed for a longer 
period of time, to produce a finer material, with m ore dust, but with an 
improved volume reduction factor. 
  As the drums of shredded material are likely to b e transferred to a 
site based in-drum compactor for further size reduc tion, there would seem 
to be an overwhelming advantage to producing strips  rather than fine 
particulate, although this policy would result in a  higher consumption of 
drums and, therefore, higher cost. 
  Whichever shredding policy is adopted, the effect  of dust arising from 
the shredder and settling on the window of the ultr asonic level sensor 
needs further investigation. 



  although it has been estimated that this concept should easily treat 4 
filters per hour, this throughput must be checked w hen undertaking the 
above development work. 
OPERATIONS AND SAFETY ISSUES 
There are a number of important safety aspects whic h have been addressed 
in this design concept and in the proposed operatio nal procedures, the 
principle issues being: 
  the shredding process always takes place within a  closed environment 
  that environment is always subject to a ventilati on in-flow of 1 m/sec. 
when there is any breach in the primary containment  
  the shredding process will not be permitted to co ntinue to operate when 
the feed hopper door is open, avoiding any possible  injury to the 
operator and minimizing the release of radioactive particulate to the 
atmosphere. 
  any loose particulate released from the shredded square filters should 
be captured on the pre and HEPA filters provided. 
  the shredding process is a single operation which  will not require any 
intermediate hands-on procedures, once the process begins 
  any large loose debris falling from the shredder will be deposited on 
the pre/HEPA filter system by the small vacuum clea ner provided. 
  the pre and HEPA filters fitted to the on-board v entilation plant are 
circular and will be bag posted out into 200 liter for compaction or 
shredding.  
The concept has been subject to a preliminary Safet y Review, the outcome 
of which was the following recommendations: 
  although it was accepted that the shredder system  could be thoroughly 
cleaned prior to moving off a site it is recommende d that a special drum 
is put in place and sealed to the delivery hopper, to catch any loose 
debris that might be shaken loose from within the s hredder body during 
the road journey. 
  as a second means of preventing active material f alling from the 
shredder, it is recommended that the final shreddin g operation prior to 
final shut down be undertaken with a small bag of c lean combustible 
waste. The resultant very low level waste could the n be treated in the 
site's incinerator. 
  The contaminated circular filters from the on-boa rd ventilation system 
should be bagged out and replaced with clean units prior to travelling on 
public roads. The spent filters should be either se nt to the site's 
compaction plant for volume reduction or stored awa iting the next TVRS 
visit. 
COSTS AND PROGRAM 
The budgetary costs of construction of this Transpo rtable Volume 
Reduction System for Square HEPA Filters was estima ted at 120,000 
($185,000 ) at 1994 prices.  
The construction program is dominated by the lead t ime required by the 
ventilation plant suppliers, that is 10 weeks. With  careful planning and 
project management, the overall construction progra m should consume a 
period of 15 weeks. 
CONCLUSION 
All of the processes involved in the concept layout  are readily available 
and well proven. They demand little development wor k to make them 
suitable for this application. The safety aspects o f the concept appear 
to be acceptable for the levels of radioactivity in volved. 



The next phase of this project is to investigate th e potential savings in 
disposal costs due to the volume reduction obtained  and compare them with 
the overall finance required to implement this conc ept. A decision to 
proceed to construct this Transportable Volume Redu ction System will 
depend on the outcome of that investigation.  
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ABSTRACT 
CsTreat is a granular hexacyanoferrate-based ion ex change media suitable 
for use in fixed bed columns for the removal of rad ioactive cesium ions 
from nuclear waste solutions. IVO CsTreat System wa s put into use at 
IVO's Loviisa NPP (VVER-440), Finland, in 1991 for the removal of 
134,137Cs from high-salt evaporator concentrates an d a total of 700 m3 
(185,000 gallons) has been purified using only 80 l iters (2.8 cu.ft) of 
CsTreat media. This corresponds to an average treat ing capacity of 8,750 
L of waste solution by 1 L of CsTreat media (66 000  gal/cu.ft) in this 
high-salt waste stream. Two other commercial applic ations have been sold. 
CsTreat has also been used in Paldiski, Estonia, to  purify low-salt waste 
solutions resulting from the operation of training reactors by the ex-
Soviet Navy. In this purification campaign, a total  of 760 m3(200,000 
gallons) of waste solution originating from differe nt waste tanks was 
purified with 12 liters (0.42 cu.ft) of Cstreat med ia. This corresponds 
to treating capacity of 63,300 L/L (474,000 gal/cu. ft) of CsTreat media. 
Since no indication of the exhaustion of the CsTrea t media was observed 
during the purification campaign, the actual treati ng capacity for this 
solution is even higher.  
So far, full-scale operating experience has been ga ined in the treatment 
of both high-salt evaporator concentrates and low-s alt solutions arising 
from the operation of nuclear reactors. These solut ions were low-active, 
the activity concentration of 134,137Cs ranging fro m 1.5 kBq/L to 200 
kBq/L (410-5 - 5.510-3 mCi/ml). Laboratory testing of the material has 
been carried out for other types of simulated solut ions: alkaline high 
salt effluents from reprocessing plants, medium-sal t waste from 
reprocessing plants and low-salt NPP effluents. Res ults obtained confirm 
the high efficiency of CsTreat also in these waste streams. Tentative 



process flowsheets have been outlined for these app lications. In order to 
support new applications, thermodynamic modelling s tudies are underway to 
predict the capacity of CsTreat in feeds containing  most common 
interfering macro-ions (Na, K, Ca, Mg). 
A comparison of the performance of CsTreat media wi th those of other Cs-
selective ion exchange medias (zeolites, silicotita nates, Cs-selective 
resins), as published in open literature, shows tha t CsTreat has superior 
efficiency. 
INTRODUCTION 
Insoluble transition metal hexacyanoferrates are hi ghly selective ion 
exchangers for cesium. These have been used as prec ipitants for the 
removal of radiocesium from nuclear waste effluents  at reprocessing 
plants and research centers (1). In these processes , pre-formed 
hexacyanoferrate slurry, or pre-cursor reagents of an insoluble 
hexacyanoferrate, have been added to the waste solu tion. Using 
hexacyanoferrate in packed-bed columns is much more  efficient, but 
difficulties have arisen in manufacturing hexacyano ferrates in granular 
forms suitable for this type of operation.  
The purpose of our research and development is to p roduce highly 
selective ion exchange materials for the separation  of radioactive 
elements from nuclear waste solutions in order to o btain high reductions 
in final waste volumes and in radioactive discharge s into the 
environment. This report describes experiences with  both the laboratory 
testing and the actual industrial use of CsTreat, a nd also presents the 
modeling of cesium ion exchange for predicting the performance of CsTreat 
in actual processes.  
EXPERIENCE OF INDUSTRIAL-SCALE USE OF CsTreat 
CsTreat is a granular hexacyanoferrate-based ion ex change media suitable 
for column operations. The first system utilizing t his media was put into 
use at the Loviisa NPP, Finland, for the removal of  radiocesium from 
high-salt evaporator concentrates (2,3). These solu tions contain high 
concentrations of NaNO3 (2-3 mol/L), KNO3 (0.1-0.2 mol/L) and Na2B4O7 
(0.5-0.8 mol/L). 134,137Cs are the dominating waste  nuclides in the waste 
solution, typically containing more than 90% of the  total activity in 
solutions stored for a few years. The activity conc entration of 134,137Cs 
has typically been in the range of 40-200 kBq/L (1- 510-3 mCi/mL). Since 
1991, 700 m3 (185,000 gal) of evaporator concentrat e has been purified 
using 80 L (2.8 cu.ft) of CsTreat media. In normal operation, the 
breakthrough capacities (1% breakthrough) have been  in the range of 50-
180 m3 per one 8 L (0.28 cu.ft) column (47,000-170, 000 gal/cu.ft). 
Decontamination factors (DF) obtained for 134,137Cs  at Loviisa have 
ranged from 1000 to 2000. 
In Paldiski, Estonia, CsTreat has been used to puri fy low-salt waste 
waters originating from the operation of nuclear tr aining reactors by ex-
Soviet Navy. In 1995, a total of 760 m3 (200,000 ga l) of these solutions, 
stored in four different tanks, were purified with a single 12 L (0.42 
cu.ft) column (7.5 kg of CsTreat media), and no ind ication of the 
exhaustion of the column was observed when the puri fication campaign was 
completed. The activity concentration of 134,137Cs in these waste waters 
was initially in the range of 1.5 -80 kBq/L (410-5 - 2.210-3 mCi/ml) and 
0.001-0.01 kBq/L (2.710-8 - 2.710-7 mCi/mL) after p urification.  
TESTING OF CsTREAT IN SIMULATED WASTE SOLUTIONS 
Experience obtained in these large-scale operations  indicates that 
CsTreat has potential for the treatment of a wide r ange of nuclear waste 



solutions. Laboratory-scale testing has been carrie d out batch- and 
columnwise in various types of simulated solutions.  Some results obtained 
in column experiments are described below. 
High salt reprocessing waste 
Composition:  250 g/L NaNO3, pH = 10, 0.5 ppm Cs + 134Cs tracer 
Results:   See Fig. 1: 
    DF=15,000 - 30,000 (detection limit) 
    Breakthrough capacity: No breakthrough detected  at 
    4,000 bed volumes when experiment stopped 
Medium salt decontamination waste 
Composition:  Na 5 g/L, NH3 0.05 g/L, Na-oxalate 0. 05 g/L,   
   Nitrilodiacetic acid 0.05 g/L,  
    Na-polyphosphate 0.05 g/L, pH = 10, 134Cs trace r  
    Results: See Fig. 1: 
    DF = 1,000-3,000 
    Breakthrough capacity: No breakthrough detected  at 
    4,200 bed volumes when experiment stopped 
Medium salt regeneration solution 
Composition:  Na 6.7 g/L, K 3.3 g/L, pH 6, 134Cs tr acer  
    Results: See Fig. 2: 
    DF = 6,000 - 7,000 (detection limit) 
    Breakthrough capacity: No breakthrough detected  at 
    2,000 bed volumes when experiment stopped 
 
    For zeolite Zeolon 900 (mordenite) as compariso n: 
    DF < 50 
    Breakthrough capacity: instant breakthrough, 
column     exhausted at 500 bed volumes 
Low-salt NPP waste water 
Composition:  Na 320 ppm, Ca 17 ppm, pH = 6, 134Cs tracer 
   Results: See Fig. 3: 
   DF = 2,000-20,000, average 5,000 (high bed) 
   2,000-15,000, average 2,500 (low bed)  
   Breakthrough capacity: No breakthrough detected at  
   30,000 bed volumes (low bed), experiment continu es  
In all the above tests, CsTreat showed very efficie nt performance. For 
practical reasons, most of the experiments were dis continued after a flow 
of 400-4,000 bed volumes of solutions. Rather high activity 
concentrations of 134Cs (0.01 mCi/mL) had to be use d in the solutions to 
measure accurately the high decontamination levels.  In order to avoid 
high build-ups of activity in the columns experimen ts were discontinued 
even though no breakthrough of 134Cs from the colum ns was observed.  
Fig. 1 
Fig. 2 
Fig. 3 
COMPARISON OF CsTreat WITH OTHER CESIUM-SELECTIVE M EDIA 
Comparison with other commercially available ion ex changer materials 
(Table I) indicates that CsTreat is a superior exch anger for cesium. 
Distribution coefficient (for definition, see later ), which is directly 
proportional to the column performance, is at least  two orders of 
magnitude higher for CsTreat than for mordenite zeo lite and the organic 
resin. Zeolites, which are used in many nuclear app lications, are usually 
synthetic mordenite, chabazite or natural clinoptil olite. Chabazite and 
clinoptilolite have ion exchange properties compara ble to those of 



mordenite. As it can be seen from Table I, none of these materials is 
very effective for the removal of cesium from conce ntrated salt 
solutions. Also in more diluted solutions CsTreat w orks much more 
efficiently. For example, in a clinoptilolite colum n 1% breakthrough 
occurred even below 10,000 bed volumes when fuel po nd water having 0.004 
mol/L sodium ions was treated (4). In the purificat ion of a comparable 
solution at the Paldiskij Base with CsTreat, no bre akthrough was observed 
at all after the termination of the purification at  63,300 bed volumes.  
Table I 
A new sodium titanate impregnated zeolite (IONSIV I E-96) product has also 
been recently reported for the purification of high -active concentrated 
waste solutions (5). From a 2.1 M Na+ solution the 1% cesium breakthrough 
occurred at about 120 bed volumes. This is close to  what one could expect 
for conventional zeolite based on the Kd-value pres ented in Table I (see 
also Eqs 1-3 later). Estimated from the Kd-value, t he capacity of CsTreat 
would be about 1,000 times as high in this solution . 
A new organic resorcinol formaldehyde resin has bee n developed at the 
Savannah River Laboratory (6) and is also available  commercially. This 
exchanger is much more selective for cesium than ot her organic resins and 
exhibits a cesium removal efficiency comparable to that of zeolites. For 
example, the 1% breakthrough of cesium from a resor cinol formaldehyde 
resin column occurred at about 100 bed volumes in a  high active waste 
simulant having 5.6 mol/L of sodium ions.  
Durasil 230 is an inorganic oxide-based cation exch anger used at nuclear 
power plants for cesium removal from diluted waste solutions. It has a 
high throughput capacity (100,000 gal/cu.ft) but th e decontamination 
factor is modest (250) compared with 1,000-10,000 o btainable with CsTreat 
(7). 
IONSIV IE-911 is a crystalline silicotitanate produ ct, which has a better 
ion exchange performance for cesium compared with p lain titanates. 50% 
breakthrough values from two waste simulants, Hanfo rd DSSF-5 and ORNL W-
27, were 540 and 500 bed volumes (8), which are rat her modest compared 
with those typical of CsTreat. 
MODELLING OF ION EXCHANGE EQUILIBRIA 
Fundamental studies of ion exchange equilibria of r adioactive cesium and 
macro-ions commonly present in solutions (Na,K,Ca,M g) is underway with a 
view to modeling the equilibria and to predicting t he capacity of the 
CsTreat exchanger in different waste effluents. Her e the results obtained 
in the three-component system (Cs/Na/K) are describ ed, and corresponding 
selectivity data are used to predict the capacity o f CsTreat in "model" 
solutions.  
General Theory 
What is of interest in the purification of nuclear waste effluents is the 
capacity of the ion exchanger in terms of solution volume (V liters) that 
can be treated with a given amount (m kg) of ion ex changer. This capacity 
is unambiguously given by distribution coefficient KD of the 
radionuclide. Distribution coefficient KD is define d as the equilibrium 
ratio: 
Eq. 1 
where [M]r and [M] are the equilibrium concentratio ns of ion M in the ion 
exchanger (mol/kg) and in the solution (mol/L), res pectively. For column 
operation, KD gives the total column capacity in te rms of L/kg 
(volumetric capacity). The distribution coefficient  is determined by two 
factors: selectivity and ion exchange capacity. Tak ing the Cs/Na exchange 



as an example, the equilibrium is determined by sel ectivity coefficient 
kCs/Na of the exchange reaction, i.e. 
Eq. 2 
where subscript r refers to the ions in the exchang er phase. Inserting 
[Na]r = Q - [Cs]r (Q = ion exchange capacity) into Eq.2 and solving for 
the KD of Cs gives 
Eq. 3 
It can be seen that when [Na]/kCs/Na >> [Cs], the v olumetric capacity of 
the ion exchanger (in L/kg) is independent of the C s concentration in the 
solution. This condition is fulfilled when radioact ive Cs ions are 
present in the solution containing a large excess o f Na. For instance, 
the chemical concentration of Cs in solution corres ponding to the 
activity concentration of 1 mCi/L is 8 x 10-11 mol/ L. Selectivity 
coefficients kCs/Na are typically on the order of 1 0 in common organic 
resins and on the order of 10-100 in zeolites. Thus , unless the Na 
concentration in solution is very low ([Na] << 10-8  mol/L), the KD (and 
volumetric capacity) of the exchanger is independen t of the concentration 
of Cs in the solution and the familiar relationship  is obtained for the 
KD, in the logarithmic from 
In other words, the KD of the trace ion is inversel y proportional to the 
concentration of the macro-ion in the solution. Sel ectivity coefficient 
can be assumed constant in this case as the loading  of Cs in the 
exchanger is very low.  
Selectivity of CsTreat for Cesium 
Distribution coefficient KD of trace Cs in CsTreat has been determined in 
NaNO3 and KNO3 solutions of different concentration s for the Na- and K-
forms of the exchanger, respectively. Binary select ivity coefficients for 
the Cs/Na and Cs/K exchanges have been determined f rom these 
measurements. The following values have been obtain ed: 
 kCs/Na = 1.56106 
 kCs/K = 4.8104 
Selectivity coefficients usually decrease as a func tion of ion loading in 
the exchanger. Experiments carried out with higher concentrations of 
inactive Cs show that the selectivity coefficients remain in these high 
values at least up to the Cs loadings of 0.2 mmol/g . The capacity of the 
Na-form exchanger for Cs is 0.3 mmol/g and that of the K-form exchanger 
is 0.5 mmol/g. Experiments carried out in the terna ry system (134Cs/Na/K) 
show that in the mixtures of NaNO3 and KNO3 solutio ns at a given constant 
total concentration, logKD is a linear function of the amount of 
exchangeable K (or Na) in the exchanger (Fig. 4). T his makes it possible 
to estimate the KD in mixtures of Na- and K-salt so lutions, when the 
corresponding Na and K contents of the exchanger ar e known, eg. from the 
binary Na/K exchange data. 
Fig. 4 
Table II shows some KD-values and volumetric capaci ties of CsTreat, 
predicted from the equilibrium data above for diffe rent model solutions 
and for two batches of evaporator concentrates proc essed at Loviisa NPP. 
The predicted volumetric capacities obtainable with  CsTreat are very 
high. These values (Table II) represent total exhau stion capacities of 
CsTreat columns (which corresponds to the solution volume at 50% 
breakthrough for a symmetrical breakthrough curve).  Actual breakthrough 
capacities are somewhat lower, depending on the kin etics of the exchange 
reaction and on operating conditions (solution flow  rate, exchanger grain 
size, column depth, temperature etc.). 



Table II 
At Loviisa NPP, batch KD-values of 137Cs have been determined for the 
evaporator concentrates in each tank prior to purif ication campaigns to 
get an estimate of the column capacity. Data show ( Table III) that 
breakthrough capacities (1% breakthrough) are about  40% of the total 
capacities estimated from the measured KD-value (Q( BT)/KD (obs) = 0.37-
0.38) at relatively slow flow rates of 10 BV/h. In dilute salt solutions, 
where the exchange rate is faster, it may be possib le to obtain 
breakthrough capacities that are about 50% of the t otal capacities. Table 
III also shows some KD-values for the evaporator co ncentrates, predicted 
from the ternary Na/K/134Cs exchange data. The mode l calculations yield 
somewhat lower values than what are measured for th e evaporator 
concentrates. The model is being further developed. , e.g. considering the 
ion activities in solution, instead of concentratio ns, since it is clear 
that solution phase activity correction cannot be i gnored in such 
concentrated solutions. The aim is to develop a mod el that could be used 
to predict accurately the capacity of CsTreat in wa ste streams of 
differing chemical compositions. Other ions, e.g. H , Ca and Mg, will be 
added to the model at a later stage. 
Table III 
FLOWSHEETS FOR SPECIFIC APPLICATIONS 
CsTreat can be utilized in many different systems a nd applications. Some 
possible flowsheets for applications are described in Fig. 5. 
The most straightforward application is a tailored system to purify 
liquid from an existing waste tank (Fig. 5a). If th e waste liquid is 
highly acidic (pH < 1) or alkaline (pH > 13), pH co ntrol as a first step 
may be advantageous to improve performance. As norm al, particles are 
filtered up-stream to avoid the fouling of the CsTr eat bed.  
CsTreat media can also be utilized in a loop config uration, e.g. to 
purify fuel pond waters (Fig. 5b). High ion exchang e capacity minimizes 
waste amounts. In addition to particle filtration a nd ion exchange by 
CsTreat, some additional treatments may be required  before water is 
recirculated to the pool. 
A typical demineralizer system at a nuclear power p lant (Fig 5c) may 
include coarse filtration, carbon filtration (remov al of organics and 
oils), anion, cation and/or mixed bed with organic resins and a cesium 
specific ion exchange bed. In this application, CsT reat can be used to 
replace conventional cesium-specific materials like  zeolites. Use of 
CsTreat, which has extremely high selectivity for C s, results in a 
remarkable decrease in waste amounts. In many cases , no additional 
construction is needed, since existing systems can be fully utilized. 
For the purification of high- and medium-active liq uids, a system can be 
constructed in a hot cell (Fig 5d). High levels of activity can be loaded 
into the inorganic CsTreat material. Removal of oth er radionuclides, like 
90Sr, can be connected to the same system. Typicall y, such treatment 
would result in reclassification of a large volume of liquid waste as 
low-active waste. Only a very small amount of ion e xchange media remains 
as high-active waste. This gives high cost savings in further treatments 
and especially in the final disposal 
Fig. 5 
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ABSTRACT 
Melting process has been discussed to be applied to  the treatment process 
in Low Level Radioactive Solid Waste (LLSW) in its advantage of volume 
reduction and stability of processed solid form. Hy brid type Melting 
Process (HMP), which combines induction heating wit h plasma torch has 
been developed and investigated in this study. Non- radioactive simulated 
waste is fed to the melting furnace to investigate the characteristic of 
solidified products and off-gas. It is demonstrated  that HMP can melt or 
decompose any waste, even concrete or PVC. Plasma a rc gives high 
temperature and agitation to assist melting and inc reases NOX content in 
off-gas. 
INTRODUCTION 
In Japan, final disposal of Low Level Radioactive U niform Waste (LLUW) 
which is cement solidified liquid waste has already  been started, and as 
the second stage, Low Level Radioactive miscellaneo us Solid Waste (LLSW) 
disposal facility is being designed. In this situat ion, the melting 



process is one of the most promising processes for the treatment of such 
solid waste in its advantage of volume reduction an d chemical/physical 
stability of processed solid form.  
Since the radioactive solid waste consists of vario us materials, a 
melting technique to be adopted for the waste treat ment needs to have 
flexibility in accepting various constituents of wa ste from different 
sources. To realize the flexibility of the melter, the Hybrid type 
Melting Process (HMP), which combines induction hea ting with plasma 
torch, has been developed and investigated in this study. Its main 
advantages are: 
1.  applicability to various waste materials 
2.  high uniformity and high stability of processed  solid form 
3.  high volume reduction ratio  
4.  separation of harmful nuclides for disposal  
5.  simplicity of pretreatment 
6.  high processing efficiency 
7.  ability to take representative samples for the measurement of 
radioactivity from the melted waste 
LLSW contains various waste materials, such as stee l, aluminum, copper, 
ash, concrete, PE (PolyEthylene), PVC (PolyVinyl Ch loride), glass, 
clothing, paper and so on. The radioactive levels v ary among waste 
container and within each container. Such differenc es would make the 
heavy burden for the final repository, and give ver y high cost for 
disposal. It is not rational for the design of fina l repository and it is 
better that the waste is uniform. Moreover high vol ume reduction gives 
the elongation of life of the disposal site, and de creases the cost of 
disposals. Non-radioactive simulated waste is fed t o the hybrid type 
melting furnace to investigate the characteristics of solidified products 
and off-gas. Some test results are summarized in th e following sections. 
TEST PROCEDURE 
The test facility investigated in this study is sho wn in Fig. 1. It has a 
induction heating furnace with plasma torch. The fu rnace has 7-litter 
volume, and the induction heating capacity is 100kW  - 2500Hz, the plasma 
torch capacity is 30kW respectively. The waste elem ent of concrete, ash, 
heat insulator, PVC, PE are selected to represent t he typical waste 
contents in nuclear facilities for the tests. Each waste element of non-
radioactive simulated waste is initially prepared i n a 2.4-litter steel 
container separately. Then the steel container is d irectly charged into 
the furnace and melted separately. After that the m ixture of the waste 
elements are put into the same steel container and melted at one time. 
Fig. 1 
The weight of solidified products and slag composit ion are investigated 
after melting. The temperature of some important po ints and the off-gas 
composition are monitored during the operation. The  situation during the 
melting operation and after melting operation is ob served. 
TEST RESULTS 
The test conditions and main test results are summa rized in Table I. 
Table I  
1. All of the inorganic compounds except concrete c an be melted easily. 
The coarse aggregates in concrete are very difficul t to melt only by 
induction heating, and those can be melted by using  plasma torch 
concurrently as a result of heating and agitation o f plasma arc. 



    Organic compounds like PE and PVC are easily de composed by heat from 
melted waste, and caused much black smoke. It indic ates that organic 
compounds burn imperfectly. 
2. Volume reduction ratio for inorganic materials i s observed to be 1/6-
1/10. Organic materials are almost burned out and o nly little residue is 
observed. 
3. The basicity (CaO/SiO2) of the generated slag fr om inorganic compounds 
is analyzed to be low (0.2 to 0.8). 
4. Typical results of Off-Gas measurement is shown in Fig. 2. 
The evolution of NOX gas is observed when plasma to rch is used. Plasma 
arc causes NOX content increasing in off-gas. 
Fig. 2  
DISCUSSION   
Melting of Concrete 
Concrete is not uniform compound but mixture of cem ent and aggregate that 
consists of sand and gravel. The melting point of c ement and mortar is 
low, that is about 1400 and 1450 respectively and a lso cement and sand 
are very fine particles. Because of that cement and  mortar are melted 
easily. But the melting point of gravel is more tha n 1700 and the 
reaction surface area of coarse aggregates is small  comparatively. 
Therefore, usual method can not melt coarse aggrega tes. According to the 
phase diagram (1), which is shown in Fig. 3, if agi tation of molten phase 
is enough, the same content of concrete requires a temperature of more 
than 1600 for melting. The usual melting process ca n heat up to very high 
temperature at the center of the liquid, but at the  surface the 
temperature is far lower than the center. It is the  reason why such 
process cannot melt concrete. HMP gives high temper ature surface and 
strong agitation to the liquid, and in this conditi on concrete can be 
easily melted. The coarse aggregates in concrete ca n be melted by using 
the plasma torch concurrently as a result of heatin g and agitation of 
plasma arc. 
Fig. 3  
DECOMPOSITION OF PVC 
PVC is very difficult to be burnt because of its ch lorine, but PVC can be 
decomposed at more than 200, and carbon particle an d hydrochloride appear 
in off-gas, then a part of carbon particle is oxidi zed by air into carbon 
monoxide (CO). Carbon monoxide in off-gas is measur ed and the result is 
shown in Fig. 4. From this result, peak decompositi on rate is observed, 
and it is about twice of the average rate. The temp erature in off-gas 
system was also measured. The temperature did not i ncrease by 
decomposition and burning. This proves difficulty o f burning of PVC. 
Fig. 4  
NOX by Plasma 
NOX was also measured during the melting operation,  and the typical 
result is shown in Fig. 5. Maximum concentration of  NOX is about 40 ppm 
at the condition of 20.8% O2. This oxygen content i s quite higher than 
usual incineration. Plasma heating does not make wa stes burn, just only 
decomposed, then oxygen will not decrease by plasma . In this reason, NOX 
content should be appreciated. 
Fig. 5  
CONCLUSION 
The following conclusions are provided through this  investigation. 
1. HMP is the superior method to melt LLSW. 
2. HMP gives very high volume reduction rate for LL SW. 



3. HMP can melt or decompose any LLSW, even concret e or PVC. 
4. Plasma arc increases NOX concentration in off-ga s. 
5. The slag generated by melting of LLSW is 0.2 to 0.8 in basicity. 
6. The slag is produced as a stable glass form.  
Hybrid Melting Process will be the best way for pro cessing the low level 
radioactive miscellaneous waste. Further investigat ion will be conducted 
to apply this technology to other types of waste tr eatment.  
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ABSTRACT 
In the early 1980's, AECL, at the Chalk River Labor atory (CRL) site, 
built a Waste Treatment Centre (WTC) for managing l ow level solid and 
aqueous liquid wastes. The objective was to demonst rate processes for 
converting Canadian Deuterium Uranium (CANDU) waste s to a form suitable 
for disposal while meeting or exceeding current env ironmental 
regulations.  
At present, two liquid waste streams are being trea ted at the Waste 
Treatment Centre. The liquid waste streams are volu me reduced by a 
combination of continuous crossflow microfiltration  (MF), spiral wound 
reverse osmosis (SWRO), and tubular reverse osmosis  (TRO) membrane 
technologies (6). The concentrate produced from the  TRO system and the 
volume-reduced MF backwash solutions are evaporated  while simultaneously 
adding bitumen in a thin-film evaporator. A water-f ree product of 
chemical and radiochemical salts and bitumen is rem oved in 200 L 
galvanized steel drums for storage and eventual dis posal in the CRL Waste 
Management Area. 
The feed stream to the thin-film evaporator typical ly has a b/g activity 
of about 1 - 3 mCi/mL. This radioactivity would be concentrated by a 
factor of about 10, while simultaneously being immo bilized. The radiation 
field of product drums on contact typically has a v alue of 0.5 to 3 R/h 
depending upon the feed concentration of radioactiv ity to the evaporator. 
The total solids content in the 200 L drum ranges f rom 25% to 35%. 
Encapsulated in the bitumen matrix are a variety of  non-radiochemical 
salts which comprise the bulk of the total solids w hich are in the 
product drum. The drum contains less than 1% of fre e water, and the 
product passes the USNRC guidelines for a solidifie d wasteform.  
The paper will discuss the volume reduction capabil ity of the plant, with 
an emphasis on the immobilization of the aqueous wa ste with bitumen in a 
thin-film evaporator. Operations experience gained from over 200 
campaigns are documented.  
Samples of bituminized wasteforms from the Waste Tr eatment Centre have 
been leached in accordance with the ANS/ANSI 16.1 l each test. In this 
test, the wasteform is immersed under water for an extended period of 
time and the leachate is periodically removed and c hemically analyzed. 



The leachability index varied between 7 and 9 for t he emulsified bitumen 
wasteforms produced at the Waste Treatment Centre, but could be improved 
significantly with the addition of protective overc oats of either 
Portland cement or oxidized bitumen.  
INTRODUCTION  
In 1975, the need for a Waste Treatment Centre (WTC ) at Chalk River 
Laboratories (CRL) was identified. The WTC was buil t to demonstrate 
systems capable of converting liquid wastes to a st able and leach-
resistant form. Current operations in the facility involve the treatment 
of the low-level CRL liquid waste using a 3-stage m embrane plant to 
accomplish most of the volume reduction (comprised of microfiltration, 
spiral wound reverse osmosis, and tubular reverse o smosis unit 
operations). Further volume reduction is achieved w ith a thin-film 
evaporator (without bitumen addition), and another thin-film evaporator 
whose primary function is for bitumen immobilizatio n. 
Fig. 1 
Figure 1 shows a flowsheet and volumetric balance f or the primary unit 
operations at the WTC. For a basis of 100 units of liquid waste (or 100# 
in the figure), the quantities of liquid at various  points in the plant 
are indicated. A total volume of 93.5# is released by the 2-stage reverse 
osmosis plant (per 100# treated), while a combined 99.9# is released from 
both the reverse osmosis and thin-film evaporator o perations. A total 
volume of 0.4# (including emulsified bitumen volume ) is the secondary 
waste product from the thin-film evaporator used fo r bituminizing (TFE-
1). This results in an overall volume reduction fac tor of 250 for the 
plant, based on feed liquid volume to immobilized s econdary waste volume, 
in the product drum (that is, 100  0.4).  
The TFE-1 unit is used to immobilize liquid waste c oncentrates with 
bitumen. The other (TFE-2) is used to volume reduce  microfiltration 
backwash concentrates and tubular reverse osmosis r etentate prior to 
immobilization. The bituminized product from TFE-1 is collected in 55 US 
gallon (210L) galvanized steel drums. A full drum w eighs approximately 
240 kg. The drums are capped, transferred to a shie lded container and 
then shipped to the site waste management area for storage and eventual 
disposal. The evaporation/immobilization process is  carried out remotely 
in a shielded facility that is designed to handle p roduct drums with 
contact gamma radiation fields as high as 10R/h. In  practice, however, 
the radiation fields are maintained below 5 R/h. 
At present, two radioactive CRL liquid waste stream s are being processed 
by the thin-film evaporator used for bitumen immobi lization (TFE-1). One 
stream originates from the central Decontamination Centre (DC). The 
other, an Active Drain (AD) stream, is produced fro m a large and diverse 
number of research laboratories and radioisotope pr oduction facilities. 
The two waste streams, totaling about 3000 m3 per y ear are volume reduced 
by a factor of 80 prior to immobilization by three membrane systems and 
thin-film evaporation. The performance of the thin- film evaporation 
process used for bitumen immobilization, and the ch aracteristics of the 
wasteform after standard leach tests (using the ANS /ANSI 16.1 protocol), 
represent the focus of this paper.  
Not much data is presently available on the perform ance characteristics 
of the current wasteform being produced at the WTC.  The early work on 
leaching was on phosphate-based wastes encapsulated  in oxidized bitumen. 
The reason for this is that experiments carried out  about a decade ago on 
waste product simulants indicated that there was li ttle difference 



between the leaching properties of distilled (soft) , versus oxidized 
(hard) bitumen. There are currently about 200 produ ct drums of secondary 
immobilized secondary waste which have their own bl end of contaminants 
and solids, and the performance of this product is currently being 
evaluated. 
The leaching work reported here is the first step i n the evaluation of 
the waste product currently being produced at the W TC. The ANS/ANSI 16.1 
leach test (1) is an aggressive procedure that refl ects unrealistically 
poor conditions for disposal in the unsaturated zon e. For the tests 
carried out here, bitumen samples were unconfined a nd subjected to 
immersion and frequent leachate replenishment. The results of these leach 
tests will be a lower bound for the performance of the bitumen waste 
product in an unsaturated environment. Further work  under more realistic 
conditions will provide a better estimate for the p erformance of the 
bitumen waste product in an unsaturated environment .  
TECHNOLOGY DESCRIPTION 
Membrane Plant  
A flowsheet of the integrated plant for volume redu ction and 
immobilization of aqueous radwaste is shown in Fig.  1. Liquid waste feed 
to the WTC is sampled and analyzed for pH, conducti vity, a and gross b/g 
activity, tritium (3H), turbidity, total solids, ga mma-emitting 
radionuclides, and various non-radioactive chemical  species at the source 
tanks. Waste is then sent to a 45 m3 feed tank in t he WTC and it is pH 
adjusted to the alkaline region (8 - 10); an adequa te conditioning time 
of 12 hours is allowed to maximize precipitation of  metals, prior to 
treatment with MF for the removal of suspended soli ds. 
During microfiltration (MF), concentrate is recycle d; filtrate is 
continually removed from each bank of filtration mo dules at about 25 
L/min, and is directed to the spiral wound reverse osmosis (SWRO) feed 
tanks. When the backwash (concentrate) solution exc eeds 10 g/L, it is 
sent to the volume reduction evaporator, TFE-2. The  MF filtrate, free of 
suspended solids, enters the SWRO feed tank at a ra te equal to the 
permeation rate of the SWRO. The concentrate from t he SWRO membrane 
process is bled to the TRO feed tanks.  
The TRO membrane system operates in a batch process  mode, where the final 
tank volume is reduced to approximately 10 to 15% o f the initial feed 
volume. The concentrate, containing about 50 to 80 g/L of dissolved 
solids, is transferred to one of three 7100 L tanks  in the active tank 
room, to await further volume reduction by evaporat ion with TFE-2. 
Liquid Waste Immobilization Process Description  
The evaporator has a 10.8 ft2 (1 m2) heated surface , with superheated 
steam at about 100 psig (720 kPa) applied to the ja cket. Waste feed 
containing between 5-15% total solids is introduced  at a rate of about 2 
ft3/h (1 L/min), along with bitumen emulsion flowin g at about 0.6-1 ft3/h 
(0.3-0.5 L/min). The emulsified bitumen and the was te are introduced via 
a distribution ring to the top of the evaporator an d fall along the 
heated surface. The evaporator has internal rotatin g blades, which sweep 
within 1 mm of the vertical heated surface. The bla des in TFE-1 rotate at 
900 rpm. 
The evaporator does not operate full of product; th e liquid or slurry 
forms a thin film or annular ring of product from t he feed nozzle to the 
product outlet nozzle. Holdup or liquid inventory i n a thin-film 
evaporator is very low, typically about 5 kg of mat erial per square meter 
( 0.5 pound per square foot) (3). A thin-film evapo rator, which is an 



inherently low-pressure-drop device, has mechanical  turbulence and, 
therefore, good heat transfer properties over a wid e range of 
viscosities.  
DESCRIPTION OF BITUMEN USED FOR IMMOBILIZATION 
Bitumen Feed  
Bitumen is the name given to a wide range of hydroc arbons with high 
molecular weight that are commercially available as  a residue of 
petroleum or coal-tar refining. Its two major compo nents are asphaltene 
compounds, which give bitumen colloidal properties,  and malthene 
compounds, which impart viscous liquid properties. Most bitumen is 
obtained during the distillation of crude oil and i s called "direct 
distilled" bitumen. This bitumen has a high viscosi ty and must be heated 
to make it suitable for mixing. The bitumen used in  the evaporator has 
been emulsified in water (contains 45% H2O) and can  be added directly to 
the evaporator without being heated. Table I shows the properties of 
typical bitumen used in the Liquid Waste Immobiliza tion System. 
Table I 
Rationale for Selection of Bitumen Matrix 
Solidification of wastes in bitumen has been tested  extensively in 
Europe, and has been applied more recently at Virgi nia Power in the 
United States (5) . Experience has demonstrated tha t bitumen is also 
suited to most streams generated by nuclear power p lants and by industry 
(4). The stability of bitumen with respect to radia tion is a property of 
primary importance when bitumen is considered as a waste matrix material. 
The main factors influencing the radiation stabilit y of bitumen are the 
dose-rate and the total absorbed dose. A total abso rbed dose limit of 108 
to 109 rad is commonly reported for the radiation r esistance of bitumen-
waste forms (4). 
Bitumen generally provides superior leach resistanc e in comparison with 
cement, which could be important for certain specie s and disposal 
scenarios. One of the potentially more significant advantages provided by 
bituminization processes is volumetric efficiency, which is particularly 
important if waste must be stored for extended peri ods before disposal. 
Cement solidification can result in as much as a 10 0% increase in volume, 
whereas, depending on waste stream concentrations a nd the type of 
equipment used, bituminization can provide volume r eduction factors of 5 
or more, because associated water is driven off dur ing the solidification 
process.  
OPERATIONS PERFORMANCE OF TFE-1 
Effect of Rotor Change  
Data have been collected from TFE-1 after a new rot or was installed and 
operated at higher speeds. Table II summarizes the performance of TFE-1 
before and after the rotor change. The new rotor op erates at a speed of 
900 rpm, compared to 600 rpm prior to its installat ion. A total volume of 
26.9 m3 was immobilized with TFE-1 in 1994 with a v olume reduction factor 
(VRF) of 2.92. A volume reduction factor (VRF) is d efined by Eq. (1). 
Eq. 1 
Prior to the installation of the new rotor a total volume of 13.2 m3 of 
liquid had been processed with a VRF of 2.67. After  the installation of 
the new rotor a total volume of 13.7 m3 was process ed with a VRF of 3.21. 
The cleaning frequency was reduced by a factor of t hree after the 
installation of the rotor operating at higher rpm. The higher VRF after 
the rotor change boosted the average volume of wast e concentrate 
immobilized per drum from 535 L to 642 L. Over the duration of the year 



(including data for both rotors) an average volume of 585 L of waste 
concentrate was immobilized per drum. This represen ts an overall VRF of 
2.92. On average over the duration of the year, the re was about 64.2 kg 
of waste solids immobilized in each drum. The drums  contained 
approximately 30.3% solids by weight. Inert solids (associated with grit 
and suspended matter removed by microfiltration in the backwash stream) 
represent about 4 to 5% of the weight of the produc t drum. The 
immobilized waste solids are comprised primarily of  sodium nitrate, 
sodium phosphate, sodium sulphate, and sodium carbo nate. The average 
concentrations of the primary radioactive and chemi cal contaminants 
immobilized in the product drums are given in Table  III. The data are 
expressed as a quantity of contaminant per unit mas s of immobilized 
secondary waste, from TFE-1.  
Table II  
Chemical characterizations of the ammonium hydroxid e and citric acid-
based cleaning solutions used for TFE-1 (prior to t he installation of the 
new rotor), have shown that there is severe scaling  of the evaporator by 
phosphate- and sulphate-based salts. About 6 kg of sodium phosphate and 1 
kg of sodium sulphate were deposited on the 1 m2 of  evaporator surface 
area. Significant quantities of calcium, magnesium,  iron, and silica were 
also detected in the ammonium citrate-based cleanin g solution. Visual 
observations indicated that large deposits of harde ned scale were present 
on the heat transfer surfaces, particularly within about 25 cm of the 
feed inlet. These observations indicated that all o f the water associated 
with the waste solids was flashed off within approx imately 0.3 m of the 
TFE-1 feed inlet. The length of the heated surface is 1.5 m. 
Crusty deposits of scalable species are thought to be responsible for the 
reduction of the heat transfer area, and lower prod uct temperatures prior 
to the installation of the new rotor. Product tempe ratures were recorded 
at one hour intervals during a processing campaign,  which typically 
lasted approximately 14 hours. At the start of a ca mpaign a process 
temperature of 155 oC was attainable but could not be maintained at this 
level for the duration of the run, due to the chemi cal scaling. 
The chronic fouling observed prior to the rotor cha nge has now been 
minimized. The frequency of chemical cleaning has b een reduced by a 
factor of three after installation of the new rotor  and this has 
minimized down time. It is now possible to maintain  an outlet product 
temperature of between 135 - 145 oC for the duratio n of a 4000 L 
campaign. This ensures that there is no residual li quid in the product 
drum. There is less than 1% free water in a product  drum based on mass 
balance. 
For operations with the old rotor, the average comb ined distillate rate 
(evaporated from the waste and the bitumen) varied between 0.4 and 1.0 
L/min. When the new rotor was initially installed t he distillate rate 
increased to about 1.5 L/min, before subsequently d ecreasing back to an 
average of 1.0 L/min. However, the present distilla te rate of 1.0 L/min 
can be maintained at an average product temperature  of about 135oC over 
the duration of a 14 hour run. 
Decontamination Factor of Radionuclides Treated by TFE-1 
The removal efficiency of a radionuclide or other c hemical contaminant in 
an evaporator is usually expressed as a decontamina tion factor (DF), 
which is defined by Eq. (2). 
Eq. 2  



Figure 2 shows the evaporator performance for the r emoval of the most 
abundant isotopes present in the feed stream to the  evaporator. The data 
were compiled from about two years and more than 50  operational runs. The 
first bar of each histogram represents the total ra dioactivity of the 
specified radionuclide in the feed stream in curies . The second bar is 
the total radioactivity of the radionuclide in the distillate stream, 
also in curies. Finally the line plot, which refers  to the right 
ordinate, is the decontamination factor for each ra dionuclide. 
Fig. 2 
The first set of two bars shows the evaporator perf ormance for the 
removal of 60Co. Over an operating period of about 500 days, about 10 Ci 
of 60Co was introduced into the solidification plan t. Of this, less than 
0.002 Ci was released, representing a DF of about 6 000 in the thin-film 
evaporator. If the fraction of suspended particles to the evaporator for 
a given batch of waste is high it is probable that a large removal of 
60Co will be achieved, since a large fraction of th is radionuclide is 
adsorbed to the surfaces of suspended particles. 
The most problematic radionuclides from a decontami nation perspective are 
137Cs and 134Cs. About 80% of the cesium is present  as 137Cs, but both 
isotopes are equally difficult to remove upstream o f the evaporators in 
the membrane plant, due to their low valence. The c esium isotopes are 
rejected at about 98% by the membrane plant, compar ed with 99.5% for the 
other b/g emitters (6). The bulk of the cesium is s oluble and is not 
retained by the suspended solids in the backwash co ncentrate stream. The 
decontamination factors for 137Cs and 134Cs are 400 0 and 800 
respectively. 
The decontamination factors for the two cerium isot opes (141Ce and 144Ce) 
are 105 and 2 x 104 respectively. The large DF for these two isotopes is 
partially attributed to the fact that the bulk of t he cerium is adsorbed 
on suspended solids removed by the MF system. Since  the retention of 
suspended solids in the evaporators is very high, i t follows that there 
is very efficient removal of the cerium isotopes. 
The lower DF for the two cesium isotopes may be rel ated to the fraction 
of total cesium that is dissolved. By comparison wi th 141Ce and 144Ce, 
where the decontamination factors are greater than 20 000, and 60Co (DF  
6000), most of the cesium is dissolved. About 60% o f the cobalt isotopes 
and 75% of the cerium isotopes are associated with the suspended solid 
phase. These adsorbed radionuclides are subsequentl y removed by the MF 
membranes as backwash concentrate. The results sugg est that the removal 
efficiency of the evaporators for radioactivity dec reases when the 
dissolved fraction of the isotope increases. It is known from operating 
experience at CRL that, of the radionuclides discus sed here, the cerium 
isotopes are the least soluble, and the cesium isot opes are the most 
soluble. 
Organic Carryover in Evaporator Distillate  
Although the effluent quality from the evaporator m eets all discharge 
criteria for radioactivity, there is some carryover  of organics in the 
distillate. The source of these organics is primari ly the distillation of 
lighter components in the emulsified bitumen in TFE -1, which is used for 
immobilization of the mixed aqueous waste concentra te. The concentration 
of dissolved organic carbon (DOC) in the distillate  can vary between 1 
and 300 mg/L, while the concentration of phenolics in the distillate 
stream ranges from 0.02 to 2 mg/L. The oil and grea se concentration in 



the distillate stream (T-13) is usually less than t he 15 mg/L Federal 
Discharge target (2), but has exceeded 100 mg/L on occasion.  
It has been observed that a titanium dioxide photoc atalytic reactor is 
capable of reducing both EPA 624 (volatile) and EPA  625 (extractable) 
priority contaminants present in the evaporator dis tillate to below the 
method detection limits of the GC/MS analytical equ ipment (7). Dissolved 
oxygen was sufficient to remove the color associate d with organics from 
the wastewater, even though not all of the organic carbon was removed. A 
concentration of 500 mg/L of hydrogen peroxide was found to be sufficient 
for the removal of the organics present in the evap orator distillate 
stream. Phenolics were effectively reduced to well below the Canadian 
Federal Discharge limit of 20 mg/L with the technol ogy, and oil and 
grease was reduced to below the 15 mg/L imposed gui deline for Federal 
Establishments (2). Other aromatic compounds, inclu ding naphthalene and 
methyl-substituted naphthalene derivatives, were re moved or converted to 
other less toxic constituents. The dissolved organi c carbon was not all 
converted to carbon dioxide in the catalytic reacto r; some intermediate 
oxidation products were formed, which included orga nic acids.  
Product Drum Radiation Field  
The radiation field on the product drums is a funct ion of the 
concentrations and distributions of the specific b/ g emitters immobilized 
in it. The contact field on a product drum varied b etween 100 and 1000 
mR/h for the first 100 drums produced at the WTC, d uring which time the 
weight per cent solids in the product drum was main tained below 25%. 
Thereafter, with more radioactive waste introduced into the WTC, and by 
maintaining the weight per cent solids at about 35% , the average contact 
radiation field increased significantly. There have  been two runs to date 
where 5 R/h (contact) drums were produced. The new rotor operating at the 
higher speed of 900 rpm has increased the volume re duction potential of 
the evaporator (Table II). This is because there is  better heat transfer 
through the vessel wall.  
Fig. 3 
A semi-empirical correlation was employed which all ows the radiation 
field to be computed if the concentration of gamma emitters in the feed 
tank is known. Figure 3 shows the correlation betwe en the radiation field 
(as measured on contact on the side of the drum), a nd the estimated 
radiation field. The correlation is accurate to wit hin 7% on average, 
assuming that the radiation field on contact with t he drum exceeds 500 
mR/h. The correlation is accurate enough to allow f ine tuning of the 
liquid and bitumen emulsion flowrates. This ensures  that the radiation 
field on any drum does not exceed about 3 R/h on co ntact. 
The estimated radiation dose to the bitumen was com puted over its 
lifetime. The gross beta/gamma loading per kg of pr oduct varied between 5 
x 107 and 5 x 108 Bq/kg. This resulted in an estima ted dose to the 
bitumen ranging between 1 x 106 to 1 x 108 rads ove r its lifetime. This 
was well within the maximum allowable dose of about  5 x 108 rads per drum 
(4).  
Fig. 4 
The estimated dose to the bitumen (from the known b eta/gamma emitters) 
for the 40 product drums generated in 1994, is show n in Fig. 4 on the 
left ordinate. A large fraction of the dose to the bitumen is due to Co-
60 radioactivity (shown on the right ordinate in mC i/drum).  
Radiological and Chemical Characteristics of Produc t Drum 



The total inventory of radioactivity and salt loadi ng immobilized in the 
40 product drums was computed. These totals were di vided by the total 
mass of immobilized secondary bitumen waste produce d from the WTC in 
1994. Table III shows the distribution of radiologi cal and chemical 
contaminants expressed in the units of mCi/mL (of i mmobilized product) 
and mg/kg (of immobilized product), respectively. O f the b/g emitters 
immobilized in the product drums, the most abundant  were: Ce-144 (0.91 
mCi/mL), Co-60 (0.44 mCi/mL), Cs-137 (0.90 mCi/mL),  and Cs-134 (0.94 
mCi/mL). On average, there was a total of 0.023 mCi /mL of gross a 
present, about half of which could be accounted for  by the two 
radionuclides: Am-241 (0.0072 mCi/mL) and Pu-239 (0 .0033 mCi/mL). The 
gross a accounts for about 1% of the total radioact ivity in the product 
drum. 
Table III 
Five chemicals have been identified as contributing  towards the majority 
of the reactive solids loading in the product drum.  These include the 
sodium-based salts of nitrate (92 g/kg), phosphate (36.5 g/kg), sulphate 
(18.4 g/kg), chloride (11.2 g/kg), and carbonate (1 0.1 g/kg). 
Concentrations of sodium, iron, and calcium are als o given in Table III.  
LEACH RESISTANCE OF EMULSIFIED BITUMEN WASTEFORM 
The emulsified bitumen wasteform from the WTC was e valuated with the 
ANS/ANSI 16.1 test. In this standard procedure the wasteform is immersed 
under water for an extended period of time and the leachate is 
periodically removed and chemically analyzed. The t est protocol is 
aggressive and not indicative of disposal condition s. The test is meant 
to be used as a relative indication of product qual ity. 
Leach resistance of a wasteform can be expressed in  terms of a 
leachability index (LI) as follows: 
Eq. 3 
The units of LI are dimensionless, while those of D  (diffusivity) are 
cm2/s. A high value of LI implies a slow leaching r ate (and a low 
effective diffusivity). A minimum LI of six is requ ired by the USNRC, and 
a value of 10 is considered to be excellent.  
The leachability index using the ANS/ANSI 16.1 stan dard test varied 
between 7 and 9 for the various salts present in th e WTC wasteform. 
Subsequent tests have shown that the LI of the emul sified bitumen 
wasteform is relatively independent of the processi ng conditions used at 
the WTC. Step changes in process temperature did no t have any significant 
effect on the results obtained.  
To determine if the leach resistance of the emulsif ied bitumen wasteform 
product from the WTC could be improved, a series of  experiments have been 
carried out using a simulated waste (prepared in th e laboratory), 
immobilized in emulsified bitumen. The bitumen wast eform created in this 
fashion was itself further encapsulated in other bi nding agents including 
oxidized bitumen (used for liquid waste immobilizat ion at the Surrey 
Radwaste Facility in Virginia), and ordinary Portla nd cement. Both 
encapsulating materials surrounding the bitumen cor e were evaluated at 
three wall thicknesses: 0.25 cm, 0.50 cm, and 0.75 cm. Each sample, prior 
to leach testing, had a diameter of 3.5 cm and a he ight of 7.0 cm. This 
sample size was maintained to provide the same surf ace area to volume for 
all encapsulated and unencapsulated samples. In add ition, three different 
salt loadings were investigated. Only results for t he maximum loading are 
reported in this paper. 
Fig. 5 



Some of the data is shown in Fig. 5, where the leac hability index (from 
the ANS/ANSI 16.1 test) is plotted for the uncoated  emulsified bitumen 
wasteform (zero wall thickness), and at the other t hree wall thicknesses. 
The data are plotted for both the cement and oxidiz ed bitumen 
encapsulations of the emulsified bitumen wasteform.  Phosphate is among 
the most abundant chemicals present in the WTC emul sified bitumen 
wasteform (Table III). The leachability index is sh own as a function of 
the wall thickness for both the cement (open symbol s) and the oxidized 
bitumen (solid symbols) encapsulations. For chlorid e with cement 
encapsulation, the LI increases from about 8.6 for the pure emulsified 
bitumen product (without additional protective coat ings), to about 11.5 
at a cement wall thickness of 0.75 cm. By compariso n, for the oxidized 
bitumen overcoat, the LI for chloride increases fro m 8.6 (with no 
overcoat), to 13 for an oxidized bitumen wall thick ness of 0.25 cm. No 
further increase of LI with a wall thickness greate r than 0.25 cm is 
observed. 
For phosphate, the LI increases from about 9.2 to 1 2.5 (at a wall 
thickness of 0.25 cm) for both the cement and the o xidized bitumen 
protective overcoats (Fig. 5). There does not seem to be much improvement 
of the LI for wall thicknesses greater than 0.25 cm , for either the 
cement or the oxidized bitumen encapsulations. 
Fig. 6  
Figure 6 shows the leach resistance of the two enca psulation matrices for 
cesium and strontium. The leachability index for th e emulsified bitumen 
wasteform (without protective overcoats) is about 8 .4, and increases to 
about 9 with coatings of cement or oxidized bitumen . For strontium the LI 
without any overcoat is about 11. For the cement ov ercoat the LI 
increases to about 11.8 at a wall thickness of 0.25  cm, but shows no 
further increase with higher wall thicknesses. This  could be due to the 
fact that natural strontium was also being leached from the cement matrix 
itself, which might bias the results. For the oxidi zed bitumen overcoat, 
the LI increases from 11 (for emulsified bitumen wa steform), to about 15 
for a wall thickness of 0.25 cm. 
The results from Figs. 5 and 6 show that the additi on of protective 
overcoats of either cement or oxidized bitumen can significantly improve 
the leach resistance of the emulsified bitumen wast eform. In general, the 
oxidized bitumen encapsulation was superior to the cement encapsulation 
for most of the chemical and radiological contamina nts that were 
evaluated. The cesium leachability was about the sa me for both 
encapsulation materials at all wall thicknesses. 
CONCLUSIONS 
Product drums from the thin-film evaporator facilit y at the CRL Waste 
Treatment Centre have an on-contact radiation field  of between 500 mR/h 
and 3000 mR/h, depending upon the radiological and chemical 
characteristics of the feed. The dominant b/g emitt ers in the product 
drum include 137Cs, 134Cs, 144Ce, 141Ce, and 60Co. On average, there is a 
gross / loading of 2.6 mCi/mL in the immobilized bi tumen product. The 
concentration of a emitters constitutes about 1% of  the total 
radioactivity, and the principal isotope is 241Am. The radiation dose to 
the bitumen varies between 106 and 108 rads per pro duct drum (over its 
lifetime), which is less than 20% of the maximum al lowable dose for the 
matrix. 
The decontamination factor of the thin-film evapora tor varies with the 
radionuclide. It is about 20 000 for 144Ce, 6000 fo r 60Co, and about 4000 



for 137Cs. Those radionuclides more strongly adsorb ed to the inert solids 
associated with the MF backwash solids are more eff iciently removed in 
the evaporator. 
Installation of a new rotor, and increasing its spe ed from 600 rpm to 900 
rpm, has significantly improved the operation of th e thin-film 
evaporator. The cleaning frequency of the unit has been reduced by a 
factor of three, and the solids loading has been bo osted from about 25% 
to 35%. The volume reduction factor increased from 2.67 to 3.21 after the 
installation of the new rotor operating at 900 rpm.   
There is some distillation of the organic fraction from the emulsified 
bitumen used for immobilization of the mixed waste concentrate. 
Photocatalytic oxidation can effectively remove the  organics volatilized 
in the distillate. 
The addition of protective overcoats of cement or o xidized bitumen can 
significantly improve the leach resistance of the e mulsified bitumen 
wasteform. Based on the ANS/ANSI 16.1 test it was s hown that the 
diffusivity of many of the chemical and radiologica l species can be 
reduced by up to three orders of magnitude with pro tective layers of 
these encapsulating agents. The oxidized bitumen ma trix was superior to 
the cement encapsulation of the emulsified bitumen wasteforms. 
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ABSTRACT 
MHI has developed the Boric Acid Recycle System whi ch can recycle the 
boric acid in the liquid wastes by using reverse os mosis and then can 
reduce the volume of concentrated liquid wastes. Th is system can enable 
to reduce the capacity and cost of the volume reduc tion/solidification 
system of the concentrated liquid wastes. 
The current PWRs in Japan use the evaporators to pr ocess the liquid 
wastes which contain the boric acid and use the lar ge capacity 
solidification system to reduce the volume and to s olidify the 
concentrated liquid wastes. The reverse osmosis in the Boric Acid Recycle 
System can recycle 85% of the boric acid in the liq uid wastes. Then this 
system can reduce the volume of the concentrated wa stes by the factor of 
about 7. 
PURPOSE 
To reduce produced amount of waste, various types o f volume reduction 
equipment have been introduced and great results ha ve been obtained so 
far. However, there is a tendency that the scale of  the facility is 
getting larger. Here is a study which simplifies th e treatment facilities 
not by reducing the produced volume of waste but by  reducing the amount 
produced at the production source. 
Currently, the number of drums produced by concentr ating and solidifying 
waste liquid from PWR type nuclear power plants dep ends on the boron 
content contained in the waste liquid. Thus, simpli fication of the volume 
reduction equipment, solidification equipment, etc. , are performed by 
recovering only boron in advance and effectively co ncentrating the waste 
liquid. 
[Purpose]    Reduction of waste by boron recovery 
    Simplification of treatment facilities 
Fig. 1 
PRINCIPLE 
When waste liquid (drain) containing boron, radionu clides, etc. is 
supplied to the high pressure side of reversible os mosis membrane (RO 
membrane), the boron moves to the recovered liquid side by permeating 
through pores of the RO membrane, as boron exists i n molecular status and 
its molecule diameter is small. 
On the other hand, since radioactive materials (Co,  Cs, etc.) and sodium 
(Na) exist as hydrates after ionization and they ca nnot permeate through 
pores of RO membrane as the diameters of hydrates b ecome larger, they 
remain on the waste liquid side. 
As a result, the boron can be recovered by separati ng it from the other 
materials. 
Fig. 2 
FACILITY 
Figure 3 shows the relation between the PWR plant a nd the boron recovery 
system. As universally known, the boron is circulat ed in the cycle of 
Boric Acid Tank (BAT), RCS Coolant Holdup Tank (HT) , Boric Acid 
Evaporator (EVAP) and is reused, and a part of it i s contained in the 
drains from various sections of the plant and colle cted in the waste 
liquid holdup tank (WHT) of the WDS. The boron reco very system recovers 



selectively only the boron from the liquid in this WHT, sends it to CVCS 
to reuse the boron, and, simultaneously, this syste m reduces the boron 
amount in the waste liquid, thus reducing the produ ced amount of the 
waste. 
Fig. 3 
Figure 4 shows the abstract system configuration of  the boron recovery 
system. After removal of the impurities in particle  state of the waste 
liquid from WHT by the pretreatment filter, the was te liquid is 
transferred by pressure to the reversible osmosis m embrane (RO). The 
borated water which has permeated through the first  stage RO is 
transferred to CVCS and reused. 
Though the boric acid is contained in the liquid on  the non-permeable 
side, the concentration of impurities rises. For th is reason, the 
impurity concentration in the recovered borated wat er rises also, if the 
boric acid is recovered from this liquid. To avoid this, the borated 
water which impurity concentration is reduced is re turned to the 
circulation tank, and is transferred by pressure to  the first stage RO 
again, and in this way, the improvement of boric ac id recovery rate is 
attained. 
On the other hand, the waste liquid on the non-perm eable side of the 
third stage RO, which impurities are concentrated, is cement-solidified 
after it is concentrated up to the concentration li mit by the evaporator. 
Fig. 4 
Figure 5 shows an example of the boric acid recover y features of the 
system shown in Fig. 4. Only the boron can selectiv ely permeate through 
the RO membrane, and a little impurities (SiO2, etc .) can permeate 
through it. Therefore, the limit appears to the rec overy rate of boric 
acid, by the limitation of the impurity concentrati on in the recovered 
boric acid. 
Fig. 5 
In the example of Fig. 5, the recovery rate of bori c acid is 
approximately 90%, if the concentration limit of Si O2 is 0.5 ppm. If the 
recovery rate of boric acid is 90%, the produced am ount of waste becomes 
1/10 in comparison with the case without boron reco very system, as the 
remaining 10% of boron is contained in the waste li quid side. Similarly, 
if the boron recovery rate is 80%, the waste amount  becomes 1/5. 
EFFECT 
The comparison of facility scale (number of compone nts and installation 
space), number of produced drums and maintainabilit y was made between the 
following two methods: 
Case A . . . Conventional Method 
Concentration + Volume reduction + Solidification ( EVAP) (cementation 
equipment with high volume reduction rate) 
Case B . . . Method combining boron recovery and si mple solidifying 
equipment (vacuum injection type cementation) 
Boron recovery + Solidification 
(RO) (vacuum injection type cementation) 
The following is a summary of comparisons between b oth cases : 
1. It can be said that the effect of facility simpl ification of case B is 
rather high, though the number of drums is slightly  more. 
2. While case A has lot of high temperature compone nts and, further, 
consists of components for powder handling, case B has less high 
temperature components and consists only of liquid system processes. 



Therefore, it can be said that case B has excellent  operability and 
maintainability. 
As above-mentioned, it is supposed that the introdu ction of boron 
recovery may contribute to the rationalization of t he total system 
including the range from the treatment in power pla nt. 
The following is the features of boron recovery: 
  Reduction of produced amount, by tracing back to upstream 
  Simple facility configuration /reduction of insta llation space 
  Easy operation and maintenance 
  Less dynamic component 
  No high temperature component 
  No powder handling component 
DEVELOPMENT SCHEDULE 
The development of boron recovery system has a long  history, and this 
system was developed using tubular type modules whi ch are of slightly old 
type RO, in 1977 and 1978, and even the site test w as carried out at that 
time. 
After that, the RO technology made great progress, and the spiral type RO 
module has become mainstream, which contributes to planning of size down 
and reliability enhancement of the device. 
During the period from 1984 up to now, the boron re covery were actually 
carried out 13 times in total for the waste liquid from decontamination 
of S/G water chamber as an object, and excellent re sults were obtained 
every time. Thus, the reliability of this technolog y has been confirmed 
and, at the same time, the technology has been accu mulated. 
Based on this experience, the system study and vari ous kinds of test have 
been conducted for the introduction of the full-sca le boron recovery 
system since 1990 and a positive prospect for the p ractical use was 
obtained. 
In 1992, the tests of long term durability was perf ormed.  Now, it is 
planned to apply to the Japanese APWR.  
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In Japanese PWR plants, radioactive spent ion excha nge resins have been 
stored in tanks in their sites, since they have a r elatively high level 
radioactivity and there had been no way to treat ap propriately for the 
final disposal. Therefore, an effective treatment t echnique had been 
desired, which converted the spent resin into a sta ble form suitable for 
the final disposal. 
We have performed many research and development wor ks on the spent resin 
treatment technique, and finally we have successful ly developed a new 
type of spent resin treatment system which is suita ble for the final 
disposal. 
The system removes radioactivity by eluting radioac tive substances from 
resins. 
H2SO4 is used for an eluant. The eluant is recovere d by diffusion 
dialyzer for reusing. The resultant inactivated res ins are incinerated. 
The ashes and eluted radioactive substances are sol idified with inorganic 
matrix. 
In 1994, the system has been installed in the Ohi N uclear Power Plant No. 
1, 2 of the Kansai Electric Power Co., Inc. Further  the system is planned 
to apply to some other plants. 
DEVELOPMENT OF RADIOACTIVE SPENT ION EXCHANGE RESIN TREATMENT SYSTEM 
System Concept  
The basic system concept is illustrated in Fig. 1. The elution process is 
the main part of the system where radionuclides are  removed from the 
spent resins by the use of 2N-H2SO4 as an eluting s olution(this is termed 
eluant). The resulting low activity resins are inci nerated to produce the 
inorganic ashes, while the effluents containing the  eluted radionuclides 
are led to the diffusion dialyzer. The diffusion di alyzer recovers more 
than 90% of H2SO4 as eluant. The unrecovered eluant s containing a major 
part of the eluted radionuclides are solidified by cementation with the 
inorganic material. Thus, the organic spent resins are converted to the 
inorganic forms suitable for the final disposal. 
Fig. 1 
Major Nuclides In Spent Resin 
Knowledge of the type and quantity of radionuclides  absorbed in spent 
resins is indispensable to develop the spent resin treatment system. 
Spent resins stored in spent resin storage tanks ov er a period of 4 to 8 
years were sampled and analyzed to determine the co nstituents of the 
absorbed radionuclides. The result is that the majo r constituents are Co-
60, Ni-63 and Cs-137 as shown in Fig. 2.  
Fig. 2 
Elution 
Ion exchange resins used in Japanese PWR plants con sist of cation 
exchange resins with sulfonic acid radicals as subs tituents and anion 
exchange resins with ammonium radicals as substitue nts. The major 
radionuclides absorbed in spent resins are cations such as Co2+, Ni+ and 
Cs+. These cations are absorbed in cation exchange resins. 
The cations in the resins can be replaced with hydr ogen ions in contact 
with the sulfuric acid solution as follows: 
 R - (SO3-)2Co2+ + 2H+   R - (SO3-)2(H+)2 + Co2+ 
This process is termed elution. 
Elution characteristics of Co and Cs were tested in  relation to the 
concentration of the sulfuric acid solution. The re sult was that 2N-H2SO4 
could elute more than 99.9% of Co and 99% of Cs by passing through the 
resins with about a 20 times volume of the resins a s shown in Fig. 3. 



Fig. 3 
Recover Of Eluant 
The concept of the recover of the eluant with the d iffusion dialyzer is 
shown as Fig. 4. The diffusion dialyzer is provided  with an anion 
exchange membrane and is divided into two chambers by the membrane. The 
eluant with the eluted radionuclides is introduced to the left chamber in 
the upward flow and the pure water is fed to the ri ght chamber in the 
downward flow. While the eluant is passing trough t he chamber, SO42- and 
H+ move from the left chamber to the right chamber through the membrane. 
However, major radionuclides such as Co2+, Ni+ and Cs+,which are cations, 
flow out of the chamber without moving to the right  chamber due to the 
characteristics of the anion exchange membrane. Acc ordingly, the 
eluant(sulfuric acid) is separated from the radionu clides. 
Fig. 4 
The test was done to examine the characteristics of  the diffusion 
dialyzer with 2N-H2SO4 containing Cs and Co. The re lationship between the 
eluant recovery rate and the radionuclides leakage rate is shown in Fig. 
5. The eluant recovery rate has a relation to the a rea of the membrane. 
We have decided that the design eluant recovery rat e is 90%.  
Fig. 5 
Demonstration 
A pilot plant was constructed and tested to demonst rate the system 
performance. The plant has a capacity of 0.05 m res ins per batch which is 
a fifth scale capacity of the practical plant. A sc hematic flow diagram 
of the pilot plant is shown in Fig. 6. 
Fig. 6 
In the test, a batch of simulated spent resins were  transferred from the 
spent resin receiving tank to the measuring tank by  a slurry pump until 
an ultrasonic level sensor detected the predetermin ed level. The elution 
column received the resins from the measuring tank by gravity ,and dumped 
them to the eluted resin receiving tank after the e lution. All operations 
including handling of resin and conditioning of elu ant were performed 
automatically. 
The radionuclide concentration at the outlet of the  diffusion dialyzer is 
shown in Fig. 7.  
Fig. 7 
PRACTICAL USE OF SPENT RESIN TREATMENT SYSTEM 
The developed spent resin treatment system has been  applied to the Ohi 
Nuclear Power Plant No. 1/2 of the Kansai Electric Power Co., Inc. in 
1994 at first in Japan. 
The system flow diagram is shown in Fig. 8.  
Fig. 8 
Design Base 
a. Processing design capacity 
    The processing design capacity is 6 m3/year, wh ich is over the 
averaged generation rate in the Ohi Nuclear Power P lant No. 1/2. The 
operation way of the system is batchwise manner and  one batch is to be 
processed in one week. One batch processing capacit y is 0.25 m3 so that 
the system operational availability is below 50%. 
b. Design decontamination The design decontaminatio n (DF) is 1000 for 
60Co and 100 for 137Cs under the design activity le vel of each nuclides 
as bellows. 
60Co : 3.7 X 1013/ 6 m3 
137Cs : 1.8 X 1013/ 6 m3 



The above activity level is based on the analysis o f the sampled spent 
resin activity. 
Design Features 
a. The existing incinerator and solidification syst em can be used. 
b. The system is operated automatically. 
c. The system scale is compact. (easy to apply to t he existing plant.) 
d. The amount of secondary waste is minimized.  
e. The running cost is low. 
CONCLUSIONS 
The spent resin treatment system employing a radion uclide elution 
technique coupled with an eluant recovery by diffus ion dialysis has 
proved adequate for practical application. 
This system is suitable for the final disposal, sin ce the organic spent 
resins can be converted to the inorganic materials.  
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ABSTRACT 
During reprocessing of spent nuclear fuel, intermed iate level liquid 
waste (ILW) along with other type of wastes like hi gh level waste (HLW), 
zircalloy hulls etc. are generated. ILW streams are  basically 
concentrated condensates and are alkaline on accoun t of neutralization 
step prior to storage in carbon steel tanks . The s pecific radioactivity 
varies from 2 to 100 mCi/l due to Cs137/Sr90 beside s traces of Ru106. The 
waste also contains unrecovered traces of uranium a nd other actinides. A 
new process has been developed which employs alkali  precipitation for 
removal of uranium and other actinides, ion exchang e for Cs137/Sr90 
removal followed by treatment for decontamination w ith respect to Ru106. 
The ion exchange matrix employed is resorcinol form aldehyde (RF) 
condensation polymer with imino-diacetic acid chela ting group. This resin 
has been synthesized and studied in detail at BARC laboratories in India 
for its application for treatment of ILW. The resin  is found to be highly 
selective for both Cs137/Sr90 even in presence of h igh concentration of 
salts (about 25% NaNO3) under alkaline pH condition . 
In this process, as a first step, the uranium and o ther actinides are 
precipitated after carbonate elimination. The carbo nates are present in 
the waste since these are used for neutralization b efore the storage. The 
supernatant is then passed through the RF resin col umn for cesium and 
strontium removal. The effluent from the resin colu mn which essentially 
contains Ru106 and trace amount of Cs137/Sr90 is tr eated further by 
effluent polishing. Ru106 is removed by using zinc activated charcoal 



system after pH adjustment, whereas Cs137/Sr90 are removed by standard 
chemical treatment processes involving precipitatio n by barium sulfate 
and copper ferrocyanide, before discharge. 
The salient features of this process are as follows : 
1) During precipitation step, as the quantities of uranium and actinides 
are small, sludge is not withdrawn after each batch  of operation. The 
sludge concentration is allowed to be built up lead ing to more effective 
decontamination and is withdrawn only after 12-15 b atch precipitation 
operations. This concept of multiple precipitation has helped 
significantly in low volume of sludge generation. 
2) The loaded RF resin columns are regenerated usin g dilute nitric acid 
and, in this process, Cs137/Sr90 get stripped. The regenerant solution is 
concentrated and passed through an ammonium-molybdo -phosphate (AMP) 
capsule for cesium recovery which can be used in me dical and irradiation 
applications. 
3) The resin is conditioned with alkali and is used  in subsequent 
operations. Hence, the total amount of radioactive solid waste is very 
significantly reduced and an overall volume reducti on factor of about 40 
is achieved taking into consideration the volume of  conditioned RF resin 
column and conditioned chemical sludge in cement ma trix. 
An industrial scale plant based on above process is  in operation at Waste 
Immobilization Plant (WIP), Tarapur, India. The mai n ILW treatment plant 
consists of 1) a process cell housing process equip ment and vessels, 
liquid sampling system and various remotization gad gets and viewing aids; 
2) vessel off-gas system for treatment of process o ff-gases by scrubbing 
and filtration; and 3) chemical additive and servic es systems. Various 
processing steps and remote maintenance works are d one using master slave 
manipulators, in- cell crane and pneumatic wrenches  with the help of 
viewing aids like shielding windows, mirrors and cl osed circuit 
television. 
The successful treatment of alkaline radioactive li quid waste on 
industrial scale has demonstrated the usefulness of  this process. The 
process not only helps in separation of Cs137 and S r90 radionuclides but 
also helps in decontamination with respect to Ru106 . 
INTRODUCTION 
Intermediate level liquid waste (ILW) is generated during reprocessing of 
spent fuel as a second cycle raffinate, evaporator condensate and during 
concentration of low level waste (LLW) from nuclear  power plants (1). As 
a practice, this category of waste is being neutral ized using alkali for 
storage in carbon steel tanks. Sodium carbonate is used for 
neutralization to keep the traces of uranium and ac tinides, if present, 
in dissolved form. The specific activity of ILW ran ges from 2 - 100 
millicurries per liter which is predominantly due t o Cs137/Sr90 with 
traces of Ru106. The treatment of ILW involves use of various matrices 
like cement, polymer or bitumen. Among these, cemen t is the most cost 
effective matrix. Polymer based processes are compa ratively costlier 
though the product has higher leach resistance. Bit umen is another matrix 
used for immobilization of ILW. It is low in cost a nd processing 
temperatures are moderate. In the process developed  by BARC, India, 
emphasis is on separation of Pu, U, Cs and Sr resul ting in high volume 
reduction factors. In this process, the uranium and  actinides are first 
removed by alkali precipitation after carbonate eli mination. 
Subsequently, for removal of Cs137/Sr90, the supern atant is passed 
through an ion exchange column filled with resorcin ol formaldehyde 



condensation polymer having imino-diacetic acid che lating type of side 
chain (2). The effluent from the IX column, which e ssentially contains 
Ru106 and traces of Cs137/Sr90, is further polished  by passing through 
second set of RF resin columns. Ru106 is removed us ing zinc-activated 
charcoal system after pH adjustment (3), whereas Cs 137/Sr90 are removed 
by standard chemical treatment using barium sulfate  and copper 
ferrocyanide before discharge. 
PROCESSING SCHEMATIC 
The process is broadly divided into three stages wh ich are 
preconditioning, ion exchange processing, post trea tment and 
conditioning. The other steps involved are, disposa l of spent IX columns 
and separation of Cs137 from regenerant solution. T he detailed 
engineering flow diagram is given in Fig. 1. 
Fig. 1 
Pre-conditioning 
The pre-conditioning of waste in this process invol ves carbonate 
elimination and alkali precipitation. The details a re given below: 
Carbonate Elimination  
Intermediate level wastes generally contain traces of unrecovered uranium 
and actinides. In order to keep these in dissolved state, neutralization 
(pH-9) is carried out with sodium carbonate. In ord er to obtain good 
decontamination factors (DFs) with respect to alpha , carbonates are 
eliminated by acidification using nitric acid.  
Precipitation/ Sludge Separation 
After carbonate elimination, ILW is transferred to the precipitation 
tank, (Tk-10). This is a conical bottomed tank with  3 drain lines located 
at different elevation for draining of supernatant.  Sodium hydroxide is 
added to the waste and the resultant precipitate is  allowed to settle for 
a period of 8 to 10 hours and drained. Once the cle ar supernatant is 
obtained, it is passed through the RF resin column.   
Ion-exchange Processing 
The supernatant solution is passed through the RF r esin column from top 
to bottom. The effluent coming out of the column is  monitored for 
specific activity. Once the specific activity of LL W reaches a pre-set 
value, the next column is taken on line and the loa ded column is shifted 
to a location where it is regenerated. 
Post Treatment and Conditioning 
Zinc-activated charcoal (ZAC) treatment process (3)  is found to be 
effective for ruthenium removal. The LLW is acidifi ed to a pH of 2 and 
passed through the ZAC column. Finally, the waste i s subjected to 
chemical treatment process involving precipitation with barium sulfate 
and copper ferrocyanide. 
RESORCINOL FORMALDEHYDE BASED CHELATING RESIN 
The synthesis, characterization and successful test ing of a resorcinol-
formaldehyde polycondensate resin for selective rem oval of radiocesium 
from alkaline salt-loaded waste solutions has alrea dy been reported 
(2,4). These studies also established the chemical,  thermal and radiation 
stability of the resin. The resin contains phenolic  -OH groups which 
ionize under alkaline conditions and serve as catio n exchange sites that 
have high selectivity for cesium even in the presen ce of large 
concentration of sodium ions. Incorporation of imin o-diacetic acid 
functional groups into a resorcinol-formaldehyde po lymer matrix has been 
reported to give it the additional capability of st rontium sorption by 
chelating mechanism (5). Based on these earlier dev elopments, 



investigations were carried out which finally resul ted in the successful 
bulk synthesis of a suitable resin containing cesiu m-selective phenolic -
OH and strontium-selective imino-diacetic acid grou ps in the required 
proportion. Laboratory and bench-scale tests with t his resin using actual 
waste solutions gave encouraging results (6). This was followed by 
engineering scale evaluation to study the phenomena  of channeling and 
finalization of procedures for remotized handling o f loaded IX columns 
and disposal aspects of spent IX columns.  
OPERATIONAL EXPERIENCE 
This process has been adopted on industrial scale f or treatment of 
alkaline liquid wastes at Waste Immobilization Plan t (WIP), Tarapur. The 
engineering flow diagram is shown in Fig. 1. All pr ocess equipments are 
installed inside a concrete shielded cell of about 4 M X 4 M X 10 M high 
with an in-cell crane, shielded viewing window, mas ter slave manipulators 
and other remotization gadgets. The waste feed and other process solution 
transfer pumps as well as off-gas handling equipmen ts are housed 
separately in areas having restricted access. Instr umentation is provided 
to monitor various process parameters like pressure , level, density, flow 
rate and temperature to facilitate process and inve ntory control. 
The facility described above has been used for cond itioning of different 
streams of ILW having specific activity in the rang e of 2-15 millicurie 
per liter of gross beta-gamma activity. The pH of t he waste was in the 
range of 9 to 12.5 due to presence of - OH- and CO3 -- ions. The salt 
content varied from 190 to 280 grams per liter whic h is essentially due 
to sodium nitrate. The salient features of the proc ess operations are as 
follows: 
  Addition of dilute nitric acid was controlled in such a manner that 
excessive foaming and pressurization during carbona te elimination was 
completely avoided. 
  In place of withdrawal of sludge after each preci pitation operation, 
withdrawal after multiple precipitation operation h elped in reduction of 
over-all sludge generation. The average decontamina tion factors (DFs) 
with respect to alpha during precipitation was of t he order of 250. 
  The processing rate through ion-exchange column r anged from 3 to 5 bed 
volumes per hour (BV/H) for acceptable column perfo rmance. The DFs 
achieved for gross beta-gamma activity were in the range of 200 to 600. 
The volume of processed waste varied from 500 to 85 0 bed volumes between 
two successive regenerations for 1% breakthrough. 
  The zinc-charcoal system was found effective for Ru106 removal giving 
DF in the range of 10-30. 
  The loaded ion-exchange resin was effectively reg enerated using 25-30 
bed volumes of dilute nitric acid with about 90% re moval efficiency. 
  Ammonium molybdo phosphate supported on asbestos fibre was found to 
have good column characteristics and good efficienc y for removal of Cs137 
from acidic regenerant solution. 
  The spent ion-exchange columns after final wash a re placed in carbon 
steel drums and immobilized by using cement concret e matrix prior to 
disposal as solid radio-active waste. 
  Various remotization gadgets have been used exten sively for handling of 
ion-exchange columns, liquid sampling and disposal drums resulting in 
minimum exposure to O&M personnel. 
As a result of safe and successful conditioning ope rations, over-all 
volume reduction factor of the order of 40 to 50 ha s been obtained. Due 



to ambient temperature processing, the discharges t hrough gaseous route 
are also very low. 
CONCLUSION 
This process is essentially based on separation of uranium and other 
actinides by chemical precipitation followed by Cs1 37/Sr90 separation by 
ion exchange method. Presence of uranium in waste h elps in removal of 
actinides which are present in trace quantities. Th e RF resin, due to its 
high specificity for Cs and Sr in alkaline conditio n, was found to be 
effective on industrial scale for decontamination o f waste containing 
high percentage of sodium ions. The separation of r uthenium from waste 
solution by zinc-activated charcoal was found to be  effective. This 
process offers advantage of high volume reduction f actor, high DF and low 
man-rem expenditure to O & M staff and is, therefor e, very useful for 
conditioning waste streams of this nature. 
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ABSTRACT 
Improvements in cement properties have been investi gated from the 
viewpoint of better radioactive waste management. T he basic concept for 
realization of the improvements is the addition of small amounts of 
admixtures to conventional cement; small amounts en sure the cost increase 
is minimized. Fundamental experiments first showed that carbon fiber 
reinforcement enhanced long term durability of wast e forms because it 
increased tensile and flexural strengths of the har dened cement. 
Secondly, addition of natural zeolite and silica po wder to cement 
improved sorption ability for Cs-137 and C-14, resp ectively. Furthermore, 



lithium nitrate reduced hydrogen gas generation to 1/20 of its typical 
value during aluminum waste solidification, because  the additive 
functioned as a corrosion inhibitor. 
Application to actual waste management was also inv estigated based on 
these results. High performance cement allowed vari ous low level 
radioactive wastes to be solidified into stable was te forms by one simple 
facility.  
INTRODUCTION 
Cementitious materials are widely used for solidifi cation of low and 
intermediate level radioactive wastes and construct ion of waste disposal 
sites because these materials have long term durabi lity and good sorption 
ability for radioactive nuclides, and they are low cost and can be 
handled easily (1). Improvements of the cement prop erties have been 
investigated from the viewpoint of better radioacti ve waste management. 
The basic concept for the improvements is the addit ion of small amounts 
of admixtures to Ordinary Portland cement (OPC), so  as to minimize the 
cost increase.  
 This paper first describes some results of fundame ntal experiments. The 
points studied are: 
1) fiber reinforcement to ensure long term durabili ty of waste forms;  
2) enhancement of sorption ability for Cs-137 and C -14; and 
3) prevention of hydrogen gas generation during alu minum waste 
solidification.  
Application to actual waste management is investiga ted based on the 
experimental results. A high performance cement sol idification system for 
low level radioactive waste is presented and its fe atures are discussed.  
IMPROVEMENT OF CEMENT PROPERTIES 
Fiber Reinforcement 
Effect of carbon fiber: Mechanical strength of hard ened cement is one of 
the most important parameters for long term durabil ity. Tensile and 
flexural strengths of the hardened cement are relat ively low, while 
compressive strength is quite high (Table I.) Fiber  reinforcement is an 
effective method to increase the former two strengt hs. Various materials 
such as glass, steel and carbon can be used for the  reinforcing fiber. 
However, glass fiber tends to dissolve and deterior ate in an alkaline 
atmosphere (pH13) such as present in the cement. St eel fiber is not 
easily dispersed uniformly in the cement mortar, be cause its density is 
high (~7g/cm3) and the fiber tends to sink downward s. Therefore, carbon 
fiber (18mm  x 3mmL) was selected for study.  
Table I indicates the effect of the carbon fiber. T ensile and flexural 
strengths increase in proportion to the fiber conte nt and double by 
adding 3wt% fiber. Carbon fiber improves durability  of the hardened 
cement, because resistance to cracking can be enhan ced.  
Application to solidification of spent ion exchange  resin: Spent ion 
exchange resin comprises a major fraction of the lo w level radioactive 
wastes generated from nuclear power plants. The res in content in a 
cementitious waste form is typically controlled bel ow 25kg-dry 
resin/200L, because the waste form tends to swell a nd crack under a water 
immersion condition when resin content is higher (1 ). The deterioration 
mechanism is as follows. When water penetrates into  the waste form, spent 
resin swells by absorbing the water and tensile str ess is exerted on the 
cement matrix around the resin particles (2,3). The  waste form is cracked 
in water, if the tensile stress is higher than the tensile strength of 
the cement.  



Water resistance of the waste form can be improved by use of the fiber 
reinforced cement, so as to raise the spent resin l oading. Figure 1 shows 
typical results. The waste form with reinforcing ca rbon fiber does not 
deteriorate even at such a high resin content as 55 kg-dry resin/200L, 
while the conventional cement without fiber cracks in water and its 
compressive strength decreases to almost 0kg/cm2 wi thin a few days.  
Table I 
Fig.1 
Enhancement of Sorption Ability for Radioactive Nuc lides 
Radioactive cesium: Hardened cement absorbs various  kinds of radioactive 
nuclides, such as C-14, Co-60 and transuranic eleme nts, and retards their 
release from the disposal site into the environment . However, the 
sorption ability for radiocesium (Cs-137) is low, s o that potential Cs 
adsorbents were surveyed.  
 Although the highly alkaline environment and coexi stence of calcium ions 
in the cement limited the choices of Cs adsorbent, a natural zeolite, 
whose main constituent is clinoptilolite, has good performance (4). Batch 
sorption experiments indicated that the distributio n coefficient for Cs-
137 increases from 2 to 120mL/g by adding 5wt% adso rbent to the cement.  
Radioactive carbon: Hardened cement absorbs C-14 an d its distribution 
coefficient is on the order of 1000mL/g. Enhancemen t of the sorption 
ability for C-14 is desirable to ensure long term s afety after land 
burial because of its long half life (5730 years). While C-14 adsorbents 
were surveyed first, no suitable adsorbent could be  found. The 
fundamental aspects of the C-14 sorption mechanism by the OPC were 
examined for next. The following results were obtai ned.  
1) Carbon-14, in the form of CO32-, is adsorbed by positively charged 
sites on the cement particle. These sites were prod uced during the cement 
hydration process due to the reaction between CaO a nd SiO2 contained in 
the cement materials.  
2) The OPC does not contain enough SiO2 compared wi th its CaO content, to 
produce sufficient numbers of C-14 adsorption sites .  
3) Silica powder was added to the OPC and the mixtu re was hydrated. 
Results of batch sorption experiments for the harde ned cement are plotted 
in Fig. 2. The C-14 distribution coefficient increa ses from 2,000 to 
7,000mL/g by adding 20wt% silica.  
Fig. 2 
Prevention of hydrogen gas generation from aluminum  wastes 
Selection of inhibitor: Miscellaneous solid wastes include aluminum-
containing materials. They generate hydrogen gas du ring the cement 
solidification process, because the aluminum is cor roded under a highly 
alkaline condition: 
Eq. 1 
Possible inhibitors were investigated to prevent th is corrosion. While 
sodium silicate is well established as an inhibitor  under an alkaline 
condition (5), it can not be used in the cement for  the following reason. 
Calcium ions in the cement mortar react with the so dium silicate: 
Eq. 2 
Therefore, calcium silicate is precipitated and the  sodium hydroxide 
produced accelerates the aluminum corrosion.  
Galvanic current measurements and alkaline corrosio n experiments were 
performed to find inhibitors effective in the cemen t (6). Soluble lithium 
compounds were selected, with lithium nitrate as th e best. Figure 3 
compares the hydrogen gas generation during the cem ent solidification 



process. Addition of 3wt% lithium nitrate to the OP C reduces hydrogen gas 
generation to about 1/20 regardless of aluminum was te content.  
Reaction mechanism of lithium nitrate: Microscopic observations and X-ray 
diffraction measurements show that the aluminum sur face was coated by an 
thin Li-Al double salt film (~5mm, LiAl(OH)3Al(OH)4 xH20) as is shown by 
the SEM photograph in Fig. 3. The double salt was p roduced by reaction 
between lithium ions and aluminate ions: 
Eq. 3 
This insoluble film stopped aluminum corrosion and hydrogen generation. 
While the function of the counter ion, namely nitra te ion, is not very 
clear, it probably prevents pitting corrosion.  
Fig. 3 
APPLICATION TO SOLIDIFICATION OF LOW LEVEL WASTES 
A high performance cement (HP-cement) has been deve loped based on the 
fundamental experiments and a centralized cement so lidification system 
was designed to solidify low-level radioactive wast es into stable waste 
forms. Figure 4 shows an outline of the system. It offers the following 
features.  
1) Applicability to various wastes: Various kinds o f wastes, concentrated 
liquid waste, spent ion exchange resin, incineratio n ash and 
miscellaneous solid waste, can be solidified into w aste forms by one 
facility.  
2) Stable waste form: The HP-cement contains carbon  fiber, natural 
zeolite and lithium nitrate. These additives allow stable waste forms to 
be produced independently of the waste type.  
3) Simple system: The HP-cement is supplied as a re ady mixture, hence 
special equipment, such as a high-shear mixer, is u nnecessary. That is, 
wastes are simply mixed with the HP-cement paste us ing a conventional 
mixer.  
A full-scale pilot plant was constructed to demonst rate its industrial 
applicability. The treatment capacity was 2 drums/h our. Table II 
summarizes the test results. It was confirmed that all wastes can be 
solidified into stable waste forms.  
Fig. 4 
Table II 
CONCLUSIONS 
Improvements of the cement properties have been inv estigated from the 
viewpoint of better radioactive waste management. T he following results 
were obtained.  
1) Carbon fiber reinforcement is an effective metho d to increase tensile 
and flexural strengths of the hardened cement. This  ensures long term 
durability of waste forms.  
2) Addition of natural zeolite and silica powder to  cement enhanced 
sorption ability for Cs-137 and C-14, respectively,  so that their release 
from the disposal site into the environment could b e retarded.  
3) Aluminum wastes generate hydrogen gas during the  cement solidification 
process. Addition of lithium nitrate reduced hydrog en generation to 1/20 
of the usual value, because the additive functioned  as a corrosion 
inhibitor. 
4) Based on these fundamental results, a high perfo rmance cement was 
developed to solidify various low level wastes into  stable waste forms by 
one simple facility. Its industrial applicability w as demonstrated by 
full-scale pilot plant tests.  
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ABSTRACT 
Flameless incineration under laminar gas flow, was used to dispose of 
highly radioactive graphite from a nuclear reactor.  The radioactive ashes 
were collected on filters, while the carbon dioxide  formed, went through 
a freezing-sublimation process to achieve a better separation of the CO2 
from aerosols, which might be carried by the off ga s of the incineration. 
Optimization of the incineration process was sought  by studying the 
effect of gas flow speed, oxidation temperature and  furnace rotation 
speed. Sublimation of the frozen CO2 reduces its ac tivity by a factor of 
108.  
The following conclusions were drawn from the resea rch. The graphite was 
ground to particles of size 22.5 microns and specif ic area of 15 m2/gr. 
Since the rate of oxidation was constant, a paramet er K(hour-1) was 
defined, equals to the part of graphite incinerated  in one hour. The 
dependence of K on oxidation temperature, gas flow speed and furnace 
rotation speed was investigated. The results are as  follows : by changing 
the incineration temperature from 6000C to 7000C un der air flow speed of 
0.034 m/sec, the oxidation time reduced from 7.5 ho urs to 2.5 hours. At 
7000C the graphite powder ignited. The furnace rota tion speed did not 
have a strong effect on incineration time in air. W hen the incineration 
was done under pure oxygen, ignition started at 560 0C. Changing pure 
oxygen flow rate from 0.025 m/sec to 0.051 m/sec at  temperature of 5600C, 
reduced the incineration time by 20%. Changing the furnace rotation speed 
from 0 to 4.2 rad/sec (at 5400C) reduced the incine ration time from 30 to 
5 hours. At the end of the process, after freezing the off gas and the 
CO2 sublimation, the specific activity of the CO2 w as less than 4  10-16 
curie/liter 
INTRODUCTION 
An alternative to treatment of high level radioacti ve waste, with the 
objective of decreasing its volume, is storing it i n its original form, 



in depositories. Treatment becomes expedient when s toring cost of the 
nonradioactive part of the waste, exceed the cost o f its treatment.  
Such depositories had not been built yet, so that o ther methods should be 
developed. The present work describes the developme nt of a technique of 
flameless burning of highly contaminated graphite w hich was used as a 
construction material in large, water-cooled, graph ite reactors - LWGR 
and high temperature gas cooled reactors - HTGR. 
In case of disruption of fuel rod cladding in LWGR and a flaw in the 
coolant vessel, contamination of the inner surface of the graphite mould 
will result, by fuel and fission products. The cont aminated graphite 
layer turns "spongy" and a highly radioactive powde r. The fuel and the 
radioactive fission product might constitutes 0.1 -  1%.of the graphite.  
HTGR fuel element cladding disruption releases fiss ile and fertile 
materials particles, and results in a more complica ted contamination of 
the graphite shell. In regular oxidation of high le vel waste, filtration 
of the highly radioactive aerosols is complicated b ecause of the 
necessity of using a large number of filters, which  increases aerodynamic 
resistance of the purification system by the large mass of the filtering 
material, which later on undergoes treatment as a c ontaminated material.  
Reduction of aerosols quantity released to the atmo sphere may be obtained 
by partial rebound of the off gas for further oxida tion. (1). 
Oxidation of highly radioactive waste may be carrie d out in concentrated 
sulfuric and nitric acids (2) or in molten salt (3) . An interesting 
method of catalytical oxidation of contaminated rea ctor graphite is 
described in ref (4). It is an alternative to conve rting CO2 into CaCO3. 
A two - stage process is used to oxidize and reduce  contaminated 
graphite, according to the reactions : 
 C + CO2 = 2CO (1) 
 2CO = 2C + O2 (2) 
A partial oxidation of CO provides a source of CO2.  It should be noted, 
that treatment of graphite by this process results in forming a fine 
dispersion of carbon in form of aerosol. 
THE FLAMELESS INCINERATION METHOD 
However, the techniques mentioned above do not prov ide the possibility of 
reducing the volume of high level radioactive waste  in form of 
contaminated graphite, without contamination of the  environment, since 
these techniques include release of at least a part  of the aerosols, to 
the atmosphere. This release is avoided if oxidatio n is carried out in a 
closed volume, as described in the following scheme  : 
1) Oxidation of waste. 
2) cooling off the off gas.  
3) Freezing the CO2 from the off gas.  
4) continuous oxygen feed and  
5) return of the gas (without CO2) to the beginning  of the process for 
further oxidation of waste.  
The principal technological stages are 1) and 3). I t should be noted that 
freezing - sublimation process is widely used in pu rifying of substances 
in radiochemical technology. The effectiveness of s uch process is known 
to be 108 (5). The amount of continuously fed oxyge n (4) is determined by 
its consumption in the carbon oxidation (1).  
Accumulation of the isotope 14C in the active zone of LWGR during 20 
years of operation is on the average 3.5 x 10-3 Cur ie per kg graphite. 
After oxidation, the concentration of the isotope 1 4C in the gas amounts 
to 1.9 x 10-6 Curie/l, while the permissible level is 1.2 x 10-10 Curie/l 



(6). Therefore after sublimation of the solid carbo n dioxide, the gas 
must be convert into solid, i.e. thermodynamicly st able substance (7).  
A system was designed and built for graphite oxidat ion under controlled 
conditions, according to a scheme, in which very sm all quantity of 
graphite powder leaves the oxidation volume. The ra te of the process and 
its safety correspond given conditions. The system is shown in Fig. 1. It 
consists of a tube furnace 1 containing a stainless  steel reactor 2. An 
aluminia crucible was installed in the reactor, it contained the graphite 
powder 3. The reactor was rotated by an electric mo tor and a gear box 4, 
on bearing 5 and stationary plug 6. Furnace 1, reac tor 2, bearings 5 and 
6 were hitched on the chassis 7 which with the aid of supporting tube 8, 
was fixed at an angle of 150 to the horizontal tabl e. The air flow 
through the oxidation zone was at a constant rate, it was controlled by a 
compressor 9 (when pure oxygen was tested, an oxyge n cylinder was used), 
manostat 10 and a flow rate meter 11. Inlet 12 and outlet 13 were used, 
in the fluorplastic plug 6, which serves simultaneo usly, as a sliding 
bearing for the reactor 2. Reactor graphite contain ing (0.11  0.04)% ash 
was burnt in the system. It was crumbled to particl es of average 
dimension of 22.5 microns and specific surface 15m2 /gr. The purpose of 
using fine powder graphite was to get good simulati on of dispersity of 
LWGR waste. Too fine graphite powder can expose "ho t" spots in the 
graphite (4) and therefore increase the release of radioactive powder 
from the furnace. 
Fig. 1 
RESULTS AND DISCUSSION 
The kinetics of the process was studied by the time  required to complete 
the oxidation of a given quantity of powder, (tc ho urs). Since the rate 
of oxidation was constant in time, then instead of tc , a parameter K , 
hour-1 = 1/tc was used , (the relative part of reac ted graphite in 1 
hour). Figure 2 represents the dependence of oxidat ion rate K - on 
temperature T0C. In the interval 600 to 7000C, the rate of oxidation 
increases more then three times. The time of comple te oxidation, tc, 
changed from 7.5 to 2.5 hours. The ignition of the graphite powder was 
seen at 7000C.  
Fig. 2 
Graphite powder oxidation in pure oxygen, at temper atures interval 500 to 
6000C with a constant flow rate of 0.034 m/sec and reactor rotation 
speed, with graphite powder, of 2.09 rad/sec, showe d a complete cycle of 
oxidation time change from 25 to 3 hours. At the in terval 560-6000C, 
ignition of separate particles of graphite powder w as seen. At a constant 
temperature of 5400C, increasing the oxygen flow ra te from 0.025 to 0.051 
m/sec caused 20% acceleration of oxidation rate onl y. At the same 
temperature, increasing reactor's rotation speed fr om 0 to 4.2 rad/sec, 
decrease the complete cycle of oxidation by more th en 6 times from 30 to 
5 hours.  
In case of graphite powder oxidation in air at temp erature of 6500C and 
flow rate of 0.042m/sec, changing the reactor rotat ion speed from 0 to 3 
rad/sec, essentially did not affect the rate of oxi dation, as seen in 
Fig. 3. It is concluded therefore that the rotation  of the reactor is not 
necessary. That facilitates keeping the system herm etical and enhances 
its safety.  
Fig. 3 
Figure 4 shows the dependence of oxidation rate K(h -1) on air flow 
velocity v m/sec. At velocity interval from 0 to 0. 04 m/sec, 



reproductibility of the results sharply deteriorate s. That indicates 
dependence on additional factors (might be turbulen ce). Based on the data 
obtained, the following conditions for oxidation ar e recommended : the 
temperature of the graphite should not exceed 6800C ; the velocity of air 
flow should not exceed 0.04 m/sec; stirring the gra phite powder by 
reactor rotation is not necessary. Under such condi tions the complete 
oxidation cycle was of the order of 5 hours.  
Fig. 4 
For evaluation of the extent of graphite powder rel ease from the furnace, 
tests were carried out at constant rotation speed o f 2.09 rad/sec and at 
different air flow velocities (without heating). At  flow velocity of 
0.042 m/sec, the amount of powder carried by the ai r was 0.15% per hour. 
This parameter depends on nozzle's distance and ang le, relative to the 
powder surface. This small amount of graphite must be oxidized before it 
continues to the system's next stage namely the fre ezer. For more 
effective oxidation in that case it is desirable to  use a catalyst.  
Separating the high level radioactive impurities fr om material deposited 
on carbon (crystalline or amorphous) , was done as follows: 1 kg of waste 
of activity 1.5 Curie was crumbled and fed into a s tationary reactor. It 
was oxidized at temperature of about 6500C with air  flow velocity of 0.04 
m/sec. The complete oxidation cycle under these con ditions was 5 hours. 
The activity released from the reactor with the gas  flow, in form of 
aerosols, was 1.5 Curie x 0.0015 h-1 x 5h = 1.125 x  10-2 Curie. The 
products of oxidation together with the aerosols we re fed into a 
reheating furnace at the same temperature. The exte nt of aerosols release 
after reheating was 0.15% per hour, that is: 1.125 x 10-2 Curie x 0.0015 
h-1 x 5h = 8.44 x 10-5 Curie. 1.87 x 103 l, of CO2 were formed, hence the 
concentration of radionuclides was 4.5 x 10-8 Curie /l. The effect of the 
sublimation on reduction of gas activity is a facto r of 108, therefore 
the concentration of radionuclides in the sublimate d carbon dioxide gas 
did not exceed 4.5 x 10-16 Curie/l. This value coin cides with permissible 
concentration of a mixture of unknown radionuclides  composition 4x10-16 
Curie/l (6). 
The Authors wish to thank Dr. V. Tokarevsky for his  technical help during 
the experimental work.  
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ABSTRACT 
Nuclear waste volume reductions of 50-70% and more have been achieved by 
evacuating trapped air within PVC and polyethylene liner bags. The method 
is to vacuum trapped air out of plastic bags throug h a snap-tight high 
efficiency particulate air (HEPA) filter prior to p lacing the bag into 
the steel box, drum or other container. Estimates i ndicate that the mass 
of waste in each container may be doubled by removi ng the trapped air, 
thereby significantly reducing containerization, st orage, transportation 
and disposal costs of low level, transuranic (TRU) mixed and asbestos 
waste. Nuclear waste volume reduction by evacuating  trapped air through a 
high efficiency particulate air (HEPA) filter offer s a cost savings of 
$45 to $65 per cubic foot of soft compressible wast e with little 
additional cost or loss in productivity. 
INTRODUCTION 
Radioactive TRU and low level waste is placed in 8 mil, 55 gallon 
polyethylene bags, then placed in type B-25 contain ers or 55 gallon drums 
for storage and eventual disposal. Each bag is seal ed before placing it 
into the container. Soft compressible low level was te such as cellulosic 
materials, gloves, towels etc., is stored in rigid fixed volume 
containers. The mass loading limit of containers th at store soft 
compressible material is not typically reached. The  limiting factor to 
the amount of material that is stored in the contai ner is the restricted 
volume of the container. Volume reduction of the wa ste bags, then, allows 
a greater mass of waste to be stored in the contain er. Since storage and 
disposal cost are primarily dependent on volume, th e challenge is to 
reduce volume safely and efficiently. 
Air evacuation of PVC or polyethylene bags is accom plished safely because 
the trapped air is evacuated through a HEPA grade s nap-tight filter. The 
geometry of the filter housing allows the nozzle of  a vacuum hose to be 
snugly attached prior to evacuation, then easily re moved once evacuation 
of resident air is achieved. Tape placed over the f ilter top once the 
vacuum hose is released prevents bag re-inflation. 
The cost of poly-bag modification to include a HEPA  grade snap-tight 
filter is about $7.00 per bag, material and labor i ncluded. Complete 
evacuation of a typical 55 gallon, 8 mil polyethyle ne or PVC bag is 
achieved in 2.5 to 5 minutes, therefore, throughput  of waste processed 
bags is not compromised. The cost savings of doubli ng the mass of loading 
in waste boxes such as the B-25, by minimizing the volume of each bag of 
waste, may exceed $5000 to $6,000 per container. Th ese savings are 
realized by reducing disposal costs alone; addition al savings will be 
realized by reduced interim storage and transportat ion costs. Based on 
disposal cost of $70 per cubic foot, disposal of a 90 cubic foot B-25 
container is $6,300 (1).  
DESCRIPTION 
Evacuating trapped air through the NucFil snap-tigh t HEPA filter greatly 
reduces the volume of stored wastes. Evacuation of air from waste bags is 
effective in TRU, low level, mixed, and asbestos wa ste minimization 
efforts. 
Laboratory studies indicate that trapped air in sto rage bags accounts for 
as much as 50 to 75% of the total volume of stored waste. By eliminating 



all possible air from each bag of TRU, low level, o r asbestos waste, 
container loading may be increased by two to three times.  
Shown below is simulated radioactive waste in a sea led 8 mil 55 gallon 
polyethylene bag. Notice the large volume of the ba g. 
Fig. 1 
The simple low cost solution for evacuating trapped  air from storage bags 
is demonstrated below. The technician simply applie s a 0.5 to 3 
horsepower vacuum pump to the flange extension of t he NucFil snap-tight 
bag filter. All trapped air is safely removed withi n 2.5 to 5 minutes and 
the bag is compressed to 50% to 75% of its original  volume. The NucFil 
snap-tight filter provides high efficiency particul ate air (HEPA) grade 
particle removal efficiency when challenged with 0. 3 to 0.7 micron DOP 
aerosol. This assures virtually no contamination or  exposure health 
hazards to technicians involved in waste operations . The filter media 
utilizes patented carbon-bonded-carbon technology. 
Fig. 2 
The completely compressed bag of waste is easily de posited into a rigid 
storage container such as a B-25 steel waste box. G iven the 90 cubic foot 
capacity of the B-25 container, and disposal cost e stimated at $70 per 
cubic foot, cost savings of $5000 to $6000 per cont ainer are realized. 
Disposal of the waste that normally fills two B-25 containers costs 
$12,600. By compressing the volume of bags that nor mally fill two 
containers into one, the cost is reduced to $6,300,  representing a 
savings of $6,300. Additional cost reductions are r ealized by reduced 
containerization, storage and transportation costs.  At the Savannah River 
Site, engineers are presently testing 100 polyethyl ene bags configured 
with the NucFil snap-tight filter. Approval for use  has been granted from 
SRS quality assurance and health departments. 
Fig. 3 
FIELD USE AT SAVANNAH RIVER SITE 
Engineers at the Savannah River Site (SRS) have 100  8 mil, 55 gallon 
polyethylene bags that were modified with the NucFi l-030 snap-tight 
polyethylene filter. The snap-tight filters are tes ted for aerosol 
removal efficiency and delivery capacity of 800 ml/ min at 1 inch water 
column. SRS engineers conducted additional leak tes ts using Emery 3004 
aerosol to verify filter and bag integrity. 
About 20 bags of waste usually fit into a 90 cubic foot B-25 box. An 
objective of the study at Savannah River Site is to  determine the 
increase in the number of bags that will fit into t he B-25 container. It 
is anticipated, based on laboratory model studies, that about two to 
three times as many bags of waste will fit into the  steel B-25 Box. 
Complete data will be available from the authors in  Spring 1996 
LONG TERM LIFE CYCLE COST SAVINGS 
It is estimated that during the next 75 years, low level waste alone, 
from existing waste in storage, waste generated fro m future operations 
and waste generated from facility stabilization, ne arly 647 million cubic 
feet of low level waste will be generated (3). Much  of the low level 
waste in the DOE complex may be incinerated. Assumi ng that roughly 50% 
will not be incinerated leaves 323.5 million cubic feet of low level 
waste that must be disposed of in landfills. Of the  323.5 million cubic 
feet of non-incinerated waste, it is reasonable to assume that 50% is 
soft compressible waste accounting for 162 million cubic feet of low 
level waste that may be stored in air evacuated was te bags. 



Under the present status quo, based on a disposal c ost of $70.00 per 
cubic foot, and 90 cubic feet per container, total cost for disposal 
alone could approach $22 billion requiring 4 millio n B-25 boxes. Storage 
of toxic air will cost $15 billion and take up 226 million cubic feet of 
space. By evacuating the 50% to 70% of air trapped in bags, much volume 
and money will be saved for better uses. By evacuat ing trapped air from 
the 162 million cubic feet of non-incinerated, comp ressible low level 
waste, 80 million fewer cubic feet of landfill spac e will be required and 
about $10 billion will be saved. 
CONCLUSION  
The practice of removing trapped air from bags of T RU, low level, mixed 
and asbestos waste through the high efficiency part iculate air filters 
saves up to $6000 per 90 cubic foot, B-25 box. Labo ratory studies 
indicate that 50% to 70% of the volume of a typical  waste storage bag is 
trapped air. Evacuation of trapped air saves $45 to  $65 per cubic foot of 
soft compressible waste. Long term savings may appr oach $10 billion over 
the next 75 years. The Savannah River Site is prese ntly investigating the 
snap-tight HEPA bag filters for use in evacuating t rapped air from 55 
gallon polyethylene bags and complete data from the  study will be 
available from the authors in the Spring of 1996. 
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ABSTRACT 
A flow-cell detection system was developed utilizin g a coincidence 
circuit and tested with BaF2, CaF2:Eu and scintilla ting glass. The 
coincidence detection system reduced the background  from ~200 cps to ~0.5 
cps. The detection efficiencies for these cells ran ged from 0.38 to 0.66 
for 45Ca beta particles (Emax=0.257 MeV) and from 0 .45 to 0.52 for 233U 
alpha particles (Ea = 4.8 MeV). The minimum detecta ble activity was 
calculated for a 30 s count time and determined to be in the range of 1-2 
Bq. 
INTRODUCTION 
The use of ion chromatography (IC) for radiochemica l separations is a 
well established technique. IC is commonly used in routine environmental 
monitoring applications as well as in specialized r esearch applications. 
Typical usage involves the separation of a single r adionuclide from the 
non-radioactive constituents. During the past decad e, a limited amount of 
research has been conducted using automated IC syst ems in actinide 



separation applications (e.g., (1). More recently, separation procedures 
for common non-gamma emitting activation and fissio n products were 
developed utilizing a high performance liquid chrom atography (HPLC) 
system (2,3) (Fig. 1). In addition, a separation pr ocedure for six common 
actinides has been developed using a HPLC system (4 ). These latter 
systems used on-line flow-cell detectors for quanti fication of the 
radioactive constituents of the effluent stream. Fi gure 2 is an example 
of the actinide separation and on-line flow-cell de tection of convenient 
activities (20-80 Bq/radionuclide) (5). In order to  apply HPLC with on-
line detection to environmental samples, sample pre concentration and a 
lower detection limit are a requisite. 
Fig. 1 
Fig. 2 
Flow-cell scintillation detection systems have been  developed over the 
past 30 years. Although other designs have been eva luated, the most 
common is a translucent tube in close proximity to two photomultiplier 
tubes (PMTs) coupled in coincidence. The coincidenc e counting system is 
used to reduce the background count rate. Radioacti ve samples come in 
contact with the scintillator in the flow-cell and the scintillation 
photons are measured by the PMTs. The flow-cell can  contain either a 
homogeneous (liquid) scintillator or a heterogeneou s (powder) 
scintillator. In a homogeneous detection system the  sample is mixed with 
the liquid scintillation cocktail upstream of the f low-cell, and the 
mixture passes through the flow-cell for quantifica tion. The major 
advantages of a homogeneous flow-cell are high prob ability of interaction 
and relatively low background count rate. Disadvant ages include variable 
quench, relatively low luminosity, and increased co mplexity resulting 
from the additional pump and mixing apparatus. The heterogeneous flow-
cell typically consists of an inert inorganic scint illator that is 
crushed and sieved into small (50-100m) particles. Advantages of a 
heterogeneous flow-cell are ease of use and relativ ely high luminosity. 
Disadvantages are higher background count rates and  a high probability of 
self-absorption resulting in an overall detection e fficiency that is 
lower than for a homogeneous flow-cell, particularl y for low energy beta 
emitters. 
OBJECTIVES 
A project has just been initiated at Clemson Univer sity to develop a 
HPLC/flow-cell system for the analysis of non-gamma  emitting 
radionuclides in environmental samples. An importan t component of this 
project is development of a low background, flow-ce ll detector that 
counts alpha particles and beta particles separatel y through pulse shape 
discrimination (PSD). The objective of the work pre sented here is to 
provide preliminary results of an evaluation of the  following 
scintillators: CaF2:Eu, scintillating glass, and Ba F2. Both CaF2:Eu and 
scintillating glass are common heterogeneous flow-c ell detector 
materials. The advantage of CaF2:Eu is the higher l uminosity while the 
advantage of the glass is its inertness. BaF2 was c hosen as a new 
material for investigation, with potential advantag es during later parts 
of the project. 
PROJECT DESCRIPTION 
Flow-Cell Detectors 
CaF2:Eu and glass scintillators (GS-20: cerium acti vated lithium glass) 
were purchased from Bicron; BaF2 was purchased from  Optovac, Inc. CaF2:Eu 
and BaF2 were purchased as rough crystals that were  subsequently crushed 



and sieved to a 63 to 90 mm particle size range. GS -20 scintillator was 
purchased as 63 to 90 mm particles. The scintillato rs were individually 
packed into 3.0 mm OD X 1.5mm ID X 120 mm polytetra fluoroethylene tubing 
and coiled to 1.5 turns to yield an approximate act ive volume of 0.08 mL. 
Radioactive Sources 
Slightly acidic aqueous solutions of an alpha emitt er, 233U (Ea=4.8MeV), 
and a pure beta emitter, 45Ca (Emax = 0.257 MeV), w ere used to evaluate 
the flow-cell. 233UO2(NO3)2 solution at pH 5.5 and concentration of 475 
Bq/ml was used. 45CaCl2 was dissolved in deionized water at pH 5.5 at a 
concentration of 670Bq/ml. 
Electronic Circuit 
A schematic diagram of the electronic circuit used to acquire the data is 
presented in Fig. 3. The electronic modules were al l standard Nuclear 
Instrument Module electronics. The flow-cell detect or resides in a bath 
of silicon oil positioned between two Hamamatsu R29 2 PMTs that were 
separated by 1 cm. The anodes of the PMTs were grou nded through a 50 W 
resistor and used for timing. The timing signal, ge nerated by the Ortec 
935 constant fraction discriminator, was fed into a n Ortec 567 time-to-
amplitude converter (TAC). The TAC range was set to  50 ns, and the output 
gated the pulse height and pulse shape inputs to th e analog-to-digital 
converter (ADC, Aptec MCA card). The pulse height s ignal was acquired 
from dynode 11 and had a 1MW load resistor. The pul se height outputs from 
the PMTs were connected to Ortec 113 scintillation preamplifiers which 
were connected to Canberra 2021 amplifiers with 3 m s shaping times. The 
unipolar outputs from the amplifiers were connected  to an Ortec 533 sum 
amplifier which is output to the pulse height ADC a nd the data stored on 
a personal computer. 
Fig. 3 
Minimum Detectable Activity 
In radiation detection applications, the traditiona l approach for 
quantifying detector sensitivity is through the low er limit of detection 
(LLD). LLD is defined, on the basis of statistical hypothesis testing, as 
the smallest amount of activity that will yield a n et count for which 
there is a confidence at a predetermined level that  activity is present 
(6). For 5% risks of false detection and false non- detection, LLD is 
given as: 
Eq. 1  
where CB is the background count rate and t is the residence time of the 
sample in the detector. 
Minimum detectable activity (MDA) is a function of the theoretical LLD, 
count time, and detection efficiency: 
Eq. 2  
where e denotes detection efficiency. To lower the MDA, t and/or e could 
be increased, and/or CB could be reduced. For appli cations involving 
HPLC, t is limited by the resolution of the chromat ographic peaks. A 30 
second residence time is typical while 60 seconds w ould be an upper 
limit. For a heterogeneous flow-cell, e is limited by the particle size 
of the scintillator. The range of the 233U alpha pa rticles in water is 43 
mm. This range is on the order of the interstitial spacing in the flow-
cell. A smaller particle size would yield smaller i nterstitial spacing 
and hence higher efficiencies resulting from less s elf-absorption, but is 
limited by increased back pressure. The remaining v ariable parameter 
affecting the MDA is CB. For this paper, coincidenc e detection techniques 



are used to reduce the background events that are a ttributed to thermonic 
emissions of electrons from the photocathode of a P MT. 
Coincidence Detection 
The count rate of a coincidence detection system is  related to the 
background rate in each detector in the following m anner: 
Eq. 3 
where 
 Rcoin  = the coincidence count rate, 
 R1, R2  = the single detector count rates, and  
 t  = resolving time of the detection system. 
As stated earlier, t was set to 50 ns. With the typ ical background count 
rate for a PMT at 500 counts per second (cps), the expected count rate of 
the coincidence detection system is 0.025 cps. The theoretical lower 
limit will be obtained only in the case when there are no electrical or 
magnetic interactions between the PMTs, when no opt ical cross-talk 
occurs, when the scintillator is not inherently rad ioactive, and when the 
shielding from external radiation is sufficient. 
RESULTS 
A typical pulse height distribution for a flow-cell  detector is displayed 
in Fig. 4, shown here for the CaF2:Eu flow-cell. Ta iling of the 233U 
alpha full-energy peak is due to self-absorption ef fects. In the cases of 
GS-20 and BaF2 the amplifier gains were adjusted to  X3 and X2, 
respectively, the setting used for CaF2:Eu. Increas ing the gain 
compensated for the reduced luminosity of the latte r scintillators thus 
keeping the alpha peak channel approximately the sa me.  
Fig. 4 
The concept of using coincidence detection as a mea ns to reduce the 
background count rate appears to have potential, bu t care must be taken 
in selecting a scintillator with a low intrinsic ba ckground. Table I 
summarizes the background count results for the CaF 2:Eu flow-cell. Note 
that the measured background count rate is consider ably above the 
theoretical background count rate (typical for the other scintillators as 
well), thus giving an indication of the margin for improvement. The 
elevated background count rates of CaF2:Eu and BaF2  were attributed to 
the insufficient inertness of the materials resulti ng in adsorption of 
the radionuclide onto the scintillator. Elevated ba ckground count rates 
of BaF2 and also GS-20 were attributed to intrinsic  radioactivity of the 
scintillation material. By gamma-ray spectroscopy i t was determined that 
the intrinsic background in BaF2 was due, at least in part, to radium 
contamination. The elevated background of GS-20 was  attributed to 
thorium, which is a common contaminant of glass. 
Table I 
Flow-cell detector volumes were determined by a con ductivity measurement 
using a NaCl solution that filled the detector. The  detector volumes were 
all determined to be nominally 0.08 ml. Acidic 233U  solution 
(233UO2(NO3)2, pH 1) at a concentration of 130 Bq/m l was used to 
determine the efficiency of the flow-cells. An acid ic solution was 
necessary to ensure minimal adsorption of the radio nuclide onto the 
scintillator. The CaF2:Eu and GS-20 flow-cells had a detection efficiency 
of 0.54 for 233U. The GS-20 and BaF2 flow-cells had  detection 
efficiencies of 0.38 and 0.66, respectively, for 45 Ca. But since the 
uranium in the aqueous solution interacted with the  BaF2 and the 45Ca 
interacted with the CaF2:Eu, the efficiency could n ot be directly 
measured. Table II summarizes these results. The MD A was calculated using 



the experimentally determined background count rate  (Table I) and 
detection efficiency, and a 30 second count time. 
Table II 
APPLICATION 
Based on the results obtained in this study, coinci dence detection should 
be used to reduce the electronic noise associated w ith the 
photomultiplier tubes. The reduction in the backgro und count rate was 
several orders of magnitude (from a single PMT rate  of 200 cps to a 
background count rate of 0.5 cps). Despite the rela tively high background 
count rates, the minimum detectable activities calc ulated for these flow-
cells were 1 Bq for CaF2:Eu and BaF2, and ~1-2 Bq f or GS-20. 
FUTURE ACTIVITIES 
Presented here were preliminary results of the firs t task of the project. 
Additional work on this task includes the evaluatio n of additional 
scintillators and the addition of pulse shape discr imination, active 
shielding, and passive shielding to the detection s ystem. Other tasks 
include the identification of sample interferences in the chromatographic 
portion of the apparatus, the development of sample  processing protocols, 
and laboratory testing of the entire system using s urrogate environmental 
and waste samples. 
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ABSTRACT 
At Ontario Hydro's Darlington Nuclear Generating St ation (DNGS), the 
Darlington Likely Clean Waste Management Program qu alifies bagged solid 
wastes for free release. As part of Likely Clean wa ste processing, the 
wastes are monitored for total gamma emitters in a bag monitor and hand-
frisked with gas proportional instruments to detect  alpha and beta-gamma 
contamination. Neither of these methods of contamin ation monitoring is 
appropriate for the detection of tritium oxide (her eafter referred to as 
tritium), because it is a low-energy beta emitter. A system of multiple 
checks and balances has been established to minimiz e the risk of free 
release of tritiated wastes. The system involves th e exclusion of areas 
that are likely to generate tritiated wastes from t he Likely Clean 
Program. As well, bagged Likely Clean wastes are ev aluated for the 
presence of tritium by storing them for 24 hours af ter collection to 
allow any tritium in the waste to reach an equilibr ium concentration in 
the waste bag air. The waste bag air tritium concen tration is then 
measured. If the waste bag air contains less than 0 .5 MPC(a) tritium 
(1.85 x 105 Bq/m3), the waste bag is eligible for o pening and the hand-
frisking of each individual piece of waste. Wastes that contain no 
detectable radioactive contamination are eligible f or free release.  
A series of experiments was conducted to test the a ppropriateness of the 
tritium detection protocol. The conclusions of the experiments were: 
1) The safety of workers performing hand-frisking o f the wastes is 
assured by using the maximum bag air tritium concen tration of 0.5 MPC(a). 
However, bag air tritium concentration does not pro vide a quantitative 
evaluation of the tritium present in the bagged was tes. 
2) 24 hours of storage prior to tritium sampling wa s sufficient time for 
establishing an equilibrium bag air tritium concent ration for non-
absorbent materials at room temperature, but was no t sufficient time for 
absorbent materials. 
INTRODUCTION 
The Darlington Likely Clean Waste Management Progra m has been in 
operation in Zone 3 of the Darlington Nuclear Gener ating Station (DNGS) 
since the fall of 1992. Zone 3 of DNGS, which consi sts of all areas that 
contain radioactive systems and material, is divide d into areas eligible 
for Likely Clean waste collection and those exclude d from the Likely 
Clean program. This division was made on the basis of radioactive source 
term investigation. Excluded areas include the area s where tritiated 
wastes are likely to be generated.In the eligible a reas of Zone 3, waste 
generators segregate solid wastes into either "Acti ve" or "Likely Clean" 
waste cans. Likely Clean waste bags are sealed at c ollection and, if they 
contain no visible free liquid, are stored at room temperature for 24 
hours to allow any tritium in the waste to reach an  equilibrium 
concentration in the waste bag air. After 24 hours,  the Likely Clean 
waste bag air is sampled with a Triton III tritium monitor, and waste 
bags with a tritium air concentration of less that 0.5 MPC(a) are 
classified as eligible for further processing as Li kely Clean waste. At 
Ontario Hydro, 1 MPC(a) for tritium is defined as 3 .7 x 105 Bq/m3. The 
choice of 0.5 MPC(a) as the eligibility level for h and frisking was based 
on two factors: 



1) The Ontario Hydro requirement for respiratory pr otection applies for 
air tritium concentrations above 1.0 MPC(a). Theref ore, workers 
performing the hand frisking step would not be requ ired to wear 
respirators, and  
2) 0.5 MPC(a) was felt to be the lowest level of ai r tritium 
concentration that could be measured with confidenc e using the Triton 
III.  
Further processing begins with a gross gamma readin g of each Likely Clean 
waste bag in a waste bag monitor. If the waste bag meets the program's 
criterion for gross gamma, it is eligible for hand- frisking. The waste 
bag contents are placed onto a HEPA-ventilated sort ing table, with a 944 
L/s airflow established across the sorting table. E ach piece of waste is 
hand frisked with a gas-proportional instrument to measure the levels of 
alpha and beta-gamma contamination. If no radioacti ve contamination above 
the Minimum Detectable Activity (MDA) for the instr ument is detected, the 
wastes are "free released" (1). Free release of the se wastes makes them 
eligible for recycling or disposal at any landfill,  and puts no 
restriction on the end use or destination of the ma terial. 
In 1994, the Darlington Likely Clean Waste Manageme nt Program requested 
that a series of experiments be conducted to determ ine: 
1) whether 0.5 MPC(a) is an appropriate maximum bag  air tritium 
concentration to determine the eligibility of the w astes for hand 
frisking. 
2) whether 24 hours was sufficient time for an equi librium bag air 
tritium concentration to be reached at room tempera ture. If not, what 
percentage of the equilibrium concentration was rea ched after 24 hours. 
3) whether the degree of absorbency of the waste ha d an effect on the 
rate of establishment of the equilibrium bag air tr itium concentration. 
PHASE 1 
The objective of Phase 1 was to determine whether t ritium air 
concentration inside empty waste bags is dependent on the specific 
activity of tritium in the water inside the bag, or  on the total tritium 
activity in water inside the bag. This would indica te whether bag air 
tritium concentration values in MPC(a) can be used to estimate the 
tritium inventory of bagged solid waste. 
Two tritium solutions were prepared by adding triti um to distilled water. 
Solution 1 contained 3.7 x 107 Bq/l tritium, and So lution 10 contained 
3.7 x 108 Bq/l tritium. A schematic drawing of the equipment setup for 
all phases is provided in Fig. 1. In all phases, ba seline tritium air 
concentration and ambient gamma doserate measuremen ts were performed, and 
fumehood air temperature was recorded. The volume o f a typically-full 
Likely Clean waste bag was estimated at about 59 li ters by pumping a 
known volume of air into an empty waste bag. Using the assumption that 
about 2% of the empty bag volume will be water vapo r at room temperature, 
1 ml of Spike Solution should have provided enough water vapor to 
saturate the air contained in an empty Likely Clean  Waste bag. 
Fig. 1 
One bag was labelled as Waste Bag Empty-1, and the other as Waste Bag 
Empty-10. A 1.5 liter glass beaker was installed in  the bottom of each 
bag. Five milliliters of Solution 10 were added to the beaker inside Bag 
Empty-10. The tritium air concentration in the bag air was recorded upon 
addition and every 15 minutes thereafter (Fig. 2). Further additions of 
10 ml, 20 ml, 30 ml and 60 ml, 125 ml, 250 ml and 5 00 ml were made. Time 



was allowed between each addition for a stable air concentration reading 
to be established and recorded. 
Fig. 2 
The same injection protocol was followed for Waste Bag Empty-1, using 
Solution 1. The waste bags were left overnight with  the tritium monitor's 
pump circulating bag air. Bag air tritium concentra tion was observed and 
recorded the following morning. 
From Fig. 2, after the injection of 35 ml of Soluti on 1, and 3 hours and 
15 minutes after the start of the experiment, a sta ble tritium air 
concentration of 1.4 MPC(a) was reached and maintai ned throughout the 
addition of a further 965 ml of Solution 1, with a final reading of 1.2 
MPC(a). After the addition of 35 ml of Solution 10,  a stable bag air 
tritium concentration was reached, this time at 11 MPC(a). The bag air 
tritium concentration was still at 11 MPC(a) the ne xt day with 1 liter of 
Solution 10 in the bag. 
Once the air inside the empty Likely Clean waste ba gs became saturated 
with tritiated water vapor, one would expect that t he saturation water 
vapor content of the bag would remain constant at c onstant temperature 
and pressure regardless of how much water was added  to the bag. Thus, for 
a given Spike Solution tritium concentration, one w ould predict that the 
concentration of tritium in the bag air would reach  a stable MPC(a) value 
at water vapor saturation and remain at that value for all further volume 
additions of tritium solution. Given sufficient tim e, only 1 ml of 
tritium solution was sufficient to saturate the Lik ely Clean waste bag 
air with water vapor. Thus, it is not surprising th at the bag air tritium 
concentration reached a stable value that did not c hange regardless of 
the addition of further tritium solution volumes. T his phase of the 
experiment was conducted to illustrate the fact tha t the stable bag air 
tritium concentration was dependent of the specific  activity (Bq/l) of 
tritium in the tritium solution but not on the tota l activity (Bq) of 
tritium present in the bag. This result has signifi cant implications for 
tritium detection in bagged waste, as it indicates that sampling bag air 
would be an indication of the specific activity of tritium in liquid 
absorbed in solid waste, but would not indicate the  total tritium 
activity present in the waste bag. Thus, using the Darlington Likely 
Clean Waste Management tritium detection protocol, it is not possible to 
quantify the total tritium inventory contained in a  bag of Likely Clean 
waste. If unconditional release were based on the I AEA Unconditional 
Release levels (Bq/g), as is the case for other Cle arance programs in 
Canada, sampling the bag air would not give the nec essary quantitative 
information about the total tritium content of the waste. 
PHASE 2 
The objective of Phase 2 was to compare the time ta ken for waste bag air 
tritium concentrations to reach equilibrium inside bags of absorbent 
material (paper towelling) and in bags of non-absor bent material 
(plastic) by adding a known quantity of tritium to new material. A second 
objective was to determine what percentage of the a nticipated bag air 
tritium concentration was reached after 24 hours, b ased on Phase 1 
results. 
Two large rolls (2.5 kg) of paper towel were torn i nto individual sheets, 
and 2.5 kg of paper towel were placed in each of tw o Likely Clean waste 
bags. An injection line was taped into the center o f the paper towel as 
it was emplaced. This allowed for the injection of tritium solution into 



a "worst-case" location at the center of the waste bag. The two bags were 
labelled Waste Bag Paper-10 and Waste Bag Paper-1. 
An addition of 15 ml of Solution 10 was calculated for Waste Bag Paper-
10. This 15 ml addition would result in a specific activity of 2.22 x 103 
Bq/g in the waste, and the IAEA (2) unconditional r elease criterion for 
tritium in solid materials is 3 x 103 Bq/g for trit ium. Although slightly 
less than the release criterion, 15 ml of tritium s olution were added 
because its behavior in an empty waste bag had been  studied in Phase I. 
For Waste Bag Paper-1, 200 ml of Solution 1 were ad ded, which equals a 
tritium specific activity of 3 x 103 Bq/g of solid material. The 
experiment ran for over 6 days. 
In the second part of Phase 2, two bags of Likely C lean waste containing 
mostly plastic were selected. The bags had been eva luated for tritium 
using the Likely Clean program's protocol, and had <0.5 MPC(a). The first 
waste bag, which weighed 3 kg, was labelled Waste B ag Plastic-10. The 
second waste bag, which weighed 4.5 kg, was labelle d Waste Bag Plastic-1. 
Ten milliliters of Solution 10 were injected into W aste Bag Plastic-10. 
Thirty-five milliliters of Solution 1 were injected  into Waste Bag 
Plastic-1, and the bag was examined for the presenc e of liquid. When none 
was observed, an additional 90 ml of Solution 1 was  injected into the 
bag. At this point, free liquid was observed in the  waste bag. Since the 
presence of free liquid in a Likely Clean waste bag  makes it ineligible 
for Likely Clean processing, no more tritium soluti on was added. The bags 
were left overnight with bag air circulating throug h the tritium 
monitors. 
The data from Phase 2 are shown in Fig. 3. In the b ags of paper 
towelling, a detectable rise in bag air tritium con centration did not 
occur within 24 hours of the injection of the triti um solutions. For 
Waste Bag Paper-1, the bag air tritium concentratio n took 5 days to rise 
to 0.4 MPC(a), which is below the tritium criterion  used at DNGS for the 
rejection of Likely Clean waste for hand-frisking. This level of tritium 
contamination in absorbent waste would not likely p ose an occupational 
risk to personnel performing hand frisking, as offg assing concentrations 
are low and the ventilated sorting tables have good  airflow. However, the 
paper towel was spiked near or at the IAEA (2) Unco nditional Release 
Levels, so using 0.5 MPC(a)as the only tritium rele ase criterion for 
release-level based waste segregation programs woul d not be advisable. 
Based on Phase 1 results, one would expect the maxi mum bag air 
concentration that could be reached in Waste Bag Pa per-1 would be 1.4 
MPC(a). Water present in the bag due to the natural  water content of the 
paper towelling would have exchanged with the triti um solution water and 
vapor, resulting in the dilution of the specific ac tivity of tritium in 
the waste bag. It is not likely that the maximum ba g air tritium 
concentration for an empty bag (from Phase I) would  ever have been 
reached. 
Fig. 3 
The bag air tritium concentration in Waste Bag Pape r-10 took 5 days to 
rise to 0.5 MPC(a) above baseline. The saturated ba g air tritium 
concentration in the equivalent empty bag in Phase 1 rose to about 11 
MPC(a). These results indicate that paper towelling , and likely any other 
absorbent material, requires a considerable length of time in a closed 
bag at room temperature to yield enough tritiated w ater vapor to exceed 
the DNGS Likely Clean Program's tritium criterion o f 0.5 MPC(a). Either a 
longer laydown period (greater than 24 hours) prior  to tritium 



monitoring, or some method of enhancing the offgass ing of tritium from 
the absorbent waste prior to waste bag air sampling  would be advisable. 
Figure 3 indicates that tritium solutions added to bagged plastics 
reached levels in excess of 0.5 MPC(a) within 24 ho urs of the addition. 
Since the plastics contain little or no water, ther e was no dilution of 
the tritiated water in the bag. The bag air tritium  concentration inside 
Waste Bag Plastic-1 reached the level predicted by Phase 1 of 1 MPC(a) 
within the 24 hours. The bag air tritium concentrat ion inside Waste Bag 
Plastic-10 rose to 6 MPC(a) within 24 hours, as com pared to a predicted 
value of 10 MPC(a). The reason for the lower-than-p redicted reading may 
have been the presence of a small amount of absorpt ive material, as a 
cotton glove was observed in the bag. These results  indicate that the 24 
hour laydown prior to sampling the bag air for plas tics, and likely any 
other non-absorbent material, is sufficient. 
PHASE 3 
The objective of Phase 3 was to confirm Phase 2 res ults by performing 
Phase 2 in reverse order. Tritium solution was pour ed into a plastic 
glove bag and allowed to reach a stable bag air tri tium concentration. 
The tritium solution was then soaked up using known  quantities of paper 
towel and Tyvek to demonstrate any effect on bag ai r tritium 
concentration. 
Two plastic glove bags were labelled Waste Bag Pape r-1 and Waste Bag 
Tyvek-1. A sealed plastic vial containing 15 ml of Solution 1 was placed 
in each glove bag. For Waste Bag Paper-1, 210 g of new paper towelling 
was sealed into a zippered plastic bag and then pla ced into the glove 
bag. The 15 ml of Solution 1 would spike this amoun t of paper towel to a 
level of 2646 Bq/g, which is slightly below the IAE A (2) unconditional 
release level of 3,000 Bq/g. For glove bag Tyvek-1,  a tyvek disposable 
suit was cut into pieces, each of which was weighed  and labelled, and 
then the tyvek material was put in another plastic zipper bag and 
installed in the glove bag. The tyvek material was spiked to a level of 
2282 Bq/g, which is also slightly less that the IAE A (2) unconditional 
release level. 
The vials were opened using the gloves, and Solutio n 1 was poured into 
the glove bags. The next morning, the gloves were u sed to open the zipper 
bag containing the paper towelling inside Waste Bag  Paper-1, and the 
tritium solution was absorbed using the paper towel ling. The procedure 
was repeated in Waste Bag Tyvek-1, using a known we ight of Tyvek material 
to soak up the solution, and then emptying the rest  of the Tyvek into the 
bag. Tritium bag air concentration for both bags wa s recorded 
continuously on the chart recorder. 
The volume of an empty glove bag was measured at ab out 120 liters.Using 
the same assumptions as in Phase 1 for the saturati on of bag air with 
water vapor, and 2 ml of tritium solution would pro vide enough water to 
saturate the air in an empty glove bag. 
The results of Phase 3 are shown on Fig. 4. Tritium  bag air 
concentrations in the empty glove bags rose to the values predicted by 
Phase 1, about 1 MPC(a), before the tritium solutio n was absorbed into 
the paper towel and Tyvek material. Absorbing the S pike Solution into the 
paper towel resulted in a drop in tritium bag air c oncentration to 0.1 
MPC (a) within 2 hours. Absorbing the tritium solut ion into Tyvek 
material did not result in any decrease in bag air concentration. The 
slight rise in bag air MPC(a) values after the addi tion of Tyvek material 
was likely due to the observed beading of the triti um solution over a 



large surface area of material, making evaporation of the tritium 
solution more efficient. These results confirm the Phase 2 conclusion 
that the presence of absorbent material in bags of waste does decrease 
the anticipated tritium equilibrium concentration i n the bag air. 
Therefore, enhanced sampling methods are required t o ensure that a 
significant percentage of the tritium present in th e absorbent waste is 
detectable in the waste bag air within 24 hours. 
Fig. 4 
CONCLUSIONS  
There are two bases upon which the appropriateness of using a bag air 
tritium concentration of 0.5 MPC(a) to determine th e eligibility of 
Likely Clean wastes for hand-frisking must be evalu ated. They are: 
i) The assurance of a low probability of the free r elease of tritiated 
wastes must be established. Assurance of the low pr obability of free 
release of tritiated wastes is achieved by the comb ination of the 
exclusion of areas of Zone 3 that would generate tr itiated wastes, and by 
the utilization of 0.5 MPC(a) tritium in waste bag air as a pass/fail 
criterion for further processing of the waste as Li kely Clean. As a 
result, no changes are required for the tritium det ection protocol for 
the Darlington Likely Clean Waste Management progra m. However, the 
results of these experiments clearly illustrate tha t bag air tritium 
concentration is dependent on the type of waste mat erial and the specific 
activity of the tritium solution. The bag air triti um concentration does 
not provide a quantitative evaluation of the tritiu m present in the 
bagged wastes. 
ii) A consideration of the safety of personnel perf orming waste 
segregation. Ontario Hydro policy does not require the use of respiratory 
protection for tritium at air concentrations below 1.0 MPC(a), so the 
choice of the setpoint for bag air tritium concentr ation of 0.5 MPC(a) is 
appropriate. Additional worker safety is assured be cause adequate airflow 
is established across the ventilated sorting tables  where the hand-
frisking of the waste occurs. 
With respect to whether the 24 hour storage period prior to tritium 
monitoring of the bagged wastes, 24 hours was suffi cient time for 
establishing an equilibrium bag air tritium concent ration for non-
absorbent materials at room temperature. However, 2 4 hours was not 
sufficient time for establishing an equilibrium bag  air concentration for 
absorbent materials at room temperature. The percen tage of equilibrium 
concentration reached after 24 hours for paper towe lling was not 
sufficient to estimate the equilibrium bag air conc entration with 
confidence. 
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ABSTRACT 
This paper discusses the development, installation,  and testing of a 
real-time radioactive liquid waste monitor at Los A lamos National 
Laboratory (LANL). This detector system was designe d for the LANL 
Radioactive Liquid Waste Treatment Facility (RLWTF)  as a means of real-
time monitoring of influent to the plant. By knowin g the activity of the 
influent, the plant operators can better monitor th e treatment process, 
potentially segregate waste better, and monitor the  regulatory compliance 
of users of the LANL Radioactive Liquid Waste Colle ction System. 
This detector system uses long-range alpha detectio n (LRAD) technology, 
which is a non-intrusive method of characterization  that determines alpha 
activity on the liquid surface by measuring the ion ization of ambient air 
above the surface. Extensive testing has been perfo rmed to ensure long-
term reliability with a minimum amount of maintenan ce. The final design 
is a simple cost-effective alpha monitor that can b e modified for 
monitoring waste streams at various points in the L ANL Radioactive Liquid 
Waste Collection System. The detector system has be en used to monitor 
low-level waste streams at LANL. Typical activities  of influent measured 
at the RLWTF are tens of nCi/l due to alpha-emittin g contaminants. 
INTRODUCTION 
Design and installation of a working prototype was begun in 1994 to meet 
the needs of the RLWTF at LANL for monitoring alpha  contamination in 
their influent stream. The detector is based on the  long-range alpha 
detection sample monitor design and monitors the ai rborne ionization 
created by alpha radiation (1). 
The normal activity level for the alpha component o f radioactive liquid 
waste at the RLWTF is tens of nCi/l. The goal of th is project was to 
install a real-time monitor at the point where the influent enters the 
treatment facility so that spikes in activity could  be detected. The LANL 
waste acceptance criteria for the main RLWTF plant is 500 nCi/l for alpha 
contamination. Therefore a real-time alpha monitor would alarm for large 
changes in activity and allow the operators to clos ely monitor daily 
fluctuations in influent activity. This could lead to a better 
understanding of waste disposal at LANL and perhaps  lead to segregation 
of waste before treatment. Current regulations mand ate that both influent 
and effluent be monitored to determine the overall effectiveness of the 
treatment process. Traditional methods require up t o a day and a half for 
analysis.  
Benchtop tests were made in 1994, and the detector was able to monitor 
liquid at the 100 pCi/l level. Modifications were m ade to the detector 
and it was installed in the pH balancing tank in mi d-1995. The detector 
system was mounted in a non-intrusive manner on the  lid of the tank, 
several inches above the liquid surface. The pH bal ancing tank is 
equipped with a mixer that ensures the liquid is ho mogeneous and a baffle 
that provides a calm surface of liquid for monitori ng. Recent tests with 
an inline detector system have shown sensitivity at  the several nCi/l 
range. The LRAD-based system is therefore a factor of 10-100 times more 
sensitive than the alarm limit of 500 nCi/l. This t echnique should save 
both time and money, and could be applied to efflue nt monitoring before 
discharge into the environment. 



DESIGN 
Traditional alpha detectors monitor the alpha parti cles directly, 
requiring that the detectors be close to the object  being monitored. It 
is difficult to design a detector to do this becaus e of the changing 
levels of the liquid stream, humidity, and other en gineering concerns. 
The radioactive liquid waste monitor being develope d by LANL is not 
subject to these constraints because it monitors th e airborne ionization 
created by alpha particles generated on the liquid surface. Tests at LANL 
have shown that this ionization can be transported via an electrostatic 
field or by airflow up to distances in excess of se veral meters, 
depending on the application. Each 5-MeV alpha part icle can create 
approximately 150,000 ion pairs, and this technolog y has proven to be 
highly sensitive for monitoring alpha contamination  (2). 
The Radioactive Liquid Waste Monitor (RLWM) design is based on the 
electrostatic long-range alpha detector (3). Initia l tests were made by 
inserting trays of radioactive influent into the LR AD Sample Monitor. 
This simple electrostatic design consists of a meta l enclosure and a 
high-voltage signal plane. The signal plane is a me tal plate maintained 
at 300 V DC, and a highly sensitive electrometer is  used to detect 
changes in current to the plate. The box is maintai ned at ground 
potential, and so the ions produced by alpha contam ination are collected 
on the plate and box, according to their polarity. By using standard 
alpha sources for calibration, the resulting curren t in the system can be 
linearly scaled to give surface activity. The calib ration was made using 
a set of National Institute of Standards and Techno logy (NIST) traceable 
Pu-239 sources with strengths ranging from 100 to 1 100 dpm-alpha. For 
this prototype, the conversion for dry samples is 1  mV = 59 dpm, and the 
monitor is able to discriminate dry samples with an  activity less than 
100 dpm-alpha. 
In the first design for the RLWM, a signal plane an d guard plane were 
suspended above a stainless steel sink. Because the  radioactive liquid 
was shown to contaminate the sink, a stainless stee l insert was used to 
hold the liquid. Therefore a background could be ta ken between samples 
without concern for cross-contamination. This bench top model was able to 
monitor changes in volume activity of the liquid an d the measurements 
were compared to the gross alpha measurements taken  by drying 10 ml 
samples and monitoring them in a traditional alpha detector. 
The next design (see Fig. 1) was built to fit into an opening in the pH 
balancing tank at the RLWTF. This model had a small er surface area than 
the benchtop model. A preliminary calibration showe d that it had a good 
linear response for the dry Pu-239 source set. Howe ver, because of 
background ionization in the pH balancing tank, the  sensitivity of the 
detector was greatly reduced. It is believed that t his background was 
primarily caused by contamination on the sides of t he tank and the 
charging of the Lexan lid. In addition, the guard p lane proved inadequate 
for shielding the signal plane from large variation s in current that were 
not directly related to the activity of the influen t. 
Fig. 1 
In mid-1995 the RLWM was removed from the pH balanc ing tank to implement 
and test modifications. The final design, shown in Fig. 2, had several 
important changes over the original design, and it was tested in a 
benchtop configuration with a stainless steel sink.  The guard plane was 
shaped so that the acceptance of the signal plane w as reduced, causing 
the signal on the signal plane to come primarily fr om the surface beneath 



the detector and not from the Lexan lid or the side s of the tank. Another 
important modification was the use of additional in sulated standoffs 
between the signal and guard planes. By increasing the path lengths over 
surfaces between the ground, guard, and signal plan es, leakage current 
was reduced and the detector was less sensitive to humidity in benchtop 
tests. During tests in which high-activity sources were placed in various 
geometries with respect to the detector, it was fou nd that the signal 
wire, running from the battery to the signal plane,  could collect large 
amounts of ionization. The resulting contribution t o the signal current 
was reduced significantly by shielding the signal w ire with an insulator; 
however, the signal remained noisy due to fields in duced by charging of 
the insulating material. This noise was eliminated by adding a stainless 
steel mesh shield around the insulator and connecti ng the mesh to the 
guard plane. 
The RLWM was re-installed in the pH balancing tank in November 1995. The 
detector initially showed a very poor correlation t o liquid activity 
measured by taking grab samples near the detector. The current from the 
signal plane was correlated strongly with liquid le vel, most likely due 
to heavy contamination of the tank walls. As the li quid level rose, 
covering more of the wall surface, the signal would  drop proportionally. 
The level is monitored continuously by the treatmen t facility, and it is 
possible to record this data simultaneously with ou r detector signals. By 
subtracting the effect of change in the liquid leve l, the correlation 
between the detector signal and the grab sample act ivity increased 
dramatically. Periodic fluctuations on the order of  seconds in the signal 
current, induced by the motion of the liquid, were also encountered. 
These were damped by placing a suitably chosen capa citor across the 
electrometer to form a low-pass filter. 
Fig. 2 
RESULTS 
Figure 3 shows the corrected RLWM signal over a 24- hour period. The 
baseline obtained with the conversion remains const ant over the several 
weeks in which data was obtained. Figure 4 shows th e data points obtained 
from the corrected signals plotted against the acti vities of grab samples 
in counts per minute, with the bold line giving a l inear fit to the 
corrected signals. The raw signals decrease with ac tivity, due to the 
rise of liquid levels associated with a contaminate d influent. By 
including a level correction, the correlation is mu ch improved. 
The grab samples were filtered to remove particulat e matter that 
contributes little to the RLWM signal because of we tting of the particle 
surface. The maximum values for activity obtained c orrespond to 100 
nCi/l, while the non-filtered values ranged from 12 0% to 150% of the 
filtered values. The range of activity shown is onl y 20% of the action 
level of 500 nCi/l, and further data at higher acti vity levels would be 
useful for obtaining better calibration of the sign al correction factors. 
Fig. 3 
Fig. 4 
CONCLUSIONS 
The results of monitoring influent at the RLWTF at LANL show that the 
RLWM is sensitive to changes in alpha activity in t he influent liquid 
stream at the 10 nCi/l level. There is a great deal  of uncertainty 
remaining because of the procedures used for drawin g off grab samples. 
The calibration for LRAD applications, such as this , is always difficult 
when the range of samples is not great. A much impr oved calibration could 



be made by including data for high-activity samples ; however, this sort 
of calibration will have to be made over time by dr awing off samples when 
the detector alarms. Therefore, over time, a much m ore sensitive 
calibration could be made. Even with a less-sensiti ve calibration, the 
detector has been shown to have a stable baseline o ver time and large 
changes in activity can clearly be measured, giving  the operators at the 
RLWTF important information. Further development wi th standard liquid 
sources would allow improvements to be made to this  detector design, 
resulting in a much more sensitive alpha monitoring  system for liquids. 
Continuing development of this detector could lead to a sensitive monitor 
for treated effluent streams as well. This sort of application would be 
very useful for monitoring low-level radioactive li quid streams before 
discharge into the environment. A more sensitive de sign could ensure 
regulatory compliance and be used to monitor sample s in the field: saving 
time and money over other sampling methods. 
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ABSTRACT 
Technical Area-21 (TA-21) of Los Alamos National La boratory (LANL) is on 
a mesa bordered by two canyons; DP Canyon and Los A lamos (LA) Canyon. DP 
Canyon is a small semi-arid watershed with a well d efined channel system 
where the stream flow is ephemeral. TA-21 has had a  complex history of 
waste disposal as research to determine the chemica l and metallurgical 
properties of nuclear materials occurred here from 1945-1978. Due to 
these operations, the TA-21 mesa top and bordering canyons have been 
monitored and characterized by the LANL Surveillanc e and Environmental 
Restoration Program. Results identify radionuclide activities at a clay 
pipe outfall identified as Solid Waste Management U nit (SWMU) 21-011(k) 
which exceed Screening Action Levels, and at locati ons along DP Canyon 
which exceed regional background levels. 
The radioactive contaminants considered in this stu dy are strontium-90, 
cesium-137, and plutonium-239/240. This paper exami nes sediment transport 



and contaminant migration from the source at SWMU 2 1-011(k), which is 
located on a slope above DP Canyon. Three dimension al surface plots of 
data from 1977-1994 are used to portray the transpo rt and redistribution 
of radioactive contaminants in an alluvial stream c hannel. Contaminant 
activity has decreased since 1983, in part due to m ore stringent 
laboratory controls, and also due to the removal of  the main plutonium-
processing laboratories to another site. 
INTRODUCTION 
Technical Area-21 (TA-21) of Los Alamos National La boratory (LANL) lies 
on the northern section of the Laboratory, at an el evation of 7140 ft. It 
is located on the Pajarito Plateau,midway between t he steep slopes of the 
Jemez mountains to the west and the Rio Grande rive r to the east. TA-21 
lies on DP Mesa, immediately east-southeast of the Los Alamos town site. 
TA-21 was the plutonium processing facility for nuc lear weapons research 
and development from 1945 to 1978. After 1978, oper ations were scaled 
back dramatically but not stopped completely. Liqui d radioactive waste 
was treated at a site treatment plant from 1969 to 1995. TA-21 is 
currently being decontaminated and decommissioned. 
The Liquid Radioactive Waste Treatment Plant proces sed aqueous effluent 
from TA-21 chemical laboratories. The effluent incl uded the isotopes 
plutonium-239/240, cesium-137, and strontium-90, am ong other 
radionuclides. After processing, the effluent was d ischarged into DP 
Canyon via an outfall now referred to as SWMU 21-01 1(k). A map of TA-21 
and DP canyon is shown in Fig. 1. DP Canyon is the small east-west 
oriented canyon which flanks TA-21 on the north. Th e walls of the canyon 
are steep and rocky. The stream channel on the floo r of the canyon 
receives ephemeral flow from precipitation and runo ff (summer storms and 
winter snowmelt). Sediments in the stream channel c onsist of sand and 
illitic clay. DP Canyon joins Los Alamos Canyon app roximately 1.5 km 
downstream from SWMU 21-011(k). 
Fig. 1 
SWMU 21-011(k) received processed waste effluent st reams from 1969 until 
1978. From 1978 until 1984, it received chemical wa ste containing various 
radionuclides. A 400 L aqueous spill of untreated e ffluent probably 
containing various contaminants, occurred at the ou tfall in 1991 (1). The 
clay pipe at 21-011(k) released effluent into a pre cipitous rock strewn 
slope with minimal soil depth.  
Sediment Sampling Technique 
This investigation examined temporal trends in avai lable data for 
radionuclides at sediment sampling stations in DP C anyon. The sampling 
locations included the SWMU site, two locations (DP S-1 and DPS-4) in DP 
Canyon, and the site of well LAO-3, near the conflu ence of DP and Los 
Alamos Canyons (See Fig. 1). The first site was sam pled in the summers of 
1992 and 1993 (2). The last three sites have been s ampled repeatedly by 
the Environmental Protection Group (3).  
Stream bed samples were taken from sampling station s along DP Canyon 
shown on Fig. 1. A consistent sampling procedure fo r the sediments was 
repeated annually to ensure comparability of the re sults. Samples from 
the bed of DP stream were collected by digging a li ne of uniform depth in 
an undisturbed area across the main channel (4). Us ing a trowel, 500 ml 
of sediment was collected at a depth of one-half to  three-fourths inch. 
Soil from SMWU 21-011(k), in contrast with sediment , samples were taken 
at a depth of one to six inches and six to eighteen  inches in the soil. 
Care was taken to collect the clay-rich fraction wi th which the 



radionuclides are commonly associated (5). The sedi ment sample is mixed 
prior to analysis and analyzed at the LANL Environm ental Measurements Lab 
and each year the field samples were taken within a  period from late 
April through May (5). 
The Environmental Chemistry Group at LANL used a do cumented Quality 
Assurance and Sampling Procedure for the sample ana lysis and data 
verification. The analyses of radioactive constitue nt concentrations were 
determined by gamma-ray spectrometry.  
Table I portrays the regional background concentrat ion, the Screening 
Action Level (SAL), and half life of the three elem ents.  
Table I 
A SAL is set on potential contaminants in various m edia based on 
conservative calculations of human health risk. Soi l SALs for 
radionuclides are calculated using a residential sc enario at an annual 
dose limit of 10 millirem (10 mrem/a) above regiona l background. 
Plutonium-239 decays by alpha- and gamma-emission w ith a half life of 
24,100 years (a). Plutonium-240 is also an alpha- a nd gamma-emitter, with 
a half-life of 6560 a. Cesium decays by beta-and ga mma-emission, with a 
half life of 30.17 a. Strontium decays by beta-emis sion, with a half-life 
of 28a.  
Clay minerals are very effective at retaining these  radionuclides. As a 
monovalent alkali cation, cesium readily exchanges with potassium, and is 
commonly strongly bound to surface and interlayer s ites of clay particles 
(6). Thus, contaminant cesium is expected to be ass ociated with the finer 
fractions (especially the <0.053 mm fraction) in so ils and sediments (7). 
Transport of cesium commonly occurs in association with soil and sediment 
erosion (7). There is evidence of substantial drain age erosion from the 
SWMU 21-011(k) clay pipe down the slope to DP strea m in the form of two 
drainage channels. 
Strontium is a divalent alkali earth cation which r eadily substitutes for 
calcium in mineral lattices and on surface sites. A lthough transport of 
strontium will also be largely through sediment tra nsport, sorption on 
mineral grains is generally less strong for stronti um, and hence, 
transport in runoff may also be significant. 
Because of their similarity to potassium and calciu m, respectively, 
cesium and strontium are also bioactive (readily ab sorbed by plants, soil 
microbes, and animals). Plants and microbes whose g rowth is limited by 
calcium and/or potassium will tend to take up large r amounts of strontium 
and/or cesium (8).  
RESULTS AND DISCUSSION 
This section discusses the present concentrations i n soil and sediment at 
SWMU 21-011(k), and the variations with time of rad ionuclide activities 
at the sediment sampling stations downstream. The t hree radionuclides 
discussed are Pu-239/240, Sr-90, and Cs-137. (Note that the standard 
measurements for plutonium do not distinguish the t wo isotopes, so the 
value reported is for the sum). At the source [SWMU  21-011(k)], Pu-
239/240 activities range from 7.2 to 46,000 pCi/g,  
Cs-137 activities ranged from 8.23 to 2675 pCi/g, a nd Sr-90 activities 
ranged from 1.96 to 1800 pCi/g. Figs. 2,3, and 4 sh ow the variations in 
activities as a function of time and location in DP  Canyon. Table II 
summarizes the data on radionuclides activities in DP Canyon. 
The plutonium chart (Fig. 2) portrays the maximum a ctivities occurring at 
DPS-1, with values at DPS-4 and LAO-3 consistently below 1.0 pCi/g. After 
1986, the DPS-1 activities are likewise below 1.0 p Ci/g. The outfall 



clearly displayed high activities (1900 times the s oil SAL) after the 
decline in levels at DPS-1, so it would appear that  transport of 
plutonium was facilitated by the effluent from the outfall. Without the 
continued effluent, relatively small degrees of tra nsport occurred to the 
stream channel, and the remaining contamination at DPS-1 was moved 
downstream and mixed with less contaminated soil by  runoff.  
Table II 
Fig. 2 
Plutonium does not appear to be migrating to DPS-1 or DPS-4 at levels 
above the SAL. Cesium historically has had high lev els at DPS-1, and DPS-
4 but currently the levels are well below the SAL. The strontium data is 
similar. There is an evident decrease in the three radionuclides 
downstream. 
The cesium data (Fig. 3) indicate that concentratio ns were above the SAL 
at all three stations until the late 1980s, but hav e subsequently 
declined to activities at or near background levels . The high levels seen 
at SWMU 21-011(k) are not found in the stream chann el, so dispersion and 
mixing of contaminated sediment appears to have dil uted the concentration 
of cesium. In addition, the cessation of effluent r elease appears to have 
permitted contamination levels in the channel to de cline through 
transport and/or dilution. However, the activities remained higher for 
cesium than for plutonium, and cesium is the predom inant radionuclide 
contaminant in DP Canyon. This conclusion is corrob orated by the EG&G 
aerial radiological gamma surveys in 1975 and 1982 (9). These surveys 
show that cesium is the dominant anthropogenic radi onuclide found outside 
of TA-21, and that it had migrated approximately 60 0 meters down DP 
Canyon. 
Fig. 3 
The strontium data (Fig. 4) show a pattern similar to that for cesium, 
with high values at the source, values above the SA L at DPS-1 until the 
mid-1980s, and values below the SALs, at all statio ns since then. The 
values are lower than those for cesium, which may r eflect the composition 
of the original effluent, but may also represent th e lower sorptivity of 
strontium. Strontium may have been mobilized into t he surface water and 
alluvial ground water, and transported deeper, or f urther downstream. 
Fig. 4 
Table III shows sorption coefficients for all three  elements. Strontium 
is less strongly sorbed onto clay mineral surfaces than plutonium and 
cesium, but appears to have behaved in a manner sim ilar to cesium in the 
sediment of DP Canyon. The pattern for plutonium ap pears unusual in the 
light of its estimated sorption coefficient, as it is expected to sorb 
slightly less strongly than cesium, yet it appears hardly to have been 
transported at all. It is conceivable that plutoniu m in the effluent was 
sorbed onto or precipitated in extremely fine collo idal particles which 
percolated into the soil to some depth. The cesium and strontium, which 
sorbed rapidly onto clay or silt particles at the s urface may have been 
more susceptible to transport in surface runoff. Fu rther analysis is 
underway to test this concept.  
Table III 
Strontium is less strongly sorbed onto clay mineral  surfaces than 
plutonium and cesium, but appears to have behaved i n a manner similar to 
plutonium in the sediment of DP Canyon. Strontium i s likely to remain 
stored in the banks of the stream channel, but to a  smaller extent (10). 
Strontium sorbs to the LA Canyon sediments less str ongly than cesium by a 



factor of 12. Batch strontium sorption experiments were conducted on 20 
soil and 16 channel sediment samples collected in T A-21, and upper Los 
Alamos Canyon. Cesium sorption coefficients (Kd) ra nged from 162.3 to 
1444.3 ml/g in soil and 77.5 to 1034.1 ml/g in sedi ment (11). Strontium 
sorption coefficients ranged from 15.8 to 67.7 ml/g , with a mean of 35.7 
ml/g for soils. For strontium in LA Canyon channel sediments sorption 
coefficients ranged from 8.8 to 41.3 ml/g, with a m ean of 21.4 ml/g (11). 
These data suggest that strontium is a non-conserva tive solute that is 
partially removed from solution through cation exch ange. 
CONCLUSIONS 
The outfall at SWMU 21-011(k) is a major source for  radionuclide 
contamination in DP Canyon. Plutonium has not migra ted from the source in 
concentrations sufficient to exceed the SAL, and ac tivities declined very 
rapidly after effluent ceased to be released into t he SWMU. Cesium and 
strontium have been transported in quantities suffi cient to exceed the 
SALS, although only cesium activity exceeded SALS a t station DPS-4 after 
1977. Both declined in activity after effluent ceas ed to be released into 
the SWMU. Recent year samples have all shown activi ties below the SAL 
values. The systematic relationships among multiple  contaminants are 
complex, involving interactions among surface and g round water hydrologic 
and geochemical processes, and understanding may al so require detailed 
knowledge of the effluent discharge and surface wat er history. 
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ABSTRACT 
Science and Engineering Associates, Inc. (SEA) has developed a unique and 
versatile method of transporting characterization t ools into pipes, 
drain-lines, and ducts. The system, called the Pipe  ExplorerTM, uses a 
pressurized inverting membrane to tow sensors such as radiation 
detectors, video cameras, and pipe locator beacons through pipes. In 
addition to towing characterization tools, such as a radiation detector, 
the membrane also lines the pipe to provide a clean  conduit through which 
the detector travels. This protects expensive senso rs by preventing 
removable contamination from coming into contact wi th them. Cross 
contamination is thus eliminated allowing the syste m to obtain a true 
measurement of contaminant activity as a function o f distance. The system 
is currently capable of transporting detectors up t o 250 feet in pipes 2 
inches in diameter and greater. It can also negotia te multiple elbows and 
obstructions. The DOE Morgantown Energy Technology Center sponsored the 
development of this technology as a characterizatio n tool to support the 
decommissioning and decontamination of DOE nuclear process facilities. 
Recently the system was demonstrated at a site bein g remediated under the 
DOE Formerly Utilized Sites Remedial Action Program  (FUSRAP). The Pipe 
ExplorerTM successfully characterized a total of 8,  4-inch diameter 
buried drain-lines, over lengths as long as 120 fee t. The interior 
surfaces of the drain-lines were coated with a thic k oily sludge that 
contained residual amounts of U-238. The drain-line s were continuously 
characterized over the entire lengths and were foun d to have 
contamination levels ranging from below 3000 dpm/10 0cm2 to over 1,000,000 
dpm/100cm2. 
By using the Pipe ExplorerTM system the DOE FUSRAP was able to save in 
excess of $1,000,000 in this single demonstration. These cost savings 
were realized through reduction of secondary waste and by avoiding more 
labor intensive and less accurate survey methods. A  description of the 
system and samples of the data obtained from the FU SRAP site are 
presented. In addition, data substantiating the cos t savings by the DOE 
are included. 
INTRODUCTION 
The U.S. Department of Energy's nuclear facility de commissioning program 
needs to characterize radiological contamination in side piping systems 
before the pipe can be recycled, remediated, or dis posed. Historically, 
this has been attempted using hand held survey inst rumentation, surveying 
only the accessible exterior portions of pipe syste ms. Difficulty, or 
inability of measuring threshold surface contaminat ion values, worker 



exposure, and physical access constraints has limit ed the effectiveness 
of this approach. Science and Engineering Associate s, Inc. under contract 
with the DOE Morgantown Energy Technology Center ha s developed and 
demonstrated the Pipe Explorer system, which uses a n inverting membrane 
to transport various characterization sensors into pipes. The basic 
process involves inverting (turning inside out) a t ubular impermeable 
membrane under air pressure. A characterization sen sor is towed down the 
interior of the pipe by the membrane. 
Advantages of this approach include the capability of deploying through 
constrictions in the pipe, around 90 bends, vertica lly up and down, and 
in slippery conditions. Because the detector is tra nsported inside the 
membrane (which is inexpensive and disposable), it is protected from 
contamination and cross-contamination is eliminated . Characterization 
sensors that have been demonstrated with the system  thus far include: 
gamma detectors, beta detectors, video cameras, and  pipe locators. Alpha 
measurement capability is currently under developme nt. 
A remotely operable Pipe Explorer system has been d eveloped and 
demonstrated for use in DOE facilities in the decom missioning stage. The 
system is capable of deployment in pipes as small a s 2-in-diameter and up 
to 250 ft long. This paper describes the technology  and presents 
measurement results of a field demonstration conduc ted with the Pipe 
Explorer system at a DOE site. These measurements i dentify surface 
activity levels of U-238 contamination as a functio n of location in drain 
lines. Cost savings to the DOE of approximately $1. 5 million dollars were 
realized from this one demonstration.  
PROBLEM 
By their nature, the interiors of pipes and ducts a re difficult to 
access. In many cases, even the exteriors are inacc essible. For example, 
drainlines are buried or encased in concrete and du ct work is often 
elevated or enclosed. To access these structures fo r characterizations 
such as radiological surveys, requires significant effort and cost. These 
costs are further increased if the characterization s are carried out in a 
radiological control zone, where greater personal p rotective measures and 
support crews are required. 
Furthermore, for alpha and beta emitting contaminan ts, such as U-238 and 
Pu-239, it is necessary to take unobstructed measur ements of contaminated 
surfaces. Thus, external measurements through pipe walls are inadequate 
and the only way to gather data is to get an instru ment inside of the 
pipe. 
Alternative methods to the Pipe Explorer system can  be used to transport 
detectors into pipes, such as pipe crawlers and pus h rods. However, these 
methods lead to ambiguous results if there is remov able contamination 
present. With nothing to prevent contamination from  getting on the 
detector there is no way to differentiate between c ontamination on the 
pipe wall and contamination on the detector. There are additional 
limitations associated with these alternative metho ds. For example, pipe 
crawlers are typically limited to larger diameter p ipes (> 4 in). They 
are also cumbersome to operate around elbows and ha ve a difficult time in 
pipes with slippery surfaces. Push rod methods are limited in length and 
are often unreliable when trying to get a detector around elbows. 
SOLUTION 
As a solution to this problem, SEA adapted its inve rting membrane 
technology to transport radiation detectors and oth er characterization 
tools into pipes. The system uses an air-tight memb rane configured such 



that when it is pressurized it inverts into a pipe.  As it inverts the 
pressure force on the end of the membrane is adequa te to tow a detector 
around multiple elbows and through several hundred feet of piping. This 
technology not only provides an effective transport ation method for 
detectors, but it also provides a clean conduit thr ough which the 
detector can travel. 
TECHNOLOGY DESCRIPTION 
The primary components of the Pipe Explorer technol ogy are illustrated in 
Fig. 1. The heart of the system is an air-tight mem brane which is 
initially spooled inside of a canister. The end of the membrane 
protruding out of the canister is folded over and a ttached to a basepipe. 
When the canister becomes pressurized in this confi guration, the air 
pressure on the membrane causes the membrane to be pulled from the spool. 
This continues until the membrane is completely off  the spool. A 
characterization tool, such as a radiation detector , is attached to the 
end of the membrane and towed into the pipe as the membrane continues to 
invert. The detector cabling is also towed into the  pipe from the spool. 
To retrieve the system from a pipe, the process is simply reversed, where 
the cabling, detector, and membrane are wound back onto the spool. The 
system can thus be used to move a detector freely b ack and forth through 
a pipe while the detector output and position are c ontinuously recorded. 
As a result, the Pipe Explorer system provides high  resolution analysis 
of the location of radioactive contamination in pip es. 
The membrane also provides a clean conduit through which the detector 
travels. This protects both the detector and the wo rkers handling it. 
Furthermore, measurements are inherently more relia ble. A detector 
transported in any other fashion runs the risk of r emovable contamination 
adhering to the sensor, which can cause erroneously  high or false 
positive readings. 
The general operating procedure is to first deploy the membrane halfway 
into the pipe. This is the point where the detector  begins to enter the 
pipe from the deployment canister. At this time dat a acquisition is 
initiated. In most cases the detector is deployed o ut relatively quickly 
(up to 30-ft/min). More detailed radiological measu rements are taken as 
the detector is retrieved from the pipe at a slower  rate. 
As the detector is being retrieved, the tether is w ound back into the 
deployment canister. The membrane prevents contamin ation from contacting 
the tether. However, as a precautionary measure, tw o sampling smears are 
used to swipe the entire surface of the tether and the detector. When the 
tether is completely retrieved the smears are surve yed with a pancake GM 
probe to ascertain if any contamination has potenti ally been transferred 
into the canister. To date, no contamination of the  canister or tether 
has been noted. Once the detector has been retrieve d and the survey 
completed (the detector can be re-deployed for addi tional data if 
needed), the detector is removed from the end of th e membrane. The 
membrane is then fed through a diaphragm to an exte rnal reel assembly or 
manually fed into a disposal drum. The membrane bei ng handled has been 
inverted. Therefore, the side of the membrane that has been in contact 
with the contaminated pipe is contained within itse lf (this is analogous 
to the way a Hazmat worker removes rubber gloves). The inexpensive 
membrane (about $0.03/ft) is then disposed. This se condary waste 
generation is minimal. Several hundred feet of memb rane is easily 
compacted into less than a cubic foot. 
Fig. 1 



Capabilities Summary 
The absolute maximum deployable distance of the sys tem is currently 
limited by the length of cabling and canister size.  The current 
configuration allows for 250-ft deployments. Longer  distances may be 
achievable but no applications to date have require d any longer attempts. 
Practical deployment lengths are limited by elbows in the lines and the 
diameter of the pipe. Table I lists typical results  that have been 
achieved, in laboratory tests, and are used as gene ral guidelines. 
Table I 
The Pipe Explorer system has been used to transport  several different 
types of radiological measurement instruments. Tabl e II lists these 
instruments and their descriptions. 
Table II 
SEA currently has two deployment systems available.  The first is a fully 
automated system. With its motorized operation and built in deployment 
sensors, it allows for continual unattended pipe su rveys. The second 
system is a smaller, manually operated system. 
Additional uses of the Pipe Explorer have been iden tified and have either 
been nominally demonstrated or are being integrated  with the system. 
These include; 
  Transport of pipe locating beacons 
  Transport of video cameras 
  Alpha detection methodologies 
RESULTS 
An extensive demonstration of the Pipe Explorer was  conducted for the DOE 
Formerly Utilized Sites Remedial Action Program (FU SRAP) at a site in 
Adrian Michigan. During the 1950's the Bridgeport B rass Company operated 
a Special Metals Extrusion Plant at the site. This was done under 
contract with the DOE, then the Atomic Energy Commi ssion. The product of 
this operation was material for uranium fuel elemen ts for reactors in 
Hanford, Washington, and the Savannah River Plant i n South Carolina. 
Uranium handled in this operation included depleted , natural, and up to 
2.1 percent enriched in U-235. The site is still an  active factory where 
plastic automobile parts, such as door panels and d ash-boards, are 
extruded and finished. 
During production of the uranium fuel elements, was te material from the 
extrusion process mixed with oil from the machinery . This mixture 
subsequently flowed into the oil drainage system co ntaminating over 1000 
ft of buried drain-lines with varying amounts of ur anium tainted oil. In 
order to quantify the extent and degree of this con tamination and to 
conduct post-remediation measurements, the DOE FUSR AP hosted a 
demonstration of the Pipe Explorer system. 
SEA conducted surveys at the site on two separate o ccasions. The first 
occurred in April 1995 and the second in May 1995. Thirteen surveys were 
carried out in eight drain-lines. Several lines wer e surveyed more than 
once to confirm success of remedial actions. Two Pi pe Explorer deployment 
systems were used with 3 different radiological sen sors. The first system 
used during the April demonstration was a manually operated system. 
Deployment with this system is controlled by a hand  crank. Figure 2 shows 
the system in operation at the site. 
Fig. 2 
With this system, the detector is deployed to a spe cified location where 
the position of the detector and its output are rec orded by the operator. 
Figure 3(a) shows data from one of the surveys cond ucted with the 



manually operated Pipe Explorer system in conjuncti on with a beta 
detector. The data was taken prior to any remedial actions. Thus, the 
drain-line had a substantial amount of thick oily s ludge in it (about the 
consistency of peanut butter). The detector and its  tether were 
successfully deployed and retrieved with none of th e oily contamination 
coming into contact with the detector, tether, or w orkers. The data in 
Fig. 3(a) was obtained with a detector designed and  calibrated by the DOE 
Grand Junction Projects Office Radon Laboratory (1) . 
For the second stage of the demonstration carried o ut in May 1995, the 
automated Pipe Explorer system was used with a high er sensitivity beta 
detector. The system canister includes a motorized reel and a deployment 
distance measurement sensor. Additional sensors in the canister such as a 
slack indicator, a tension meter, and pressure tran sducers enable the 
system to run with minimal operator interaction. Al l outputs from the 
sensors are displayed on a control panel. In additi on, they are recorded 
and displayed on a laptop computer acting as a virt ual instrument through 
a LabView program. The radiological data is also re corded on the laptop 
so that surface activity as a function of distance into the pipe can be 
monitored in real time. Figure 4 shows the automate d system in use at a 
DOE site. 
A sample of the data obtained with this system is s hown in Figure 3(b). 
The actual drain-line begins at a distance of 27 ft . Since access to the 
drain-line was obtained through a deep manhole it w as necessary to 
construct a conduit of this length to guide the mem brane to the drain 
line entrance. The structure of this data shows the  utility of a 
continuous survey. The data shows a small amount of  contamination up to 
the 40-ft mark in the drain-line. At this point the  line intersects 
another drain line which had been thoroughly cleane d. After the 
intersection, however, substantial contamination wa s encountered. The 
only exception was a relatively clean section betwe en 90 and 100 ft. 
Fig. 3 
Fig. 4 
Confirmation of the Data 
Data obtained with the Pipe Explorer system at the FUSRAP site was 
verified with several methods. The first was purely  qualitative, where 
the membrane was visually inspected as it was retri eved from the drain-
line. This was useful in such instances as shown in  Fig. 3b where the 
data showed significant structure. For example, a l arge amount of the 
oily sludge was noted on the portion of the membran e that had traveled 
100 to 120 ft into the drain-line. The portion of t he membrane around 98 
ft had virtually no oil on it, but below 90 ft subs tantial amounts of the 
oily sludge were again seen on the membrane. 
Another validation method used was to measure the a ctivity of 
contamination adhering to the membrane as it was be ing retrieved. 
Measurements were taken with a conventional pancake  GM probe. This data 
is shown as triangles in Fig. 3b. The distance accu racy for these 
measurements is substantially less than the accurac y of the Pipe Explorer 
data (pancake meter data accurate to approximately 2 ft, Pipe Explorer 
accurate to 1 in). Surface activity measured with t he Pipe Explorer is 
consistently higher than that measured with the pan cake GM probe because 
the Pipe Explorer system measures the contamination  in the pipe and the 
pancake GM probe measures only the contamination th at adheres to the 
external surface of the membrane. Furthermore measu rements with the 



pancake probe are not calibrated for attenuation ef fects of the membrane, 
whereas the data obtained by the Pipe Explorer syst em is. 
Confirmation of the data was also attempted by push ing a small GM 
detector into the drain-line. However, contaminatio n adhering to the GM 
probe assembly tended to obscure the measurement of  contamination on the 
pipe wall. 
Detector Calibration 
The ideal way to confirm the Pipe Explorer system d ata would have been to 
excavate a portion of a drain line and have it anal yzed. However, the 
motivation for using the system at the FUSRAP site was to avoid 
excavating drain-lines. Therefore, confidence in th e data was obtained 
through rigorous calibration of the detector. 
Detectors used with the Pipe Explorer system are sp ecifically calibrated 
for each use. They are calibrated with an isotope o f similar energy of 
the contaminants that are suspected in a pipe and c alibrated in the same 
measurement geometry. For example, U-238 was suspec ted at the FUSRAP 
site. Therefore, Sr-90 was used as a calibration so urce (U-238 is not 
available in sufficiently high activities for calib rations). The daughter 
product of Sr-90 (Y-90) emits a beta particle with similar energy as the 
dominant U-238 daughter product, Pa-234m. The Sr-90  calibration source 
has a known activity traceable to the National Inst itute of Standards and 
Technologies. Using this calibration source results  in slightly elevated 
detection efficiencies because of a lower energy be ta emitted by Sr-90 
(546 keV max.). This emission is more heavily atten uated by air and the 
membrane material than the higher energy beta from Y-90, but no effort 
was made to determine this difference. The signific ant added cost of 
assessing this effect on the calibrations was not d eemed necessary, since 
the error was not considered significant (on the or der of 20 percent) and 
results in conservative measurements. 
The calibrations were carried out to best simulate the measurement 
conditions that would be encountered at the FUSRAP site, where the 
detector rests on the bottom of a 4-in pipe inside of a 4-mil 
polyethylene membrane. Therefore, all of the calibr ation measurements 
were made through a sample of the membrane material  in 4-in pipe. The 
fundamental procedure used in the calibrations was to move the 
calibration source to various grid locations surrou nding the detector and 
determine the probe response at each location. The response of the 
detector to the Sr-90/Y-90 source was integrated ov er all angular and 
axial positions to determine detector response to d istributed 
contamination inside of 4-in pipes. The response of  the detector to a 
check source in a fixed geometry was recorded immed iately before and 
after the detector calibrations. The check source m easurement was 
repeated prior to and after each drain-line survey at the FUSRAP site to 
verify the detector performance had not changed sin ce the calibration. 
BENEFITS 
The use of the Pipe Explorer offers many technical benefits. These 
include; 
  Video surveys 
  100% gamma and beta surveys of pipe interiors, ev en in buried pipes. 
  100% alpha surveys of pipe interiors (available s oon) 
  Detector does not become contaminated 
  Removable contamination is not spread along pipe.  
  Personnel exposure significantly reduced. 
  Immediate results. 



Technical benefits such as the ones listed above fo r the Pipe Explorer 
are usually heralded as the pay-off for a DOE inves tment in a new 
technology. However, the primary reason the DOE pro vides funding for 
development of environmental technologies is so tha t economic benefits 
will result through more expedient and cost effecti ve methods. 
Substantial cost savings have already been realized  from use of the Pipe 
Explorer system at the FUSRAP site demonstration. T hese cost savings to 
the DOE are nearly three times the amount invested in the development of 
the Pipe Explorer system. 
The DOE FUSRAP recognized that the cost of excavati ng buried drain-lines 
at the site in Adrian, MI would be substantial. The refore, they developed 
a methodology to avoid these excavation costs. The plan was to verify 
that activity levels of contamination in the pipes were below a criteria 
level of 7x105 dpm/100cm2 (averaged over the length  of the drain-lines). 
It was determined through a hazard assessment that such levels of 
contamination posed no threat to the general popula tion. Thus,the drain-
lines could be left in place after filling them wit h grout to seal the 
contamination. If surface activities were found in excess of the criteria 
level then the drain-lines were to be flushed and c leaned prior to 
grouting. 
The initial method used to characterize the drain l ines was to insert a 
small geiger-mueller (GM) detector directly into th e drain lines. This 
was soon found to be an ineffective method because of the abundance of 
removable contamination. The contaminated oil would  adhere to the 
detector, making it difficult to differentiate betw een measurements of 
contamination on the pipe walls and contamination d irectly on the 
detector. In addition, only limited lengths of the drain-lines could be 
accessed since in many cases the detector could not  be shoved around 
elbows. 
The benefits of using the Pipe Explorer over direct  insertion of a 
detector were readily seen in surveys of one of the  drain-lines. Data 
initially obtained with the manually operated Pipe Explorer system from 
this drain line showed surface activity levels in t he pipe in excess of 
the 7x105 dpm/100cm2 criteria level. The drain-line  was then cleaned and 
a subsequent survey was conducted. Activity levels were found 
substantially reduced with the exception of a hot s pot near the beginning 
of the drain-line. A detector manually inserted int o the pipe would have 
come into contact with this hot spot and measuremen ts through the rest of 
the drain-line would have been inaccurately high. T herefore, the Pipe 
Explorer system provided accurate results showing t hat the drain-line was 
within the criteria level. Similar results were obt ained in the other 
seven drain-lines surveyed. 
Had data not been available from the Pipe ExplorerT M system there would 
not have been an accurate way to assess activity le vels in the drain-
lines. Therefore, it would have been necessary to e xcavate them. It is 
estimated that the costs to excavate the drain-line s would have been on 
the order of $1.2 million (2). However, this estima te neglects the fact 
that the site is an active automotive parts factory . Therefore, costs 
associated with plant impacts and relocating factor y operations should 
also be included. Factory personnel have current es timates of these costs 
from prior experiences of modifications to the plan t. Their estimate of 
these costs are about $0.8 million. The cost saving s were diminished 
somewhat by the expense of cleaning the drain-lines  and disposing of the 



waste generated from the cleaning. This cost is est imated at $0.5 
million. Therefore, the net savings is estimated to  be; 
$1.2 +$0.8 -$0.5 = $1.5 million 
FUTURE ACTIVITIES 
The development of the basic Pipe Explorer system w hich includes gamma 
and beta detection capability is nearing completion . The final aspect of 
this phase of development was to demonstrate the sy stem at another DOE 
site during November 1995. Video inspection capabil ity of the system was 
demonstrated along with radiological surveys. Signi ficant cost savings 
($0.5 M) to the DOE were also realized from this de monstration of the 
system. 
The Pipe ExplorerTM system is now available for ser vice work as an 
inspection tool. A great deal of interest has alrea dy been expressed in 
using the system at; 
  Rocky Flats 
  Los Alamos National Laboratory 
  Sandia National Laboratory 
  Other FUSRAP Sites 
  and Argonne National Laboratory 
In July of 1995 the development of an enhancement t o the system was 
funded by the DOE METC. This will enable the system  to be used for 
detecting low levels of alpha emitting contaminants  such as Pu-239. This 
will be accomplished by making the inverting membra ne component of the 
system an alpha sensitive scintillator. A photo-det ector, towed through 
the membrane, much the same way as gamma and beta d etectors, will 
quantify activity levels as a function of length ov er 100% of the 
internal surface area. After this enhancement is ad ded to the system, 
complete alpha/beta/gamma surveys will be possible with the Pipe Explorer 
system. 
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RADIOLOGICAL CHARACTERIZATION OF WASTE UNDER THE DOE WASTE MORATORIUM 
S. Gibson 
Benchmark Environmental Corporation 
Albuquerque, New Mexico 87110 
ABSTRACT 
In response to the release of radioactively contami nated wastes from DOE 
facilities to non-licensed commercial Treatment, St orage, and Disposal 
(TSD) facilities, the Office of Waste Operations (E M-30) issued a 



moratorium on DOE shipments of hazardous and toxic waste that had the 
potential for radioactive contamination. To ship wa ste under the 
moratorium each facility is required to defend thei r characterization and 
certification programs against the requirements of the EM-30 Performance 
Objective for the Waste Moratorium (PO) (DOE 1994b) . The PO defines 
Radioactive Material Management Areas (RMMAs), and requires waste 
characterization for radiological contamination bot h at the surface and 
in volume. These actions have resulted in an increa se in the volume of 
waste managed as radioactively contaminated. 
This report presents a methodology for certifying r adioactive waste 
characterizations in compliance with the requiremen ts of the PO. The 
methodology addresses the unique definitions of rad ioactive and mixed 
waste presented in the PO as well as the logistics of establishing and 
managing RMMAs. Recommendations are made for using existing waste 
management and radiation control documentation to d evelop a documentation 
package capable of defending characterizations of " no radioactive waste 
present". Proper implementation of the methodology presented can 
significantly reduce the volume of radioactive and mixed waste generated 
at DOE sites. 
HISTORY 
In order to implement a successful program for cert ifying the radioactive 
status of wastes, it is important to understand the  history behind the 
Department of Energy (DOE) waste moratorium and the  affect it has had on 
the DOE complex. 
What is the DOE Waste Moratorium? 
The DOE Waste Moratorium (moratorium) is a one page  memorandum issued on 
May 17, 1991, by the Office of Environmental Restor ation and Waste 
Management, Office of Waste Operations (EM-30). Thi s memorandum called 
for a freeze on shipments of hazardous waste as def ined by the Resource 
Conservation and Recovery Act (RCRA), and toxic was tes as defined by the 
Toxic Substances Control Act (TSCA) which had the p otential for being 
radiologically contaminated. The memorandum require d the freeze to remain 
in effect until a DOE-HQ Moratorium Review Team cou ld review and approve 
the site's, programs, and procedures for certifying  "No Radioactive Waste 
Present." This approval is based on the facility be ing able to meet all 
of the criteria established in the PO. The PO is a series of requirements 
defining what is required to defensibly characteriz e and certify the 
radiological nature of wastes. 
Why was the moratorium established?The moratorium w as established as a 
result of the lack of "de minimis" standards (amoun t of radioactivity 
below which there is no concern for disposal) for r adioactivity in waste. 
Because there is no de minimis standard each facili ty within the DOE 
complex was left to establish their own waste relea se criteria. 
From 1980 to 1991, the DOE shipped hazardous waste containing low levels 
of radioactive materials to commercial treatment, s torage, and disposal 
(TSD) facilities which were not licensed to receive  radionuclides. This 
was discovered when ash from the Rollins Incinerato r facility in Baton 
Rouge was monitored and found to be radioactive. Th e ash was generated 
from shipments of uranium-contaminated waste from t he Oak Ridge and 
Savannah River sites. These shipments occurred due to the use by these 
sites of self-generated standards which defined was te containing low 
levels of radionuclides as non-radioactive. The sel f generated standards 
had not been formally approved by DOE. DOE acted to  end this practice by 
imposing the moratorium on the off-site shipment of  all DOE hazardous and 



toxic wastes which had the potential to contain rad ioactive material 
until the programs and procedures of each field ins tallation could be 
reviewed and approved of by DOE-HQ. 
What have been the effects at DOE Sites? 
The moratorium established a new area designation c alled a radioactive 
materials management area (RMMA). A RMMA must be es tablished around any 
location which has the potential for generating rad ioactively 
contaminated waste. Most DOE sites have taken a ver y conservative 
approach in designating RMMA boundaries. All wastes  from RMMAs are 
defined as potentially radioactively contaminated o r suspect radioactive. 
That results in managing nonhazardous waste (e.g., paper, plastic, glass) 
as radioactive waste, and hazardous waste (e.g, was te lead, waste 
solvent, corrosives) as mixed waste. For most DOE s ites the amount of 
mixed and low-level radioactive waste generated inc reased greatly after 
imposition of the moratorium. 
The impact from the increased mixed waste volumes h as been severe due to 
the limited capacity for mixed waste treatment and disposal. Without the 
ability for disposal, mixed waste volumes in storag e have increased 
greatly. Mixed wastes are regulated by the RCRA as a Land Disposal 
Restricted (LDR) waste. LDR wastes can be stored fo r one year only. Many 
regulating agencies have granted extensions to DOE sites for continued 
storage of mixed waste beyond one year, however, th ese extensions are not 
indefinite. Regulators can elect to cancel these ex tensions and cite 
facilities with storage violations. These violation s can result in fines 
of up to $10,000 per drum, per day. 
This report provides a methodology for operating in  compliance with the 
PO, while reducing the volume of waste managed as s uspect radioactive. 
PERFORMANCE OBJECTIVE REQUIREMENTS 
In order to have the moratorium lifted, a site must  show compliance with 
the requirements established in the PO. This report  does not discuss all 
of the PO requirements, but, rather focuses on thos e requirements 
directly impacting radiological waste characterizat ions. 
Performance Objective Definitions 
The PO has redefined several terms commonly used wi thin the waste 
management industry and added several new concepts for managing 
radioactivity in waste. The following definitions a re now applicable at 
DOE sites and all procedures using these terms must  utilize the PO 
definitions. 
The PO definition of radioactive waste defines two aspects of 
contamination that must be addressed for all radioa ctive waste 
determinations. A radioactive waste is any waste ma naged for its 
radioactive content, which is not otherwise regulat ed for that content 
(e.g., emissions regulated by the Clean Air Act, an d effluents regulated 
by the Clean Water Act). If nonradioactive material  is used in a process, 
the resulting waste is not radioactive as long as n o measurable increase 
in radioactivity is found above background in volum e or bulk (at a 
statistically defined confidence interval); and the  waste contains no 
surface radioactivity above limits established in D OE Orders or guidance. 
It is important to note that the surface criteria h as not changed, it is 
only the definition of contamination in volume that  presents a new 
challenge. 
A mixed waste under the PO is a radioactive waste a s defined above which 
is also regulated by either RCRA or TSCA. Radioacti ve TSCA waste, 
although not a mixed waste by regulation, is define d as such by the PO. 



Most DOE sites have taken this concept one step far ther, by managing all 
wastes and materials in accordance with PO criteria . 
A RMMA is an area in which the potential exists for  contamination due to 
the presence of unencapsulated or unconfined radioa ctive material or 
exposure to high energy beams or particles (neutron s, protons, etc.) 
capable of causing activation. 
Unrestricted release (i.e., free release) is a rele ase of property (e.g., 
waste), based on a formal, documented decision refl ecting risk-based 
standards, licensing considerations, and associated  implementing 
procedures, that the property may be utilized, trea ted, or disposed of by 
any party without concern for radioactive content. The PO definition has 
specified treatment and disposal for unrestricted r elease due to the 
potential for concentrating radionuclides during th ese processes. This 
definition arose from the incident at the Rollins i ncinerator. 
Basic Principle of the Performance Objective 
The PO is a lengthy and complex document, but, it c an be reduced to one 
basic principle. This principle is that mixed waste , as defined above, is 
not to be shipped off-site to a facility unless tha t facility is 
specifically licensed for the receipt of the radioa ctive component of the 
waste. 
Three Cases of the Performance Objective 
To ensure that the basic principle of the PO is met , three cases (i.e., 
waste management scenarios) have been defined for t he management of 
wastes. In the first case the waste is determined t o be a non-radioactive 
hazardous waste and is shipped off-site for treatme nt and disposal. If 
the waste is determined to be a mixed waste it can be managed, treated, 
and disposed of at DOE sites as a second case. If n o capacity exists 
within the DOE for the treatment and disposal of mi xed waste, the third 
case allows the waste to be shipped to a licensed o ff-site commercial 
facility for treatment; then the residual is dispos ed of in a licensed 
and/or permitted commercial disposal facility or re turned to DOE for 
treatment/disposal. If the third case is selected t he site securing the 
vendor must obtain an approved DOE Order 5820.2A, R adioactive Waste 
Management (DOE 1988), exemption for use of the fac ility. 
Determining the Radioactive Status of Waste 
In order to select a case to operate under the site  must determine the 
radioactive status of their waste. This characteriz ation can be made 
through process knowledge or survey, sampling, and analysis. Survey 
techniques are widely used for determining surface contamination, 
however, their application for characterizing volum e contamination can be 
impractical, especially for heterogenous wastes. Pr ocess knowledge is 
often the only method available or practical for ch aracterizing volume 
contamination. If process knowledge is selected as the characterization 
method it must be accomplished in accordance with P O requirements. These 
requirements have been established to ensure that t he quality of process 
knowledge is adequate to certify that no radioactiv e waste is present. 
Process Knowledge 
A generator must show knowledge of three critical e lements in order to 
use process knowledge for radioactive waste determi nations under the PO. 
These critical elements are knowledge of waste orig in, use, and potential 
for exposure. 
Critical Elements 
Knowledge of waste origin is defining the radioacti ve nature of the 
materials involved with waste generation. Were the materials used to 



generate the waste radioactively contaminated? Know ledge of use goes one 
step farther to evaluate the waste generating proce ss. If radioactive 
materials are present in an operation, does the pro cess contaminate the 
wastes generated? Finally knowledge of potential fo r exposure involves 
defining the areas where the waste is generated and  stored. Was the waste 
generated or stored in an area where a potential fo r contamination 
existed (i.e., in a RMMA)? 
A REALISTIC METHODOLOGY FOR PROCESS KNOWLEDGE 
Now that we have an understanding of the moratorium  and the PO we will 
present a waste characterization program addressing  PO criteria while 
supporting efficient operations. The program utiliz es the waste 
management and radiological control practices routi nely used at DOE sites 
to provide the process knowledge and documentation necessary to certify 
the radioactive status of waste. 
Knowledge of Origin 
The DOE Radiological Control Manual (RadCon manual)  (DOE 1994a) 
establishes requirements for the identification and  labeling of 
radioactive materials. These requirements are inten ded to maintain 
radiation exposure to workers and the public as-low -as-reasonably-
achievable (ALARA). This control of radiation and r adioactive materials 
forms the basis of the generator's knowledge of ori gin. If no radioactive 
materials were used in a waste generating process a nd the waste was not 
subjected to radiation of an energy capable of caus ing activation, the 
waste is not radioactive. For most routine operatio ns knowledge of origin 
is already established through RadCon manual requir ements for 
identification and labeling of radioactive material s. 
Sometimes wastes are generated from materials whose  origin is uncertain. 
Decommissioned facilities, equipment, and weapon co mponents usually have 
insufficient documentation to certify the waste ori gin as non-
radioactive. If this is the case survey and assay t echniques for surface 
contamination can be used to show impermeable mater ials are non-
radioactive. However, if the waste is a permeable s ubstance or has a 
potential for volume contamination, a sampling and analysis approach 
approved by EM-30 or an approved area office is req uired for 
characterizing the waste. Although the potentially volume contaminated 
material requires additional analysis, survey resul ts showing surfaces 
below release levels can be used to release seconda ry wastes (e.g., 
gloves, laboratory wipes) generated during manageme nt of the material. 
Knowledge of Potential 
Knowledge of Potential can be established simply by  identifying the RMMA 
status of waste generation and storage locations. R emember, a RMMA is 
defined as an area where the potential for radiolog ical contamination 
exists. If a waste can be generated and managed out side of RMMAs it has 
never had the potential for being contaminated and can be declared a non-
radioactive waste. It is therefore, beneficial to r educe the size of 
RMMAs as far as practical. Many DOE sites have esta blished extremely 
conservative RMMA boundaries, some extending around  entire facilities. 
The large size of many RMMA boundaries is often due  to complicated and 
onerous programs developed for establishing and mai ntaining these areas. 
Knowledge of Use 
Information from radiological control and character ization programs and 
the RMMA status of waste management locations can b e used in conjunction 
with procedural evaluations to establish knowledge of use. To properly 
apply knowledge of use, generators must understand the behavior of the 



radionuclides involved in their processes. For exam ple, tritium, a 
radioactive form of hydrogen, is capable of contami nating hydrogenous 
materials, via molecular exchange, without noticeab le physical contact. 
To ensure generator understanding, an approval proc ess for waste 
generators should be established providing instruct ion on the PO 
requirements. Once trained, approved generators, sh ould be able to defend 
their knowledge of use. 
A REALISTIC APPROACH TO RMMA MANAGEMENT 
Establishing RMMAs 
A formal program should be developed for establishi ng RMMAs. The 
radiation control group for a site is usually best prepared to establish 
RMMA boundaries. The process used for establishing RMMAs should be simple 
and support RMMA boundary changes as needed. 
In order to determine whether a RMMA will be necess ary for a given 
location, two questions must be answered. The first  question is, does 
this location have the potential for activating was te? This question can 
be answered in a two step approach by first asking the generator if the 
location generates photons in energy above 7 millie lectron-volts (MeV), 
has a neutron source, or has a particle accelerator  present. If the 
generator responds positively to these questions, t hen the location and 
operations should be reviewed by a health physicist  to evaluate the 
source and potential targets for activation potenti al. The second 
question is, are there any unencapsulated or unconf ined radioactive 
materials present at the location? This question ca n be easily answered 
by a trained generator. If an activation potential exists or there is 
unconfined radioactive materials present, a RMMA is  required. If the area 
was previously a RMMA, but no longer meets the RMMA  criteria, area 
surveys can be used to release the location. If sur veys show that the 
area is free of contamination above DOE Order 5400. 5, Radiation 
Protection of the Public and the Environment (DOE 1 993), release limits 
then it can be determined that no potential exists to contaminate waste. 
By making the RMMA determination criteria easy for generators to 
understand, RMMA boundaries can be established appr opriate for the 
operation. Area surveys in conjunction with documen ted answers to the 
questions presented above are adequate to release a  location from RMMA 
status. This approach is more efficient than comple x management plans 
that require extensive paperwork on the part of the  generator. With 
smaller and more realistic RMMA boundaries the volu me of radioactive 
waste generated can be greatly reduced. 
Posting RMMAs 
The posting used for a RMMA identifies the area as one where the 
potential exists for radiological contamination of waste according to the 
PO definition. The posting should not be interprete d as a warning for 
personnel exposure. As stated earlier, there is no de-minimis quantity 
for radioactivity in waste. The RMMA is established  for levels of 
potential contamination well below the level where personnel risk is an 
issue. Radiologically controlled areas defined by t he RadCon manual are 
established to control exposures to personnel. RMMA s are established to 
minimize the amount of waste managed as radioactive . For this reason 
postings established for RMMAs should contrast visu ally from RadCon 
manual control area postings. 
Operating in RMMAs 
In order to perform work in a RMMA, a generator sho uld be trained on the 
requirements of the PO and waste minimization plann ing. Because the RMMA 



has the potential for contaminating waste, it is im portant to minimize 
the amount of expendable material taken into the ar ea. Anything that has 
entered into a RMMA must be managed as radiological ly contaminated unless 
a justification can be made that the item is clean.  Developing defendable 
justifications takes time and resources therefore, it is more advantages 
to reduce the volume of waste generated in a RMMA. 
Release of Materials/Wastes from RMMAs 
In order to release material from a RMMA as "Not Ra dioactively 
Contaminated" a justification must be documented an d readily retrievable. 
The justification for process knowledge determinati ons must demonstrate 
knowledge of origin, use, and potential for exposur e. 
Release of material from one RMMA to another is not  considered an 
unrestricted release and therefore surveys are not required. Likewise 
when moving a material from a Non-RMMA to a RMMA no  survey is required. 
However, when bringing material into a RMMA previou s determinations that 
the material was not contaminated are placed in dou bt. 
Surveys can be used to release non-permeable items that have no potential 
for volume contamination. If items are moved across  RMMA boundaries 
routinely, survey data can be accumulated and used to release the 
process. For example, a tool is used for the same o peration and is moved 
across the RMMA boundary, if survey data is suffici ent to statistically 
show that the item does not become contaminated in the process, the tool 
can be moved across the boundary without survey. Ve rification surveys 
(i.e.,surveys conducted on a scheduled basis) shoul d be used to validate 
previous process characterizations. Verification su rvey frequency can be 
chronological (e.g., weekly, monthly) or process ba sed (e.g., one survey 
for every 20 processes). 
Waste Disposal 
The moratorium was established to ensure that no mi xed waste is sent to 
an off-site TSD facility unless that facility is sp ecifically licensed to 
manage the radionuclides present in the waste. At D OE sites a few general 
rules of thumb will ensure that this criteria is me t. All wastes 
generated inside of a RMMA should be disposed of in  containers located 
within the RMMA and wastes generated outside of a R MMA should be disposed 
of in containers located outside the RMMA. Waste co ntainers should be 
labeled to identify the RMMA status of the location  and wastes should be 
removed from a location before RMMA boundaries are modified. 
DOCUMENTATION 
Proper documentation of process knowledge is critic al for securing 
certification that wastes are not radioactive. The following forms are 
routinely used at DOE sites and can be modified to meet the criteria of 
the PO. 
Origination Label 
An origination label should be used to identify whe ther the material has 
been in a RMMA. This label identifies the materials  point of origin as 
either a RMMA or a Non-RMMA. The label should be at tached to all items 
coming from RMMAs unless another form of container documentation provides 
this information. For Non-RMMAs the label can be us ed to certify 
materials as not radioactively contaminated. The or igination label can be 
issued by anyone with authority over the waste. 
Radiation Survey Form 
In order to free release a waste it must be shown t o have no radioactive 
contamination on the surface and in volume. The sur face can be defended 
as clean through surveys. These surveys must be rec orded on a form to 



document the determination. Proof that wastes are n ot contaminated in 
volume must also be documented. The generator shoul d record and certify 
process knowledge on the survey form, (e.g., a cont ainer of hazardous 
solvent was not opened in the RMMA). Now the inform ation necessary to 
make the determination that the material is "Not Ra dioactively 
Contaminated" is present in one document. The waste  container number 
should be included on the radiation survey form to facilitate retrieval. 
Free Release Label 
A free release label is a certification that accomp anies waste determined 
to be non-radioactive. The label can be issued when  survey results show 
that surface contamination is below DOE Order 5400. 5 release levels and 
justification is given that the volume is free of c ontamination. The 
label is an essential piece of documentation and sh ould be protected. A 
free release label should only be issued by the gro up responsible for 
offsite certification. An origination label certify ing that the waste was 
generated outside of a RMMA can be used in stead of  a free release label 
to certify that the waste is not radioactive. 
Surface Release Label 
A surface release label is used to identify wastes which meet DOE Order 
5400.5 surface release criteria, but have the poten tial for volume 
contamination. The surface release label allows a w aste to be moved 
onsite for controlled release. The surface release label cannot be used 
to release a material offsite or for intrusive proc essing. Only the 
radiation control group should issue surface releas e labels. 
Radioactive Material Label 
The radioactive material label is used to identify equipment, components, 
and items that are radioactive, potentially radioac tive or have been 
exposed to radioactive contamination or activation sources. They are also 
required for sealed and unsealed radioactive source s or associated 
storage containers. The radioactive material label must meet the RADCON 
labeling requirements to ensure that items are not accidentally released 
or processed as non-radioactive. The radioactive ma terial label should be 
issued by anyone with authority over the item. 
Container Inventory Form 
Many DOE sites use a container inventory form to do cument the contents of 
a waste package. The inventory, in addition to prov iding adequate 
information on the make up of the waste, should ide ntify the RMMA status 
of the waste generation location. In fact the RMMA status for the 
location of the container should be completed befor e any waste is placed 
in the container. The RMMA status on the inventory ensures that 
radiological characterizations are adequately docum ented for each waste 
container. 
Waste Disposal Form 
Many DOE sites also use waste disposal forms to pro vide communication 
between waste generators and waste management perso nnel. The waste 
disposal form usually identifies the labeling requi rements for the waste 
package and provides a place for the generator to c ertify that the waste 
placed in the drum was approved for that container.  This form like the 
inventory sheet should identify the RMMA status of the generation 
location. A disposal form is usually completed for each waste container 
shipped offsite for disposal. Many times wastes are  compiled into one 
drum from several other containers. That is why it is necessary to 
identify the RMMA status on the container inventory  sheet. From the 



container inventory sheets, personnel responsible f or drum disposal can 
accurately determine the RMMA status of the disposa l drum. 
Waste Shipment Checklist 
A waste shipment checklist should be used to identi fy the containers sent 
under a given manifest, ensure that certification c riteria are met, and 
verify that certification documentation has been co mpiled. The checklist 
provides a vital link between the information sent with a waste shipment 
and the supporting documentation maintained at the site. If the checklist 
is constructed properly, certification documentatio n can be maintained by 
different groups at different locations within a si te and still be easily 
retrieved. The checklist should confirm that all no n-radioactive waste 
packages have documentation showing the waste was g enerated outside of a 
RMMA or justifying the non-radioactive determinatio n based on knowledge 
of waste origin, use, and potential for exposure. I f the waste is 
radioactive the checklist should reference the radi ological 
characterization data showing the waste is within o ffsite TSD facility 
license restrictions. 
Traceability of Rationales 
The PO requires traceability of each waste containe r certification to the 
documented rationale for the decision that no radio active waste is 
present. Traceability can be accomplished through t he compilation of a 
shipment file. The shipment file should include all  paperwork specific 
for a waste shipment, such as a copy of the manifes t, waste shipment 
checklist, waste disposal forms, waste container in ventories, origination 
labels, and free release labels. The waste shipment  checklist provides a 
listing of all containers shipped under a specific manifest. For each 
container, a file of all container inventories, dis posal forms, and 
labels should be compiled. The container inventorie s will identify the 
RMMA status of the location where the waste was gen erated. All free 
release labels associated with the container provid e certification of "No 
Radioactive Contamination" and radiation survey for ms provide the 
rationale used to free release containers generated  in RMMAs. 
In a scenario where a single drum is in question, s uch as a drum found 
off-site, or a TSD facility radiation alarm is set off, certification 
personnel can retrieve survey data, process knowled ge rationales, and 
certifications generated throughout the waste manag ement process 
defending the radiological characterization. 
CONCLUSION 
The basic methodologies presented here, when proper ly implemented, can 
greatly reduce the volume of suspect radioactive wa ste generated and can 
provide a mechanism for better controlling the radi ological status of 
materials. The approach utilizes standard conventio ns used throughout the 
DOE to provide the documentation necessary to defen d radiological 
characterizations. This approach cannot be used for  all wastes and some 
survey sampling and analysis will be required for n on-routine waste, 
however, the majority of process waste can be effec tively managed under 
this methodology. 
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ABSTRACT 
The Nevada Test Site (NTS) is a major waste disposa l site for low-level 
radioactive waste generated by DOE installations. A pproximately 22,300 
cubic meters (796,625 ft3) per year of LLW have bee n disposed at the NTS 
in the last four years, placing it among the waste volume leaders for 
radioactive waste disposed in the United States. Th e waste disposal costs 
at the NTS are significantly lower than the other D OE and commercial 
disposal sites around the United States. 
A waste generator fee for disposal of LLW at the NT S has been used since 
1978. However, the generator fee does not provide a  full cost recovery 
for all functions of LLW disposal at the NTS. Addit ional funding is 
obtained from DOE/Headquarters (HQs). This paper ad dresses the costs 
associated with LLW disposal at the NTS and the fac tors that keep the 
costs minimal. Some of the factors that will be dis cussed are operations 
efficiency and productivity savings. The factors do  not hinder the state 
regulator views or the safe operation of the dispos al site. The DOE/NV 
costs to dispose of waste at the NTS include all ac tivities (i.e., 
performance assessment, site monitoring, site chara cterization, waste 
acceptance program, etc.) associated with complying  with DOE Order 
5820.2A, "Radioactive Waste Management," in additio n to the actual waste 
disposal operations. 
INTRODUCTION 
The DOE/NV has two LLW disposal sites at the NTS: t he Area 5 Radioactive 
Waste Management Site (RWMS) and the Area 3 RWMS. T he Area 5 RWMS is 
located approximately 22 km (13 mi) north of the NT S entrance to Mercury 
in Frenchman Flat, an enclosed geological basin. Th e Area 5 RWMS consists 
of 296 hectares (732 acres), 37 hectares (92 acres)  of which are being 
utilized for disposal of LLW. At the current rate o f land utilization and 
a disposal rate of 11,552 cubic meters (407,901 ft3 ) of LLW per year, the 
facility can be expected to provide disposal capaci ty for 10,884,440 
cubic meters (388,733,000 ft3) and will have a life  expectancy of more 
than 900 years. Pits and trenches are used for shal low land burial at the 
Area 5 RWMS. 
Fig. 1 
The Area 3 RWMS occupies an area of approximately 5 0 hectares (125 acres) 
and is approximately 38 km (23 mi) north of Mercury  and 17 km (10 mi) 
north of the Area 5 RWMS. Adjacent subsidence creat ed from underground 
nuclear weapons tests conducted at depths well abov e the groundwater 
table are used as waste disposal cells for shallow land burial. The 
active disposal cell, U3ah/at, has an available vol ume capacity of 



approximately 169,901 cubic meters(6,000,000 ft3). The remaining disposal 
capacity for the Area 3 RWMS, which includes three additional subsidence 
craters, is 1,745,767 cubic meters (62,348,832 ft3) . The average disposal 
volume for the Area 3 RWMS is 11,694 cubic meters ( 412,906 ft3) and a 
life expectancy of 151 years.  
Fig. 2  
Fig. 3 
SITE CHARACTERIZATION 
The RWMSs are located in closed basins which receiv e the lowest 
precipitation of any LLW disposal site in the count ry. The disposal sites 
have the thickest unsaturated zones (deepest water tables) of all sites 
and are located in the most remote sites with respe ct to nearby 
population. The water table at the Area 5 RWMS is a pproximately 240 m 
(770 ft) below the surface. The Area 3 RWMS is loca ted on an alluvial 
plain, and the water table is approximately 500 m ( 1600 ft) below the 
land surface. 
COST ANALYSIS 
Costs Associated With LLW Disposal 
In order to determine the incurred and estimated co sts for disposal, 
costs were categorized. The categories consist of: Programmatic costs 
(DOE regulatory activities, permits, other outside agencies, and required 
monitoring); Operational costs (direct activities o f putting waste in the 
ground such as pit design and construction, mainten ance of facilities, 
and security); and Program Support costs (program m anagement, 
infrastructure). 
Programmatic Costs 
Costs to dispose of LLW at the NTS include all acti vities associated with 
DOE Order 5820.2A, "Radioactive Waste Management," which "establishes 
polices, guidelines, and minimum requirements by wh ich DOE manages its 
radioactive and mixed waste contaminated facilities ." Waste management 
activities associated with this order include the f ollowing:  
   Provide characterization and engineering data fo r the systematic 
analysis of the potential risks posed by the waste management site to the 
public and the environment (i.e., Performance Asses sments); 
  Establish waste acceptance criteria and audit any  waste generating 
organization that ships waste to the NTS; 
  Assure that quality assurance activities are esta blished and 
implemented for all waste management activities; an d 
   Establish and maintain an integrated database pr ogram for all types of 
waste under DOE/NV purview. 
Other activities which are part of programmatic cos ts include the LLW 
portion of the DOE/NV Site-Wide Environmental Impac t Statement and site 
monitoring. State regulator involvement in LLW disp osal is very 
proactive. The Nevada Division of Environmental Pro tection (NDEP) is 
actively involved in assuring that no mixed waste e nters the state for 
disposal. The NDEP is confident that the LLW dispos ed at the NTS is free 
of hazardous constituents due to the strict and rig orous DOE/NV 
Radioactive Waste Acceptance Program. 
Operational Costs  
Activities related to the actual cost of burying wa ste consist of the 
following: 
   Engineering, design, and construction of new pit s and trenches in the 
Area 5 RWMS and modifications to the subsidence cra ters in the Area 3 
RWMS; 



   Waste handling capabilities for the Area 3 and A rea 5 RWMS; 
   Health physics support for the facilities; 
   Purchasing equipment and supplies for RWMS opera tions; 
   Maintenance of existing facilities and roads; 
   Engineering, design, and construction of support  facilities; and 
   Provision for specific user fees which include f eeding, housing, 
janitorial, fire protection, and electrical power. 
Program Support Costs 
Activities which provide support for the actual bur ial of the waste 
include the following: 
  Overseeing budget responsibilities for disposing of waste and 
establishing a fee to recover the costs of disposal ; 
  Generating budget requirements and reports for DO E/HQs; and 
  Preparing updates of waste management plans and p rocedures. 
Generator Fees 
A waste generator fee was established in order to r ecover incremental 
costs (disposal-dependent) associated with waste di sposal at the NTS. The 
waste generators are required to provide to DOE/NV a "Three-Year Waste 
Shipment Forecast"; this forecast is updated on a q uarterly basis. The 
generator issues a purchase order to the disposal c ontractor based on an 
estimate of the amount of waste expected to be ship ped. In previous 
years, the generator fee only paid for the direct d isposal of the LLW. In 
Fiscal Year 1995, DOE/NV received permission from D OE/HQs to add to the 
fee structure, a broader range of activities associ ated with complying 
with DOE Order 5820.2A. 
COST COMPARISON 
Attempts have been made in the past (Salomon, 1993)  to compare the costs 
of LLW disposal facilities. This is not an easy tas k since all disposal 
facilities are designed differently, serve differen t functions, and are 
located in different geologic environments. Salomon  attempted to compare 
proposed facilities located in two distinctively di fferent environments: 
one facility was proposed as a earth mounded above grade vault in a humid 
site with a projected high volume capacity; the oth er facility was a 
below grade concrete canister technology in an arid  site with much lower 
volume capacity. Life cycle costs varied by a facto r of three, and unit 
costs were nearly 20 percent different. He found si milar results for 
foreign LLW facilities. His conclusions were that s ignificant differences 
in costs exist because of the variable environments  in which the sites 
are located and the different designs which were pl anned.  
Comparison With DOE Disposal Facilities 
Similar differences exist when comparing costs of t he NTS sites to other 
DOE and commercial facilities. A cost comparison st udy was initiated by 
DOE/HQ in FY 1995; this study compared LLW disposal  costs at major DOE 
disposal facilities. The comparison study consisted  of collecting FY 1994 
and projected FY 1995 standard operational costs at  six DOE disposal 
sites. The standard costs compared were: putting wa ste in the ground, 
routine maintenance, required monitoring, regulator y permits and other 
outside regulatory activities, DOE regulatory activ ities, Field Office 
program control and oversight, waste acceptance cri teria activities, and 
overhead "taxes." The standard costs were compared to annual LLW disposal 
volumes and disposal fees. Out of the six disposal sites, the NTS ranked 
the highest in volume disposed by 313 percent and h ad the lowest cost per 
volume by 74 percent.  



Table I shows total costs for LLW disposal operatio ns at the major DOE 
disposal facilities.  
Table I 
One of the main differences noted in the study was the use of different 
disposal systems at the DOE sites. Savannah River d isposes of LLW in an 
aboveground concrete vault, and Oakridge disposes o f LLW in a tumulus. 
These engineered structures are more expensive than  excavating a pit in 
the alluvium of the NTS or emplacing waste in a sub sidence crater 
developed from an underground nuclear test. Idaho N ational Engineering 
Laboratory, Los Alamos National Laboratory, and the  Hanford-Richland 
sites utilize unlined shallow land disposal for LLW . The primary 
difference in unit costs compared with the sites th at use shallow land 
burial is the volume of waste disposed. The total c ost per cubic meter 
decreases as the volume increases. 
Comparison With Commercial Disposal Facilities 
The cost of NTS disposal facilities compare well wi th the Barnwell 
facility, a commercial site located in South Caroli na, which annually 
disposes approximately the same volume as the NTS. The comparison 
confirms that larger waste volumes result in a decr easing cost per unit 
volume since costs for labor can be spread over the se larger volumes. The 
comparison becomes difficult when the cost per cubi c meter is compared to 
the NTS because Barnwell costs depend on surcharges  made on certain 
shipments of LLW. 
OTHER FACTORS 
Some of the other factors that keep the NTS costs f avorable are 
controlling the manpower base and performing non-ro utine tasks with 
subcontractors. History has proven that as many as 38 shipments 
(truckloads) of waste can be inspected and off-load ed in one day. An 
analysis performed at the NTS indicated that an add itional 50 percent of 
LLW can be disposed before it would be necessary to  increase the labor 
force at the RWMS facilities.  
CONCLUSION  
The LLW disposal costs at the NTS are significantly  lower when compared 
with other DOE sites and commercial facilities. The  largest cost 
inhibitors are the geologic location of the NTS RWM S facilities, the type 
of LLW disposal utilized at the NTS, and the annual  volume disposed. 
Another cost inhibitor is controlling the manpower base for LLW disposal 
operations. 
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ABSTRACT 
In the drum stores of different NPPs, several drums  turned out to be 
bulged at their top and bottom regions due to the o ccurrence of drum-
internal gas formation. Investigations have shown t hat, within a storage 
period of several years, the internal drum pressure  can rise up to a 
value of 4 bar. Apart from nitrogen, mainly hydroge n is contained in the 
gas. The drums principally affected by these occurr ences contain low 
level radioactive waste (LAW) in a super-compacted form (1). 
The repository specifications in Germany stipulate that suitable waste 
conditioning measures be taken in order to prevent the waste in an 
effective way from producing gas (2). 
In the following, the causes of gas formation in su per-compacted mixed 
waste packages are going to be dealt with. It will clearly be shown that 
further gas formation can safely be avoided by dryi ng such waste. 
Following an introduction on the drying process, th e experience gained in 
the drying campaign presently being carried out at the Nuclear Power 
Plant of Brunsbttel (KKB) will be presented. 
INTRODUCTION 
Low level radioactive mixed waste from nuclear powe r plants contains a 
wide variety of substances, such things as cleaning  rags, safety gloves, 
plastic sheets, insulating material, rubble. The wa ste often is 
interspersed with cleaners (water, cleaning alcohol , chlorinated 
hydrocarbons, etc.). Due to this, a small portion o f residual moisture is 
contained in it.  
In order to achieve a waste package suitably condit ioned for the 
repository, this type of waste usually is super-com pacted. As the initial 
waste volume can be reduced up to a ratio of 10 to 1 by that, a 
considerable reduction of the transport and storage  costs is obtained at 
the same time. The waste, partly preclassified in a dvance, is filled into 
steel cartridges, is capped, and subsequently super -compacted. The 
pellets resulting from this process are then introd uced in overpacks 
(drums of 200 liters or containers) and sealed for transport and storage 
or repository purposes. 
While storing the waste packages that had previousl y been conditioned 
this way, gas formation often occurs in the enclose d waste. The affected 
waste drums show then clearly recognizable bulges a t their lids and 
bottoms. Table I provides information on the drum-i nternal pressure 
values and the principal elements which the drum at mosphere consists of. 
Table I 
It is obvious that the oxygen content of the air en closed in the drums is 
being consumed while, at the same time, a large amo unt of hydrogen is 
developing. 
Inspecting the waste composition inside the drums, it was revealed that 
the containing matter was damp and there was a pene trating smell of 
organic solvents. 
SOLUTION OF THE PROBLEM 



It is the aim to avoid gas formation in the drums a nd containers filled 
with super-compacted waste. For this purpose, furth er investigations have 
been carried out which, as a first step, were inten ded to work out the 
causes of the gas formation phenomenon and, as a se cond step, were aimed 
at finding out proper measures to prevent gas forma tion. The following 
results have been achieved: 
  After the drums filled with damp mixed waste had been sealed, first a 
pressure decrease took place in the drums due to ox ygen consumption 
(oxidative corrosion of metal). Subsequently, a pre ssure increase could 
be observed which was due to the formation of hydro gen gas. 
  Hydrogen gas formation occurs when metals exist i n an environment that 
contains residual moisture. A considerable gas form ation rate results 
when different metals exist, e.g. iron and aluminum , together with small 
amounts of water and chlorinated hydrocarbons. The mere presence of 
residual moisture vapors provokes a perceptible for mation of gas. The 
cause of hydrogen formation is the occurrence of el ectrochemical metal 
corrosion. The chlorinated hydrocarbons have an acc elerating effect on 
this process. 
Oxidative as well as electrochemical corrosion can to a great extent be 
prevented by drying the waste (i.e. separating the electrolyte). This 
statement was proved to be correct by the results o f the above mentioned 
tests. 
  Hydrogen gas formation in the drums is to a satis factory extent 
prevented by drying the waste appropriately. 
Based on this provable fact, inter alia, the super- compacted waste stored 
on the grounds of the Nuclear Power Plant of Brunsb ttel (KKB) has been 
subjected to drying procedures since January 1995, which in the following 
will be reported about. 
OPERATING EXPERIENCE 
In the interim storage building of the Nuclear Powe r Plant of Brunsbttel 
(KKB), a number of drums of 200 liters loaded with super-compacted waste 
of 10 to 15 years of age are kept in storage for be ing subjected to a 
drying procedure. This is due to the fact that some  drums are showing 
bulges caused by internal pressure increase. 
The drying procedure is being carried out in batch quantities in a multi-
drum dryer. In 1995, thirty waste batches of 30 dru ms each (a total of 
900 drums) have been dried in accordance with the d rying procedure 
described in the following, so that the repository requirements are 
satisfied. The principals of this procedure are sho wn in Fig. 1. A 
summary of plant data as well as some information c oncerning consumption 
of energy and service media are given in Table II. 
After the lids have been lifted, the drums are brou ght to the drying 
chamber. The dryer loading device as presented in F ig. 2 has shown good 
results in operation. Loading is effected row by ro w (2x3 drums per row 
stacked in two tiers). Spacers are placed between t he stacked drums. The 
drying chamber can this way be loaded to a total of  30 drums (Fig. 3). 
Table II 
Fig. 1 
Fig. 2 
Fig. 3 
Once closed the loaded drying chamber, the drying p rocedure is started. 
The recirculation fans force the air enclosed in th e drying chamber to 
undergo a powerful recirculation. Upon starting up the thermal oil 
system, the air is heated up to a temperature betwe en 100 and 130C. 



With the evaporation of moisture-causing substances , the drying process 
already starts during the heating-up phase. Heat tr ansfer to the waste is 
mainly effected through convection (direct contact with the carrier gas) 
and thermal conduction via the drum's shell which i s exposed to the flow 
of heated air. As a result of this, quite short dry ing periods of 8 to 12 
days per batch are achieved. For transferring the e vaporated waste 
components out of the drying process, a part flow o f the recirculating 
air is continuously extracted from the drying chamb er and lead via a 
vapor condenser. This causes the temperature of the  previously evaporated 
waste elements to fall below the dew point. The res ulting condensate, 
after having been subjected to a volumetrical measu rement, is lead via a 
drip collector to a condensate collecting tank. Fro m there it is turned 
over to the NPP. The dried air is then fed back int o the drying chamber. 
The drying process is controlled by a continuously operating, fully 
automated monitoring system. For process documentat ion purposes, all the 
operating parameters with process relevance are doc umented by means of a 
multi-channel recorder.  
As far as safety aspects are concerned, the concent ration levels of 
inflammable organic substances as well as of carbon  monoxide (CO) in the 
recirculating air are measured and monitored. It is  thus ensured that the 
drying process is run with a high safety standard. 
  If the limiting value for inflammable organic sub stances is exceeded, 
the plant changes its mode into cooling operation. The electrical heat 
supply to the thermal oil system is then immediatel y cut off, while the 
cooling process for the recirculating air remains a ctive. 
  Monitoring the CO concentration level is importan t with respect to 
detecting a fire caused by spontaneous combustion. If a steady increase 
in CO concentration is registered, first the inlet temperature of the 
thermal oil heating circuit will gradually be reduc ed. If this trend 
continues to exist, the plant changes its mode into  cooling operation. In 
case that a further increase in CO concentration oc curs, an inert 
atmosphere will be provided for by injecting CO2 as  an additional 
measure. 
In Fig. 4, a typical drying history is presented. S hortly after the 
heating-up phase, an increase in CO concentration t akes place in the 
loaded drying chamber due to the presence of organi c mixed waste. As a 
consequence, the temperature of the thermal oil is reduced. Evaporation 
of water starts with a certain delay relative to th e formation of CO. 
This can be recognized through the time history of condensate formation. 
The evaporation of water causes the waste surface t o become inert 
(decrease in oxygen concentration). This leads simu ltaneously to a 
decrease in CO concentration. The thermal oil tempe rature is once again 
being increased during this drying phase. This acce lerates the drying 
effect. The drying procedure is finally indicated t o be concluded when 
the cutoff criterion has been reached (under 0.5 li ters of condensate 
formation within four hours). This can provoke the formation of some CO 
at the same time (reduced inert effect). The evapor ation rate can be 
determined from the time course of condensate forma tion, which in the 
main drying phase amounts to a value between 1 and 2 liters per hour. The 
drying procedure is concluded when less than 0.5 li ters of condensate 
arise within a period of four hours. 
Fig. 4 
SUMMARY 



In the past, gas formation phenomena have been obse rved in connection 
with the intermediate storage of super-compacted, l ow-level radioactive 
waste packed in gas-tight drums. This is due to cor rosion processes which 
are triggered by the complexity of the waste compos ition associated with 
the presence of residual moisture. 
Investigations revealed that this gas formation can  be prevented by 
eliminating the residual moisture in a drying proce dure. Based on this 
discovery, the super-compacted mixed waste stored I n the interim storage 
building of the Nuclear Power Plant of Brunsbttel ( KKB) is being dried in 
accordance with the repository requirements, employ ing a compartment 
drier which is operated with recirculating air. 
In 1995, a total of thirty batches, each batch cons isting of 30 drums 
(=900 drums), was conditioned this way in accordanc e with the repository 
requirements. Drying periods between 8 and 12 days were reached. The 
average condensate volume per drum ranges between 4  and 10 liters. When 
the drying chamber has been loaded, the drying proc ess is being 
controlled by a fully automated system and permanen tly monitored with 
respect to plant safety. The batch record, which is  drawn up by means of 
a multi-channel recorder in the on-line mode, conta ins the operating 
parameters with process relevance. 
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ABSTRACT 
A waste repository for the disposal of low-level ra dioactive waste is 
planned at the Chalk River Nuclear Laboratories, Ch alk River, Ontario, 
Canada. It relies greatly on the durability of conc rete for the required 
500 years of service life. A research program based  on laboratory testing 
to design a durable concrete and assess its long-te rm behavior was 
initiated in 1988, and is still in progress. This p aper discusses the 
methodology to assess the long-term behavior of con crete, and some 
initial observations. Longevity predictions for con crete formulations 
based on diffusion testing are also presented.  
INTRODUCTION 
The disposal concept of the low-level radioactive w aste repository, 
planned at Chalk River, relies on the durability of  concrete to isolate 
the waste from the human environment for a minimum of 500 years. The 
durability of concrete and the corrosion of reinfor cements have been 
studied for some time. Most of the principal factor s that reduce the 
long-term integrity of reinforced concrete elements  are well understood 
(1). Unfortunately, few studies can help predict th e longevity of 
reinforced concrete structures over hundreds of yea rs. Very little 
information in the literature is helpful in relatin g in a quantitative 
way the rate of degradation of concretes subjected to the principal 



characteristics of the environment. For these reaso ns, a research program 
on concrete durability was initiated by AECL Resear ch in 1987 as part of 
the licensing support for the repository. The objec tive of the research 
program was to assess the durability of a wide vari ety of concrete types 
and qualities subjected to different environmental exposure conditions 
and to develop a high-performance concrete for the waste repository. The 
program is jointly conducted by AECL Research and t he Institute for 
Research in Construction of the National Research C ouncil (NRC), Ottawa. 
METHODOLOGY 
Traditionally, concrete durability has been assesse d by measuring either 
the strength or length change of specimens subjecte d to a corrosive 
agent. Usually, the corrosive agent is applied at t he external boundary 
of the specimen, but sometimes it may be included w ithin the mix as an 
internal agent. Results from these types of tests a re not applicable to 
lifetime predictions and are not sensitive to the d esign geometry of 
structural members. Tests for sulphate resistance f or cements,for 
example, which involve measuring the expansion of s pecimens in which 
sulphates have been integrally included, yield info rmation on whether the 
cement is suitable for use. These tests give no inf ormation on the rate 
of deterioration. The same criticism can be made of  tests of standard 
laboratory-size specimens exposed externally to a c orrosive agent, where 
failure is indicated by a given loss of strength or  a given expansion. 
The measure of durability in these cases would be s trictly relative and 
insensitive to geometry (2). 
The service life of concrete is dependent on a slow  rate of deterioration 
and is influenced by the quality of concrete and th e service environment. 
Factors such as cement type, cement content and wat er-to-cement ratio can 
affect the diffusion rate of ionic species into con cretes. In addition, 
service life will depend on the size of specimens a nd failure criteria 
adopted. After examining the major failure mechanis ms for the repository 
concrete, corrosion of reinforcement was selected a s the mechanism for 
the failure of the waste repository structure. Chlo ride ions in the 
presence of oxygen can initiate corrosion of reinfo rcement and failure of 
the reinforced concrete components (3). The failure  criteria chosen for 
the concrete was the time taken for the aggressive ions to reach the 
reinforcing steel by diffusion through the concrete  cover (75mm thick). 
Based on these criteria, the rates of deterioration  and hence an 
assessment of the longevity of concrete can be made  (4 to 7). 
The rate of penetration of aggressive ions into the  concrete was 
evaluated by determining the reaction zone front wi th time of exposure in 
the solution baths. Prediction of long-term concret e behavior involves 
the extrapolation of current data, based on the ass umption that long-term 
processes (not currently identified) will not inval idate the 
extrapolation. The durability prediction chosen for  the study was based 
on the time-dependent depth of penetration of chlor ide and sulphate ions 
into the test concretes. Concretes were selected so  that the effect of 
cement blends containing silica fume or blast furna ce slag on the 
diffusion rate of chloride or sulphates in concrete  could be investigated 
and compared with the diffusion in Type 10 cement c oncrete. 
During a post-closure period of hundreds of years, the repository 
structure will be subjected to various aggressive e lements in the 
environment. For example, the environment inside th e repository will be 
influenced by the chemicals leaching out of the was te, or generated by 
the waste, whereas the external environment will be  influenced by the 



changes in the anion and cation content of the prec ipitation, due to the 
changes in acid rain and the addition of road salt.  On the basis of an 
analysis of the repository service environment, the  following major 
degradation parameters were selected for laboratory  testing of concrete 
specimens: 
  sulphate ions,  
  chloride ions,  
  leaching of calcium hydroxide by water, 
  carbon dioxide reactions, and 
  several agents in combination. 
EXPERIMENTAL 
1. Binders: Portland cement Type 10 and 50, silica fume and blast furnace 
slag were used for the three concrete systems descr ibed in this paper. 
The nomenclature and composition of cement systems are listed in Table I. 
2. Aggregates: An unblended sand consisting mainly of quartz and feldspar 
was used. The following tests were carried out: an accelerated mortar bar 
test for alkali aggregate reactivity where samples are placed in 1M NaOH 
solution at 80 C, a magnesium sulphate soundness te st, freeze-thaw 
cycling and petrographic evaluation. All testing in dicated that the sand 
was satisfactory. 
     A limestone coarse aggregate of somewhat varia ble composition was 
used. Tests conducted were similar to those for the  fine aggregate and 
the results were satisfactory. 
3. Concrete: Three concrete systems (S1, S2, S5) we re each prepared at 
Four different water-cement ratios: 0.35, 0.42, 0.5  and 0.60, denoted as 
mix 1, 2, 3 and 4 (M1, M2, M3, M4). 
The cement contents for S1, S2 and S5 are as follow s: S1 (M (1-4)): 485, 
370, 335 and 280kg/m3. S2 (M (1-4)): 383, 338, 338 and 275kg/m3; S5(M(1-
4)): 437, 359, 325, and 259kg/m3. A target slump of  125-150 mm was 
maintained for all mixes. 
Table I 
Concrete Specimens 
Two concrete prisms, 75 x 75 x 280 mm, were cast fo r each mix and each 
exposure condition. S1, S2 and S5 were moist cured for 7, 14 and 28 days, 
respectively. Prior to immersion in the test soluti ons, the prisms were 
coated with wax on all sides but one, to allow a un idirectional ingress 
of chloride or sulphate ions. 
Solution Baths: 
Of the 25 baths used in this study, the worst-case scenario for the 
repository concrete was simulated in the laboratory  in baths containing 
the following aggressive ions and ionic combination s: 
NaCl (g/L):   5 
Na2SO4 (g/L):   22 
CO2:    1 Atmospheric  
Temperature:   22oC and 45oC 
Methods 
1. Sample preparation: Specimens for Energy Dispers ive X-ray Analysis 
(EDXA) were prepared according to the following pro cedure. A 12.5 mm 
slice was cut from the concrete prism taken from th e test solution. This 
slice was further cut about 25mm from the exposed s urface and then 
immediately surface dried.  
2. Depth-of-Penetration, Profiles determination - C 1- and SO4: 
a. A Cambridge Stereoscan S-250 was used for the ex amination and a Tracor 
Northern TN 5500 Energy Dispersive X-ray Analyser w as used for the 



quantitative analysis. Calibrations were performed with an obsidian 
standard containing 0.36% Cl. EDXA analysis on seve ral pieces gave 0.38%, 
a difference of 5.5%. Analyses were performed in 0. 5mm steps, and three 
profiles for each concrete sample were determined. A value of 0.3% Cl was 
used to determine the position of the reaction fron t. 
b. Profiles were also determined by slicing concret e specimens 
approximately 1-3 mm thick and in 1.5 x 1.5 cm cros s section. Kerosene 
was used as the lubricant. The concrete was powdere d, the anion was 
extracted by nitric acid and quantitative evaluatio n was made by 
titration. 
3. Characterization of concrete: 
a. Pore-size distribution: Pore-size data were obta ined on mortars 
extracted from the concretes. An Autoscan 33 Quanta chrome mercury 
intrusion porosimeter was used at pressures up to 2 27 MPa. 
b. Non-evaporable water and Ca(OH)2 content: These determinations were 
made using the mortar phase. Non-evaporable water w as taken as the weight 
loss on heating between 100-55C, assuming the weigh t loss between 550-
1000C to be negligible. Calcium hydroxide content w as determined by 
estimating the weight loss associated with its deco mposition at around 
450C. 
4. Diffusivity measurements: The two-compartment di ffusion cell used for 
these measurements is similar to that used in other  research works (11, 
12, 13). The data was recorded over 200 days in ord er to determine the 
effective diffusivity of chloride ions at 21C. Stea dy-state conditions 
were achieved after that time. 
RESULTS AND OBSERVATIONS 
Durability Aspects 
Diffusivity: 
Even though properties such as compressive strength , Young's modulus of 
elasticity and the porosity of hardened cement past e, mortar and concrete 
are indirectly related to durability, the transport  properties of 
diffusivity and permeability are probably the most important factors 
relating to durability (8).  
Table II lists the values obtained for the diffusiv ity of the mortars of 
Systems 1, 2 and 5. Data to calculate diffusivity ( D) were obtained using 
diffusion cell techniques after exposure to NaCl so lution for 75 to 175 
days. Generally, diffusivity increases with an incr ease in total porosity 
and with cement systems S5<S2<S1. Thus the cement s ystems rank similarly 
for the properties such as median pore diameter, re sistivity and 
diffusivity. This is similar to the ranking for Ca( OH)2 content; the 
higher the Ca(OH)2 content, the lower the resistivi ty. System 5 concrete 
has the lowest diffusivity coefficient, as it has t he lowest total 
porosity percentage.  
Table II 
These measurements indicate that median pore diamet er and Ca(OH)2 content 
are ranked in the same order for the three cement s ystems, and that they 
are similar to the electrical conductivity and diff usivity. The data 
obtained from the SEM indicate that concrete System  5 ranks the lowest 
with respect to permeability, and provides maximum resistance to chloride 
attack. On the basis of the physical test results a nd the diffusion test 
data, System 5 mix 2 was selected as the candidate high-performance 
concrete for the repository construction. 
Ionic ingress: 



Results of the influence of concrete quality on ion ic ingress are shown 
in Fig. 1. Depth of chloride ion penetration is plo tted as a function of 
the square root of time of exposure. The figure sho ws that supplementary 
materials provide enhanced performance with respect  to ionic ingress. The 
reference OPC concrete, System 1, has the least res istance to chloride 
ingress. System 2 with Type 50 cement and 10% silic a fume provides better 
resistance. This is expected, since the addition of  silica fume makes the 
concrete less permeable for ionic ingress, due to t he pozzolanic reaction 
between Ca(OH)2 and the silica fume. System 5 concr ete, with 75% slag and 
3% silica fume replacing Type 50 cement, provides t he most resistance to 
the chemical ingress. This illustrates the superior  quality of the 
blended cement with regard to permeability, and hen ce resistance to 
deterioration (6, 7). This trend is also true for a ll water-to-cement 
ratios from M1 to M4 (from 0.35 to 0.6), and for al l salt concentrations 
from 0.99 to 49.95 g/L of NaCl. 
Fig. 1 
Figure 2 shows the depth-of-penetration of chloride s into System 1, 2 and 
5 concretes with different water-to-cement ratios. Water-to-cement ratios 
of 0.35 and 0.42 are clearly superior ratios of 0.5  and 0.6, in terms of 
resistance to the penetration of chloride ions. 
Fig. 2 
Figure 3 shows the synergistic effects due to chlor ide, sulphates and CO2 
bubbling through the solution, for an exposure peri od of 34 months. The 
chloride ions penetrate the concrete more when it a cts alone than when 
combined with sulphate or sulphate and CO2. This ph enomena can be due to 
the precipitation of solid reaction products such a s calcium sulphates 
and sulpho-aluminates into the pores, making the co ncrete denser, and 
thereby less permeable to the chloride ions. 
Fig. 3 
Service life predictions: 
The service life of reinforced concrete structures exposed to sufficient 
chloride ions to initiate the corrosion of embedded  reinforcement is 
largely controlled by the rate at which the chlorid e ions penetrate the 
concrete. Figure 4 shows the depth-of-penetration o f chloride ions into 
Systems 1, 2 and 5 concrete specimens as a function  of square root of 
time of exposure in Bath 13. Even with the scatter in the data, the 
System 5 concrete shows a remarkably lower rate of chloride ion 
penetration. Regression lines are also drawn for th e concrete systems. 
Table III lists the time in years required for the chloride ions to 
penetrate a depth of 75mm into the concrete Systems  1, 2 and 5, based on 
the assumption of constant diffusivity during that period of time. The 
correlation coefficient of 0.8 or above in the Tabl e provides higher 
confidence in the analysis results. Unlike the labo ratory test specimens, 
the repository concrete will undergo microcracking or cracking due to 
imposed mechanical loads and other effects. The inf luence of cracks in 
concrete on the rate of ionic ingress has to be tak en into consideration 
for the final assessment (3).  
Fig. 4 
Table III 
DISCUSSION 
The median pore diameter and Ca(OH)2 content are ra nked in the same order 
for the three cement systems, and are similar to th e electrical 
conductivity (inverse of resistivity) and diffusivi ty. Generally, the 
diffusivity increases with cement systems S5<S2<S1.  Comparison of these 



diffusivity coefficients with those obtained by pre vious workers (13, 14, 
15) can only be general, because the cements and cu ring times are not 
exactly the same and the values of the previous wor kers are for pastes. 
Values for Type 10 cement at water/cement ratios of  0.4, 0.5, and 0.6 
were found to be 260, 447, and 1235x10-10cm2s-1, re spectively, for 
diffusivity (D), compared to 247, 418, and 581x10-1 0 cm2s-1, 
respectively, obtained in this work. Curing times w ere longer for the 
latter set. These results confirm that hydrated ble nded cement bodies 
have significantly lower diffusivities than normal hydrated Portland 
cement bodies, and that the lowest diffusivities we re obtained with the 
75% blast furnace slag, 3% silica fume blend. 
Ionic profiles and depth-of-penetration measurement s (determined by EDXA) 
in concrete show that reasonably accurate results c an be obtained and 
predictions of ionic ingress made. There is some sc atter in the 
experimental results, because of the difficulty of locating the reaction 
front in concrete test specimens, due to the tortuo us path of ionic 
ingress through dense concrete. In addition, the ra te of movement of the 
front can be speeded up by the rapid diffusion of i ons in interfacial 
regions and in cracks. However, there is enough con sistency and 
redundancy in the system to obtain fairly accurate results. The procedure 
following the diffusion path around the fine and co arse aggregate 
particles, using the scanning electron microscope a nd electron microprobe 
for analysis, has been successful. 
CONCLUSIONS 
The following can be concluded from the experimenta l test data: 
1. Hydrated blended cements mortars have diffusivit ies up to 25 times 
lower than equivalent Type 10 hydrated Portland cem ent mortars. A 75% 
slag system generally yields the lowest values of d iffusivity among the 
blends. 
2. Median pore diameter and Ca(OH)2 content are ran ked in the same order 
for the three cement systems (S5<S2<S1), and are si milar to the ranking 
for electrical conductivity and diffusivity. 
3. Lower water-to-cement ratios in concrete systems  decrease the 
diffusion rate of ions, and sulphate ions inhibit t he rate-of-penetration 
of chloride ions. 
4. On the basis of experimental studies to-date, th e System 5 concretes 
rank the lowest with respect to permeability, and p rovide maximum 
resistance to chemical attack.  
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ABSTRACT 
The effectiveness of engineered barriers on long te rm performance of 
disposal facilities is linked to effects of variati ons in infiltration 
and of rock-water interactions. This work investiga tes the effects of 
nonsteady flow on reactive contaminant migration in  a radioactive waste 
disposal facility, using a new computer code, DYNAT RAN. This code differs 
from conventional models in two aspects: a) use of DYNATRAN can eliminate 
the need to use an overly conservative infiltration  rate; and b) this 
code can take into account rock-water interactions which can 
significantly enhance waste confinement in a dispos al facility. Use of 
DYNATRAN therefore, has the potential to demonstrat e environmental 
compliance with less effort and higher reliability than conventional 
approaches. This study considers a hypothetical nea r-surface disposal 
facility that involves engineered low-permeability earthen covers, 
concrete canisters, and backfill. A numerical inves tigation is conducted 
in a phased manner to evaluate the combined impacts  of infiltration and 



geochemical reactions, with a focus on the performa nce of engineered 
features in the confinement of waste materials. 
INTRODUCTION 
In analyzing the confinement of contaminants by eng ineered barriers in 
waste disposal facilities, a critical concern is wi th the infiltration 
that may come into contact with waste canisters sin ce the process will 
gradually dissolve the contaminants as they are exp osed. In fact, an 
accurate and reasonably conservative estimate of in filtration rate is 
perhaps more important than any other factor in pre dicting radiation dose 
via groundwater pathways in a radioactive waste dis posal facility. An 
important question is then raised about the impacts  of variations in the 
infiltration rate on the long-term performance of e ngineered features in 
the facility, and specifically, on their ability to  confine 
radionuclides. In addition, the performance analysi s is complicated by 
various soil/rock-water interactions such as chemic al precipitation and 
sorption. The purpose of this work is to develop a new technique for 
investigating the effects of variable infiltration on containment of 
radionuclides and other types of reactive chemicals  in such environments.  
For this purpose, DYNATRAN, a general-purpose numer ical code for 
groundwater flow and reactive contaminant transport , has been developed 
(1, 2). The code has the potential to demonstrate e nhanced waste 
confinement due to two advantages over conventional  models: a) DYNATRAN 
simulates variable infiltration under realistic fie ld conditions, thus 
avoiding the use of an overly conservative infiltra tion rate; and b) the 
code considers rock-water interactions such as prec ipitation and sorption 
which have been found to significantly retard the m ovement of 
contaminants in cases studied (1, 2).  
As an application to radioactive waste management, DYNATRAN is used in 
the present work to simulate infiltration in a hypo thetical LLRW disposal 
facility. This work focuses on the performance of e ngineered features in 
confining radionuclides of concern. Numerical simul ations are carried out 
in a phased manner. First, unsaturated flow within the facility resulting 
from steady infiltration is studied. Next, the impa cts of variations in 
infiltration on flow will be examined. Following th at, the release of 
radionuclides from the facility will be simulated b y considering the full 
problem of infiltration, chemical reactions, and tr ansport. Comparison 
will be made between the steady and nonsteady infil tration conditions. 
Progress so far and plans for future activities are  presented in this 
paper. 
NUMERICAL MODEL DYNATRAN 
For application to this and similar problems, a gen eric numerical model, 
DYNATRAN, was recently developed to simultaneously handle transient 
saturated-unsaturated flow, multicomponent transpor t, and solid-liquid 
interactions in the subsurface (1, 2). DYNATRAN can  be run in three 
modes: a) subsurface flow, b) geochemical equilibra tion, and c) 
subsurface transport under steady or transient flow  conditions. In 
equilibration and transport simulations, DYNATRAN c an handle liquid or 
liquid-solid systems. In transport simulations, it can handle either 
single or multiple species that are subject to reac tions such as ion 
pairing, precipitation-dissolution, sorption-desorp tion, and reduction-
oxidation. The code is capable of handling heteroge neous and anisotropic 
media in up to three dimensions with irregular geom etry and time-
dependent boundaries.  



DYNATRAN has been verified extensively against anal ytical solutions and 
numerical models for several cases that involve flo w, geochemical 
equilibration, and transport under steady flow (1, 2). One of the 
verification cases considered simultaneous transpor t of 14 chemical 
components, 78 additional aqueous complexes, and 9 minerals with highly 
contrasting alkalinity and redox conditions. The co de has also been used 
in two studies to model migration of single- and mu ltiple chemical 
components subject to various types of rock-water i nteractions in a 
dynamic flow field. The first application involved the impacts of 
seasonal infiltration/evaporation on contaminant le aching in a landfill. 
The second case involved a detailed geochemical evo lution of an irrigated 
soil column, that included 16 components, 93 additi onal aqueous species, 
and 10 minerals.  
DYNATRAN differs from conventional flow and transpo rt models in the 
following two aspects:  
1. The incorporation of transient flow allows for s imulation of 
infiltration fluctuations, thus eliminating the nee d to use overly 
conservative estimates of the infiltration rate. Th e reduction in 
infiltration rate will strongly reduce contaminant concentration and 
environmental risk resulting from leaching.  
2. The incorporation of detailed chemical reactions  allows for simulation 
of precipitation, sorption, and reduction/oxidation  reactions. In a study 
of acidic mine drainage at Pinal Creek, Arizona, th e migration rate 
characterized by the fronts of pH and heavy metal c oncentrations, was 
reduced by a factor of 5 when precipitation was tak en into account. 
Similar retardation due to rock-water interactions was also observed in 
other cases investigated. 
Therefore, use of DYNATRAN in evaluations of waste confinement provides 
realistic simulations of field conditions that can potentially result in 
significant reduction in the licensing, design, and  operation costs of 
waste containment facilities. Due to its generic fo rmulation, DYNATRAN 
can also be applied to other cases that involve sub surface processes such 
as the remediation of contaminated groundwater and soil. 
STUDY OF CONFINEMENT WITHIN A DISPOSAL FACILITY 
Conceptual Model  
This study considers a hypothetical disposal facili ty for low- and 
intermediate-level radioactive waste (LLRW). The fa cility is based on the 
concept of below-ground concrete vault and involves  engineered low-
permeability earthen covers, concrete canisters con taining waste 
packages, and backfill (Fig. 1). To minimize infilt ration into the vault, 
multiple layers of low-permeability natural clay an d engineered high-
density polyethylene liners will cover the vault. V oid space between 
waste canisters will be filled with sandy materials  to maintain 
structural integrity and divert infiltration away f rom the waste. 
Material and site hydrogeochemical data representat ive of the facility is 
collected from literature reviews of site character ization studies at 
several facilities in the U.S. and abroad, on which  a conceptual 
hydrogeologic model has been developed.  
Fig. 1 
The model is designed to represent a general near-s urface disposal 
facility, and can be easily modified to accommodate  site-specific data. 
The design includes waste canisters placed within s everal disposal units. 
In each disposal unit, fifteen 80"80"80" waste cani sters will be 
uniformly placed in three levels of loading (Fig. 2 ). Each waste canister 



is made of an outer fiber-reinforced concrete shell  with an inner 
polyethylene container. The horizontal space betwee n two neighboring 
canisters is 2", which will be filled with a cohesi onless material such 
as pea gravel. The fill will be selected according to NRC guidance (3). 
The top and two sides of each disposal unit are fil led with 8" thick 
gravel, and the bottom with 4" thick gravel.  
Fig. 2 
This model considers the distribution of infiltrati on within the disposal 
unit after it reaches the top pervious layer overly ing waste canisters. 
The loading configuration of waste canisters in one  disposal unit is 
illustrated in a typical cross section (Fig. 2), wh ich is considered in 
this study. Lateral flow in the third dimension was  not simulated because 
this flow component was not anticipated to be signi ficant in comparison 
with infiltration. By symmetry, only half of the cr oss section is 
modeled. The cross section was discretized into a c omputational grid of 
612 nodes. To ensure reasonable accuracy in the sim ulated results of the 
partially saturated flow case, the grid was made fi ner at the top of the 
disposal unit where infiltration occurs and around the fills where higher 
flow fluxes are expected.  
Flow under Steady Infiltration  
Numerical simulations are carried out in a phased m anner. First, a 
preliminary analysis was conducted to investigate t he subsurface flow 
under the influence of steady infiltration within t he disposal facility. 
Specifically, we used an overall infiltration rate independently 
estimated with HELP3 (4), and representative materi al properties as 
input. Then we simulated the dynamic infiltration i nto a typical disposal 
unit under unsaturated conditions, and examined the  relative amount of 
flow through the canisters and through the fill mat erials during a period 
of 300 years following significant degradation of t he concrete canisters.  
 The flow analysis was based on the following assum ptions: 
1. Degraded waste canisters were used so that their  properties would 
ensure conservatism in the calculations.  
2. The initial conditions were assumed to be hydros tatic such that the 
water level was at the bottom of the infiltration c ollection system.  
3. The infiltration, after percolating through the earthen cover, reaches 
the top of waste disposal unit at a constant and un iform rate. The 
infiltration will flow through either the waste con tainers or the space 
in between the waste containers that is filled with  the fill materials.  
4. The left and right sides of the model were treat ed as no flow 
boundaries. The bottom boundary was assumed to be s uch that the 
infiltration collection drain remains dry during th e time period of 
interest.  
The infiltration rate reaching the top of the dispo sal unit was 
independently assessed using the HELP3 model. To be  conservative, the 
maximum rate obtained, 3 inches/year, was used in a  steady infiltration 
case. Variations in the infiltration rate will be t aken into account in a 
more realistic study of transient flow. Steady infi ltration was treated 
as a constant flux in the simulations.  
Both fully saturated and partially saturated condit ions were considered. 
The flow problem is highly nonlinear due to the str ong dependence of 
hydraulic conductivity on pressure head in the fill  and the contrast in 
hydraulic conductivity between the concrete and the  fill. Important 
factors in the infiltration study are the hydraulic  characteristics of 
the concrete and fill materials. Backfills were con sidered to be 



consistent with NRC recommendations. Based on these  specifications, the 
hydraulic conductivity of the backfill was estimate d using the Fair and 
Hatch formula (5) and data from Maidement (6). Mate rial properties of 
degraded concrete were derived from measured fresh concrete and 
conservative assumptions about degradation (7). The  hydraulic 
conductivity and saturation characteristics of the waste canisters and 
the fill were both developed using the van Genuchte n model (8) (Fig. 3).  
Fig. 3 
Several cases were carried out to test the sensitiv ity of infiltration-
induced flow to key model assumptions and input par ameters (Table I). 
Case I was chosen as the base case. Additional case s were studied 
considering variations in hydraulic conductivity of  degraded waste 
containers and backfilling materials. Relative amou nt of flow through the 
waste-containing concrete canisters and that throug h the backfills were 
calculated for the time period of interest, which p rovides a more 
realistic estimate of the amount of leachate genera ted than the often 
too-conservative approach traditionally adopted in performance 
assessment. 
Table I 
For the particular configuration and material prope rties assumed, it was 
estimated, based on a simple water balance, that wh en the disposal unit 
is fully saturated and a uniform hydraulic gradient  exists over the top 
of the disposal unit, more than 99% of the total in filtration that 
reaches the top of the disposal unit will flow thro ugh the filling 
materials and will not come into contact with the w aste. 
Numerical simulations suggest that the ratio of flo w bypassing the waste 
canisters would decrease when the fills are partial ly saturated (Table 
I). In addition, the results showed that the waste containers would 
remain at full saturation even when the fill materi als are under very dry 
conditions, which is consistent with the observatio n of Walton and Seitz 
(9). Partially saturated flow, therefore, is signif icant only in the 
fills. It was noted that in the multi-layer system,  the bypass ratio is 
dependent on the location of waste containers. Arou nd waste containers 
closer to the infiltration collection drain, the fi lls tend to become 
more saturated and will withdraw more fluid away fr om the neighboring 
waste containers. Infiltration is also a time-depen dent phenomenon in the 
disposal facility; the ratio is dependent on how lo ng infiltration has 
taken place after the waste canisters are degraded.  For the specific 
combinations of parameters (Table I), the bypass ra tio was found to be at 
least 60% (Fig. 4). Therefore, under similar site c onditions the source 
term methodologies that assume that all the infiltr ation will come into 
contact with waste can be considered conservative. The results also 
suggest that design features of the facility will c ontinue to divert a 
significant amount of the water away from contact w ith the waste after 
degradation of canisters has occurred.  
Fig. 4 
Future Work 
In the next phase of this study, we will consider t ransient flow within 
the facility caused by fluctuations in infiltration . Incorporation of 
variations in infiltration will allow simulations o f realistic field 
conditions, thus avoiding the need to use a conserv ative infiltration 
rate throughout the time period of interest. Approp riate boundary 
conditions are being developed to handle variable i nfiltration. As in the 
steady infiltration case, relative flow through the  waste canisters 



(i.e., leaching), will be calculated as a percent o f total infiltration 
that reaches the top of the disposal unit.  
The final phase will utilize DYNATRAN's provision f or integrating flow 
and transport to simulate the long-term performance  of a disposal unit 
for confining radionuclides under realistic infiltr ation conditions. 
Amount of leachate and radionuclide concentrations in the leachate will 
be calculated as a function of time and location wi thin the disposal 
facility. This will help to identify locations with in the facility that 
are weak to resist infiltration, and thus may assis t in refining the 
design regarding the placement of waste canisters. When geochemical 
characteristics of the infiltrating water and the f acility are available, 
geochemical reactions among radionuclides and other  chemicals will also 
be considered. It may be noted that the current pra ctice of disposal 
assessment usually ignores or oversimplifies such c hemical interactions. 
It will therefore be of particular interest to exam ine the system 
behavior when the coupled flow-transport-reaction p rocesses are taken 
into account in the full problem.  
SUMMARY 
A new technique and the associated numerical code ( DYNATRAN) have been 
developed for studying the combined effects of vari able infiltration and 
rock-water interactions on the confinement of resid ual materials in 
disposal facilities. This approach has the potentia l to demonstrate 
environmental compliance through realistic confinem ent evaluation due to 
its inherent advantages over the conventional metho ds: a) use of DYNATRAN 
can avoid the need to use an overly conservative in filtration rate; and 
b) DYNATRAN takes into account of rock-water intera ctions such as 
precipitation and sorption, which can significantly  enhance waste 
confinement. In an application to radioactive waste  management, DYNATRAN 
is used to investigate the confinement of radionucl ides and other 
reactive chemicals within a disposal facility. Prel iminary results of the 
analysis of infiltration-induced flow show that the  majority of 
infiltrating water will be diverted by the fill in between concrete 
canisters, even after the canisters are degraded. T he amount of diverted 
flow will be impacted by hydraulic properties of th e canisters and fill, 
as well as the configuration of the disposal unit. To provide further 
insights into the confinement assessment, detailed evaluation of 
nonsteady infiltration and contaminant transport is  under way. 
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ABSTRACT 
A market-driven trend toward integrating the four m ajor disposal and 
recycling options for radioactive scrap metal (RSM)  into a single, 
comprehensive approach is described. Each of the fo ur currently-available 
disposal/reuse options and the respective roles of RSM generators and 
processors are described as background for discussi ng shortcomings of 
traditional approaches to RSM disposition. Poor cha racterization and 
"bundling" of RSM into heterogeneous "lots" often r esult in critical 
errors in the selection of a single option for RSM disposal or reuse. A 
specific example of disadvantages associated with t his "specialized" 
processing approach is provided. As a direct result  of these problems and 
other important market forces, RSM processors have "diversified" their 
individual disposal/reuse processes to minimize ris ks associated with RSM 
recycling. A comprehensive approach integrating ind ividual disposal/reuse 
options into a single, flexible scheme is described . Unlike the 
traditional methods, this comprehensive approach em phasizes up-front 
segregation of metal components into categories bes t-suited for specific 
technologies. An example of the new approach is pro vided. 
INTRODUCTION 
Generators of radioactive scrap metal (RSM) typical ly must choose one of 
four basic options for the final disposal and/or re use of their material: 
1. Direct Burial whereby RSM is packaged in boxes o r drums and deposited 
in a licensed radioactive material landfill; altern atively, some 
landfills do not require prepackaging of RSM and th e material is 
deposited directly into the landfill "cells". 
2. Volume Reduction whereby RSM is physically modif ied to reduce its 
"packaged" or spatial volume prior to burial. Volum e reduction is 
achieved in one of two ways: 
a) Mechanical Volume Reduction in which RSM is cut and/or compressed 
using standard mechanical techniques including saws , torch-cutting 
equipment, plasma-arc and metal compactors. 
b) Metal Melt in which RSM is transformed into a vo lumetrically-
contaminated metal block at close to the ideal mass  density of the 
original material (e.g., close to 495 lbs/ft3 for s tainless steels). 
Volume reductions (VRs) typically must exceed 80% ( i.e., for every 100 
ft3 of RSM volume reduced, less than 20 ft3 of resu lting material is sent 
to a burial site for final disposal) to be cost-eff ective. It is 



important to note that volume reduction affects onl y the volume of RSM 
buried and not the mass. Therefore, volume reductio n is best thought of 
as a density change -- packing more material into l ess space.  
3) Metal Melting/Beneficial Reuse whereby radioacti ve contamination is 
volumetrically dispersed throughout an homogeneous molten metal mixture 
and, subsequently, formed into ideal density blocks , ingots or other 
forms of internally-contaminated metal. Subsequentl y, this material can 
be formed into products for restricted use in the n uclear industry. 
Typical applications include shielding, waste boxes  and drums, casks and 
canisters. Secondary waste resulting from melt oper ations can vary from 5 
- 25% by volume of incoming material (as received a t 20 - 35 lb/ft3 bulk 
densities).  
4) Surface Decontamination/Recycling whereby radioa ctive contamination is 
removed from the external surfaces of RSM for prope r handling and burial; 
concomitantly, the decontaminated or treated bulk m etal objects are 
surveyed and, where specific criteria are met, rele ased for unrestricted 
use in private-sector scrap metal markets. Secondar y waste resulting from 
decontamination activities is typically limited to 1 - 10% by volume of 
incoming material (as received at 20 - 35 lb/ft3 bu lk densities). 
Over the last several years, RSM generators and pri vate sector 
"processors" have learned that no single option (di scussed above) is 
best-suited for all types of RSM. Technical, econom ic and political 
factors continue to drive processors toward "compre hensive" services 
which integrate the four (4) basic options into a s ingle, systematic 
approach for RSM handling, recycling and dispositio n. This, in turn, 
means that the RSM must be properly characterized a nd sorted in terms of 
important physical, chemical and radiological param eters and, 
subsequently, properly assigned to the best availab le technical option 
for that specific type of RSM -- direct burial, vol ume reduction, metal 
melt or surface decontamination. 
APPLICABILITY OF OPTIONS -- A SIMPLISTIC VIEW 
The task of identifying and choosing the best dispo sition/reuse option 
from the four (4) presented above is made relativel y simple by assuming 
that all of the RSM under consideration has already  been sorted and 
collected into homogeneous "lots". In this case, ho mogeneity is defined 
as a close similarity among the individual RSM obje cts in a single "lot" 
in terms of the characteristics listed in Table I. Since empirical 
evidence confirms that, in general, RSM is notoriou sly heterogeneous in 
nature, the preceding assumption dictates that thes e homogeneous "lots" 
of RSM vary significantly in character from one "lo t" to the next. In 
other words, the RSM exhibits homogeneity within "l ots" and heterogeneity 
between "lots". Under this scenario, the two overri ding factors affecting 
selection of an option are: 
1) Technical feasibility of the option or process f or the specific type 
and form of RSM contained in the "lot" under consid eration. The specific 
characteristics of individual RSM material is the k ey to matching each 
"lot" to one of the four (4) disposal/reuse options . As the information 
provided in Table I clearly indicates, the number o f pertinent evaluation 
criteria increases dramatically from direct disposa l to volume reduction 
to metal melting to surface decontamination. In oth er words, as the 
disposal/reuse option moves from less "green" to mo re "green" in terms of 
true recycling, the selection criteria for RSM mate rial becomes 
significantly more restrictive. 



    The diversity and breadth of evaluation criteri a provides some 
insight into the complex nature of sorting RSM for treatment/disposal. 
Further, certain evaluation criteria such as "perce nt inaccessible 
surface" indicate opportunities for further process ing decisions. In this 
particular case, a processor may determine that, al though the amount of 
surface accessible to decontamination and survey is  initially low, the 
RSM under consideration may be easily modified (mec hanically) to expose 
most or all of the surfaces at little cost to the p rocessor. Once these 
surfaces are properly exposed, the material qualifi es for cost-effective 
treatment by surface decontamination. 
2) Economic feasibility of applying a given option to a specific RSM 
"lot". In the absence of government- or industry-im posed incentives 
(i.e., recycling "rebates" or "credits"), economic feasibility continues 
to be largely dependent upon direct burial rates. T his dependence on 
burial rates is due to the following: 
a) All technical options for RSM disposal/recycle p roduce waste(s) -- 
primary, secondary or a combination of both primary  and secondary wastes. 
b) Waste volumes generated per unit RSM treated ten d to decrease with 
greater restrictions on the physical, chemical and radiological 
characteristics (listed in Table I) of the material  under consideration.  
However, the economic feasibility of a disposal/rec ycle option for a 
given RSM "lot" may also be heavily dependent upon other factors. For 
example, processing costs may increase with tighter  restrictions on input 
material. In this case, any potential waste volume savings may be offset 
by these increases in processing costs. 
Table I 
In summary, the task of selecting the best disposal /reuse option is 
relatively straight-forward for any single, homogen eous "lot" of RSM. 
This selection is dependent entirely upon the relat ive technical and 
economic feasibility of each option for the specifi c RSM "lot" under 
consideration. 
DETERMINING THE BEST APPROACH -- A REAL-WORLD PERSPECTIVE 
Unfortunately, the preceding assumption that RSM is  classified and sorted 
into "lots" of similar material prior to selecting a treatment option is 
a significant oversimplification of actual market p ractices. In fact, 
generators have always and, in most cases, continue  to "bundle" RSM for 
direct disposal or further treatment as an heteroge neous mix. Although 
interested in the overall costs of treatment and ex tent of reuse achieved 
by processors, RSM generators are more heavily infl uenced by other 
factors: 
1) Schedule and Critical Path Issues: For commercia l utilities, RSM is 
often generated during power station "outages" and,  consequently, greater 
emphasis is placed on speed and critical path issue s than on sorting 
material into various "lots" just to promote the re use of a few thousand 
cubic feet of RSM. 
2) Demolition Costs: The decontamination and decomm issioning (D&D) of 
commercial and government facilities generally invo lves the removal of 
large equipment, structures and buildings. Obviousl y, demolition and 
random "bundling" of the resulting RSM (in containe rs) represents the 
least-expensive method for achieving the demolition  objectives. Although 
not clearly defined to date, the decommissioning co sts associated with 
systematically dismantling structures so as to opti mize RSM treatment 
processes are, intuitively, higher than those assoc iated with traditional 
demolition techniques. However, potential economic savings from 



optimization of RSM treatment processes (e.g., avoi ded transportation and 
disposal costs) have also not yet been fully define d and made available 
in the marketplace. 
3) Direct Disposal Rates: In the case of government  facilities generating 
RSM, perceived disposal rates less than $100 per cu bic foot and, in some 
instances, as low as $10 - $20 per cubic foot have virtually eliminated 
reuse/recycling options from consideration. In thes e cases, 
classification and sorting of material prior to pla cement in containers 
for direct disposal is of no technical or economic value and, therefore, 
ignored in the D&D process. 
4) Partitioned D&D Responsibilities: In most D&D ap plications, specific 
responsibilities for demolition and waste dispositi on/reuse, 
respectively, are "decoupled" -- assigning two diff erent managers with 
specific tasks that are not considered to be relate d except in terms of 
project scheduling and which, in many ways, conflic t with one another. 
The manager in charge of demolition is concerned on ly with removing the 
equipment or structure at least-cost and on- schedu le while the waste-
minimization manager is concerned with optimizing t he RSM disposal/reuse 
process. In effect, the two (or more) managers are "partitioned" from one 
another -- each with specific responsibilities whic h, in most cases, are 
never integrated into one overall plan that may min imize the cost of the 
overall D&D effort. Until recycling/reuse is adopte d as an integral part 
of D&D planning, it will be difficult to "couple" t hese activities into a 
single least-cost option. 
Given these and other influences, RSM generators co ntinue to "bundle" 
material for treatment as a heterogeneous mix of me tal types, 
configurations, densities, shapes, geometries, size s and other 
characteristics. Despite this practice by the RSM g enerators, the 
processors have, until recently, been providing rel atively "specialized" 
services. One or two processors have emerged as met al melting specialists 
while others have focused their efforts on volume r eduction and surface 
decontamination. Even within the various option cat egories, processors 
have developed and maintained specific areas of spe cialization. Although 
most processors have always claimed to offer a broa d range of services, 
all have practiced some level of specialization ove r the last 5 or 6 
years. 
At first glance, this "specialization" by processor s is somewhat 
confusing. Given the way in which generators "bundl e" RSM and the greater 
restrictions on acceptable RSM forms for the "green er" options such as 
metal melting and surface decontamination, it only makes sense that each 
processor would want to provide all four (4) of the  disposal/reuse 
options. However, large capital investment requirem ents and regulatory 
hurdles have precluded most from this approach -- f orcing each processor 
to carve out a unique niche based on his/her respec tive financial and 
technical resources. With the exception of volume r eduction, the less 
"green" options require greater financial resources  and investment 
capital (e.g., metal melt equipment is typically mo re expensive than 
surface decontamination equipment). On the other ha nd, the less "green" 
options (including volume reduction) can accept a g reater range of RSM 
(see Table I). Therefore, it makes sense that proce ssors with the 
financial wherewithal would choose options that inh erently offer a 
broader range of RSM treatment capability. 
Unfortunately, this "specialization" by processors has placed the burden 
of the disposal/reuse decision squarely on the shou lders of the 



generators themselves. Although the "greener" optio ns are available, the 
fact that RSM is still "bundled" as an heterogeneou s mix often precludes 
generators from optimizing the disposal/reuse of th eir material. Further, 
once the metal is mixed and containerized for shipm ent, the arduous task 
of characterizing and sorting the material represen ts an additional cost 
which, despite avoided disposal costs achieved thro ugh improved 
reuse/recycle, may still be cost-prohibitive. Conse quently, the generator 
must make some assessment of the character of his/h er RSM and, based on 
claims and prices from the processors, make a decis ion regarding the 
ultimate fate of the material. In most cases, gener ators shift most of 
the risk associated with the decision to the proces sors by requiring firm 
fixed price contracts and guaranteed recycling or v olume reduction 
efficiencies. 
The down-side risk for the RSM generators and proce ssors associated with 
the selection of a "greener" option can be enormous . Figure 1 provides a 
visual representation of the decision faced by RSM generators in a market 
characterized by specialized processors. The genera tor, based on his/her 
own internal information, must decide the treatment  path. Although 
surface decontamination and metal melt may offer ec onomic benefits by 
means of avoided burial costs, an error in judgemen t at the outset can 
result in significant unforeseen costs. For example , assuming the 
generator believes that his/her RSM is well-suited for surface 
decontamination, it is reasonable to expect avoided  disposal costs which 
will more than offset the cost of processing. Howev er, if the material 
received by the processor is improperly characteriz ed by the generator, 
the specialized processor (with no other technical option available) has 
no choice but to "re-characterize" the material and  sort out the RSM 
unacceptable for surface decontamination. This unac ceptable material, set 
aside as primary waste in Fig. 1, must then be plac ed back into 
acceptable containers and either returned to the ge nerator or shipped 
directly to a burial site. In any event, the additi onal costs associated 
with transportation, containers and material handli ng can lead to a final 
cost well above that for direct disposal of the ent ire volume initially 
considered. Therefore, without some economic incent ive (e.g., high burial 
rates, recycling credits), most RSM generators are motivated to choose 
the broader, less "green" options -- especially dir ect disposal. In a 
market characterized by low or ambiguous burial rat es, it is difficult to 
justify any amount of true recycling for RSM.  
Fig. 1 
A REAL-WORLD EXAMPLE: FERMCO STRUCTURAL STEEL 
In December 1994, ALARON Corporation was engaged by  the Fernald 
Environmental Restoration Management Corporation (F ERMCO) to participate 
in a feasibility study evaluating surface decontami nation as a cost-
effective option for the reuse/recycle of structura l steel. The 
decontamination project was designed by FERMCO as a n integral part of the 
D&D of the Fernald Plant 7 building. Therefore, fol lowing the initial 
implosion of the six (6) story building, the struct ural steel was to have 
been removed by cutting and shearing to produce mat erial acceptable for 
surface decontamination. The structural steel consi sted of a variety of 
painted I-beams, deck-plate, channel iron, angle ir on, piping and bridge-
crane steel. In almost all cases, the steel had bee n painted a number of 
times with lead- and latex-based paints. The lead-b ased paint was used 
originally to prepare the surfaces prior to use of the building and to 
"fix" contamination over the years of building use,  while the latex paint 



was used by FERMCO to "fix" any remaining contamina tion just prior to 
building implosion. A relatively small amount of no n-metal material was, 
by design, to have been delivered with the steel. T his material included 
wooden pallets and super-absorbent sheets used for shipping purposes. 
Based on design drawings and information provided b y FERMCO, ALARON's 
technical staff determined that grit blasting repre sented the best 
general method for decontamination of this particul ar metal. Although 
some amount of sorting, further characterization an d specialty 
decontamination (i.e., chemical decontamination of some components) was 
anticipated, the original characterization and asse ssment of the material 
indicated that the vast majority of the material wo uld be easily 
decontaminated by grit-blasting. ALARON's basic app roach, based on 
experience with similar materials, assumed that fre e-release criteria 
could be met by simply removing the paint from the metal surface. 
Although paint as thick as 8 mils was expected on s ome surfaces, 
preliminary testing with grit-blast equipment confi rmed that the coatings 
could be effectively removed. 
Figure 2 provides a flow-diagram summarizing the an ticipated material 
flow for the structural steel and other materials s hipped to ALARON's 
facility in Wampum, Pennsylvania. Note that the gen eral form of Fig. 2 
agrees with the "Specialized Processing Services" s cenario provided in 
Fig. 1. As the RSM generator, FERMCO was faced with  the decision of how 
best to dispose/reuse the Plant 7 structural steel.  After assessing their 
own material and proposals submitted by various "sp ecialty" processors, 
FERMCO chose surface decontamination as proposed by  ALARON Corporation. 
The non-bracketed numbers provided in Fig. 2 indica te the originally 
anticipated quantities (tons) of material for recei pt and processing per 
ALARON's plan. Note that, of the total 725 tons exp ected, approximately 
700 tons were earmarked for surface decontamination . Some minimal amount 
of sorting and surface preparation prior to surface  decontamination was 
accounted for in the original plan. Based on assump tions regarding 
material characterization and processing efficienci es, ALARON believed 
that a total of 693 tons of structural steel could have been free-
released to scrap dealers for recycling. This repre sented, by weight, a 
95% recycling efficiency based on the total materia l received (including 
non-metals) and a 99% recycling efficiency based on  the structural steel 
selected for surface decontamination. Total primary  and secondary waste 
anticipated was approximately 82 tons, with materia l unacceptable for 
decontamination accounting for 30% (by weight) of t he waste generated. 
Fig. 2 
Despite the planned approach, extensive preparation  for recycling of the 
structural steel, and FERMCO's commendably high lev el of understanding of 
the criteria for cost-effective decontamination, un foreseen circumstances 
negatively impacted the recycling process. The init ial implosion of 
Building 7 was not successful. Consequently, in ord er to meet schedule 
and budget requirements, further demolition efforts  were required to 
prepare the building for dismantlement. Unfortunate ly, these 
unanticipated demolition activities and tight sched ule for removal of the 
building resulted in a departure from the originall y-planned 
dismantlement procedures. The overall approach shif ted from systematic 
dismantlement to a "brute-force" demolition in whic h material was 
sheared, ripped, bent, and otherwise modified witho ut regard for any 
subsequent impact on the planned decontamination pr ocess. A clear 
indication of the twisting, bending and poor treatm ent of the material 



from a decontamination perspective was provided by the material bulk 
densities achieved prior to shipment to ALARON's fa cility. Under the 
original assumption of systematic dismantlement, bu lk densities of 24-30 
pounds per cubic foot were anticipated and, in fact , achieved for the 
bridge-crane and other material unaffected by the m odified dismantlement 
approach. By comparison, the bulk densities achieve d for structural steel 
resulting from the demolition were typically less t han 20 pounds per 
cubic foot -- with some as low as 16 pounds per cub ic foot. 
In contrast to the originally anticipated material flow, the tons of 
material actually received and processed (bracketed  numbers provided in 
Fig. 2) reflect the strong, negative influence of t he demolition method 
on recycling efficiency. The additional 36 tons of material received (761 
tons actual versus 725 tons originally anticipated)  was, for the most 
part, due to reasonable error in estimating the str uctural steel weight 
prior to demolition. However, the division of mater ial by sorting into 
metal suitable and unacceptable, respectively, for decontamination 
clearly illustrates the detrimental impact on recyc ling. Of the 761 tons 
of material actually received, only 448 tons (59% b y weight) were 
characterized by ALARON as "acceptable" for surface  decontamination. It 
is important to note that the material identified a s "acceptable" by 
ALARON also possessed the general characteristics o f the RSM specified in 
FERMCO's original Request for Proposal. The remaini ng 313 tons of 
material, mostly steel, were generally characterize d by a high percentage 
of inaccessible surface area. This inaccessibility would have not only 
been detrimental to the grit-blast operation, but a lso would have 
prevented survey instrumentation from the access re quired to confirm that 
free-release criteria had been met. 
The final results indicate that, overall, 445 tons or 58% (by weight) of 
the received 761 tons of material were actually dec ontaminated and free-
released as "clean" scrap. However, it is important  to note that, of the 
448 tons characterized by ALARON as "acceptable" fo r decontamination, the 
originally-anticipated goal of 99% recycle (by weig ht) was achieved. 
Total primary and secondary waste was close to 350 tons, but material 
unacceptable for decontamination accounted for 90% (by weight) of the 
waste generated. These results serve to illustrate the previous argument 
regarding the level of risk taken by RSM generators  in determining the 
best option for RSM disposal/reuse -- especially in  a specialized-
processor environment. In this particular case, the  generator probably 
made the correct decision based on initial assumpti ons and original plans 
for dismantlement of Building 7. However, the shift  in approach toward a 
demolition-based technique resulted in a significan t difference in the 
final form and characteristics of the structural st eel. In turn, this 
difference in the characteristics of the RSM preclu ded a large portion of 
the material from cost-effective decontamination. 
A CHANGING LANDSCAPE -- MARKET FORCES AT WORK 
Despite the preceding explanation and example of ri sks faced by RSM 
generators in recent years, the market for RSM disp osition/reuse is 
evolving in such a way as to place significantly mo re risk and financial 
burden directly on the RSM processors. Market oppor tunities, direct 
disposal rates, and the level and nature of competi tion have all changed 
drastically over the last five or six years, forcin g RSM processors to 
improve and broaden their capabilities and contract  terms. 
At the outset of the 1990's, the marketplace was re latively "simple" for 
RSM processors -- with commercial nuclear power sta tion opportunities 



dominating the market, unambiguous and firm burial rates and relatively 
limited competition. Most RSM was generated during power station 
"outages" and, as mentioned earlier in this paper, the generators 
themselves were more concerned with on-site critica l path issues than the 
disposition/recycling of RSM -- especially when the  worst case scenario 
was direct disposal at $35 per cubic foot. In order  to compete, 
processors had to offer off-site (from the utility itself) processing, 
firm fixed-price contracts and guaranteed volume re ductions. As shown 
previously, the RSM generators were required to dec ide which option 
represented the best approach for disposal/reuse of  their metal wastes. 
Once that decision was made, the only other respons ibility of the 
generators was to place the RSM in certified contai ners for shipment to 
the processing facility. Since the primary emphasis  was usually on speed 
to prevent outage critical path conflicts, little o r no thought was given 
to the condition, characterization or sorting of RS M prior to demolition, 
removal and shipment to the processor. Consequently , any required 
characterization, sorting and metal preparation was  performed by the 
processor and, with burial rates so low and volume reduction the 
predominant option, these activities were relativel y negligible in terms 
of cost to the generator. 
Today the market can be characterized as significan tly more "complex". 
Government opportunities have emerged and, with the  promise of thousands 
of tons of RSM for disposition/recycle over the nex t 20 - 30 years, have 
caused an influx of competitors and technical alter natives. The number of 
competing companies has more than doubled since 199 0 and new ideas and 
practices -- including RSM export to foreign countr ies, long-term storage 
and improved waste-minimization techniques -- have broadened the choices 
for generators of RSM. Although commercial burial r ates have soared to 
more than $300 per cubic foot for non-southeast com pact generators 
(forcing many utilities to invoke plans for long-te rm storage and other 
alternatives), government burial rates have yet to be clearly stated and 
supported by true life-cycle cost determinations. T his ambiguity, 
together with the fiercely competitive nature of ne w companies struggling 
to "get in" the RSM recycle market, has served to e rode RSM processors' 
margins and has forced processors to shoulder incre asingly more financial 
risk. Processors have, over the last several years,  invested millions of 
dollars in high-tech equipment and processes to mee t the predicted 
demands of the Department of Energy and nuclear uti lities. However, 
prices charged by processors today are not signific antly higher than 
those charged at the outset of the 1990's. Further,  even with all the 
private-sector capital at risk, processors continue  to provide firm 
fixed-price contracts and guaranteed waste volume r eductions without any 
real change in the way in which RSM is characterize d, prepared and 
bundled by the RSM generators themselves. 
A COMPREHENSIVE APPROACH 
In order to effectively compete in this new and cha nging environment, 
many RSM processors have broadened their capabiliti es -- through capital 
investment and/or teaming with other processors -- to provide all four of 
the basic disposition/reuse options previously iden tified in this paper. 
These broadened capabilities provide the technical and economic 
diversification required to minimize their own risk  in processing and 
disposing or recycling inherently-heterogeneous RSM . In other words, 
asystematic, comprehensive approach -- integrating all the available 



options together to provide an optimal outcome -- i s now available to 
meet the demands and restrictions of today's nuclea r marketplace. 
The comprehensive approach adopted by ALARON Corpor ation -- in 
conjunction and through a formal teaming relationsh ip with Carolina 
Metals, Inc. (a subsidiary of Nuclear Metals, Inc.)  -- is summarized in 
Fig. 3. The figure illustrates a flow scheme in whi ch heterogeneous RSM 
is received, evaluated, characterized, sorted and p repared for 
disposition/recycle by each of the available option s. In this way, RSM 
best-suited for metal melt is prepared specifically  for and processed by 
the metal melt facility at Carolina Metals, Inc. in  Barnwell, SC. 
Similarly, RSM best-suited for direct burial, mecha nical volume reduction 
or surface decontamination is identified, prepared and processed by the 
corresponding technology.  
Fig. 3 
The development of comprehensive services is, in ef fect, a necessity for 
RSM processors in today's marketplace. Increased co mpetition for RSM 
disposal and/or reuse has made it possible for gene rators to make more 
demands on the RSM processors. The generators still  demand firm fixed 
price contracts and performance guarantees without any significant change 
in the way they "bundle" RSM as a heterogeneous mix . Consequently, the 
risk associated with the decision as to which optio n or set of options is 
best-suited for a specific "lot" of RSM is transfer red completely to the 
generator. In order to minimize this risk, the proc essors must have at 
their fingertips the capability to handle any and a ll types of RSM. The 
challenge for processors is now to become highly ef ficient in 
characterizing and sorting RSM so as to optimize th e overall process by 
ensuring that each piece of metal is matched to the  best possible 
disposal/reuse option. The processors must "pay" fo r the additional 
handling and processing costs incurred by avoiding direct disposal 
charges. 
COMPREHENSIVE APPROACH EXAMPLE: QUAD CITIES RWCU 
In mid-1995, ALARON Corporation and Carolina Metals , Inc. (CMI) proposed 
a comprehensive approach to Commonwealth Edison Com pany (CECO) for 
disposal/reuse of retired reactor water cleanup uni t (RWCU) components 
from the Quad Cities Nuclear Power Plant. The plann ed approach integrated 
direct disposal, volume reduction, metal melting an d surface 
decontamination into a single-best overall option f or the RWCU material. 
ALARON Corporation and CMI were selected by CECO fo r treatment of the 
RWCU material through a competitive bidding process . 
The RWCU material originally described by CECO exhi bited typical RSM 
characteristics. Metal varied significantly in term s of treatment 
selection criteria previously identified in Table I . However, based on 
the specific characteristics of the RSM, five (5) s pecific categories 
were established and evaluated for treatment -- "sm all" valves (< 2" 
o.d.), "large" valves (> 2" o.d.), piping, heat-exc hanger tubing, and 
heat-exchanger "shell" material. Technical informat ion provided by CECO 
indicated that all the RSM associated with this pro ject was stainless 
steel. The heat-exchangers were regenerative and no n-regenerative units 
typical of a boiling water reactor (BWR) system. Ba sed on the initial 
characterizations provided by CECO, ALARON determin ed that the "small" 
valves and heat-exchanger tubing were best suited f or metal melting. The 
"large" valves, piping and heat-exchanger shell mat erials were selected 
for surface decontamination -- due in large part to  their relatively low 



surface area to mass ratios and the accessibility o f surfaces to 
treatment and survey. 
Figure 4 provides a flow-diagram summarizing the an ticipated flow for the 
RWCU steel accepted by ALARON Corporation. The non- bracketed numbers 
represent the tons of material expected to flow thr ough each process 
based on initial RSM-characterizations provided by CECO. Of the roughly 
32 tons expected for receipt, 10 tons (31% by weigh t) were slated for 
metal melt and 22 tons (69% by weight) for surface decontamination. Based 
on the initial characterization and plan, 9.8 tons of material were to be 
converted to ingots for beneficial reuse and 21.3 t ons were to be 
recycled as clean scrap. The total waste volume was  expected to be 
approximately 1.3 tons. 
Fig. 4 
The condition and characteristics of the RSM receiv ed by ALARON differed 
from the anticipated material in quantity, the pres ence of non-metal 
components, and activity level. Approximately 42 to ns of RSM were 
actually received from Quad Cities compared to the 32 tons originally 
expected. Whereas the original plan was established  for RSM exhibiting 
general field dose rates less than < 50 mR/hr (aver age), portions of the 
heat-exchangers and piping actually exhibited value s exceeding 200 mR/hr 
(average) with a few hot spots as high as 1-3 R/hr.  In addition, a small 
quantity of asbestos insulation was associated with  the RSM received. 
This asbestos accounted for roughly 2.4% or 1 ton o f the total 42 tons 
received. These differences further illustrate the difficulty in 
accurately characterizing RSM prior to dismantlemen t. In this case, 
restricted access prior to removal of each componen t prevented the 
generator from developing an improved picture of th is material for 
disposal/reuse. However, the RSM characterizations provided by CECO were 
relatively accurate and quite useful in planning th e processing 
activities. 
The bracketed numbers provided in Fig. 4 indicate t he tons of RSM 
actually received by ALARON. Of the 42 tons receive d, only 1 ton 
(asbestos) was classified as primary waste. The rem aining 41 tons are 
presently being processed for reuse -- 14 tons by m etal melt and 27 tons 
by surface decontamination. Based on preliminary re sults, 97-98% 
reuse/recycle efficiencies are anticipated for both  metal melt and 
surface decontamination efforts. Of the total 42 to ns actually received, 
only 2.7 tons of waste are expected -- with the asb estos (non-metal) 
material accounting for 37% of the total waste gene rated. Although the 
Quad Cities RWCU processing is still underway, avai lable information 
strongly suggests that at least 95% of the RSM rece ived will be processed 
for reuse. The resulting 26.1 tons of "clean" metal  will be sold as scrap 
and the 13.7 tons of ingots from metal melt operati ons will be returned 
to Quad Cities for storage or on-site use as shield ing material. Options 
for converting the ingots into other products are c urrently under 
evaluation. 
Although the relative proportions of RSM slated for  metal melt and 
surface decontamination are, in this particular cas e, very close to those 
originally anticipated, most estimates based on the  characterization of 
RSM prior to dismantlement are not nearly as accura te. However, the 
availability of a comprehensive approach allows ALA RON to bid and pursue 
market opportunities with a built-in degree of conf idence and 
flexibility. Unlike the "specialized" processor sce nario described in 
Fig. 1 and 2, ALARON is now able to "shift" materia l from one 



disposal/reuse option to another in order to accomm odate differences 
between initial and final characterization of the R SM under 
consideration. The preliminary results provided by the Quad Cities RWCU 
project (Fig. 4) indicate that, despite differences  in key 
characteristics of the RSM originally anticipated v ersus that actually 
received, availability of comprehensive services al lows ALARON to 
optimize the overall treatment scheme and, conseque ntly, maximize 
recycling and minimize final waste volumes. 
CASTING AN EYE TOWARD THE FUTURE 
With the advent of comprehensive processing service s, improved 
performance is likely to convince many generators t hat reuse and recycle 
represent cost-effective options. In turn, signific ant volumes of RSM are 
expected to be made available for processing over t he next several years. 
Despite these changes in the RSM marketplace, poten tial for greater 
improvements in reuse/recycle may yet to be realize d. As discussed 
earlier, present-day demolition practices continue to negatively impact 
RSM recycling options. This is due in large part to  the fact that 
dismantling efforts do not incorporate recycling/re use considerations and 
requirements into the up-front planning stage of th e process. The two 
areas of the dismantlement process that offer the g reatest opportunities 
for improved, cost-effective reuse/recycling are RS M characterization 
prior to demolition and, based on the results of ch aracterization, 
sorting of material as an integral part of the demo lition process. Based 
on the inherent heterogeneity of RSM, the four (4) disposal/reuse options 
are all critical components of an optimal solution.  The potential savings 
in material handling, transportation and waste disp osal costs made 
available by simply integrating recycle/reuse consi derations into the 
dismantlement planning process are significant and,  as such, should 
motivate RSM processors and generators to cooperate  in the development of 
new dismantlement procedures. 
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ABSTRACT 
The future size of the radioactive scrap metals (RS M) recycling industry 
hinges on major policy decisions by the Department of Energy (DOE) and 
the implementation of a regulatory framework by the  US Environmental 
Protection Agency (EPA) and Nuclear Regulatory Comm ission (NRC). If the 
industry meets its aggressive forecasts, over 50,00 0 tons from government 
and 20,000 tons from commercial, radioactively-cont aminated scrap metal 
will be processed and recycled in the year 2000. Al ternatively, without 
these key changes by the federal agencies listed ab ove, the current 
industry will remain essentially flat consisting pr imarily of 
commercially generated waste at an annual rate of 1 5 to 20 thousand 
tons/year. 
This paper forecasts a moderate view of metals recy cling in the year 2000 
- processing approximately 30-40,000 tons of radioa ctive scrap per year 
with 45% from DOE/Department of Defense (DOD) and 5 0% from commercial 



generators. This segment of the nuclear industry wi ll have annual 
revenues of approximately $200 million per year spr ead over a half dozen 
or more competitors. Services provided will primari ly be decontamination 
for free release, melting for fabrication of contai ners or industrial 
items and melting for burial. 
This paper presents a detailed discussion of the ma rket and RSM 
industrial processing capacity, the policy and regu latory drivers, and 
the financial projections. 
THE MARKET 
What will the market for metals recycling be in the  year 2000? By 
characterizing the market in the first six years of  the 1990's and making 
assumption of the major market drivers, a reasonabl e projection of the 
market as we enter the 22nd Century are possible. T he market is defined 
by two components, the generators and the processor s. 
PROCESSING EXPERIENCE 
In the six-year period of 1990 to 1995, an estimate d 100,000 tons of RSM 
from commercial and government generators was sent to processors for 
"recycling or burial." The introduction of commerci al metal melting 
services in 1993 increased RSM processing by about 10,000 ton per year 
due to the large savings over burial or decontamina tion. Of the material 
that was not directly buried, roughly half was deco ntaminated and half 
melted into shield blocks for the DOE/DOD high ener gy physics program. 
Table I - RSM Processing and Technologies '90-'95 s hows that in 1995, the 
block melting process consumed half of the total, w ith direct disposal 
less than 5%. Decontamination share remained about half the total. 
Table I 
Disposal costs have increased by a factor of more t han three during 1990-
1995 for both commercial and government disposal se rvices. This factor of 
three or more increase has made metal decontaminati on and recycling via 
melting more economical than burial. Commercial use  of technologies which 
have been made more cost effective due to the high cost of direct 
disposal, include metal melting and recycling, and extensive use of new 
chemical decontamination technologies for metal cle aning.  
Fig. 1 
MARKET FORCES -- 2000 
How much metal will be available in the market? The  answer to this 
question is dependent on the amount produced, the t echnologies and cost 
and the decisions and policies that will be made by  the DOE and to a 
lesser extent, the NRC-NEPA. 
Technology Available 
Over the next five years, repackaging and direct di sposal of metals is 
expected to take a minimal share of the overall met als market. 
Repackaging, however, will be technologically enhan ced by the utilization 
of metal melting to produce optimum waste density p rior to burial. 
Companies currently in the metal melting business a re Manufacturing 
Sciences, SEG, Nuclear Metals and Aerojet who have existing metal melting 
capacity. Of these, all will have commercially-avai lable operations by 
early 1996. 
Commercial Production of RSM 
Commercial waste generation from 1996 to 2000 will remain essentially 
flat as compared to the previous six years. Metals from commercial 
sources will continue to consist of piping, structu ral items, and 
decommissioned buildings with a sporadic input of d ecommissioning wastes 
from nuclear power plants or industrial facilities.  The commercial market 



is expected to remain flat with approximately 20,00 0 tons per year 
including the large scale decommissioning wastes. N ot included in this 
volume estimate are large components such as steam generators or reactor 
vessels which are expected to be handled as direct disposal items. 
Government Production of RSM 
Government metal volumes, while large in inventory,  may be relatively 
small in annual availability due to funding constra ints and policy 
decisions from both the DOE and EPA/NRC. The DOE is  developing a policy 
for metals recycling that is consistent with public  safety and cost 
effectiveness. If approved and implemented, this co uld result in a annual 
metals volume that exceeds 50,000 tons per year. In itiatives for metals 
mining of gaseous diffusion plants and nuclear weap ons production 
facilities may drive high-value metals into the mar ket, providing 
significant sources of RSM. 
In subsequent sections of this paper, the factors t hat will effect the 
volume of DOE metals entering the marketplace are e xamined. 
METAL RECYCLING INTO PRODUCTS 
Metal recycling to date has been limited to either decontamination and 
unrestricted release of metals into the scrap metal  market or production 
of shielding blocks for the high-energy physics pro gram. Over the next 
five years, a market will be developed for high-qua lity containers 
manufactured from radioactively-contaminated steel alloys. These 
containers will be primarily of stainless steel due  to the availability 
of nickel for the stainless alloy and the high mark et cost of clean 
stainless. A smaller percentage of the containers w ill be manufactured 
out of carbon steel, but due to the higher cost of radioactive container 
fabrication versus clean containers, only specializ ed applications of 
these carbon steel containers will be utilized. 
Table II -- DOE Metal Container Consumption Forecas t for 2000 shows the 
annual requirements of the DOE for both stainless a nd carbon steel in the 
year 2000. DOE is likely to be the sole customer fo r radioactively-
contaminated steel containers. These containers wil l be utilized 
primarily for low-level waste disposal containers. In some cases, 
specialized uses of stainless steel containers, i.e ., for TRU waste will 
be piloted on a demonstration basis during the time  period. Large scale 
utilization of vitrification, storage or transporta tion casks or other 
large consumer markets for radioactive steel recycl ing will not 
materialize until after the year 2000, due to the d evelopmental lag time 
in these demanding applications. 
Table II 
Due to cost constraints, radioactively-contaminated  container 
manufacturing is expected to occupy approximately 1 /5 to 1/3 of DOE's 
annual radioactive waste containerized waste requir ements. This will be 
produced from RSM removed from DOE decommissioning sites that cannot be 
economically cleaned for unrestricted use. 
UNRESTRICTED USE MATERIAL 
Standards and limits are in place now allowing for unrestricted use of 
materials into the commercial metal recycling marke t. Criteria for 
release of materials for recycling in an unrestrict ed manner, e.g., 
conventional scrap metal recycling, have been based  on criteria 
established by the Nuclear Regulatory Commission in  the mid 1970's. These 
criteria are the same as Reg. Guide 1.86, criteria for unrestrictive 
release of facilities. The same criteria have been used to apply to 
release of materials from recycling operations. Fun ctionally, this 



criteria equals to 100 counts per minute above back ground with a thin 
window g-m detector. For alpha contamination, this translates to a rate 
of approximately 2 cpm above background using a alp ha probe. In 1995, 
approximately 10,000 tons of metal was recycled fro m the industrial 
processors providing this service. An additional 2, 000 tons was released 
directly by commercial generators. 
Over the next five years, the amount of material re leased is expected to 
remain essentially constant. Unless standards are c hanged (see below), 
there will not be any new developments in technolog y that significantly 
change the amount of material that would be release d. 
RISK BASED UNITS 
Table III, Numeric and Risk Based Limits, compares the existing and 
future standards for contamination on and in recycl ed metals. Over the 
next five years, individual states, and possibly th e Federal Government, 
will adopt standards that are not based on numerica l limits like Reg. 
Guide 1.86, but based on dose to man or risk-based limits. Tennessee, by 
virtue of its pre-eminent position in regulating th e radioactive waste 
processing industry, is leading other states (with the exception of 
possibly Texas) in the development of risk based li mits. By the year 
2000, it is likely that Federal guidance on this is sue will be 
forthcoming. This will help the development of larg e scale RSM container 
recycling for restricted use within the radioactive  waste industry. 
States such as Tennessee will adopt risk based limi ts that allow limited 
release of radioactive contamination on metal but p roduce insignificant 
doses to the public, e.g., less than 1 mR/year to t he maximally-exposed 
individual. This action by individual states will p romote full scale 
metals recycling industries. 
Table III 
In the worst case, the standards will remain the sa me which would 
preclude widespread recycling of metals into contai ner feed stocks. 
If the Federal Government acts quickly and establis hes risk based limits 
before the year 2000, the impact on the metals recy cling industry would 
be large. A standard on the order of two pico curie s/gram could increase 
the available processing capability of the industry  significantly by 
providing an outlet for low-cost, high-quality RSM.  
COST FOR DECONTAMINATION OR PROCESSING 
The cost of decontamination or recycling of metals varies widely 
depending on the material type, contaminant and phy sical configuration of 
the metal itself. Surface contaminated items compos ed of large carbon 
steel or similar materials with a large mass to sur face area ratio can be 
decontaminated and surveyed for unrestricted use fo r less than $1/lb., 
excluding disposal of reject wastes. Typical materi als composed 
construction materials, stairways, cabinets, piping  and similar items 
with a medium surface to weight ratio cost approxim ately $1.50/lb. for 
decontamination and free release. Complex items suc h as small diameter 
piping, cabling, thin gauge steel cost $1.85/lb or more. Heavily 
contaminated items, items which have ingrained cont amination and require 
aggressive surface removal, chemical cleaning or se ctioning, frequently 
have a decontamination cost of $2.00-$2.50/lb. incl uding survey. 
All of these figures are offset somewhat by the scr ap value of the 
material. The various classes of decontamination co sts and scrap values 
are shown in Tables IV and V, respectively. Table I V, Processing Cost 
Projections and Market Pricing 1995, shows the clas s of material and its 



approximate decontamination cost. Table V, Scrap Va lues, shows the 
current market scrap value for various material typ es. 
Table IV 
Table V 
In the year 2000, these costs are expected to be ab out the same as in 
1995. It is assumed that the rate of inflation will  remain very low 
during this period and that the value of the scrap metals will remain 
essentially flat. Costs which are increasing, such as labor and disposal, 
will be offset by production efficiency gains resul ting in a net annual 
cost increase of less than 5%. 
Melting and disposal or recycling costs are current ly in the $1.70 to 
$2.50/lb. range. The low end represents low activit y materials which are 
already cut into sizes which fit the existing furna ce dimensions. The 
high end represents heavily contaminated austenitic  steels which must be 
decontaminated, cut and blended into the melt to me et the specifications. 
To date, the only significant recycling activity ha s been the production 
of shield blocks for the DOE. In the future, radioa ctive waste containers 
will become a significant portion of the market on an economic basis 
while comprising a somewhat smaller share on a mass  basis. 
DOE POLICY 
The DOE has a fundamental policy decision to make r egarding the recycling 
of radioactive metals. If the DOE adopts a recycle policy, including the 
disposal of most, if not all radioactive metals, th e market for 
radioactive metals recycling will be very large. Co nversely, if the 
Department bases all recycling decisions on economi cs alone in terms of 
current cash cost, it is unlikely that any signific ant volume of metals 
recycling into useable products will occur. 
It is likely that the DOE will adopt a policy for R SM recycling to the 
extent that it can be accomplished for a cost which  is within 10% of all 
available alternatives. This will result in some pr oducts being 
manufactured from radioactive metals but probably n ot more than 20% of 
the metals currently available for recycling. The p roduction and 
utilization of low-cost items, made from carbon ste el, is probably not 
feasible based on economic cost models developed by  The Association for 
Radioactive Metals Recycling (ARMR). Where a high v alue component is 
needed, such as stainless steel drums, the economic s associated with 
recycling and utilization of these containers is mo re favorable as 
compared to the straight option of burial and procu rement of new, 
nonradioactive containers. 
MARKET FORECAST -- 2000 
With the adoption of a DOE policy for recycling and  issuance of a risk-
based standard for metals recycling, the government  sector of the RSM 
market would be able to produce 50,000 to 100,000 t ons of metal per year 
for recycling. This forecast projects that only abo ut half of this would 
actually be available, due to economic and technica l constraints. Figure 
2 - RSM Production Forecast with Policy and Regulat ions-- 1996-2000, 
shows the result of these projections. 
Fig. 2 
The processing technologies that will make up this industry will still 
largely rely on conventional means, e.g., decontami nation or melting for 
volume reduction and burial. The government's polic y on recycling of RSM 
containers will drive only the high-value, stainles s steel containers to 
be economical. 



Figure 3, RSM Processing Share Forecast with Policy  and Regulations, 
shows large share of government origin decon and sm elting business that 
grows significantly between 1997 and 1999. 
Fig. 3 
FINANCIAL PROJECTIONS 
Using the pricing and assumptions listed above, the  1996 RSM market 
(excluding direct disposal costs) is a $90 million dollar per year 
industry. The growth, due to a favorable DOE policy  and risk-based 
regulations, to the year 2000 would increase this i ndustry by roughly 
$100 million or by the year 2000, a RSM industry wo uld generate $200 
million per year in revenues. 
Employment in the RSM industry in 1995 is estimated  to be about 450, 
using an average of $200K of revenue per employee. The growth in this 
industry will result in an industry employment of 1 000, a doubling in 
size by the year 2000. Table VI, Revenue Projection  for RSM Processing -- 
1996-2000 shows the components of revenue and the d ramatic impact of 
government processing on the total. In the year 200 0, government 
processing will account for about 60% of the indust ry's revenue. 
Table VI 
CONCLUSION 
The RSM industry in the year 2000 will be between $ 100 and $200 million 
per year with an employment of 500 to 1000 people d irectly involved in 
processing RSM. The factor of two variation is depe ndent on the outcome 
of federal government action to establish RSM recyc ling policy and 
standards. The industry has poised itself to respon d to the large, 
potential demand. Based on current technology and e xperience, the 
possibility of a $200 million per year industry is realistic and 
achievable. 
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ABSTRACT 
M4 Environmental L.P. provides the DOE a unique opp ortunity to 
commercially recycle mixed waste or convert deplete d uranium hexafluoride 
(UF6) while simultaneously purifying radioactive sc rap metal (RSM). No 
other Low-Level mixed low-level (LLMW), or RSM proc essing technology 
offers this unique recycling/conversion solution to  the multiple waste 
challenges faced by DOE. The dissociation and parti tioning capabilities 



inherent to Quantum-CEP allow the creation of usefu l products from the 
elemental constituents of a multitude of wastes. Th is co-processing 
approach will allow safe, economical disposition of  the majority of DOE 
wastes. The life cycle costs associated with co-pro cessing RSM, LLMW, and 
depleted UF6 utilizing the Quantum-CEP technology a re anticipated to be 
significantly lower than individually processing th ese wastes/materials 
through separate, standard industrial processes. 
Potential RSM feedstocks for co-processing LLMW and  depleted UF6 include: 
1) approximately 200,000 tons of contaminated ferro us and non-ferrous 
metals in the current national DOE inventory (1); 2 ) barrier nickel in 
the intact buildings that house the gaseous diffusi on operations; 3) PCB-
contaminated ductwork, copper instrument tubing and  copper wire (with and 
without insulating encasement) present in the still -intact gaseous 
diffusion plants; 4) aluminum from compressors and other process 
equipment in the still-intact gaseous diffusion pla nts; and 5) ferrous 
alloys present in the still-intact gaseous diffusio n plants. 
LLMW streams such as inorganic sludges, organic slu dges and liquids, 
soils, scintillation fluids, inorganic debris, batt eries, laboratory 
packs and reactive metals can be co-processed with the RSM. Products from 
the co-processing of LLMW include a synthesis fuel that can be used as 
either a fuel or a chemical feedstock; ingots of RS M for 1) feed material 
for the fabrication of radioactive waste containers ; 2) shield blocks for 
DOE operations; or 3) free-release into the Europea n Community or other 
areas that have existing release standards; and a s table ceramic phase 
that contains most of the radioactive contaminants from the LLMW and RSM, 
which can either be reused within the DOE or dispos ed of at a site such 
as Envirocare's facility in Utah. 
Review of DOE's inventory of depleted UF6 indicates  approximately 50,000 
cylinders containing more than 1.2 billion pounds o f material that can be 
co-processed with radioactive scrap nickel, copper,  aluminum or ferrous 
alloys. Products generated from the Quantum-CEP con version of the 
depleted UF6 include anhydrous hydrogen fluoride (A HF), aluminum 
fluoride, a reusable uranium oxide ceramic, a reusa ble uranium-iron alloy 
for feedstock to the Atomic Vapor Laser Isotope Sep aration (AVLIS) 
uranium enrichment process, and purified ingots of the RSM.  
M4 ENVIRONMENTAL L.P. 
M4 Environmental Management L.P. (M4), formed in Au gust 1994, is a 
limited partnership between Lockheed Martin Corpora tion and Molten Metal 
Technology, Inc. (MMT). The company has the exclusi ve license to provide 
Mat's proprietary CEP and Quantum-CEP technologies to the U.S. Department 
of Energy, the U.S. Department of Defense, and the United States 
Enrichment Corporation for processing hazardous, ra dioactive, and mixed 
wastes into useful products. Quantum-CEP refers to CEP technology when 
applied to radioactive material. 
M4 recently announced the commissioning of its seco nd Quantum-CEP system, 
a commercial system which processed DOE LLMW in Dec ember 1995. M4 
activated its first system to process depleted uran ium hexafluoride at 
the M4 Technology Center in October 1995. The compl eted Technology Center 
will have required an approximately $40 million cap ital investment and 
will house several CEP and Quantum-CEP systems that  have a range of 
nominal molten metal capacities from 20 to 3000 lb.  The company also was 
recently selected as one of three finalists, out of  23 competitors, for 
the U.S. Army's Alternative Technology Chemical Dem ilitarization Program. 
OVERVIEW OF CEP/QUANTUM-CEPTM 



Quantum-CEP is an adaptation of CEP technology for radioactive and mixed 
waste streams. Quantum CEP allows both destruction of hazardous 
components and controlled partitioning of radionucl ides. This leads to 
decontamination and recycling of a large portion of  the waste components 
to commercial products as well as volume reduction and concentration of 
radionuclides for final disposal. 
 At the core of both CEP and Quantum-CEP technology  is a molten metal 
bath that acts as a catalyst and solvent in the dis sociation of the feed, 
the synthesis of products and/or the concentration of radionuclides in 
the desired phase. Upon introduction to the bath, f eeds dissociate into 
their constituent elements and go into metal soluti on. The critical 
criteria for evaluation of feeds for processing, th erefore, lie not in 
their molecular structure, but rather in their elem ental makeup, since 
most materials will be dissolved through an element al intermediate 
regardless of molecular structure at introduction. Once in this dissolved 
elemental state, the addition of co-reactants enabl es reformation and 
partitioning of desired products by either remainin g in the molten metal 
phase, moving to the ceramic phase directly above t he metal, or exiting 
the reactor in the gas phase. The partitioning cont rol afforded by co-
reactant addition is a distinguishing feature of CE P and Quantum-CEP. 
The versatility of the CEP process is attributed to  the 'singular' 
dissolved elemental intermediate through which reac tions proceed. For 
example, the metal bath ensures that in the dissoci ation of an organic 
feed, dissolved carbon (C) is the only carbon inter mediate. This is in 
contrast to open flame systems, in which multiple f ree radical 
intermediates can be formed, leading to hard-to -co ntrol side reactions. 
While a traditional non-catalytic technology (e.g. incineration) operates 
in a strongly oxidizing atmosphere and hence produc es large quantities of 
carbon dioxide and water vapor, the strongly reduci ng atmosphere of CEP 
produces carbon monoxide and hydrogen gas, with a C O:CO2 ratio on the 
order of 10,000:1. 
Given the key role of the metal bath as a solvent, the thermodynamic 
forces governing the solubility of elements in liqu id metal baths are 
important in understanding how the operating condit ions of the CEP system 
can be manipulated to synthesize desired products o f commercial value. 
The reducing strength of dissolved carbon is an imp ortant factor in CEP's 
flexible recycling ability. Specifically, CEP provi des the flexibility to 
recycle organics to synthesis gas, recover metals a nd inorganics, such as 
halides, sulfur and phosphorus, and separate and co ncentrate compounds of 
the actinide elements. The dissolution of carbon in  the liquid iron 
solvent ensures a homogeneous reducing environment and, hence, robust 
control of product composition and quality. 
MELT PURIFICATION OF RSM 
CEP radioactive waste processing and recycling has been studied 
extensively by MMT under a DOE-sponsored Program Re search & Development 
Award. This $38 million research program was design ed to investigate the 
"Recycle of Contaminated Scrap Metal." One of the p rogram focus areas was 
radionuclide partitioning, for which 152 tests were  performed, consuming 
1,390 hours of hot metal time on the bench-scale, p ilot-scale and 
demonstration-scale CEP systems in the Fall River, Massachusetts 
facility. Hafnium was used as a surrogate for the a ctinides in these 
studies, which involved partitioning in both molten  iron and nickel. In 
iron, the lower detection limit (LDL) for hafnium i s 0.2 ppm; in nickel 
it is 1.74 ppm. Results consistently showed residua l radionuclide 



surrogate concentrations in the matrix metal that w ere below the LDL with 
no radial or axial gradients identified. Additional  partitioning tests 
were performed with similar success on the bench sc ale at Scientific 
Ecology Group's Quantum-CEP facility, using both ce rium and uranium as 
contaminants. 
DOE national laboratories have extensively research ed the decontamination 
of metals using melt refining/slagging ("passive pa rtitioning"). The 
documentation of these experiments indicates that a mong all of the 
ceramic phase compositions tried, the best results occurred with the use 
of the borosilicate and high silica. For instance, decontamination 
factors (DFs) between 600 and 1,100 were achieved f or the removal of 
uranium dioxide (UO2) and (PuO2) from nickel with t hese ceramic phases 
(1). Note that here DF is defined as the initial we ight fraction of 
contaminant in the as-received RSM divided by the f inal weight fraction 
of contaminant in the purified RSM. Quantum-CEP enh ances decontamination 
through continuous processing, selective reactant a ddition, superior mass 
transfer characteristics, unique reactor configurat ions, and alternate 
materials selection ("active partitioning"). Theref ore, higher DFs than 
those benchmarked from the previous DOE "passive pa rtitioning" work are 
anticipated. 
A thermodynamic analysis of melt purification can b e used to approximate 
the magnitude of the maximum theoretical separation  under equilibrium 
conditions where the partitioning of the contaminan ts is to an oxide-
based ceramic phase. A favorable theoretical separa tion is a "green 
light" to proceed, but the calculated result will n ot likely be achieved 
in practice because of system nonidealities. The Qu antum-CEP system under 
consideration consists of a molten metal bath, an o xide-based ceramic 
phase floating on the molten metal, and a head spac e of oxygen. These 
phases are assumed to be in equilibrium. The equili brium state of a 
closed system is that state for which the total Gib bs energy (G) is a 
minimum with respect to all possible changes at the  given temperature and 
pressure. This means that at equilibrium, the chang e in the Gibbs energy 
(DG) is zero. For a given chemical reaction aA + bB  = cC + dD, the 
expression for the change in the Gibbs energy is gi ven as: 
Eq. 1 
where  
1. DGo is the standard Gibbs energy of formation at  a given temperature 
2. ai is the activity of the chemical species = gix i. 
3. R = 8.314 J mol-1 K-1. 
4. T = temperature. 
The two reactions (for RSM with one contaminant) th at are at equilibrium 
in this system are (matrix metal = Mm; contaminant metal = Cm) 
Eq. 2 
Eq. 3 
Because DG1 = DG2 = 0 at equilibrium,  
Eq. 4 
To determine the maximum theoretical DF, rearrange the above equation to 
obtain an expression for aCm. Then, use the followi ng set of assumptions 
to simplify: 
1. aCm = gCmxCm (where gCm is the thermodynamic act ivity coefficient for 
the contaminant metal in the matrix metal, and gCm is the mole fraction 
of contaminant metal remaining in the matrix metal after melt 
purification). 



2. aCmxO2y and aMmxO2y in the ceramic phase are app roximated by xCmxO2y 
and xMmxO2y, their respective mole fractions. 
3. aMm may be approximated as unity. 
4. T is the temperature of the system. 
Solve for xCm, and convert to the appropriate weigh t fraction using the 
appropriate molecular weights. Finally, an assumpti on must be made as to 
the value of gCm. 
M4 TECHNOLOGY CENTER 
Overview 
M4's state-of-the-art Technology Center is located in a light 
industrial/commerce park in Oak Ridge, TN. The thre e-story facility has 
more than 75,000 ft2 of factory floor space and 25, 000 ft2 of office 
space. Quantum-CEP systems in the M4 Technology Cen ter are designated as 
Radioactive Processing Units (RPUs). The following provides a description 
of each of the systems that have been installed or are being installed in 
the facility. 
Description of LLMW Facilities 
RPU-2 
RPU-2 provides a bench-scale facility for research and development and 
treatability studies. Each unit is constructed with  feed preparation 
equipment (excess water removal, etc.), two replica te Quantum-CEP test 
units, a common gas mixing system and three redunda nt gas handling trains 
(GHTs). 
The gas delivery set-up is capable of mixing three reagent gases and an 
inert gas for submerged lance injection into a molt en metal or metal and 
ceramic phase system. The gas composition is contro lled using individual 
flowmeters and a gas mixing chamber, and can be dir ected to either test 
unit via a three-way valve at the exit of the gas m ixing chamber. 
On-line analysis of the process gas stream during w aste injection is 
performed with, for example, a Total Hydrocarbon An alyzer (THC) mass 
spectrometer, CO/CO2 analyzer, etc. The on-line ana lysis allows 
quantification of the gas phase product quality for  comparison to larger 
Q-CEP systems. Additionally, metal and ceramic phas e samples can be taken 
during operation. Post-run elemental analysis is pe rformed on metal, 
ceramic, containment, head space, etc., for materia l balances. 
RPU-3 
RPU-3 is a refractory-lined Catalytic Processing Un it (CPU) which can be 
fed either through a submerged lance, a lock hopper  or a bottom tuyere. A 
tuyere is a concentric pipe mounted from the bottom  of the reactor where 
flowable feed with a small nominal particle size (i .e., < 1 mm) and co-
feeds are injected into the reactor. The submerged lance and lock hopper 
are typically used for adding bulk solids to the CP U. A sludge/ slurry 
injection system is under development to enhance th e capability of RPU-3 
to process a wide range of materials. The RPU-3 has  a nominal molten 
metal capacity of 800 lb. A prototype ceramic and m etal tapping assembly 
has been developed for the RPU-3. This system allow s for continuous 
removal of the two phases from the CPU on a continu ous basis. Throughput 
for RSM may be up to 60 lb/hr in this system.  
Thermocouples (for measuring gas and/or metal tempe rature), off-gas 
plumbing and reactor relief stations are installed at the top of the 
reactor. A containment monitoring system is also in stalled. An angled 
sample port is provided for intermittent contact me asurement of 
temperature as well as withdrawal of ceramic and me tal samples. Product 
gases are withdrawn from the reactor through a gas handling train (GHT). 



RPU-4 
RPU-4 is rated for the largest waste throughput of any processing unit in 
the Technology Center. The CPU is an inductively he ated, refractory-lined 
steel pressure vessel with a nominal molten metal c apacity of 3,000 lb. 
The unit is equipped with ceramic and metal tapping  capabilities that 
allow up to 1,400 lb/hr of RSM to be decontaminated . 
A gas handling train will allow off-gas cooling and  collection of dust 
including volatile heavy metals and metal halides. The ability to 
separate alkali halides from the lead, zinc, and ot her volatile heavy 
metals will be accomplished through as dual-stage c ooling and filtration 
train. A small purge stream containing the volatile  heavy metals is 
required for the system. Appropriate polishing step s, such as carbon bed 
absorption and caustic scrubbing, are utilized to e nsure off-gas quality 
prior to being sent to storage or flare system. The  carbon bed is fully 
recyclable to the CEP system after saturation.  
Planned melt purification work to be done in these three CEP systems in 
1996 includes co-processing commercial mixed waste (chlorinated and/or 
fluorinated organic liquids) and nickel with 2.1 wt . % ThO2. Other 
potential RSM feedstocks for co-processing LLMW in 1996 and out years 
include: 1) approximately 200,000 tons of contamina ted ferrous and non-
ferrous metals in the current national DOE inventor y; 2) barrier nickel 
in the intact buildings that house the gaseous diff usion operations; and 
3) ferrous alloys present in the still-intact gaseo us diffusion plants. 
It is expected that the Quantum CEP Technology will  be economical for the 
processing of mixed wastes in comparison with other  available 
technologies; by using RSM in the processing, the e conomics will be in 
hand. 
UF6 Program Background 
In May 1995, M4 signed a one-year contract with the  USEC to demonstrate 
the applicability of Quantum-CEP to convert UF6 pro cess tails to a stable 
uranium form (i.e., UO2/U3O8 or bulk uranium metal)  with reuse of the 
fluorine. A successful technology demonstration and  a decision to proceed 
would lead to the construction of one or more produ ction facilities to 
convert USEC's stored and newly generated tails. Th is would provide a 
solid experience base for pursuing the DOE market, reported to be 556,000 
metric tons of UF6, as well as the international ma rket.  
The experimental plan has been constructed with thr ee process flowsheet 
options. In the baseline approach, the uranium cont ent of the UF6 is 
converted to either UO2 or U3O8, and the fluorine c ontent is recovered as 
anhydrous hydrogen fluoride (AHF). A general repres entation for this 
process is: 
Option 1 (Baseline): UF6 + H2O + CO2 = UOx + AHF + CO + H2 
In Option 2, a metal oxide and a carbon source are co-fed to the CPU to 
produce either UO2 or U3O8, the fluoride of the met al that was fed as an 
oxide, and synthesis gas (CO + H2). The option diff ers from the baseline 
in two respects: it feeds a solid material (such as  CaO, MgO, or Al2O3) 
and it does not need the elaborate gas recovery sys tem required for AHF 
since the fluorine values are recovered as a salt ( CaF2, MgF2, or AlF3). 
This option is expected to have less attractive eco nomics than the 
baseline approach, which is the focus of planned de velopment and 
demonstration activities. A general representation for this process is: 
Option 2 : UF6 + MOy = UOx + MFz + CO + H2 
Finally, as a third option, a reactive metal (Al, M g, or Ca) can be fed 
into the process as a reductant, producing a uraniu m alloy with the bath 



metal (i.e., iron) and the fluoride of the reactive  metal. A general 
representation for this process is: 
Option 3: UF6 + M = U +MFx  
The dense, stable storable uranium oxide produced i n the first two 
process options can either be sent to a disposal si te or made into 
products for shielding. The uranium alloy produced in Option 3 could be 
used for such things as AVLIS metal feed or shieldi ng. The bath metal for 
Options 1 & 2 may be copper, nickel or iron, which can be provided from 
RSM in DOE inventories; the preferred bath metals f or option 3 are iron 
or carbon steel, which can yield an alloy that melt s significantly lower 
than either iron or uranium alone. Option 3 is uniq ue in that it would 
allow the use of radioactive scrap aluminum from id le gaseous diffusion 
plant equipment (such as compressors) as feedstock for conversion to 
AlF3. The aluminum fluoride could be collected from  the gas phase so 
that, with proper filtration, it is free of radioac tivity and is of very 
high purity (i.e., 99% minimum). Currently, AlF3 is  available 
commercially in purities of 92% and 97% and has a v alue of around 
$0.50/lb. Also, in a production plant designed to c onvert the DOE UF6, 
the UF6 cylinders will provide significant metal in put and up to 70,000 
tons of steel product for resale from Quantum-CEP o perations. By feeding 
excess bath metal to the process, Quantum-CEP purif ied RSM can be cast 
and made available for additional reuse.  
Specific RSM feed being lined up for RPU-1 includes : 1) copper 
contaminated with depleted uranium from the H-1 Fou ndry at the Oak Ridge 
Y-12 Plant; 2) a 180-lb Monel UF6 cylinder from the  K-25 Site in Oak 
Ridge; 3) aluminum compressor blades contaminated w ith slightly enriched 
uranium also from the K-25 Site; and 4) barrier nic kel from the gaseous 
diffusion plants (either part or all of a 100-lb in got or "cornflakes." 
The cost of Quantum CEP conversion of depleted UF6 are expected to be in 
lined with quoted competitive conversion process co st (two dollars to 
eight dollars/kg of UF6); RSM addition to the proce ss will further lower 
conversion costs.  
Description of UF6 Demonstration Facility  
RPU-1 
The M4 RPU-1 experimental facility incorporates the  general capability to 
feed gaseous UF6 and various reactants (co-feeds) n ecessary for the 
chemical conversion of UF6 (e.g., H2O, H2, O2, CaO,  and CH4) at 
prescribed rates, temperatures, and pressures to a CPU and analyze the 
resulting off-gas in near real time. HF generated b y the conversion 
process is chemically reacted with chemical sorbent s for disposal. The 
capability to sample the metal melt and ceramic pha se is available, but 
bulk removal is not. The design allows quantitative  operation of the CPU 
at pre-established process conditions for sufficien t periods of time 
(e.g., one to six hours) to achieve steady state an d collect meaningful 
process performance and material balance informatio n. The overall design 
allows quick turnaround of the experimental equipme nt to accommodated two 
test periods per week. Each test period can determi ne the steady state 
results for several values of an experimental varia ble. 
RPU-1 consists of six major components: 1) Feed Sys tem, 2) CPU, 3) Off-
Gas System, 4) Purge System, 5) Analytical and Cont rol Instrumentation, 
and 6) Containment. A summary description of the fa cility is given below. 
The Feed System consists of an electrically-heated environmental 
enclosure for generating a UF6 vapor feed, gas mani folds for various 
gaseous components, steam generator, and solid feed er. Solid co-feeds 



(e.g., Ca, UO3, CaO, Al, and CaF2) may be batch cha rged to the CPU (along 
with the initial metal charge) as well as lance fed  to the CPU in a 
continuous mode from a feed hopper. 
The CPU is a crucible-based reactor designed by MMT  specifically for UF6 
service. The unit will operate with a variety of mo lten metals, including 
iron, nickel and copper. The nominal temperature ra nge is 1000o to 1700o 
C. The crucible design will accommodate a nominal 4 5 kg of metal and will 
allow the collection of sufficient ceramic product to support a six-hour 
experimental campaign. Multiple tests may be perfor med for each 
experimental campaign. The CPU can be operated unde r a broad range of 
processing conditions to enable parametric mapping of process performance 
for the assumed reaction scenarios. The CPU operate s at essentially 
atmospheric pressure. Metal and ceramic phase tappi ng is not provided 
although the design allows metal and ceramic phase sampling. 
The Off-Gas System consists of a ceramic process fi lter to remove 
entrained metal and ceramic particulates from the C PU, chemical traps to 
quantitatively react the CPU-generated HF and resid ual UF6, and HEPA 
filters for final particulate removal. 
The Purge System consists of a cold trap, chemical traps, and HEPA filter 
to remove bulk process gas from the experimental sy stem after completion 
of an experimental campaign. 
The Analytical and Control System consists of near real time, on-line 
instruments for the quantitative analysis of proces s gas for process 
control and process performance determination. Off- line analytical 
equipment is provided for analysis of the ceramic a nd metal phases. In 
this case, the crucible will be removed from the CP U after completion of 
an experimental campaign and bisected for quantitat ive analysis. X-ray 
fluorescence or energy dispersive x-ray will be use d to provide 
quantitative elemental distributions in the crucibl e, metal and ceramic 
(as well as any interface). Scanning electron micro scopy (SEM) will be 
utilized to identify any distinct phase regions of interest in the 
crucible, metal, ceramic and any interfaces. Electr on probe microanalysis 
(EPMA) will be used to determine the chemical ident ity of the distinct 
phases identified by the SEM. 
The Containment System provides multiple physical b arriers to double and 
triple contain radioactive gas and solids, as well as flammable and toxic 
process components, at the source in the event of a  primary process 
breach. The Feed System, CPU, Off-Gas System, and P urge System are 
located in separated, independently ventilated, sec ondary containment 
structures. The CPU will be readily removable from the containment 
structure for post-mortem examination. A hooded wor k area is also 
provided for disassembly of the crucible after a te st. All components of 
the facility are located in a third containment str ucture for ultimate 
environmental isolation and protection of workers. HF, H2, and CO 
monitors with alarm circuits are provided in the va rious containment 
structures to alert the operator to process leaks. 
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ABSTRACT 
The Westinghouse Savannah River Company (WSRC) is p artnering with a 
number of commercial nuclear power plants in order to directly implement 
utility best practices as a means of improved treat ment, storage and 
disposal of low-level radioactive waste. Initial fo cus has been on 
development and implementation of an aggressive pol lution 
prevention/waste minimization program. Through a se ries of benchmarking 
visits and technical exchanges, WSRC has identified  and begun 
implementation of a series of changes to work pract ices and 
material/product specifications that are expected t o result in 
substantial cost savings and extension in the life of on-site disposal 
facilities. The utility participants in this partne rship have been 
exposed to a number of technologies with significan t applicability to 
current and planned operations at commercial nuclea r plants. This 
partnership is consistent with the Department of En ergy's (DOE) 
initiative to utilize commercial technologies/pract ices to an increased 
degree and the U. S. electrical industry's continui ng practice of cost 
reduction and economic competitiveness.  
INTRODUCTION 
The Savannah River Site (SRS) is a key DOE facility  focusing on national 
security work, environmental and waste management a ctivities, and 
economic development and technology transfer initia tives. Owned by the 
DOE and operated under contract by the Westinghouse  Savannah River 
Company (WSRC), the complex covers 310 square miles  near Aiken, South 
Carolina. 
From its construction and initial operation in the 1950s until the early 
1990s, SRS operated in a manner consistent with its  national defense 
mission. There was minimal contact with the commerc ial world, with all 
process-related research and development performed on site. Production 
goals, and employee and public health and safety we re paramount. Cost 
effectiveness was secondary. The situation was simi lar at the other sites 
in the DOE Weapons Complex. 
With the fall of the Soviet Union in the early 1990 s, the DOE complex 
began a transition period with an often traumatic e ffect on its mode of 
operations. Site missions changed from production t o environmental 
management, plans were made to completely shut down  some facilities, 
budgets were cut as the Federal Government struggle d with an increasing 
budget deficit, and thousands of workers were laid off as funding for 



their projects vanished. DOE and its contractors qu ickly recognized that 
a basic change in operating culture was required bo th for basic survival 
and to complete remaining missions within available  budgets. This change 
in operating culture involved, among others: 
  privatization 
  outsourcing 
  use of commercial best in class technologies 
  change in basic structure of operating contracts 
The cost effectiveness/savings initiatives undertak en by DOE and its 
contractors mirror the efforts begun by the U.S. el ectrical utilities 
with commercial nuclear plants in the early 1980s. Specifically in the 
area of low-level radioactive waste management, the  commercial power 
plants were faced with spiraling costs for waste di sposal. Burial costs 
were increasing steadily from a few dollars per cub ic foot in the late 
1970s to several hundred dollars per cubic foot tod ay. This problem was 
compounded by the formation of regional compacts wh ich presented the 
possibility that the majority of generators would b e denied access to 
available disposal capacity. 
As the cost of disposal of low-level radioactive wa ste became an 
increasing part of the nuclear plant's operating bu dget, this portion of 
the operation came under increased scrutiny as the utility endeavored to 
reduce costs and improve its situation in what was quickly becoming a 
highly competitive electrical generation and distri bution industry. 
Strategies were developed and implemented to: 
  reduce waste generation at the source improve the  packaging of waste 
that is generated 
  decontaminate material where practical 
  volume reduce waste volumes to the maximum extent  
  develop storage concepts where required 
IMPLEMENTING A COST REDUCTION CULTURE AT SRS 
The Solid Waste Management Department (SWMD) at SRS  is responsible for 
the treatment, storage, and disposal of all solid w aste streams generated 
at SRS with the exception of high-level waste store d in underground tank 
farms. The disposition of these waste streams are a s follows: 
  hazardous waste is shipped off site for incinerat ion at a commercial 
facility 
  mixed waste is stored on site awaiting operation of the Consolidated 
Incinerator Facility 
  transuranic waste is stored on site awaiting open ing of the Waste 
Isolation Pilot Plant 
  sanitary waste is disposed of at an off-site comm ercial landfill 
  low-level radioactive waste is disposed of in on site engineered 
disposal vaults 
As part of its program to reduce the cost for treat ment, storage and 
disposal of the site's solid waste, SWMD has pursue d some of the more 
traditional approaches including: 
  privatization of sanitary waste disposal 
  development of needed technologies under the Vend or Forum Program 
  awarding of a contract for off-site volume reduct ion of low-level 
radioactive waste 
  utilization of subcontracts with commercial vendo rs for selected tasks 
In addition to these initiatives, it was recognized  that there was a 
significant source of proven, world-class best prac tices within easy 
grasp of SRS; the 100 or so commercial nuclear plan ts. These plants 



readily share their best practices among themselves  without regard to 
utility ownership. Discussions with several of thes e plants found them 
willing and eager to share their best practices wit h SRS as well. 
The SWMD at SRS therefore formed an informal Waste Management Partnership 
with a number of commercial nuclear plants. The obj ective of the 
partnership was to identify and directly incorporat e as many utility best 
practices as possible at SRS that would assist our cost reduction 
initiative. To ensure effectiveness of this partner ship, certain 
classical paradigms had to be overcome at SRS: 
  What we've done for the past 40 years has worked and is safe. Why 
change now?  
  Utility practices are not as technically rigorous  as we require.  
  We have a lot of alpha contamination which invali dates many utility 
practices.  
  We've got to study it some more.  
The areas in which SRS could benefit from the partn ership are: 
  waste minimization/source reduction strategies an d practices 
  decontamination strategies/practices 
  volume reduction techniques 
  container selection and design 
  waste storage 
  treatment, storage and disposal of greater than C lass C waste 
  filtration, demineralization and other treatment of dilute liquid 
radioactive waste streams 
  hazardous chemical control programs 
  waste characterization and certification programs  
  reuse/recycle of radioactive scrap 
Although the cost of low-level radioactive waste di sposal at SRS does not 
provide the same hard economic driver as exists in the commercial nuclear 
industry, radiological performance requirements for  low-level radioactive 
waste disposal facilities have resulted in an almos t doubling of unit 
disposal costs. This results from a 1995 change fro m shallow- land burial 
to disposal in engineered vaults. The need for a ne w focus on pollution 
prevention/waste minimization at SRS resulted in th is area becoming the 
initial focus of the Waste Management Partnership. SRS benchmarking teams 
therefore visited the following commercial nuclear plants: 
Susquehanna Steam Electric Station near Berwick, Pa . 
Beaver Valley Nuclear Station near Pittsburgh, Pa. 
McGuire Nuclear Station near Huntersville, N.C. 
Plant Vogtle near Waynesboro, Ga. 
V.C. Summer Nuclear Station near Jenkinsville, S.C.  
These plants are but a few of the plants with demon strated track records 
of significant reduction in the volume of low- leve l radioactive waste 
generated and disposed of over the past ten years. During the 
benchmarking visits, plant personnel openly discuss ed their programs, 
what had worked (and what hadn't worked), the need for senior management 
commitment and support, employee education and moti vation, and 
opportunity identification and assessment. Plant wa lk downs were key 
ingredients of the visits as most of the members of  the benchmarking team 
were representatives of SRS' larger waste generator s. 
WHAT THE PARTNERSHIP HAS MEANT TO SRS 
The Waste Management Partnership has been the corne rstone for the 
successful development and implementation of SRS' p ollution 
prevention/waste minimization program. The Partners hip will also 



represent the engine for continuous improvement of the program. Whereas a 
typical commercial nuclear plant has only a handful  of individual waste 
generators, a DOE site the size and complexity of S RS has approximately 
55 individual waste generators. The development and  implementation of a 
site-wide pollution prevention/waste minimization p rogram is therefore 
faced with a number of unique hurdles and barriers.   
The Partnership provided SRS' SWMD with a litany of  utility success 
stories that were crucial in receiving senior manag ement buy in and 
commitment. The information gained from the Partner ship was used to 
develop a brochure entitled "Savannah River Site, T he Commercial 
Connection" that was targeted at the site's divisio n vice presidents. The 
brochure described the successes and cost reduction s achieved by the 
utilities and described the techniques and work pra ctices that, when 
applied at SRS, would result in an overall reductio n in SRS' radwaste 
budget. The utility success stories also provided o perating experience to 
overcome skepticism that implementation of common s ense changes to 
operating practices could have a significant impact  on radwaste volumes 
and disposal costs. The Partnership clearly allowed  SRS to immediately 
benefit from 10 years of utility field work. 
Following the example of the commercial nuclear ind ustry, SRS has formed 
a Solid Waste User's Advisory Board to represent th e focus of site-wide 
implementation of pollution prevention/waste minimi zation initiatives. As 
a result of the Waste Management Partnership, the f ollowing initiatives 
are being pursued (both on a pilot and across the b oard basis) at SRS 
facilities: 
  Segregation of Radiation Buffer Area (RBA) Waste - Green is Clean 
program 
  Segregation of all waste types at point of genera tion 
  Elimination/reduction of throw away items (especi ally plastic and tape) 
  Maximize use of launderable items; e.g., waste ba gs, rags, etc. 
  Select materials of construction consistent with incineration in the 
Consolidated Incinerator Facility 
  Designation of contaminated tool cribs 
  Clearance of tools in regulated areas with an aut omated tool frisker 
  Decontamination of tools  
  Elimination of double bagging of LLW 
Once fully implemented, it is estimated that these programs have the 
potential to reduce waste generation volumes by 30%  and reduce annual 
disposal costs at SRS by $2-3 million. These effort s will also extend the 
life of the site's engineered disposal vaults, ther eby delaying the need 
for scarce capital project funding. 
In addition, as SRS and other DOE facilities intens ify their recycling 
efforts, the utilities represent a potential end us er of the "products" 
manufactured from the recycled materials. 
WHAT'S IN IT FOR THE UTILITIES? 
A reasonable question is, what can the commercial n uclear plants learn as 
part of this Waste Management Partnership? The answ er is quite simple and 
straightforward: additional opportunities for cost 
effectiveness/reduction. Although the mission of a commercial nuclear 
plant and a facility at SRS or other DOE site diffe r, the tail end of the 
nuclear fuel cycle offer numerous areas of commonal ity as discussed 
earlier in this paper. The lifting of the veil of s ecrecy at SRS and 
other DOE sites offers the utilities the opportunit y to investigate those 
best practices in these areas of commonality. In ad dition, nuclear plant 



personnel frequently become involved in issues such  as off-site 
incineration and design and operation of regional d isposal facilities 
that directly affect the operation of their plants.  The exchange of 
design and operating information on SRS facilities such as the low level 
radioactive waste disposal vaults and the Consolida ted Incinerator 
Facility will assist nuclear plant personnel perfor m this part of their 
responsibilities. 
In the case of Susquehanna Steam Electric Station, sufficient interest 
was generated during the SRS benchmarking trip in M ay 1995 that two 
utility personnel visited SRS in August 1995. The u tility personnel were 
interested in learning more about SRS' solid waste operation with 
specific emphasis on disposal vault design and desi gn and operation of 
the SRS Consolidated Incinerator Facility. The util ity representatives' 
visit to SRS was also used to allow them to walk do wn two of the site's 
larger generators and critique their waste minimiza tion practices. Once 
again, by working together, the DOE facility and th e electric utility 
were able to develop a win-win situation. 
PARTNERING BEYOND THE SAVANNAH RIVER SITE 
There are geographically convenient commercial nucl ear plants available 
to most DOE facilities. These commercial plants off er numerous 
opportunities to the DOE facilities for partnering on day-to-day 
operations issues as well as, one- time events such  as decommissioning. 
With many DOE facilities actively undertaking D&D p rograms, the potential 
for exchange of world class practices and technique s do exist. 
Another partnership that has developed at a Westing house operated DOE 
facility is the one between the waste management or ganizations at the 
Hanford DOE site and the commercial nuclear plant o perated by the 
Washington Public Power Supply System (WNP) on the Hanford reservation. 
WNP personnel had initially participated in the ann ual Westinghouse GOCO 
Waste Management Operations Workshop at Hanford in November 1994. This 
relationship has now grown into one that has proven  beneficial to both 
organizations. WNP personnel actively participate i n Westinghouse Hanford 
Company's monthly pollution prevention meetings. WN P personnel have 
learned from the DOE pollution prevention program a nd is implementing 
many of the philosophies, such as pollution prevent ion opportunity 
assessments, recycling/reuse and materials substitu tion to minimize waste 
generation. Additional Westinghouse Hanford has pro vided WNP assistance 
in development of procedures and programs for contr ol of chemicals and 
management of hazardous waste. 
In return, WNP has shared their initiatives on radi oactive waste 
minimization with Westinghouse Hanford. The use of anti-contamination 
clothing designed to eliminate waste generation are  being considered both 
at Hanford and West Valley. The use of launderable tarps to replace 
herculite and other plastic sheeting is also being pursued. 
The partnership between WNP and Westinghouse Hanfor d has and will 
continue to provide opportunities for exchange of i nformation with mutual 
benefit. The partnership has provided the key vehic le -- an open line of 
communications. 
CONCLUSION 
Yes Virginia, DOE facilities can learn from commerc ial nuclear plants and 
commercial plants can learn from DOE facilities. On ce the NIH (not 
invented here) factor is overcome, partnering betwe en DOE facilities and 
commercial nuclear plants provides a powerful vehic le for exchanging best 
practices as both cultures strive for improved cost  competitiveness. 



Partnering between the SWMD at SRS and waste manage ment organizations at 
a number of commercial nuclear plants has provided the impetus for the 
SRS pollution prevention/waste minimization program  that is expected to 
result in significant cost savings. The partnering commercial plants have 
gained information and knowledge needed to further make their operations 
cost effective. This partnering can be expanded to any DOE/utility pair 
as shown by the Hanford/WNP experience. 
As we all look to make our operations more cost eff ective and 
competitive, remember, put the NIH monkey back in i ts cage and look 
beyond your culture for opportunities for continuou s improvement. 
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ABSTRACT 
The United States Department of Energy (DOE) is exp ected to issue a 
policy early this year articulating DOE's position on the recycle of DOE 
radioactive scrap metal. In anticipation of this "R ecycle 2000" 
initiative, the nuclear industry has formed a new t rade association 
called the Association of Radioactive Metal Recycle rs (ARMR). This 
article describes the Recycle 2000 initiative, prov ides some background 
on ARMR and its membership, and identifies industry  views on the actions 
to be taken and issues to be resolved if Recycle 20 00 is to become a 
reality. 
RECYCLE 2000 
The U.S. Department of Energy (DOE) has a huge volu me of radioactive 
scrap metal (RSM) in inventory at sites across the DOE complex. In March 
1995, an inventory report prepared for the Office o f Technology 
Development documented the existence of 157,501 ton s of contaminated 
carbon steel at thirteen (13) sites (1). Others hav e estimated that, when 
metal generated during the future dismantlement of contaminated DOE 
facilities is included, the total volume of DOE RSM  could reach 3 million 
tons! 
In December 1994, the "Recycle 2000" concept was ar ticulated by DOE at a 
meeting in Denver in conjunction with a diverse gro up of stakeholders 
including citizens groups, environmental organizati ons, unions, industry 
and various government organizations. The overall o bjective was to 
determine stakeholder support for DOE to remove RSM  from the waste 
disposal stream and "beneficially reuse" the DOE me tal in applications 
where its small radioactivity content would not be a detriment. 
Specifically, DOE proposed that, by the year 2000, at least 50 percent of 
the low-level waste disposal containers (B-25 boxes ) used by DOE would be 
fabricated from DOE-generated radiologically contam inated carbon steel 
defined as RSM. Such a proposal would recycle natur al resources (metal) 



and vastly reduce the DOE disposal volume that woul d otherwise be 
required if the radioactive scrap metal was buried.  
Since this successful Recycle 2000 concept introduc tion, other meetings 
have been conducted by DOE in Salt Lake City and Kn oxville with 
considerable emphasis placed on, 1) developing a co st model comparing the 
cost of recycling RSM into waste containers to the cost of burial, and 2) 
evaluating the dose received (risk) by industry wor kers and the general 
public if the Recycle 2000 concept was implemented.   
There appears to be considerable support for recycl ing not only in 
industry but throughout DOE and EPA. Consider the f ollowing: 
  USDOE Assistant Secretary for Environmental Manag ement, Thomas P. 
Grumbly, has stated that, "It is our policy to reus e or recycle these 
scrap metals to the maximum practical extent" (2). 
  USDOE Director of Environmental Restoration, Jame s Owendoff, expressed 
in a Weapons Complex Monitor interview a preference  to use waste disposal 
containers fabricated from recycled DOE metal as op posed to containers 
made from virgin steel, even at a large cost premiu m (3).  
  USDOE Director of the Office of Eastern Area Prog rams, Jim Fiore, has 
stated, "Pollution prevention and waste minimizatio n activities such as 
scrap metal recycling are supported and encouraged by Headquarters" (4). 
  USDOE Director of the Waste Minimization Division , J. Kent Hancock, 
estimated that between $28 to $43 billion could be saved within the 
complex over the next 75 years by implementing poll ution prevention 
programs including recycling (5). 
  The USEPA has established pollution prevention as  a "national 
objective" requiring that pollution be prevented or  eliminated at the 
source wherever feasible, recycled when prevention is not feasible, and 
disposed of only as a last resort. 
  Presidential Executive Order #12780 requires that  DOE "promote cost-
effective waste reduction and recycling of usable m aterials from waste 
generated by Federal Government activities," and th at DOE "integrate 
these programs to assist in addressing the nation's  solid waste disposal 
problems." 
Because of the strong support for recycling both wi thin industry and 
government, the industry consensus is that the Recy cle 2000 Policy will 
be adopted by DOE and promulgated in early 1996. 
ASSOCIATION OF RADIOACTIVE METAL RECYCLERS (ARMR) 
In 1995, strong industry interest in the beneficial  reuse concept and in 
DOE's Recycle 2000 initiative spawned the formation  of a new trade 
association called the Association of Radioactive M etal Recyclers (ARMR), 
headquartered at the University of Tennessee in Kno xville. 
ARMR is a trade organization of the holders, decont amination processors, 
metal fabricators and end users of recycled radioac tive scrap metal. 
Through the activities of the Association, the Memb ers seek to stimulate 
and support the movement of radioactive scrap metal  to useful products 
with the following specific objectives: 
  Coordinate the exchange of information among the Members regarding 
Radioactive Scrap Metal (RSM). 
  Foster the identification of reuse products, incl uding the free release 
of decontaminated metals. 
  Support the development of the industry infrastru cture to permit the 
beneficial reuse of RSM. 
  Encourage research into cost-effective recycle of  RSM. 



  Advocate regulatory practices and national standa rds supportive of RSM 
recycle. 
  Promote the recycle of RSM as an environmentally favorable and cost 
effective alternative to disposal. 
  Hold or participate in industrial society meeting s to promote the 
recycle of RSM. 
  Provide information to the interested public and speak with the single 
voice of a trade association. 
  Advance other activities supportive of the purpos e of the Association. 
Since its formation, ARMR has worked closely with D OE in refining the 
Recycle 2000 policy. In an October 13, 1995 letter to ARMR, Tom Grumbly, 
DOE Assistant Secretary for Environmental Managemen t, stated that "We 
welcome your (ARMR) thoughts on how to implement th at decision (Recycle 
2000) efficiently and quickly. We also encourage yo u to share your ideas 
on how the National Recycle Program might be expand ed in the future." 
Although ARMR has a strong focus on DOE, the organi zation will also 
address material generated by the commercial nuclea r power industry and 
the fabrication of many different products in addit ion to low-level waste 
containers. 
A current list of ARMR organizational members inclu de: 
-     Advanced Recovery Systems 
-     Alaron 
-     Allied Erecting and Dismantling 
-     American Technologies, Inc. 
-     Brandenburg Industrial Service Co. 
-     CDM Federal Programs 
-     Carolina Metals 
-     Corpex Technologies 
-     Fernald Environmental Restoration Management Corporation (FERMCO) 
-     Hake Associates 
-     Lockheed Martin Energy Systems, Inc. 
-     MSE Western Environmental Technology Offices 
-     M4 Environmental Management, Inc. 
-     Manufacturing Sciences Corporation 
-     Molten Metal Technology 
-     Princeton Plasma Physics Lab 
-     Scientific Ecology Group 
-     University of Tennessee 
-     U.S. Ecology 
-     Westinghouse Savannah River Company 
The formation of ARMR and the list of organizationa l members should leave 
no doubt in anyone's mind that industry is ready to  support the DOE 
Recycle 2000 effort! 
INDUSTRY IS READY! 
Recycling options available today for radioactive s crap metal include 
both decontamination/free release of metal and meta l melting/beneficial 
reuse. 
Decontamination/Free Release Capability 
The nuclear services industry not only strongly sup ports the Recycle 2000 
concept but has already made considerable capital i nvestment in preparing 
to respond to DOE for policy implementation. In fac t, nuclear industry 
emphasis on waste volume reduction beginning in 198 0 has spawned a number 
of companies that specialize in removing contaminat ed material, including 
contaminated metal, from the waste disposal stream.  These companies are 



typically licensed by agreement states, states auth orized by the Nuclear 
Regulatory Commission to issue radioactive material  licenses, and 
permitted to receive radiologically contaminated me tal for subsequent 
decontamination, survey, and free release in accord ance with NRC 
Regulatory Guide 1.86 and DOE Order 5400.5. 
A list of companies currently operating commercial facilities offering 
decontamination and free-release service is as foll ows: 
ALARON      Pittsburgh, PA 
ATG       Richland, Washington 
Hake Associates     Memphis, TN 
Manufacturing Sciences Corporation   Oak Ridge, TN 
SEG       Oak Ridge, TN 
US Ecology      Oak Ridge, TN 
The metal most suitable for cost-effective decontam ination and free-
release normally has a high mass to surface area ra tio with easily 
accessible surfaces for decontamination and survey.  Following metal 
decontamination and free release, the metal is typi cally sold to 
commercial scrap metal dealers. 
Metal Melting/Beneficial Reuse Capability 
In direct support of the Recycle 2000 initiative, i ndustry has recently 
expanded its metal recycling capability going beyon d simple 
decontamination/free release. Specifically, a numbe r of companies now 
offer metal melting services for that metal that ca nnot be easily 
decontaminated -- a capability required to support Recycle 2000. In fact, 
a true niche marketplace has developed with conside rable competition. 
SEG 
In 1990, SEG was the first company to offer commerc ial metal melting 
services to process metal not suitable for economic  decontamination, that 
is, metal with low mass to surface areas, inaccessi ble surfaces or 
otherwise difficult or impossible to decontaminate.  
The melting process reduces the bulked volume of ra diologically 
contaminated scrap metal by a factor of approximate ly 15. The process 
also concentrates most of the RSM's radioactivity i n the "slag" which is 
removed for burial. Since the resulting metal produ ct still retains a 
small amount of volumetric radioactivity, the produ ct cannot be "free 
released" under current regulations in the United S tates. SEG has 
contracted with Los Alamos to provide shield blocks  fabricated from this 
metal - an application where the slight volumetric contamination of the 
metal was not a detriment to the products intended use - shielding (6). 
SEG currently has the capacity to melt and process more than 15,000 tons 
per year. 
In addition to its metal melt facilities in Oak Rid ge, SEG has acquired 
and now operates a container fabrication facility i n Carlsbad, New 
Mexico. 
SEG's effort has been followed up and expanded by o ther companies in an 
attempt to anticipate the commercial opportunities growing out of the 
Recycle 2000 concept.  
MANUFACTURING SCIENCES CORPORATION (MSC) 
MSC, in a joint venture with British Nuclear Fuels Limited (BNFL), 
recently completed construction of a new, 115,000 s quare foot metal 
recycling facility in Oak Ridge. The facility featu res automated indoor 
storage of all incoming contaminated scrap metal, r emotely operated 
material handling, semi-automated mechanical and ch emical decontamination 
processes and vacuum induction melting. The new pla nt will operate in 



conjunction with MSC's existing metal rolling and f abrication facility. 
Estimated plant capacity for complete metal recycle  is 10,000 tons per 
year. 
MSC is ideally positioned to respond to Recycle 200 0 in the short-term 
since the company possesses not only the capability  to melt RSM into 
ingots but also to roll the ingots into metal sheet  and fabricate waste 
containers.  
MSC also has a contract with DOE to convert four bu ildings at Rocky Flats 
to commercial use for RSM recycling. These building s collectively contain 
nine vacuum induction melting furnaces and two roll ing mills. This so-
called National Conversion Pilot Project, when comp leted in 1997, will be 
offered by DOE to commercial enterprises and be ava ilable to support DOE 
Recycle 2000 efforts. 
CAROLINA METALS 
Carolina Metals operates a metals processing facili ty in Barnwell, SC 
which is licensed to handle radioactive materials. In 1995, the company 
worked with MSC in a demonstration to fabricate sta inless steel 
containers for Westinghouse Savannah River Company using 20 tons of 
volumetrically contaminated heat exchangers, coolin g water piping, and 
slug buckets from activities at SRS. The company ha s an estimated 
capacity to melt 1,000 tons of RSM annually. 
Carolina Metals currently does not provide any deco ntamination services 
but has teamed with Alaron to melt materials which they have generated in 
their decontamination activities. 
RECOMMENDED ACTION 
With industry infrastructure in place, it's now tim e for DOE to consider 
the privatization of DOE recycling efforts. Privati zation would enable 
commercial companies to recycle DOE metal operation s under NRC or 
Agreement State rules - and not be bound by DOE Ord ers which frequently 
increase cost. The concept has many advantages: 
Speed - DOE recycling efforts can move forward quic kly if DOE will fund 
large recycling projects by commercial companies, e ssentially privatizing 
the function in support of Recycle 2000 objectives.  
Cost Reduction - A large-scale privatization effort  will provide 
significant manufacturing "economies-of-scale" resu lting in reduced DOE 
costs. In addition, DOE contractor labor costs now incurred in fragmented 
recycling efforts and in the custodianship of exist ing RSM piles would be 
reduced. 
Backlog Reduction/Contaminant Migration Mitigation - The huge DOE scrap 
metal backlog could be eliminated quickly, reducing  storage costs and the 
continued migration of contaminants into the enviro nment from numerous 
DOE scrap metal piles. 
Visible Cleanup Progress - Real cleanup progress wi ll be visible at a 
time when visible progress is very important. 
The strongest argument for action is very pragmatic . Many of DOE's scrap 
metal piles have been in existence for well over a decade. For example, 
the Oak Ridge Scrap Metal Program was established i n 1986, but the scrap 
metal piles are still there, in outdoor uncovered s torage, with the metal 
corroding and with small amounts of radionuclides e scaping into the 
environment. DOE has the ability to recycle this ma terial now! The RFP 
issued in November  
1995 by Lockheed-Martin Energy Systems in Oak Ridge  for the recycling of 
approximately 710 tons of RSM is a small first step  supporting DOE 
recycling efforts. A national procurement contract should be considered 



so that all sites can participate in the achievemen t of Recycle 2000 
objectives. Features of a national procurement cont ract could include: 1) 
standardization of terms and conditions. 2) specifi cation of the new 
family of standard DOE waste disposal containers, a nd 3) definition of 
secondary waste disposition responsibility. 
KEY ISSUES 
Despite broad support within government and industr y for the Recycle 2000 
effort and industry readiness to support DOE, there  are a number of 
issues that appear to be impeding DOE recycling eff orts.  
  Funding 
   Current federal budget realities in general and DOE budget cuts in 
particular put recycling efforts in competition wit h other cleanup 
activities for limited dollars. With funding limite d, the decision is 
frequently made to let RSM piles grow in size and d eal with them later. 
If funding for recycling is not provided, it will b e difficult or 
impossible for the Recycle 2000 policy to succeed. 
  Recycle Cost Premiums 
    Budget constraints are related to the "recycle cost premium". In many 
cases, it costs more to recycle metal than to simpl y bury it. The problem 
is particularly acute for those DOE sites planning on-site disposal cells 
where the recycle cost premium can be especially si gnificant. Sometimes 
the issue is whether to recycle or take what appear s to be fiscally 
expedient action, at least in the short-term. 
  Life Cycle Costs 
    The size of the "recycle cost premium" depends heavily on the true 
life cycle cost of waste disposal. A recent study p erformed by the Oak 
Ridge National Laboratory's Center for Risk Managem ent for the DOE's EM 
Waste Management organization stated that the total  annual cost of waste 
disposal at DOE sites is, in most cases, considerab ly higher than the 
burial charge used in most recycle vs. disposal cos t comparisons. For 
example, the full-cost of disposal at the Nevada Te st Site in FY-95 was 
determined to be $24 per cubic foot, double the pub lished disposal price 
(7). In fact, the weighted average DOE disposal pri ce in FY95 was 
calculated to be $38.50 per cubic foot. By understa ting real disposal 
costs, economic analyses comparing recycle to dispo sal will almost always 
favor disposal. 
  Decentralization of DOE Recycling Efforts 
    DOE recycling efforts are underway at a number of sites across the 
complex including Oak Ridge, Savannah River, Rocky Flats, INEL and 
Fernald. Due to the nature of DOE management and op eration (M&O) 
contracts, these positive M&O efforts are often unc oordinated, 
overlapping and thus unable to take advantage of th e substantial 
"economies of scale" that would result from large-s cale DOE procurements 
to rid the complex of unwanted RSM inventories. It is recommended that 
DOE centralize recycling activities, utilizing a Na tional Procurement 
Contract to assure Recycle 2000 policy implementati on. 
CONCLUSION 
The DOE Recycle 2000 Policy has wide support, both in industry and 
government. Industry has invested millions of dolla rs in the 
infrastructure required to support DOE recycling ef forts. Now is the time 
for DOE to move ahead to eliminate the Department's  huge backlog of 
radioactive scrap metal. 
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ABSTRACT 
A 1994 change in public law (P.L. 103-329, Section 608) enables Federal 
agencies to receive and use funds from the sale of materials recovered 
through recycling or waste prevention programs. The  law states that these 
funds must be used for specified environmental prog rams or other 
authorized employee programs. Numerous recycling pr ograms exist across 
the complex; however, revenues generated from these  programs are either 
not captured or managed, are being used to fund unr elated programs (e.g., 
employee incentive programs), or are being donated to charities. This 
change in public law provides a valuable incentive for agencies to 
maximize the recycling of wastes otherwise bound fo r disposal, especially 
in light of recent and projected Federal budget cut s. This paper 
discusses the provisions of the public law, the Dep artment of Energy 
(DOE) recycling progress, and incentives for recycl ing within DOE.  
PUBLIC LAW 103-329, SECTION 608 
The change in public law occurred in 103rd session of Congress and was 
reauthorized by the 104th Congress. (P.L. 104-52 wa s signed by President 
Clinton on November 19, 1995). The law states that,  in addition to other 
funds provided to agencies, Federal agencies can re ceive and use funds 
from the sale of materials recovered through recycl ing or waste 
prevention programs for three specific purposes: 
1. Acquisition, waste reduction and prevention, and  recycling programs as 
described by Executive Order 12873, "Federal Acquis ition, Recycling, and 
Waste Prevention," including any such programs adop ted prior to the 
effective date of the Executive Order (October 20, 1993). 
2. Other Federal agency environmental management pr ograms, including but 
not limited to, the development and implementation of hazardous waste 
management and pollution prevention programs. 
3. Other employee programs as authorized by law or as deemed appropriate 
by the head of the Federal agency.  
DOE RECYCLING REVENUE 



Based on recycling information contained in the dra ft 1993 "Annual Report 
on Waste Generation and Waste Minimization Progress ," DOE facilities 
recycled 60,717 metric tons sanitary waste (33 perc ent of the sanitary 
waste stream). Recyclable materials were grouped in to four main 
categories: precious metals, scrap metals, paper, a nd other (aluminum 
cans, glass, plastic, Polystyrene, toner cartridges , batteries, engine 
oil, wood, tires, food waste, and concrete).  
The amount of material diverted for recycling in 19 93 increased 248 
percent compared to 1991. This increase can be attr ibuted to an increase 
in recycling activity, improved tracking systems, a nd an increase in the 
number of materials being tracked. Using current ma rket conditions for 
scrap metal, paper, and other recyclables, these ma terials could generate 
over one million dollars if sold on the open market  to local recycling 
processors. This revenue could be as much as two to  three times higher if 
DOE facilities market directly to recycling mills, rather than going 
through intermediate recycling processors. 
An informal survey of DOE facilities showed that wa ste recycling revenue 
often goes into a general overhead account at the f acility where it is 
difficult, if not impossible, to track how it is sp ent. A few sites 
reported that revenue is returned to the U.S. Treas ury. In some cases, 
the revenue is used to pay for the cost of the recy cling program or 
offset future purchasing costs. Most sites reported  that revenue from the 
sale of aluminum cans is used by employees (i.e., d onated to charity). 
Previously, all revenue from Federal recycling prog rams administered by 
the General Services Administration (GSA) was donat ed to day care centers 
operated for the Federal employees. Decisions regar ding the use of 
recycling revenue are currently made at the discret ion of the sites. 
INVESTMENT IN RECYCLING 
The Department of Energy is continually searching f or ways to minimize 
the wastes and prevent wastes from being generated in the first place. 
The "1995 Baseline Environmental Management Report"  showed that the 
eventual costs of dealing with the wastes generated  across the DOE 
complex over the last 40 years will be hundreds of billions of dollars 
unless certain things are done to reduce the waste streams from routine 
operations and dismantlement activities. Recycling is one means to reduce 
the volume of DOE waste and typically represents ac tivities that are 
"doable" for the near term.  
High Return on Investment Projects 
In 1994, the DOE Pollution Prevention Executive Boa rd approved funding 
for 17 pollution prevention projects that were iden tified as providing a 
high Return on Investment (ROI) to the Department. Of these 17 initial 
(Round I) projects, five were eventually funded thr ough other mechanisms 
or rescoped, and 12 have gone on to implementation.  The expected net 
present value savings to the Department (ten years after project 
completion) are more than $28 million. 
The ROI approach has proven to be a successful mech anism for fostering 
pollution prevention activities within the Departme nt. In 1995, the 
Office of Pollution Prevention solicited proposals from the field for a 
second round (Round II) of ROI proposals. The Envir onmental Management 
organization has approved 22 projects for funding w ith an anticipated net 
present value savings of about $109 million. Table I provides a project 
summary and the projected ROI, costs and net presen t value savings for 
the six high ROI projects that involve recycling.  
Table I 



SUMMARY 
Executive Order 12873 defines recycling as "the ser ies of activities, 
including collection, separation, and processing, b y which products or 
other materials are recovered from the solid waste stream for use in the 
form of raw materials in the manufacture of new pro ducts other than fuel 
for producing heat or power by combustion." In the past, recycling 
activities relied almost totally on the extra effor t by a few champions 
who wanted to save resources and "do the right thin g" environmentally. 
There were few, if any, resources available from up per management to make 
the programs work cost-effectively. Recent manageme nt emphasis on self-
supporting program activities has given "new life" to the Department's 
recycling efforts.  
Within DOE, the Office of Pollution Prevention (EM- 77), is responsible 
for coordinating implementation of Executive Order 12873. Waste 
Minimization/Pollution Prevention coordinators at t he field office level 
are responsible for incorporating recycling into th eir facilities' 
operations. Recent budget cuts have resulted in a s ubstantial reduction 
in the Office of Pollution Prevention's overall bud get in FY 1996. The 
opportunity to obtain additional revenue from previ ously unavailable 
sources is a powerful incentive for the Department to maximize the 
efficacy of its recycling programs. 
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ABSTRACT 
A new class of inorganic ion exchangers called crys talline 
silicotitanates (CST), invented by researchers at S andia National 
Laboratories and Texas A&M University, has been com mercialized in a joint 
Sandia-UOP effort. The original developmental mater ials exhibited high 
selectivity for the ion exchange of cesium, stronti um, and several other 
radionuclides from highly alkaline solutions contai ning molar 
concentrations of Na+. The materials also showed ex cellent chemical and 
radiation stability. Together, the high selectivity  and stability of the 
CSTs made them excellent candidates for treatment o f solutions such as 
the Hanford tank supernates and other DOE radwastes . 
Sandia National Laboratories and UOP have teamed un der a Cooperative 
Research and Development Agreement (CRADA) to devel op CSTs in the 
powdered form and in an engineered form suitable fo r column ion exchange 
use. A continuous-flow, column ion exchange process  is expected to be 
used to remove Cs and other radionuclides from the Hanford supernatant. 
The powder material invented by the Sandia and Texa s A&M team consists of 
submicron-size particles. It is not designed for co lumn ion exchange but 
may be used in other applications.  
IONSIV IE-910 CST powder has been manufactured by U OP in commercial 
quantities and tested under a wide range of conditi ons. Cesium 
distribution coefficients (Kd) of up to 1,000 mL/g are measured in DSSF-5 
simulant, a Hanford waste that is 5M in Na, and 0.5 M in K and has high 
concentrations of OH-, NO-3, NO-2, and other ionic species. The 
engineered form of IONSIV IE-911 CST has been prepa red by UOP under 
commercial manufacturing conditions and tested for cesium Kd in batch and 
kinetic tests. Tests with Hanford DSSF-5 and relate d simulants resulted 
in a 50% breakthrough of Cs of about 550 column vol umes (CV) at a flow 
rate of 3.75 CV/hr. A column test on IONSIV IE-911 using an ORNL Melton 
Valley Tank W-27 simulant also resulted in a 50% br eakthrough of 500 CV 
at a flow rate of 3 CV/hr. Column tests on INEL gro undwater simulant with 
a flow rate of 10 CV/hr showed no Cs breakthrough t o 4500 CV and 
excellent performance for removing Sr. 
The experimental results have been integrated with an effort at Texas A&M 
University to model the CST's equilibrium and kinet ic behavior. For the 



IONSIV IE-910 exchanger, the removal of Cs and Sr f rom solution can be 
estimated to within about 10% for a variety of solu tions ranging from 2M 
acid to 6 M hydroxide. The model also predicts the effect of high 
concentrations of potassium, sodium, and rubidium o n the selectivity for 
Cs. Kinetic models have been developed that accurat ely estimate the 
breakthrough curve through the 50% breakthrough poi nt for IONSIV IE-911 
as conditions are varied. 
Data are also presented confirming the excellent st ability of the 
commercial CSTs over a broad pH range and the high radiation stability of 
IONSIV IE-910 and IE-911 exchangers. In addition, d ata are provided that 
demonstrate the high physical strength and attritio n resistance of IONSIV 
IE-911, critical properties for column ion exchange  applications. 
INTRODUCTION 
A new class of inorganic ion exchangers, invented b y researchers at Texas 
A&M University and Sandia National Laboratories, ha s been successfully 
commercialized by UOP. The materials, crystalline s ilicotitanates (CSTs), 
demonstrate high cesium distribution coefficients i n acidic, alkaline, 
and neutral, solutions despite the presence of high  concentrations of 
competitive ions such as Na+ and K+ (1,2). The affi nity for Sr++ in 
neutral and alkaline wastes is also found to be hig h (2). The CST is 
stable in Hanford tank waste simulants for long tim e periods and to 
exposure to at least 109 rads (2). 
UOP and Sandia teamed under a Cooperative Research and Development 
Agreement (CRADA) to develop commercial CST materia ls. UOP commercially-
synthesized IONSIV IE-910 CST powder demonstrates h igh capacity and 
selectivity for Cs+ and Sr++ over a wide range of p H conditions and 
competitive ion concentrations. In simulated and ac tual waste tests, Cs+ 
distribution coefficients are high over a pH range of 0 to 14 in the 
presence of varying concentrations of Na+ and K+. D istribution 
coefficients for Sr++ are also high at neutral and alkaline pH. The 
chemical stability of the IONSIV IE-910 exchanger i s also demonstrated at 
pH from 0-14, and no effect on performance is noted  after radiation 
exposure to 109 rads. 
The UOP-Sandia CRADA was targeted toward the develo pment of a commercial 
engineered form of the CST (beads, pellets, or gran ules) to meet the 
requirements anticipated for the removal of Cs, Sr,  and other 
radionuclides from the Hanford alkaline tank waste supernates. These 
requirements included high selectivity and capacity  for Cs+ and Sr++ from 
highly alkaline, high-sodium waste solutions, that have good radiation 
and chemical stability. The column ion exchange pro cess likely to be used 
at Hanford for radionuclide removal also requires a n ion exchanger that 
can be easily loaded and unloaded from the columns and that provides 
rapid ion exchange kinetics with acceptably low pre ssure drop and good 
mechanical strength characteristics. A final critic al requirement was 
that the ion exchanger needed to be compatible with  final waste forms, 
such as borosilicate glass, that are likely to be u sed at Hanford. An ion 
exchanger meeting all the above requirements has th e potential to offer 
significant waste-treatment cost savings. Because o ther DOE sites also 
have a need for radionuclide removal, the product d eveloped under the 
CRADA was to be as broadly applicable as possible. Work is presented that 
shows that UOP IONSIV IE-911 ion exchanger has met these criteria in a 
wide range of test conditions. 
Application Conditions; High pH, High Salt, Low Cs  



The principal target use for the CST ion exchanger is in the remediation 
of liquid wastes containing radioactive Cs from DOE  operations. UOP has 
developed this material into commercial products: t he CST powder is 
IONSIV IE-910 ion exchanger, and the engineered for m is the IONSIV IE-911 
ion exchanger. 
The primary waste-treatment application is at Hanfo rd, Washington, where 
177 tanks containing highly radioactive waste are c urrently stored. Most 
of the gamma radiation results from 137Cs. A signif icant amount of 
radiation is also due to the presence of 90Sr. The liquid portion of this 
waste has a wide range of compositions, but all of it can be 
characterized as high pH (typically pH 11.5 to 2 M OH-) with high 
dissolved salt concentrations and a low molar conce ntration of Cs. The 
concentrated salt solution contains several cationi c metals (mostly 
sodium and potassium), which compete with Cs for io n exchange sites and 
can affect both the selectivity and the ultimate ca pacity of the 
exchanger for cesium. The waste also contains signi ficant concentrations 
of anions including NO-3, NO-2 and Al(OH)-4.  
Three typical waste liquids; Double Shell Slurry Fe ed (DSSF), Neutralized 
Current Acid Waste (NCAW), and Complexant Concentra te (CC). are highly 
concentrated sodium salts (mostly nitrate and nitri te) with low 
concentrations (at the parts per million level) of Cs. The NCAW tends to 
have a relatively high concentration of 137Cs but c omparatively low 
potassium concentration. The DSSF has relatively hi gh potassium 
concentration, while CC tends to have more residual  organic material, 
including some original complexing agents combined with their hydrolytic 
and radiolytic by-products.  
The overall objective of the remediation project is  to reduce the volume 
of High Level Waste (HLW) for disposal. The approac h to be used is to 
extract the Cs from the concentrated salt solution by selective ion 
exchange and, thereby, convert the treated solution  to Low-Level Waste 
(LLW) for easier disposal. The concentrated 137Cs a long with the other Cs 
isotopes would then be vitrified and placed into lo ng-term storage as 
HLW. 
Product Requirements: Capacity/Selectivity, Stabili ty; IE-911 
The need to produce a minimum volume of concentrate d 137Cs from a dilute 
Cs solution, in the presence of high concentrations  of competing metal 
cations, sets severe demands on the capacity and se lectivity of the ion 
exchanger chosen. In addition, the ion exchanger ne eds to operate in the 
high pH environment without loss of its high capaci ty and selectivity and 
physical integrity. Finally, the exchanger needs to  operate without loss 
of performance resulting from the effects of prolon ged exposure to high 
levels of radiation. 
These requirements are all taxing. Nevertheless, th e CST invented by 
Sandia and Texas A&M University (TAMU) and commerci alized by UOP as the 
IONSIV IE-910 and IE-911 ion exchangers has these c haracteristics and can 
deliver the performance needed to ensure the succes sful decontamination 
of the Hanford waste. 
A standard method of exchanger evaluation involves determination of the 
equilibrium distribution coefficient, or Kd value. The Cs Kd is dependent 
on test conditions such as pH, ion concentration, a nd relative abundance 
of competing ions. The Maintenance of a high Kd val ue in the operating 
environment is critical to achieving the maximum re duction in waste 
volume. As will be illustrated later, the IONSIV IE -910 and IE-911 



products maintain high Cs Kd values across a broad range of conditions 
spanning the expected range at Hanford. 
The distribution coefficient, Kd, is calculated usi ng the equation: 
Eq. 1 
Kd: distribution coefficient 
Cs:  equilibrium activity in the ion exchanger soli d 
Cl:  equilibrium activity in the liquid 
Ci:  initial concentration of the ion of interest i n the liquid 
Cf:  final concentration of the ion of interest in the liquid after the 
period of    contact V: solution volume 
M:  mass of ion exchanger used, as received basis 
F:  F-factor = ratio of (mass of dry exchanger) to (mass of as-received 
  exchanger) 
Figure 1 shows the effect of pH on the Cs distribut ion coefficient (3). 
The Kd value decreases noticeably as pH becomes inc reasingly alkaline. 
However, even at the highest pH, CST maintains a hi gh coefficient. The 
high selectivity for Cs at low pH enables it to res ist acid leaching.  
Although the principal focus of the IE-910 and IE-9 11 development was the 
selective removal of radioactive Cs, (Fig. 2), the CST is also effective 
for Sr exchange at alkaline pH (3). This capability  was also highlighted 
in later studies with simulated Hanford ground wate r, neutral ground 
water (INEL simulant), Oak Ridge waste, West Valley  waste, and also in 
DSSF actual waste at PNL (4). 
Fig. 1 
Fig. 2 
The abundance of Na+ present in the Hanford solutio ns would be expected 
to compete with Cs+ for the ion exchange sites with in the CST. Increases 
in both (Na+) and Na:Cs ratio are expected to influ ence the ion exchange 
selectivity for Cs+. This effect is illustrated in Figs. 3 and 4 for both 
the IE-910 CST powder and the IE-911 (engineered fo rm) (3). The actual 
solutions at Hanford have high Na:Cs ratios and ten d to have high molar 
concentrations of Na+. An important feature of CST is that it maintains a 
high selectivity even under these extreme condition s. All of the data in 
this paper have been obtained with representative s imulants at room 
temperature. 
Another significant, or competing, cation present i n the Hanford waste is 
potassium. Potassium would be expected to have an i on exchange affinity 
more similar to that of Cs and, therefore, a more c ompetitive influence 
on Cs+ selectivity (distribution coefficient). This  effect is illustrated 
in Fig. 5 for the IE-910 powder (3). In this compar ison, the (Na+) in the 
DSSF simulant is at a typical concentration represe ntative of much of the 
Hanford waste, and the (Cs+) and (K+) are varied ac ross the typical 
ranges expected. As expected, the presence of potas sium reduces the Cs Kd 
values. The effect is most pronounced at low (K+), but further increases 
in (K+) don't appear to have much additional impact  on selectivity. As 
noted previously with the effect of both pH and Na: Cs ratio, the IONSIV 
ion exchanger maintains a high selectivity in the p resence of realistic 
concentrations of competing potassium that is repre sentative of actual 
wastes. 
Fig. 3 
Fig. 4 
Fig. 5 
Because of the wide range of solution compositions and the competing 
effects standardized tests were established for use  during ion exchanger 



development: Batch and Column tests. These tests al lowed rapid, accurate 
comparison of relative exchanger selectivities, cap acities, and ion 
exchange kinetics. 
Batch Ion Exchange tests were used to evaluate comp arative equilibrium Cs 
Kd values at various times. The test consists of co ntacting a small 
amount of ion exchanger (typically about 0.1g) with  a fixed amount of 
waste simulant (typically about 10mL), such as DSSF , and then vigorously 
shaking or swirling the mixture. Experiments are es tablished for several 
time durations to evaluate the rate of approach to equilibrium. The 
simulant composition is prepared in the laboratory to be representative 
of its respective waste type. Results of this testi ng are expressed as Cs 
Kd values vs. time. Comparisons between materials c an be made using their 
equilibrium values (data > 24 hr). The Kd values ob tained are expressed 
on an exchanger weight basis (mL solution per gram exchanger). This 
method can provide a crude estimation of large diff erences in mass 
transfer efficiency. However, if small differences in physical properties 
exist between ion exchanger samples or subtle diffe rences in mass 
transfer rates occur, then the Column Ion Exchange test is more 
representative of performance. 
Comparisons can be made between materials of widely  differing physical 
properties. For example, if the density of an excha nger is known, then a 
volumetric distribution coefficient can be estimate d. This "Cs-lambda" 
(units: mL of solution per mL) value is derived by simply multiplying the 
exchanger density by its respective Cs Kd value. Co mparison on this basis 
can estimate the relative waste-volume reduction ac hievable by each ion 
exchanger being evaluated, a key factor for conside ration. However, a 
value for the exchanger density must be representat ive of its density in 
the waste solution. Many organic resins change dens ity depending on their 
degree of hydration and solution pH. The IONSIV IE- 911 does not change 
density with hydration or solution pH. 
Performance of IE-910 and IE-911 Ion Exchangers 
Several different ion exchangers (Table I) have bee n under evaluation for 
this application. Each was tested using the standar d Batch Ion Exchange 
method. 
The results are summarized in Fig. 6 (4). The figur e shows Cs-lambda 
values, which provide a relative volumetric capacit y for the ion 
exchangers listed. The key features to note are the  values at 24 to 72 
hours, where all materials have achieved equilibriu m (note that the Cs-
lambda values are shown on a log scale). A comparis on of equilibrium Cs-
lambda values shows that both IONSIV IE-910 and IE- 911 ion exchangers 
achieve similar high distribution coefficients comp ared with all of the 
other candidates evaluated. Comparison of IONSIV IE -911 with the parent 
IE-910 powder shows that it has a slightly lower va lue because of the 
presence of the inert binder acting as a diluent. 
Fig. 6 
At test times much less than 24 hours, an obvious d ifference shows in the 
apparent Cs-lambda value for the IE-910 powder and the IE-911 30x60 mesh 
material. This apparent difference in performance i s almost entirely due 
to differences in mass transfer efficiency caused b y the particle size. 
The IE-910 powder particles are approximately 0.2 m icrons in size. The 
size for the 30x60 mesh IE-911 material is a nomina l 250 to 600 microns.  
Evaluation of ion exchangers is usually reported on  a weight basis (as is 
the data in this paper). The UOP IE-910 and 911 ion  exchangers outperform 
all of the other candidates. The SuperLig 644 is th e next best performer. 



However, in the type of column ion exchange system envisioned for 
Hanford, the low density of the SuperLig is a detri ment. This candidate 
would require additional column volume (therefore, capital cost) because 
of the low density. 
Comparisons of how regenerable organic and nonregen erable inorganic ion 
exchangers are integrated into radwaste processing are a complex issue. 
The regeneration of organic ion exchangers will gen erate large volumes of 
acidic waste that must be concentrated and processe d for vitrification. 
This waste may require interim storage. Disposal of  the resins is another 
consideration. The present flow sheet calls for the  spent organic ion 
exchanger to be decontaminated and sent to the low level glass plant. 
There it must be integrated into the redox chemistr y of the wastes being 
fed to the LLW glass melter.  
In contrast, the IONSIV IE-910 and 911 CST material s are not designed for 
regeneration and will permit the design and operati on of a much-simpler 
facility. Studies to-date show that the IE-911 comp osition is compatible 
with high-level waste vitrification. This inorganic  exchanger also seems 
compatible with extended lag storage options. 
In addition to Batch Ion Exchange evaluations, the second type of test 
uses a small-scale simulation of the column ion exc hange process. This 
Column Ion Exchange test also uses simulated waste liquids as a feed 
(actual waste has been used but is less typical). M ultiple columns are 
sometimes used in series to simulate the large-scal e process. 
Figures 7 and 8 illustrate the performance of a sam ple of IE-911 
exchanger (3,5). The feed compositions in each of t he illustrations are 
representative of the different waste streams. The figures show the 
relative effluent Cs+ concentration for a nominal 1 0 ppm Cs in the 
simulant feed plotted against the cumulative amount  of feed processed 
expressed in relative Column Volumes (CV). Exchange r capacity is 
estimated by observing the point at which the relat ive effluent 
concentration reaches 50% of the feed concentration . Assuming that the 
breakthrough curve is approximately symmetrical, th e 50% breakthrough 
point gives an estimate of the amount of feed solut ion that can be 
treated at equilibrium saturation of the exchanger.  
In both illustrations, with DSSF or Melton Valley s imulants, the example 
shows that a preliminary development sample of IE-9 11 exchanger has the 
capacity to treat more than 500 CV of waste (at 10 ppm Cs) before 
becoming saturated. Testing at Oak Ridge with actua l Melton Valley waste 
confirmed good, though somewhat lower, performance with 350 CV treated to 
50% breakthrough in W-27. Retesting at Sandia Natio nal Labs has confirmed 
that the difference between Melton Valley simulant and actual waste data 
resulted from a higher sodium concentration and hig her pH in the W-27 
waste. This performance has been further improved t o 660 CV capacity in 
DSSF with an improved material (Fig. 9). This high capacity coupled with 
high selectivity demonstrates a level of performanc e sufficient to allow 
use without regeneration or further concentration. Eliminating the need 
for regeneration or elution offers significant cost  savings in the 
construction of the large-scale unit. 
Fig. 7 
Fig. 8 
Fig. 9 
Figure 7 also includes predictions of column ion ex change performance 
from the model developed at Texas A&M University (5 ). The experimental 



results closely match the prediction and demonstrat e the utility of the 
model of Zheng , Anthony, et. al..  
Samples of IE-911 exchanger have also been evaluate d with lower pH West 
Valley waste and with contaminated ground water. Al though still alkaline, 
both of these applications are at significantly low er pH, than the 
Hanford type wastes. The lower pH would be expected  to further improve 
the performance of IE-910 and IE-911 beyond that al ready discussed 
because of the large increase in Cs Kd values that accompany decreases in 
pH. A test at West Valley with actual waste (pH 11. 5) demonstrated more 
than 400 CV capacity without breakthrough to give a  Cs decontamination 
factor of 105-106 (3). Tests with Neutral Ground Wa ter simulant (pH 8 to 
9) also demonstrated decontamination factors of mor e than 500 even though 
the Cs+ feed concentration was only 50 ppb. 
In addition to the high Cs decontamination factors,  significant Sr 
removal occurred in both the West Valley actual was te and Neutral Ground 
Water studies. The Neutral Ground Water study saw a  slight breakthrough 
of Sr with a decontamination factor more than 1800.  Testing with the 
actual West Valley waste gave a decontamination fac tor of 104. A modest 
removal of uranium and plutonium cations, represent ed by a 
decontamination factor of about 100, also occurred.  
Kinetics and Particle Size 
In addition to selectivity and capacity, a number o f other considerations 
need to be taken into account when designing an ion  exchange column. As 
noted previously, smaller particles give improved m ass transfer rates. 
Therefore, using the smallest practical particle si ze is to the 
designer's advantage. However, as average particle size decreases, flow 
resistance (pressure drop) through a packed bed of particles increases 
sharply.  
The commercial development effort behind the IE-911  exchanger focused on 
achieving the optimal mass transfer efficiency from  the optimal particle 
size. The 30x60 mesh particle size for the standard  IE-911 exchanger 
represents a balance of ion exchange kinetics and d esign engineering 
requirements. Although the 30x60 mesh product repre sents an engineering 
optimum, other size ranges, both larger and smaller  (for example, 20x50 
or 60x100), could be made available on request. 
Early in the development of the CST engineered form , researchers 
recognized that an understanding of the ion exchang e kinetics would be 
useful to optimize the design of the ion exchange p lant. An effort was 
undertaken, under the direction of R.G. Anthony (co inventor of CST) at 
the Kinetics, Catalysis and Chemical Reaction Engin eering Laboratory of 
Texas A&M University, to model Cs ion exchange. Thi s work was done in 
parallel with the commercial development of IE-911 exchanger. The model 
developed by R.G. Anthony, and others, has clearly demonstrated its 
utility as a predictive tool. It can be used to pre dict the effects of 
variations in waste chemistry and column ion exchan ge design parameters. 
Readers are referred to published papers by R.G. An thony for further 
details (5). 
Physical Properties of IE-910 and IE-911 Ion Exchan gers 
UOP IONSIV IE-95 and IE-96 and TIE-96 ion exchanger s are zeolite-based 
ion exchangers developed, and used successfully, fo r earlier wastewater 
and ground water remediation. The IE-911 exchanger was engineered to 
match the strength and attrition characteristics of  these earlier 
successful products. 



Both the IE-910 CST and the inert binder used to ma ke the IE-911 
exchanger are highly resistant to chemical attack. Thus, the exchanger 
can maintain its physical integrity under virtually  all pH conditions. 
Samples of IE-911 have been tested for seven days i n contact with 
extremely high pH DSSF-5 simulant to determine whet her there might be a 
loss of strength typical of the Hanford type wastes , might occur during 
exposure (3). Strength after exposure was, by the s tandard UOP ion 
exchange attrition test, comparable to material not  exposed to DSSF-5. 
The results were within the acceptable range for su ccessful commercial 
nuclear ion exchange materials such as IONSIV IE-95  exchanger. Additional 
long-term tests that include the effects of time an d temperature are 
currently underway. 
The Cs loaded CST powder could not be significantly  eluted using 3M 
nitric or 3M formic acids. Neither could Cs-CST be eluted with 8M NH4NO3, 
2M Ca(NO3)2, 1.5M Pb(NO3)2 or 2M Mg(NO3)2 (4). This  experience correlates 
with the extremely high distribution coefficient ob served at low pH. This 
property, combined with its high capacity, makes IE -910 powder and IE-911 
exchanger an ideal, single-use materials. Their ino rganic composition 
makes them compatible with direct vitrification. 
The CST has also been evaluated to determine the ef fects of thermal 
exposure. Dry heating of Cs-loaded CST to several h undred degrees should 
not cause any loss in the retention of Cs. The CST shows no loss in 
performance or structural integrity during exposure  to ambient 
temperatures in alkaline solution. However, tempera tures should be 
maintained at less than 60C when CST is exposed to concentrated acids or 
extremely alkaline solutions for extended times. Lo ng-term exposure to 
concentrated nitric acid (> 6M) results in leaching  of some Ti (4). 
The IE-910 and IE-911 materials have rigid inorgani c structures that 
resist significant swelling or shrinkage with chang es in temperature, pH, 
and ion exchange levels. This resistance to physica l changes sets it 
apart from the organic ion exchange resins. Organic  ion exchange 
materials shrink and swell with variations in pH, t emperature, and salt 
concentration. These variations cause deterioration  in organic IX beads, 
that leads to flow maldistribution, bed plugging, a nd other problems. The 
bulk density of IE-911 exchanger is approximately 1  g/cc (62.4 lb/ft3). 
Typical water contents determined by loss on igniti on (LOI) are about 
12wt-% for the IE-910 powder and about 20 w-t% for the IE-911 engineered-
form exchanger. 
Samples of IE-910 powder have also been exposed to high levels of 
radiation (109 Rads) in various solutions and showe d no loss of structure 
or performance. This resistance to performance degr adation was not seen 
for the organic ion exchange resins (6,7). Testing of the IE-911 
engineered-form exchanger, is currently in progress . 
SUMMARY  
Commercial-grade CSTs in the powdered form (IONSIV IE-910) and the 
engineered form (IONSIV IE-911) have been developed  and manufactured by 
UOP. Both materials have been tested under a wide r ange of conditions in 
simulants and actual waste solutions. The IE-910 an d IE-911 materials 
exhibit the high radionuclide selectivity and capac ity and the chemical 
and radiation stability of the CST developed by San dia and Texas A&M. A 
comparison of equilibrium cesium lambda values show s that both IONSIV IE-
910 and IE-911 materials achieve high distribution coefficients compared 
with all of the other candidates evaluated. In addi tion, the IONSIV IE-



911 ion exchanger exhibits physical strength and at trition resistance 
equivalent to the best inorganic ion exchangers man ufactured by UOP. 
The commercial CST products are not intended for re generation. Thus, the 
design of a cost-effective, safe, and reliable cesi um ion exchange 
process does not require the capital or operating e xpenses of a 
regeneration system. The commercial CST products ar e also compatible with 
the batch ion exchange processes or with backfill b arrier applications 
not involving a column ion exchange process. The ce sium radionuclide-
exchanged CST appears to meet the requirements for long-term storage and 
for incorporation into final waste form, such as gl ass and concrete. 
IONSIV IE-910 and IE-911 ion exchangers provide hig h capacity, high 
selectivity, high decontamination factors, physical  strength, and 
resistance to chemical and radiolytic attack. These  properties make the 
IONSIV IE-910 and IE-911 products ideal for treatin g a wide range of 
wastes across the U.S. DOE complex and in commercia l applications. 
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REDOX POTENTIAL MONITORING IN GLASS: FERROUS-FERRIC RATIO DETERMINATION 
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ABSTRACT 
The ferrous-ferric (Fe2+/Fe3+) ratio in glass may b e determined using an 
ammonium acetate buffer/1,10-phenanthroline reagent  scheme similar to 
Standard Method 3500-Fe D following dissolution of glass in a 
hydrofluoric acid (HF) and sulfuric acid (H2SO4) mi xture. This method is 
within the 95% confidence level for t-test comparis on with the method of 
Schreiber. This method has been adapted for remote use in shielded cells 
for determination of waste and vitrified waste redo x potential. 
INTRODUCTION 
It has been shown that the control of the oxidation -reduction potential 
in ceramic glass melters, for high-level nuclear wa ste vitrification, 
effects glass product quality and may extend the me lter's useful life (1-
5). The ratio of ferrous ion (Fe2+) to ferric ion ( Fe3+) is one 
indication of the overall redox conditions in the m elter and is readily 
determined in the laboratory. A review of the curre nt iron ratio methods 
suggests that a spectrophotometric method may be th e one most readily 
adaptable to hot cell use (6). 
A simple colorimetric method for ferrous-ferric (Fe 2+/Fe3+) ratio 
determination developed by Jones (7) was suggested for monitoring the 
redox conditions in crucible- and pilot plant-vitri fication. Developed 
for the commercial glass industry, this method, as modified by Schreiber 
(8) (Fig. 1), involves dissolution of a glass in an  HF/H2SO4 mixture, 
reagent addition, and then pH adjustment with HCl o r NH3 to a pH of 3.3 
to 3.5. Reduction of the ferric ion is accomplished  with the addition of 
hydroquinone followed by a 30 minute reaction perio d. The resulting 
orange-red solution is analyzed spectrometrically a t 510 nm. 
Fig. 1 
A West Valley Demonstration Project (WVDP) adaptati on of this method was 
attempted In-cell and was not readily performed. It  was difficult and 
time consuming to perform the pH adjustment step In -cell with dropwise 
addition of acid or base, particularly for large ba tches of samples that 
include blank and quality control samples. 
A review of the literature for a more adaptable met hod that would produce 
acceptable results suggested that Standard Method 3 500-Fe D, 
Phenanthroline Method (9), would be a useful starti ng point. This is 
because of the minimum number of reagents required for complete analysis 
and the acceptable sensitivity of the method in the  range desired. The 
addition of excess buffer to establish an acceptabl e solution pH instead 
of acid/base addition for pH adjustment is readily accomplished In-cell. 
The method calls for the use of an ammonium acetate /acetic acid buffer, 
which has a pH ~4.0. 
Method development was performed in the laboratory before use in hot 
cells. A laboratory comparison was then conducted b etween the WVDP iron 



ratio method and that of Schreiber. The spectrophot ometers used were 
Perkin-Elmer Lambda 1A for bench-top analysis and a  Hewlett Packard 
HP8452A equipped with Custom Sensors & Technology f iber optics and a dip 
probe for remote, In-cell analysis. 
METHOD 
Required reagents: 
1. Ammonium acetate-acetic acid buffer: Dissolve 25 0 grams of ammonium 
acetate (NH4C2H3O2) in type II water. Add 700 ml of  glacial acetic acid 
and stir. 
2. 0.1% 1,10-phenanthroline solution: Dissolve 100 mg of 1,10-
phenanthroline monohydrate in 100 ml of type II wat er. A couple of drops 
of HCl will hasten dissolution. 
3. Hydroxylamine hydrochloride (NH2OHHCl), reagent grade. 
4. Concentrated hydrofluoric acid (HF). 
5. Concentrated sulfuric acid (H2SO4). 
The WVDP method is summarized in Fig. 2. A finely g round glass sample 
weighing 50 to 80 mg was placed in a 125 ml disposa ble beaker or 125 ml 
poly bottle. One milliliter of conc. HF was added a nd allowed to react. 
One milliliter of conc. H2SO4 was then added and al lowed to react. 
Approx. 100 ml of type II water was added. Approxim ately 2 ml of this 
dissolution is transferred to a 60 ml analysis bott le that contains 15 ml 
of reagent water, 10 ml of ammonium acetate-acetic acid buffer and 5 ml 
of 0.1% 1,10-phenanthroline solution. The solution is diluted to 50 ml 
with Type II water. 
Fig. 2 
After 10 minutes, each solution is analyzed spectro photo-metrically at 
510 nm for Fe2+. Approximately 0.1 to 0.2 grams of solid hydroxylamine 
hydrochloride (NH2OHHCl) is added to each solution and heated to a gentle 
boiling in a microwave oven. After a 15 minute cool ing period, each 
solution is again analyzed spectrophotometrically a t 510 nm for total 
Fe2+. Ferric ions are determined by the difference,  and the Fe2+/Fe3+ 
ratio is computed. 
DISCUSSION 
A single ground glass sample that is used as a refe rence material at WVDP 
was analyzed by the bench-top method and by the In- cell modification. 
Fifty Fe2+/Fe3+ data points (Fig. 3) were collected : the bench-top data 
average was 0.343 0.048 and the In-cell average was  0.310 0.066. 
Fig. 3 
The bench-top method was then compared with the iro n ratio method of 
Schreiber. Twenty data points for each method were collected (Fig. 2). 
The WVDP method average was 0.600 0.053 and the Sch reiber method average 
was 0.627 0.079 (Fig. 4). A t-test comparison of th e data points 
indicates that the means for the two methods are si milar to a 95% 
confidence level. 
Fig. 4 
For the In-cell method, the analytical device is a fiber optic dipping 
probe connected to the spectrophotometer located ou tside the shielded 
cells. The dip probe was found to be much easier to  use and maintain In-
cell than a flow-cell. A "C"-shaped stainless steel  fixture is used as a 
sight guide In-cell for the 50 ml dilution prior to  analysis; this 
fixture is sized to fit 60 ml poly bottles. During method development, 
all reagents were dispensed In-cell. It is current WVDP practice to 
prepare dissolution and analysis bottles Ex-cell. T he only reagents added 
In-cell are water and hydroxylamine hydrochloride. Pre-weighed 



hydroxylamine hydrochloride is introduced in scinti llation vials for each 
analysis. The WVDP is investigating forming pellets  with this reagent for 
ease of handling. 
SUMMARY 
WVDP has developed a method based on Standard Metho d 3500-D which is 
readily adapted for In-cell use and found to produc e comparable results 
to the widely cited method for Fe2+/Fe3+ determinat ion. Results may be 
obtained in less than one hour from the time of sam ple grinding. 
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ABSTRACT 
The Defense Waste Processing Facility (DWPF) at the  Savannah River Site 
(SRS) produced seventy-one canistered waste forms c ontaining simulated 
waste glass during the Startup Test Program. Glass from these canisters, 
along with glass samples taken during filling of th e canisters, was 
characterized as part of a continuing effort to dem onstrate compliance 
with the Waste Acceptance Product Specifications (W APS).  
Each of the glass samples taken during the Startup Test Program was 
subjected to the Product Consistency Test (PCT). Th e PCT is an ASTM 
crushed glass leach test that measures the releases  of several elements 
over a period of seven days. The acceptance require ment related to this 
testing states that the PCT results of all of the g lass samples analyzed 



must be at least two standard deviations below the mean PCT results of 
the Environmental Assessment (EA) glass. The accept ance requirement was 
met for each of the three hundred and ninety-two gl ass samples 
characterized which demonstrated readiness of the D WPF to transition to 
Radioactive Operations. 
INTRODUCTION 
High-level radioactive waste at the Savannah River Site (SRS) will be 
immobilized in a durable borosilicate glass and pou red into stainless 
steel canisters in the Defense Waste Processing Fac ility (DWPF). The 
canistered waste form will then be sent to a geolog ic repository for 
final disposal. The Department of Energy's Office o f Civilian Radioactive 
Waste Management, which is responsible for the desi gn and operation of 
the repository, has defined requirements which the canistered waste forms 
must meet to be acceptable for disposal in the repo sitory. These 
requirements are the Waste Acceptance Product Speci fications (WAPS).(1) 
To demonstrate compliance with the WAPS and to ensu re that the DWPF was 
prepared for Radioactive Operations, the DWPF devel oped a Startup Test 
Program. As part of the Startup Test Program, the D WPF performed five 
non-radioactive melter runs which were designed to simulate the process 
expected during Radioactive Operations. Four of the  simulated melter 
runs, the Qualification Runs, were used to obtain t he data required for 
waste qualification. 
A brief description of each of the five melter camp aigns during the 
Startup Test Program is shown in Table I. The first  run (FA-13) was not 
part of the Qualification Runs, but was used to flu sh the startup frit 
from the melter and achieve stable operation. In WP -14, the first 
campaign of the Qualification Runs, neodymium was a dded to the feed to 
study the mixing behavior of the melter. The WP-15 and WP-16 campaigns 
were used to simulate extreme changes in feed compo sition, and the WP-17 
run was used to return to a baseline composition an d to introduce noble 
metals to the DWPF. 
Table I 
The compositions used for the simulated feeds were based on the 
projections of various high-level wastes at SRS. Wh ile the high iron and 
high aluminum feeds were designed to test the extre me cases, the 
composite feed was based on an overall blend of the  existing waste. To 
ensure that DWPF could consistently produce a durab le waste form 
independent of the feed type, the Savannah River Te chnology Center (SRTC) 
designed an extensive program to sample the glass f rom the canistered 
waste forms.  
GLASS SAMPLING 
During filling of the majority of the canisters in the DWPF, samples were 
taken from the glass pour stream using a specially designed sampler. The 
samples were removed from the sampler by DWPF perso nnel and sent to the 
Savannah River Technology Center (SRTC) for charact erization. Sixty-two 
of the seventy-one canisters were sampled by this m ethod during filling. 
Samples of glass from the canisters were also chara cterized. The 
canisters were prepared for glass sampling by two m ethods: sectioning 
with a bandsaw and wall removal using arc-air cutti ng. Sectioning allowed 
three entire cross sections of the canister to be g lass sampled. Wall 
removal only allowed the glass near the canister wa ll to be sampled. 
Generally, the first three canisters filled during a campaign (the period 
of the maximum change in composition) and the last three canisters filled 
(the period of closest approach to steady state), w ere cut at three 



levels which separated the canister into four secti ons. For each of these 
canisters, samples were taken at each level. For ea ch level, samples were 
taken as a function of radial position in the canis ter. A minimum of 
twelve samples were removed from each sectioned can ister. A total of 295 
samples were removed from the sectioned canisters. 
A window at least twelve inches wide and twelve inc hes high was removed 
from the canister wall for all other canisters sche duled to be sampled. 
Wall removal allowed the canister to be available f or glass sampling much 
quicker than by sectioning, but only one glass samp le was taken from the 
wall removal canisters. Thirty-five samples were an alyzed from the 
canisters with a wall removed. 
Table II provides an overview of the number of cani sters sampled, along 
with the total number of glass samples characterize d during each melter 
run. Only six canisters were sampled during FA-13 b ecause the data was 
not used for waste acceptance purposes. The samplin g and characterization 
methods were tested during FA-13 to ensure readines s for the 
Qualification Runs. The last three canisters of WP- 17 were not sectioned 
since the material at steady state was the composit e feed that was 
characterized during WP-14.  
Table II 
A total of 392 glass samples were removed from the canisters during the 
DWPF Startup Test Program. Each sample taken was ch aracterized by 
determining its composition and its durability. The  results discussed 
below concentrate on the durability testing. 
GLASS TESTING AND RESULTS 
The durability of the glass was assessed by leachin g it according to the 
Product Consistency Test (PCT) protocol.(2) The PCT  is a crushed glass 
leach test that measures the releases of boron, sod ium and lithium from 
the glass at 90C in ASTM Type I water over a period  of 7 days.  
The PCT was performed on all of the glass samples t aken during each 
melter campaign. The tests were performed in tripli cate and each test 
included the appropriate blanks and standards. The results of the 
standards indicated that the tests were within an a cceptable range. 
For each sample, the measured PCT responses for bor on, sodium and lithium 
were normalized by the weight fraction of that elem ent present in the 
glass. The normalized releases were compared to the  Environmental 
Assessment (EA) glass (3) to determine the effectiv eness of the Glass 
Product Control Program (GPCP).(4) The acceptance c riterion of the GPCP 
states that the glass produced by the DWPF must hav e PCT results which 
are at least two standard deviations better than th e PCT results of the 
EA glass.(5)  
The average normalized boron release and the associ ated standard 
deviation for each campaign can be found in Table I II along with the 
boron release of the EA glass. Tables IV and V show  the same information 
for sodium and lithium, respectively. These results  show that the glass 
produced by DWPF during the Startup Test Program wa s significantly more 
durable than the EA glass. Therefore, the acceptanc e criterion of the 
GPCP was met. 
Table III 
Table IV 
Table V 
The composite feed contained higher concentrations of silicon and 
aluminum than the high iron feed, WP-15. Since sili con and aluminum have 
a positive effect on the glass durability, it was n ot unexpected that the 



glass from the composite feed was more durable than  the glass from the 
WP-15 high iron feed. Figure 1 graphically depicts the changes in the 
boron release during WP-15 and WP-16. The results f or each canister were 
averaged and were plotted in the order of canister filling. Although 
there is some scatter, the general trends can be ob served. Even at the 
maximum value, the boron release for the DWPF glass  is significantly 
below the EA glass. 
Fig. 1 
CONCLUSIONS 
The characterization of the glass taken from the ca nisters produced 
during the DWPF Startup Test Program showed that th e DWPF can produce a 
durable glass even with extreme changes in feed typ es. Nearly four 
hundred glass samples were removed from the caniste rs and subjected to 
the Product Consistency Test to measure the chemica l durability of the 
glass. The PCT results indicated that all of the sa mples tested met the 
acceptance requirement when compared to the PCT res ults for the EA glass. 
The DWPF was therefore able to demonstrate readines s of the DWPF to 
transition to radioactive operations. 
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ABSTRACT 
A new approach, termed SMILE (Small Module Inductiv ely Loaded Energy), 
for the vitrification of high level nuclear wastes (HLW) is described. 
Present vitrification systems liquefy the HLW solid s and associated frit 
material in large high temperature melters. The mol ten mix is then poured 
into small (~1 m3) disposal canisters, where it sol idifies and cools. 
SMILE eliminates the separate, large high temperatu re melter. Instead, 
the HLW solids and frit melt inside the final dispo sal containers, using 



inductive heating. The contents then solidify and c ool in place. The 
SMILE modules and the inductive heating process are  designed so that the 
outer stainless can of the module remains at near a mbient temperature 
during the process cycle. 
Module dimensions are similar to those of present d isposal containers. 
The can is thermally insulated from the high temper ature inner container 
by a thin layer of refractory alumina firebricks. T he inner container is 
a graphite crucible lined with a dense alumina refr actory that holds the 
HLW and frit materials. After the SMILE module is l oaded with a slurry of 
HLW and frit solids, an external multi-turn coil is  energized with 30-
cycle AC current. The enclosing external coil is th e primary of a power 
transformer, with the graphite crucible acting as a  single turn 
"secondary." The induced current in the "secondary"  heats the graphite, 
which in turn heats the HLW and frit materials. The  first stage of the 
heating process is carried out at an intermediate t emperature to drive 
off remnant liquid water and water of hydration, wh ich takes about 1 day. 
The small fill/vent tube to the module is then seal ed off and the 
interior temperature raised to the vitrification ra nge, i.e., ~1200C. 
Material volatized (e.g., small amounts of cesium) during the 
liquefaction process is retained by an internal low er temperature "cold 
trap" inside the module. Liquefaction is complete a fter approximately 1 
day. The inductive heating then ceases and the modu le slowly loses heat 
to the environment, allowing the molten material to  solidify and cool 
down to ambient temperature. 
The process cycle requires approximately one week, with most (60%) of the 
time used for cool-down. During the process cycle, the outer steel can is 
maintained at near ambient temperature by air cooli ng to remove heat 
generated by parasitic induced currents and conduct ive heat transfer 
through the insulating firebrick layer. These paras itic effects increase 
the amount and cost of energy required to process m odule; however, the 
cost is still very low. For example, a SMILE module  containing 1.25 m3 of 
vitrified HLW, (equivalent to the baseline HLW disp osal module for the 
Hanford TWRS program) will require approximately 10  mWh. At a cost of 10 
cents per kWh, this corresponds to only $1200, whic h is negligible 
compared to the repository fee of several hundred t housand dollars per 
module. Heat transfer analyses for the SMILE proces s are described, 
together with projected glass compositions based on  Hanford HLW feeds. 
Using appropriate frit materials, the composition o f SMILE-Hanford HLW 
glass can be made very similar to that projected fo r Savannah River 
waste. Because of its modularity and the eliminatio n of long-term 
material problems, there do not appear to be major technical issues for 
the SMILE concept. 
DESCRIPTION OF THE SMILE CONCEPT 
The present vitrification approach is based on larg e, high cost, 
centralized high temperature glass vitrification fa cilities that melt the 
solid waste in large furnaces and then pour the mol ten glass into the 
final steel disposal containers. In SMILE, the wast e solids would be 
vitrified in-situ inside closed, individual contain ers that serve as the 
final geologic disposal containers. The outer SMILE  container is 
maintained at a relatively low temperature while it s inner contents are 
heated to high temperature by an external low frequ ency (e.g., hertz) 
inductive heating coil. Thermal insulation between the inner contents and 
outer container minimizes heat leakage from the hot  interior. The SMILE 
concept appears to offer substantial cost savings o ver the baseline 



approach. It also appears to be more reliable and m aintainable, is much 
less demanding on materials, and essentially elimin ates the problems of 
radioactive emissions from hot melters. Besides its  advantages of lower 
costs and simpler operation, SMILE has the unique c apability that the 
vitrified waste inside disposal containers can be r eheated to high 
temperature without degrading canister containment.  If long-term 
radiation damage to the vitrified waste were to pro ve unacceptable, the 
inner contents of SMILE containers could be anneale d when necessary. 
Figure 1 shows the proposed SMILE concept. The empt y container consists 
of a graphite cylinder with an inner alumina liner.  The graphite is 
inductively heated to high temperature by an outer solenoidal coil that 
is connected to an external power source. The solen oidal coil operates at 
a low frequency (e.g., 30 hertz), and acts as the p rimary of a 
transformer, with the secondary being the graphite cylinder. The graphite 
cylinder is enclosed in a stainless steel jacket (n ot shown) with a layer 
of thermally insulating refractory ceramic, e.g., a lumina fire brick 
(also not shown), between them. The graphite can op erate at high 
temperature, e.g., 1200C or higher, while the enclo sing steel jacket is 
maintained at a relatively low temperature [200C, f or example] by 
auxiliary air cooling. The stainless steel jacket c ompletely enclosed the 
graphite cylinder and its contents except at the to p of the container, 
where the fill/vent tube is initially open. 
Fig. 1 
The SMILE version in Fig. 1 uses graphite as the co nducting scepter that 
is heated by the inductive heating coil. Other vers ions are possible. For 
example, the graphite cylinder could be replaced by  an iron container, 
which would couple even better to the inductive coi l, making the heating 
process more efficient. The iron scepter version of  SMILE would have a 
somewhat lower temperature capability but would sti ll be high enough 
(i.e., ~1150C) to vitrify HLW into borosilicate gla ss. It also is 
possible to have multiple tubes or cylinders (graph ite or steel) at 
several points in the HLW solids to enable faster a nd more uniform 
heating. Here, however, we only analyze SMILE desig ns with a single 
graphite scepter that contains all of the HLW solid s to be vitrified. 
The external fill/vent tube at the top of the conta iner allows the waste 
slurry (solids plus water) to be introduced and als o allows the gases 
from the drying phase (e.g., steam) to leave. The c entral internal porous 
ceramic vent tube collects the gases generated insi de the annular porous 
bed which then allows them to flow to the external vent. The steam 
travels at most about 12 inches (average about 6 in ches) through the 
porous solid zone to reach the central vent tube, c ompared to a distance 
of 15 feet if there were no tube. 
Figure 1A illustrates the drying operation. The con tainer is filled with 
a wet slurry of HLW solids and frit material. Exces s water is pumped out 
through the central vent and external fill/vent tub e, leaving behind a 
settled bed of wet solids. The contents are then se quentially inductively 
heated to a sufficiently high final temperature (e. g., ~800C) to first 
drive off all liquid water, then the water of hydra tion, and finally any 
residual decomposition gases. The remaining solids then contain only dry 
refractory waste oxides and frit. 
The external vent/fill tube is then sealed off and the contents 
inductively heated to a higher temperature (i.e., ~ 1200C) to vitrify the 
HLW (Fig. 1B). No radioactive gases, e.g., volatize d cesium, are released 
during vitrification, since the fill/vent tube has been sealed. This 



minimizes radioactive release and contamination of the vitrification 
facility. After the HLW solids have been vitrified inside the sealed 
container, it cools to near ambient temperature, an d is discharged to a 
temporary storage facility. Eventually it would be shipped to an off-site 
geologic repository.  
If an additional protective barrier is desired, the  container can be 
overpacked with an outer steel container. The proce ss is illustrated in 
Fig. 2A. The open outer steel container would be po sitioned below the 
inner container and inductive heating coil during t he drying and 
vitrification phase of the process. 
Fig. 2 
After vitrification is complete and the inner conta iner has cooled to 
near ambient temperature, the outer container is ra ised to enclose the 
inner container (The outer container fits inside th e heating coil). The 
outer container would then be lowered with the encl osed inner container, 
and removed through an exit transfer lock at the bo ttom of the pit. At 
the beginning of the sequence, both the inner and o uter steel container 
come in through an entrance transfer lock at the bo ttom of the pit. The 
inner container enters first, is raised up by the h ydraulic lift and then 
held in place by the center and adjustable side sup ports. The hydraulic 
lift is then lowered and the outer container brough t in through the 
transfer lock. The treatment sequence is then initi ated. The inner 
container is filled with wet HLW solids (#1); the w ater is removed by 
moderate heating (#2); the vent/fill tube of the in ner container sealed 
(#3); and the HLW solids vitrified at high temperat ure (#4). In contrast 
to previous HLW vitrification processes, the SMILE process will not 
result in any significant release of radioactive vo latiles. In the drying 
step (#2), the only volatiles are steam and decompo sition gases (e.g., 
from residual nitrates) which are trapped externall y; in the 
vitrification step (#4) all volatiles are fully ret ained inside the inner 
container.  
After the heated, sealed inner container cools to n ear ambient 
temperature, the hydraulic lift raises the outer st eel container around 
it (Step #5). The outer/inner container combination  is then lowered to 
the bottom of the process pit and removed through t he exit transfer lock. 
The open top of the outer steel container is then c overed with a lid, and 
a welded seal made remotely, completely sealing off  the vitrified waste 
inside a double barrier container (Step #6). The co mpleted inner/outer 
container combination is shown in Fig. 2B. The fini shed container would 
be temporarily stored and then sent to an off-site geological repository. 
The projected time line for processing SMILE contai ners is given in Table 
I. A more detailed description of the SMILE concept  is given in the BNL 
report, "SMILE - A New Approach for the Vitrificati on of High Level 
Wastes," by J. Powell, et al (1). 
Table I 
ANALYSIS OF THE SMILE CYCLE 
Dimensions for a typical SMILE container are given below. These values 
are based on an initial study of the SMILE concept,  and may change 
somewhat after further, more detailed studies. Oute r radius of central 
vent tube = 5 cm; outer radius of HLW glass region = 32.5 cm; outer 
radius of alumina cylinder = 33.5 cm; outer radius of graphite cylinder = 
41.0 cm; outer radius of thermal insulator = 46.0 c m; outer radius of 
stainless steel jacket = 47.5 cm; length of caniste r = 450 cm. 



The drying of the wet HLW/frit solids involves a co mplex 
conductive/convective transient heat transfer proce ss. Exact analysis of 
the process is beyond the scope of this paper. Howe ver, the transient 
behavior can be approximately determined from analy tic solutions given by 
Schneider (2) in the Handbook of Heat Transfer. The  following 
thermophysical properties are taken for the bed of HLW/frit solids: k = 
1x10-2 watts/cmK, 70% solids volume fraction in bed , rCp = 2 Joules/cm3K 
[per cm3 of bed], with a corresponding thermal diff usivity of a = k/rCp = 
5x10-3 cm2/sec. At the beginning of the drying phas e, the temperature of 
the graphite alumina cylinder is raised from its or iginal value, To, to 
TG and held constant. Heat is conducted/convected r adially inwards, with 
steam and other gases being driven off through the central vent tube. The 
temperature ratio, TR, relating the time dependent (Q = time) temperature 
at the axis of the HLW/frit bed (i.e., at the centr al vent tube) to the 
original temperature To, is a function of the Fouri er number, Fo, 
Eq. 1 
Taking TG = 1150 K(877C) and the Fourier number = 0 .5, the analytic 
solution given by Schneider yields a value of TR = 0.90 (center 
temperature = 1065K). For the condition of RB = 32. 5 cm and a = 5x10-3 
cm2/sec, the time required is QDRY = 29.4 hours. At  the end of the drying 
phase, the temperature of the coolest portion of th e bed (i.e., at the 
central ceramic vent rube) is 792C, with the averag e bed temperature 
being ~800C. The temperature of the graphite/alumin a cylinder is then 
increased to a higher constant value, TG*, so that the HLW/frit solids 
can be vitrified. Fixing a precise value for TG* wi ll require experiments 
but it is expected that TG* will be on the order of  1200C (1473K). Taking 
temperature ratio, TR*, for the vitrification phase  is 0.85, the 
corresponding Fourier number is Fo* = 0.4. The time  required for 
vitrification is QVIT = 23.6 hours. The bed tempera ture at the ceramic 
vent tube at the conclusion of the vitrification ph ase is T* (0,QVIT ) = 
1150C, based on values of TG = 1200C and To = 800C.  
The total energy input to the bed for drying and vi trification supplied 
by the graphite/alumina heater is QTB = QDRY + QVIT  = 1.16x109 
Joules/meter, based on the change in enthalpies of the original 
components. Two additional energy inputs are suppli ed by the 
graphite/alumina heater: 1) energy to raise the hea ter from a cold state 
to its final operating temperature, and 2) energy l ost to the cool 
outside steel container by conduction through the i nsulating alumina 
brick layer during the drying and vitrification pha ses. The first term 
equals 0.75x109 Joules/meter, the increase in entha lpy of the graphite 
cylinder and alumina liner. The second term is cons iderably greater, 
2.42x109 Joules/meter. The temperature, TSS, of the  outer steel container 
is maintained at a relatively low value, e.g., 500K  (227C) by air 
cooling. The thermal conductivity of the insulation  is taken as equal to 
that given by Marks (3) for #16 insulating brick re fractory. The total 
energy input from the heater then equals QTOT = QDR Y + QVIT + QHEATER + 
QINSUL = 4.33x109 Joules/meter. This corresponds to  a heater energy input 
that is approximately 3 times greater than that req uired to dry and 
vitrify the HLW/frit solids themselves. The total e nergy input for a 5 
meter long container is 2.16x1010 Joules or ~6000 k Wh. At an electrical 
energy cost of 10 cents per kWh, this corresponds t o a cost of ~$600 per 
container. The average electrical power input durin g the drying and 
vitrification phases is 113 kW(e). 



There is an additional energy input and cooling loa d associated with 
parasitic I2R losses generated in the outer stainle ss steel container by 
the inductive heating coil. The SMILE container is equivalent to a single 
turn secondary of a transformer, with the primary b eing the inductive 
heating coil. The large size of the container, plus  the low heating rate 
enables the use of low AC power frequencies, i.e., 30 hertz, in the 
inductive heating coil. The alternating magnetic fi eld produced by the 
inductive heating coil will induce currents in the outer stainless steel 
container as well as in the graphite cylinder, howe ver, and energy losses 
to the steel must be included as part of the overal l energy losses. They 
will not affect the internal temperature distributi on, but do affect the 
cooling load on the outer steel container. Analyses  of the inductive 
heating process find that the parasitic currents in  the steel container 
approximately double the required input power, from  113 kW(e) to a total 
of 230 kW(e). 
COMPOSITION OF HLW GLASS PRODUCED BY SMILE 
SMILE can be used with all processing alternatives,  including enhanced 
sludge washing and acid dissolution (e.g., TRUEX). As an example, HLW 
from the TRUEX D process proposed for the Hanford T WRS program can be 
combined with suitable frit material to yield a fin al borosilicate glass 
composition that closely approximates Savannah Rive r HLW glass. 
Table II gives the weight percent of the various so lid oxides (after 
heating) in the TRUEX D waste (4) and compares it t o the weight percent 
distribution for Savannah River waste (5). There ar e substantial 
differences, and some components fall outside of th e quoted possible 
range. However, by addition of appropriate frit mat erial, the combination 
of Hanford TRUEX D waste and frit can closely match  the composition of 
Savannah River waste glass. Table III shows the res ultant composition 
produced by adding frit in the ratio of 3 parts fri t by weight to 1 part 
of TRUEX D waste. The resultant composition matches  that of the Savannah 
River glass for all components except those marked with an asterisk. For 
those that are different, the discrepancies are rel atively small, with 
the principal differences being a higher amount of Al2O3 (6.9 vs. 2.8 
wt.%) and a somewhat lower amount of Fe2O3 (10.1 vs . 14.5 wt.%). These 
differences are not expected to change glass proper ties significantly, 
however. These relatively small differences could b e further reduced by 
minor adjustments in the concentrations of the othe r components. 
Table II 
Table III 
SMILE DEVELOPMENT 
There do not appear to be any major technical feasi bility issues for 
SMILE. The inductive heating coil is low tech and t hermal insulation 
techniques are well established. The handling and l ifting equipment 
appears straightforward. Material behavior during t he vitrification phase 
should be confirmed; however, it appears molten gla ss can be contained 
without problems in both alumina and graphite. Beca use the SMILE concept 
involves small modules, and it does not require the  high temperature 
components to operate for long periods, it should b e possible to readily 
demonstrate the concept at full scale, and show tha t containers can be 
reliably produced. Technology modifications can be made quickly and 
easily, since the time to process a container is on ly a few days. This 
eliminates waiting for many months to detect proble ms, and then waiting 
for many more months to see if the required modific ations are successful. 



Borosilicate glass can be produced in alumina, stee l, or graphite 
containers. Issues relating to heat transfer and en ergy cost do not 
appear to be significant. The issue of how much gas  is released inside a 
SMILE container during the vitrification phase, and  whether it would 
result in an objectionable pressure increase, can b e resolved at an early 
stage by laboratory tests on simulated wastes. As d iscussed earlier, if 
the release amount is considered excessive, the con tainer could be vented 
during vitrification with an attached cold trap to catch whatever cesium 
would volatize. 
There is a substantial information base on the prop erties of the various 
materials that would be used for SMILE, and the the rmal and electrical 
designs of the SMILE container and process facility  appear to be 
straightforward. However, SMILE will require the no rmal engineering 
development associated with any new process, which involves going from 
bench scale to pilot plant to full scale. 
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ABSTRACT 
Current strategies for the remediation of Hanford t ank wastes envisage 
four HLW product streams: Cs, Tc, Sr/TRU and insolu ble residues. All of 
the Cs and Tc products can be immobilized in 27 met ric tonnes of Synroc 
that could be produced in a plant of 2 MT p.a. capa city over the time 
scales envisaged for Hanford remediation. There is a possibility that 
further segregation of the major heat generating HL W can be achieved 
without significant increase in the amount of Synro c by including the 
Sr/TRU stream with Cs and Tc. The Synroc would requ ire extended 
intermediate storage prior to geological disposal b ut the benefits of low 
heat generation and the absence of hard g from 137C s in the major HLW 
stream would outweigh the costs. Results are also p resented of a 
Synroc/glass composite with high waste loadings pro duced by melting. 
Crystalline zirconolite and perovskite, which have very stable analogue 
minerals in nature are the hosts for TRU in this co mposite wasteform.  
INTRODUCTION 
About 240,000 MT of process chemicals contaminated with about 250MCi of 
radioactive elements are currently stored at Hanfor d in 177 steel tanks 
(1). The wastes are dominated by sodium nitrate and  nitrites. Recent 



descriptions of the waste compositions have been gi ven (1) but 
considerable uncertainty exists because the wastes are inhomogeneous, 
resulting from various reprocessing and subsequent chemical processing 
campaigns and numerous intertank transfers. Current  strategies (2) for 
the remediation of Hanford Tank Wastes envisage pri or separation of most 
of the Cs, Tc and Sr/TRU from the existing liquid c omponents of the 
waste, including sludge washings, which are then de stined for 
solidification as low-activity waste. The insoluble  components of the 
sludges together with the three separated component s, will thus form four 
separate HLW products. 
Borosilicate glass is the only currently accepted h igh-level waste form 
in the US. At glass waste loadings of 25-45 wt.% as  many as 30,000 
standard 0.6m diameter by 3m long waste canisters w ill require geologic 
disposal. Significant incentives exist to minimize the volume of 
conditioned HLW because repository space is limited . High waste loadings 
in glass require melting temperatures significantly  higher than the 
1150oC currently envisaged in conventional ceramic glass melters. Waste 
loading in glass is subject to two constraints: pro duct quality and ease 
of processing (3). High temperatures in glass makin g may lead to 
extensive loss of Cs and Tc through volatilization.  Crystallization of 
refractory crystalline phases (4) at high waste loa dings is detrimental 
to the operation of Joule melters, but does not aff ect melters with short 
residence time and with vigorous mixing such as hig h frequency induction 
heated cold-crucible melters. 
The separation of the HLW fraction of Hanford waste s into four distinct 
products provides an opportunity to explore possibl e synergies between 
Synroc, a crystalline ceramic wasteform underdevelo pment at ANSTO, and 
borosilicate glass in the context of Hanford Waste remediation. Two 
aspects will be discussed in this paper: 
  The immobilization of Cs and Tc in Synroc by cera mic process 
technologies to provide a stable wasteform for Cs13 5 and Tc99, both of 
which have very long half-lives and significant sol ubility and mobility 
in most geologic media. 
  The results of early studies in the development o f a Synroc/glass 
composite waste form that can be produced by meltin g at temperatures of 
about 1400oC. 
SYNROC 
Synroc-C, a formulation developed for the immobiliz ation of HLW from the 
reprocessing of commercial LWR spent fuel, consists  mainly of 
zirconolite, CaZrTi2O7, barium hollandite, Ba (Al,T i)2Ti6O16, perovskite, 
CaTiO3, and excess titanium oxide. A combination of  the first three 
phases has the capacity to accept, in solid solutio n, most of the 
elements present in HLW. Under the redox conditions  chosen for Synroc 
fabrication, a number of waste elements such as Ru,  Rh, Pd, and Tc, are 
reduced to the metallic state and form alloys that are microencapsulated 
within the titanate phases. The alloys also contain  Mo, Ni, Te and some 
Fe. Hollandite is the host for Cs, Ba and Rb; perov skite is the major 
host for Sr; and zirconolite and perovskite are the  hosts for rare earths 
and actinides. 
Titanium metal powder is added to calcined Synroc a t the 2 wt.% level for 
redox control during consolidation by hot-pressing.  This is an important 
aspect of Synroc chemistry. An excess of reduced ru tile provides Synroc 
with the capability to maintain the desired phase a ssemblage (by changes 
in the relative abundance of the phases) even if un expected fluctuations 



occur in the HLW stream composition. This process f lexibility is 
evidenced by the ability to use the same Synroc pre cursor composition for 
waste loadings in the range 0-30 wt.% without delet erious effects on the 
chemical durability. The composition and mineralogy  of Synroc-C are given 
in Table I. 
Table I 
The density of Synroc-C is 4.48g/cm3, the thermal c onductivity is 2.5 
W/m/K and it has an incongruent melting point at ab out 1350oC. These 
properties permit the consideration of higher waste  loadings than in 
glass with the accompanying high temperature in the  wasteform. 
The major phases in Synroc are analogous to titanat e minerals that have 
successfully immobilized (5) naturally occurring ra dioactivity (eg. U,Th) 
in a wide range of geochemical/geological settings.  Natural samples of 
zirconolite have been studied (6) which have immobi lized U, Th and their 
decay products for periods approaching one billion years. 
The data base on the aqueous chemical durability of  Synroc is extensive 
(7, 8). Protection is afforded by hydrated films of  TiO2 which form on 
Synroc and the leach rate decreases rapidly with ti me even with frequent 
replacement of leachant. At long dissolution times,  the normalized leach 
rate of Cs and Tc at 90oC is less than 1x10-4g/m2d and for the actinide 
elements is less than 1x10-5g/m2d in water saturate d with air. Matzke (9) 
has shown that the dissolution rate of Synroc at 15 0oC is less than 0.15 
nm per day. Consequently, Synroc can be considered to be an important 
independent barrier to the return of radioactive wa ste elements to the 
biosphere. Radiation stability of Synroc and its ph ases has been 
discussed in the recent review by Ewing et al (10).  
The key parameters for Synroc processing are effect ively dictated by the 
need for a dense, fine grained product, ie > 98% of  theoretical density, 
and control of redox potential at all key stages of  the process to 
eliminate the possible losses of volatile species w hilst maintaining 
chemical control to ensure appropriate partitioning  of radwaste species 
into targeted phases. The redox potential is contro lled during rotary 
calcination of the Synroc precursor (Table I) and H LW solutions at 700oC 
by a counter-current flow of 3.5% H2/N2 reducing ga s that prevents the 
formation and subsequent loss of potential volatile  species such as Cs, 
Tc and Ru. The calcine after blending with 2 wt.% t itanium powder is 
transferred to stainless steel bellows containers, normally containing 35 
kg of Synroc, before hot pressing at 1180oC. The us e of the innovative 
bellows containers, Fig. 1, that are eventually sta cked in waste 
canisters for storage, transport and disposal, avoi ds unnecessary 
generation of process wastes. The bellows container s also facilitate heat 
transfer from Synroc to the waste canister. The met allic top and bottom 
plates provide a short heat conduction path to the canister, and hence 
high waste loadings are possible for wastes to be s tored for extended 
periods in engineered facilities prior to disposal.  Direct methods of 
quality control are possible through sampling of Sy nroc in the bellows on 
a statistical basis. The process technology of Synr oc production by 
ceramic hot-pressing has been demonstrated on a non -radioactive basis at 
10kg/hr scale (8) and the operating experience has provided the basis for 
a conceptual design of a radioactive plant. 
Fig. 1 
Whilst the Synroc-C formulation was specifically de signed for HLW from 
commercial reprocessing of LWR fuels, it is flexibl e and has useful 
properties for waste partitioning strategies in com mercial fuel 



reprocessing (11). Applications of zirconolite-rich  Synroc-C for excess 
plutonium disposition have been discussed recently (12, 13). Synroc-D, 
developed by Ringwood et al (14) for the immobiliza tion of defence wastes 
at Savannah River, demonstrated the overall flexibi lity of the Synroc 
concept in adapting to different wastes. High conce ntrations of inert 
contaminants such as Na2O, SiO2 and iron oxides, co upled with relatively 
low levels of actinides and fission products, requi red a compromise for 
high waste loadings to be achieved. In Synroc-D, ho llandite was no longer 
thermodynamically compatible with silicate phases. Nepheline (NaAlSiO4) 
was introduced as the host phase for Cs, Rb and Ba.  Compatible spinel 
phases are used in Synroc-D for the excess inert co mponents in defence 
wastes to yield acceptable waste loadings with a le ach resistance 
superior to defence waste glasses. The Synroc-D str ategy employing 
ceramic processing is not capable at present of rea ching the high 
production rates required for immobilization of the  sodium-rich Hanford 
wastes.  
HANFORD Cs AND Tc WASTES 
About 2000kg of Cs and 1500kg of Tc are likely to b e extracted from the 
Hanford Tank wastes. The 137Cs constitutes about 26 % of the total Cs and 
the total decay heat from Cs is 220kW. The maximum Cs loading in Synroc 
can be constrained by solubility limits or by the p ermissible heat 
loading. 
The maximum heat loading at the La Hague, France, v itrification plant 
(15) is 3kW for a container holding 400kg of glass.  This is a much higher 
thermal loading than the Hanford specification of a bout 0.4kW for a 
similar weight of glass. The separation of 137Cs an d 90Sr followed by 
conditioning in stable matrices (eg. borosilicate g lass or Synroc) and 
storage for about 150 years has been advocated by N orthrup et al (16) to 
reduce the size of geological repositories for HLW disposal. An 
acceptable center line maximum temperature in Synro c bellows for 
intermediate storage loaded in a French canister is  estimated (11) to be 
about 650oC corresponding to 8kW/400kg Synroc. 
Recent studies by Hart et al (17) indicate that the  solubility of Cs in 
Synroc is about 10 wt.%. On the basis of 7.5 wt.% C s (1.95 wt.% 137Cs) in 
Synroc from Hanford Tanks, the heat loading on 400k g of Synroc is 3.3kW 
which is only 10% higher than the specification at La Hague. 
Consequently, the separated Cs from Hanford wastes could be immobilized 
in about 27 MT of Synroc. This could be achieved in  a small Synroc plant 
of less than 2 MT p.a. within the envisaged time sc ales for HLW 
solidification at Hanford. 
The Tc, immobilized together with the Cs, would be in the metallic state. 
This Synroc with 7.5 wt.% Cs and 5.5 wt.% Tc, has t he ability, if 
required, to immobilize significant quantities of t he separated Sr/TRU 
product at Hanford. On a series of tests on Cs/Sr a dded in molar ratios 
of 2:1 to the standard Synroc-C precursor, Hart et al (17) observed the 
correct phase assemblage existed in Synroc containi ng 10 wt.% Cs2O and 
3.4 wt.% SrO. Since this Synroc also contains perov skite and zirconolite 
there is the additional capacity to immobilize TRU as well. The Sr will 
increase the heat loading on Synroc and may require  some increase in the 
total weight of Synroc over that for Cs and Tc immo bilization. 
Nevertheless, the bulk of Sr and TRU and the remain ing Tc in the Hanford 
HLW are expected to remain in the insoluble residue s stream. It is 
premature to speculate further at this time of the amount of Synroc 
required to immobilize the Cs, Tc and Sr/TRU stream s at Hanford until 



better estimates are available of the composition a nd quantity of the 
Sr/TRU extracted from liquid phases during Hanford Tank waste 
remediation. 
The chemical durability of Synroc has been studied extensively in MCC-1 
type tests with frequent exchange of leachant. The normalized 
differential leach rates for Cs and Tc decrease wit h leaching time. In 
de-ionized water at 90oC, the normalized leach rate s for Tc after 90 days 
are < 1 x 10-4g/m2/d in air saturated water, and <1 x10-6g/m2/d under 
anoxic conditions (17). The Cs leach rates in long term tests are 
also<1x10-4g/m2/d (8, 13). 
SYNROC/GLASS COMPOSITE WASTEFORMS 
Development of a Synroc/glass composite wasteform f or the sodium-rich 
insoluble HLW sludges at Hanford has been initiated  at ANSTO and 
preliminary results have been published (11, 18). O ur strategy has been 
to formulate a wasteform that retains the extensive ly characterized 
refractory phases perovskite and zirconolite of Syn roc-C as hosts for the 
long-lived TRU elements. Developments in cold-cruci ble melters (19) and 
the demonstration that Synroc can be produced throu gh melting (20) in 
cold-crucible melters suggest that the technology f or high-temperature 
and high throughput melting of crystalline/glass co mposites is feasible. 
The initial formulation was based on hypotheses abo ut which elements 
could be removed from the solids in Hanford Double Shell Tanks (DST) by 
washing of sludges. The composition of the simulate d DST average waste 
chosen is shown in Table II. The TRU were simulated  by rare earth oxides. 
Table II 
To encourage the formation of zirconolite and perov skite, CaO and TiO2 
were added in either 1:1 or 1:2 molar ratios and Si O2 was added to 
increase the durability of aluminosilicate phases. Melting was carried 
out in Pt-5%Au or Al2O3 crucibles under an argon at mosphere at 1400-
1500oC. The melts were cooled at 2, 5 or 20oC/min. and no significant 
differences were observed in their microstructures.  
The microstructure of a Synroc/glass composite cont aining 70 wt.% of the 
simulated DST waste in Table II and TiO2/CaO/SiO2 o f 11.9, 8.3 and 9.8 
wt.%, respectively is shown in Fig. 2. The phase as semblage consists 
mainly of zirconolite, perovskite, spinel and glass  in the ratio of 
25:10:10:54. The rare earth simulants of TRU were f ound to be distributed 
between zirconolite and perovskite (18). The durabi lity of this composite 
wasteform was good as indicated by the following 7- day 90oC PCT test 
leach rates (g/m2) : Na (0.3), K(0.3), Si(0.1). For  the remaining 
elements the leach rates were all < 0.07g/m2. Preli minary results for 
simulated sludge in wastes from NCAW and NCRW tanks  suggest that 
acceptable formulations with waste loadings higher than 50 wt.% are 
achievable to meet the PCT criteria (18). Similar w aste loadings have 
been reported by Hrma and Bailey (3) on glasses wit h other crystalline 
phases. 
Fig. 2 
DISCUSSION AND CONCLUSIONS 
Technetium and 135Cs, because of their long half-li ves and ability to 
migrate in the environment, contribute significantl y to the long-term 
risk associated with radioactive waste disposal. Sy nroc can accept waste 
loadings of 7.5 wt.% Cs and 5.5 wt.% Tc. About 27 M T of Synroc is 
sufficient to immobilize all of the Cs and Tc produ ct streams from 
Hanford originating from current strategies for rem ediation of the tank 
wastes. The high 137Cs content in the Synroc will r equire extended 



intermediate storage prior to geological disposal. However, it may well 
be that two half-lives of 137Cs may be required bef ore a geological 
repository is available, particularly if the bulk o f the remaining 
conditioned HLW is disposed first. A very small Syn roc process plant of 2 
MT p.a. would be required to immobilize the Cs and Tc over the envisaged 
time scales of Hanford remediation. 
There are advantages in also immobilizing in Synroc  the Sr/TRU fraction 
from Hanford waste pretreatment. The amount of extr a Synroc production 
capacity over that required to immobilize Tc and Cs  is expected to be 
small. Such a strategy would reduce the heat loadin g in the remaining 
fraction of HLW that could be conditioned in borosi licate glass. There 
would be accompanying benefits in the ease of handl ing the HLW glass 
because of the elimination of the hard g from 137Cs  decay and the 
reduction of heat loading enables more glass blocks  to be disposed early 
in the first geological repository in the U.S. The cost of the interim 
store for heat decay of the much smaller amount of Synroc would be 
insignificant compared with savings in the handling  and disposal costs of 
glass. 
The Synroc process technology, based on conventiona l ceramic processing, 
combined with the innovative use of bellows contain ers during hot 
pressing, generates less secondary waste compared w ith large glass 
melters that have to be disposed. 
Preliminary results also indicate that high waste l oadings are possible 
in a Synroc/glass composite waste form produced by melting of the 
insoluble stream of HLW products from Hanford. The TRU component in these 
wastes is likely to be partitioned in the crystalli ne Synroc phases, 
zirconolite and perovskite, for which very stable a nalogue minerals are 
available in nature. 
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ABSTRACT 
This paper describes the use and application of the  computer code, 3R-
STAT to determine the quantities of I-129 and Tc-99  in LLW generated by 
operating nuclear plants. A topical report has been  submitted to the U.S. 
NRC for review on July 20, 1993. After more than tw o years of review, the 
U.S. NRC has approved the use of 3R-STAT as an acce ptably accurate method 
to determine the quantities of I-129 and Tc-99 gene rated by nuclear power 
plants. The NRC approved the use of 3R-STAT for LLW  Disposal Site 
Developers, and Nuclear Utilities in their waste ma nagement programs. The 
paper discusses how the code is used in terms of th e proper execution of 
the code. The paper also discusses the nature of th e 3R-STAT code results 
and how these results are used to report the quanti ties of I-129 and Tc-
99 shipped to disposal site operators. 
INTRODUCTION 
The computer code, 3R-STAT, was developed by Vance & Associates to 
determine, through computer modeling, the quantitie s of I-129 and Tc-99 
in low level waste. The computer code was developed  as an alternative to 
costly and difficult radiochemistry measurements on  actual waste samples 
from nuclear power plants. A Topical Report was pre pared and sent to the 
US NRC for review and approval in July of 1993 and it was approved in 
August of 1995. The NRC approved the use of the com puter code by LLW site 
developers, nuclear utilities and LLW disposal faci lity operators. 
DISCUSSION 
The basic modeling developed for the 3R-STAT code w as derived from the 
chemistry and physics of the release of the short-l ived radionuclides 
from reactor fuel in a reactor relative to the rele ase of the long-lived 
isotopes of I-129 and Tc-99. The input to the code are the measured 
reactor coolant concentrations of the eight (8) gam ma radionuclides: 
 I-131   Cs-134 
 I-132   Cs-137 
 I-133   Co-60 
 I-134 
 I-135 
From the relative concentrations of these radionucl ides, the computer 
code determines the corresponding reactor fuel rele ase conditions and 
based on these conditions determines the correspond ing release rates of 
I-129 and Tc-99. 
Typically, the reactor coolant isotopic data are an alyzed on a fuel cycle 
basis to determine the average release rates of I-1 29 and Tc-99 over the 
fuel cycle. The computer code analyzes the isotopic  data for each day 
that a sample of reactor coolant has been collected . The code determines 
the release rate of I-129 and Tc-99 for each day in  units of mCi/MWD. The 
average release rate for a fuel cycle is simply the  average of all of the 
days that samples were collected. For plants that s ample reactor coolant 
daily, there could be 300 to 400 I-129 and Tc-99 re lease rates in the 
computed average for a fuel cycle. Table I displays  the average fuel 
release rates and radionuclide conditions over a Be aver Valley fuel 
cycle. Figure 1 shows a graph generated by 3R-STAT displaying the 
activity release rate for I-129 (mCi/MWD). 
Table I 
Fig. 1  



The code has been used to develop the inventory pro jections of I-129 and 
Tc-99 for new LLW disposal facilities in the follow ing States: 
  Nebraska 
  Illinois 
  Pennsylvania 
  New York 
  North Carolina 
  Connecticut 
  Texas 
The inventory projections, were based on data from past fuel cycles (3 to 
4 fuel cycles) from those plants planning to ship w aste to the LLW 
facility. The unique future of 3R-STAT is that the code can be applied 
retroactively to fuel cycles long since completed, if the isotopic data 
can be retrieved. Each fuel cycle for each plant wa s analyzed using the 
computer code to yield average release rates of I-1 29 and Tc-99 for each 
fuel cycle and an average for each plant. The calcu lations for the 
inventory projections is summarized as follows: 
Eq. 1  
The NRC also approved the use of the computer code by nuclear utilities 
to determine the quantities of I-129 and Tc-99 cont ained in low level 
waste shipped from their power plants to an operati ng disposal facility. 
The method approved by the NRC for utilities would involve continuing to 
include MDA values on shipping manifests for I-129 and Tc-99. Then on an 
annual or fuel cycle basis, the utility would repor t the values produced 
by 3R-STAT for the reporting period. The calculatio n is as follows: 
Eq. 2 
In the 3R-STAT Topical Report, it was proposed that  a semi-annul or 
annual report be provided by the reactor generators  to the site operator. 
This report would provide the total quantities of I -129 and Tc-99 shipped 
in LLW for the reporting period. 
An illustration of the actual calculations for seve ral of the Beaver 
Valley fuel cycles is given in Table II. 
Table II 
The NRC also approved the use the computer code by LLW disposal site 
operators for the purposes of verifying the results  submitted by 
utilities. The site operator would receive the raw unedited isotopic data 
from a utility for a given fuel cycle. The site ope rator would analyze 
the data using 3R-STAT and compare the results agai nst the results 
submitted by the utility. 
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ABSTRACT 
Importance of accurately estimating the scaling fac tors for 10CFR61 
radionuclides is investigated with respect to waste  facility performance 
assessment. Scaling factors used in the analysis ar e estimated based on 
the shipping manifest information from Barnwell LLW  site. Sensitivities 
of scaling factors of each radionuclides on the est imated dose are 
evaluated for a test case problem in a humid permea ble site and key 
radionuclides and waste streams are identified. For  129I and 99Tc, the 



use of scaling factors based on the lower limits of  detection (LLD) 
values are compared with the case where more accura te scaling factors are 
used. Based on the test case analyses, the key radi onuclides in LLW 
performance assessment among the 10CFR61 nuclides w ere found to be 14C, 
129I, and 99Tc. Others that could produce non-negli gible dose include 
59Ni, 239Pu, 94Nb and 3H. It was found that the cha nges in scaling 
factors for key waste streams could potentially hav e a significant impact 
on performance assessment. Important waste streams were Class C and B 
dewatered resins, Class A unstabilized mixed DAW, C lass C solid 
irradiated equipment, and Class C dewatered cartrid ge filters. It was 
also found that 129I and 99Tc will remain as import ant radionuclide in 
performance assessment even after more accurate non -LLD based scaling 
factors are used. This was due to the contributions  from non-utility 
generators.  
INTRODUCTION 
The primary objective of low-level radioactive wast e (LLW) 
characterization is to accurately assess radionucli de inventory in a 
waste disposal facility. In utility waste managemen t, scaling factors are 
used to quantify the concentrations of difficult to  measure (DTM) 
radionuclides within LLW. These scaling factors are  known to have large 
variabilities depending upon the types of waste str eams and radionuclides 
ranging several orders of magnitude. For I-129 and Tc-99, the lower 
limits of detection (LLD) are often reported by the  laboratory analyzing 
the samples when these nuclides have not been detec ted or measured. When 
the LLD, rather than actual analyzed concentration,  are used in the 
scaling factors the concentrations of these radionu clides in the wastes 
are over-estimated. This over-estimation of I-129 a nd Tc-99 inventory was 
found to range by factors of 10 to 10,000 (1,2). Ac cording to some of the 
recent performance assessments of LLW facilities, I -129 and Tc-99 are one 
of the major nuclides of concern. Therefore the ove restimation of 
inventory of I-129 and Tc-99 may potentially have a  significant 
implications in the licensing of any proposed LLW s ite.  
The purpose of this work is first to identify the r adionuclides and waste 
streams of importance in performance assessment and  to quantitatively 
characterize the impact of variabilities of scaling  factors of these 
radionuclides on the performance assessment. The im plications of over-
reporting I-129 and Tc-99 inventory is also investi gated. 
INVENTORY DISTRIBUTION OF 10 CFR 61 NUCLIDES IN LLW  STREAMS 
Performance assessment of a waste disposal facility  is directed by the 
inventory of radionuclides stored in the facility. Accurately estimating 
the distribution of radionuclide inventory in major  waste streams are 
thus important in performance assessment.  
Table I shows this information for the 10CFR61 radi onuclides associated 
with the use of scaling factors. This information w as calculated using 
the radionuclide concentrations estimated by Chem-N uclear Systems, Inc. 
based on shipping manifests collected at Barnwell, SC (3). Utility wastes 
account for the majority of inventory for all the r adionuclides listed in 
Table I, except for Am-241 (only 6% from utilities) . In fact, for many of 
these radionuclides, more than or close to 90% of t he total activity 
disposed was estimated to be from the utility waste : 99.2% for Ni-59; 
99.8% for Ni-63; 89.3% for Co-60; 91.3% for Sr-90; 99.4% for Nb-94; 95.8% 
for Pu-238; 94.3% for Pu-239; 95.1% for Pu-241; 100 % for Cm-242; and 
99.9% for Cm-243. For C-14, I-129, and Cs-137, abou t 80% of total 
activity disposed was estimated to be from utility generators. In the 



case of Tc-99, utility waste accounted for about 66 % of the total 
activity. The contributions from non-utility genera tors are separately 
listed in Table II.  
Within the utility wastes, dewatered resins and irr adiated equipment were 
the two major waste streams that make up the majori ty of inventory for 
the listed radionuclides except I-129 and Tc-99. Th e percentages of 
inventory accounted for by dewatered resins were: 6 0% for C-14; 20% for 
Tc-99; 37% for Ni-59; 34% for Ni-63; 78% for Sr-90;  88% for Nb-94; 78% 
for Cs-137; 73% for Pu-238; 80% for Pu-239; and 72%  for Pu-241. The 
percentages of inventory accounted for by irradiate d equipment were: 13% 
for C-14; 20% for Tc-99; 37% for Ni-59; 34% for Ni- 63; 78% for Sr-90; 88% 
for Nb-94; 78% for Cs-137; 73% for Pu-238; 80% for Pu-239; and 72% for 
Pu-241. 
For I-129, mixed DAW (~35%), dewatered cartridge fi lters (~16%), and 
incinerator ash (~20%) were reported to contain the  majority of activity. 
The activity of Tc-99 was more evenly distributed w ithin various waste 
streams (22% in DAW, 20% in dewatered resins, 13% i n filters, 5% in 
incinerator ash, and 3% in equipment). 
As shown in Table II, the contributions from non-ut ility generators to 
the total activity inventory were generally minor e xcept Am-241 (94% from 
non-utility generators) and Tc-99 (34% from non-uti lity generators). 
Among the Tc-99 activity which was estimated to be from non-utility 
generators, industry produced most of this as DAW ( 26%) and as 
incinerator ash (6%). Am-241 in LLW was coming most ly from government and 
industry as sealed sources or dry solids.  
Table I 
Table II 
TEST CASE PERFORMANCE ASSESSMENT FOR 10CFR61 NUCLIDES 
To identify the radionuclides of importance, test c ase performance 
assessments are performed for the listed radionucli des. The test case was 
based on a hypothetical waste disposal facility, ch aracterized as humid 
permeable site. Major input parameters used are lis ted in Table III. For 
the performance assessment, a computer model simila r to SYSCPG (4) with 
modifications in the source inventory descriptions and the pathway/dose 
analysis was used (5). Results of test case analyse s are given in Table 
IV. Many of the nuclides including Ni-63, Am-241, C o-60, Cs-137, Pu-238, 
Pu-241, Cm242, and Cm243 showed no or negligible co ntribution to the 
projected dose. Radionuclides found to be important  include I-129, C-14, 
and Tc-99 followed by Ni-59 and Pu-239. For H-3, Nb -94, and Sr-90, non-
negligible contributions were observed. For the thr ee major nuclides in 
the assessment. i.e., I-129, C-14, and Tc-99 the pe ak dose was estimated 
to be close to 1 mrem/yr which occurred within 1,00 0 year time frame for 
the test case problem. Dose from Ni-59 and Pu-239 w as estimated to be 
less than 0.02 mrem/yr with much longer time to the  peak (6800 yr and 
47600 yr, respectively). 
Table III 
Table IV 
POTENTIAL IMPACTS OF SCALING FACTOR VARIABILITIES O N PERFORMANCE 
ASSESSMENT 
To investigate the impacts of scaling factor change s of key radionuclides 
on performance assessment, sensitivity calculations  were made for the 
waste streams of importance. The radionuclides cons idered for this 
sensitivity analysis include C-14, I-129, Tc-99, Ni -59, Pu-239, and Nb-
94. Table V lists scaling factors for these radionu clides estimated in 



each of the waste streams considered. These scaling  factors were 
increased by the factor of 10 for the sensitivity a nalysis. 
Table VI shows the results of the sensitivity analy ses. Each data points 
in the table represent the ratio of dose estimate a fter the increase of 
scaling factor by a factor of 10 to the base case. The dose estimates 
were shown to increase by a factor of up to 3.5 for  C-14 (Class C 
dewatered resins), up to 4.1 for I-129 (Class A uns tabilized mixed DAW) 
and up to 2.4 for Tc-99 (Class C dewatered resins).  For Ni-59, Pu-239, 
and Nb-94, the increase in the ratio was estimated to be higher: by a 
factor of 4.9 for the Class C solid equipment for N i-59; by a factor of 
4.9 for the Class C dewatered resins for Pu-239; an d by a factor of 7.6 
for the Class B dewatered resins for Nb-94. Almost all of the 
calculations show that the increase in the estimate d peak dose was 
proportional to the inventory increase due to the i ncrease in scaling 
factors. One exception observed was the case with P u-239 where the 
solubility limit became limiting.  
Table V 
Table VI 
IMPLICATIONS OF INVENTORY OVER-REPORTING FOR I-129 AND TC-99 
It is known that the inventory of I-129 and Tc-99 i n LLW is highly over-
estimated due to the use of LLD in the calculation of scaling factors 
(1). To investigate this issue, calculations are ma de with different set 
of scaling factors for I-129 and Tc-99 based on rec ent findings 
(1,2,6,7). New scaling factors used for I-129/Cs-13 7 and Tc-99/Cs-137 
were: (1) the existing scaling factors divided by a  factor of 1000 (7), 
and (2) the existing scaling factors divided by a f actor of 10 (1,2).  
The results of test case performance assessment aft er these changes were 
made are shown in Table VII. Results show that decr easing the current 
scaling factors by a factor of 10 was enough to sig nificantly reduce the 
inventory of I-129 and Tc-99. With new scaling fact ors, the peak dose 
predicted was significantly reduced, by a factor of  3.7 and 5 for I-129 
and 2.5 and 5 for Tc-99. Predicted peak dose levels , however, were still 
significant enough for I-129 and Tc-99 to remain im portant in LLW 
performance assessment. This was due to the contrib utions from non-
utility generators. Non-utility generators contribu te about 18% and 31% 
of the total activity inventory of I-129 and Tc-99,  respectively, as 
listed in Table II. 
Table VII 
CONCLUSIONS/DISCUSSIONS 
Based on test case analyses for a hypothetical LLW disposal facility, key 
radionuclides in LLW performance assessment among t he 10CFR61 nuclides 
were found to be C-14, I-129, and Tc-99. Ni-59, Pu- 239, Nb-94 and H-3 
were found to be capable of producing non-negligibl e dose in the 
performance assessment. The test case analysis show ed that the changes in 
scaling factors for key waste streams could potenti ally impact the 
performance assessment significantly. The waste str eams that were 
identified important were Class C and Class B dewat ered resins, Class A 
unstabilized mixed DAW, Class C solid irradiated eq uipment, and Class C 
dewatered cartridge filters. It was also found that  I-129 and Tc-99 will 
remain important in LLW performance assessment even  after the use of 
newly proposed, more realistic scaling factors due to the contributions 
from non-utility generators.  



For more complete understanding of the importance o f LLW characterization 
in performance assessment, comparative evaluations of all major 
parameters in performance assessment will be undert aken as the next step.  
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ABSTRACT 
Diablo Canyon Power plant is a two unit PWR. Solid radwaste in the form 
of resin and cartridge filters is generated from bo th unit specific and 
common plant systems. The number of solid waste str eams is potentially 
large due to the various plant systems. As part of the waste 
classification program samples from the various was te streams are sent to 
off site laboratories for radionuclide analysis on an annual basis. The 
annual cost of these services has ranged from $60,0 00 to $100,000. 
Statistical trending of eight years of laboratory d ata using vendor 
software has enabled the number of spent cartridge filter waste streams 
to be reduced from seven to two. This trending exam ined fission and 
corrosion product activity across the various syste ms, unit fuel cycles 
and the two different units. 
Additional data trending enabled constant correlati on factors for 
corrosion and transuranic fission products to be de rived. This derivation 
was accomplished with a comparison across resin, ca rtridge filter and dry 
active waste streams over various systems, fuel cyc les and the two 
different units. This has enabled a reduction in th e number of nuclides 
requested in an off site analysis thus, reducing th e annual cost of the 
service. As a result of the consolidation of waste streams and the 
truncation of the spectrum analysis, the cost of a single analysis has 
been reduced by 40% and the 1995 laboratory service  budget has been 
reduced to $50,000. 
INTRODUCTION 



Diablo Canyon Power Plant is located on the Pacific  coast near Avila 
Beach, California. Pacific Gas and Electric Company  (PG&E) owns and 
operates the two unit Westinghouse 1100 MWe PWR uni ts. The commercial 
operation dates for Units 1 and 2 were May 1985 and  March 1986 
respectively. 
A waste classification program has been established  at Diablo Canyon to 
comply with Federal regulations. Appendix F, 10 CFR  20 indicates the 
requirements for manifesting, certification, contro l and tracking of low 
level waste transferred to a land disposal site. Se ction 61.55 of 10CFR 
61 requires waste to be classified. Wastes suitable  for land disposal 
must fall into one of three categories; Class A, B,  or C. 
Wastes are determined to fall into one of the three  classes based upon 
the concentration of particular radionuclides in th e waste versus the 
limits set forth in Table 1 and 2 of Section 61.55.  
Many of the nuclides listed in 10 CFR 61 are consid ered difficult to 
measure (DTM) since they emit no gamma radiation. S uch nuclides must be 
measured using radio chemical separations. Since la b facilities at 
nuclear power plants are limited to gamma and triti um detection, such 
nuclides must be analyzed at off site vendor labora tories. These analysis 
are time consuming and expensive.  
The NRC's Branch Technical Position on waste classi fication requires that 
the method of radionuclide content determination be  accurate to within a 
factor of ten. The ratio of non gamma emitting nucl ides to key gamma 
emitting nuclides from off site analysis enables co rrelation or scaling 
factors to be derived. These factors, derived from off site analysis, can 
be used in concert with subsequent on site gamma an alysis to determine 
waste container activity. These factors can also be  used to determine 
waste streams and trend waste stream spectrums over  time. The Branch 
Technical Position allows the use of this technique  as an accurate, cost 
effective and timely means of compliance.  
The Branch Technical Position specifies that for Cl ass B and C waste a 
confirmatory analysis should be performed annually to insure accuracy to 
within a factor of ten. Confirmatory analysis for C lass A waste should be 
performed at least biennially.  
PLANT WASTE STREAMS 
Three types of low level radioactive waste are gene rated at Diablo 
Canyon. These are spent ion exchange media, spent c artridge filters and 
dry active waste (DAW). Spent filters and ion excha nge media are produced 
by several different systems within the plant. Each  unit has a spent fuel 
pool cleanup system, a chemical and volume control system (CVCS) and a 
boron recycle system. Within the spent fuel pool sy stem is a refueling 
water cleanup system and within the CVCS is a letdo wn cleanup and a seal 
water injection/return cleanup system. In addition,  a common radwaste 
treatment system processes liquid waste from both u nits. 
Spent cartridge filters are produced from each syst em listed above. Since 
there are three unit specific systems and a common radwaste system at the 
plant a possible total of seven spent filter waste streams exist.  
Spent ion exchange media is transferred from each s ystem to one of two 
spent resin storage tanks. In general, high activit y resin is stored in 
one tank and medium activity resin in the other. Hi gh activity resin 
consists of letdown mixed beds and spent fuel pool beds. Medium activity 
resin consists of all other CVCS beds, boron recycl e evaporator feed 
beds, and all liquid radwaste beds. Since ion excha nge media is blended 



within these storage tanks there is a possible tota l of two such waste 
streams per year. 
In practice a waste stream is any waste product or mixture of waste 
products where the DTM nuclide concentrations can b e inferred by use of a 
single set of correlation or scaling factors (1). I ntuitive grouping of 
waste streams would lead one to suspect that all ca rtridge filters would 
likely be similar in waste spectrum. Conversely, a cartridge filter 
spectrum should be very different from that of ion exchange media since a 
filter will not remove significant quantities of so luble nuclides.  
Early in plant life, Diablo Canyon obtained annual cartridge filter 
samples for off site analysis from each system when  waste was generated. 
The plan was to collect data for three or four year s and plot the 
results. It was anticipated that the results would demonstrate that the 
cartridge filter spectrum from various systems woul d be the same. 
Although the magnitude was known to vary greatly be tween systems 
dependent on the proximity to the fuel, the relativ e abundance of 
nuclides were expected to be similar. If the spectr um were modeled as a 
color, say blue, one would expect a dark blue in le tdown and refueling 
water filters with lessor shades of blue for boron recycle and liquid 
radwaste. 
In 1990, a comparison of the cartridge filter corre lation factors from 
all off site analysis was performed. The results of  this study showed 
that both Unit 1 and 2 filter waste streams possess ed similar 
characteristics. The filters removed the same nucli des regardless of the 
system. Cesium was not found in significant quantit ies on cartridge 
filters. Cobalt was shown to be of no influence in cartridge filter waste 
classification while non gamma emitters, particular ly 14C, controlled 
classification. The study further found that all co rrosion and fission 
product correlation factors were well within a fact or of 10, except for 
14C/60Co. It was concluded that further analysis to  resolve the 
variability of 14C should be conducted. 
EPRI reviewed the 14C content in cartridge filters at Diablo Canyon in 
1991. This review concluded that the variability of  14C was partially 
influenced by the method of off site analysis. The vendor laboratory was 
not determining the gamma activity of the aliquot f or destructive 14C 
analysis for normalization to the prime sample gamm a spectral analysis. 
The off site lab specification was revised in 1992 to correct this 
problem and annual samples were obtained for three additional years. 
In 1994, Diablo Canyon performed another comparison  of cartridge filter 
sample results. This time the 10CFR61 Sample Analys is Program produced by 
D W James and Associates was used to trend and anal yze the data. 
SAMPLE ANALYSIS PROGRAM 
The Sample Analysis Program enables rapid trending of numerous 
radionuclide sample results. Correlations or scalin g factors can be 
determined for each sample and these factors can be  compared for groups 
of samples as requested by the user. The program pr oduces plots of 
historical scaling factors, see Fig. 1. The program  calculates a median 
scaling factor and plots the factor of ten limits a bove and below the 
median for visual comparison. Any data points beyon d these factor of ten 
limits are noted to be outliers. The user may selec t and remove outlier 
data points and produce another plot.  
Fig. 1 
In addition, the program calculates the dispersion of the data to 
quantify the variation. In this program the dispers ion is defined as the 



anti log of the standard deviation calculated from the log ratios (2). 
The lowest variability off site laboratories can ac hieve for the same 
sample is a factor of two. Any data plot from the S ample Analysis Program 
with a dispersion near two indicates that there is minimal variation in 
the data. 
CARTRIDGE FILTER WASTE STREAM CONSOLIDATION 
The basic strategy for consolidating several waste streams is to compare 
all historical scaling factor results as a data set . This comparison 
encompasses different fuel cycles, different system s and different 
reactors. If the dispersion for each scaling factor  is near 2, then a 
common waste stream is indicated. If the dispersion  approaches 5 for any 
single scaling factor, it suggests that more than o ne waste stream 
exists. 
In order to consolidate the various filter waste st reams at Diablo 
Canyon, fission product and corrosion product scali ng factors for all 
historical data were plotted. All of the scaling fa ctors met the general 
dispersion of two test except 14C /60Co, see Fig. 1 , and 55Fe/60Co. 
Individual filter waste streams were removed from t he grouping to 
determine if a single system was the cause of the i ncreased dispersion. 
In addition, unit specific plots and annual plots t o depict individual 
fuel cycles affects were generated. 
The result of this comparison was that there are tw o cartridge filter 
waste streams at Diablo Canyon. Boron recycle filte rs are a separate 
waste stream because they have a higher 55Fe conten t, and a 14C content 
which is more than an order magnitude greater than all other filters, see 
Fig. 2. All other filters make up the other waste s tream because a single 
set of scaling factors meet the general dispersion of 2 test. 
Fig. 2 
This evaluation reduced the number of filter waste streams requiring 
annual sampling from seven to two. With analysis co sts ranging from 
$3,000 to $7,000 per sample depending on the turn a round time, this 
reduction resulted in a substantial cost savings. 
CONSTANT TRANSURANIC SCALING FACTORS 
Based upon the success of the filter waste stream c onsolidation, an 
evaluation was conducted to determine if constant s caling factors could 
be determined from historical data for all waste st reams, at Diablo 
Canyon. Industry data suggested that individual tra nsuranic nuclides 
would correlate very well with 239Pu. Data plots fr om all waste streams 
were generated for the various transuranic nuclides  versus 239Pu. These 
plots resulted in dispersions very near the factor of two test and a set 
of constant scaling factors. 
These transuranic scaling factors were valid for an y waste, any fuel 
cycle and either unit at Diablo Canyon. If the 239P u/60Co ratio is 
determined for any future waste, the remaining tran suranic nuclides can 
be determined by use of the derived scaling factors . 
CONSTANT CORROSION PRODUCT SCALING FACTORS 
Once again, industry data suggested that constant s caling factors could 
be derived for corrosion products 55Fe, 59Ni, 63Ni.  Unlike transuranic 
nuclides, constant corrosion product scaling factor s were likely to be 
waste stream specific. 
Corrosion product scaling factors for the two filte r waste streams, spent 
ion exchange media and DAW at Diablo Canyon were co mpared. The results 
were in keeping with industry data. The Nickel scal ing factors had a 
small dispersion and valid constant values could ha ve been used for all 



waste streams. The 55Fe scaling factors had a large r variation between 
waste streams. As mentioned above the 55Fe concentr ation was much larger 
in Boron Recycle filters than other filters. The 55 Fe/60Co scaling factor 
for Boron Recycle filters was nearly 7.7 while all other filters had a 
value of 2.7. 
The 55Fe scaling factor variation resulted in two w aste streams for ion 
exchange media. Medium activity resin and inorganic  zeolite proved to 
have the same set of constant corrosion product sca ling factors. High 
activity resin had nickel scaling factors slightly lower than those of 
medium resin. The dispersion of 55Fe in high activi ty resin was too large 
for a constant scaling factor to be derived. 
Off site analysis for 55Fe in future spent fuel poo l and letdown mixed 
beds will be obtained. The reason for the large dis persion is due to 
older spent fuel pool resin results. In 1995, spent  fuel pool resin from 
both units was generated. The 55Fe results from the se beds indicate a 
constant scaling factor for high activity resin wil l be obtained with a 
few more data points. 
DAW corrosion product data also produced a constant  set of scaling 
factors. These factors were valid for both radioact ive trash and clean 
trash collected in the radiological controlled area . The DAW set of 
factors were closer to the cartridge filter values than those for resin. 
AFFECTS OF FUEL DEFECTS 
In late 1994, unit 2 began its seventh fuel cycle. Early on it was noted 
that a fuel defect was present in this cycle. In or der to determine if 
the fuel defect had any affect on the constant scal ing factors which were 
just derived, a letdown filter was removed and a fu ll spectrum off site 
analysis performed.  
The results of this analysis indicated no variation  from the transuranic 
or corrosion product scaling factors previously der ived. The refueling 
outage for unit 2 is scheduled for March 1996. A fu ll spectrum analysis 
of a letdown filter and resin bed is planned to ver ify what affect, if 
any, the fuel defect has had. At this time, it is e xpected that this fuel 
defect will not result in altering the scaling fact ors derived from 
historical data. 
COST REDUCTION 
The economic benefit of deriving site specific cons tant scaling factors 
is reducing the number of nuclides analyzed in off site samples. The cost 
for 55Fe, 59Ni, and 63Ni analysis range from $800 t o $1,300 per sample 
depending on the turn around time. The cost for tra nsuranic nuclides 
excluding 239Pu range from $900 to $1,400. Thus, th e use of constant 
scaling factors for corrosion products and transura nics saves $1,700 to 
$2,700 per sample.  
Off site sample analysis can be reduced to a gamma isotopic, 14C, 89Sr, 
90Sr, 239Pu, 99Tc and 129I for each waste stream. T hese results coupled 
with the constant scaling factors derived from hist orical data enable 
accurate waste classification to be conducted at a reduced cost. 
The consolidation of cartridge filter waste streams  and the use of 
constant scaling factors has resulted in significan t cost savings at 
Diablo Canyon. In the past, $60,000 to $100,000 wou ld be spent annually 
on off site lab analysis. In 1995, off site analysi s for all waste 
streams generated was reduced to $35,000. This cost  includes the analysis 
of filter samples to determine the affect of fuel d efects on unit 2. 
CONCLUSION 



The comparison of historical scaling factor data ca n enable the 
derivation of valid constant values for corrosion p roducts and 
transuranic nuclides. Such comparisons can also det ermine the number of 
waste streams a plant generates. The use of the Sam ple Analysis Program 
was critical to performing this comparison at Diabl o Canyon. 
The waste streams which resulted from this evaluati on were based upon 
valid statistical evidence versus process knowledge . The waste stream 
results were not intuitively obvious. Significant c ost savings can be 
achieved by accurately determining the number of wa ste streams. 
Additional savings can be achieved by deriving and using site specific 
constant scaling factors. These savings readily pay  for the resources 
needed to perform the evaluation. 
The Sample Analysis Program is also a great aid in evaluating waste 
classification affects of a fuel defect or other ev ent which could shift 
the radionuclide waste spectrum. The results of new  samples can quickly 
be compared with historical data. 
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ABSTRACT 
In the execution of disposal of low and intermediat e level radioactive 
wastes, it is important to accurately evaluate the kind and quantity of 
each radionuclide in wastes. For such evaluation, c orrelation of non-
gamma-emitting nuclides based on gamma-emitting nuc lides is recommended 
and regarded as a practical method. This method nec essitates a completion 
of a highly accurate and reliable non-destructive a ssay system of gamma-
emitting nuclide for practical use. In 1992, in sup port of the new waste 
disposal program in Hungary, Paks NPP initiated a w aste characterization 
program to determine the radiological properties of  its radwastes. 
A segmented gamma scanning system has been set up t o measure the gamma-
emitting nuclides in 200 liter low level drums foll owing in-drum 



compaction. In the framework of the program a radio chemical analysis sub-
program was started to determine the long-lived non -gamma emitting 
radionuclides, mainly those listed in the US regula tory document 
(10CFR61). The radionuclides of interest have been 3H, 14C, 90Sr, 55Fe, 
59Ni, 99Tc, 129I and TRUs. Sample preparation techn iques and measurement 
methods have been selected and used. Newly develope d or adopted methods 
have been tested on real liquid radwaste streams su ch as concentrates, 
ion-exchange resin and sludge. The measurements tak en so far have 
revealed brand new information and data on radiolog ical composition of 
waste of WWER-type reactors. In the next stage of t he characterization 
program attempt will be made for providing correlat ion factors between 
the gamma and non-gamma emitting radionuclides in d ifferent waste 
streams. Short description of the methods and resul ts on waste inventory 
are given highlighting the problem areas. 
MONITORING PROGRAM 
The goal of the monitoring program was to develop a  non-destructive 
gamma-monitoring system that was capable of determi ning the inventory of 
gamma-emitting radionuclides in the dry active wast e. 
As a first step waste assay system was bought from the Canberra-Packard 
Company.  
The description of the hardware and software of the  monitor is as 
follows:  
  The software runs on an AT bus 386 computer syste m running under the 
MS-DOS operating system. The computer contains of a  2 Mb RAM memory, a 
120 Mb Winchester hard disk drive, 3 serial and 1 p arallel ports, VGA 
Color monitor, math coprocessor, and 1.44 Mb floppy  disk drive. 
  The system utilizes a Canberra Series 35 PLUS mul tichannel analyzer 
with 4K channels of data memory. 
  The detector is a coaxial high purity germanium d etector with a 
relative efficiency of 30% at 1.33 MeV, and energy resolution of 1.9 keV 
FWHM. The detector is mounted in a horizontal integ ral dipstick cryostat 
with a standard end cap and a 5 cm remote detector chamber. A Canberra 
Model 2002 preamplifier is mounted to the cryostat.  
A lead collimator is used to focus the detector on defined segments of 
the drum. Collimator dimensions are 10 cm high by 2 0 cm wide by 20 cm 
deep. This provides an accurate 10 cm segment of th e drum. 
The drum assay mechanism is designed to handle cont ainers up to 210 liter 
drums. These are rotated and moved vertically to ac curately measure the 
gamma radiation emitted from the drum.  
The detector collimator support frame is designed t o hold the detector, 
shield, and collimator in the optimum orientation t o measure the 
container being assayed. If a variety of container sizes are being 
measured the frame can be mounted on a trolley to o ptimize the detector 
to sample distance for each container size. 
A transmission source shield and shutter is provide d mounted on a 
pedestal and secured to the vertical drive unit to ensure correct 
alignment between the transmission source, drum, an d the 
detector/collimator for accurate determination of t he matrix density of 
the material. 
The analysis software is a SPECTRAN-AT with modific ations to optimize the 
matrix correction routines. Additional routines are  provided to correct 
for matrix attenuation based on the transmission so urce intensity, and 
live time correction to correct for count rate loss es with high activity 
containers.  



The system is able to detect levels of 3 kBq of 60C o in a drum with a 
density of 0,5 g/cm3 with a drum assay time of 15 m inutes. The minimum 
sensitivity for 137Cs 6 kBq. 
The maximum positional error is less than +/- 25% f or sources in 
different locations in the drum for containers with  less than 0,3 g/cm3 
density and gamma energies greater than 300 keV. 
The maximum drum activity should be less than 500 M Bq in the close 
geometry. If drums with high activities must be cou nted then the detector 
trolley should be moved away from the container to reduce sensitivity.  
After assembling and testing the hardware and softw are, the detector was 
calibrated for efficiency with standard radionuclid e sources by the 
Hungarian Bureau of Standards. 
In order to evaluate various forms of miscellaneous  waste packages 
regarding the deviation of density and activity, mo del waste drums were 
prepared and tests were performed. 
Between 1989 and 1995, the radioactive wastes gener ated in the plant site 
of the Paks NPP amounts 2560 drums of 200 l compact ed state having the 
distribution with regard to their content: 
  1901 drums of compacted waste material (74.2 %), 
  419 drums of non-compacted waste (16.4 %), 
  240 drums of solidified sludge (soaked up in pril led diatomaceous 
earth) (9.4 %). 
The results of the waste assay determinations are g iven in Table I and II 
and in Fig. 1. 
Table I 
Table II 
It seems quite clear that there are 3 dominating is otopes in the waste 
drums. 110mAg, 54Mn and 60Co isotopes are the most characteristic 
components of the waste, both for their frequency o f occurrence and 
activity. 
Fig. 1 
RADIOCHEMICAL ANALYSIS PROGRAM 
The objectives of the radiochemical analysis progra m were to develop the 
radioanalytical methods capable of determining the significant 
radionuclides (3H, 14C, 90Sr, 55Fe, 59Ni, 99Tc, 129 I and TRUs) in the 
various waste forms destined for disposal and, prov ide the correlation 
factors between the gamma - and non-gamma-emitting radionuclides to 
enable to estimate the non-gamma radionuclides in w astes. 
Radiochemical separation techniques developed or ad apted are given below: 
99Tc 
Extraction chromatography is used to analyze evapor ator concentrates for 
99Tc. The technetium is oxidized to pertechnate usi ng nitric acid + 
hydrogen peroxide and heating. This treatment also destroys most of the 
organic materials may be present in the concentrate . Amberlite XAD-7 
resin is used to remove any organic material remain ing after nitric acid 
and peroxide treatment. Then the pertechnate is sep arated from 
interfering elements using TEVA-Spec column. The 99 Tc is measured by LSC 
technique. 
Liquid-liquid extraction with dibenzo 18 crown 6 et her (DB18C6) in 
acetone-toluene mixture was also tried instead of u sing TEVA-Spec column. 
More reproducible results were obtained with DB18C6  than with TEVA-Spec. 
The yield in each method was tested using 99mTc tra cer. 
129I 



The method is based on the separation of iodine fro m other activities by 
dissolution of elemental iodine into cold carbon te trachloride. To assure 
chemical interchange with the iodine carrier an oxi dation-reduction cycle 
is made. The iodide is oxidized to iodate with perm anganate, reduced to 
iodide with bisulfite, and distilled over as free i odine in the presence 
of nitrite. 
After washing the carbon tetrachloride with nitric acid, the iodine is 
reduced with bisulfite and back-extracted into wate r. Acidified silver 
nitrate solution is added to precipitate silver iod ide. The chemical 
recovery is used as a measure of radiochemical reco very. 
Two types of activity measurements were applied. Ga mma counting of dried 
silver iodide precipitate with PGP-1500 detector an d liquid scintillation 
counting (LSC). The AgI precipitate was dissolved b y forming a chemical 
complex with potassium-cyanide. After one week wait ing time the activity 
of the samples were determined by LSC. 
A mass spectrometric system for measurement of 129I  concentration by 
129Xe ingrowth method was also developed. The syste m consists of a VG-
5400 noble gas mass spectrometer and units for quan titative extraction of 
the dissolved gases from evaporator concentrate sam ples, purification of 
the extracted 129Xe after ingrowth period by means of a cryogenic cold 
trap filled with active charcoal. The mass spectrom eter inlet system is 
computer controlled and capable of fully automated measurement of 129Xe 
samples. A 129Xe measurement takes about 30 minutes . Calibration of the 
measurement is done using defined aliquots of 126Xe  standard. The 129Xe 
detection limit of the system is about 1*10-15 ccST R. An intercalibration 
of the method with an LSC beta-counting was perform ed and within the 
errors of the single techniques no significant devi ation was found 
between the two data sets. 
55Fe and 63Ni 
Radioactive 55Fe isotope solutions of 661 Bq and 14 18 Bq 55Fe were 
prepared for calibration purposes. These solutions were added to the dry 
sample, dried with infra-red light, then the sample  was powdered and 
homogenized. The powdered sample was placed into an  aluminum sample 
container (diameter 10 mm, equipped with Mylar foil  at the bottom) and 
measured with Si(Li) semiconductor X-ray spectromet er. The measuring time 
of the quantitative analysis was 5000 s. 
Radiochemical Separation of Pu, Am and Sr Isotopes 
The complete analytical procedure consists of the f ollowing steps: 
sample homogenization by filtration; take the resid ue by HCl; combine the 
aliquots measurement of the subsample. The further steps of the analysis: 
  addition of strontium carrier, and plutonium (236 Pu) and americium 
(243Am) tracers  
  repeated evaporation with 65 % nitrite acid to de stroy organic 
materials (especially complexing agents),  
  sample dissolution with dilute nitric acid, 
  separation procedure for plutonium 
  pre concentration of plutonium with iron hydroxid e, 
  dissolution of the iron hydroxide precipitate wit h 1M nitric acid, 
  adjustion of the valency state of plutonium to te travalent by 
consecutive reduction and partial oxidation, 
  chromatographic separation of plutonium on strong  basic anion exchange 
resin from 8M nitric solution followed by the eluti on of interfering 
components and stripping of plutonium with a reduci ng agent (ammonium 
iodide in 9M hydrochloric acid solution) 



  evaporation and oxidization of the strip solution , 
  alpha source preparation by micro-precipitation t echnique with 
neodymium fluoride, 
  alpha spectrometry of the plutonium nuclides: 239 ,240Pu, 238Pu, 236Pu; 
  separation procedure for americium 
  preconcentration of americium by coprecipitation with calcium oxalate, 
  destruction of the oxalates with 65 % nitric acid , 
  chromatographic separation of americium on Tru.Sp ec column from 2M 
nitric acid solution followed by the elution of ame ricium on Tru.Spec 
column from 2M nitric acid solution followed by the  elution interfering 
components and strontium, stripping of americium wi th 4M HCl, 
  alpha source preparation by micro precipitation t echnique with 
neodyminium fluoride, 
  alpha source preparation by micro precipitation t echnique with 
neodymium fluoride, 
  alpha-spectrometry of the americium and curium is otopes: 241Am, 244Cm, 
242Cm. 
  separation procedure for strontium 
  preconcentration of strontium by coprecipitation with calcium oxalate, 
  destruction of the oxalates with 65 % nitric acid , 
  chromatographic separation of strontium on Sr Spe c. column (bis-tertier 
butyldicyclohexano-18-crown-6) from 3M nitric acid solution followed by 
the elution of interfering components and stripping  of strontium with 
distilled water, precipitation of strontium oxalate , 
  determination of the chemical recovery by gravime try, 
  checking of the purity of the sample by gamma spe ctrometry, 
  source preparation for liquid scintillation count ing with Insa gel, 
  beta spectrometry with LSC: 90Sr, (89Sr). 
Highest activity concentration and standard deviati on of the 
radionuclides in the different waste types are give n Fig. 2. 
Fig. 2 
CONCLUSIONS 
Safety studies related to the disposal of low - and  intermediate - level 
waste indicate that the long term risk is determine d by the presence of 
longer-lived nuclides such as 14C, 59Ni, 63Ni, 99Tc , 129I and the 
transuranium elements. 
As most of these nuclides are difficult to measure,  the correlation 
between these critical nuclides and some other easi ly measurable key 
nuclides such as 60Co and 137Cs has been investigat ed, mainly for typical 
waste streams from nuclear power plants, and scalin g factors have been 
proposed by several authors. However, the range of these factors is 
relatively large for some nuclides and some of ther m are recognized to be 
plant-specific. 
An automated gamma-scanning monitor has been develo ped to determine the 
inventory of gamma-emitting radionuclides in wastes . Experiences so far 
have indicated that the monitor can reliably determ ine the inventory of 
gamma-emitting radionuclides in the waste packages.  Radiochemical methods 
have been developed to determine significant diffic ult-to-measure 
radionuclides. 
One of the new methods developed is determination o f 129I via 129Xe 
ingrowth by use of mass spectrometer. 
In the next stage of the program the efforts will m ainly be directed to 
the determination of the scaling factors. 
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ABSTRACT 
Secretary of Energy Hazel O'Leary appointed the Fed eral Advisory 
Committee on External Regulation of Department of E nergy (DOE) Nuclear 
Safety (the Committee) in February 1995. The Commit tee's charter called 
for it to recommend whether and how existing and ne w DOE facilities 
should be externally regulated. The Committee's del iberations were to be 
conducted under the Federal Advisory Committee Act (FACA) in public 
through a constructive dialogue among DOE and exter nal stakeholders. The 
24 members of the Committee were drawn from a cross  section of public, 
Federal, State, Tribal, industrial, and academic se ctors, representing a 
diversity of expertise. The Committee's final repor t was submitted on 
January 19, 1996. The Committee's recommendations w ere submitted not only 
to the Secretary of Energy, but also to the White H ouse Office of 
Management and Budget, and to the Council of Enviro nmental Quality. The 
report recommended that DOE's facilities and operat ions be regulated by 
existing external entities, the specifics of which would be determined 
through Administration review or by Congressional l egislation.  
The Committee's charter and means of arriving at it s recommendations 
presented an unprecedented and unique challenge -- the Secretary of 
Energy requested that the Committee provide its rec ommendations within 
only one year of its inception. The scope of the Co mmittee's task had 
far-reaching impacts throughout the DOE complex. Th e regulatory issues 
involved were broad-ranging, complex, and often dif ficult to grasp; the 
affected constituency was large and varying; and th e available resources 
were limited. 
The Committee met this challenge through aggressive ly reaching out to the 
DOE community (workers, unions, contractors, manage rs), existing 
oversight organizations (OSHA, EPA, NRC, DNFSB), St ate and local 
governments, environmental advocacy groups, and loc al community and 
individual stakeholders. This paper identifies the challenges of the 
Committee's charter, how those challenges were met through an innovative 



outreach program, and the key issues that the Commi ttee gleaned from 
listening to diverse individuals from varying backg rounds, which led to 
its recommendations for external regulation. 
WHY AN ADVISORY COMMITTEE? 
Until recently, the Department of Energy (DOE) and its predecessors, the 
Atomic Energy Commission (AEC) and the Energy Resea rch and Development 
Administration (ERDA) operated largely as self-regu latory entities in the 
area of safety at the Department's nuclear faciliti es. Currently the DOE 
complex is regulated under a mix of internal and ex ternal regulatory and 
advisory bodies that administer a maze of laws, reg ulations, directives, 
orders, and guidance. DOE's workforce suffers from intense frustration 
due to serious overlaps and gaps in regulatory requ irements, and the 
failure by DOE to address hazards according to thei r relative risks, 
costs and benefits. 
In response to the growing sentiment both in Congre ss and within the DOE 
and its surrounding communities that DOE "self-regu lation" was 
inefficient and ineffective, Secretary of Energy Ha zel R. O'Leary 
established the new Federal Advisory Committee on E xternal Regulation of 
DOE Nuclear Safety (the Committee) in January 1995.  The charter required 
the Committee to recommend whether and how existing  and new DOE 
facilities should be externally regulated. The Comm ittee was tasked to 
submit its recommendations to the Secretary of Ener gy, and to the White 
House Office of Management and Budget (OMB), and th e Council on 
Environmental Quality (CEQ). 
THE CHARTER 
The charter, approved on January 25, 1995, tasked t he Committee with the 
following: 
    The Committee shall conduct an assessment of th e technical, 
regulatory, institutional and resource issues relat ed to the potential 
establishment of an external regulatory regime for nuclear safety with 
respect to Department of Energy facilities and oper ations. 
    The assessment will include an evaluation of th e historical 
separation between commercial and defense nuclear a ctivities; the 
potential advantages and disadvantages of external safety regulation 
compared to the existing regulatory framework for e nvironment, safety and 
health; and the concerns and criticisms that have b een expressed about 
DOE's safety oversight by the Congress, the Nationa l Academy of Sciences, 
the Advisory Committee on Nuclear Facility Safety, the Defense Nuclear 
Facilities Safety Board, and others. Significant tr ansition issues 
associated with any new regulatory regime will be i dentified, including a 
realistic appraisal of both Federal and non-Federal  resource impacts. 
Although the charter stated that "approximately twe nty (20) Advisory 
Committee members shall be appointed by the Secreta ry of Energy for a 
term of two years", in March 1995 at the first meet ing of the Committee, 
the Secretary requested a report be submitted by De cember 1995.  
HISTORY OF SELF-REGULATION 
Over the past half century, the DOE and its predece ssor agencies have 
regulated themselves with regard to nuclear safety,  as provided for under 
the Atomic Energy Act. The manner of oversight esta blished in the Act 
reflected the agency's primary responsibilities for  development and 
production of nuclear materials and weapons, and fo r many other 
classified national security activities appropriate  in a defense 
environment. Production was of high priority during  those times, 



resulting in a legacy of safety and environmental p roblems at numerous 
DOE sites. 
The nuclear mission of the Department has changed a nd much is now focused 
largely on the stewardship and dismantlement of nuc lear weapons, cleanup 
of contaminated sites, safe decommissioning of faci lities. In addition, 
in recent years, the DOE has become subject to an i ncreasing number of 
external federal and state regulatory requirements and oversight, while 
at the same time internal requirements and oversigh t have intensified. 
Activities in early 1994 demonstrated continuing na tional concern 
regarding nuclear safety at DOE facilities. In Marc h 1994, Congress held 
hearings on the Federal Nuclear Facilities Licensin g and Regulation Act, 
H.R. 3920. The Committee on Natural Resources, U. S . House of 
Representatives, held 2 days of hearings and heard from the NRC, the 
DNFSB, the EPA and other interested organizations a nd individuals on the 
need for regulating DOE nuclear facilities. At the hearings, the 
Department proposed that these ongoing concerns be addressed through a 
constructive dialogue within the DOE, other Federal  agencies and external 
stakeholders via the formation of an independent Fe deral Advisory 
Committee. 
The Secretary took action to establish an independe nt Committee, under 
the FACA, to examine whether (and how) new and exis ting DOE facilities 
and operations might be externally regulated to ens ure nuclear safety. 
Secretary O'Leary approved the establishment of thi s new Federal advisory 
committee on July 28, 1994.  
After a search and selection of a very broad and di verse group of 
distinguished individuals, Secretary O'Leary announ ced the membership of 
this Federal advisory committee on February 16, 199 5. She named Dr. John 
F. Ahearne and Mr. Gerard F. Scannell as the Commit tee's co-chairs. Dr. 
Ahearne is currently a Lecturer in Public Policy at  Duke University and 
is the Executive Director of Sigma XI Center (a Sci entific Research 
Society). He also is past Chairman, Nuclear Regulat ory Commission and the 
DOE Advisory Committee on Nuclear Facility Safety. Mr. Scannell is 
currently President of the National Safety Council.  He is a former 
Department of Labor, Assistant Secretary for Occupa tional Safely and 
Health and former Vice President, Corporate Safety Affairs for the 
Johnson & Johnson Company.  
The 24-member Committee represented a wide diversit y of knowledge and 
expertise from the private sector as well as other Federal agencies. 
Thomas H. Isaacs, a senior career DOE official was named Executive 
Director of the Committee and a small senior federa l staff was selected 
from DOE, the Environmental Protection Agency, and the Nuclear Regulatory 
Commission.  
The Committee got to work immediately. Beginning wi th its first 
organizing meeting in Washington D.C., in March 199 5, the Committee held 
eight public meetings in the next nine months. Orga nizing and planning 
the public meetings would have been enough of a cha llenge; however, since 
the Committee agreed to "get out of Washington" so they could hear 
directly from workers and the interested public, th e majority of meetings 
were held at or near representative DOE sites. 
THE CHALLENGE 
The Committee's charter and the complex regulatory issues involved 
created unprecedented challenges for the Committee and its staff. Because 
of the unique make up of the Committee, there was n o "text book" or 



precedent to follow in planning and implementing an  outreach strategy. 
Our challenges included the following: 
COMPLEX ISSUES 
   The broad issue of "externally regulating DOE nu clear safety" is very 
complex. No group had ever evaluated the issue to t he extent that the 
Committee was tasked. Although the charter mandated  that the Committee 
assess the need to externally regulate "nuclear saf ety," the Committee 
found that it could not assess nuclear safety in a vacuum -- nuclear 
safety was inextricably tied to other safety and he alth issues, such as 
existing environmental compliance, worker safety an d health, facility 
safety, and public health and safety. In addition, at the first Committee 
meeting Secretary O'Leary told the group to take a broad view of 
regulating DOE -- not to narrow its focus. Thus, th e subjects of 
evaluation became more broad-ranging and even more complex. Most 
committees established under FACA have more narrow mandates directed at 
more specific problems. 
BROAD CONSTITUENCY 
   The affected constituency was broad-ranging and all-encompassing. 
Given that the DOE complex involves such abroad-ran ge of both internal 
and external stakeholders, the Committee was challe nged with identifying 
and targeting a subset of representative stakeholde rs to participate in a 
constructive dialogue. This Committee did not have a "natural" 
constituency. Instead, the Committee staff was face d with the need to 
identify a sampling of all affected groups and indi viduals, a 
representative set of DOE sites and facilities, and  a regional 
representation throughout the U.S.  
SHORT TIME FRAME 
   The Committee's time frame for completing its ch arter was unusually 
short for an issue of this magnitude. In researchin g the charters and 
activities of other advisory committees, both withi n and outside of DOE, 
the Committee staff found that most committees had much longer time 
periods to conduct its work. Many committees, such as the DOE Site-
Specific Advisory Boards, are under continuing char ters. Secretary 
O'Leary tasked this Committee with only one year to  present 
recommendations on a topic that could have signific ant impact to DOE 
workers and managers as well as facilities and oper ations . The 
recommendations, it was known from the beginning, c ould involve 
significant action by the Administration, Congress,  and other state and 
federal agencies. 
MINIMAL RESOURCES 
   The Committee was provided minimal resources to carry out its charter. 
This required creative means of leveraging existing  resources within the 
DOE community and other agencies. The Committee's s taff involved only 6 
full-time professionals. 
MEETING THE CHALLENGE 
The Committee staff needed to be resourceful and cr eative to best serve 
the Committee. The staff worked to serve the Commit tee members, and this 
included identifying quickly what resources could b est assist them. 
ASSIST LEARNING CURVE 
Because of the diverse make up of the Committee, ma ny members were 
selected, in part, because their experience and exp ertise came from 
outside the DOE community. However, this meant a le arning curve for those 
members. Therefore, this Committee actively sought and listened and 
learned from all the invited and public speakers at  its meetings. In 



addition, the Committee solicited papers and other information to assist 
in a better understanding of the complex problems r elated to external 
regulation of DOE facilities. 
IDENTIFY INTERESTED PARTIES 
  The Committee proactively identified and obtained  the participation of 
a broad representation of internal and external DOE  stakeholders. These 
included: 
 DOE workers and managers 
 Union representatives 
 DOE contractors (workers and managers) 
 State and local governments 
 Local businesses 
 Professional organizations 
 Public interest organizations 
 Environmental groups 
One of the major challenges for the Committee staff  was to successfully 
identify both the internal and external stakeholder s and to encourage 
their participation. We used a variety of approache s to inform the public 
and workers about the Committee's activities and so licit their input. We 
understood that input from a variety of viewpoints and sources would 
provide the Committee with useful information in th e development of their 
findings and recommendations.  
Personal Interaction by Pre-Visits with Stakeholder s 
   The Committee staff conducted pre-meeting visits  with stakeholders at 
or near the DOE sites the Committee planned to visi t. These visits were 
usually held 2 to 3 weeks prior to each public Comm ittee meeting and 
efforts were made to find interested persons includ ing labor 
representatives and local citizens. We held meeting s with federal, 
tribal, state, and local government representatives , as well as local and 
national stakeholder organizations. The staff infor med every individual 
and group we met with of the Committee's activities  and mission and 
encouraged them to participate in the upcoming publ ic meeting in their 
area. We found many of the "usual concerned citizen s" that closely follow 
DOE activities at nearby sites did not know of the Committee or its 
mission. Many also were not that interested in the topic of external 
regulation or did not understand that it could mean  an entity completely 
outside DOE to oversee DOE facilities. 
To remedy this lack of knowledge and to better educ ate parties as to the 
purpose of the Committee, these pre-visits served a s a 'heads up" to 
those who might be interested in the oversight of D OE activities. Usually 
2 committee staff members with one contract support  person briefed DOE, 
contractor management, workers, and local stakehold ers about the 
Committee's diverse membership, its origin, activit ies and meetings to 
date and how they might help the Committee in meeti ng its mission and 
providing recommendations.  
Stakeholder involvement was sought at all levels. T he following provide 
examples of the diversity of pre-visit meetings: 
  Mayor of Richland, Washington 
  Governor of San Ildefonso Pueblo, New Mexico 
  Colorado Department of Health 
  Snake River Alliance Group (Idaho) 
  Chamber of Commerce in Albuquerque, N.M. 
  American Nuclear Society in Richland, WA 



Frankly, the staff and the Committee were pleased w ith the level of 
knowledge that many people and groups possessed. Th e stakeholders were, 
in turn, surprised we would actually travel to meet  with them in their 
surroundings and encourage their individual partici pation at the upcoming 
Committee meeting. We also found that most parties we met with would 
provide information and contacts about additional i nterested individuals 
and groups. Usually we could personally meet with t hem while on the pre-
visit, but sometimes we spoke by phone or met a day  or two prior to the 
meeting. 
In an effort to inform DOE and contract workers abo ut Committee meetings 
and encourage worker participation, flyers announci ng the meeting were 
posted and electronic mail messages were sent to em ployees at the 
respective DOE sites. Articles about the Committee and meeting notices 
were printed in site news bulletins.  
Presentations by Stakeholders at Advisory Committee  Meetings 
    We also involved stakeholders in developing mee ting agendas based on 
issues specific to each site, in suggesting invited  speakers to address 
the Committee, and participate in panel session pre sentations during 
Committee meetings. For example two opposing citize n concern groups, "Los 
Alamos Study Group" and "Responsible Environmental Action League" gave 
formal presentations at the Advisory Committee Publ ic meeting held in 
Santa Fe, N.M. and participated in panel session pr esentations during 
Committee meetings.  
OTHER OUTREACH MECHANISMS 
Public Meetings/Stakeholder Comments: The Committee  held eight meetings 
in nine months, all of which were open to the publi c. Sixty members of 
stakeholder organizations addressed their concerns about DOE safety. Over 
350 members of the public attended the meetings. Pu blic comment sessions 
were held in conjunction with all the Committee mee tings. Forty seven 
concerned citizens shared their viewpoints and answ ered Committee 
questions. 
Written Comments: For concerned citizens unable to attend the public 
comment sessions, different options for the Committ ee to receive comments 
and input were offered: U.S. Mail, Facsimile, and E lectronic Mail. 
Dissemination of Advisory Committee Information: Pu blic information 
materials such as press releases, Federal Register Notices, and fact 
sheets were developed and distributed to keep the p ublic informed of 
Committee meetings and activities. Meeting minutes,  transcripts and the 
Committee's Status Report were also available to th e public. This 
information was distributed upon request, at Commit tee meetings, and sent 
to DOE Reading Rooms around the country. The Commit tee maintained a 
mailing list of over 500 persons. Over 9,000 pieces  of information were 
distributed during the Committee's tenure.  
Information Center: Toll-free phone line. An inform ation repository with 
a toll-free number was established to respond to in formation and document 
requests and answer Committee-related questions. Ov er 535 calls were 
received on the toll-free number.  
Fact Sheet: We decided that a fact sheet was a good  way of distributing 
important general information about the Committee. We created an "About 
the Committee" fact sheet which included the purpos e of the Committee, 
described the issue of external regulation, provide d information on how 
to both comment and obtain information, listed the membership, and 
indicated when and where Committee meetings would b e held. The fact sheet 
was updated prior to each meeting, and provided a v ehicle for noting both 



changes in membership (due to other commitments by 2 members) and changes 
in meeting locations when the Committee decided it had collected enough 
information and needed to focus only on deciding is sues and reaching 
conclusions. 
Internet/World Wide Web: Committee information was also maintained on a 
World Wide Web Page on the Internet, where it could  be viewed and/or 
downloaded. 
Early in the Committee's establishment it became cl ear that there was 
tremendous interest in the Committee's work and ver y limited staff 
resources to deal with requests, so we sought new a venues for reaching 
out to the public. One of the areas of greatest gro wth is the World Wide 
Web. Another is the E-mail part of the Internet. We  established an e-mail 
address specifically for the Committee and posted i ts address in all the 
press releases, Federal Register notices, and regul arly updated fact 
sheets, along with the World Wide Web address and o ther methods for 
contacting the Committee.  
We contacted the DOE-Office of Environmental Manage ment staff and 
contractors responsible for the EM World Wide Web p age and they agreed to 
create a page for the Committee work. It soon becam e apparent that the 
public was only going to use the page if it was reg ularly updated to 
provide current information. Prior to each Committe e meeting we posted 
the agenda, press release and Federal Register noti ce, and after each 
meeting we posted the transcripts and minutes. In a ddition, all the 
subcommittee reports, internal working group report s, and staff papers 
have been posted. An employee at the Stanford Linea r Accelerator recently 
e-mailed us that he though the Committee's Web page  was the best in the 
Federal government. By the end of January we had ov er 28,000 accesses to 
the Committee's page and, after release of the Comm ittee's final report, 
it was growing by over 1,000 accesses per day.  
Letters to the DOE Complex Requesting Criticisms an d Solutions: To make 
certain that all potential issues and solutions wer e considered, the co-
chairs sent a letter to all Operations and Field Of fice managers, 
Laboratory Directors, and Program Offices. These re sulted in numerous 
direct responses from across the complex which prov ided additional 
insights (concerns, problems, and potential solutio ns of day-to-day 
implementation of the current regulatory structure)  from the DOE working 
management level. 
 Committee Members As Listeners 
At Committee meetings, Committee members actively e ngaged in discussions 
with concerned citizens, workers, and management co ncerning safety and 
health issues at DOE nuclear facilities. Public com ments were considered 
in the development of the Committee's report. There  are over 400 
transcript pages from public comment sessions. 
The Committee listened intently to the invited spea kers and the 
interested public. Meetings often lasted well into the night. At some 
meetings, the Committee stayed long after the meeti ngs closed to discuss 
among themselves what they learned in the meetings.  
Not only did the Committee hold meetings near the D OE sites, but also 
toured specific facilities at the sites in order to  have a better 
understanding of the facilities and had some meetin gs at the sites to 
encourage worker input. 
LEVERAGING EXISTING RESOURCES 
 To make up for the short time-frame and minimal re sources, the Committee 
staff leveraged existing resources within and outsi de the DOE complex to 



identify and obtain stakeholder involvement, public ize the Committee's 
activities, and to educate the Committee members on  DOE facilities and 
operations. The objective was to not "reinvent the wheel" but to maximize 
existing resources and local knowledge. We effectiv ely utilized DOE 
personnel expertise and their knowledge of the loca l issues at all of the 
sites that the Committee visited. The DOE field per sonnel -- from the 
Operations Office Managers to the Communications, P ublic Affairs, and 
Outreach offices were essential to our successful i nstitutional program. 
We found the site personnel, both DOE and contracto rs, eager to help us 
arrange the pre-visits, site tours (on a very restr icted time frame), and 
press notices. In addition, for each meeting, DOE h eadquarters personnel 
provided their distribution mechanisms so we could widely publicize our 
meetings both inside and outside DOE. Committee sta ff also attended some 
SSAB local meetings and SSAB members were speakers and provided other 
sources of information to aid the Committee members , We contracted with 
an existing resource, the Office of Environmental M anagement's Center for 
EM Information, to respond to inquiries and provide  distribution of 
documents. 
BENEFITS FROM STAKEHOLDER PARTICIPATION 
DOE Worker Community: 
The Committee heard a lot from the DOE worker commu nity (workers, 
unions). What it learned was that there is a regula tory morass. The 
workers on the floor saw above them so many layers of management, 
oversight, and regulatory requirements, including d ifferent factions of 
DOE, that they were confused as to what requirement s they had to meet and 
when, and who was in charge. At every site the Comm ittee visited, the 
workers communicated that "things were not clear. "  The Committee also 
heard that DOE is a dangerous place to work. They c ited a lot of 
workplace hazards that needed to be addressed, both  radioactive and 
nonradioactive, particularly in light of the changi ng mission of DOE from 
production to cleanup. Another concern expressed wa s that new workers 
were being brought on site who are not familiar wit h the very old sites 
and facilities and their unknown hazards. In additi on, the training of 
subcontractors is not often the same as with the pr ime contractors on 
site. 
Workers also told the Committee that, due to the ma nner in which DOE 
currently prioritizes work, some hazards were going  unaddressed while 
less "risky" activities were being "fixed".  
States: 
The States were not at all unified in the need for external regulation or 
how it should be implemented. For example, the Stat e of Colorado believed 
it could best regulate Rocky Flats. The concerned c itizens near Rocky 
Flats also agreed with State regulation, but with t he Federal government 
providing standards and guidance. However, other St ates, like the State 
of New Mexico, believed that DOE should take care o f its own problems and 
that the State did not have a role to play in regul ation of a Federal 
facility. 
Public: 
The public was unified in its concern for public an d worker health and 
safety. The public generally acknowledged that DOE was more open than it 
had been previously but, like the workers, did not know for certain who 
was in charge. Local communities, including local o fficials, were 
concerned with the economic well-being of their com munities in light of 
DOE's changing mission and the role of the communit y in overseeing the 



safety of DOE facilities. In general, most members of the public were in 
favor of independent regulation outside of DOE, mea ning, yes, external 
regulation. However, there was not a consensus amon g the public as to who 
was best suited to take on this role. The public, a s did the workers, 
realized the need for clarity in what regulations h ad to be met. 
DOE Managers: 
The DOE managers and laboratory directors (former a nd current) generally 
agreed that the time had come for external regulati on and endorsed the 
concept. They did not have specific recommendations , however, on who best 
is suited to provide the external regulation. 
Committee Recommendations 
All the Committee's recommendations were predicated  on the core belief 
that a meaningful role for citizen's and workers is  essential to the 
development of credibility and trust. The Committee  noted that "Two 
elements are required to implement effective public  participation in the 
regulatory process: timely and adequate information  and effective means 
to influence the outcome." Several recommendations by the Committee were 
a result of the significant public participation ro le and the information 
obtained from the various stakeholders. Included in  the Committee's 
recommendations were several directly related to St ate and public 
involvement: 
  States with programs authorized by EPA, OSHA, or the facility safety 
regulator should acquire or continue to have roles in the regulation of 
all respective areas of safety comparable to those they exercise in the 
private sector; 
  In principle, States should be able to enact more  stringent standards 
as long as these do not unduly hinder a DOE mission ; 
  Citizen's suit provisions, comparable to those in  the environmental 
statutes, should be available for regulation of saf ety at DOE nuclear 
facilities, both with regard to enforcement against  DOE and its 
contractors and with respect to non-discretionary s tatutory duties of the 
regulators; 
  The DNFSB should make its processes more open, in cluding issuing 
recommendations in draft form for comment.  
CONCLUSION 
This was a unique challenge -- both from a public p olicy perspective as 
well as from an institutional program perspective. The was not your 
typical advisory committee -- in make up, dedicatio n and cooperation and 
enthusiasm for the task. This was a difficult assig nment for Committee 
members. No one had tackled a review so great for t he need for external 
regulation. This was an unprecedented outreach effo rt, which was 
applauded by all Committee members (despite long pu blic meeting hours) 
and the stakeholders we reached. This was a very re warding effort. We met 
the challenge through using a proactive approach, l everaging of existing 
resources, and taking advantage of such new outreac h tools as the World 
Wide Web. We've thought of writing a book on this o ne! 
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ABSTRACT 
The Nevada Risk Assessment/Management Program (NRAM P) is tasked with 
performing an independent, integrated risk assessme nt of the Nevada Test 
Site (NTS) in close cooperation with stakeholders, who will then use the 
assessment to prioritize future land use options at  the NTS. As part of 
this process, NRAMP is exploring a variety of metho ds for involving 
stakeholders and will develop the most successful m ethodologies into a 
model for other DOE sites. The Program has made tec hnology the focus of 
its methods through facilities available at Univers ity of Nevada Las 
Vegas (UNLV) research centers. The selected technol ogies include a 
telephone survey through the Southwestern Social Sc ience Research Center; 
videoconferencing in the especially equipped rooms of UNLV's TeleMedia 
Services; a World Wide Web HomePage via the univers ity's Internet 
connection; and electronic meetings in the Decision  Support Laboratory at 
the Harry Reid Center for Environmental Research. S uccesses and 
difficulties with these methods are being formulate d into 
recommendations. 
INTRODUCTION 
In early 1994, DOE's Office of Environmental Manage ment (EM) created a 
cooperative agreement that would fund innovative me thods to achieve 
meaningful stakeholder involvement in a risk-based approach toward 
remediation of DOE sites across the nation. The Nev ada Risk 
Assessment/Management Program (NRAMP) is one of fiv e successful proposals 
for collecting stakeholder concerns and providing t he scientific data 
stakeholders need to participate in an informed deb ate about the future. 
The NRAMP is housed in the Harry Reid Center for En vironmental Studies 
(HRC) at the University of Nevada Las Vegas (UNLV) and focuses on the 
Nevada Test Site (NTS). Its three primary missions are to (1) work 
closely with stakeholders, EM, and others in develo ping independent risk 
assessments of the NTS; (2) evaluate and prioritize  options for NTS 
restoration and future land use from a stakeholder perspective; and (3) 
develop a methodology for stakeholder-based risk as sessments at other 
sites. 
In Nevada, these missions are impacted by a problem  more immediate than 
the usual human interaction difficulties: four hund red miles separate the 
two major population centers of Las Vegas and Reno,  and even greater 
distances lie between the more remote regions of th e state. People must 
come together physically before they can come to co nsensus on the issues. 
To solve the problem, team members have turned to t echnology. 
Using UNLV facilities and research centers, the Pro gram has focused on 
relatively inexpensive techniques that can be appli ed through cooperation 
with universities at nearly any site. The selected technologies include a 
telephone survey through the Southwestern Social Sc ience Research Center; 
videoconferencing in the especially equipped rooms of UNLV's TeleMedia 
Services; a "HomePage" via the university's Interne t connection; and 
electronic meetings in the Decision Support Laborat ory at the Harry Reid 
Center for Environmental Research. In addition, the  team hopes to study 
stakeholder reactions to electronic presentations b y developing a 
PowerPoint "primer" that could be made available on  CD-ROM. 
TELEPHONE TECHNOLOGY 
The NRAMP grant period (originally 18 months, now e xtended to 21) did not 
allow time for the regulation keystone process in f orming a stakeholder 



working group, and the team made an early decision to accept any and all 
participants who wished to join the Program. Tradit ional mailing lists 
and newspaper advertisements were used to announce the Program to 
stakeholders, but the team was well aware previous experience had shown 
groups recruited in these ways to be small and more  representative of 
vested interests than the state's actual demographi cs. 
To achieve representation without moving "keystonin g," team member Dr. 
Dennis Soden from UNLV's Social Science Research Ce nter used telephone 
technology to sample a broader base of Nevadans' at titudes toward the NTS 
and to collect their opinions of future land uses o f the site. Working 
with a hired team of graduate students who had expe rience in telephone 
surveys, he oversampled the state's rural areas to ensure their 
representation. In all, he collected 400 opinions f rom the Las Vegas 
area, 400 from Reno/Carson City, and 400 from acros s rural Nevada. This 
is not to say that telephones reach all of Nevada's  citizens. In fact, 
two members of the current NRAMP Working Group cann ot be contacted by 
phone and have even been reluctant to give a specif ic home address. 
Nevertheless, the sample population reached in the telephone survey is 
certainly more representative of the State's genera l population than the 
working group that has been formed. 
The telephone survey serves the Program as a check- and-balance on 
attitudes and opinions collected from the NRAMP Wor king Group. However, 
while this technology will certainly be recommended  to other DOE sites 
where rural populations are an important factor, se veral caveats must be 
noted: 
 1. working groups will want to know if the survey carries more weight  
than their group opinions, 
 2. teams can expect considerable debate over the c ontent and wording of 
survey items, and 
 3. working groups may distrust answers from the sa mple population and 
accuse callers of making leading comments - even wh en a "script" is used 
to ensure each call follows a standard format. 
In general, there seems to be a reluctance to accep t human comments when 
they are not gathered in a face-to-face situation, but given the expense 
of door-to-door canvassing and the notoriously low return rate for mail 
surveys, the telephone offers a comparatively quick  and inexpensive 
overview of public opinion and, specifically, of ru ral opinion that might 
otherwise be overlooked. It is tempting to speculat e on the kinds of 
survey results that may be achieved when the teleph one is fully 
integrated with the television as has now been done  in parts of Canada. 
VIDEOCONFERENCING 
At the start of the Program, two working groups wer e formed: a Northern 
Group in the Reno area and a Southern Group in Las Vegas. Originally, all 
NRAMP members attended the Southern meeting and thr ee or four flew to 
Reno for the Northern meeting. However, after two m onths, the Northern 
Group remained just half the size of the Southern ( i.e., 20-25 vs. 
approximately 10) and it became increasingly diffic ult to integrate 
Northern decisions and opinions with those in the S outh. In addition, the 
logistics and productivity loss involved in flying team members to Reno 
quickly became a burden. Once again, technology pro vided an answer. 
NRAMP turned to UNLV's Telemedia Services, which ha d recently announced 
its videoconferencing rooms were available to unive rsity projects. 
Working with Mr. Michael Stowers, Telemedia's Execu tive Director, the 
team explored its options for long distance communi cation. The situation 



was enhanced by the close connection between Univer sity of Nevada Reno 
(UNR) and UNLV; electronically delivered classes ar e regularly scheduled 
between the two universities and most technical dif ficulties had already 
been solved. 
Team members attended a demonstration session, lear ned how to use the 
camera controls, and chose the most effective room arrangement for the 
size of the NRAMP Working Group. The Southern Group  immediately settled 
into the more appropriate of UNLV's two videoconfer encing rooms and has 
now participated in three meetings at that location . The Northern Group 
has changed locations once, from the Education Buil ding to the System 
Computing Services Center, and now appears comforta ble in a permanent 
setting. Aside from minor sound difficulties, which  largely involve 
training speakers to stand in specific locations or  address their remarks 
to a particular microphone, the technology is now v ery accepted by both 
groups and, in fact, when the NRAMP returned to a t raditional separate 
meeting for one month, stakeholders in the North ex pressed great 
dissatisfaction. 
The facilities at the two universities allow the NR AMP to project two 
views to each location: a view of the room (i.e., t he participants) 
and/or the speaker and, through a document camera, a view of presented 
materials such as maps, 3-dimensional objects, and overheads. In the 
future, the NRAMP plans to integrate presentation s oftware such as 
PowerPoint or Harvard Graphics.  
At this point in time, one NRAMP team member flies to Reno and presents 
portions of the meeting agenda from that location. Presentations are 
usually reinforced by sending hardcopy handouts to the North either in a 
pre-meeting mailing or with the attending team memb er. The expense of 
this travel, coupled with the universities' videoco nferencing fees, means 
that the overall cost of the meetings has not been reduced (the cost of 
flying three or four persons to Reno is roughly equ ivalent to the cost of 
videoconferencing), but team members generally expe rience a considerable 
gain in productivity because all but one can spend the entire meeting day 
on task rather than travel. The most important gain , however, is in group 
interaction: though small, the Northern Working Gro up is now able to 
present its opinions, participate in general discus sions, and be fully 
represented in any group issue. 
Videoconferencing is highly recommended to projects  with access to 
university facilities like those at UNLV and UNR. C ost is the major 
barrier to widespread use of the technology in the business community, 
but cooperation with universities can dramatically reduce this factor. 
Stakeholders adapted very rapidly to the few necess ary constraints on 
meeting procedures, and the NRAMP team considers br inging the Northern 
and Southern Groups together as one of its major su ccesses. 
FUTURE TECHNOLOGIES 
With the telephone survey completed and videoconfer encing established as 
the primary meeting methodology, the NRAMP is now f ocusing on other 
technologies to enhance group communication: the Wo rld Wide Web (WWW), 
presentation graphics, and Group Decision Support S ystems (GDSS). Team 
members with expertise in these areas are developin g interfaces and 
strategies to draw more participants into the Worki ng Group and to 
increase participation in general. 
WWW HOMEPAGE 
The World Wide Web is very close to linking even th e most remote areas of 
the world and certainly provides an important servi ce to states like 



Nevada. As more and more stakeholders subscribe to home services (e.g., 
America OnLine, CompuServe, Prodigy) and access the  Web, it is becoming 
one of the best means of distributing information n eeded for good 
community decision making. The Department of Energy  has been using the 
technology for sometime, and in Nevada, for example , the Coordination and 
Information Center (CIC) operated for DOE by Bechte l gives electronic 
access to more than 300,000 historical documents re lated to nuclear 
weapons testing, human radiation experiment records , and many other 
documents concerning programs, projects, and activi ties.a 
  Universities enjoy rapid access to the Web throug h their dedicated 
lines, and projects like the NRAMP can provide phys ical access for online 
information very similar to the videoconferencing a ccess described above. 
Stakeholders who cannot go online from a home compu ter can use 
university-based workstations to gather background materials and 
information on the issues. 
At UNLV, the NRAMP has recently implemented a 12-st ation computer 
laboratory (see below) in the Harry Reid Center for  Environmental 
Research (HRC), the home of the NRAMP, that could s oon provide general 
stakeholder access to public DOE databases and spec ific access to the 
NRAMP HomePage being constructed by team members un der the direction of 
Dr. Muhilan Pandian. Several kinds of information a re being considered 
for possible entry: a photo history of land uses at  the Nevada Test Site; 
team member photos, areas of expertise, and contact  numbers; specific 
NRAMP documents such as the original grant, the Wor k Plan, and the 
Preliminary Risk Assessment results; presentation g raphics used in the 
face-to-face Working Group meetings; and Geographic  Information System 
(GIS) maps produced by the NRAMP technical team. Dr . Pandian's staff are 
also responsible for the development of THERdBASE, a graphical database 
engine for integrating and viewing risk assessment results, and the NRAMP 
is considering placing THERdBASE online for stakeho lders. 
The most important use of the NRAMP HomePage, howev er, could be as a 
collection point for comments on the difficult issu es facing the Working 
Group. If such issues were placed on the HomePage, stakeholders could 
maintain a running discussion that would be availab le without time and 
space limitations for those with home access and on  a regularly scheduled 
basis for those who wish to use the HRC laboratory.  Access can, of 
course, be provided from DOE sites as well. The NRA MP expects many "hits" 
on its HomePage as additions are made to its conten t and stakeholders 
become aware of its availability. 
A related idea has been explored by one of the team 's technical task 
leaders, Dr. Dennis Weber, who suggested that all h andouts and graphic 
materials presented in Working Group meetings be co mpiled into an "NRAMP 
Primer" for individual or class use outside of Work ing Group meetings. 
Because some of these materials have been based in electronic 
presentations, the team has recently begun to consi der placing them on 
the HomePage in an interactive format. Before that occurs, however, the 
team would like to conduct several experiments to d etermine stakeholder 
preferences for presentations. 
Several of the team's technical staff, for example,  object to the flashy 
"fade-in, fade-out, build-from-the-right/left" capa bilities of 
presentation applications like PowerPoint. They fee l audiences are 
distracted from the real content of the materials. Other team members 
feel that audiences expect an "infotainment" format  and quickly become 
bored with text-heavy viewgraphs. The NRAMP hopes t o structure several 



experiments that would provide input to these argum ents and determine the 
best possible format for storing information on the  Web in an electronic 
NRAMP Primer. 
Once again, the idea of a HomePage is an idea that can be exported 
readily to other projects and DOE sites. Specific r ecommendations will be 
made about Internet technologies when the NRAMP has  had sufficient time 
to fully implement them and to study stakeholder re actions, but there is 
certainly reason to believe that a HomePage is a vi able choice for 
stakeholder groups based on its low cost and its wi despread availability. 
DECISION SUPPORT LABORATORY (DSL)  
The Harry Reid Center's DSL was funded by a coopera tive grant from the 
Department of Energy's Yucca Mountain Project; it i s under the direction 
of NRAMP team member Dr. Pat Jonker, who recently i mplemented Ventana's 
GroupSystems for Windows on the laboratory's 12 com puter stations. This 
software is a group decision support system, or GDS S, that uses a 
networked system of computers and a large display s creen to facilitate 
electronic meetings. Participants use the computers  for brainstorming, 
organizing, prioritizing, and voting on their ideas  and opinions. 
Meetings may be held in a traditional face-to-face setting with all 
participants present in the electronic meeting room  or in a remote access 
format that allows participants to sign in to the m eeting from their 
offices at any time of the day or night. 
A GDSS is ideally suited to NRAMP-type projects in which stakeholders 
comment on issues that will eventually be subjected  to a consensus 
process or a vote. It overcomes many of the typical  meeting problems such 
as lack of participation, fear of retaliation, domi nance by strong 
personalities, and subjective minutes or records of  what occurred. 
Because participants enter their comments anonymous ly from the keyboard, 
no one can determine who contributed a specific com ment; because 
participants do not need to be recognized by the ch air to contribute, 
everyone can "talk" at once; and because all input is automatically 
recorded, no one has an opportunity to editorialize  outcomes. Votes are 
recorded instantaneously and the result is shown gr aphically on the 
screen.b 
 The DSL was used for the first time in January 199 6 as a platform to 
collect public perceptions of risk related to DOE R isk Data Sheets (RDSs) 
and budget priorities from 12 participants in the R DS process. 
To further enhance anonymity, all workstations in t he DSL are recessed 
into NOVA desks that provide a large conference sty le table when the 
computers are not in use. Although only 12 stations  have been installed 
in the lab at this time, ports are available for 12  more persons to join 
a face-to-face meeting with portable computers and as many as 75 persons 
can contribute to a remote meeting when users are n ot signed on 
concurrently. The Pentium/75 workstations are each equipped with 
multimedia features (i.e., CD-ROMs, sound and video  boards) and, in the 
near future, will be connected to the Internet. The y offer an ideal 
location for Southern group members to access the N RAMP HomePage or view 
DOE information from databases across the country. The NRAMP anticipates 
an interesting series of experiments with lab use d uring the remainder of 
the project period. 
Such a laboratory and its GDSS are obviously expens ive technologies that 
are not likely to exist at every DOE site or even a t every university. 
But the possibilities are seductive: imagine attend ing a meeting while 
sitting in your own office where all the informatio n you need is readily 



at hand; consider signing on to read the comments g enerated by others at 
a meeting you missed and then casting your vote at 11:00pm before you go 
to bed; and forget the drudgery of typing up and re producing the minutes 
of your meeting. While meetings as we know them wil l certainly not 
disappear in the near future, many options are appe aring that will change 
them dramatically. The creators of Ventana's GroupS ystems, for example, 
are already at work on a facility that will feature  "floor-to-ceiling 
high-resolution video display walls," with each wal l showing a full-size 
representation of meeting participants in other loc ations and creating 
the illusion that those participants are actually p resent.c 
 FUTURE PROJECTIONS 
From the four major technologies discussed, the NRA MP will undoubtedly 
recommend the telephone survey and videoconferencin g as part of a 
stakeholder interaction model for other sites. But with the Program at 
only the halfway point, time remains to experiment,  not just with 
HomePages and group decision support systems, but a  host of other 
possibilities. One of the great advantages of worki ng within the 
university environment is the opportunity to try ne w applications - the 
most exciting of which has not yet been built or te sted. 
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ABSTRACT 
In August 1995, the Fernald Citizens Task Force pro vided the U.S. 
Department of Energy (DOE), the Environmental Prote ction Agency (EPA), 
the Ohio EPA (OEPA), and FERMCO with cost-effective , implementable 
recommendations for addressing Fernald's most press ing issues. Fernald is 
now proceeding with an accelerated cleanup plan to make these 
recommendations reality. With its initial work plan  complete, the Task 
Force confronted a new challenge: How to shift its focus from developing 
recommendations designed to influence Fernald's Rec ords of Decision to 
advising project managers during remedial design an d remedial action. 
This paper reports on the experiences of the Task F orce, the DOE, Fernald 
regulators, and FERMCO as the Task Force made this shift. In the process, 



the parties encountered issues involving work plan development, 
membership, organization, and support resource allo cation. Lessons 
learned as these issues were resolved are summarize d. The Fernald 
experience supports the conclusion that "hands-on" citizen involvement in 
government decision-making at a major environmental  remediation site can 
effectively transition from one area of focus to an other. 
INTRODUCTION 
Under its original charter, the Fernald Citizens Ta sk Force experienced 
unprecedented success as a U.S. Department of Energ y Site-specific 
Advisory Board by recommending publicly accepted, c ost-effective 
solutions to critical issues facing Fernald Environ mental Management 
Project decision-makers. This success was the outco me of a deliberate 
strategy pursued by the Task Force Chair of focusin g the Task Force's 
agenda on "big picture" issues. The Task Force inco rporated its 
recommendations in a report delivered to the DOE in  August 1995. 
With its initial work plan completed, the Task Forc e confronted a new 
challenge: How should its members refocus their ene rgies to further 
advance the ultimate remediation goal at Fernald? 
This paper reports on interactions between the Task  Force, the DOE, 
Fernald regulators, and FERMCO as Task Force member s shifted their focus 
from developing recommendations designed to influen ce Fernald Records of 
Decision to a new role during remedial design and r emedial action. In the 
process, the parties encountered and resolved work plan development, 
membership, organization, and support resource allo cation issues. Their 
experiences provide insight into how "hands-on" cit izen involvement in 
government can effectively transition from one area  of focus to another. 
BACKGROUND  
In the 1980s, it was discovered that the Fernald fa cility had been 
contaminating local drinking water for many years. Citizen activism in 
reaction to disclosures of the contamination drew l ocal and national news 
media attention and significant negative publicity critical of the DOE. 
In reaction, the DOE issued news releases and held public meetings to 
inform citizens of Fernald activities. Early public  meetings typically 
provided forums for "Decide, Announce, Defend" styl e presentations by DOE 
officials, which often resulted in citizen protests  and accusations. 
Trust between the DOE and area residents was virtua lly non-existent. 
Prompted by separate lawsuits by the state of Ohio and area citizens, the 
DOE began to address contamination issues that had become a matter of 
public concern. 
In 1991, the DOE and the EPA signed an Amended Cons ent Agreement, 
establishing key milestones and strengthening the f ramework for federal 
regulatory oversight of the Fernald cleanup. As wor k progressed under 
this agreement, DOE managers began to realize that direct citizen 
involvement was an essential ingredient to arriving  at sound decisions. 
In the spring of 1993, the DOE decided a citizens a dvisory board would be 
the most cost-effective means of obtaining focused stakeholder input on 
Fernald's most pressing issues. An independent conv ener was hired to 
identify potential Task Force members to represent the wide-ranging 
interests of Fernald's various stakeholder groups a nd to develop a draft 
charter for the Task Force, in conjunction with the  DOE, the EPA, and the 
OEPA. The charter drafted by the convener, and ulti mately adopted by the 
Task Force chair, charged the Task Force with devel oping recommendations 
on four far-reaching issues: future land use, remed iation levels, waste 
disposition, and remediation priorities at the Fern ald site. 



The Task Force officially convened in August 1993. Early on, Task Force 
members recognized that a recommendation regarding future use of the 
Fernald property following remediation would give d irection to its 
deliberations and provide a framework for other rec ommendations. During 
this time period, the Task Force also determined an  independent 
consultant should be retained to provide the Task F orce with technical 
and facilitation support. The Task Force chair guid ed the consultant in 
developing a work plan to promote productive use of  time during the 18-
month period preceding issuance of Task Force recom mendations to coincide 
with the draft Record of Decision for Fernald's Ope rable Unit 5. A key to 
this work plan was the conscious decision of the Ta sk Force not to review 
and evaluate each decision and piece of information  that would be 
released by the DOE over that period of time, but t o focus solely on 
developing its work plan in the time available. 
VALUE ADDED THROUGH PUBLIC INVOLVEMENT 
As the work progressed, the Task Force learned how site decisions were 
being made and how the Task Force might influence t hose decisions. 
Through direct participation at Task Force meetings , DOE and FERMCO 
project managers gained insight into stakeholder va lues and expectations. 
Major policy issues were discussed at length, and t echnical, economic, 
and political trade-offs were debated. These intera ctions ultimately 
yielded agreement between Task Force members and Fe rnald project managers 
on the direction the project should take. The Task Force's 
recommendations provided a blueprint for project ma nagers to follow in 
remediating the Fernald site. 
For DOE and FERMCO, the return on this investment i n public involvement 
in the Fernald decision making process has been sig nificant. By 
implementing Task Force recommendations, the projec t duration will be 
reduced from 25 years to 10 years, and United State s taxpayers stand to 
save an estimated $2.15 billion. These savings are determined by 
comparing the costs in dollars and time required fo r off-site disposal of 
all Fernald contaminated materials with the balance d approach recommended 
by the Task Force, which calls for disposal of Fern ald's most 
contaminated materials off site and lesser-contamin ated materials on site 
on an accelerated schedule. Equally important is th e payback in terms of 
increased trust and confidence among Task Force mem bers and project 
personnel. By their willingness to share informatio n and adjust positions 
once the perspectives of others were heard, Task Fo rce members and 
project managers set the tone for future cooperatio n in support of the 
mutually beneficial goal of a remediated Fernald si te. 
FERNALD IN TRANSITION 
During 1995, the Fernald project was in transition.  The signing of the 
Operable Unit 5 Record of Decision by the EPA in De cember 1995 symbolized 
the conclusion of a decade-long study-and-planning phase at Fernald. The 
project had crossed that important threshold into t he remedial design 
phase. 
The delivery of the Task Force's recommendations in  August 1995 also 
symbolized a turning point. With the urgency of mee ting deadlines under 
its initial work plan removed, Task Force members c ould consider a future 
course of action. At their August 1995 meeting, a c onsensus emerged in 
support of refocusing the Task Force in a manner th at would be productive 
and useful for project managers. Concurrently, DOE officials reiterated 
their perspective that the relationships between si te personnel and 



stakeholders established during Task Force interact ions were of great 
value and should be sustained. 
At their September 1995 meeting, Task Force members  discussed, in greater 
depth, issues relating to their future areas of foc us and methods of 
conducting business. These issues included work pla n development, 
membership, organization, and support resource allo cation. How these 
issues were approached and resolved is discussed in  the following section 
in a "lessons learned" format. 
LESSONS LEARNED 
Work Plan Development 
Lesson Learned: 
A focused work plan enables citizen participation t o have the greatest 
impact on project decisions. 
Discussion:  
An important component of the original success of t he Task Force was the 
ability of members to stay focused on their ultimat e goal and 
particularly to understand how each activity fit in to the process of 
achieving that goal. This was achieved through the development of a 
detailed work plan which identified all activities the Task Force would 
undertake, the information to be evaluated and the decisions required 
over time. The Task Force activities were clearly l inked to ongoing site 
activities so members could see how their input wou ld impact the real-
time decision-making and cleanup of the site. By cl early outlining the 
role and importance of each meeting in the decision -making process, 
attendance was rarely an issue. 
In discussing the future of the Task Force, members  expressed an aversion 
to becoming "just another oversight group." It was generally considered 
important that a new work plan should include defin ite end products for 
each area of focus. The Task Force consultant was t asked with developing 
such an approach. 
Informal dialogue among the Task Force chair, Task Force consultant, DOE 
officials, and FERMCO personnel occurred frequently  during work plan 
development. Through these discussions, current and  emerging issues were 
identified as candidates for Task Force focus. The Task Force chair 
reviewed the draft work plan with the DOE Fernald A rea Office director to 
ensure it would result in relevant recommendations for project decision-
makers.  
At its December 1995 meeting, the Task Force refine d and adopted the work 
plan. The work plan focused on the following issues : the engineered on-
site disposal facility, waste transportation, envir onmental monitoring, 
natural resources, waste treatment, waste dispositi on, recycling, 
accelerated schedule/priorities, complex-wide issue s, radium extraction, 
and economic development. For each of these issues,  expected actions were 
identified. These actions are oriented toward devel oping recommendations 
or providing comments on these important issues. On  all issues, Task 
Force dialogue and development of recommendations o r comments have been 
scheduled in a timely manner to coincide with upcom ing project activities 
and schedules.  
Membership 
Lesson Learned: 
The Task Force should periodically assess its membe rship to ensure 
balanced representation and depth of expertise. 
Discussion: 



Upon submission of recommendations developed under its initial work plan, 
submitted to the DOE in August 1995, all Task Force  members had the 
option to resign. None chose to do so. Instead, all  expressed continuing 
interest and commitment to involvement on the Task Force. 
The Task Force discussed the issue of membership at  its September 1995 
meeting. During the discussion, members considered the need to ensure 
balanced representation and depth of expertise amon g its membership. A 
determination was made that one additional member s hould be recruited. 
The Task Force chose to appoint a search committee to recruit candidate 
members. More than 850 announcements and applicatio ns were mailed to area 
residents, with ads being placed in the three Cinci nnati-area daily 
newspapers. Eighteen applications were received, fr om which four 
finalists were interviewed to assess level of inter est, experience, and 
proximity to the site. The entire Task Force approv ed the committee's 
selection at its December 1995 meeting, and the new  member was appointed 
by the DOE later that month.  
The membership review and recruitment process led t he Task Force to 
reflect on its relationships with its constituencie s and reaffirmed the 
need for continuing broad public participation acti vities independent of 
the DOE. Both diversity and continuity were conside red keys to effective 
membership. Members acknowledged constant monitorin g of community 
interests and positions is important to ensure the Task Force is 
representative of the entire community. A consisten t membership is 
important to maintain institutional knowledge, cont inued cooperation and 
commitment. The addition of a new member as the Tas k Force shifts its 
focus has helped broaden the perspective and experi ence of the Task 
Force. This continuity was ensured in the original ground rules for the 
Task Force, which includes a provision for overlapp ing membership terms. 
The member search itself also identified the level of interest in the 
community in serving on the Task Force and helped i dentify individuals 
who might work with the task force over time. 
Organization 
Lessons Learned: 
Citizen groups should organize such that they can b e flexible and 
responsive to changing needs.  
Discussion: 
To influence key decisions in the Fernald project's  planning phase, the 
Task Force had adopted an aggressive schedule under  its initial work 
plan. Extensive monthly meetings involving the enti re Task Force was 
essential during this work because of the strategic  nature of the issues 
being considered and the time constraints under whi ch the Task Force was 
working. With the delivery of recommendations under  the initial work plan 
complete, the Task Force acknowledged it could "shi ft gears" and operate 
with less intensity. Two changes were adopted to en able the Task Force to 
relax its aggressive schedule while pursuing a broa d range of issues 
under its new work plan. 
First, the membership agreed the full Task Force wo uld meet quarterly, 
rather than monthly. To ensure members were informe d on a timely basis, 
the Task Force consultant was tasked with publishin g a monthly newsletter 
on project status and issues of concern to the Task  Force. 
Second, the Task Force decided to utilize a committ ee structure to as 
great an extent as necessary. This enabled Task For ce members to debate 
and discuss a broad range of issues concurrently an d promote timely 



development of recommendations. It is also conduciv e to timeliness and 
responsiveness by the Task Force to emerging issues .  
The next phase of Task Force activities will be foc used more on reacting 
to site proposals and reviewing detailed design doc uments. A committee 
structure allows the Task Force to consider multipl e issues concurrently 
and provides flexibility for scheduling meetings an d addressing new 
issues as they emerge. In addition, the committee s tructure allows more 
direct interaction with other stakeholders interest ed in Fernald 
activities, simply because meetings will be conduct ed more frequently and 
less formally. 
Technical Support 
Lesson Learned: 
Continuity in support resources is important to the  success of the Task 
Force. 
Discussion: 
An important contributor to the Task Force's succes s has been full access 
to information relating to decision-making factors provided by the DOE 
and FERMCO. A side effect of this unconstrained acc ess is the need to 
ensure the vast amounts of available information ar e synthesized into an 
understandable format consistent with Task Force ne eds. Task Force 
members realized this early on and requested DOE to  provide for retention 
of an independent consultant support them. As work under the initial work 
plan progressed, the consultant became expert in me eting the Task Force's 
information needs.  
The Task Force acknowledged that consistency of sup port would be a key 
element as it transitioned from one area of focus t o the next. 
Consequently, it requested DOE to continue to provi de for the services of 
the consultant selected to support the initial work  plan. The DOE and 
FERMCO continue to provide access to information an d work with the 
consultant to ensure information needs are met. FER MCO has designated an 
individual to provide liaison with the Task Force a nd the consultant. All 
parties recognize the importance of keeping informa tion channels wide 
open.  
Open, honest and trusted technical support has alwa ys been the backbone 
of the Task Force's success. Much of this support h as rested on the work 
of the Task Force consultant and select FERMCO empl oyees who have earned 
the trust of Task Force members over time and devel oped important 
relationships with the Task Force. The continued in volvement of these 
individuals is key to the continuing confidence the  Task Force has in the 
material it uses. 
While the Task Force consultant works to collect, s ynthesize and 
distribute most of the information needed by the Ta sk Force, individual 
members, particularly committee chairs, need to fee l comfortable and 
confident in calling FERMCO and DOE personnel direc tly to ask questions, 
discuss issues or request information. It is throug h the constant give-
and-take approach with the Task Force that many of the most important 
contributions to improving cleanup performance are made. 
CLOSING 
The performance of the Fernald Citizens Task Force provides compelling 
evidence that direct public involvement adds tremen dous value to solving 
the difficult challenges confronting managers of en vironmental 
remediation projects. Though the main Task Force re commendations are in 
place, much of the critical action to implementing these decisions will 
be conducted during remedial design and remedial ac tion at the site. In 



its reorganization, the Task Force has positioned i tself to monitor 
progress, identify problem areas and ensure that th e spirit of its 
recommendations are followed. The difficulties of m aintaining an 
effective Task Force over the long term are signifi cant, but in our view 
this continuity is essential. All parties recognize  the importance of 
building on the success and credibility of the orig inal mission by 
ensuring the effective implementation of the concep ts and spirit embodied 
by the Task Force recommendations. Focus, teamwork,  knowledge and self-
discipline -- all of which are important ingredient s of the Fernald 
Citizens Task Force's success -- are all difficult to replicate. The 
continuation of the Task Force is the most effectiv e approach to ensuring 
balanced representation of local citizenry in decis ions that will impact 
lives and livelihoods at Fernald for many generatio ns. 
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ABSTRACT 
The Rocky Flats Citizens Advisory Board (CAB) is pa rt of the national 
network of advisory boards formed by the Department  of Energy (DOE) to 
provide advice and recommendations on cleanup and w aste management issues 
at weapons complex sites. Early in its operations C AB was faced with 
responding to specific proposals from DOE without h aving answered or 
addressed more fundamental questions or issues. Spe cifically, CAB was 
asked to comment on the design of a landfill cap to  permanently dispose 
of waste material at the Solar Pond area at Rocky F lats. While reviewing 
this plan, CAB realized it first needed to address a more fundamental 
question, whether disposal of waste material was ac ceptable at Rocky 
Flats. Questions concerning the design of the landf ill cap were 
irrelevant until the more fundamental question was addressed. To resolve 
this problem, CAB developed a workplan to address w hat it called the "big 
picture" issues. By focusing on these issues, CAB w as able to develop a 
foundation of understanding that guided it in provi ding more specific 
recommendations on DOE proposals for the cleanup of  the Rocky Flats 
Environmental Technology Site. A key component of C AB's work was the 
development of a position on waste disposal at Rock y Flats, a concept 
opposed by CAB. One of the earliest proposals CAB e xamined using its "big 
picture' framework was the draft Rocky Flats Concep tual Vision. This 
vision called for disposal of low-level and low-lev el mixed wastes at 
Rocky Flats. Having already laid a foundation of un derstanding on this 
issue, CAB was able to develop a consistent recomme ndation opposing the 
vision and offering an alternative calling for moni torable and 
retrievable storage of waste materials while they r emained at Rocky 
Flats. 
AN INTRODUCTION AND BRIEF DESCRIPTION OF ROCKY FLAT S 
The Rocky Flats Environmental Technology Site (RFET S) outside of Denver, 
Colorado, formerly known as the Rocky Flats Plant, began operation in the 
early 1950's primarily to produce the plutonium tri ggers for nuclear 
weapons. These operations continued until 1989 when  Rocky Flats was 



forced to shutdown due to concerns with safety at t he aging facility and 
indirectly as a result of a raid by the Federal Bur eau of Investigation 
and the Environmental Protection Agency over illega l environmental and 
waste handling practices. The 1989 shutdown was tho ught to be temporary, 
but due to changes in the world political climate, the end of the cold 
war, and the declining need for nuclear weapons, th e mission at Rocky 
Flats was changed to one of cleanup in 1993. 
Even with a change in mission, the legacy of its pa st still remains. 
Namely, 12.9 metric tons of weapons grade plutonium  and tens of thousands 
of cubic meters of left-over production waste, incl uding transuranic, low 
level and low level mixed forms, still reside at th e site. Thousands more 
cubic meters of waste will be generated during the decontamination, 
decommissioning and environmental restoration activ ities slated for the 
future. The challenge of what to do with these wast es is of keen interest 
not only to the Department of Energy and the regula tors, but to the local 
communities and citizens of the Denver metropolitan  area. 
HISTORY OF CITIZEN PARTICIPATION AT ROCKY FLATS 
Citizen involvement with Rocky Flats began in 1969 when stories of a fire 
in one of the production buildings made front page headlines in the 
Denver papers. Rocky Flats officials claimed that t here were no off-site 
releases from this fire, but a group of scientists at the University of 
Colorado in Boulder felt otherwise and conducted in dependent soil 
sampling in areas off-site from the plant. The resu lts of this sampling 
confirmed that there was plutonium in the soil that  exceeded background 
levels expected from world-wide atmospheric weapons  testing fall-out. In 
confronting site officials with this information, t he researchers 
demanded an explanation. The response from Rocky Fl ats was indeed 
surprising. Site officials continued to deny any co ntribution from the 
1969 fire, but instead disclosed a previous fire in  1957 and waste 
handling procedures during the past two decades tha t were more likely the 
contributors of the off-site contamination. 
With these surprising revelations, many community i ndividuals near the 
site began to question if there were other events t hat Rocky Flats 
officials had not disclosed and also whether the si te was able to operate 
safely in the midst of a major metropolitan area. T his skepticism, 
combined with anti-nuclear sentiments, provided the  foundation for 
citizen interest and involvement in Rocky Flats ope rations. There was, 
however, no real forum for an open dialogue with si te representatives, as 
citizen participation took the form of staged prote sts such as rallies, a 
human blockade of the rail lines running into the p lant, and a human 
encirclement of the site boundary. Political intere st in the site began 
with the creation of a task force formed by the Col orado governor and the 
member of Congress from the district in which Rocky  Flats resides. This 
task force led to the formation of the Rocky Flats Environmental 
Monitoring Council, which was the first true forum attended by site 
officials, the local governments, and interested ci tizens to discuss what 
was happening at Rocky Flats. 
Formal citizen participation began in earnest in 19 89 when Rocky Flats 
was placed on the National Priorities List of Super fund. The public 
participation guidelines of Superfund brought an in stitutionalized 
approach to citizen involvement and the beginning o f formal meetings to 
seek public input into plans for dealing with the e nvironmental 
contamination problems. Recognizing the value of re gular stakeholder 
input and involvement, the Department of Energy and  the site contractor 



expanded the dialogue to include many other documen ts and programs such 
as strategic plans, environmental assessments, budg et guidelines, and 
site transition plans. The volume of information ge nerated to support 
site activities began to fill entire libraries and the number of public 
meetings associated with Rocky Flats rose substanti ally. A public that 
once complained about too little information soon b egan to complain about 
too much, with too many meetings and a lack of focu s for how all the 
pieces of public input fit together. 
THE FORMATION OF THE ROCKY FLATS CITIZENS ADVISORY BOARD 
In 1992, representatives from state governments, na tional environmental 
organizations, the regulators, the Departments of E nergy, Defense, and 
Interior, and other interested parties formed a fed eral advisory 
committee known as the Federal Facilities Environme ntal Restoration 
Dialogue Committee to address cleanup at federal si tes such as Rocky 
Flats. One of the recommendations of this committee  was to form Site 
Specific Advisory Boards at each of the weapons com plex sites to foster 
stakeholder participation in the cleanup decisions.  
The Rocky Flats Citizens Advisory Board (CAB) was f ormed in 1993 in 
response to this recommendation with the following mission statement: 
"The Rocky Flats Citizens Advisory Board, a nonpart isan, broadly 
representative, independent advisory board with con cerns related to Rocky 
Flats activities, is dedicated to providing informe d recommendations and 
advice to the agencies (Department of Energy, Color ado Department of 
Public Health and Environment and the Environmental  Protection Agency), 
government entities and other interested parties on  policy and technical 
issues and decisions related to cleanup, waste mana gement and associated 
activities. The Board is dedicated to public involv ement, awareness and 
education on Rocky Flats issues." 
CAB was not formed because of a lack of citizen inv olvement in Rocky 
Flats issues. To the contrary, the period before it s formation saw the 
rise of numerous organizations whose sole or partia l mission was to 
address Rocky Flats, each with its own particular v iewpoint. CAB from its 
inception was unique, however, in that for the firs t time, 
representatives from these various organizations we re brought together 
around a common table. CAB operates by consensus, a  sometimes difficult 
process, but one that brings often disparate views together in a common 
voice that is seen as a valuable tool for those who  receive the advice or 
recommendation. 
A CASE STUDY IN DECISION-MAKING: THE SOLAR PONDS AT  ROCKY FLATS 
One of the first major issues addressed by CAB was what to do with the 
solar ponds at Rocky Flats. The solar ponds were us ed by the site for 
most of its operating life to receive process waste  water which was 
allowed to evaporate in the open air. The remaining  sludge left after 
evaporation was periodically removed as radioactive  waste. Through almost 
forty years of operation, the ponds leaked, contami nating the surrounding 
soil and groundwater. In 1994, the Department of En ergy (DOE) came to CAB 
with a proposal to build an engineered soil cap ove r the ponds as the 
chosen method of permanently closing them. 
DOE's plan was to remove the ponds' liners and surr ounding soils, and 
then redistribute the contaminated material into th e center of the solar 
ponds area, after which an elaborate cap would be b uilt over the area to 
isolate the materials from the environment. This pl an was developed with 
the cooperation of both the Environmental Protectio n Agency and the 
Colorado Department of Public Health and Environmen t. In coming to CAB 



with the proposal, DOE stated that the final plan w as not yet developed 
and would allow CAB plenty of time to review and ma ke changes to the 
proposal as it saw necessary. CAB has several stand ing committees that 
work on issues in order to develop a proposed recom mendation for approval 
by the full membership. After receiving the solar p onds proposal, CAB 
assigned its Environmental/Waste Management Committ ee the responsibility 
of reviewing the plan. 
For several months the Environmental/Waste Manageme nt (E/WM) Committee 
met with DOE and the regulators in discussing the p roposal. A tour was 
scheduled for the site, and draft copies of the pla n were given to E/WM 
for review far in advance of the "official" public comment period. As 
discussions progressed, DOE fine-tuned the plan bas ed on some of the 
early E/WM comments. One of the troubling aspects o f the proposal was 
DOE's plan to include the sludge that had been remo ved from the ponds 
over the years. This material, called pondcrete, ha d generated 
controversy several years earlier because the cemen tation process used to 
stabilize the sludge had proven ineffective, as the  material failed to 
solidify properly. Further problematic was that one  of the findings of 
the Grand Jury investigation which followed the FBI  raid in 1989 was that 
the site operators had failed to properly store thi s pondcrete material. 
DOE now proposed to dispose this same material as p art of the solar ponds 
closure plan. 
Fulfilling its directive, the E/WM Committee came t o the full board with 
its proposed recommendation that CAB approve the de sign of the solar 
ponds cap with several modifications. The dispositi on of the pondcrete 
remained an issue that the Committee could not come  to agreement on and 
asked for the board's advice. The final recommendat ion by the board was 
that DOE could build the cap, but that it would hav e to consider the 
project as an interim storage measure, and that any  materials placed 
under the cap would need to be in a monitorable and  retrievable form so 
that eventually they could be removed for disposal elsewhere. The full 
board could not come to consensus on the dispositio n of the pondcrete 
materials either. This recommendation was contrary to DOE's view that the 
cap would be permanent, "designed to provide a leve l of protection for at 
least a thousand years." 
One of the lessons learned by CAB in its review and  deliberation on the 
solar ponds cap was that it was being asked to make  a decision on a very 
specific proposal without first having come to cons ensus on a broader 
issue. Namely, should any material, at any location  be disposed at Rocky 
Flats. It became apparent to CAB that a hierarchy o f more general issues 
and questions existed that must be answered first b efore other more 
specific proposals could be addressed. From its exp erience with the solar 
ponds, CAB resolved to develop a new approach to pr oviding advice and 
recommendations to DOE and the regulators. It would  develop a work plan, 
not driven by specific plans or proposals, but more  general in nature to 
lay a broad foundation upon which future recommenda tions could be built. 
LAYING THE FOUNDATION: THE DEVELOPMENT OF A CAB WORKPLAN 
From its inception, the solar ponds closure plan wa s not the only 
technical proposal on which CAB was being asked to provide comment. CAB 
faced a fundamental question of whether it would be  a reactive 
organization, responding only when asked, or whethe r it would become more 
proactive by compiling a list of what it termed "th e big picture" issues 
and then developing strategies to address them. CAB  chose the latter. 



To begin its effort, CAB first developed a list of issues that were 
important to the membership. Next, these issues wer e combined and 
organized into logical program areas such as safety  and health, cleanup, 
waste management, land use, and plutonium dispositi on. Members then 
determined which issues to address first. The resul ts of this exercise 
culminated in the development of four issue areas t hat were assigned to 
the various CAB committees. These four issues were cleanup levels, waste 
disposal policy, plutonium disposition, and future use. The Department of 
Energy concurred with CAB that these issues were th e most appropriate to 
develop, encouraging CAB to first work on the waste  disposal issue. CAB 
also viewed the waste disposal policy as an urgent priority. This 
development of a waste disposal policy demonstrates  how CAB identified 
broader issues as a prelude to developing strategie s and recommendations 
on more specific issues and proposals. 
THE CAB POSITION ON WASTE MANAGEMENT: STORAGE AND DISPOSAL AT ROCKY FLATS 
The research and development of a CAB position on w aste management at 
Rocky Flats was assigned to the CAB Site Wide Issue s Committee. The 
committee began its work by eliciting a set of guid ing principles that 
incorporated the group's values and beliefs associa ted with waste 
management activities. Although rather straight for ward, the guiding 
principles are viewed by CAB as providing the found ation by which future 
waste management plans can be evaluated. These guid ing principles are as 
follows: 
1) Different categories of waste will remain at Roc ky Flats for some 
period of time. 
2) Waste at Rocky Flats shall be stored in the safe st possible manner. 
3) Waste shall be stored in such a manner that it c annot escape into the 
surrounding environment during the time that it rem ains a potential 
hazard. 
4) Waste shall be stored in such a manner that it i s fully monitorable 
and retrievable. In addition, there shall be instit utionalized review 
systems in place ensuring inspection on a regular b asis. 
5) It is not acceptable for Rocky Flats to send was te to a facility that 
would not meet CAB criteria for storage at Rocky Fl ats. 
6) Any waste storage or "disposal" facility must be  selected through an 
objective, scientific process and include public pa rticipation. 
7) The concept of "disposal" of radioactive waste i s misleading due to 
the toxic and long lived nature of the wastes. Beca use wastes are out of 
sight, does not mean that the problem is solved. 
After developing the list of guiding principles, th e Site Wide Issues 
Committee next turned to the task of providing spec ific recommendations 
on waste management policy to the Department of Ene rgy. These 
recommendations approved by CAB are: 
1) Because it is unlikely that a waste "disposal" f acility can be 
guaranteed to contain the contaminants for the life  of the waste, CAB 
opposes the development of such a facility at Rocky  Flats. 
2) DOE shall develop plans for long-term storage of  all wastes currently 
at Rocky Flats. 
3) Any waste facility must be fully monitorable, wi th regular 
inspections, and the waste must be fully and easily  retrievable. 
4) To ensure the safest possible storage, any waste  storage facility must 
be able to be upgraded; and if the facility cannot be upgraded the 
facility must be replaced. 



5) No waste from other facilities shall be accepted  at Rocky Flats for 
treatment or storage. 
6) Because radioactive waste is a national issue, a nd because there is no 
guarantee that proposed "solutions" will proceed, a  national dialogue 
must be convened that addresses the issue of waste storage and 
"disposal". CAB agrees to support and participate i n such discussions. 
7) DOE shall vigorously pursue a research program a imed at developing 
technologies to make radioactive waste benign (not a potential hazard). 
8) The Rocky Flats Citizens Advisory Board and othe r external 
stakeholders (including regulators) shall be involv ed in the development 
and approval of all waste management plans and acti vities. 
Through this focus on the broader, "big picture" of  waste management, CAB 
was now in a position to evaluate specific proposal s as they came forward 
with a common understanding of the guidelines and p rinciples important to 
the members. 
BUILDING ON THE FOUNDATION: THE UTILITY OF FOCUSING  ON THE BIG PICTURE  
After approval of its waste management recommendati ons, it did not take 
long before CAB was able to put them to use. Late i n 1995, a draft Rocky 
Flats Conceptual Vision developed by DOE, the Color ado Department of 
Public Health and Environment, and the Environmenta l Protection Agency 
was released for public review and comment. 
Work on the Conceptual Vision for Rocky Flats Visio n began in 1995 
through a cooperative effort with DOE, EPA, and the  State of Colorado. 
These agencies had for the past several years been developing a new 
cleanup agreement to provide the legally enforceabl e framework for the 
cleanup of the Rocky Flats site. In the fall of 199 5, the Principals from 
each of these agencies met in a "workout" session t o come to closure on 
the outstanding issues between them. One of the pro ducts of their workout 
was the draft Conceptual Vision. This vision was ba sed on two phases: an 
intermediate site condition and a final site condit ion. A major portion 
of the final site condition called for permanent di sposal of numerous 
forms of low level wastes at Rocky Flats. In order to evaluate and 
comment on the vision, CAB was able to utilize its previous waste 
management recommendation. 
A major component of the draft vision was the "long -term disposal" of 
wastes at Rocky Flats using landfills covered by ea rthen caps. Materials 
inside buildings, which during demolition would bec ome low-level or low-
level mixed wastes, would be added to a special cel l in these landfills 
or would be entombed within the building foundation s under a special cap. 
Using its previously developed guidelines, CAB prov ided the following 
recommendation on the draft Conceptual Vision: 
"Radioactive waste disposal is not acceptable at Ro cky Flats. DOE should 
develop plans for long-term storage of waste in a m anner that is fully 
monitored and retrievable." 
CAB further added: 
"Today's 'solutions' for problems at Rocky Flats sh ould not leave 
problems for future generations, or preclude future  generations from 
going beyond these 'solutions'." 
At the time of this writing, final decisions had no t been made on the 
issue of radioactive waste disposal at Rocky Flats.  Preliminary 
discussions with DOE and the regulators indicated a  willingness to 
examine the concept of retrievability. CAB favored this discussion and 
viewed it as a means to provide public health and s afety benefits to the 
current generation, while not precluding advancemen ts in technology that 



may provide a more permanent or acceptable solution  for future 
generations. 
CONCLUSION 
Effective citizen participation in cleanup decision -making at a major 
federal facility like Rocky Flats is very complex. In response to this 
complexity, the Rocky Flats Citizens Advisory Board  undertook a proactive 
role in developing a foundation for discussing issu es in a broad sense, 
or "big picture." Once developed this big picture w ould facilitate CAB's 
understanding of and ability to address more specif ic technical issues. 
From its experience in trying to provide a recommen dation on the design 
of a landfill for the Solar Ponds area at Rocky Fla ts, CAB realized that 
a more fundamental issue needed to be addressed fir st. This issue was 
whether disposal of radioactive waste at Rocky Flat s was acceptable, not 
only from a technical viewpoint, but from a social and moral perspective 
as well. Fully aware of the NIMBY (Not in My Backya rd) criticism often 
leveled against citizen activists who oppose projec ts such as waste 
treatment or storage facilities, CAB developed a po licy on waste disposal 
that opposed the concept of permanent placement of radioactive materials 
within a major metropolitan area, while leaving ope n the possibility of 
monitored and retrievable storage. Wastes may remai n at Rocky Flats for 
an extended period of time, but during that time CA B anticipates 
technology development will continue with the hope that one day a more 
acceptable and lasting solution to the waste proble m will be developed. 
CAB realized the utility of its decision to focus o n the broader sense 
when it was asked to comment on the draft Conceptua l Vision for Rocky 
Flats. The arguments had already been made, and the  decisions and 
consensus views were in place. The draft Conceptual  Vision called for 
waste disposal, an issue for which CAB had already developed a position. 
CAB anticipated that future versions of the Concept ual Vision would 
incorporate the concept of monitorable and retrieva ble storage rather 
than disposal. The reader will note that the full a ccount of CAB's 
success in bringing its own "vision" for Rocky Flat s to fruition is not 
yet complete. Final decisions on the future of Rock y Flats are not CAB's 
to make. It is CAB's sincere desire and hope, howev er, that both the 
Department of Energy and the regulators will realiz e the value of a 
consensus CAB recommendation and develop a final vi sion for Rocky Flats 
that meets both regulatory and community acceptance  standards. 
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FACILITATING THE TECHNICAL: 
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ABSTRACT 
A technical advisor for the Nevada Test Site (NTS) Community Advisory 
Board (CAB) is challenged to perform four key roles : 1) technical 
director, 2) administrator, 3) facilitator, and 4) spokesperson. 
Differences between roles performed by the technica l advisor and the 
traditional facilitator to support an advisory boar d are described in 
this paper. Techniques used by the advisor to suppo rt the board include: 
summarize and simplify information; write and imple ment standard 
procedures; focus on program goals; and increase st akeholder knowledge 
and participation. 



The primary difference between a technical advisor (TA) and a traditional 
facilitator is that a TA draws on scientific experi ence to guide them as 
the support base for the CAB mission and positions on issues. As an 
administrator, a TA utilizes scientific organizatio nal skills and 
procedures to perform this role. The TA acts as a t raditional facilitator 
during CAB monthly meetings between stakeholders an d the Department of 
Energy. As a spokesperson for the CAB, a TA is diff erent from a 
traditional facilitator because he represents a cre dible, technical 
perspective and resource on the issues and mission objectives of the 
board. 
The technical advisor assists in the recommendation  process by the 
simplification of information in documents and on i ssues that the CAB 
relies on to develop stakeholder input. Organizatio nal procedures are 
developed and implemented by the TA to satisfy the need to have written 
steps guiding the way board activities are conducte d. Board focus on 
broader though complex issues is supported by the T A emphasis on key 
issues requiring board review. The TA increases the  technical base of 
stakeholder knowledge through opportunities to disc uss EM programs and 
present board issues and mission objectives to stak eholders. 
INTRODUCTION 
The Community Advisory Board (CAB) for the Nevada T est Site (NTS) is a 
group of volunteers organized in 1994 to provide ad vice and 
recommendations to the Department of Energy (DOE) o n the Environmental 
Restoration and Waste Management (ERWM) program. Th e CAB is consistent 
with DOE's "environmental vision," which includes t he development of a 
strong partnership between the DOE and stakeholders . The board's 
establishment reflects growing opportunities for pu blic participation in 
the site-specific advisory board (SSAB) process at local sites throughout 
the DOE complex to help deal with issues affecting local citizens. 
In May of 1994 the Office of Management and Budget and the General 
Services Administration approved a charter that est ablished an overall, 
national Environmental Management (EM) Site-Specifi c Advisory Board. This 
overall board provided authority for the creation o f local site-specific 
boards throughout the DOE complex and it serves as the umbrella board 
chartered under the Federal Advisory Committee Act.  Congress enacted this 
law in 1972 to provide standards and uniform proced ures to govern the 
establishment, operation, administration and durati on of any advisory 
committee. 
NTS ERWM PROGRAMS 
The Nevada Test Site is a unique national resource managed by the U.S. 
DOE Nevada Operations Office. The Site is located 6 5 miles northwest of 
Las Vegas. The 1,350 square mile facility is an are a comprised of desert 
and mountainous terrain larger than the state of Rh ode Island. The NTS 
was established under the Atomic Energy Commission,  DOE's predecessor, 
and has seen more than four decades of nuclear weap ons testing. In recent 
years the NTS has diversified into many other progr ams including 
hazardous chemical spills testing and cleanup, wast e management, and 
development of new environmental technologies. 
The Nevada Test Site Environmental Management (EM) program is part of 
DOE's 30-year program to address contamination from  nuclear weapons 
programs at DOE facilities and sites. Nuclear testi ng and related support 
operations, nuclear rocket experiments, and non-nuc lear experiments 
resulted in some contamination. Contaminants includ e radioactive 
materials, gasoline, oils, solvents, and heavy meta ls such as lead. EM 



program objectives are to identify the nature of co ntamination, decide 
its potential risk to the public and to the environ ment, and to act to 
protect or restore the natural resources adversely affected by releases 
of hazardous materials. 
The Waste Management (WM) program is responsible fo r the safe disposal of 
low-level radioactive and mixed waste from the NTS and other defense-
related DOE and U.S. Department of Defense faciliti es. Waste is disposed 
of in shallow landfills and craters at two location s on the NTS. In 
addition, under an agreement with the state of Neva da, mixed transuranic 
waste is stored at the NTS until it can be shipped to the Waste Isolation 
Pilot Plant in New Mexico for disposal. Hazardous w aste is accumulated at 
the NTS and shipped off site to an EPA-approved tre atment, storage, and 
disposal facility. 
CAB ORGANIZATION AND FOCUS 
In the summer of 1993, an informal group of interes ted citizens, worked 
with DOE officials to develop a draft charter, miss ion statement, and 
bylaws. In October 1993, a public notice soliciting  nominations for board 
membership was advertised in newspapers throughout the state. DOE 
forwarded the 120 applications to representatives o f the state of 
Nevada's Environmental Protection Division (NDEP) f or their review and 
recommendation. In February of 1994, the NDEP recom mended a slate of 15 
individuals to serve as initial members on the boar d. DOE accepted the 
slate of nominees and in June 1994, the Community A dvisory Board for the 
Nevada Test Site Programs was officially approved b y the Secretary of 
Energy.  
As of December 1995, the board is comprised of 18 m embers representing a 
diversity of views. Current members include residen ts and workers near 
the NTS, environmental or public interest groups, l abor and civic groups, 
Native American representatives, academia, and loca l governments. In 
addition to regular members, there are four non-vot ing ex officio members 
representing the DOE, the U.S. Defense Nuclear Agen cy, the state of 
Nevada, and a test site contractor organization. Al l board members serve 
a two-year term with at least one third retained fo r continuity and some 
membership terms may be staggered. 
The board's charter calls for the formation of stan ding committees to 
handle specific issues and topics related to the EM  program. Standing 
committees address areas of: budget and priorities;  the NTS Environmental 
Impact Statement (EIS); waste transportation; futur e land use; issues; 
and administration. Standing committees are chaired  by board members and 
open to participation from the DOE and stakeholders . 
Some of the issues the CAB has reviewed include pro posed plans for 
environmental restoration-generated waste shipments  to the site, 
treatment plans for storage and disposal of mixed w aste; funds generated 
from waste management; NTS EIS process; plans to ma nage DOE lands and 
facilities; equity issues relative to environmental  restoration and 
funding; waste transportation; Draft Waste Manageme nt Programmatic EIS; 
and proposed Federal Facility Agreement and Consent  Order outlining 
environmental restoration priorities for DOE sites in Nevada. 
ROLE OF THE TECHNICAL ADVISOR 
A technical advisor for the NTS CAB was hired throu gh the Harry Reid 
Center for Environmental Studies (HRC) at the Unive rsity of Nevada, Las 
Vegas (UNLV) under a grant provided by the DOE Neva da Operations Office 
in Las Vegas. The advisor's relationship with UNLV represents a credible, 
independent, and neutral position within the commun ity. A university-



based advisor to support the CAB is unique among th e DOE site specific 
advisory boards (SSAB) that are usually supported b y federal contractors 
and a traditional facilitator. The TA is challenged  to perform four key 
roles for the NTS CAB: 1) technical director, 2) ad ministrator, 3) 
facilitator, and (4) spokesperson. In these roles t he TA serves as the 
technical support base and primary resource for boa rd activities, issues, 
and research. 
Technical Director 
In the role of technical director the advisor draws  on scientific 
training to guide him as the technical support base  for the CAB. A 
primary difference between the TA and the tradition al facilitator or 
coordinator is the technical degree and training of  the advisor. Many 
issues and documents of the DOE environmental manag ement (EM) program are 
complex and not easily understood by board members and stakeholders. 
Technical persons like engineers and scientists are  well suited for the 
study and interpretation of the complex.  
A person with a degree in the technical sciences is  likely to have some 
knowledge of or experience with federal environment al regulations and 
issues that would apply to cleanup activities at a DOE facility. His role 
is to readily develop a thorough understanding of E M activities and then 
consult the board in the review of issues on a regu lar basis. The science 
background helps him interpret and summarize techni cal issues and 
information into understandable and manageable piec es for the board. 
Administrator 
In the role of an administrator, a TA differs from the traditional 
facilitator because he utilizes scientific organiza tional skills and 
procedures to perform administrative duties for the  board. The way a 
technical person executes administrative duties are  likely to be based on 
scientific methodology for problem solving. Problem  solving methods often 
follow a standard system of information gathering, data analysis, 
discussion, conclusion, and reporting. This scienti fic technique lends 
itself nicely to organizing activities and objectiv es on behalf of the 
board. 
For example, board activities leading to a well org anized, meeting agenda 
of presentation, discussion, and business are coord inated by the TA each 
month. He is also tasked with the execution of nume rous administrative 
tasks like newsletters, reports to the DOE and stak eholders, management 
of CAB the library, attendance on behalf of the CAB  at meetings and 
workshops, and coordination of the student intern p rogram. Execution of 
administrative tasks is the most time consuming rol e for a technical 
advisor. 
Facilitator 
The technical advisor performs the role of the trad itional facilitator 
during CAB monthly meetings between stakeholders an d the DOE. Persons 
with scientific backgrounds are challenged to imple ment parliamentary 
procedures and facilitate a monthly meeting. Some t echnical persons may 
have educational training and public speaking skill s through teaching 
science courses, however, they will typically have to learn the role of 
facilitator. A trained facilitator can be brought i n as needed to help 
the TA learn and perform this role for the board. 
Spokesperson 
In the role of spokesperson, a TA functions as a te chnical consultant and 
clearing house of information on issues and mission  objectives of the 
board. His full-time position requires him to be th e point of contact 



between members, the DOE, and the public on CAB act ivities. The TA is 
responsible for attending all meetings and workshop s of interest to the 
CAB. He may be called upon at a meeting to present a summary of board 
activities related to a key issue. The TA also look s for opportunities to 
inform the public and other community organizations  about DOE programs 
and board activities for stakeholder participation.  Other SSAB 
representatives and even the media may contact the TA for information 
about a variety of topics on cross cutting issues a nd similar SSAB 
business. 
METHODS TO FACILITATE THE TECHNICAL 
Techniques used by the a TA to support the board in clude: summarize and 
simplify information; write and implement standard procedures; focus on 
program goals; and increase stakeholder knowledge a nd participation. The 
TA assists in the recommendation process by the sim plification of 
information in documents and on issues that the CAB  relies on to develop 
stakeholder input. Organizational procedures are de veloped and 
implemented by the TA to satisfy the need to have w ritten steps guiding 
the way board activities are conducted. Board focus  on broader though 
complex issues is supported by the TA emphasis on k ey issues requiring 
board review. The TA increases the technical base o f stakeholder 
knowledge through opportunities to discuss EM progr ams and present board 
issues and mission objectives to stakeholders. 
Summarize and Simplify Information 
Board members frequently complain about the overwhe lming reading 
requirements and complexity of the EM programs. Rep orts are often too 
numerous and difficult to adequately review and uti lize by the average 
stakeholder. The science background of a TA helps h im summarize technical 
documentation into manageable pieces more acceptabl e to the board. 
Important information is extracted and summarized i n a memorandum, table, 
or brief report. For example, the TA summarized inf ormation from a future 
land use panel discussion into notebook form for ea ch CAB member. He 
reviewed an EM technical strategy document and made  a summary of comments 
in spreadsheet format for the board to use as a ref erence. The advisor 
also maintains a document library for stakeholder u se.  
Write and Implement Standard Procedures 
An organization such as an SSAB evolves in time and  becomes so active 
that some level of organization is required to enha nce efficiency and 
utilize resources in a timely manner. The TA's expe rience of writing 
scientific papers, reports, and procedural manuals lends itself to the 
task of organizing information and describing steps  in a process. He 
developed standard operational procedures (SOP) des cribing all board 
activities from first hand knowledge and similar in formation from other 
SSABs. The SOP describes in writing the history, mi ssion, organization, 
and activities of the CAB in a single document. It also describes the 
duties for each part or person associated with the board to help clarify 
their responsibility in the overall mission objecti ves. 
A description of board procedures helps to identify  difficulties with 
some activities and solutions to overcome them. The  SOP provides a format 
for the CAB and the DOE to work with on a systemati c basis. The SOP helps 
ensure resources are allocated efficiently to plan and organize public 
participation opportunities in advance. Old and new  board members utilize 
the SOP to understand CAB activities and interests.  The SOP will be a 
resource document that continues to evolve with the  CAB and is maintained 
by the TA with up-to-date information. 



Focus on Program Goals 
Board focus on broader though still complex issues is assisted by the TA 
who acts as a consultant to transfer information be tween the DOE and the 
CAB. The TA helps focus the activities between both  parties toward common 
goals. With his scientific understanding of environ mental processes and a 
increasing knowledge of site issues, a TA guides th e focus of the board 
on issues where they will have the most impact. For  example, the TA 
discussed with the DOE about which issues were most  important for the NTS 
CAB focus: agreements between the state and DOE; bu dget; NTS EIS; and 
future land use. In conjunction with the board and stakeholders, an open 
discussion and ranking of issues for CAB focus in 1 996 was conducted at a 
monthly meeting. From the ranking of issues for CAB  focus in 1996, the 
monthly calendar and work plan are drafted for the board. The TA 
emphasizes the monthly meeting agenda to focus boar d review primarily on 
these key issues. 
Increase Stakeholder Knowledge and Participation  
The TA increases the technical base of stakeholder knowledge through 
opportunities to discuss EM programs and present bo ard issues and mission 
objectives to stakeholders. The TA is an excellent position to market and 
speak on behalf of the board. He should be willing to speak at meetings 
of other community groups and other stakeholder eve nts. Because of his 
technical background and affiliation with the unive rsity, the TA is able 
to respond readily to questions and issues under bo ard review. For 
example, the TA has addressed the Nye County commis sioners, a DOE 
declassification workshop, and a transportation wor kshop on behalf of the 
CAB. The TA also helped instruct a university class  on risk assessment 
case study of an NTS plutonium-contaminated soil is sue. 
SUMMARY AND CONCLUSIONS 
The TA for the NTS CAB is challenged to perform fou r key roles in support 
of the Board's mission: 1) technical director, 2) a dministrator, 3) 
facilitator, and 4) spokesperson. Differences betwe en a TA and a 
traditional facilitator are based primarily on the scientific background 
of the advisor who uses a standardized system of pr oblem solving to guide 
him in the performance of the four roles. The role of administrator 
demands more time from the TA than the other roles.  The TA for the NTS 
CAB is unique among other SSABs because of his affi liation with the 
university which represents a credible, independent , and neutral position 
within the community. A technical person is also ed ucated and experienced 
in the study of the complex, a skill required to co mprehend and manage 
the large amount information pertaining to the envi ronmental issues at a 
DOE facility. Four methods are used by the TA to fa cilitate the 
technical: 1) summarize and simplify information, 2 ) write and implement 
standard procedures, 3) focus on program goals, and  4) increase 
stakeholder knowledge and participation. These meth ods help manage 
information for the board, improve efficiency of ac tivities, focus 
resources on priority issues, and enhance opportuni ties for stakeholder 
participation.  
The selection of a technical person from a local un iversity to provide 
major support to an SSAB is different and unique to  most advisory boards. 
In comparison to SSAB support staff, a TA does have  the advantage of 
being able to comprehend and organize the complex, although a 
disadvantage of a TA would be training him to facil itate monthly meeting 
discussions. All SSABs will have similar and differ ent site issues that 
may or may not require the support of a TA. For the  NTS CAB, the 



selection of a technical advisor to support the boa rd has helped improve 
the volunteer organization and focus activities tow ard greater 
stakeholder knowledge and participation in the EM a dvisory board process 
for the DOE. 
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ABSTRACT 
The Fernald Environmental Management Project has de veloped a successful 
Low Level Waste Shipping Program in compliance with  the Nevada Test Site 
Defense Waste Acceptance Criteria, Certification, a nd Transfer 
Requirements, NVO-325, Revision 1. This shipping pr ogram is responsible 
for the successful disposal of more than 4 million cubic feet of Low 
Level Waste over the past decade.  
The success of the Fernald Low Level Waste Shipping  Program is due to the 
generator program staff working closely with the DO E-NV Radioactive Waste 
Acceptance Program Team to achieve win/win situatio ns. The teamwork is 
the direct result of dedicated, proactive professio nals working together 
toward a common objective: the safe disposition of low level radioactive 
waste.  
The growth and development of this program has many  lessons learned to 
share with the low level waste generating community . The recognition of 
reciprocal interests enables consistently high annu al volumes of Fernald 
waste disposal at the Nevada Test Site without inci dent. The large 
volumes successfully disposed serve testimony to th e success of the 
program which is equally important to all Nevada Te st Site and Fernald 
stakeholders.  
The Fernald approach to success is currently being shared with other low-
level waste generators through DOE-NV sponsored out reach programs. This 
paper introduces examples of Fernald Environmental Restoration Management 
Corporation contributions to the DOE-NV Radioactive  Waste Acceptance 
Program outreach initiatives. These practices are a pplicable to other low 
level waste disposal programs whether federal, comm ercial, domestic or 
international. 



BACKGROUND 
The Nevada Test Site encompasses 1,350 square miles  of land located about 
65 miles northwest of Las Vegas, Nevada. Since 1951 , the Nevada Test Site 
has been the primary location for nuclear weapons t esting in the United 
States. Between 1951 and 1992, the Nevada Test Site  was the location for 
925 nuclear weapons tests. Since the late 1960s, th e Nevada Test Site has 
been actively cleaning up the contaminated areas re sulting from nuclear 
weapons testing and support operations. While weapo ns testing remains the 
primary mission of the Nevada Test Site, the curren t treaty banning 
testing has altered the mission to maintaining read iness to resume 
testing. Expanded radioactive waste disposal is one  proposed alternative 
use of the Nevada Test Site in support of the DOE w eapons complex 
remediation efforts.  
Initial disposal of radioactive waste began in the early 1970s. Since the 
mid 1970s, all radioactive waste disposal at the Ne vada Test Site has 
been restricted to one of two designated waste mana gement areas. The Area 
3 radioactive waste disposal facility utilizes subs idence craters from 
underground nuclear weapons tests for waste disposi tion. The Area 5 
radioactive waste disposal facility uses shallow ex cavated pits and 
trenches for waste disposal. The volume of waste ac cepted and disposed in 
these two areas is approximately 17 million cubic f eet of low level 
waste. 
Disposal of radioactive waste from off site locatio ns began in 1976. 
Waste acceptance criteria were developed to ensure waste received at the 
Nevada Test Site was in a form that was protective of the workers and the 
environment. The first waste management criteria wa s developed in the 
late 1970s titled, "Operational Radioactive Defense  Waste Management Plan 
for the Nevada Test Site," NVO-185. Between 1978 an d 1985, NVO-185 was 
revised four times to incorporate criteria that wer e evolving with 
radioactive waste disposal experience and regulator y changes.  
In 1988, DOE Order 5820.2A was issued resulting in the development of the 
"Nevada Test Site Defense Waste Acceptance Criteria , Certification, and 
Transfer Requirements," NVO-325. This document esta blished waste 
acceptance criteria which incorporated the requirem ents of the new order 
and applicable RCRA regulations. The current waste acceptance criteria, 
"Nevada Test Site Defense Waste Acceptance Criteria , Certification, and 
Transfer Requirements," NVO-325, Revision 1 was iss ued in June 1992 to 
incorporate additional regulatory changes. The exis ting criteria were 
developed to provide increased oversight of radioac tive waste disposal. 
All generators seeking approval for radioactive was te disposal at the 
Nevada Test Site must comply with the requirements of NVO-325, Revision 
1. 
The Fernald Environmental Management Project, forme rly known as the Feed 
Materials Production Center, is located about 20 mi les northwest of 
Cincinnati, Ohio. Uranium metal products for the na tion's defense 
programs were produced at the facility between 1953  and 1989. During 
those years the facility produced slightly enriched  or depleted products 
for use in production reactors to make plutonium an d tritium at other DOE 
sites. Uranium production was suspended in July 198 9 to focus on 
environmental restoration. The Fernald workforce ha s been dedicated 
entirely to environmental restoration since 1989. A lso in 1989, the site 
was added to the Environmental Protection Agency's National Priority List 
of federal facilities in need of remediation. In 19 91, the DOE officially 
announced that production at the facility was ended  and the program 



management responsibility within the DOE was transf erred to the Office of 
Environmental Restoration and Waste Management. In February 1992, an Ohio 
Field Office was established to oversee all aspects  of a full-scale 
environmental restoration and waste management effo rt which is expected 
to last several years. Fernald disposed of radioact ive waste in on site 
disposal pits until 1985, when regulations pertaini ng to disposal cell 
design forced Fernald to suspend disposal of radioa ctive waste in the 
existing cells. 
THE FERNALD DISPOSAL PROGRAM 
Fernald initiated radioactive waste disposal at the  Nevada Test Site 
primarily to support ongoing production and constru ction waste management 
requirements. The volumes of Fernald waste disposed  at the Nevada Test 
Site increased steadily from 1985 until 1990 (Fig. 1). During this time, 
Fernald waste volumes increased to contribute fifty  percent of the total 
annual volumes of waste received at the Nevada Test  Site. The Fernald 
waste volumes combined with other waste disposal vo lumes to increase the 
Nevada Test Site disposal to more than one million cubic feet of off site 
waste in fiscal year 1989. 
Fig. 1 
In 1990, a suspension of waste receipts at the Neva da Test Site resulted 
from a Tiger Team investigation identifying concern  for verification of 
waste acceptance criteria compliance. This suspensi on caused the withdraw 
of all existing disposal approvals for generators s hipping waste to the 
Nevada Test Site. Suspensions remained in effect un til generators 
demonstrated compliance with the current waste acce ptance criteria. 
Recognizing the importance of the Nevada Test Site disposal option to the 
Fernald environmental mission, the facility waste m anagement staff 
immediately initiated program improvements. Fernald  was the first 
generator to successfully complete the redesigned a pproval process by 
demonstrating compliance to the waste acceptance cr iteria. Fernald 
resumed shipments in 1990 and remained the only app roved facility 
shipping to the Nevada Test Site through fiscal yea r 1991.  
As a result of the 1991 DOE announcement that produ ction activities at 
Fernald was officially ended, Fernald concluded tha t waste volumes 
disposed at the Nevada Test Site would have to be i ncreased to support 
the new environmental restoration mission. A backlo g of material 
originally intended for recycle in the Fernald proc ess accumulated on 
site between 1985 and 1991. A substantial portion o f this material would 
consequently be designated as waste requiring dispo sal. The first 
priority of the environmental restoration project w as to address this 
stockpile of legacy containers. Many of these conta iners were stored 
outside and were deteriorating. Escalating costs fo r maintaining safe 
storage and repackaging legacy material for off sit e disposal was the 
primary motivation for increasing alternative dispo sal options. With a 
clearly designated environmental restoration missio n, Fernald commenced 
the DOE-NV approval process for additional waste st reams. 
The DOE announcement confirming Fernald as the firs t DOE facility to be 
in full environmental remediation coincided with in creased DOE-NV 
compliance assessment. The criteria issued in NVO-3 25, Revision 1, June 
1992, required generators to provide more complianc e documentation than 
previously requested. The revised waste acceptance criteria increased the 
level of documentation required to demonstrate comp liance. The process 
for generators seeking Nevada Test Site disposal ap proval became more 



rigorous. Fernald was among the first generators to  obtain application 
approval in compliance with the revised waste accep tance criteria.  
The Fernald strategy for securing approval under th e revised criteria was 
the same approach used in 1990. Fernald focused on the largest waste 
streams with the least impact resulting from the re vised waste acceptance 
criteria. The first streams submitted were the bulk  contaminated trash, 
maintenance, and construction rubble waste streams.  These waste streams 
are primarily characterized by process knowledge wh ich does not require 
sampling and analysis. With these approvals, Fernal d was able to continue 
remediation of large piles of scrap metal and maint ain disposal outlets 
for waste generated by ongoing construction at the facility. The effort 
directed toward gaining this approval enabled Ferna ld to continue 
shipments to the Nevada Test Site which in turn ena bled the facility to 
maintain progress on the environmental remediation mission. Having 
established these waste approvals, Fernald then beg an to seek approval of 
the more difficult waste streams including uranium and thorium process 
residues. The approval process for these waste stea ms required further 
Fernald program development because this material w as amenable to 
sampling. This aspect required more extensive compl iance documentation. 
Fernald demonstrated compliance by developing sampl ing and analysis plans 
and procedures, laboratory acquisition protocols, a nd providing 
analytical results for DOE-NV review and approval. This process required 
nearly one year to complete during which time the w aste streams 
characterized by process knowledge continued shipme nts to the Nevada Test 
Site. Fernald and DOE-NV also developed an innovati ve review process 
which provided for conditional approval of wastes a menable to sampling. 
The conditional approval was pending DOE-NV review of final data packages 
prior to approval for shipment to the Nevada Test S ite. The interim 
approvals allowed Fernald to ship waste for which t he sampling and 
analysis review was completed. This development all owed Fernald to make 
progress toward the remediation of the facility whi le the full approval 
process continued on course. 
FERNALD INITIATIVES 
The process of gaining approval for individual wast e streams requires at 
a minimum three to six months of review and respons e cycles for Fernald 
with an established program. For new generators wit hout an established 
program, the approval process may be considerably l onger. To accelerate 
radioactive waste disposal, Fernald adopted a progr ammatic waste stream 
approach to streamline the approval process. Althou gh this approach does 
not match the NVO-325, Revision 1 waste acceptance criteria expectations, 
Fernald successfully demonstrated how the approach met the NVO-325, 
Revision 1 objectives. The NVO-325, Revision 1 pers pective that waste 
streams were discrete groupings of waste containers  did not match the 
Fernald definition of waste stream. Fernald realize d that the discrete 
waste stream approach would require many waste stre am reviews and 
approvals. This would unnecessarily delay the Ferna ld mission and or 
increase disposal costs. To bridge the gap in waste  stream definitions, 
Fernald established programs that provide sufficien t process controls to 
demonstrate compliance with NVO-325 which affords F ernald more influence 
over the fate of their program. The programmatic ap proval is based on the 
assumption that following routine tasks, relatively  similar waste can be 
certified in similar processes. The fundamental req uirement of the 
programmatic approach is to design waste streams wi th broad descriptions 
and then manage individual waste container complian ce with the waste 



stream approval through the characterization proces s. The programmatic 
waste stream approach reduces the time and cost req uired to get DOE-NV 
waste stream approval each time a population of was te is characterized. 
As Fernald worked with DOE-NV to develop this appro ach, the benefits 
became clear. Now, DOE-NV suggests to other generat ors to consider this 
approach. 
To support this programmatic approval process, Fern ald developed a 
complimentary sampling and analysis program in comp liance with NVO-325, 
Revision 1. The NVO-325, Rev 1 requirement to revie w individual Sampling 
and Analysis Plans is minimized by a programmatic a pproach to waste 
characterization. The Fernald program provides cons istency of 
documentation which aides the review and approval p rocess. The 
consistency of characterization packages allows DOE -NV to select a 
representative number of sampling plans for complia nce reviews. The 
reviews provide the level of confidence needed to o verview the entire 
sampling and analysis program. This programmatic ap proach reduced the 
time and cost of DOE-NV compliance reviews and redu ces the effort 
required to secure frequent individual waste stream  approvals. 
By reducing the approval efforts, Fernald realized that the volume of 
waste being approved for disposal could potentially  exceed the capacity 
of the existing workforce and facilities. In antici pation of this impact, 
Fernald solicited vendor supplied waste processing services. This 
initiative forced Fernald and DOE-NV to think "outs ide of their box" and 
consider more than one way to manage NVO-325, Revis ion 1 compliance. 
Fernald secured DOE-NV approval for two remote vend or services contracts 
which enabled shipments of processed waste directly  from the vendors 
facility to the Nevada Test Site. This was the firs t approval of this 
type ever awarded by the DOE-NV Radioactive Waste A cceptance Program 
team. This initiative allowed Fernald to increase w aste disposal 
remediation by utilizing existing technology withou t the procurement, 
construction, and start-up cost of a DOE owned proc ess. This approval 
required Fernald to establish a remote waste certif ication program at the 
vendors facility. Having developed this program, Fe rnald assumed a more 
independent oversight responsibility for the vendor s waste management 
activities. This intermediate position resulted in Fernald gaining 
elevated awareness of their ownership in the DOE-NV  Radioactive Waste 
Acceptance Program. 
Successfully developing programmatic approvals and vendor supplied 
services approvals requires that the generator unde rstands the DOE-NV 
program. Fernald accomplishes this familiarization by maintaining close 
contact with the assigned Radioactive Waste Accepta nce Program 
representative. Fernald avoids delays and interpret ation differences 
through open conversation. This communication minim izes the surprises and 
keeps all participants at the same level of underst anding. 
Despite the close contact and the effective program  established by 
Fernald, some compliance discrepancies have occurre d. Fernald has 
disposed of more than 26,600 containers requiring 3 ,817 shipments to the 
Nevada Test Site over the past decade. Non-conforma nces have been 
recorded for less than 1% of all shipments during t his time. Over the 
past five years, Fernald has reduced the non confor mance rate to than 
0.5% of the shipments. This improvement is the resu lt of maintaining a 
program in compliance with the DOE/NV waste accepta nce criteria. This 
improvement is significant when you consider that t he number of shipments 
and containers per shipment have increased during t his time. Never-the-



less, despite doing the job right, non-conformances  do occur. The nature 
of the business demands that mistakes be kept to a minimum. When non-
conformances are discovered, doing the job right me ans accepting the 
responsibility of effecting corrective actions. To maintain low non-
conformance rates, Fernald conducts self assessment s and acts decisively 
when non-conforming conditions are identified. Corr ective actions are 
completed quickly to restore compliance, improve th e process, and prevent 
recurrence. Fernald sometimes utilizes self imposed  shipment suspensions 
to motivate corrective action implementation. This strategy minimizes 
delays to the Fernald program while elevating DOE/N V confidence in the 
program. This dedication to program improvement is fundamental to 
maintaining a successful program. 
INTERFACE INTANGIBLES 
In addition to specific program developments, Ferna ld also contributes to 
the DOE-NV Radioactive Waste Acceptance Program dev elopment in other 
ways. Fernald willingly participates in information  exchange meetings 
with other Nevada Test Site waste generators. An ex ample is Fernald 
presentations of lessons learned materials at DOE-N V Waste Generator 
Workshops. Or when appropriate, DOE-NV refers poten tial generators to 
contact Fernald directly to evaluate this program a s an example for 
developing their programs. Sharing information assi sts with developing a 
level of consistency across the complex which impro ves the generator 
review and approval process. This consistency reduc es the time and cost 
of generator program development and DOE-NV approva l reviews as 
compliance becomes more routine rather than trial a nd error. 
Fernald further supports program consistency throug h generator supported 
audits. As a result of the limited Radioactive Wast e Acceptance Program 
Team resources, other generators expressed concerns  that Fernald was 
monopolizing the team time. This was perceived to b e affecting other 
program reviews. In response, Fernald proposed and supports the DOE-NV 
audit team by supplementing the team with FERMCO st aff. This initiative 
yields many dividends. One benefit is generator sup port makes it possible 
for DOE-NV to maintain the size of the audit staff while freeing 
permanent team personnel to address other duties. A udit team 
participation also enables generator personnel to v isit other sites and 
review their programs and establish working relatio nships with their 
counterparts. Audit team participation also enables  generators an 
opportunity to evaluate program compliance with was te acceptance criteria 
from the DOE-NV perspective. This interaction contr ibutes to developing 
consistency of criteria compliance among the genera tors which reduces the 
time and effort required to review and approve indi vidual programs. This 
program continues even after the Radioactive Waste Acceptance Program 
Team has been expanded because of the benefits deri ved from the 
experience. 
Additional generator staff interaction is achieved through work group 
participation. Fernald supports generator work grou ps which allows 
generators an opportunity to provide input to Radio active Waste 
Acceptance Program development. Work groups promote  communication among 
generators and encourages an exchange of informatio n and methodology. 
Fernald supports DOE-NV by participation in several  work groups. The 
first work group supported by Fernald was tasked wi th RCRA 
characterization data package development. The work  group produced a data 
package format guidance which has been incorporated  into the Radioactive 
Waste Acceptance Program approval process. One rece ntly concluded work 



group activity supported by Fernald involved develo pment of a sealed 
source disposal position paper. Longer term work gr oup activities 
currently in progress is the NVO-325, Revision 2 re write and standardized 
waste disposal containers. Fernald continues to sup port work group 
opportunities evaluating common issues and recommen ding solutions to DOE-
NV. When appropriate, DOE-NV supports work group de liverable and elevates 
proposals to higher approval authorities for concur rence. Accepted 
positions become available to all Nevada Test Site generators for 
application in their programs. 
Supporting Radioactive Waste Acceptance Program and  other Nevada Test 
Site generators is only one piece of the success fo rmula. Keeping the 
stakeholders informed and addressing their concerns  is equally important 
to the overall success of every DOE facility. Ferna ld has a successful 
community relations program with the Fernald stakeh olders. The lessons 
learned from the Fernald facility experience demons trates the importance 
of good community awareness. Fernald promotes stake holder interaction and 
lends experience and support to the Nevada Test Sit e stakeholders 
programs. Fernald supports the DOE-NV stakeholder i nterests by attending 
and providing input to Las Vegas area community mee tings. Fernald often 
sends representatives to community meetings to repr esent the facility and 
provide prompt responses to Fernald related issues.  An example of the 
value of this service was demonstrated in 1994, whe n Fernald recorded the 
first significant shipping accident. A Fernald repr esentative was in 
attendance at the Nevada Test Site Citizens Advisor y Board meeting one 
week after the incident providing details of the ac cident and recovery 
operation. Two weeks after the event, the same repr esentative attended a 
Nevada Test Site Citizens Advisory Board meeting wi th photographs and 
updated information. One month after the incident, a second individual 
attended a Citizens Advisory Board meeting related to transportation 
safety to provide first hand accounts of the accide nt recovery operation. 
Each meeting attended allowed Fernald the opportuni ty to personally 
present the Fernald side of issues and proactively address Nevada 
resident's concerns for LLW shipment and disposal s afety. The result is 
an informed and accommodating attitude by Nevada Te st Site stakeholders 
toward disposal of Fernald waste. 
In addition to attending citizens meetings, Fernald  supports DOE-NV 
studies intended to address other community concern s. Fernald voluntary 
provides data in support of Nevada Test Site issues  such as the 
Environmental Impact Statement, Transportation Safe ty Studies, and the 
Performance Assessment for the disposal facilities.  Fernald 
representatives often review Nevada Test Site docum ents and provide 
comments to assist development and implementation o f new program 
policies. 
CONCLUSION 
As radioactive waste disposal costs continue to inc rease, maintaining 
efficient disposal programs becomes more important.  The Fernald 
Environmental Management Project Mission statement. .. "Together DOE and 
FERMCO are committed to the safe, least cost, earli est, final cleanup of 
the Fernald Site, with in applicable DOE Orders, re gulations, and 
commitments in a manner which addresses stakeholder  concerns" 
...requires that Fernald support the DOE-NV Radioac tive Waste Acceptance 
Program if the mission goals are to be achieved. Th e Fernald radioactive 
waste disposal program consistently achieves goals established to 
demonstrate significant progress toward restoration  of the Fernald site. 



Fernald realized early in the remediation effort th at success can 
influence future funding considerations. In recogni tion of this 
relationship, Fernald dedicates the support require d to maintain an 
effective disposal program with the Nevada Test Sit e. 
Fernald realizes that the Fernald mission is relate d to the Nevada Test 
Site mission and that the Nevada Test Site must rem ain open to off site 
disposal if the Fernald mission is to succeed. To a chieve this objective, 
Fernald supports the Nevada Test Site program devel opment and maintenance 
as necessary to address stakeholders concerns. Meet ing local community 
expectations is critical to the success of both sit es. Fernald accepts 
the obligation to do the job right and is dedicated  to achieving program 
results that support this commitment.  
Accepting a share of the responsibility for the Nev ada Test Site 
radioactive waste disposal program success cultivat es a sense of program 
ownership at Fernald. This ownership is the result of the recognition 
that the two sites destinies are closely related. O wnership motivates 
Fernald to maintaining a high level of performance that is in compliance 
with the Nevada Test Site waste acceptance criteria . Through consistent 
compliance with the waste acceptance criteria, a le vel of confidence and 
respect develops. The Fernald program maintains a m utually supportive 
relationship with DOE-NV. This relationship is diff icult to establish and 
even more difficult to sustain. To avoid damaging t his relationship, both 
programs must remain flexible and willing to evolve  with changing 
conditions. Fernald dedicates considerable effort t o maintain compliance 
with NVO-325, Revision 1 and avoid program conflict s. 
Establishing effective customer relations is the pr imary message to be 
shared by promoting the Fernald program. Success is  achieved through 
learning your customer expectations and then workin g to meet them. 
Provided your customer has an equal understanding o f your expectations, 
developing a successful working relationship is nat ural. Fernald and the 
DOE-NV Radioactive Waste Acceptance Program Team ha s developed this 
relationship. By sharing this information, the mess age bridges facility 
and program boundaries. The key point being that by  utilizing an 
innovative mix of dedication and interpersonal skil ls, Fernald and DOE-NV 
have implemented a mutually supportive, ergo succes sful, waste acceptance 
program in compliance with NVO-325, Revision 1 wast e acceptance criteria. 
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ABSTRACT 
The Area 5 Radioactive Waste Management Site (RWMS)  is a Department of 
Energy (DOE) operated low-level waste disposal site  on the Nevada Test 
Site (NTS). The DOE requires site operators to set concentration limits 
for disposal of low-level waste based on the result s of site-specific 
performance assessments. Most site operators have f ollowed a procedure 
similar to that used by the Nuclear Regulatory Comm ission (NRC) to set 
generic concentration limits for facilities license d under 10 CFR 61. A 
typical approach consists of developing a set of sc enarios and 



determining the relationship between dose and waste  concentration for 
each scenario. The concentration limits are selecte d as the lowest 
derived concentrations that meet the performance ob jectives. A waste 
classification system can be developed based on the  application of 
different scenarios to different waste forms or dis posal options. 
A performance assessment that evaluates five exposu re scenarios has been 
prepared for the Area 5 RWMS. The intruder scenario s were the limiting 
scenarios for most nuclides, including all the tran suranics. The intruder 
scenarios can be used to support two classes of low -level waste. The most 
limiting scenario was the intruder-agriculture scen ario. This scenario 
can be used to support a waste class allowing very near surface disposal 
of unstablized wastes containing transuranic radion uclides up to an 
activity concentration of 1  105 Bq kg-1 (3 nCi g-1 ). Higher 
concentration limits can be justified by taking cre dit for greater 
periods of radioactive decay, waste stability or fa cility design 
features. For waste disposed below the depth of com mon construction 
excavations, concentration limits can be set based on the results of a 
post-drilling intruder scenario. Using this scenari o, concentration 
limits up to 3.7  105 Bq kg-1 (100 nCi g-1) can be derived for most 
transuranic radionuclides. 
INTRODUCTION 
Safe disposal of low-level radioactive waste has be en assured in the U.S. 
by controlling the location of disposal site, the a ctivity concentration 
of the waste and the waste stability. Transuranic r adionuclides have 
always been a concern because of their long half-li ves and high dose 
conversion factors. Prior to issuance of 10 CFR 61,  disposal of 
transuranic-bearing waste in the near surface was c ommonly limited to a 
concentration of 3.7  104 Bq kg-1 (10 nCi g-1), bas ed on the comparative 
risks of 226Ra in soil (1). With the issuance of 10  CFR 61, the NRC and 
Agreement States set generic limits for the concent ration of transuranic 
radionuclides in low-level wastes that apply to all  disposal sites. For 
transuranic radionuclides, the limits are 3.7  104 Bq kg-1 (10 nCi g-1) 
for Class A wastes and 3.7  105 Bq kg-1 (100 nCi g- 1) for Class C waste. 
In contrast, the DOE has allowed disposal site oper ators to set 
concentration limits based on the results of site-s pecific performance 
assessments. Consequently, various concentration li mits are in use at DOE 
facilities. No DOE sites accept low-level waste wit h transuranic 
concentrations exceeding 3.7  105 Bq kg-1 (100 nCi g-1). 
WASTE CONCENTRATION LIMITS AND WASTE CLASSIFICATION SYSTEMS 
The NRC concentration limits and waste classificati on system are based on 
the results of an analysis of the dose received by an inadvertent 
intruder (2). The inadvertent intruder is defined a s an individual that 
enters the site 100 to 500 years after closure and is unaware that buried 
radioactive material is present. Most methods of an alysis assume that the 
doses received by an intruder are directly proporti onal to waste 
concentration. The NRC did not consider the exposur e of members of the 
general public through pathways such as groundwater  when developing the 
concentration limits. This issue was left open as a  site-specific 
analysis. 
The NRC evaluated three intruder scenarios to set t he concentration 
limits. In these scenarios, the intruder is assumed  to construct a 
residence with a basement and reside permanently on  the contaminated 
site. During excavation of the basement, the intrud er is assumed to 
exhume and contact buried waste. The intruder-const ruction scenario is a 



short-term scenario describing the exposure of an i ntruder during 
excavation of a basement and construction of a hous e. The intruder-
discovery scenario is a shortened version of the in truder-construction 
scenario that assumes that the intruder identifies the hazardous nature 
of the waste and the exposure stops after discovery . The intruder-
agriculture scenario covers the chronic exposure th at occurs after 
construction of the house. During excavation of the  basement, buried 
waste is mixed into the excavated soil. The waste i s assumed to be 
indistinguishable from soil. The soil-waste mixture  is used as backfill 
around the foundation and distributed around the re sidence. The intruder 
resides continuously on the contaminated site. The intruder is exposed by 
external irradiation, inhalation and ingestion of f ood grown in 
contaminated soil.  
The NRC Class A concentration limit is the lowest d erived concentration 
that yields a dose equivalent of 0.005 Sv yr-1 (500  mrem yr-1) in the 
intruder-construction or intruder-agriculture scena rio for an intrusion 
event occurring at 100 years after closure (1). The  intruder-agriculture 
scenario is limiting for most radionuclides (3). Al though this waste 
class has no explicit depth of burial requirement, the analysis was 
performed with a 2 m cover (2). Class A waste carri es no stabilization 
requirements. The 3.7  104 Bq kg-1 (10 nCi g-1) lim it adopted by NRC was 
based on the observation that the derived limits fo r several important 
transuranic radionuclides were near this concentrat ion and that it had 
been demonstrated that industry could segregate and  manage waste at this 
concentration level (4). 
Higher concentrations could be allowed if facility design could be 
modified to reduce the potential for intrusion, del ay its occurrence or 
mitigate its impacts. NRC assumed that this could b e accomplished by 
increasing cover thickness, by layering waste, by u sing engineered 
barriers or by stabilizing the waste (1). Increasin g cover thickness 
reduces the potential for an intruder to contact wa ste while digging a 
construction excavation. Placing lower activity con centration waste on 
top of high activity concentration waste increases the likelihood that an 
intruder will recognize that waste is present and s top digging. 
Engineered barriers perform a similar function of w arning the intruder 
that something unexpected is present. Engineered ba rriers are useful when 
shallow groundwater does not allow a greater depth of burial. Waste 
stabilization was expected to affect site performan ce and the 
consequences of inadvertent intrusion. Stabilizatio n was assumed to be 
beneficial by maintaining cap integrity, thereby mi nimizing the potential 
for migration of contaminants out of the unit. Stab ilization also reduces 
the intruder's ability to disperse exhumed waste an d makes it more likely 
that the waste will be recognizable for a longer ti me. 
For the transuranic radionuclides, it was realized that intruder barriers 
might not remain effective as long as the waste rem ained hazardous. The 
NRC noted that not all waste would contained long-l ived radionuclides, 
and that, over time, the average concentration of w aste in the disposal 
unit would decrease with radioactive decay. It was proposed that 
radioactive decay would allow disposal of individua l packages exceeding 
the concentration limit, since the decay of short-l ived waste in 
surrounding packages would dilute the average conce ntration in the 
disposal unit over time. The NRC eventually settled  on allowing a factor 
of 10 higher concentration for Class C transuranic waste, based on the 
assumption that dilution by lower activity waste wo uld reduce the average 



concentration to acceptable levels (4). Therefore, the Class C 
concentration limit for transuranics was set at 3.7   105 Bq kg-1 (100 nCi 
g-1). All Class C waste requires a depth of burial of at least 5 m and 
stabilization. Both requirements are intended to re duce the potential for 
intrusion and its impacts. 
With the issuance of DOE Order 5820.2A (5), DOE all owed site operators to 
set concentration limits based on the results of si te-specific 
performance assessments. As guidance, DOE issued an  example of an 
approach for developing site-specific waste concent ration limits (3). The 
approach was similar to the NRC approach. A notable  addition was that new 
scenarios were developed to account for site-specif ic disposal practices. 
These scenarios, called the drilling and post-drill ing scenarios, were 
developed as intruder scenarios applicable to waste  disposed of at depths 
greater than 5 m. The scenarios assume that a water  well is drilled 
through the waste disposal unit and the drill cutti ngs are dispersed over 
the ground around the well head. The drilling scena rio is a short-term 
scenario dealing with the exposure of the drillers.  The post-drilling 
scenario is a chronic exposure scenario dealing wit h a resident that 
lives within the area contaminated with drill cutti ngs. In addition to 
considering intruder scenarios, a DOE site operator  must also consider 
exposure of the general public when setting waste c oncentration limits. 
Doses from the groundwater pathway are usually the most important 
exposure route for the general public. 
One notable difference between concentration limits  derived for DOE and 
NRC facilities is that the limits are based on diff erent times of 
compliance, dose limits and dose conversion factors . The NRC limits its 
intruder analyses to a period from 100 to 500 years  after disposal, 
whereas DOE analyses typically evaluate an interval  out to 10,000 years. 
The DOE uses the International Commission on Radiat ion Protection (ICRP) 
recommendations in Publications 26 and 30 (6,7). Wi th adoption of the new 
recommendations, the DOE dose limit for the intrude r was set at 0.001 Sv 
yr-1 (100 mrem yr-1) rather than the 0.005 Sv yr-1 (500 mrem yr-1) used 
by NRC. The dose conversion factors used by each Ag ency were developed 
using different methodologies and some differences exist. 
DEVELOPMENT OF NTS WASTE CONCENTRATION LIMITS 
The Area 5 RWMS is a shallow land burial waste disp osal facility for DOE 
generated low-level radioactive waste. The Area 5 R WMS has disposed of 
NTS-generated waste since 1961 and DOE low-level wa ste generated nation-
wide since 1978. A performance assessment has recen tly been prepared for 
the Area 5 RWMS (8). It evaluates two scenarios for  exposure of the 
general public and three intruder scenarios. Result s from these analyses 
can be used to develop site-specific waste concentr ation limits. 
Site-specific issues affecting the derivation of wa ste concentration 
limits may include waste form, disposal facility de sign and environmental 
conditions. At the Area 5 RWMS, environmental condi tions are probably the 
most important site specific issue. Waste forms rec eived at the Area 5 
RWMS are usually not stabilized. The Area 5 RWMS pe rformance assessment 
takes no credit for waste stability and assumes tha t the waste is 
immediately available for transport. In addition, t he facility uses no 
liners or engineered barriers. Waste is landfilled in shallow unlined 
trenches and covered with 2.4 m of native alluvium.  A closure cap will be 
placed on top of the 2.4 m alluvium cover. 
Many environmental conditions at the Area 5 RWMS ar e advantageous for 
waste disposal. Located in an area that is transiti onal between the 



Mohave and the Great Basin Deserts, the site receiv es little rainfall and 
is subject to high evapotranspiration. Potential ev apotranspiration is 
estimated to be 14 times greater than the annual pr ecipitation of 12 cm 
(8). Under the current climatic conditions, downwar d flow of infiltrating 
water through the waste disposal cells to the aquif er is not believed to 
occur. In the unlikely event that recharge were to occur, the thick 
vadose zone (235 m) and low water contents would le ad to unretarded 
solute travel times approaching 1  106 years (9).  
The arid nature of the site also reduces the potent ial land uses. 
Permanent surface water does not occur near the sit e. Runoff occasionally 
occurs in ephemeral stream channels after intense o r prolonged rainfall. 
The infertile soils, arid climate and extreme tempe ratures limit the 
potential agricultural uses of the site. The great depth to groundwater, 
240 m, makes irrigation economically unfeasible. Th e difficulty of 
obtaining water also reduces the potential for resi dential or industrial 
development. There are no known mineral or petroleu m resources near the 
site. Sites with similar resources in the region re main mostly 
undeveloped. 
Scenarios for exposure of the general public were s elected based on the 
most common land use patterns observed at similar l ocations in southern 
Nevada. Two scenarios were identified, a transient visitor scenario and 
an off-site ranch scenario. The transient visitor s cenario assumes that 
the general public is exposed while visiting or occ upying the site on a 
temporary basis. Exposure occurs through external i rradiation and 
inhalation of suspended soil. The off-site ranch sc enario assumes that a 
ranch has been established at the closest site with  surface water. Range-
fed cattle from the ranch are assumed to have acces s to the site. 
Residents at the ranch are exposed through contamin ated soil transported 
from the site to the ranch by atmospheric dispersio n and by ingestion of 
beef and dairy products from cattle grazing at the site. All scenarios 
for exposure of the general public were coupled to a release model for 
the intact disposal site. This model estimates the release of 
contamination to surface soils based on uptake by t he native flora and 
the burrowing activities of invertebrates. 
A different approach was taken for development of i ntruder scenarios. DOE 
guidance is to develop site-specific intruder scena rios (10). However, 
developing scenarios for low probability events, su ch as intrusion, based 
human behavior 10,000 years into the future is prob ably beyond what can 
be defended by science (11). The common land uses c urrent observed do not 
include activities leading to inadvertent intrusion . Therefore, the 
approach used to develop scenarios for the public, selecting of the most 
common land uses observed, leads to the conclusion that no intruder 
scenarios are appropriate for analysis. Rather than  attempt to develop 
and defend site-specific intruder scenarios, the se lected scenarios were 
those widely used in performance assessments (1,2,3 ). These scenarios 
were assumed to be hypothetical events analyzed to set conservative waste 
concentration limits. The scenarios considered were  the intruder-
construction, intruder-discovery and intruder-agric ulture scenarios used 
by the NRC (1,2) to develop 10 CFR 61 and the drill ing and post-drilling 
scenarios proposed by Kennedy and Peloquin (3) for DOE facilities using 
deep burial. The scenarios were made site-specific by eliminating any 
features that were physically impossible. Physicall y impossible features 
such as aquatic food pathways or groundwater pathwa ys were eliminated. 
Models describing the remaining features were param eterized with best 



estimate values for a Mohave Desert site. Two scena rios, the intruder-
agriculture and the post-drilling scenario were fou nd to be limiting. The 
intruder-agriculture scenario was limiting for wast es disposed of in the 
near surface. The post-drilling scenario was limiti ng for waste disposed 
of below the depth of common construction excavatio ns.  
Waste Concentration Limits 
The results from each scenario can be used to set c oncentration limits. 
The waste concentration limit is the lowest concent ration at the time of 
disposal that causes one of the performance objecti ves to just be 
exceeded. A waste classification system can be deve loped from the 
analysis of scenarios with different waste forms or  disposal methods. All 
transuranic radionuclide concentrations were limite d by the intruder-
agriculture scenario or the post-drilling scenario,  depending on the 
depth of burial. 
The analysis result required to set the concentrati on limit is the 
scenario dose conversion factor. The scenario dose conversion factor is 
the total effective dose equivalent at the time of intrusion divided by 
the activity concentration of the radionuclide at t he time of intrusion. 
The scenario dose conversion factor includes the do se from short-lived 
progeny than can be assumed to be in equilibrium be fore the end of 
institutional control. The concentration limit shou ld also include the 
dose from any progeny produced after disposal that can not be assumed to 
be in equilibrium. This requires defining a decay f actor that is the 
maximum activity concentration of the progeny withi n the compliance 
interval resulting from a unit activity concentrati on of the first member 
of the chain. The decay factor accounts for the eff ects of radioactive 
decay and ingrowth only. After (12), the decay fact or for the jth member 
of the chain, DFj, is given by 
Eq. 1 
where li is the decay constant of the ith radionucl ide, t is the time and 
where 
Eq. 2 
and 
Eq. 3 
The time, t, is the time within the compliance inte rval, 100 to 10,000 
years, when DFj reaches a maximum. 
An expression for the concentration limit that incl udes the dose from all 
progeny that are produced after disposal can be wri tten. The 
concentration limit is 
Eq. 4 
where CL,i is the concentration limit of nuclide i (Bq m-3), HL the dose 
limit (Sv yr-1), DCFj the scenario dose conversion factor for nuclide j 
(Sv m3 Bq -1 yr-1) and DFj the decay factor of radi onuclide j 
(dimensionless). 
The scenario dose conversion factors for transurani c radionuclides range 
over three orders of magnitude (Table I). Neptunium -237 had the highest 
factor because of its high plant-soil concentration  factor and relatively 
high ingestion dose conversion factor. The lowest f actor was predicted 
for 241Pu because of its limited bioavailability an d relatively low 
internal dose conversion factor. Many of the factor s are similar because 
of the dominance of the inhalation pathway and simi lar inhalation dose 
conversion factors. The intruder-agriculture scenar io yields the highest 
factors, approximately two hundred times greater th an the post-drilling 



scenario. This is mostly attributable to the higher  surface soil 
concentrations estimated for the intruder-agricultu re scenario. 
Table I  
Concentration limits derived from analysis of an in truder-agriculture 
scenario are compared in Table II. The NRC limits w ere developed by 
analysis of an intruder-agriculture scenario at 100  years using a dose 
equivalent limit of 0.005 Sv yr-1 (500 mrem yr-1) a nd NRC dose conversion 
factors (1,13). The waste concentration limits of K ennedy and Farris (14) 
were developed as a draft DOE waste classification system. These 
concentration limits are based on the NRC methodolo gy and parameters, but 
use a dose limit of 0.001 Sv yr-1 (100 mrem yr-1) a nd DOE dose conversion 
factors based on ICRP methodology (6,7). The Kenned y and Ferris analysis 
and the NTS analysis for Area 5 are similar and the  concentration limits 
are similar for most nuclides. The Kennedy and Farr is limits are derived 
for intrusion at 100 years and the NTS limits are d erived for intrusion 
at the time within 200 to 10,000 years when the max imum dose will occur. 
The different times of compliance partially explain  the large differences 
for the short-lived nuclides 244Cm (t = 18.1 yr) an d 241Pu (t = 14.3 yr). 
The differences between the Area 5 RWMS and the NRC  intruder-agriculture 
limits are largely explained by the factor of five difference in the dose 
limits, with the exception of 237Np.  
Table II 
The upper limit of transuranic waste concentrations  is compared in Table 
III. The upper limit for NRC-licensed facilities is  the Class C limit, 
3.7  105 Bq kg-1 (100 nCi g-1). In Table III, the N RC limit in units of 
activity per unit mass have been converted to a ran ge of values in units 
of Bq m-3 by assuming that waste stream densities c an vary between 1.0 
and 2.3 g cm-3. The NRC Class C limit was developed  for an intruder-
agriculture scenario and assumed intrusion into a s tabilized waste form 
at 500 years. The concentration limits were subsequ ently increased by a 
factor of ten to obtain the final limit (4). For tr ansuranic 
radonuclides, this factor of ten increase accounts for dilution with 
lower activity concentration waste streams. The Ken nedy and Farris limits 
were derived by the same method used by the NRC, bu t again use the lower 
dose equivalent limit and different dose conversion  factors. The NTS Area 
5 RWMS limits are derived from analysis of a post-d rilling scenario 
occurring between 200 and 10,000 years. The NRC Cla ss C limits and 
Kennedy and Farris limits are very similar since th e same method was 
used. The post-drilling scenario used at NTS suppor ts disposal of higher 
activity concentrations of transuranics radionuclid es. With the exception 
of 237Np, the post-drilling scenario supports dispo sal of transuranic 
radionuclides up to the 3.7  105 Bq kg-1 (100 nCi g -1). 
WASTE FORM AND DISPOSAL CONFIGURATION 
In addition to the waste concentration limit, a was te classification 
system should stipulate the waste form and waste di sposal configuration. 
These should match the assumptions made in the anal ysis. The 
concentration limits derived for the Area 5 RWMS as sume no special waste 
form. Considering factors relevant to intruder scen arios only, these 
waste concentration limits are potentially for unst abilized waste 
classes. However, waste stabilization may have bene fits that are not 
apparent in an intruder analysis. Waste stabilizati on is expected to 
enhance performance by reducing infiltration and by  reducing the 
potential for dispersion after intrusion. The NRC c onsidered 
stabilization to be necessary because caps engineer ed to reduce 



infiltration will become less effective if subsiden ce of unstabilized 
waste causes disruption of the cap's impermeable la yers (1). However, at 
an arid site such as the NTS, the natural hydrologi c conditions may be 
sufficient minimize infiltration. Evapotranspiratio n is so much greater 
than precipitation that impermeable or low permeabi lity layers are 
thought to be unnecessary. Therefore, stabilization  to prevent subsidence 
may be unnecessary if maintaining the integrity of impermeable layers in 
the only criterion. Large scale subsidence, however , may allow the 
collection of run-on and ponding of water. This may  allow infiltration to 
significant depths even at an arid desert site. Stu dies are planned to 
evaluate this potential issue. Stabilization may st ill be desirable to 
reduce the dispersability of the waste in the near term. This is not as 
important for the transuranic radionuclides because  the half-lives are 
usually longer than the life time of the waste form . Therefore, the 
importance of stabilization for transuranic waste s treams remains 
uncertain until hydrologic modeling of run-on into a subsided cap is 
completed. 
Two classes of waste are being considered for the A rea 5 RWMS. Class I 
waste is based on the intruder-agriculture limits i n Table II. The NTS 
Class I limits are applicable to the disposal of un stabilized waste below 
a depth of 2.4 m in a trench of any thickness. The Class II concentration 
limits are the lesser of the post-drilling limits i n Table III or 3.7  
105 Bq kg-1 (100 nCi g-1). The NTS Class II waste c oncentration limits 
are applicable to the disposal of wastes in a 5 m t hick layer at least 4 
m below the surface.  
The outcome of hydrologic studies of infiltration i n subsided trenches 
will determine if the two waste classes require sta bilization. If both 
waste classes have the same stabilization requireme nts, then they could 
be layered in the same trench. For a typical Area 5  RWMS disposal cell, 
Class I waste could be disposed of at any level in the trench and Class 
II waste would have to be restricted to the lower 2  m of the trench. 
Table III 
CONCLUSION 
Waste concentration limits and a waste classificati on system has been 
proposed for the Area 5 RWMS. The derived limits ar e based on intruder 
scenario analyses as widely practiced in low-level waste management. 
These analyses assure that transuranic waste contai ning up to 3.7  105 Bq 
kg-1 (100 nCi g-1) can be disposed of in the near s urface of the Area 5 
RWMS and that the performance objectives of DOE Ord er 5820.2A will be 
meet. 
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ABSTRACT 
The NTS is the location of two low-level waste (LLW ) disposal sites which 
serve both the NTS and the U.S. Department of Energ y (DOE) complex. The 
Area 5 Radioactive Waste Management Site (RWMS) is the location of a 
standard shallow land disposal operation, where pac kaged containers of 
waste are stacked neatly in excavated pits and tren ches. LLW, mixed waste 
(MW), transuranic (TRU) waste, and classified LLW a re handled at Area 5. 
The Area 3 RWMS is the location of the atypical dis posal facility, where 
underground nuclear test subsidence craters are use d for the disposal of 
containerized bulk waste. These two waste sites hav e received over 
500,000 m3 (17,000,000 ft3) of LLW since 1978, when  a managed waste 
program was instituted. 
Annual waste volumes have fluctuated throughout the  18 year history from 
9,600 m3 (340,000 ft3) to 81,400 m3 (2,875,000 ft3) . In FY 1995, a total 
of 25,063 m3 (885,000 ft3) of LLW (917 shipments) w as received. This 
accounted for approximately 85 percent of all waste  that was shipped in 
FY 1995 from all the DOE facilities disposing waste  offsite. To 
accommodate future waste, an additional new cell wa s excavated in FY 
1995. This pit measures 305 m (1,000 ft) long, 46 m  (150 ft) wide, and 
6.7 m (22 ft) deep, having a disposal capacity of a pproximately 70,800 m3 
(2,500,000 ft3). The cost of excavation was approxi mately $445,000. This 
paper presents a review of the history and evolutio n of the NTS waste 
sites as major contributors for handling between 30  and 40 percent of the 
DOE complex LLW.  
BACKGROUND AND INTRODUCTION 
In 1978, DOE/Nevada Operations Office (NV) designat ed two areas on the 
NTS as RWMSs: the Area 5 RWMS and the Area 3 RWMS. The Area 5 RWMS is 
located on an alluvial fan within a dedicated 296 h ectare (732 acre) site 
in the southeast section of the 3,500 km2 (1350 mi2 ) NTS. The disposal 
cells are standard, excavated, shallow-land burial pits and trenches. The 
Area 3 RWMS, situated approximately 24 km (15 mi) n orth of the Area 5 
RWMS, utilizes subsidence craters which were the re sult of underground 
nuclear tests. Adjacent craters are combined by exc avating out a common 
wall to form the cell. The structure is then comple ted by shaping the 
cell, configuring access roads into the craters, an d maintaining a level 
stacking surface. Fill material is obtained from th e area between the 
nested pair. Currently, seven craters over a 20 hec tare (50 acre) area 
have been dedicated for use as disposal cells in th e Area 3 RWMS.  
The two NTS sites are situated in remote locations within two different 
closed basins, have deep groundwater tables (thick unsaturated zones), 
and experience an arid climate. The Area 5 RWMS is located 238 m (780 ft) 
above the water table; Area 3 is approximately 488 m (1600 ft) above the 
water table. The locations receive between four and  six inches of 
precipitation a year. Recharge to the aquifer has b een found to be 
virtually nonexistent (1). Waste practices have als o been improved from 
those of earlier waste disposal sites. For example,  2.4 m (8 ft) of soil 



cover is emplaced over the waste in active disposal  cells to bring it to 
1.2 m (4 ft) above natural grade, as compared to th e typical standard 1.8 
m (6 ft) cover. This additional soil cover keeps mo isture from reaching 
the waste. Other similar management improvements ha ve been made to ensure 
the maximization of safety to both the employee, as  well as the general 
public. 
Assistance is provided to Area 3 and Area 5 RWMS op erations personnel by 
a technical support team who ensure Federal, state,  and DOE regulatory 
requirements are met. This support includes plannin g, budgeting, 
engineering, technical support, reporting, and comp uter assistance. 
Technical support includes maintaining the Safety A nalysis Report, 
performance assessments, Part B permitting, waste m anagement plan, 
program management plans, budget documents, design reports, etc. A key 
support effort is provided by the DOE/Radioactive W aste Acceptance 
Program team who review waste certification program s of NTS generators. 
Waste acceptance criteria for the site are outlined  in the "Nevada Test 
Site Defense Waste Acceptance Criteria (WAC), Certi fication, and Transfer 
Requirements," NVO-325, Rev. 1, June 1992. This doc ument outlines the 
specific criteria and application process for dispo sal of waste at the 
NTS. Approval to dispose of waste at the NTS is gra nted only after the 
waste has been certified as meeting the WAC. In FY 1995, there were 14 
offsite waste generators and two onsite generators disposing over 50 
approved waste streams. 
The operations unit is comprised of approximately 3 6 professional, 
clerical, radiological, and craft personnel. This s taff is responsible 
for waste receipt, inspection of waste packages, re viewing shipping 
papers, off-loading trucks, stacking waste, recordi ng locations using 
barcode readers, and covering the waste. Additional  duties include 
preparation of radioactive waste permits, billing, and record keeping. 
Personnel also maintain the sites, excavate new pit s and trenches, 
maintain equipment, support site monitoring, provid e placement of 
concrete monuments to designate pit locations, and any other activities 
which ensure the smooth operation of the sites.  
HISTORY 
The decision to use two sites evolved from the earl y use of the NTS as a 
nuclear testing facility. As early as 1961, when ra dioactive waste was 
accumulated from testing work on the NTS, certain a reas were designated 
as "Radioactive Waste Storage/Management Locations. " Two of those areas 
became the present RWMSs (2). 
In 1974, the NTS accepted for storage, TRU waste fr om Lawrence Livermore 
National Laboratory. In 1976, a high-specific-activ ity (HSA) waste 
shipment was received from Mound Laboratory for dis posal. These events 
lead to the decision that DOE could use the NTS as a waste disposal 
location for facilities that could not dispose wast e at their own sites. 
In 1978, detailed studies of the NTS environment an d the use of this site 
for waste disposal became official. Fiscal support was obtained from DOE 
to fund a small staff and to initiate the construct ion of early pits and 
trenches. A chargeback fee was established for all waste generators. 
Waste activities have increased over the years. In the 1980s, a major 
cleanup of the atmospheric test locations began on the NTS. Waste from 
tower shot locations, which included contaminated c able and equipment, 
soil, and other contaminated debris, was removed an d disposed in the Area 
3 RWMS. This task was called the Waste Consolidatio n Project (3). By 
1988, this waste had completely filled the first ne sted pair of 



subsidence craters in Area 3 (Disposal Unit U3ax/bl ) and the unit was 
ready for final closure. This single disposal unit contains 219,914 m3 
(7,766,197 ft3) of waste contaminated with 1211 cur ies of activity. 
However, one shipment of this waste, received in 19 80, contained 1024 
curies of tritium. Since 1989, all waste in the Are a 3 RWMS has been 
placed in a second set of disposal craters, the U3a h/at unit. Although 
the waste consolidation project is no longer in pro gress, the current 
unit is used to dispose containerized bulk waste, t ypically received in 
transportainers. Large pieces of unpackaged waste, such as machinery, are 
considered for disposal there. At the end of FY 199 5, over 311,500 m3 
(11,000,000 ft3) of LLW had been disposed in the Ar ea 3 RWMS. A 
calculation of the waste received being decayed to the year 2100 shows 
that only 166 curies of waste would exist in the Ar ea 3 RWMS (this 
calculation omits daughter-product formation).  
The Area 5 RWMS has also served the DOE complex as a waste disposal site 
using conventional shallow land burial practices. L LW and MW (under 
interim disposal authority) are disposed of at the site; TRU and MW are 
also stored at the site. The Area 5 RWMS has a 4.4 hectare (11 acre) 
portion dedicated to classified LLW and a number of  Greater Confinement 
Disposal (GCD) boreholes. These GCD cells measure 3  to 3.7 m (10 to 12 
ft) in diameter and are 36.6 m (120 ft) deep. This disposal methodology 
was used from 1984 to 1989 for the disposal of HSA waste. In 1989, the 
state of Nevada declared the GCD boreholes to be in jection wells; they 
have not been used since. The lower 15.2 m (50 ft) of the GCD borehole 
contained the waste topped with a 21.3 m (70 ft) so il cover. Area 5 has 
the capability to dispose waste in a deeper pit, Pi t 6, to a depth of 
14.6 m (48 ft). This deeper cell was specifically d esigned to handle a 
thorium waste stream which requires deeper burial d ue to the radon flux.  
As the large volumes of waste being received at the  NTS facilities filled 
the major disposal cells in use, the construction o f a new LLW pit was 
necessary during FY 1995. The excavation of Pit 5 s tarted on January 23, 
1995, and was completed February 23, 1995, removing  166,683 m3 (218,000 
loose yd3) of dirt. The bottom of the pit was plate d with 2,600 m3 (3,400 
yd3) of Type II soil. The floor of the pit measures  305 m (1,000 ft) 
long, 46 m (150 ft) wide, and 6.7 m (22 ft) deep, w ith all walls having a 
1:1 slope, or a 45 degree angle. Included in the ex cavation was an access 
ramp built on the south end of the pit for a truck entrance into the pit. 
The pit has an estimated disposal capacity of appro ximately 70,800 m3 
(2,500,000 ft3). At the current rate of waste recei pt, this pit should 
provide disposal capacity for approximately five to  six years. The cost 
of excavating this facility was $445,000 or $2.18 p er cubic yard of soil 
removed from the cell. The pit was put into service  on May 15, 1995. 
The Area 5 RWMS receives solid waste containerized in wooden boxes, metal 
boxes, and 208 or 322 liter (55- or 85-gallon) stee l drums. The boxes are 
stacked to form walls which are used to make nests for the stacking of 
drums. Waste is stacked in a tiered staircase confi guration to within 1.2 
m (4 ft) of the natural grade of the surface. A cov er of soil 2.4 m (8 
ft) thick is emplaced over the waste prior to devel oping a final closure 
cap. 
At the end of FY 1995, over 190,000 m3 (over 6,750, 000 ft3) of LLW had 
been disposed in the Area 5 RWMS. This volume inclu des waste in GCD 
boreholes and in the classified area. The total cur ie count amounts to 
7,311,972 curies, which, decayed to the year 2100, amounts to 



approximately 42,870 curies. Most of those curies a re fission products 
and uranium/thorium isotopes.  
There is approximately 612 m3 (21,610 ft3) of mixed  TRU, received from 
1974 through 1990 stored on the TRU storage pad. Si nce the TRU waste 
storage pad has not been granted interim status, th e waste is being 
stored under a settlement agreement with the state of Nevada.  
Between September 1987 and May 1990, over 5,664 m3 (200,000 ft3) of MW 
was disposed in Pit 3 under interim status authorit y. MW currently being 
generated on the NTS is being stored at the Area 5 RWMS on the TRU waste 
storage pad, also under an agreement with the state  of Nevada.  
STATISTICS 
The comparative waste statistics presented in the f ollowing section have 
been taken from the latest available version (Decem ber 1995), "Integrated 
Data Base Report-1994: U.S. Spent Nuclear Fuel and Radioactive Waste 
Inventories, Projections, and Characteristics." Thi s document is updated 
annually and provides the DOE complex with informat ion, as well as 
information from commercial disposal sites. 
At the end of 1994, a review of the NTS and DOE was te disposal records 
indicated that the two NTS waste facilities have re ceived over 16 
percent, by volume, of all DOE complex waste ever g enerated, and over 
10.7 percent of all waste, considering both commerc ial and DOE (Fig. 1). 
Currently 95 percent of all curies received at the NTS have been tritium 
(Fig. 2). When analyzed by waste volume, however, n early 75 percent of 
the waste is fission products and uranium/thorium. This is due to the 
large volume of NTS and Fernald waste, both of whic h contain fission 
products and uranium/thorium. At the end of 1994, o ver 9.8 million curies 
of waste had been accepted at the NTS.  
Fig. 1 
Fig. 2 
Figure 3 is a plot of total waste volume, by year, with a curve of 
offsite-generated waste volume imposed upon this fi gure. This curve shows 
the major NTS cleanup activity noted earlier, which  occurred through 1989 
(the "All Waste" volume area less the "Offsite Wast e" curve). The curve 
also indicates a break from trend in 1990 and 1991.  This decrease in 
waste volume was a result of the 1990 Tiger Team as sessments which 
impacted the NTS. Disposal capability was suspended  to implement the 
waste acceptance criteria. The annual volume of was te disposed at the 
NTS, as compared to that of the entire DOE Complex shows that the NTS is 
currently handling about 30-40 percent of all DOE w aste (Fig. 4). In 
1994, the NTS accepted nearly 30 percent of all rad ioactive waste which 
was disposed from both commercial and DOE sites. 
Fig. 3 
Fig. 4 
In FY 1995, a total of 25,063 m3 (885,000 ft3) of L LW (917 shipments) was 
received. This accounts for approximately 85 percen t of all waste shipped 
offsite during the fiscal year from all DOE facilit ies that dispose waste 
offsite. Similar results were noted in FY 1993 and 1994. 
CONCLUSIONS 
When considering where to site a waste disposal fac ility or which 
disposal methodology to use, the primary focus shou ld be to prevent the 
waste from affecting the environment and exposing t he public. Both the 
Area 3 and Area 5 RWMSs meet that criteria. The sit es are located in arid 
regions, with an average annual precipitation betwe en 10 and 15 
centimeters (4 and 6 in) a year. Depth to the water  table is 488 m (1600 



ft) and 238 m (780 ft), respectively. Studies have shown that there is 
virtually no recharge from the surface to the water  table at the location 
of the RWMS's. A strict waste acceptance criteria p revents the 
introduction of free liquids into the waste, and re quires strong waste 
packaging. Each one of these features alone would e nhance any facilities 
ability to keep the hazardous material from reachin g the environment, but 
together, as they are found at the NTS, these physi cal and administrative 
barriers provide a waste disposal condition that is  quite possibly second 
to none anywhere in the world. 
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ABSTRACT 
Landfill cover designs described in the Resource Co nservation and 
Recovery Act (RCRA) technical guidance are primaril y intended for humid 
environments. These covers are not necessarily opti mal, or even 
appropriate, for use in arid regions such as the Ne vada Test Site (NTS). 
The Department of Energy, Nevada Operations Office initiated the 
Integrated Closure Program to satisfy the need for final closure of waste 
disposal units at the NTS. The program will achieve  the following goals: 
  develop and implement a cover design appropriate for use in an arid 
environment while meeting the intent of RCRA guidan ce,  
  permanently close existing and future waste dispo sal units at the NTS 
Area 3 and Area 5 Radioactive Waste Management Site s,  
  and protect public health and the environment usi ng the best available 
technology. 
In an Alternative Evaluation Study a cover system w as developed for an 
inactive disposal unit named U3ax/bl. This cover sy stem consists of two 
major components: a cover design consisting of a ro oting and storage 



layer, a geosynthetic clay liner (GCL), and a soil cement base; and a 
perimeter dike design consisting of soil cement (up -gradient) and rock 
riprap (down-gradient).  
A typical RCRA cover design consists of a multi-lay ered system sloped at 
3 to 5%. This slope is intended to promote water dr ainage from the cover 
surface. The U3ax/bl cover system differs from the typical RCRA design in 
several ways. An uppermost rooting and storage laye r (native alluvium) 
provides a suitable habitat for native plants and s tores moisture from 
infrequent precipitation events until evapotranspir ation can remove it 
from the cover. Under the rooting and storage layer  is a hard layer 
consisting of a GCL and soil cement intended to con trol water 
infiltration in extremely wet years as well as prev ent biointrusion. The 
soil cement layer will also resist minor subsidence . A soil cement 
perimeter dike placed on the up-gradient side of th e cover provides 
protection from run-on (flow draining onto the disp osal unit). The down-
gradient perimeter dike incorporates rock riprap to  prevent erosion from 
precipitation run-off. 
The U3ax/bl cover system, with a minimum design lif e of 500 years, will 
control erosion, limit infiltration, enhance evapot ranspiration, function 
with minimum maintenance, limit upward vapor transp ort, discourage 
biointrusion, and accommodate minor subsidence. Thu s, this cover system 
is better suited for use in an arid environment tha n a typical RCRA 
cover. 
BACKGROUND INFORMATION 
The Department of Energy, Nevada Operations Office (DOE/NV) has made the 
closure of U3ax/bl a high priority. U3ax/bl is an i nactive mixed waste 
disposal unit located at the Area 3 Radioactive Was te Management Site 
(RWMS) on the Nevada Test Site (NTS). Because sever al closures are 
planned at both the Area 3 and Area 5 RWMSs, the In tegrated Closure 
Program was initiated to develop a conceptual cover  design which is 
transferable to similar sites saving time and money . Under the Integrated 
Closure Program, an Alternative Evaluation Study (A ES) was conducted 
(July, 1994) to select a preferred cover design for  U3ax/bl, to build 
consensus among various DOE/NV contractors, and to leave a record 
justifying major decisions in conceptual design. An  AES is a modified 
form of value engineering designed to reach a techn ical consensus among 
the participants.  
The goal of the Integrated Closure Program is to pe rmanently close 
existing and future waste disposal units at the NTS  Area 3 and Area 5 
RWMSs, using the best available technology to prote ct public health and 
the environment. Because the disposal units fall un der multiple 
regulations, an integrated approach is needed to en sure that similar 
wastes in similar environments receive similar clos ures. The closure 
philosophy consists of enhancing favorable natural processes, avoiding 
unjustifiable design inconsistencies between units,  complying with 
applicable regulations, following standard industry  practice, and 
applying a level of effort that is commensurate wit h other DOE facilities 
yet does not set unreasonable precedent. 
WHY RCRA TECHNICAL GUIDANCE IS NOT APPROPRIATE FOR ARID ENVIRONMENTS 
Conceptually, ground water is protected under Title  40 Code of Federal 
Regulations (CFR) Part 264 by the dual-pronged appr oach of prevention and 
correction. Under the less stringent Part 265, prev ention is the primary 
method of protection (1). In support of these regul ations, the 
Environmental Protection Agency (EPA) developed gui dance documents that 



present design parameters that comply with the requ irements of 40 CFR 
Parts 264 and 265 (2). Covers described in the RCRA  technical guidance 
are primarily intended for environments where preci pitation exceeds 
evapotranspiration rates. These covers are not nece ssarily optimal for 
use in arid regions such as the NTS where evapotran spiration rates 
greatly exceed precipitation. The main premise in t his guidance is 
prevention of contaminant migration through the con trol of run-off and 
placement of low permeability barriers limiting inf iltration. 
Recommended cover components from RCRA technical gu idance include: 
  vegetation or surface armor on a soil layer (mini mum 60 cm thick), 
  filter layer, drainage layer (minimum 30 cm thick ), and flexible 
membrane liner (FML) and low permeability soil laye r (minimum 60 cm 
thick) (2). 
  Optional cover components from RCRA technical gui dance include: 
  biointrusion barrier (cobbles), 
  gas vent layer, and 
  geosynthetic filter materials (2). 
RCRA requires a 30 year monitoring and maintenance period under the post-
closure care and use of property section in the tec hnical guidance (40 
CFR Part 265.117). The U3ax/bl cover system has a m inimum design life of 
500 years which exceeds the RCRA time period. The 5 00 year minimum design 
life meets the requirements for cover longevity pre scribed in DOE orders 
(DOE 5820.2A). Several DOE and commercial low-level  waste disposal 
facilities in the arid western United States use a cover design life on 
the order of 500 years (3). 
Typical conditions at disposal sites in humid regio ns include: 
  precipitation exceeds evapotranspiration (the pot ential for deep 
recharge exists), 
  net water movement is downward (leachate migratio n is toward the water 
table), 
  the water table is shallow (the distance a contam inant must travel to 
reach the uppermost aquifer is relatively small), a nd 
  the water table has a significant gradient that r esults in lateral flow 
(should contaminants reach the uppermost aquifer th ey will continue to 
migrate down-gradient) (4). 
Conditions at the Area 3 and Area 5 RWMSs on the Ne vada Test Site 
include: 
  evapotranspiration exceeds precipitation (the pot ential for deep 
recharge is small), 
  net water movement is upward (leachate migration is away from the water 
table) (4), 
  the water table is deep (approximately 490 m in A rea 3 and 250 m in 
Area 5), therefore the distance a contaminant must travel through the 
vadose zone to reach the uppermost aquifer is large  (5,6), 
  the upper aquifer is contained within a closed ba sin which does not 
have a gradient that results in significant lateral  flow (should 
contaminants reach the uppermost aquifer they will continue to migrate 
down-gradient very slowly) (4). 
Over the long-term, erosion is a bigger threat to c over integrity and 
performance than infiltration based on the arid env ironment and storm 
characteristics at the U3ax/bl disposal unit. U3ax/ bl is located in Yucca 
Flat and receives an annual mean rainfall of 15.9 c m with an annual 
evaporation rate of 180 cm (7). This indicates that  evapotranspiration is 
the strongest influence on the moisture distributio n within the upper 



alluvium. Precipitation is highly variable in Yucca  Flat. Intense, 
isolated storms occur in the summer and long durati on, low intensity 
storms occur in the winter (8). Between storms ther e are long dry periods 
with high evaporation rates. Relating this weather sequence to long-term 
closure cap performance, precipitation run-on and r un-off from the high 
intensity storms would have the largest deleterious  effects on a cover 
due to the erosion potential. RCRA technical guidan ce recommends a final 
cover slope of 3 to 5% to promote run-off (2). This  approach, while 
reducing infiltration, increases the cover erosion potential thereby 
increasing maintenance costs unnecessarily.  
THE ALTERNATIVE COVER DESIGN 
In recognition that conditions vary from site to si te, RCRA technical 
guidance and 40 CFR Part 265 allow for alternative cover designs provided 
long-term performance equivalent to the recommended  designs is met. In 
meeting these performance objectives, the cover des ign for U3ax/bl uses 
an alternate approach to control erosion, limit inf iltration, limit vapor 
transport, enhance evapotranspiration, prevent bioi ntrusion, and 
accommodate minor subsidence (9). Figures 1 and 2 s how the U3ax/bl cover 
system conceptual model.  
Fig. 1 
Fig. 2 
The principal differences between this cover altern ative and RCRA 
recommended designs are: 
  greater thickness (1.5 m verses 60 cm) of the upp er soil layer (rooting 
and storage layer) which provides storage capacity for water, 
  no drainage layer or low permeability FML, 
  low permeability layer provided by a geosynthetic  clay liner (GCL) and 
soil cement, and 
  final slope of 0.5% instead of the RCRA recommend ed 3 to 5%. 
The key adaptation of the cover to arid areas is th e uppermost 1.5 m 
thick rooting and storage layer consisting of nativ e alluvium. This layer 
provides a suitable habitat for plants and acts as a "sponge" to store 
infiltrating water until the plants and evaporation  can recycle the water 
back to the atmosphere. The relatively flat cover s lope (0.5%) will 
reduce erosion from cover run-off. A lateral draina ge layer, as seen in 
many RCRA cover designs, is not needed since the ro oting and storage 
layer provides sufficient storage for all infiltrat ing precipitation. 
The lower cover layers, consisting of a GCL and a 1  m thick soil cement 
layer, collectively function as a low permeability barrier to downward 
infiltration and upward vapor transport, as well as  deter biointrusion. 
The soil cement layer will also resist minor subsid ence. The rooting and 
storage layer will control infiltration in most yea rs, except in 
extremely wet years when the GCL and soil cement wi ll become the primary 
infiltration barrier. In general, rigid layers such  as soil cement may be 
susceptible to cracking. The GCL is included primar ily to bridge over 
small cracks, but also as a redundant low permeabil ity barrier. Tables I 
and II present a functional analysis of the cover l ayers and perimeter 
system, respectively. The use of durable, natural m aterials which are 
available on site will promote longevity, reduce ma intenance, simplify 
construction, and lower costs. 
Table I 
Table II 
HOW THE ALTERNATIVE COVER MEETS RCRA REQUIREMENTS 
The requirements from RCRA 40 CFR Part 265.310 are:  



  Provide long-term minimization of migration of li quids through the 
closed landfill. 
  Function with minimum maintenance. 
  Promote drainage and minimize erosion or abrasion  of the cover. 
  Accommodate settling and subsidence so that the c over's integrity is 
maintained. 
Have a permeability less than or equal to the perme ability of any bottom 
liner system or natural subsoils present (10). 
Although the proposed cover design does not follow the specific design 
guidelines for a typical RCRA cover, the U3ax/bl co ver design will meet 
the intent of RCRA 40 CFR Part 265.310. The propose d cover design meets 
RCRA requirements by the following: 
  Migration of liquids to the water table is preven ted by the GCL and 
soil cement layers.  
  Maintenance is minimized by reducing the cover sl ope to 0.5%. This will 
decrease erosion of the cover caused by run-off. 
  The soil cement layer accommodates minor settling  and subsidence. 
  The soil cement up-gradient perimeter dike resist s run-on erosion while 
plants and a relatively flat cover (0.5%) resist ru n-off erosion. 
  Permeability requirements are met because the hyd raulic conductivity of 
the GCL and the soil cement are greater, by at leas t several orders of 
magnitude, than that of the native alluvium below U 3ax/bl. 
ALTERNATIVE COVER DESIGN AND ENGINEERING STUDIES 
A series of engineering activities have been or are  currently planned to 
be conducted in support of the U3ax/bl conceptual c over design. These 
efforts will provide an engineering basis for the d esign of a closure cap 
that will meet or exceed RCRA requirements. Current ly a Conceptual Design 
Document (CDD) is being prepared based on the prefe rred cover alternative 
from the AES. Formal value engineering studies unde r the direction of a 
certified value specialist will follow the CDD. Cos t estimates will be 
prepared for improving functional value of the curr ently planned design 
features. Both up-front and life-cycle consideratio ns will be addressed. 
Detailed cover design is the final step in the proc ess before 
construction.  
CONCLUSION 
A RCRA alternative cover design was developed at an  Alternative 
Evaluation Study and consists of vegetation, a root ing and storage soil 
layer, a GCL, a soil cement hard layer, and a soil cement (up-gradient) 
and rock riprap (down-gradient) perimeter dike. The  cover will provide an 
increased level of protection against run-off erosi on, run-on erosion, 
biointrusion, fluid migration, and minor subsidence . The cover design was 
developed specifically for an arid environment wher e evapotranspiration 
rates exceed that of precipitation. This design, wh ile differing from the 
RCRA technical guidance, meets the requirements of 40 CFR Part 265.310 by 
utilizing techniques which are appropriate to arid site conditions, while 
enhancing long-term performance.  
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ABSTRACT 
Six unexploded ordnance (UXO) disposal sites were r emediated at the 
Tonopah Test Range. Each site contained various typ es of UXO and 
miscellaneous debris associated with range cleanup operations. Several 



methods of waste minimization and recycling were us ed to assist in the 
clean up of the six ordnance disposal sites. Clean up operations at all 
six sites were performed at the same time to save t ime and money. Several 
process changes and material substitutions were mad e during the course of 
operations to minimize waste volume. 
Using process knowledge, Explosive Ordnance Disposa l (EOD) specialists 
knowledge, the RCRA scrap metal exclusion, and on-s ite radiological 
screening, items removed from the ordnance sites we re segregated into 
recyclable, non-recyclable debris, and potentially hazardous waste piles. 
The above techniques greatly minimized the potentia l for cross 
contamination and mixed waste generation especially  at two of the nine 
sites where depleted uranium was detected within so me of the scrap being 
removed at one and soil bags of unknown origin were  found at another. 
All UXO were detonated to render them safe, demilit arize their 
appearance, and to remove inert filler so that the scrap ordnance could 
be recycled. Volume reduction, in the form of compa cting, reduced 
trucking requirements substantially as well as the final disposition of 
the compacted material (landfill disposal vs. recyc ling). Based on the 
types of metals being recycled (i.e., aluminum, ste el), transportation 
and disposal costs were recovered. 
By the use of onsite contractors excess explosives (i.e., Composition C-
4), EOD specialists were able to assist them in dis posal of their 
explosives and cut back on the purchasing of additi onal explosives for 
demilitarization operations. Due to the various was te minimization and 
recycling practices, ordnance clean up and scrap re moval from the six 
ordnance disposal sites were completed within five months. The overall 
project cost savings was approximately $200,000.  
INTRODUCTION 
The Tonopah Test Range (TTR) is a research facility  with the mission to 
test the mechanical operation and delivery systems for nuclear ordnance 
and other defense-related projects. Nuclear detonat ions do not occur 
during testing because only mock nuclear ordnance i s used. Sandia 
National Laboratories (SNL), under the authority of  the U.S. Department 
of Energy, Albuquerque Operations Office (DOE/AL), has had historical 
responsibility for the operation of the facility. T hrough a Memorandum of 
Agreement with DOE/AL, primary responsibility for e nvironmental 
restoration activities associated with TTR has been  transferred to the 
DOE Nevada Operations Office (DOE/NV); however, DOE /AL maintains an 
oversight role of range activities (DOE/NV, 1995). 
The TTR is located in Nye County, Nevada, on the no rthern portion of the 
Nellis Air Force Range. It is approximately 255 km (140 mi) northwest of 
Las Vegas by air (ERDA, 1975). It occupies about 1, 616 square kilometers 
(624 square miles). The TTR is bordered on the sout h, east, and west by 
the Nellis Air Force Range and on the north by spar sely populated public 
land administered by the Bureau of Land Management and the U.S. Forest 
Service (DOE/AL, 1992). The remoteness of the TTR a nd its restricted 
airspace ensures that tests can be conducted with a  high degree of safety 
and security (ERDA, 1975).  
RECYCLING AND WASTE MINIMIZATION ALTERNATIVES ASSOCIATED WITH UNEXPLODED 
ORDNANCE REMEDIATION 
The U.S. Department of Energy, the U.S. Air Force, and various DOE 
contractors have been utilizing TTR to field test c onventional and 
special weapons, research rockets, and artillery si nce the late 1950's. 
During range clean up operations, Unexploded Ordnan ce (UXO) and 



associated debris not retrieved as part of the test , were deposited in 
six locations across the range. The DOE/NV Environm ental Restoration 
Division proposed cleaning up the six UXO disposal sites. Several methods 
of waste minimization and recycling were used to as sist in the cleanup of 
the six ordnance disposal sites. Several process ch anges and material 
substitutions were made during the course of the pr oject to minimize 
waste volume and type. Each disposal site was uniqu e in the type and 
quantity of UXO and debris it contained. The larges t site contained over 
22,000 bomblets (baseball and softball sized ordnan ce) as well as several 
500-lb and 2,000-lb bombs. Another site contained o ne thousand 55-gallon 
drums which had been used as targets, along with ro cket motors and 
associated debris, and copious amounts of non-recyc lable debris. At one 
site, approximately 150 rocket motors ranging in si ze from 5-inches in 
diameter and 6-feet in length to 30 to 40-inches in  diameter and 12-feet 
in length were found.  
Using process knowledge, the RCRA scrap metal exclu sion, and on-site 
radiological screening, the Explosive Ordnance Disp osal (EOD) 
specialists, segregated the items removed from the ordnance sites into 
discrete piles. The piles consisted of UXO requirin g processing, 
recyclable scrap (aluminum and non-aluminum), non-r ecyclable scrap (i.e., 
wood, concrete), and potential hazardous waste. The se techniques greatly 
minimized the potential for cross contamination and  mixed waste 
generation. 
All UXO were explosively detonated/processed to ren der them safe as 
recyclable scrap. To be accepted by the recycler, t he scrap could not be 
recognizable as ordnance. In addition, it had to be  less than 5-ft in 
length and 24 to 30-in. in diameter for the best re cycling return. Due to 
these criteria, the majority of the scrap ordnance required further 
demilitarization through the additional use of expl osives and/or a 
cutting torch. To reduce the cost of purchasing the  additional explosives 
for demilitarization activities, an agreement was m ade with onsite 
contractors to use up their excess explosives (i.e. , Composition C-4, 
shaped charges, detonating cord). The explosives tr ansferred to DOE/NV 
had a combined Net Explosives Weight (N.E.W.) of ap proximately 410 lbs. 
This was a double cost savings for DOE since additi onal explosives did 
not have to be purchased for the project and DOE di d not have to dispose 
of the excess explosives as hazardous waste. The us e of onsite DOE 
subcontractors for cutting activities also reduced the overall project 
costs. 
It was originally intended that each disposal site would have one UXO 
processing area associated with it. Through EOD spe cialists expertise and 
knowledge it was determined that the UXO were safe to transport. This 
made it possible to establish one central processin g area for all six 
sites. Having one processing area reduced the time and money needed to 
mobilize and demobilize equipment and EOD personnel  to each site. It also 
decreased the number of samples to be collected dur ing closure activities 
and reduced the amount of soil potentially contamin ated by UXO processing 
activities. 
Processing techniques were refined over the duratio n of the project to 
become more efficient. This resulted in changing th e type of waste 
generated, reducing the amount of explosives used, and increasing the 
number of UXO processed at each detonation. For exa mple, the original 
planned method for processing bomblets included the  use of PVC tubes as 
containers for the bomblets. This was changed to ca rdboard tubes prior to 



the project's start since the PVC waste would not b e biodegradable. 
During field activities it was decided to discontin ue using the cardboard 
tubes. Experience found that filling the tubes was an unnecessary and 
time consuming step and that a large amount of card board waste was being 
generated. Also, without the size restriction due t o the diameter of the 
tubes, more bomblets could be detonated during a si ngle detonation, which 
in turn decreased the duration of bomblet processin g.  
Volume reduction was implemented at the site contai ning the empty target 
drums. Some of the drums were used for scrap contai nment and those left 
over were compacted by a drum compactor. By reusing  and compacting the 
drums, the drums became salvageable, thus saving la ndfill space and 
reducing disposal costs. The number of truck loads required to remove the 
drums was decreased from ten to three which saved l abor hours and 
transportation costs.  
A total of 120 tons of steel and approximately ten tons of aluminum were 
shipped offsite for recycling. Transportation costs  were recovered with 
the profits generated by recycling the scrap metal.  An agreement was made 
between DOE/NV and one of the occupants of TTR to a ccept the 20 tons of 
non-recyclable debris removed from the six sites at  their TTR landfill. 
This saved DOE/NV the cost of shipping the debris t o either the Nevada 
Test Site or to an offsite landfill for disposal.  
The overall project cost savings was approximately $200,000. This savings 
was the direct result of the waste minimization and  recycling techniques 
discussed above, as well as the coordination of ons ite contractors with 
project needs. 
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The Nevada Test Site is located 65 miles north of L as Vegas, Nevada and 
is the principle location where the United States D epartment of Energy 
conducted nuclear testing activities. Although all DOE facilities carried 
on various types of activities which created differ ent waste management 
concerns, the NTS is a unique site. All the other s ites in the DOE 
complex are dealing with waste problems which are p rincipally the result 
of the poor or mismanagement of wastes generated fr om the production of 
nuclear weapons. The Nevada Test Site was, for the most part, 
intentionally contaminated, i.e. was identified spe cifically for nuclear 
testing.  However, wastes which should and could ha ve been managed in a 
fashion to minimize their environmental impacts, fo r the most part, were 
not.  As a result of the activities that have been conducted, there are 
thousands of acres of surface and hundreds of squar e miles of subsurface 
contamination. Since these conditions have been ack nowledged, both the 
State of Nevada and the Department of Energy, Nevad a Operations Office 
have been attempting to correct the national percep tion that the Nevada 
Test Site, in its entirety, should be written off a s a national sacrifice 
zone and therefore, could be the designated disposa l site for all defense 
related waste and require only limited further eval uation. 
This presentation will discuss the Department of En ergy Nevada Operations 
Office historic and present day environmental resto ration, waste 
management and disposal practices, how the State of  Nevada's involvement 
has impacted both environmental restoration and was te management 
practices to date and concerns and issues the State  feels are still 
inadequately addressed and remain unresolved. The m anagement of the 
principal types of wastes, (solid, hazardous, mixed , low level and 
greater than class C) will be reviewed in relations hip to State 
regulatory authority and how the State has or has n ot driven waste 
management practices at the Nevada Test Site. The e xtent to which Nuclear 
Regulatory Commission requirements and the Defense Nuclear Safety Board 
recommendations are implemented within the context of DOE's 
implementation of the self imposed ORDER 5820.2A "R adioactive Waste 
Management" will also be discussed. 
HISTORY OF THE SITE AND WASTE MANAGEMENT PRACTICES 
The Nevada Test Site (NTS) is a United States Depar tment of Energy, 
Nevada Operations Office (DOE/NVOO), nuclear testin g and research 
facility occupying 1350 square miles of federally o wned land in 
southeastern Nye County, Nevada approximately 65 mi les northwest of Las 
Vegas (1). 
The NTS has been the primary continental location f or the United States 
nuclear testing program since 1951. Programmatic fu nctions, as defined by 
DOE/NVOO, include the management and disposal of wa stes generated by NTS 
activities and by other USDOE defense-related facil ities across the 
United States. On-going Environmental Management ac tivities conducted at 
the NTS include the storage and disposal of low-lev el radioactive waste 
(LLW), storage of LLW and transuranic (TRU) mixed w aste, environmental 
restoration efforts, and technology development pro jects (1). DOE/NVOO 
defense programs still conduct high explosive testi ng, subcritical 
nuclear tests, as well as other research and in add ition, the Defense 
Nuclear Agency (DNA) is still conducting research a t the NTS as well as 
other Department of Defense (DOD) entities which ut ilize the site for 
various types of testing and training exercises. Al l of these activities 
have the potential to generate wastes.   



Although DOE/NVOO was not directly responsible for the activities that 
caused contamination that was done by all of the re search labs and other 
tenants during testing activities, the NTS is manag ed by DOE/NVOO and 
therefore, as the landlord, they become the respons ible entity.  
Historically, the entities associated with testing did not consider 
environmental or waste management issues that did n ot directly impact the 
testing mission. The disposal practices at the NTS for hazardous and 
radioactive material as well as solid waste had bee n for, the most part, 
unmanaged. Wastes were not adequately characterized  and were 
inappropriately disposed (i.e. dumped onto the grou nd or abandoned at the 
point of generation, placed in subsidence craters o r buried in sites that 
were not characterized), without concern for the co ntaminants fate in the 
environment. This practice meant documentation for a waste stream was not 
recorded or recorded randomly therefore, now it is very difficult to 
utilize process knowledge as a basis to characteriz e a waste stream. 
As a result of the infamous Rocky Flats Raid, in 19 87 DOE/HQ (Washington, 
D.C.) initiated what was referred to as "Tiger Team  Audits", individual 
site audits were conducted by groups of DOE personn el from other sites. 
In response to the prospect of these audits, DOE/NV OO conducted their own 
audit and prepared an Environmental Survey Action P lan (ESAP). This 
document provided information on 105 sites requirin g some form of action 
which indicated that DOE/NVOO was in noncompliance with environmental 
regulations and was or had potentially illegally di scharged wastes. A 
copy of this draft Plan was made available to the N evada Division of 
Environmental Protection (NDEP) for review in 1988.  In addition to the 
ESAP, DOE/NVOO also submitted a RCRA Part B applica tion for a Hazardous 
(Mixed) Waste Disposal Facility in which the Part A  also identified a 
number of existing facilities which would be regula ted under RCRA. 
Submittal of this information resulted in the State  of Nevada formally 
beginning to interact with DOE/NVOO through NDEP. 
After reviewing the ESAP document, NDEP began draft ing a Finding of 
Alleged Violation (FOAV). Concurrent with the draft ing of the FOAV, a 
Consent Order was prepared which would mandate DOE/ NVOO take specific 
action relative to the non-compliance issues and be gin to provide 
additional information about the NTS operations rel ated to environmental 
regulations. DOE/NVOO proposed that NDEP set aside the FOAV & Consent 
Order and instead enter into an "Agreement in Princ ipal" (AIP) which 
USDOE facilities throughout the country were negoti ating with other 
States. 
NDEP held in abeyance the issuance of the FOAV & Co nsent Order choosing 
instead to enter into the AIP that was signed by bo th parties on 
September 7, 1990. This document detailed the known  environmental issues 
of concern and established the basis for how the tw o groups would 
interface with each other. 
DOE/NVOO had always been reluctant to supply inform ation or allow access 
to activities at the NTS by State personnel includi ng NDEP employees. The 
stated reasons for this were the requirements which  mandated secrecy and 
silence related to any activities associated with t he development and 
evaluation of nuclear weapons. As a result of the A IP, access and 
clearance were made available to State personnel fo r the NTS. Beginning 
in January 1991, the State's presence changed from 1 or 2 days a year to 
10 full time employees whose job responsibilities a re totally dedicated 
to environmental evaluation and oversight of DOE/NV OO activities. 
STATE OVERSIGHT ACTIVITIES 



It became apparent that if the State was going to b e effective, it would 
be necessary to become familiar with not only the n eeded environmental 
restoration and waste management activities but als o the activities and 
associated management practices that created the pr oblems. This 
presentation will not elaborate on the State's conc erns related to 
program management but does acknowledge that DOE/NV OO is making 
significant progress in mandating that tenants addr ess environmental and 
waste management issues related to proposed activit ies prior to them 
being initiated. 
ENVIRONMENTAL RESTORATION 
Forty plus years of nuclear testing and associated activities has left 
its mark on approximately 30% of the NTS. In additi on to the 
approximately 1000 nuclear tests, there were numero us other sites, 
presently over 2000 identified, containing abandone d materials and wastes 
that needed to be characterized and corrective acti ons initiated. Types 
of contaminants at sites varied from solid and haza rdous, including 
mixed, to low level and possibly some TRU wastes. N DEP, DOE/NVOO and DNA, 
the major DoD tenant, are in the process of finaliz ing an Federal 
Facility Agreement & Consent Order defining the pro cess by which all 
contaminated sites will be evaluated and appropriat e corrective actions 
implemented. These corrective actions have the pote ntial to generate 
large quantities of wastes of all types.  
With respect to characterization of contaminated si tes, the State is 
particularly interested in the studies being conduc ted at Oak Ridge, 
Tennessee which question the colloidal theory of su bsurface radionuclide 
transport. Based on a perceived migratory process w hich has historically 
indicated that most radionuclides would not travel far, contamination 
which resulted from the underground testing activit ies has been basically 
unmanaged. The studies suggest what was once consid ered to be a non-
migratory radionuclide contaminant, even in groundw ater could, in fact, 
be transient as a resultant of minute colloidal mig ration. This issue is 
of significant concern as approximately 30% of the nuclear tests, 
representing up to 90% of the source term, were con ducted at or within 
the ground water table at the site. Prior to being able to manage these 
large contaminated areas, which potentially include  hundreds of square 
miles, the bounds of the contaminated areas must be  defined. A large 
portion of DOE/NVOO's efforts are presently directe d toward trying to 
address the extent of the subsurface contamination and its potential 
movement. 
WASTE MANAGEMENT 
The State of Nevada enacted hazardous waste laws in  1981 and began to 
adopt the Federal RCRA regulations in 1984. NDEP ha s had EPA delegated 
authority for the federal RCRA base hazardous waste  program since 
November 1, 1985 and was delegated federal Hazardou s and Solid Waste 
Amendments (HSWA) authority on July 29, 1992 for mi xed wastes and 
corrective action activities. As was noted previous ly, DOE/NVOO submitted 
a Part B Application to the state for a mixed waste  disposal facility in 
1988 subsequent to mixed waste being declared a reg ulated waste under 
RCRA and indicated its present facility was eligibl e to continue 
operations under interim status. DOE/NVOO later con tended that the State 
didn't have the authority to regulate mixed wastes until it received that 
authority from the federal EPA. This issue has alwa ys been a point of 
controversy in that the USDOE, as well as other fed eral entities, have 
frequently contended that the State has no authorit y to act relative to a 



federal facility unless so authorized by the Federa l government. 
Presently the NDEP has both State and delegated fed eral jurisdiction and 
regulates the treatment, storage, and disposal of h azardous waste, 
including mixed waste, as well as air and water pol lution and solid waste 
issues on the NTS. 
HAZARDOUS (MIXED) WASTE vs LOW LEVEL WASTE ISSUES 
The DOE/NVOO is currently storing, under a Consent Agreement, transuranic 
(TRU) mixed wastes on the NTS that are proposed to be sent to the Waste 
Isolation Pilot Plant (WIPP) in New Mexico. The act ions and time lines to 
complete the characterization and have the wastes a vailable for shipment 
along with the disposition of other low level mixed  wastes are defined in 
the consent order issued in accordance with the Fed eral Facility 
Compliance Act (FFCA). 
The Federal Facilities Compliance Act authorizes th e States to evaluate 
USDOE proposed alternatives and determine how USDOE  will treat and manage 
their mixed wastes. It is difficult to assess the t reatment decisions 
associated with these wastes without also addressin g their subsequent 
disposal alternatives.  The State has concerns rega rding USDOE's 
management of low level radioactive waste and to wh at extent it may 
effect acceptance of technologies for treatment of mixed wastes which 
result in a pure low level waste. These forms of tr eatment would result 
in the subsequent management and disposition of the se wastes to be 
construed to no longer be under State regulatory au thorities. 
DOE/NVOO is performing the mixed waste disposal sit e evaluations 
utilizing the same criteria and standards that woul d be applicable for a 
Low Level Waste assessment. These evaluations need to ensure that the 
criteria used are also valid to assess the potentia l migration concerns 
associated with the hazardous constituents in the w aste. This issue could 
be a significant concern for sites which could be f ound satisfactory only 
for containment of certain radioactive isotopes wit h short half lives. 
Any assessment of a site must address migration for  any of the 
contaminants that could potentially be disposed at a site and not be 
limited by just those associated with radionuclides . 
The U.S. EPA's proposed Hazardous Waste Identificat ion Rule (HWIR) 
presents options for excluding hazardous waste from  Subtitle C 
requirements based primarily on how the wastes are managed and on the 
level of hazard posed by the wastes. As proposed, o nce a defense low 
level mixed waste is excluded from the Subtitle C r egulations, there will 
be no clear State regulatory authority to confirm t hat DOE/NV 
appropriately manages the waste. Most of USDOE's ex isting mixed waste 
could fit into this excluded category. 
The management of defense related LLW is presently perceived to be under 
the sole control of the USDOE although Nevada's Sta te water pollution 
control laws could be applied. These State authorit ies would be in 
conflict with USDOE's interpretation of the Atomic Energy Act (AEA) which 
allows USDOE to accumulate, store, transport and di spose of these wastes 
as they alone determine. Neither the EPA nor the Nu clear Regulatory 
Commission (NRC) has any direct authority over the waste characterized as 
defense low level waste. DOE/HQ continues to conten d that the mixed 
wastes could and should be more suitably managed un der the AEA, (it 
should be noted that the AEA contains no enforceabl e environmental 
requirements). DOE/NVOO has adopted USDOE ORDERS wh ich are equivalent to 
internal policy directing themselves to perform in a certain manner, 
however failure to perform as directed has no negat ive consequences. 



Allowing USDOE to remove these wastes from regulati on and manage mixed 
waste under the AEA would basically place USDOE bac k into self 
regulation. The primary driver mandating USDOE to a dequately characterize 
and manage their waste and to obtain funding for cl eaning up 
environmentally contaminated sites has come from th e State and federal 
environmental regulatory agencies who presently hav e this authority. 
LOW LEVEL WASTE 
The USDOE routinely ships Defense Low-Level Radioac tive waste from its 
other installations around the country to the NTS t o be disposed of. At 
the end of 1994, more than 17,158,689 cubic feet of  defense low-level 
radioactive wastes had been disposed of on the NTS.  The prospects for 
additional wastes to be shipped to the NTS by the U SDOE from its other 
installations throughout the country is a certainty . To put these figures 
in perspective for the State, the total accumulatio n of radioactive waste 
at the US Ecology site at Beatty, Nevada, regulated  under NRC agreement 
status until closed in 1993, totals 4,000,000 cubic  feet for the 30 years 
in which it was in operation.  
The State has had three significant concerns relate d to DOE/NV's 
accepting, for disposal, very large quantities of l ow level waste from 
off-site facilities. These issues and the current s tatus are discussed 
below. 
1. It is the State's position that the existing Nat ional Environmental 
Policy Act (NEPA) documentation under which the NTS  was withdrawn, 
clearly did not authorize the site to function as a  major disposal 
facility for off site wastes.  
The State ultimately sued USDOE on this issue and t he matter is presently 
within the court system. However, after the suit wa s filed, DOE/NVOO 
almost immediately initiated work on an EIS which h as presently been 
issued in Draft for comment. To DOE/NVOO's credit, they actively sought 
stakeholder input into the EIS development which ha s resulted in a much 
more complete assessment of alternatives upon which  acceptable decisions 
related to total site use, not just low level waste  management, should be 
able to be made. 
2. These wastes, classified as low level, are origi nating from CERCLA 
and/or RCRA facilities and have historically had ve ry little 
characterization data to support the determination that they were not 
mixed wastes.  
The issue revolved around the adequacy, accessibili ty and evaluation of 
waste characterization information upon which other  USDOE sites made a 
determination that the wastes being shipped were no t RCRA wastes. 
DOE/NVOO's Waste Acceptance Criteria, NVO-325, hist orically was very 
deficient in defining these requirements to which t he State took 
exception. DOE/NVOO originally questioned NDEP's au thority over what it 
asserted to be solely a LLW matter and beyond NDEP jurisdiction. NDEP 
indicated if necessary it would issue a Finding of Violation alleging 
that the wastes being disposed of were mixed wastes  and there had been an 
inadequate determination made to demonstrate otherw ise. After an initial, 
but brief resistance to the States position, DOE/NV OO accepted and has 
since welcomed NDEP's input.  
Although defense LLW is not specifically regulated,  all waste that is 
proposed for shipment to the NTS is now presumed to  be mixed until 
adequately documented otherwise.  Historically, shi pments that were 
identified as only LLW were not required to provide  as much documentation 
as those which were identified as mixed wastes. Inf ormation which 



supported either position was maintained at the shi pping site and 
frequently not in a readily auditable manner.  Subs equent to State 
involvement significant improvements have occurred.  The generators must 
now more completely characterize these wastes with clearly defined QA/QC 
requirements and organize their waste characterizat ion information in a 
manner that is easily auditable. DOE/NV with NDEP a ssistance and input 
has defined a records management and submittal prot ocol for all shippers. 
Although NVO-325, as it exists today, is significan tly improved there is 
still room for further improvement. One of the area s still needing 
development is the information supporting process k nowledge 
determinations. There has never been a definitive r equirement, until the 
presently proposed REVISION 2, to identify each iso tope and activity 
level of the radionuclides in the waste, identify l imits and to do so in 
acceptable units.  Historically, the source term in formation that was 
provided with a waste shipment was a Curies per wei ght value for the 
entire waste stream which did not correlate to NRC standards of Curies 
per volume. This information was originally only pr ovided for the entire 
shipment and not individual containers. 
3. The NTS has never completed Performance Assessme nts for the sites 
where wastes were/are being disposed.   
DOE/NVOO has not completed a Performance Assessment  for the existing 
disposal sites, therefore the documentation to supp ort that any disposal 
activity is environmentally sound is lacking. Altho ugh the State has 
significant concerns related to the ability of the facilities to provide 
containment, it is recognized that the actual exist ing waste management 
practices at the facilities are very acceptable. Th e concerns associated 
with the facilities ability to demonstrate adequate  containment are 
expanded in depth in the following sections. 
The NTS is different from other USDOE facilities in  the fact that most of 
the waste it handles comes from other USDOE and DOD  defense related 
sites. At the present time, 98.5% of the waste disp osal that is managed 
by DOE/NVOO at the NTS is from off-site generators (2). It should also be 
noted that 85% of waste that has moved off-site fro m all other USDOE 
facilities around the country was shipped to the St ate of Nevada (2). It 
is the clearly stated intention of the USDOE to use  the NTS for the 
continued disposal of large volumes of defense low- level radioactive 
wastes into the foreseeable future. USDOE has propo sed that the NTS 
become the largest disposal facility in the country  for low level wastes. 
Proposed shipments are for 1 million cubic feet per  year for the next 70 
plus years. 
USDOE has had an internal policy, since 1988, requi ring all USDOE 
disposal facilities to prepare a site Performance A ssessment which would 
define the capabilities of their low level waste di sposal facilities to 
contain the wastes which are being disposed. Standa rd practice for 
private sector facilities would have required a fac ility to conduct an 
evaluation prior to operation. To date, there has o nly been limited 
compliance with the policy directive to conduct thi s study on the NTS, 
even though it has been identified as a deficiency by the Defense Nuclear 
Facilities Safety Board (DNFSB), which is an oversi ght advisory board to 
the USDOE. 
Part of the problem is that although DOE/NVOO has r outinely requested 
funding to conduct site evaluation work, it has not  received monies to do 
so because the budgets are driven by what legal req uirements must be met. 



Those that do not have such drivers become a low pr iority and therefore, 
routinely are below the available funding authorize d. 
There has been some work performed to date at two N TS locations. This 
site characterization work was initiated only becau se a portion of these 
areas were, or had been, utilized for hazardous was te activities and site 
characterization work and was required to be initia ted under the 
regulatory requirements imposed by NDEP under its h azardous waste 
authorities. 
DOE/NVOO is receiving and disposing of defense low level wastes at sites 
without a performance assessment. The State has con cerns that because 
this assessment has not been a priority at USDOE, w hen the assessment is 
finally completed, DOE/NVOO may not be able to demo nstrate the assessment 
is adequate due to non-existent or insufficient rec ords for the historic 
waste disposed. It is also questionable if DOE/NVOO  can prepare the 
Performance Assessment in accordance with the guide lines provided by the 
DNFSB.  
In 1994, the DNFSB evaluated USDOE's low-level wast e management program 
at various sites across the USDOE weapons complex. That review resulted 
in the DNFSB recommendation that in establishing lo w-level waste sites, 
USDOE guidance for meeting established performance assessment criteria 
had not been correctly applied.  Reference dose cri teria had not been 
applied to disposal facilities to determine the com posite effects at 
contiguous burial facilities. 
What this means is that on the NTS, DOE/NVOO has es tablished low-level 
disposal sites in a way that significantly complica tes performance 
assessment approaches for determining cumulative ra dionuclide migration 
to the biosphere in order to meet prescribed releas e standards for either 
USDOE or NRC disposal facilities. In the case of th e two low-level waste 
disposal sites on the NTS, it could be argued that neither site could be 
adequately evaluated for meeting specific performan ce assessment 
objectives. This is not only due to limited records  but also the type of 
historic activities conducted which encompass dispo sal of unique waste 
types like USDOE Special Case Waste (SCW) which cou ld include NRC 
regulated Greater Than Class C (GTCC) waste or the equivalent and 
utilization of areas impacted by testing. 
Because of USDOE's historic disposal practices alon g with a general 
failure to follow the agency's disposal evaluation procedures, as defined 
under USDOE order 5820.2A, it is argued that DOE/NV OO would be hard-
pressed to meet even the minimum NRC licensing stan dards for commingling 
disposal of LLW with USDOE SCW at the NTS which cou ld include wastes that 
meet the classification of GTCC. 
USDOE Strategy for Management and Disposal of GTCC Low-Level Radioactive 
Waste and SCW 
USDOE's Waste Management Programmatic Environmental  Impact Statement 
specifically excluded the evaluation of these categ ories of waste. Since 
the NTS has disposed of this waste and is one of US DOE facilities 
undergoing performance evaluations for Greater Conf inement Disposal of 
Special Case Waste, the Test Site is a plausible al ternative for GTCC 
waste disposal. In addition, the NTS site wide EIS considers disposal of 
these wastes as a future possible mission of the NT S and the present 
version of NVO-325 makes provisions for, on a case by case basis, receipt 
of these wastes. 



Although officially USDOE has taken very limited ac tions related to the 
GTCC-DOE\SCW, there are some ongoing activities and  issues that have 
raised the following concerns for the State.  
a. Most GTCC LLW is associated with nuclear utility  waste (the largest 
volume being activated metals associated with spent  fuel assemblies and 
reactor core components), and lacks concise estimat es of the volume of 
these wastes. 
b. Questions remain on whether fuel assemblies and reactor core 
components should be considered directly as either spent fuel or high 
level waste (HLW) rather than GTCC waste. Because o f these uncertainties, 
waste treatment alternatives and storage options fo r reactor GTCC waste 
must be resolved first, before disposal.  
c. Commingling of NRC regulated wastes with non NRC  regulated wastes at a 
non NRC site raises additional regulatory issues. 
d. The only public hearings held on the disposition  of GTCC wastes were 
conducted in Washington, D.C. and Oregon. Neither o f these locations have 
potential sites under consideration which leads the  State to believe 
USDOE may not be interested in potentially impacted  stakeholder input.   
CONCLUSIONS AND THE FUTURE 
This paper is being presented under the general cat egory of success 
stories and one may view the contents as critical a nd therefore not as 
successes. However, the State of Nevada and DOE Nev ada Operations Office 
relations have improved through the past years. We have worked together 
and realized some significant milestones such as St ate participation in 
revisions to NVO-325, participating in the off site  audit process, the 
drafting of the Federal Facility Agreement and Cons ent Order for 
corrective actions and the FFCAct Consent Order for  mixed waste 
management. Although we have not overcome all of th e obstacles, the State 
is of the opinion that there has been success in ob taining recognition 
that there are some significant problems. Being abl e to provide some 
definition to the extent of the problems and theref ore begin to address 
these situations must be considered as success.   
We will be involved in a number of interesting inte ractions over the next 
few years: first, to expedite the process for imple menting corrective 
actions and gaining control over the historically c ontaminated sites and 
wastes in an environmentally acceptable and cost ef fective manner; 
second, to continue the process of bringing DOE/NV activities under full 
and fair regulation; third, to develop the acceptab le mix between State 
and federal authority over environmental concerns; and fourth, to 
accomplish the previous three in a manner that take s into consideration 
the broad spectrum of stakeholder concerns. 
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ABSTRACT 
The development of the world uranium production sin ce World War II was 
strongly influenced by strategic demand. While this  continued within the 
former Soviet Union until the fall of the "Iron Cur tain" uranium 
production within the WOCA (World Outside Centrally  Planned Economics 
Areas) countries went through two "boom" and "bust"  cycles which caused 
the opening and unsystematic closure of many uraniu m mines and mills. 
During the initial period of uranium production, en vironmental protection 
was of no importance and legal provisions setting t he terms for proper 
rehabilitation, decommissioning and institutional c ontrol were missing. 
This situation led to uncontrolled abandonment of p roduction sites. In 
the former Eastern Block countries this situation p revailed and the 
massive closure of uranium production capacities in  recent years results 
in major environmental legacies due to lack of tech nologies and 
experience in environmental management, lack of fin ancial resources and 
lack of a legislative and regulatory frame for deco mmissioning. In the 
Western World countries since the early seventies u ranium mining is 
strictly regulated regarding the environmental impa cts of the projects. 
Companies are expected to take the costs of decommi ssioning and 
restoration into account from the very beginning of  the projects and to 
adjust them continuously during the production phas e. 
This paper summarizes results of an international s tudy on 
decommissioning and reclamation costs of uranium pr oduction facilities 
commissioned by the German Federal Ministry of Econ omics. Within the 
frame of this study 14 countries with more than 100  projects were 
evaluated representing a cumulative uranium product ion of approx. three 
billion pounds of U3O8 and estimated rehabilitation  costs of approx. 
3.700 million US dollars. 
Due to numerous factors which influence decommissio ning costs, the 
variance of specific costs is quite broad ranging f rom a minimum of 0.12 
US$/lb U3O8 to more than 40 US$/lb U3O8. The weight ed average is 1.24 
US$/lb U3O8. The specific unit costs per tonne of t ailings range between 
0.12 and 43 US$. 
Factors influencing the costs can be classified as either inherent to the 
project and site-specific or of more general nature . One dominant 
inherent factor is the ore grade and ore mineralogy  and the geological 
and hydrogeological setting of the deposit. One of the more important 
general factors is whether the decommissioning of t he projects takes 
place immediately after mine closure and is finance d and carried out by 
the mining company or is publicly funded and carrie d out some time after 
closing-down by public institutions. 
During the last twenty years major technology advan cements have been made 
in waste management from uranium mining and milling . As a result the 
environmental impact of production operations has b een mitigated and 



sustainable solutions for closing and rehabilitatin g these operations are 
available. This development has caused a shift of e nvironmental cost 
(which substantially increased in absolute terms) f rom the 
decommissioning stage of a project to the planning and production stage. 
INTRODUCTION AND BACKGROUND 
The post World War II uranium production, including  1992, is estimated at 
approximately 1.8 million metric tonnes of U. WOCA countries contributed 
more than 1 million mt U to this total (1). Figure 1 shows the major 
uranium producing countries in order of their share s in the total 
production. Due to the fall of the 'lron Curtain', the extent, 
distribution and conditions under which uranium pro duction took place in 
the Soviet Union and COMECON countries has been rev ealed in recent years. 
The following now independent countries were the ma in contributors to the 
Eastern Bloc total: East Germany, Czech Republic, R ussia, Kazakhstan, 
Uzbekistan, Ukraine and Bulgaria. 
Fig. 1 
The development of the world uranium production sin ce World War II (Fig. 
2) was initially exclusively determined by the mili tary demand of the 
superpowers. The very sharp increase until the year  1959, when total 
annual production went up to approx. 48,000 t U is the result of a less 
steep but earlier starting expansion of uranium pro duction in the former 
Eastern Bloc countries due to the immediate exploit ation of uranium 
deposits in the Soviet-occupied countries in Easter n Europe, in 
particular East Germany, Czechoslovakia and Bulgari a, and a dramatic 
increase between 1954 and 1959 by WOCA countries, m ainly carried by the 
United States and its close allies Canada, South Af rica and Australia. 
Fig. 2 
While uranium production in the Soviet Union and th e former COMECON 
countries continued to be treated strictly strategi cally with an almost 
continuous increase until the middle eighties, the production development 
of the WOCA countries is characterized by two "boom " and "bust" cycles. 
After termination of highly profitable supply contr acts with the US 
Department of Energy to cover the military demand, numerous uranium 
production projects particularly in the United Stat es were given up. At 
that time legal provisions setting the terms for pr oper rehabilitation, 
decommissioning and institutional control were stil l missing. 
Environmental protection was not an important issue  at that time. 
Therefore, many sites were abandoned by their owner s without appropriate 
security and recultivation measures being taken. So me of these sites were 
remediated later within the frame of government fin anced programs. 
An outstanding example is the UMTRA project in the United States 
established under the 1978 Uranium Mill Tailings Ra diation Control Act. 
Since 1980 twenty-four orphan mine and mill tailing  sites are being 
remediated under this program (2). In Australia the  Rum Jungle project, 
which ceased production in 1971, was remediated by the Federal Government 
during the period 1982 to 1991. 
Since the early seventies, the growing environmenta l awareness in the 
mining industry of the Western industrial countries  has resulted in 
legislation regulating the operation of new mining projects. The 
objective of the regulations is to ensure an adequa te consideration of 
the overall economic and socio-economic interests i n view of the impact 
on man and environment caused by mining. This devel opment affects uranium 
production in particular because mining and process ing of natural uranium 
entails the release of radioactive and chemotoxic s ubstances. Their 



potentially harmful effects are countered by imposi ng special 
regulations. Today, the basic legal conditions of m odern uranium 
production in the Western World expect the producer s of uranium to take 
the subsequent costs of decommissioning and rehabil itation into account 
right from the start at the feasibility stage and t o adjust them 
continuously during the production phase. 
Towards the end of the "Cold War", major uranium st ocks, the decline in 
reactor demand, a drastic decline of uranium prices  and the development 
of low cost and high grade deposits in Canada cause d the closure of many 
projects in Western and Eastern countries. While in  the Western 
industrial countries the decommissioning of these p rojects is ongoing and 
firmly regulated and mostly financed by the owner o f the projects, the 
closure of the state-owned projects in the former C OMECON countries 
results in extensive legacies of environmental deva station since economic 
and environmental aspects were of minor importance during production. 
Financial reserves for restoration of the mostly la rge production sites 
and plants have not been put in place. Therefore, o nly minor 
rehabilitation work is carried out at this stage. T he uranium mining and 
milling plants of the former Soviet-German WISMUT C orporation in 
Thuringia and Saxony, where production ceased at th e end of 1990, 
represent a typical example of this legacy, though unique in size (3), 
(4). The German Federal Government has assumed a fi nancial obligation of 
13 billion German marks (approx. 8 billion US$) for  rehabilitation and 
decommissioning of these sites of which approx. 3.5  billion marks have 
been spent during the period 1990 to 1994. 
STUDY ON DECOMMISSIONING COSTS 
This study summarizes results of a research contrac t commissioned by the 
German Federal Ministry of Economics to Uranerzberg bau-GmbH (5). The 
major objectives of this research were to compile t he available cost data 
of rehabilitation and decommissioning of uranium mi ning and milling 
sites, to analyze critical factors influencing the costs, and to draw 
comparisons. More than one hundred uranium projects  were selected to form 
the basis of these investigations. They include dec ommissioned plants as 
well as projects which are still producing or which  have been shut down 
and for which decommissioning plans, including cost  estimates, have been 
drawn up. A separate study within the frame of the above referenced 
research contract included an analysis of costs of aquifer rehabilitation 
of in situ leaching projects in the United States. 
As characteristic values for the comparison of reha bilitation costs 
between projects, districts and countries, specific  rehabilitation costs 
were defined as US$ per pound U3O8 of produced or r ecoverable reserves 
and US$ per tonne of tailings. All costs were conve rted to US$ and 
adjusted to the year 1993. 
RESULTS 
On the basis of the time of rehabilitation in relat ion to production, the 
origin of funds and the party in charge of the reha bilitation, four types 
of projects can be defined (Fig. 3). The highest co sts are related to the 
"UMTRA Title I-Type" and the "WISMUT-Type" of remed iation projects. The 
"UMTRA Title I-Type" (Type 1) is characterized by p roduction activities 
at the early stages of uranium mining when environm ental impacts of the 
projects were neither assessed at the planning stag e nor mitigated during 
and after production. The projects were abandoned b y their former owners 
and a long lagtime occurred before restoration work  started. The work is 
publicly funded and mostly carried out by public in stitutions which 



generally have no internal in-sight knowledge of th e project development 
and history. Therefore, a lengthy process of taking  inventories, 
characterization of the wastes, risk assessment, pl anning and setting up 
an infrastructure, takes place before the remedial action starts. 
Furthermore, programmatic documents about policies and procedures have to 
be developed to satisfy the various stakeholders in  the project to 
justify proposed expenditures and to meet political  initiatives. The work 
is mostly carried out very cautiously in a step-by- step approach without 
an expertise based on practical experience and ofte n in a pilot-type 
manner guided by R&D-work. Organizationally and ope rationally, the Type 1 
remediation projects are more expensive than projec ts carried out by 
private mining companies. A distinct example are th e very considerable 
differences in the costs of the US UMTRA Title I- a nd Title II-Programs. 
Fig. 3 
The "WISMUT-Type" (Type 2) stands for remediation p rojects of former 
Eastern Bloc countries. Many of the above mentioned  characteristics of 
Type 1 projects are valid. Generally the production  processes have an 
even stronger impact on the environment and the siz es of plants are 
larger compared to Western standards. Furthermore, an abundance of 
auxiliary plants are integrated or related to the p roper uranium 
production plant. The WISMUT case itself (6,7), due  to the German 
reunification, takes a special position in this cla ss. The high specific 
costs estimated for the WISMUT project are caused m ainly by the location 
of the project within a densely populated area, the  low ore grade, a 
major acid generation potential, partly employed un ique exploitation 
methods, lacking experience and routine of regulati ng and permitting 
agencies, a dual permitting system, comparatively h igh personnel and 
particularly earth moving costs and high social cos ts. 
The "Classical Type" (Type 3) of remediation projec ts is the most widely 
distributed one in Western countries. The mining co mpany carries out the 
remediation work immediately after production cease s and the work is 
financed from previous earnings. The cost variation  of projects within 
this class is largely due to project-specific facto rs of influence such 
as type of deposit, mining method and environment r elated factors. 
Finally, the "ISL-Type" (Type 4) remediation projec ts represent modern 
projects which have gone through an extensive envir onmental assessment 
already at the planning stage. They have implemente d the concept of 
environmental management throughout the life cycle of the project and 
rehabilitation is carried out in most cases progres sively with the 
production. In situ leach uranium mines in the Unit ed States represent 
this type of project most distinctly. 
Type 3- and particularly Type 4-projects often do n ot allow a clear 
separation between rehabilitation costs and product ion concurrent 
expenses for environmental protection. 
The 14 uranium producing countries investigated in the referenced study 
represent a cumulative uranium production including  1993 of approx. 2 
billion pounds of U3O8 This corresponds to approx. 63% of the cumulative 
world production. This production is related to 1.6 81 million tonnes of 
residues from ore processing (tailings) of which 78 0 million tons refer 
to plants producing uranium as by-product. The accu mulated and estimated 
costs for decommissioning and rehabilitation of the  investigated projects 
amount to 3.7 billion US$ (excluding the WISMUT pro ject). The resulting 
specific rehabilitation costs are US$ 1.25 per lb U 3O8 and US$ 2.20 per 
tonne of tailings. Leaving those plants out of acco unt which 



produce/produced uranium as by-product of primary p roduction of gold and 
copper the specific costs per tonne of tailings goe s up to approx. US$ 4. 
FACTORS 
The specific costs for the individual projects and countries differ 
widely (cf. Table I). The large variation is indica tive of the dependency 
of the costs on numerous factors which are either p roject-specific, or 
regional or more general and location- and project- transgressing in 
nature. 
Table I 
The dominating project-specific factor influencing the specific 
rehabilitation costs is determined by deposit param eters such as ore 
grade, ore distribution, mineralogy of ore and surr ounding strata and 
hydrogeological conditions. Production from high gr ade deposits like the 
nonconformity-type deposits in the Athabasca region  of Northern 
Saskatchewan for example results in much less mill residues than 
production from comparatively low grade sandstone-t ype and conglomerate-
type deposits. Furthermore, the nature of tailings determines the amount 
of work and costs for long-term stabilization. Fine  grained argillaceous 
tailings, for instance those which resulted from th e treatment of ores 
from the black shale deposits of the Ronneburg area  in Thuringia take a 
high expense to dewater and stabilize while the san dy tailings of the 
sandstone ores of the Western United States dewater  much faster and the 
expense for stabilization and encapsulation is subs tantially smaller, 
though long-term stabilization against erosion is a  major cost factor. 
The rehabilitation of open pit mines is generally m ore expensive than of 
underground mines, in particular if, due to the dep th of the deposit, 
large quantities of waste rock had to be removed an d stored in dumps. 
Sulfitic acid generating waste rock needs particula r attention in open 
pit reclamation and is best relocated below the gro undwater level. 
Besides the remediation of tailings, the rehabilita tion of open pit mines 
and related mine dumps are the most expensive resto ration measures since 
they involve large-scale earthmoving. On the other hand, under humid 
climatic conditions and with acid generation in min es, mine dumps and 
tailings water treatment costs can become a substan tial portion of the 
total remediation cost. 
New developments in waste management, for instance the in-pit deposition 
of tailings that is now recognized as the best prac tical technology, has 
a cost saving effect on final restoration. 
A further quite important factor influencing the co sts of decommissioning 
is the permitting process and the permitting practi ce of the regulating 
agencies under the existing regulatory regimes. 
INTERNATIONAL COMPARISON 
The uranium producing countries investigated with r egards to 
decommissioning costs and major factors of influenc e can be assigned to 
the following three groups: 
1) Western industrial and other established uranium  producing countries 
with a mining tradition, such as: Australia, Canada , USA and France, 
Gabon, Namibia, Niger and South Africa. 
2) Former COMECON countries: Bulgaria, Czech Republ ic and Hungary 
3) Western industrial countries with a very small p roduction and major 
nuclear energy programs: Germany (West), Sweden and  Spain. 
For the group 1 countries, an extensive adjustment of the regulatory 
conditions, the prime objectives of rehabilitation and the applied 
restoration technologies can be stated, which in pa rt is due to the fact 



that uranium production in these countries is carri ed out mainly by only 
a few large international mining companies. The spe cific costs of 
rehabilitation in these countries lie within a rela tively narrow range 
below or at approx. 0.7 US$/lb U3O8. The UMTRA Titl e I project with 
specific costs of 14.7 US$/lb U3O8 is to be seen as  an exceptional case 
(cf. above). 
The special conditions which apply to the former Ea stern bloc countries 
(cf. above) are reflected in high specific rehabili tation costs of 1.5 to 
3.0 US$/lb U3O8. The WISMUT project with specific c osts of 13,9US$/lb 
U3O8 belongs into this group and is presently being  analyzed in more 
detail. 
The countries of the third group are characterized by small projects and 
small production. The restored sites can be conside red as R&D projects. 
They were state-financed. The range of specific cos ts varies between 5.0 
and 40.4 US$/lb U3O8. 
CONCLUSIONS 
During the last decades, uranium production was tre ated with secrecy in 
many producer countries of the world. This was main ly due to the 
military-strategic significance, attributed to uran ium production. For 
the time being, a first comprehensive worldwide inv entory of uranium 
mining projects with respect to decommissioning and  rehabilitation has 
been established. 
The decommissioning cost analysis reveals a wide va riation of specific 
costs for rehabilitation work. It can be used for t he evaluation of the 
cost structure of ongoing decommissioning projects,  e. g. the WISMUT 
project in Germany. The data may be used for the es timation of future 
decommissioning costs of mining projects and as a b aseline for the 
specification of financial reserves. Furthermore, t he analysis gives 
valuable background information for optimization me asures during mining 
in order to minimize later decommissioning costs. 
Thus, the presented results of the research study c an be regarded as an 
important contribution to the development of future  uranium mines as 
ecologically sound and sustainable mining projects.  
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ABSTRACT 
Since 1991, excess soil and debris generated at the  Fernald Environmental 
Management Project (FEMP) have been managed in acco rdance with the 
principles contained in a programmatic Removal Acti on (RvA) Work Plan 
(WP). This plan provides a sitewide management conc ept and implementation 
strategy for improved storage and management of exc ess soil and debris 
over the period required to design and construct im proved storage 
facilities. These management principles, however, a re no longer 
consistent with the directions in approved and draf t Records of Decision 
(RODs) and anticipated in draft RODs other decision  documents. A new 
approach has been taken to foster improved manageme nt techniques for soil 
and debris that can be readily incorporated into re medial design/remedial 
action plans. 
In accordance with proposed and selected remedies, the Removal Action 
Work Plan has been revised to update the soil and d ebris management 
approach to recognize recent decisions under the FE MP's Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) process. 
This paper describes the methods that were applied to address the issues 
associated with keeping the components of the new w ork plan field 
implementable and flexible; this is especially impo rtant as remedial 
design is either in its initial stages or has not b een started and final 
remediation options could not be precluded. A sitew ide interim policy 
that will allow each of the five operable units (OU s) to conduct remedial 
actions consistent with the respective RODs, yet ac hieve a consistent 
methodology for soil and debris management, has bee n developed in the 
Revised Work Plan. Under the revised work plan, rem edial activities can 
proceed in advance of the remedial design under the  auspices of the 
removal action; the removal action work plan can su bsequently be 
integrated into the remedial design. 



This paper finally identifies applications and less ons learned that 
evolved from the process of developing the revised removal action work 
plan, and provides general examples of how other fa cilities can benefit 
from this approach. 
BACKGROUND 
Since production operations at the Fernald site wer e halted in 1989, 
removal actions have successfully been used to addr ess threats from the 
facilities, structures, and contaminants that remai n. These actions have 
been implemented as interim measures until the fina l remedial actions can 
fully mitigate the impacts to human health and the environment associated 
with site contaminants. As an example, Removal Acti on No. 17 (RvA 17), 
which is programmatic in nature, was initiated to p rovide controlled 
storage of excess contaminated soils and debris gen erated during 
maintenance, construction, and removal actions at t he FEMP. Specifically, 
it established procedures for the management and st orage of soil and 
debris. 
In establishing the procedures, thresholds were est ablished for managing 
the soil in distinct piles. These initial threshold s were: 
  Category I Radiologically Contaminated Soils 
-    <100 pCi/g total uranium (U) 
-    <5 pCi/g total radium (Ra) 
-    <50 pCi/g total thorium (Th) 
-    No Resource Conservation and Recovery Act (RCR A) hazardous waste or 
polychlorinated biphenyl (PCBs) contamination 
  Category II Radiologically Contaminated Soils 
-    -> 100 pCi/g total U 
-    -> 5 pCi/g total Ra 
-    -> 50 pCi/g total Th 
Category I soils could be stored in stockpiles that  were covered with 
tarpaulins. Category II soils could be stored in st ockpiles that were 
placed on tarpaulins and also covered with tarpauli ns. Soils containing 
hazardous waste or PCBs were to be containerized an d placed in approved 
storage. The area of contiguous contamination (AOC)  concept that is 
employed under CERCLA was incorporated into the wor k plan such that each 
operable unit was to maintain its own stockpiles. 
RvA 17 was to be conducted in two phases. In Phase I, the stockpiles were 
to be established in accordance with the above thre sholds and were to 
remain in existence until new storage facilities co uld be constructed 
under Phase II. Once the new storage facilities wer e in place, the soil 
would be moved into them until final disposition de cisions were made. 
WHY CHANGE? 
Since the implementation of RvA 17, several events have occurred. First, 
with the concurrence of the regulatory agencies, th e FEMP determined that 
new storage facilities were not needed. The ability  to dispose of some 
debris under the Record of Decision for Interim Rem edial Action for OU3 
(former production area decontamination and dismant ling [D&D]) coupled 
with projected increases in storage capacity result ing from completion of 
facility D&D projects and accelerated shipments of existing and legacy 
wastes resulted in a reduction of scope for RvA 17 activities. Second, 
the RODs for each of the OUs have either been issue d or are to be issued 
within the near term. Most notably, the ROD for OU2  (other waste units, 
including flyash piles, lime sludge ponds, and soli d waste landfill) 
included the construction of an on-site disposal fa cility (OSDF) and 
associated waste acceptance criteria (WAC); it also  adopted final 



remediation levels (FRLs) for contaminated soil loc ated within OU2. The 
OU5 (environmental media) ROD expanded the OSDF to accept additional 
materials, and expanded the waste acceptance criter ia for the soil; 
additional FRLs were developed for contaminated soi ls within the OU5 
area. The WAC were not consistent with the threshol ds that existed in RvA 
17. The OU5 ROD also adopted a sitewide Corrective Action Management Unit 
for soil remediation which includes the OSDF to rep lace the AOC concept 
that was previously utilized. Finally, the draft OU 3 Remedial 
Investigation/Feasibility Study for final dispositi on of D&D debris was 
issued, which recommends disposal of the D&D debris  in the OSDF and 
establishes appropriate WAC for the debris. 
NEW APPROACH 
As the RODs were moving towards approval, it was re cognized that 
management of soil and debris under RvA 17 needed t o be consistent with 
the anticipated remedial actions. Additionally, it was necessary to 
integrate the implementation of approved or anticip ated RODs and 
individual remedial action plans with the managemen t approach for soil 
and debris. Therefore, a team representing each of the key projects, the 
environmental compliance program, the environmental  monitoring program, 
construction, and the waste management program was assembled to develop a 
revised removal action work plan that attained that  consistency. 
The key objectives established by the team included  the need for the work 
plan to be practical (i.e., field-implementable) an d the need for an easy 
transition for the existing soil and debris storage  into the new concept. 
This involved integrated planning in recognition of  the final disposition 
options for soil and debris. A flow chart was devel oped to aid in the 
development of the strategy (see Fig. 1). 
Fig. 1 
Information from the selected remedies or preferred  alternatives for each 
operable unit will determine the potential to combi ne and reduce soil 
staging or storage areas. The needed information in cludes knowledge of: 
  Planned final disposition (e.g., on-property or o ff-site disposal); 
  Location and mode of transport to off-site dispos al facility(ies) as 
applicable; 
  Total number of soil staging/storage areas projec ted during 
remediation; 
  Projection of on-site treatment requirements for on-property/off-site 
disposal; and 
  Types of staging areas required (e.g., stockpiles , container storage 
areas, construction of new facilities, use of exist ing 
facilities/structures). 
The strategy for segregating or combining soil with in an operable unit or 
from several operable units creates a commitment to  manage each staging 
area according to the common planned disposition of  the soil in that 
staging area. Generally, these criteria are based o n the WAC for the 
designated disposal facility (see Table I); further , location criteria 
are based on general environmental protection requi rements (e.g., 
floodplains/wetlands standards) and the designated FRLs for that 
location. Additionally, several criteria will be re quired for management 
practices for all soil stockpiles, such as run-on a nd run-off controls. 
Table I 
Table I con't. 
The key criteria for debris management revolve arou nd the final 
disposition and the category of debris. Several cat egories of debris were 



identified under the RI/FS for OU3 (see Table II); these will be used by 
other OUs which may generate debris also. Some of t hese categories were 
administratively precluded from on-site disposal ba sed on process 
knowledge of the levels of contamination; the other  categories are to be 
designated for storage based on final disposition a nd characterization 
data. Debris to be dispositioned off-site will be c ontainerized at the 
point of generation and shipped off-site as soon as  practical. For debris 
proposed to be disposed on-property, some debris wi ll be bulk-staged to 
permit the most effective handling of these media. In cases where bulk 
staging is desired, the debris will be managed to a ssure minimization of 
airborne emissions, and staging will occur to assur e control of run-off. 
These debris will be staged in a manner to minimize  double handling, 
minimize costs by optimizing container use, and min imize labor associated 
with maintenance. Use of bulk storage will not prec lude any disposition 
options, including reuse/recycling. Material will b e stockpiled on an 
existing storage pad or on the foundations of disma ntled buildings. 
Table II 
Another important consideration in the development of the RvA 17 WP was 
the duration of the plan. Since the FEMP was rapidl y approaching the 
completion of all RODs and would soon be moving ful ly into remedial 
action, there was a recognized need to limit the du ration of the removal 
actions consistent with NCP criteria. The RvA 17 WP  will remain in effect 
until the OSDF is in operation and the appropriate remedial action plans 
are implemented. It is anticipated that the remedia l action plans could 
utilize the work plan as the basis for soil and deb ris management 
actions. 
One final aspect of the RvA 17 WP was the incorpora tion of a sitewide 
non-aqueous investigative derived waste (IDW) polic y. The IDW include 
drilling muds and cuttings from soil borings and we ll installation, soil, 
debris, and other materials from the collection of samples; residues 
(e.g., ash, spent carbon) from testing of treatment  technologies and 
treatment systems; and contaminated personal protec tive equipment used 
during investigations. The IDW policy was included in this document 
because the material is similar to that addressed i n the soil and debris 
management plans. Additionally, two separate polici es existed for non-
aqueous IDW, and this provided an opportunity to me rge them and assure 
consistency. The established policy states that the  preferred management 
options for non-aqueous IDW are to return the IDW t o or near its source, 
if possible, or to manage it in accordance with the  principles delineated 
in the soil and debris management plans. 
APPLICATION/CONCLUSIONS/LESSONS LEARNED 
The RvA 17 WP was conditionally approved with comme nt by the U.S. 
Environmental Protection Agency - Region 5 on first  review. The Ohio 
Environmental Protection Agency had several comment s that focused on 
clarification of responsibilities and integrated pl anning. There are 
several lessons learned that can be applied from th e process of 
developing this revised removal action work plan: 
  Early discussions with the regulators on the appr oach to be used is 
very useful. By addressing the potentially controve rsial issues 
(primarily open bulk storage), acceptance of the co ncept was obtained 
early and led to expedited approval. 
  Teaming and integration is important. This work p lan addressed all key 
issues because the important internal stakeholders participated in the 
development of the work plan. Additionally, a works hop approach with 



participation from all affected parties within the FEMP was used to 
resolve all comments that were received during the initial internal 
review process. 
  Maintain flexibility. Since the site is just comm encing the remedial 
action process, it was important to assure that rem edial action options 
that would be defined in the remedial design/remedi al action plans would 
not be precluded; at the same time, the approach ta ken in the removal 
action work plan had to be consistent with the dire ction being taken in 
the various RODs. 
  Maintain protectiveness, but use the easiest, lea st cost method for the 
short term. This was especially true in the storage  of debris. Storage 
containers are not inexpensive, and need to be used  judiciously. By 
demonstrating that outside bulk storage is protecti ve, significant costs 
could be saved. 
  Use characterization methods that are field-imple mentable and 
appropriate for the waste acceptance criteria. Rely  on process knowledge 
to the extent practicable. Where process knowledge is not sufficient, use 
field screening techniques; however, these field sc reening methodologies 
must be capable of measuring at the levels of the W AC and FRLs, as 
appropriate. 
APPLICABILITY TO OTHER SITES 
The CERCLA concepts that were incorporated into the  RvA 17 Work Plan can 
be used by other sites in trying to accomplish expe dited response actions 
using a removal action while awaiting remedial acti on RODs. For example, 
interim actions could be used to expedite remediati on by excavating 
contaminated soil from a surface impoundment or man aging it for final 
disposition prior to the final ROD. Additionally, t he number of interim 
storage areas for debris and soil could be minimize d and consolidated by 
identifying early on the final disposition options and then 
characterizing the material accordingly. Although t his paper addresses 
the CERCLA arena, the same concepts are applicable to the RCRA process - 
interim measures (analogous to CERCLA removal actio ns) and corrective 
actions (analogous to CERCLA remedial actions). 
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ABSTRACT 
The effective use of scientific research data and t he willingness to hear 
and involve the public in a manner that is in keepi ng with regulatory 
requirements are two important challenges affecting  the cleanup of the 
Lower East Fork Poplar Creek floodplainsa mercury-c ontaminated site in 
Oak Ridge, Tennessee. As a result of recalculating risk levels using new 
information, the remediation goals and the cleanup strategy for the Lower 
East Fork Poplar Creek floodplains have been signif icantly changed. These 
changes reflect an important reduction in cleanup c osts while ensuring 
protection of human health and the environment. 



Use of the risk assessment process should yield an effective evaluation 
of information on the adverse health effects to hum an receptors exposed 
to hazardous and radioactive materials. The keys to  the risk assessment's 
effectiveness are having an accurate understanding of the contaminant and 
correctly applying the remediation goal methodology . Determining 
effectiveness is also related future land use of th e contaminated site, 
and future land uses will depend heavily upon the l ocal community. 
Involving the public in the evaluations of the cont amination and risk 
methodology has resulted in successfully achieving an acceptable 
remediation goal for all stakeholders. This project  and its stakeholders 
have made the risk assessment process more effectiv e by better defining 
the contaminant and adjusting assessment parameters  in a way that affords 
adequate protection for human health and the enviro nment while building 
stakeholder acceptance. 
As a result of this synergism, the remediation goal  initially set at 50 
parts per million (ppm) of mercury has been changed  to 400 ppm, resulting 
in significant reductions in both the destruction o f the floodplain 
landscape and project costs. The volume of soils to  be excavated has been 
decreased from 1 million cubic yards to 25 thousand  cubic yards, and the 
cost has been reduced from approximately $1 billion  to less than $20 
million. The Record of Decision for Lower East Fork  Poplar Creek was 
approved in August 1995. 
BACKGROUND 
The contamination of Lower East Fork Poplar Creek ( LEFPC) occurred during 
the 1950s and 1960s when mercury was used in the ma nufacturing process of 
nuclear weapons components at the Oak Ridge Y-12 Pl ant in Oak Ridge, 
Tennessee. The mercury-contaminated waste water was  initially discharged 
into the upper portion of East Fork Poplar Creek. F igure 1 shows historic 
mercury releases in the upper portion of East Fork Poplar Creek from 1955 
to 1994. The contamination extends along the floodp lain of this 14-mile-
long creek that flows through U.S. Department of En ergy (DOE), 
residential, and commercial property areas. The rem ediation of LEFPC has 
posed many challenges to the technical participants , regulators, and 
public.  
Fig. 1 
The LEFPC site includes two distinct but overlappin g areas: LEFPC and the 
Sewer Line Beltway (Fig. 2). LEFPC flows 14 miles f rom Lake Reality at 
the Y-12 Plant to its confluence with Poplar Creek near the Oak Ridge K-
25 Site. LEFPC flows through an area that hosts a r ange of human 
activities and land uses. The site includes creek s ediment and soils, 
which make up the creek's 100-year floodplain. The Sewer Line Beltway 
consists of 10 miles of sewer lines, with one porti on within the 
floodplain of LEFPC and two branches in the city of  Oak Ridge. The Oak 
Ridge Sewer Line Beltway was studied because soils from the creek bank 
were used as excavation fill for the sewer line dur ing the early 1980s. 
Because the soils around the Sewer Line Beltway pre sent no significant 
risk, the beltway is not discussed further. 
Fig. 2 
The project began with characterization studies tha t charted the effects 
of mercury contamination on the environment. Contam ination of the LEFPC 
floodplain can be understood by using a conceptual model for contaminant 
transport. The initial premise is that soil contami nation in the 
floodplain is closely linked to hydrologic events. Contaminants from the 
Y-12 Plant were washed down LEFPC during high-flow conditions following 



rainstorms. At least some contaminants were adsorbe d onto sediment 
particles and were transported downstream in a susp ended phase. Other 
contaminants were transported in a dissolved phase.  During flooding, the 
creek overflows its banks and spreads out across it s floodplain, 
depositing contaminated sediments on vegetation and  the land. Based on 
this conceptual model, the remedial investigation f ocused on the 
evaluation of surface water, creek sediments, flood plain soils, and 
groundwater as potentially affected media. Because of the continued 
releases from the Y-12 Plant, the mercury in the su rface water was not 
addressed in this remediation effort. However, the mercury contamination 
eventually settled into the creek sediment. During past years when the 
contamination originally occurred, naturally occurr ing events, such as 
flooding and erosion, created a change in the locat ions of the 
contamination. Based on the results of the investig ations, the floodplain 
soils pose the greatest risk to human health and th e environment and are 
the basis for the remedial action. 
DEVELOPMENT OF REMEDIATION GOALS  
The critical human health exposure pathway at the s ite was determined to 
be soil ingestion by children, and the initial clea nup goal was 
calculated at 50 ppm of mercury (soils with greater  than 50 ppm mercury 
would be removed; soils with less than 50 ppm would  remain). However, the 
initial risk assessment assumed all the mercury in the soils was mercuric 
chloride (the mercury species on which the toxicity  reference dose was 
based), a soluble mercury compound not expected to be present in a 
floodplain frequently saturated with water. Previou s investigations had 
suggested that mercury in the LEFPC floodplain was less soluble and 
therefore less bioavailable than mercuric chloride,  possibly making the 
results of the risk assessment unduly conservative.  Using a sequential 
extraction procedure for determining the species of  mercury in soil, 
Revis et al. (6) estimated that approximately 85% o f the mercury in the 
soils had been converted to mercuric sulfide as con sequence of microbial 
activity in the reducing conditions of the soil. Su bsequently, Revis et 
al. (7) also showed mercuric sulfide absorbed gastr ointestinally to a 
lesser extent than mercuric chloride in mice feedin g studies. An 
examination of 20 soils using optical and scanning electron microscopy 
also revealed a consistent elemental association be tween mercury and 
sulfur, further bolstering the idea that the mercur y in the soils had 
been converted to mercuric sulfide. However, using a different sequential 
extraction procedure (5), elemental mercury was det ected to a larger 
extent than mercuric sulfide (4). Barnett et al. (1 ) showed the use of 
the two previously used sequential extraction proce dures (as well as a 
third) on the same set of soils produced inconsiste nt results, prompting 
questions about the utility of current sequential e xtraction procedures 
to unequivocally provide information about the merc ury species in soil. 
For this reason, a subsequent effort was initiated to determine whether 
or not crystalline mercuric sulfide was present in soil. Using x-ray and 
electron beam methods, Barnett et al. (1) confirmed  the presence of 
submicron crystals of mercuric sulfide in the form of metacinnabar. 
Because of the difficulty in extrapolating particle - and soil-specific 
speciation information and the lack of a reference dose for mercuric 
sulfide, a bioavailability study designed to measur e the amount of 
mercury available for absorption in a child's diges tive tract was 
conducted to provide direct (independent of speciat ion) information for 
input to the risk assessment (2). The bioavailabili ty study used soil 



leaching tests to simulate the human digestive syst em and determine the 
fraction of mercury in LEFPC soils potentially avai lable for absorption 
in the human digestive tract. The study was conduct ed on a suite of soils 
from the floodplain as well as some pure mercury co mpounds for comparison 
purposes. Soil samples were collected at 2 depths f rom 10 sites (for a 
total of 20 samples) to represent a range of enviro nmental conditions in 
the floodplain. Surface samples were collected with in 3 inches of the 
surface. Deeper samples were collected in layers hi storically associated 
with the highest concentration of mercury in the fl oodplain. A 740-mg-
portion of each air-dried soil was added to 1 liter  of distilled water 
adjusted to pH 2.5 and allowed to leach for 4 hours , after which a 
filtered subsample was taken for mercury analysis. This treatment 
simulated the stomach. The subsample volume was rep laced with distilled 
water, and the remaining leachate was pH adjusted t o 6.5 and allowed to 
leach for 4 hours, after which a second subsample w as filtered and 
collected for mercury analysis. This treatment simu lated the remainder of 
the gastrointestinal tract. 
The results of the leaching study for the 20 soil s amples are shown in 
Table I. The total percent soluble mercury is simpl y the sum of the 
percent soluble at both pH values and represents a worst-case scenario, 
since some of the mercury in the soil is undoubtedl y soluble at both pH 
values and is double counted in the simple summatio n. In 19 of the 20 
samples, the mercury was not significantly (as a pe rcentage) extracted at 
either pH. Less than 5% of the mercury was solubili zed in 15 of the 
samples. Total soluble mercury in the 19 samples ra nged from 0.3 to 
14.2%, with an average of 3.2%. For one sample, how ever, there was a 
total of 45.9% soluble mercury. The high leachate c oncentrations for this 
sample are thought to reflect differences in the sp eciation of mercury in 
the sample, as this was the only sample among 20 wh ich exhibited 
detectable mercury vapor in the sample headspace, w hich is not 
characteristic of mercuric sulfide (8). This sample  was also the only 
deep, mercury-concentrated sample where total mercu ry and total sulfur 
were not well correlated. Including this sample, th e average percent of 
mercury leached from the 20 samples was 5.3%. Attem pts at more 
realistically simulating the human digestive system  (e.g., by raising the 
leaching temperature to body temperature and using deoxycholic acid, a 
common constituent of the human digestive system) d id not significantly 
affect the results. 
Table I 
Mercuric chloride and mercuric sulfide (cinnabar an d metacinnabar) were 
also subjected to the leaching procedure. Less than  1% of the mercuric 
sulfide samples, both cinnabar and metacinnabar, le ached in the 
procedure. In contrast, all of the mercuric chlorid e sample dissolved, 
producing leachate concentrations almost 1,000 time s higher than the 
highest soil leachate. Although the procedure is a simple representation 
of a complex system such as the human digestive sys tem, the solubility 
and hence bioavailability of mercury in LEFPC soils  is obviously 
substantially less than pure mercuric chloride. As a result, use of a 
reference dose for mercuric chloride in the LEFPC r isk assessment without 
incorporating a corresponding bioavailability facto r would be unduly 
conservative. 
The solubility information from this study was then  modeled using Monte 
Carlo techniques, which produced a probability dist ribution of mercury 
bioavailability (3). After reviewing this informati on with regulators and 



the general public, a bioavailability of 10% was se lected. Using a 
bioavailability of 10%, the cleanup goal was increa sed from 50 ppm (based 
on the default value of 100%bioavailability) to 400  ppm of mercury. 
The data on bioaccumulation of mercury from LEFPC m ercury-contaminated 
soils and other soil/body burden relationships were  integrated and 
developed into an ecological evaluation. The most s ensitive group for 
protection is the mid-level predator. A risk manage ment decision was made 
to provide the necessary level of protection, which  took into account the 
habitat disturbance and mortality which would resul t from cleanup 
activities, balanced against the contaminant exposu re risk. Mercury 
contamination of greater than 400 ppm provides the necessary level of 
protection to the environment. 
IMPACTS 
As the country became more environmentally consciou s, federal laws were 
enacted to direct cleanup of contaminated sites. Pr iority was given to 
the LEFPC site because the contamination exceeded f ederal facility 
boundaries and posed a risk of uncontrolled conditi ons and exposure to 
the public. In December 1989, the Oak Ridge Reserva tion was placed on the 
U.S. Environmental Protection Agency's (EPA's) Nati onal Priorities List. 
This meant the cleanup of sites contaminated by DOE  operations on and off 
the reservation would be conducted under the Compre hensive Environmental 
Response, Compensation, and Liability Act (CERCLA),  which requires public 
participation in the cleanup process. DOE recognize d the high visibility 
of this project and decided to involve the public e arly. The Record of 
Decision describes the selected remedy to include e xcavation of the 
contaminated media, backfilling the evacuated areas , and disposing the 
contaminated media in a permitted landfill at the Y -12 Plant. 
Several public meetings were held to provide inform ation to area citizens 
and hear their concerns about LEFPC. As the work co ntinued, workshops 
were held to explain the process to the public and encourage 
participation by community members in selecting a p referred alternative. 
Also, several workshops were held with citizens who  own property along 
the creek. The public's involvement at Superfund (C ERCLA) sites typically 
consists of public meetings and public comment peri ods; however, these 
come late in the remedial decision process. To gain  more meaningful 
participation early on, DOE decided to form a volun tary, informal group 
in May 1993 called the Citizen's Working Group (CWG ). Because of its 
visibility and timing, the LEFPC environmental rest oration project was 
chosen to launch a CWG as a pilot program. Voluntee rs for the group were 
solicited through advertisements and announcements to form a project-
specific, broadly representative group of concerned  citizens. Their task 
was to give DOE feedback about the proposed remedia l alternatives for the 
creek's floodplain soils. The LEFPC CWG was not for med to be a decision-
making or consensus-building group. 
The CWG reviewed proposed remedial alternatives, id entified concerns, and 
suggested new options. The group's activities were representative of the 
CERCLA process; therefore, they were able to maximi ze their ability to 
help DOE gain new perspectives about potential reme dial alternatives 
under consideration. In addition, they were in a po sition to introduce 
new alternatives. Input from the group helped DOE b etter understand 
citizens' concerns related to remediation of the fl oodplain soils and the 
potential impacts to the community. 
The high cost of performing environmental restorati on activities 
resurfaced throughout the characterization and deci sion phase for the 



LEFPC project. The public strongly emphasized the c ost to remediate 
versus the protection of human health and the envir onment. Figure 3 shows 
a cost comparison from the feasibility study, basel ine, and value 
engineering study. The costs reflect the estimates to perform remedial 
design and remedial action activities. As a result of public concern, a 
value engineering study was performed to give a cri tical examination of 
the preferred alternative. Each activity in the pre ferred alternative was 
examined for innovative ideas and potential perform ance improvements. 
Cost estimates were generated from a proposed list of new and modified 
approaches. The majority of the new approaches prov ed to be cost 
effective. 
Fig. 3 
CONCLUSIONS 
The reason for understanding and assessing the risk s for human health and 
environment is to derive a remediation goal. The re mediation goal, 400 
ppm, has been determined to be the desired in-point  of concentration of 
mercury contaminant.. Mercury can exist in many for ms, some more toxic 
than others. Public input, required by law, ensures  that communities and 
people affected by past environmental practices wil l have a role in 
selecting the remedies for the problem. All stakeho lders have a 
significant role in balancing the goal of protectin g human health and the 
environment with remediation costs. The difficulty comes into play when a 
data set does not exist on the effects to the human  organs and therefore 
must be extrapolated from animal/laboratory experim entation. At LEFPC, 
the effects of mercury in a soil matrix would be of  greatest risk to 
children, based on the contaminant (mercury) and th e exposure pathway 
(ingestion). To significantly reduce the risk of in gestion of mercury-
contaminated soils, soils with greater than 400 ppm  mercury will be 
removed and handled in an environmentally acceptabl e manner by excavating 
the contaminated soil, disposing it in a permitted landfill on the Oak 
Ridge Reservation, backfilling the excavated areas with clean soil, and 
restoring the disturbed site to its condition befor e remediation work.  
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ABSTRACT 
Several sites in the Formerly Utilized Sites Remedi al Action Program 
(FUSRAP) have shown, in laboratory studies, to be a menable to volume 
reduction treatment by particle size separation. Th is treatment using 
water as a carrier media is often called soil washi ng. The current 
practice, at FUSRAP sites, of excavation and haulin g to a disposal 
facility is both expensive and produces a large vol ume of soil that is 
potentially clean but is handled with the contamina ted soil. Bechtel 
National Inc. (BNI) has performed pilot-scale soil washing on select 
FUSRAP soil to demonstrate treatment/volume reducti on.  
The soils examined for soil washing were from the N ew Jersey sites, and 
each had undergone a laboratory characterization st udy that had shown 
that radiological contaminants were concentrated in  the fine silt and 
clay fractions of the soil. The characterization tr eatment goal was 5 
pCi/g for residential areas, and 15 pCi/g for indus trial area. Removal of 
those fine fractions could produce coarse fractions  of soil well below 
the 5/15 criteria with volume reductions of 50-80%.   
To demonstrate scale-up and potential full-scale re mediation, a pilot-
plant study was performed using a soil washing pilo t-plant originally 
designed by the Environmental Protection Agency (EP A) for testing on 
Montclair and Glenridge, New Jersey soils. This pil ot plant named VORCE 
(Volume Reduction/Chemical Extraction) was modified  to meet the specific 
requirements for treatment of the FUSRAP soils. Aft er a series of tests 
on clean soils to develop operating parameters and system performance the 
machine was used to treat Maywood, New Jersey Inter im Storage Site (MISS) 
pile soils. All tests performed to date indicate so il washing is very 
promising for treatment. Further tests are continui ng on soils from other 
sites and locations.  
INTRODUCTION 
The Department of Energy's (DOE) Formerly Utilized Remedial Action 
Program (FUSRAP) consists of 46 sites in 14 states.  These sites were 
originally used for manufacture or processing of or es and metals for 
support of the atomic bomb development. FUSRAP site s contain large 
volumes of soils (and other media) contaminated by low level radioactive 
contaminants particularly, thorium, radium and uran ium, and in some 
instances metals and other hazardous contaminants.  
Treatment options for these contaminated soils are limited. Options are: 
1) leave in place with either institutional control s and/or engineered 
controls, 2) remove and dispose in an approved disp osal facility or 3) 
treat to reduce the volume. The first option has po tential for community 



resistance; option two is expensive; and option thr ee has only limited 
data to support its selection. From characterizatio n studies of site 
soils several of the large volume sites have been i dentified as potential 
candidate sites amenable to treatment using soil wa shing technology.  
The original concepts of soil washing have their hi story in the mining 
and metals industries. Mining processes have been u sed for years to 
concentrate metal particles for extraction as metal  concentrates. Much of 
this equipment, i.e., trommels, screw classifiers, attrition mills, 
hydrocyclones, etc., originated in the mining indus try. 
Soil is comprised of various particle size fraction s and most often the 
contaminates are concentrated in one size fraction.  Most often this 
fraction is the finer silts and clays (50 mm or les s). Removal of this 
fraction facilitates the potential for volume reduc tion and cheaper 
disposal costs. Increased surface area, cationic ex change potential, and 
the innate shape of these particles are important i n the attraction of 
contaminants to the fine fraction. 
Soil washing separates soils by particle sizes prod ucing clean and 
contaminated fractions, using water as the fluidizi ng media. The clean 
fractions can be recombined, augmented if required and used as backfill. 
The contaminated fraction concentrated in a smaller  volume can be shipped 
to an approved disposal facility for final disposit ion. Clean streams by 
FUSRAP standards are normally site dependent but 5/ 15 pCi/g above 
background is normally accepted, with 5 pCi/g for r esidential area soils 
and 15 pCi/g for industrial area soils. Results obt ained from two test 
campaigns are discussed in this paper. 
HISTORY 
Two FUSRAP sites, Maywood and Wayne, located in New  Jersey, have shown 
from characterization studies to have soil distribu tions with potential 
volume reductions of 50-80 percent. These soils fol low the traditional 
theory of the contaminants (radionuclides) attract to the fines. Removal 
of this fraction, which is between 20-50 percent of  the total soil, 
dependent upon size cut, provides a significant vol ume of soil that will 
meet clean-up criteria.  
In order to verify the results of the characterizat ion study, a pilot 
test was to be planned. This test would provide val uable data in 
determining the volume reduction and the associated  cost if the soils 
from the Wayne and Maywood sites were treated. In o rder to perform this 
study DOE needed a pilot plant. At this time the Un ited States 
Environmental Protection Agency (EPA) National Air and Radiation 
Engineering Laboratory (NAREL) had a machine that w as available to DOE . 
This machine, called the Volume Reduction/Chemical Extraction (VORCE) 
machine, was used by NAREL for a soil washing treat ment demonstration for 
the radium contaminated Montclair and Glenridge, Ne w Jersey sites. The 
machine was transferred from EPA to DOE for use. Be chtel National, under 
recommendations by the United States Bureau of Mine s (BOM) modified the 
system to meet the anticipated treatment goals. The  system is a nominal 
0.5 to 1 ton per hour system incorporating a series  of unit operations to 
force separation of fine particles from the coarser  oversize fractions. 
Significant modifications were made to feed system,  attrition mills, and 
the fines circuit to better provide the operations required to achieve 
the treatment goals. 
Originally, the VORCE plant was intended for mobili zation to the Wayne, 
New Jersey site for testing and demonstration, duri ng the fall of 1994, 
but community pressures precluded performing the st udy in New Jersey. 



After evaluating several DOE locations, the Oak Rid ge, K-25 site was 
chosen as the location for the tests. Soil was load ed and transported by 
intermodal container to Tennessee for the soil wash ing studies.  
Initially, equipment evaluation of the machine usin g clean soil was 
performed in the fall of 1994. Operations were susp ended during winter 
and restarted in the spring of 1995 when equipment evaluation was 
continued. The original site for the machine check out was not suitable 
for performing radiological tests. Therefore, the s ystem was mobilized to 
another area of the facility in the summer of 1995.  The current location 
where tests on radiological soils are being conduct ed are constructed 
with a lined engineering treatment pad. 
SYSTEM DESCRIPTION 
The final VORCE configuration is as follows with a schematic shown in 
Fig. 1. The soil is fed through a 2 or 4 inch stati c grizzly into a feed 
hopper. The soil in the hopper is conveyed to the f irst unit process, the 
trommel screen, by means of a drag flite conveyor. Fine fraction soil 
from the trommel is collected in a sump, while the coarse fraction is 
discharged to a screw classifier. The screw classif ier overflow is 
collected in the same sump as the trommel overflow.  The coarse fraction 
from the screw classifier is discharged into an att rition mill. The 
attrition mill discharges into another screw classi fier. Again the 
overflow from the second screw classifier is collec ted in a sump. The 
sump contents are fed to a hydrocyclone. The underf low from the cyclone 
is discharged into a hydraulic classifier. Overflow  from the hydraulic 
classifier is discharged to a clarifier and the slu dge sent to a filter 
press. The underflow from the hydraulic classifier is sent to a vibratory 
screen for dewatering. Product streams from the pro cess are trommel 
oversize, secondary classifier oversize, vibratory screen oversize, and 
filter cake. 
Fig. 1 
SOIL WASHING PROCESS AND DESCRIPTION 
The term soil washing is most often used to describ e a series of 
treatment operations that either separate soils int o their various 
particle size fractions using water (or chemicals a s the carrier medium) 
or chemically extract the contaminant from the soil  matrix. The VORCE 
soil washing pilot plant is strictly physical parti cle size separation 
using water as the carrier medium. The VORCE plant uses a series of unit 
operations to physically deagglomerate the soil and  separate it into 
specific size fractions 
A description of the process is as follows: soil is  loaded onto either a 
2-inch or 4-inch grizzly. The oversize material is removed by hand; the 
undersize passes through the grizzly into a feed ho pper.  
The material in the feed hopper is fed, by a drag f lite conveyor, to a 
trommel. In the trommel deagglomeration of the soil  particles occurs, and 
soil containing contaminants is washed from the lar ge oversize particles. 
Soil particles (gravel) between 1/4-inch and 2- or 4-inches are washed 
clean using high pressure sprays, and report to a d ischarge chute as a 
clean fraction. The undersize material reports to a  screw classifier. The 
screw classifier separates soil particles based on Stokes Law which 
states that a particle in a fluid settles at a rate  that is the function 
of the particle's diameter. The smaller particles ( with lower settling 
rates) overflow and are collected in an sump. A siz e cut of approximately 
60 mesh (250 m) is performed at the screw classifie r. The larger 
particles are removed by a screw and dewatered. The  "coarse" sand is sent 



to an attrition mill where the action of the mill c auses interparticle 
abrasion to remove adhered fines from the coarse sa nd particles. The soil 
discharges from the attrition mill to another screw  classifier where 
another 60 mesh particle size cut is made. The over flow from the second 
screw classifier reports to the sump, and the under flow reports to a 
discharge bin as a clean fraction.  
The fine products from the coarse size operations c ollected in the sump 
are pumped to a hydrocyclone. The hydrocyclone is u sed for two purposes: 
1) make a fine cut of 200 mesh (75 mm); and 2) to d ewater the feed to the 
next unit operation. The fines overflow is collecte d in another sump, and 
the coarse underflow is fed to the hydraulic classi fier. The hydraulic 
classifier is used for performing a fine cut betwee n 200-325 mesh (75-45 
mm). The hydrocyclone performs separations based up on centrifugal force, 
while the hydraulic classifier uses a combination o f Stokes Law and 
hindered settling to make the cuts. 
The fines collected from the hydraulic classifier a re collected in the 
same sump as those from the hydrocyclone. The coars e underflow fraction 
is fed to a dewatering screen. The screen oversize is collected as a 
clean product. The fines and water from the screen are collected in the 
same sump as the other fines fractions. These fines  are flocculated using 
polymer and fed to a clarifier. The flocculated fin es are collected in 
the bottom of the clarifier and the clear water ove rflows into the 
process make-up water tank, thus providing recyclin g of the water.  
The sludge in the bottom of the clarifier is them p umped to a holding 
tank prior to feeding to a filter press for final d ewatering. The filter 
cake contains the contaminated fines, and the filtr ate is recycled back 
to the clarifier for reuse. 
SITE PREPARATION 
With community pressures limiting soil washing or t reatment in New 
Jersey, it was necessary to find a site that was ac ceptable for the soil 
washing tests. As noted earlier the K-25 in Oak Rid ge was deemed best for 
this application. Reasons were: 1) close proximity to Bechtel, 2) could 
be operated under Lockheed Martin's Center for Envi ronmental Technology 
as a technology demonstration program operating und er their licenses or 
permits as required. In order to minimize uncontrol led releases of 
contaminated material from the soil washer an engin eered and controlled 
site was necessary.  
The radiological site was prepared near the existin g K-31 building on the 
K-25 site. The location was a grassy area that requ ired installation of 
engineering controls to minimize the potential spre ad of contamination. 
These controls consisted of a geomembrane with a do uble liner under the 
process area and a single liner under the non-proce ss area. Gravel was 
placed in the area to provide drainage. Separate su mps were installed to 
collect rain water and spilled process water, and t o keep them separate. 
Rain water would be sampled and segregated from pro cess water for in-
house discharge. Contaminated water was collected i n a sump and recycled 
into the machine. Contingencies were developed so t hat the entire machine 
could be dumped and collected in a storage tank if required. Segregation 
of water provided valuable waste minimization. 
Since the machine lacked performance testing, espec ially with the new 
modifications, it was necessary to evaluate the mac hine with clean soil, 
which could be done concurrently to the rad site pr eparation. The machine 
was set up to do clean soil performance testing in a storage area near 
the old powerhouse area of K-25. With no contaminat ion potential from the 



clean soil this was acceptable until contaminated s oil processing. 
Several campaigns were performed at this location u sing various clean 
soil types to evaluate process efficiency, and to d evelop process 
parameters. Once the radiological site was complete d the machine was 
demobilized and remobilized to the new site.  
SOIL CHARACTERIZATION STUDIES 
As noted above, two soils were characterized to sho w volume reduction by 
soil washing was viable. These soils were obtained from the Maywood 
Interim Storage Site pile and the Wayne Interim Sto rage Site pile. The 
data, shown in Fig. 2 for Maywood and Wayne show th at volume reduction by 
particle size could produce volume reductions in th e 60-80 percent range 
depending upon the size fraction removed. 
Further studies performed by Oak Ridge National Lab oratory (ORNL) also 
provided a soil sample from within the Oak Ridge re servation that also 
provided a soil with properties that would support soil washing as a 
volume reduction technology. This soil, deemed the CSX soil, was railroad 
ballast and gravel contaminated with cesium from sp ills near the rail 
yards on the Oak Ridge reservation.  
Fig. 2 
TREATMENT CAMPAIGNS 
In order to demonstrate the effectivity of soil was hing on Maywood pile 
soil, approximately 100 tons of soil from the pile was loaded into six 
intermodal containers and shipped to Tennessee for testing. No intent was 
made to test all 100 tons, but contingency amounts were built into the 
quantity ordered. The test consisted of operational  settings based upon 
"real-time" experience, and allowing the machine to  reach steady state 
prior to collecting samples of the feed and four ou tput streams. Field 
adjustments were made as necessary to ensure proper  performance. Four 
different series of samples were collected and anal yzed for radiological 
content, and particle size. Isotopes of concern wer e Ra-226, Th-232, and 
U-238. 
Soil was fed to the hopper using a front-end loader  (ref. Fig. 1). 
Oversize material, greater than 6 inches, was remov e by hand, as was any 
material collected on top of the grizzly. The feed soil sample was 
collected from each bucket for later compositing an d mixing. 
The feed rate was set at 704 lb./hr. This number ap pears low based on the 
design value of 2 tons/hour for VORCE. This lower f igure was due to the 
mismatch in sizes of equipment, which limited the m aximum quantity that 
can be fed to the machine without causing "sanding out" of the primary 
classifier. When "sanding out" occurs the separatio n efficiency for that 
particular unit process is reduced from lack of set tling height.  
The processed material was collected and volumes re corded, as was feed, 
for mass balance information. Fractions collected w ere as follows: 1) 
>1/4-inch, 2) 1/4-inch to 60 mesh, 3) 60 mesh to 20 0 mesh, and 4) <200 
mesh.  
RESULTS 
Studies to date have been performed on the Maywood pile soils and the CSX 
soils. The studies incorporated running the machine  at a steady state 
condition and collecting samples of the feed and al l output streams; 
analyzing for radionuclides of concern and particle  size. Data from the 
feed indicate a variation from the soil characteriz ed in the previous 
bench scale work. Figure 3 shows the particle size distribution average 
for the feed soil to the plant during the Maywood s tudy. Figure 4 shows 
the average rad concentration by isotope for the fe ed soil and the mass 



reduction generated by the machine. The results of 98.6% mass recovery 
and 63% mass reduction track well with the theoreti cal results of the 
feed soil.  
The CSX soil results are pending at this time, but preliminary data from 
the actual tests have shown that a 86+% mass reduct ion is obtainable.  
Much of the cesium is water soluble (concentration ranges in the water of 
3300 pCi/l) necessitating water treatment prior to final disposition. 
Cost data was recorded but has not been reduced at this time, but it is 
expected to be below the costs for removal and disp osal in an approved 
disposal facility. How much cannot be made until th e data is evaluated. 
CONCLUSIONS AND THE FUTURE 
Initial tests indicate that soil washing is promisi ng for certain FUSRAP 
sites. Sites with characteristics that show particl e size separation can 
produce volume reduction are amenable to this treat ment process. The 
machine is scheduled to test more soil beginning in  early spring and 
concluding in mid-summer. A detailed report will be  generated to capture 
the study and its results. 
Fig. 3 
Fig. 4 
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ABSTRACT 
Soil samples from a Superfund Site contained elevat ed concentrations of 
radium-226 and thorium-230. The soil allegedly was contaminated with mill 
tailings from a chemical processing plant that extr acted radium from 
carnotite ores. 
Chemical extraction studies of soil samples were pe rformed using 
solutions containing nitric acid, hydrochloric acid , hexametaphosphate, 
or combinations of hydrochloric acid and sodium chl oride in single, 
multiple, and sequential extractions. The extractio ns were examined under 
various conditions of time, concentration, liquid-t o-solid ratio, 
temperature, and rotational velocity. The products were analyzed for 
radium-226 and thorium-230. A full quadratic model of the bench-scale 
extraction studies for pilot-plant design considera tions was examined to 



determine any important interactions of temperature , concentration of 
extractant, and liquid-to-solid ratios. 
Chemical extraction studies of soil samples demonst rated that dilute 
nitric acid solutions are effective in removing ove r 90 percent of the 
radium and thorium activity. Dilute hydrochloric ac id solutions remove 
over 90 percent of the radium but less thorium. How ever, a sequential 
extraction procedure, employing hydrochloric acid f ollowed by 
hexametaphosphate solutions, is equally effective i n removing both radium 
and thorium. Hydrochloric acid could be replaced by  a hydrochloric 
acid/sodium chloride solution, reducing the hydroch loric acid 
requirements for the process. A full quadratic mode l of the bench-scale 
extraction studies data revealed several important interactions between 
temperature, concentration of extractant, and liqui d-to-solid ratios. 
Optimal values for these significant variables were  determined using the 
model.  
Physical separation of the whole-soil samples by pa rticle sizing isolated 
a significant quantity of a soil fraction larger th en 50-mesh size (0.30-
mm) (+50) with radium-226 and thorium-230 concentra tions less than 15 
pCi/g. This fraction was extracted under optimum co nditions to assess 
chemical treatment as a remediation technology to r educe the 
concentration of the contaminants to less than 5 pC i/g above background. 
Chemical extraction of the +50 soil fraction contai ning less than 15 
pCi/g radium-226 and thorium-230 using the sequenti al extraction method 
described above reduces the concentrations to appro ximately 5 pCi/g. A 
combination of physical separation of whole soil fo llowed by chemical 
extraction of a select particle-size fraction may o ffer a viable method 
for site remediation of radionuclide-contaminated s ites by volume 
reduction. 
INTRODUCTION 
There are well over twenty sites in the United Stat es containing soils 
contaminated with radium-226 and thorium-230. The S uperfund site, where 
the soil samples used in this study were taken, was  allegedly 
contaminated with tailings from a chemical processi ng plant that 
extracted radium from carnotite ores early in this century (1). As a 
result of using these tailings as landfill during c onstruction, 
approximately 300,000 yd3 of soil over 95 acres wer e contaminated. 
Buildings on the site were affected to one degree o r another by elevated 
levels of gamma radiation as well as radon-222 gas.  The significant 
contaminants, producing the gamma radiation and rad on gas, were radium-
226 and thorium-230. 
The contamination was the result of the presence of  process tailings 
containing barium-radium sulfate precipitates, inco mpletely processed 
ores, and other radiominerals that are mixed with t he native soils (2). 
The volume of contaminated soil can be reduced appr oximately forty 
percent by a process using vigorous washing and sub sequent size 
separation with water, since the major portion of t he radionuclide 
activity was in the smaller-sized soil particles (- 50-mesh) (3). The 
resulting soil product has a specific activity of a bout 15 pCi/g radium-
226. A pilot-scale operational system that incorpor ates the laboratory 
process was designed and used to test the remediati on effort (4,5). 
Studies on uranium-mill tailings from other contami nated sites indicated 
that volume reduction by chemical extraction was fe asible (6). A 1989 
study (7) of soils contaminated with radium and tho rium revealed that 
extraction with nitric acid removed approximately 9 0 percent of the 



radium and thorium, producing a soil product with a bout 15 pCi/g radium-
226 or thorium-230. Hydrochloric acid was as at lea st as effective as 
nitric acid for radium removal but not as effective  for thorium. However, 
a sequential extraction, using hydrochloric acid fo llowed by sodium 
hexametaphosphate, produced similar results as obta ined with nitric acid. 
These results suggested a follow-up study to examin e the sequential 
extraction protocol and to optimize the variables i n the procedure. 
Soil samples from the Superfund site were extracted  with acid or 
acid/salt solutions to determine their effectivenes s in removing the 
radium-226 and thorium-230. This paper presents the  results of those 
extraction studies. 
EXPERIMENTAL 
Radiochemical Analyses 
All soil samples and soil fractions were dried at 6 0C in preparation for 
analysis for radium-226 (8,9). Samples of soil and selected fractions and 
samples were also analyzed for thorium-230 (8-12) a nd, in some cases, for 
uranium isotopes (8-11). 
Radium-226 Analysis 
Dry soil samples or soil fractions were weighed in counting containers 
representing the appropriate standard counting geom etry (10, 20, or 40 mL 
in a 60 mL vial; 100, 200, 300, or 400 mL in a 450 mL container). The 
samples were analyzed by gamma-ray spectroscopy usi ng high purity 
germanium detectors. Radium-226 was identified and measured using the 186 
KeV photopeak. Since only very small quantities of uranium-235 were found 
in the samples (less than 0.1 percent), interferenc e by its 185 KeV 
photopeak was not a significant consideration. 
Thorium-230 Analysis 
Aliquots of soil samples and fractions were complet ely solubilized in 
hot-acid mixtures. Thorium was separated by ion-exc hange chromatography 
and counted by alpha spectroscopy, using thorium-23 4 as a tracer (12) to 
determine the chemical yield of the procedure. The yield was determined 
by counting on a low-background beta counter. 
Chemical Extraction -- Sample Preparation 
Approximately 450-g samples of soils were analyzed for radium-226. After 
analysis, the samples were mixed with deionized wat er (5 mL/g) in a one-
gallon Nalgene container fitted with a screw cap an d shaken at 350 rpm on 
a Lab-Line Orbital Shaker at room temperature for 3 0 minutes. At the end 
of that time, they were hand screened through a 4-m esh sieve (4.75 mm) 
then a 16-mesh sieve (1.18 mm), using copious amoun ts of water to wash 
the soil through each sieve. As a result, three soi l fractions were 
collected and dried at 60C: +4, -4/+16, and -16. th e +4 and -4/+16 
fractions were stored in bulk; the -16 fractions we re divided into 40-mL 
portions, weighed, analyzed for radium-226 and used  for extraction 
studies. The -50 and +50 sieve-size fractions were prepared in a similar 
manner, using a 50-mesh sieve (0.3 mm) only. Whole soil was dried at 60C 
and analyzed. 
Extractions Conditions 
Soil samples, prepared as described above, were ext racted with acid, 
salt, or acid/salt solutions. Conditions were selec ted under the 
guidelines described in a previous report (7) and a fter interpretation of 
the extraction experiments described therein. 
Acid Conditions 



Samples were extracted with 0.5, 1.5, or 3.0 molar (M) hydrochloric or 
nitric acid once or twice for three hours at 30, 60 , or 90C and a liquid-
to-solid ratio of 2, 5 or 10 mL/g. 
Salt and Salt/Acid Conditions 
Samples were extracted with salt/acid solutions con taining sodium 
chloride and hydrochloric acid. The extraction cond itions were limited to 
2.0 or 1.0M salt with 3.0, 2.0, 1.0M hydrochloric a cid (for at total 
chloride concentration of 3.0M), 30, 60, or 90C, on e- or two-stages, 
three hours at liquid-to-solid ratio of 2, 5, or 10  mL/g. Sodium 
hexametaphosphate was used at 0.036, 0.11, or 0.22M . 
Single-Stage Extractions 
A one- or two-liter spherical reaction flask was cl osed with a 4-neck 
(standard taper) cover. The cover was secured with a kettle clamp and 
fitted with a reflux condenser, centigrade thermome ter, precision glass 
stirrer with Teflon paddle, and thermocouple assemb ly. The stirrer was 
rotated by a T-Line high-torque stirrer that could deliver up to 4.7 
inch-pounds at 500 rpm. Stirring speed was monitore d by a Cole-Palmer 
optical tachometer, model 8204-20. The thermocouple  assembly consisted of 
a Glas-Col iron-constantan thermocouple, model JS 2 048P, sealed in a 
glass tube to protect it from acid corrosion and pa cked with glass wool 
to aid the transfer of heat from the glass tubing t o the metal 
thermocouple. Heat was provided by a mantle powered  by a variable 
autotransformer set at 50 percent output. The tempe rature was monitored 
and controlled by a Glas-Col Digitrol, model PS 612 , that was connected 
to the thermocouple and the variable autotransforme r. Visual monitoring 
was available with the centigrade thermometer. 
To begin an extraction experiment, an appropriate v olume of extractant 
was added to the reaction vessel through the thermo meter neck. Heating 
and stirring at 350 rpm were begun, and the tempera ture of the solution 
was allowed to stabilize at the selected value. The  soil sample was 
transferred by a spatula with the aid of a small am ount of water and acid 
solution. At the end of the extraction period, the mixture was cooled in 
an ice bath to room temperature. All mixtures were filtered with suction 
on a Whatman No. 1 filter paper using deionized wat er to thoroughly wash 
the sample on the filter paper. The filter cake (R1 ) was dried at 60C, 
weighed, and analyzed for radium-226 and thorium-23 0. The filtrate (F1) 
was subsequently filtered with suction through a 0. 4 micron Nuclepore 
polycarbonate filter. The resulting filtrate (F2) w as weighed and 
analyzed for radium-226 and thorium-230. 
Multi-Stage Extractions 
Multi-Stage extractions were performed using the me thod described above 
with the following alterations: soil samples were e xtracted, and the 
filter cake from the first filtration step of the p rocedure (R1) was used 
for the next stage of extraction. The filter cake p roduced by the second 
extraction was used for the subsequent extraction a nd so on until the 
number of extraction stages were complete. 
Sequential Extractions 
Sequential extractions were performed on soil sampl es using the multi-
stage procedure described above, except that each e xtraction in the 
process was performed with a different reagent. For  example, the soil 
sample was first extracted with hydrochloric acid, and the residue (R1) 
was then extracted with sodium hexametaphosphate so lution. 
Parametric and Optimization Studies 



In order to investigate the effect of the principal  parameters on radium 
and thorium extraction efficiency when using the mo st promising 
extraction procedures, random designs were construc ted and a series of 
experiments following these designs was performed. The types of 
procedures examined were: 
I) Extraction using hydrochloric acidonly radium me asurements made. 
II) Extraction using nitric acidradium and thorium measurements made. 
III) Extraction using a mix of hydrochloric acid an d sodium chlorideonly 
radium measurements made. 
IV) Sequential extraction using hydrochloric acid f ollowed by sodium 
hexametaphosphateradium and thorium measurements ma de. 
All extraction procedures were run for three hours;  and, for each 
procedure type, the following variables were random ized: 
1) Experiment number (whether the particular experi ment was performed 
first, second, third, etc.) 
2) Liquid/solid ratio (Low = 2, Medium = 5, or High  = 10 mL/g) 
3) Hydrochloric or nitric acid molarity (Low = 0.5,  Medium = 1.5, or High 
= 3.0M), where applicable 
4) Extraction temperature (Low = 30, Medium = 60, o r High = 90C) 
5) Molarity of hydrogen ion for hydrochloric acid a nd sodium chloride 
mixes only (Procedure Type III only) (Low = 0.5, Me dium = 1.5, or High = 
3.0M; NaCl was included to make the chloride = 3.0M ) 
6) Molarity of sodium hexametaphosphate (Low = 0.03 6, Medium = 0.110, or 
High = 0.220M)for the sequential hydrochloric acid/ hexametaphosphate 
extractions (Procedure Type IV only) 
7) Extraction vessel utilized (three different vess els were available for 
use) 
8) Detector used to count the sample (seven differe nt GeLi detectors were 
available for counting) 
RESULTS AND DISCUSSION 
Chemical Extraction 
In experiments reported earlier (7), 3M hydrochlori c acid or nitric acid 
was found to be effective in reducing the radium-22 6 specific activity 
from about 135 pCi/g to 15 pCi/g and thorium-230 fr om about 127 pCi/g to 
15 pCi/g; salt solutions of various types, includin g sodium chloride, 
were not effective alone. In this study the effecti veness of the 
hydrochloric acid mixture with sodium chloride was examined to determine 
if the concentration and therefore the actual quant ity of hydrochloric 
acid used in the extraction procedure could be redu ced. The data in 
Tables I and II indicate that 2M sodium chloride wi th 1M hydrochloric 
acid produced results similar to those obtained wit h 3M hydrochloric acid 
alone. Thus, a dilute hydrochloric acid solution, r equiring only one-
third the amount of acid previously used for radium -226 extraction, is a 
promising candidate for a chemical processing plant . Notice that the 
chloride ion concentration in sodium chloride/hydro chloric acid is 3M, 
the same concentration as in 3M hydrochloric acid. In addition, the use 
of the salt/acid mixtures, as the first step in a t wo-step process to 
effectively remove both radium-226 and thorium-230,  is as effective as 
using 3M hydrochloric acid in the first step. Appar ently, as long as the 
acid concentration is about one molar, a chloride i on concentration of 
approximately 3M from an alternate chloride-ion sou rce is sufficient for 
effective radium-226 extraction. 
Table I 
Table II 



The results of sequential extraction of the +50-mes h fraction and -16-
mesh soil with hydrochloric acid followed by sodium  hexametaphosphate are 
also summarized in Tables I and II. The data indica te that a sequential 
extraction, using either 3M hydrochloric acid or 2M  sodium chloride/1M 
hydrochloric acid followed by 0.22M sodium hexameta phosphate, produces 
results with whole soil that are similar to those f ound in previous 
studies (7) of -16-mesh soil. The final specific ac tivity of radium-226 
is less than 15 pCi/g, and that of thorium-230 is l ess than of radium-
226. 
The -1/4"/+50-mesh fraction produced by the vigorou s wash method 
developed earlier for volume reduction (7), provide d surprising results 
with the radium-226 specific activity of about 5 pC i/g and thorium-230 
specific activity slightly less. 
These results offer a promising alternative for the  treatment of soil 
and/or the potential for further reduction of the r adionuclide content of 
the vigorously washed soil fraction to about the 5 pCi/g range by a 
combination of physical-size separation and chemica l extraction of the 
+50-mesh fraction. 
Overview of Parametric and Optimization Studies 
Space limitations do not permit including the entir e database resulting 
from this series of experiments here. However, Tabl e III summarizes the 
best four results obtained for each procedure type.  In this table and the 
remaining paragraphs of this section, the notation used is self 
explanatory except for the following point: 
In conducting the sequential extraction experiment (Procedure Type IV), 
3M hydrochloric acid was first used with an L/S rat io of 10 mL/g at 90C 
(all variables "High"); an appropriate experimental  design was followed. 
This first extraction step was then followed by a h exametaphosphate 
extraction. In this case, each sample was returned to the same vessel 
used in the acid extraction step for hexametaphosph ate processing. All 
other variables were randomized, and it is the leve ls of these latter 
quantities (i.e., those describing the hexametaphos phate extraction step) 
that are cited in Table III. 
Table III 
Statistical Comparisons of Radium Yields 
A number of statistical comparisons were made for t he percentages of 
reduction in sample radium content achieved using d ifferent types of 
procedures. These comparisons were made by matching  on the relevant 
variables ("L/S Ratio," "Molarity of Agent," etc.) All of these 
considerations were conducted at the 5 percent leve l of significance; the 
results are summarized below: 
  Overall, nitric acid gave yields superior to thos e achieved with 
hydrochloric acid. This superiority persisted at hi gh molarity but 
vanished at high L/S ratio. 
  Nitric acid performed better, in general, than hy drochloric acid/salt 
mix; this superiority persisted in extractions usin g high molarities but 
was not present at high L/S ratio. 
  Hydrochloric acid was superior to hydrochloric ac id/salt mix in an 
overall sense, but this superiority vanished above 30C. 
  Funding limitations and the scope of work preclud ed investigation of a 
number of other comparisons that were of interest. This investigation was 
commissioned as a parametric study, and not, for ex ample, as a study of 
the comparison of any two of these extraction proce dures when they are 



conducted at near optimum conditions. The reader ma y find the answer to 
other questions unanswered elsewhere (e.g., Ref. 7) . 
Mathematical Modeling of Radium Extraction Processe s 
The possibility of mathematically optimizing radium  extraction procedures 
was a point of major interest to the Environmental Protection Agency 
(EPA) in this work. This investigation was undertak en generally following 
the methods used by Torma (13) in an earlier resear ch endeavor, but more 
comprehensive computations were made possible in th is work through use of 
the SAS (Release 5) statistical analysis system (14 ). In reviewing the 
results discussed below, it must be remembered that  only 27 out of the 81 
possible extraction configurations possible when va rying three variables 
(L/S, molarity, and temperature) over three levels (Low, Medium, and 
High) were explored. Further, it was not possible, due to time 
constraints, to replicate this experiment. Thus, th ere is substantial 
opportunity for confounding of effects to appear in  the statistics given 
below. Of course, it would have been better, in pri nciple, to have used a 
replicated full factorial design for this experimen t; but it was not 
possible to devote this level of effort to this tas kthis would have 
required over 300 extraction experiments. In additi on, since there are 
only 26 degrees of freedom provided by this design,  one must regard with 
caution the results obtained when investigating mod els having large 
numbers of predictors. A summary of the modeling ef fort is given below. 
In these models the independent variables were L/S Ratio ("LS/R"), 
Molarity of Agent ("HCl" or "HNO3" or "H+," respect ively), and Extr Temp 
("TEMP"). The quadratic terms are denoted below in suggestive fashion. 
Examples: "LS/R_LS/R" (quadratic LS/R term); "LS/R_ TEMP" (interaction 
between LS/R and TEMP), "TEMP_TEMP" (quadratic TEMP  term), etc. The 
dependent variable was the Percent Radium Reduction  ("Ra%_Red") achieved. 
The modeling investigation involved several steps f or each procedure 
considered: 
1) First, a comprehensive regression calculation wa s performedthat is, 
Ra%_R was modeled as a linear function of all subse ts of the nine 
variables that result from linear and quadratic com binations of 
liquid/solid ratio, molarity, and temperature. (Not e again that only 
three of these variables are truly independent.) 
2) Secondly, the best reasonable model (if any) was  identified for use in 
the optimization calculations: the model offering t he best combination of 
high predictive power and low degrees of freedom (n umber of independent 
variables) was chosenthis obviously involved a subj ective judgment. 
3) Finally, this best model was used to predict the  combination of 
liquid/solid ratio, molarity, and temperature that maximizes yield. 
Hydrochloric Acid Model 
The data recorded from the hydrochloric acid extrac tions proved to be 
exceedingly well-suited to such a quadratic modelin g effort. Models with 
such a high degree of predictive power are very rar ely observed in other 
than very simple physical processes. Even very simp le linear models for 
these data are extremely statistically significant.  Even more surprising, 
however, was the finding that only two of the indep endent variables, LS/R 
and TEMP are important in these modelsHCl (when pre sent in the amounts 
considered in this experiment) is weakly related to  the yield achieved. 
Best Six-Term Model 
Almost 90 percent of the variance of the yield is c aptured by a full 
quadratic model based on LS/R and TEMP (again, with out the acid molarity 
variable). An interesting observation is the signif icant interaction 



between LS/R and TEMP that occurs in this regressio n. Indeed, all of the 
terms in this model, with the exception of the cons tant, are significant. 
This model indicates that large percentage reductio ns in radium activity 
(largest t statistic magnitudes) are most strongly associated with the 
temperature and liquid/solid ratio variables. Howev er, when examining 
these results, it is important to remember that onl y 27 data points were 
available, and, thus, there are only 21 degrees of freedom for 
errortherefore, the results obtained here must be v iewed with caution. 
Table IV 
Best Seven-Term Model 
The model summarized below, which accounts for almo st 93% of the variance 
of dependent variable, is the best of the seven-ter m regressions. It is 
included here since it represents the first instanc e in which acid 
molarity was a variable in an optimum regression. ( There are 20 degrees 
of freedom for error here.) Note that it is actuall y the interaction of 
HCl and TEMP that is significant here. As before, a ll variables except 
the constant term are significant. 
Table V 
Again one finds that large percentage reductions in  radium are most 
strongly associated with the temperature and liquid /solid ratio 
variables. 
Optimization of the Hydrochloric Acid Model 
The model chosen for the optimization study was the  six-term model above: 
Eq. 1 
The usual equations for the stationary point of thi s surface are easily 
solved; the solution is LS/R = 7, TEMP = 89.6. It i s important to note 
again, however, that a number of the variables in t his model are 
correlated and, additionally, that there were no da ta points actually 
taken near this stationary point: thus this determi nation is expected to 
be of only nominal accuracy. It is the judgment of the authors that the 
appropriate conclusion from this optimization exerc ise is that high 
levels of LS/R and TEMP are optimum. 
Hydrochloric Acid/Sodium Chloride Model 
The remarkable success of the modeling effort for t he hydrochloric acid 
data was repeated and even slightly exceeded by the  hydrochloric 
acid/sodium chloride data. The results from the two  modeling efforts were 
similar almost in every way. For example, one again  finds that only LS/R 
and TEMP are important in models of these dataH+ wa s weakly related to 
the yield achieved. The results of two of the model s considered are 
summarized below: 
Best Six-Term Model 
Almost 96 percent of the variance of the yield achi eved is captured by a 
full quadratic model based on LS/R and TEMP (again,  without the hydrogen 
ion molarity variable). Note that all of the terms in this modelincluding 
the constantare significant, and, in fact, to appro ximately the same 
degree. 
Table VI 
Best Seven-Term Model 
The model summarized below is the best of the seven -term regressions, but 
it offers only trivial improvement in predictive po wer over the previous 
one. As in the case of the hydrochloric acid data, this regression is 
included here since it represents the first instanc e in which ion 
molarity was a variable in an optimum regression. O n the other hand, one 



finds that molarity is the only variable in this mo del that is not 
significant. The same cautions given above are appl icable here. 
Table VII 
Optimization of the Hydrochloric Acid/Sodium Chlori de Model 
The six-term model above was optimized. Specificall y, this model is: 
Eq. 2 
The stationary point of this surface is LS/R = 6.9,  TEMP = 86.5. The 
similarity of these values to those obtained for th e hydrochloric acid 
extractions is remarkable. (Of course, the same cau tions discussed there 
apply here too.) 
Nitric Acid Model 
In contrast to the results above, the statistics fo r the nitric acid data 
are rather typical of regressions for physical prob lems: None of the 
models considered captures as much of the yield var iance as did the 
previous models. 
Best Six-Term Model 
About 78 percent of the variance of the yield is ac counted for by the 
variables of this model: TEMP, LS/R, HNO3, and the two interaction terms 
indicated.  In contrast to the previous models, mol arity (HNO3) is 
significant; the constant term is not. 
Table VIII 
Thorium-230 Extractions 
Due to the lack of individual sample thorium-230 me asurements, 
statistical analysis of the thorium data was not po ssible. However, note 
that when extraction methods that are effective for  the removal of 
thorium-230 (nitric acid extraction or hydrochloric  acid with or without 
sodium chloride followed by sodium hexametaphosphat e) are used, the final 
thorium-230 specific activity is almost always less  than that of radium-
226 (7). Furthermore, the general effect of varying  extraction conditions 
for thorium-230 yields closely parallels the patter ns earlier observed 
for radium-226. Therefore, it is possible that thor ium-230 extraction may 
be optimized by approximately the same extraction c onditions that 
optimize radium- 226 extraction. 
CONCLUSIONS 
Chemical extraction studies of soil samples demonst rated that dilute 
nitric acid solutions are effective in removing ove r 90 percent of the 
radium and thorium activity. Dilute hydrochloric ac id solutions removes 
over 90 percent of the radium but less thorium. How ever, a sequential 
extraction procedure, employing hydrochloric acid f ollowed by 
hexametaphosphate solutions, is equally effective i n removing both radium 
and thorium. Hydrochloric acid can be replaced by a  hydrochloric 
acid/sodium chloride solution, reducing the hydroch loric acid 
requirements for the process.  
A full quadratic model of the bench-scale extractio n studies data 
revealed several important interactions between tem perature, 
concentration of extractant, and liquid-to-solid ra tio. For hydrochloric 
acid and hydrochloric acid/sodium chloride extracti ons, the model 
suggests a high degree of prediction that is based on the liquid/solid 
ratio and the temperature of the reaction. Within t he range of 
concentrations selected for this study, the concent ration term is much 
less important. In contrast, the model for nitric a cid extraction 
includes a significant contribution by the acid con centration, in 
addition to the liquid/solid ratio and temperature terms.  



Physical separation of the whole-soil samples by pa rticle sizing isolated 
a significant quantity of a soil fraction larger th en 50-mesh size (0.30-
mm) (+50) with radium-226 and thorium-230 concentra tions less than 15 
pCi/g. This fraction was extracted under optimum co nditions to assess 
chemical treatment as a remediation technology to r educe the 
concentration of the contaminants to less than 5 pC i/g above background. 
Chemical extraction of the +50 soil fraction contai ning less than 15 
pCi/g radium-226 and thorium-230 using the sequenti al extraction method 
described above reduced the concentrations to appro ximately 5 pCi/g. 
A combination of physical separation of whole soil followed by chemical 
extraction of a select particle-size fraction might  offer a viable method 
for site remediation of radionuclide-contaminated s ites by volume 
reduction. As an example, more than one-third of th e soil from the 
Superfund Site described in this paper would be sep arated by simple 
particle-size separation, producing a fraction that  would contain 
approximately 15 pCi/g radium-226 (3). Subsequent c hemical extraction of 
this fraction, as described herein, would reduced t he concentration to 
about 5 pCi/g. 
Particle-size separation of soil samples from other  sites yield soil 
fractions containing similar concentrations of radi um-226 and 
representing from 50 to 65 percent of the total soi l (5). Recovered 
fractions representing greater percentages of total  soil material 
potentially make them more attractive to further co ntaminant reduction by 
chemical extraction processes. Depending on the cle an-up criteria, 
alternate fractions with intermediate concentration s of contamination 
might also be candidates for extraction, if their c ontaminant 
concentration could be reduced to meet the criteria . The fraction might, 
therefore, be recovered and added to other fraction s separated by the 
physical processes alone. For example, a contaminat ed soil might render 
up to 50 percent of its volume as a "clean" product  by particle-size 
separation. A fraction with somewhat higher contami nant concentration but 
representing another 25 percent of the soil could b e remediated by 
extraction producing a total volume reduction of ap proximately 75 
percent. A physical-separation processes complement ed by chemical 
extraction of select size fractions might result in  a remediation 
technology that would offer, therefore, the optimum  approach to volume 
reduction. 
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ABSTRACT 
A characterization study of radioactive contaminati on, hazardous waste 
and unexploded ordnance (UXO) at the Depleted Urani um (DU) testing area 
of the Transonic Range at the Aberdeen Proving Grou nd (APG) was conducted 
in the fall 1995 through the winter of 1996. DU pen etrators were tested 
at a site located at the Transonic Range from 1973 through 1979. Although 
outdoor testing of DU penetrators ceased in 1979 at  the 12 acre site, the 
need to release the site for nonradioactive use has  become the goal of 



the U.S. Army Research Laboratory (ARL), and the AP G Health Physics 
Office. 
APG is a Test and Evaluation Command installation w ithin the United 
States Army Material Command. The mission of the in stallation is to 
develop and test military materials and to train of ficers and enlisted 
personnel in the use and maintenance of munitions.  The installation was 
established in 1917 as two separate military reserv ations, APG and 
Edgewood Arsenal. Both were consolidated into APG i n 1971. APG is located 
in northeast Maryland, has approximately 73,000 acr es of land and water 
and has approximately 55 tenant organizations, many  of whom are engaged 
in munitions development and testing. 
This paper discusses development of the characteriz ation strategy, the 
health and safety plan, a quality assurance project  plan and the work 
plan. Also presented are the results of the intervi ews with personnel 
responsible for the outdoor DU testing activities, test supervisors and 
test technicians. Results of the surface survey for  UXO and preliminary 
radiological data are presented. 
INTRODUCTION 
The purpose of the characterization was to establis h the radiological 
status of the Depleted Uranium Study Area (DUSA) in  accordance with 
licensee requirements and the recommendations of th e Nuclear Regulatory 
Commission (NRC) since DU testing at DUSA ceased in  1979. The need to 
perform a radiological characterization is found in  NRC's Branch 
Technical Position (BTP) "When to Remediate Inadver tent Contamination of 
the Terrestrial Environment." (1). According to the  BTP, licensee sites 
which are no longer used to conduct licensed activi ties should be 
remediated to unrestricted use levels within two ye ars of last licensed 
activity to preclude migration of the radioactivity .  A determination was 
made in 1995 to cease licensed activities at DUSA. 
The DUSA is located at a site within the boundaries  of the Transonic 
Range which is in the Aberdeen Area of Aberdeen Pro ving Ground (APG). APG 
lies along the western shore of the Chesapeake Bay in Harford and 
Baltimore Counties, Maryland, approximately 15 mile s northeast of 
Baltimore (Fig. 1). APG covers a total of 72,516 ac res (land and water) 
and consists of two distinct areas: the northern po rtion of APG, referred 
to as the Aberdeen Area (AA); and the southern port ion of APG, referred 
to as the Edgewood Area (EA) (2). The AA became a f ormal military post, 
designated as APG, in 1917. The EA (formerly Edgewo od Arsenal) was 
appropriated by Presidential Proclamation in 1918. 
Fig. 1 
DUSA is located on the southern portion of the Tran sonic Range and was 
known as "Lower X-ray" operated by the U.S. Army Re search Laboratory 
(ARL).  The DUSA was used for hard-impact testing o f depleted uranium 
(DU) penetrators. DU penetrators were gun launched against armor targets 
to test their effectiveness. DU is depleted of the natural percentage of 
U-235, and contains U-238, U-235 and U-234 all of w hich are radioactive. 
The DU penetrator testing is known to have contamin ated target material 
and the surrounding structures and soil.  Since 197 9 contaminated 
materials and soils have been removed from the area , however a complete 
characterization and remediation for free release h as not been performed.  
METHODS 
The initial step was to review the history of DUSA prior to establishing 
the scope of the characterization in order to deter mine the level of 
effort and resources needed to devote to the projec t. Subsequent to the 



historical survey a work plan, health and safety pl an and quality 
assurance project plan were developed. 
Historical data was largely obtained from interview s with personnel 
formerly involved in testing at DUSA as little docu mentation about the 
testing program exists. Interviewees included a hea lth physicist that was 
assigned to the site during the later years, two he alth physicists that 
have conducted environmental monitoring at the site , the principal test 
supervisor, two test foremen, and two test technici ans. Data was also 
obtained from environmental monitoring reports.  
RESULTS OF THE HISTORICAL RESEARCH 
The DUSA is located on the southeast end of the Tra nsonic Range and was 
used for DU testing from 1973 through 1979. Testing  consisted of gun 
launching DU penetrators from two locations (next t o Target Storage) at 
targets mounted adjacent to the X-ray units to the south (see Fig. 2). 
Stripper /deflector plates located in between the l aunch or shooting 
location were designed to strip or deflect the sabo t away from the 
penetrator while in flight to the target. Penetrato rs were either 
completely stopped in the target or penetrated (eit her partially or 
completely) the target and impacted into a backstop  located a short 
distance behind the targets. As a result of the tes ting, most of the DU 
melted into the target and backstops, however some DU fell onto the soils 
around the targets or was scattered into the surrou nding area. Test 
technicians wore protective clothing and dosimetry while in the test area 
and monitored activities for radiation. Except for shot target and other 
designated contaminated materials, most radioactive  wastes were handled 
through established radwaste disposal channels. Sho t target and other 
designated materials were stored onsite in a wooded  area located to the 
east of impact area. The shot target and other desi gnated materials have 
been remediated, recycled and or disposed in an app roved disposal site. 
Fig. 2 
After testing ceased the ARL health physicist condu cted an initial site 
cleanup to reduce the radioactive waste inventory a nd to allow other non-
radiological testing to be conducted at the site. T his effort included 
removing shot target and other materials from the s torage area and 
surveying and removing contaminated soil, sand or o ther materials. The 
health physicist estimated that approximately 12 ac res should be 
considered suspect areas (see Fig. 3). Figure 4 sho ws the suspect area 
and the site divided into 200 by 200 foot grid. 
Fig. 3 
Fig. 4 
ARL conducted soil sampling from 1973 to 1978, and again in 1991 as part 
of their environmental monitoring program. Analytic al results for soil 
samples collected from several areas around the rad ioactive waste storage 
area and behind the backstops showed levels in exce ss of the release 
criteria for unrestricted use of 35 pCi/g (3). Most  of the soil 
contamination was found in storage area which has b een posted as a 
Radioactive Materials Area. Of the 165 soil samples  collected from this 
area, 37 were greater than the 35 pCi/g limit. Conc entrations ranged from 
background to 520 pCi/g.  
The areas behind the backstops showed soil concentr ations below the limit 
for free release with few exceptions. Soil samples collected in and 
around remaining site structures were below the rel ease limit.  
Further information was obtained from site visits.  
Site Description 



Figure 3 shows site details collected from Geograph ical Information 
System (GIS), interviews with range personnel and s ite visits. The 12 
acre site contains the items in Table I. 
Table I 
Each of the structures known as X-ray 1 and 2 conta in X-ray equipment 
mounted in U.S. Army equipment trailers. The traile rs are surrounded by 
plate steel, ranging from two to four inches thick.  The floors are 
gravel. 
Test program material was stored in a Security Cont ainer.  The original 
security container was moved to a location west of the Transonic Range 
Building (740 C) and replaced with a newer containe r. The replacement 
Security Container has been classed as an unaffecte d structure. 
The Backstops, Stripper Plates and Target Supports are not thought to be 
contaminated; however, site work will involve scopi ng surveys to 
characterize them. The Catch basin for the Transoni c Range will be 
reviewed and likely classed as an unaffected struct ure. Interviews with 
range personnel indicate that DU penetrators were n ot directed at this 
backstop.  
The east side of the site was stabilized over seven  years ago when a 
layer of landscaping plastic was laid along the eas t road of the site 
from 740 A7 to the tree line to the east, to the Bo mb Safe to the north, 
and to the path for X-ray 1 to the west. A 4 to 8 i nch layer of gravel 
was laid over the plastic.   
Also about 7 years ago, the swampy area to the nort h of the firing 
positions was covered with 2 to 4 feet of soil to a llow guns to be moved 
further away from the targets. 
PROJECT WORK PLAN 
As a result of the interviews and the site visits, the work required for 
the characterization was broken into six tasks. The  tasks were as 
follows:  
  Conduct surface sweeps for UXO using visual techn iques and magnetometry  
  Conduct radiation surveys using walkover techniqu es of the 12-acre site  
  Conduct a geophysical survey for buried ferrous a nd non ferrous objects 
using EM 61  
  Conduct radiation surveys of affected structures  
  Conduct targeted soil sampling to compare with th e survey results  
  Develop recommendations for site cleanup if neces sary  
These six tasks not only formed the basis of the wo rkplan, they were also 
used to scope the hazards analysis in the site heal th and safety plan. 
Individual procedures were developed for each of th e tasks.  
QUALITY ASSURANCE PROJECT PLAN 
A quality assurance project plan (QAPP) was develop ed to ensure that the 
data from the surveys was adequate to meet the goal s of the data 
objectives. The plan was developed according to the  guidance from EPA 
Region III and QAMS 005 (4). Specific objectives ar e to be met by data 
collected during the characterization are summarize d below: 
  Determine where radiological contamination of soi ls and structures 
exists at DUSA above NRC release criteria.  
  Acquire data to be used by the APG Health Physics  Office to determine 
where remediation is required. 
  Integrate data into a comprehensive GIS database which may be used to 
facilitate the feasibility study and license termin ation. 
  Determine the volume of soil requiring remediatio n. 



  Determine the extent of structure contamination a nd, if contaminated, 
determine possible remediation strategies. 
The plan cross referenced to the task procedures. 
SITE HAZARD IDENTIFICATION AND ASSESSMENT 
The Health and Safety Plan (HASP) was developed to address each type of 
hazard anticipated for each task of the project. So me of the hazards are 
seasonal related. Examples of seasonal hazards incl ude heat stress, 
insect bites and stings, and animal encounters duri ng the late spring, 
summer and fall and cold stress during the winter. Of particular concern 
was the potential for deer tick bites and possible development of Lyme 
disease. The other hazards include exposure to ioni zing radiation, 
detonation of UXO, straying into an impact area dur ing testing and 
tripping, cuts, and falling hazards.  
The principal hazards at the DUSA site during the w inter of 1996 included 
accidental detonation of UXO, cold stress, exposure  to radioactive 
material, and physical hazards associated with fiel d activities (such as 
tripping, falling, and cuts). The major radiation c ontaminants known to 
be on site include uranium isotopes and their proge ny. The radionuclides 
of concern include U-234, U-235 and U-238.  
Radioactive materials represent an external and an internal exposure 
potential while conducting site work. Inhalation, i ngestion, and dermal 
contact hazards may exist. Due to past activities, the DUSA has the 
potential of having radiological contamination pres ent. The HASP 
recommended general radiation surveys of the site d uring initial sweeps 
for UXO and monitoring personnel for contamination whenever personnel 
left the site or handled objects located within DUS A. Equipment that may 
have been used at other radiological sites was give n a baseline frisk to 
compare with subsequent frisk results in order to d etermine whether 
contamination of the pieces has occurred.   
A variety of ordnance types were expected in the DU SA. The DUSA was a 
known impact area for DU and kinetic energy penetra tors as well as 
projectiles containing high explosives. In addition , DUSA is bounded by 
active ranges on three sides. 
The exposure hazard associated with UXO items is re lated to unexpected 
disturbance causing leakage of contents or detonati on. Hazards include 
possible explosion and leakage of explosive chemica ls near the point of 
UXO discovery. 
Hazards from UXO were minimized by practicing avoid ance of uncleared 
areas until the completion of magnetometry surveys,  and then conducting a 
magnetometry survey wherever intrusive field work w as to be conducted 
(i.e., placing grid markers for survey reference, a nd soil sampling). 
Other UXO and hazards of straying into impact areas  was minimized by 
establishing the site grid, clearing the site of UX O and cautioning 
workers to stay within the DUSA and to maintain rad io contact with the 
U.S. Army Test Center's Range Control.  
DUSA Physical Hazards 
Physical hazards associated with the DUSA character ization activities 
included light equipment operation (e.g. generators , etc.), traversing 
undeveloped areas, adverse weather conditions, poss ible wildlife 
encounters and water hazards in marshes and creeks.   Mitigation measures 
included safe field practices; safe lifting techniq ues; and adhering to 
approved plans, SOPs, and manufacturer's specificat ions for equipment. 
RESULTS and DISCUSSION 
Surface Survey for UXO and Site Preparation 



The 12-acre site and adjoining ranges have been use d to test projectiles 
containing DU, high explosives and other material t herefore, the 
potential for UXO encounters existed. Prior to work ing the site, a UXO 
survey for surface ordnance was conducted using han d held magnetometry 
instruments. The U.S. Army Technical Escort detachm ent was contacted to 
render UXO items safe. Because the radiological his tory of the site was 
uncertain, a health physicist accompanied the UXO t eam while the UXO 
survey was conducted to ensure that workers did not  encounter high 
radiation or contamination levels. 
The duration required to conduct the survey for sur face UXO doubled after 
finding numerous UXO in the first two days. The UXO  survey proceeded as 
follows: a geophysical survey of the site was condu cted to establish a 
200 by 200 foot grid of the 12 acre site, once the grid was completed, 
one UXO expert marked lanes and directed the team t hat walked parallel 
lanes a distance equal to the swing of the magnetom eter. Contacts were 
flagged and later investigated for ordnance.   
The geophysical survey established the boundary for  the surface UXO 
survey, radiation survey and the electromagnetic su rvey. A total of 24 
grid points were placed at 200-foot by 200-foot int ervals throughout the 
12-acre site. Originally, the reference grid was to  be established after 
the site was cleared of UXO, however because of the  number of UXO 
discovered by the second day of site work, it was n ecessary to establish 
the grid earlier in order to conduct the surface sw eep in an efficient 
manner. For the survey, stakes were driven at each node after the UXO 
contractor verified that the stake would not impact  underlying UXO.  
Physical stake locations were needed as reference p oints during the 
radiation and electromagnetic surveys and to accura tely determine the 
extent of remediation.   
During the surface survey for UXO, the team determi ned if the UXO 
contained explosive material and whether the item w as fused and armed. 
Scrap and nonhazardous UXO were removed to a centra l location for 
official verification by the government. Hazardous UXO were cataloged and 
recorded on a site map. UXO that were too hazardous  to move were 
designated for field disposal. Those UXO requiring field disposal were 
surveyed for radiation as well as the general area around the item to 
ensure that detonation of of the UXO would not disp erse DU into the 
surrounding area. A total of 121 UXO items were fou nd during the surface 
survey. Table II has a listing of the UXO items by type. As the listing 
shows, approximately two thirds of the items were 1 05 and 155 mm 
projectiles and almost half of the items contained high explosives.  
Table II 
Table III lists the UXO items found by survey grid.  A total of 33 UXO was 
found behind the Transonic Range Catch basin (grid ref. A2), the next 
highest was 13 UXO found in grid A3.  
Table III 
Once the survey determined that surface UXO was no longer a concern, site 
clearance began. Clearing consisted of moving non e ssential surface 
objects, scrap metal, materials and equipment, wood  articles and debris 
so that the site could be effectively characterized . Surface objects pose 
a hindrance to the radiation survey and interfere w ith the EM-61 survey. 
This required moving fallen logs, partially buried debris and other 
material out of the survey area. It was also necess ary to cut foliage as 
close as possible to the ground via brush hog in or der to minimize the 
radiation detector soil distance. 



Radiation and Electromagnetic Surveys 
At the time of writing, the radiological characteri zation of buildings, 
soils and soil samples for DU contamination had not  begun.  Preliminary 
surveys of the site showed no removable contaminati on above background. 
However, contamination was found in several areas o f the site including 
the asphalt pad leading to the radioactive material s storage area, as 
well as several pieces of debris discovered during site clearing. 
Radiation surveys showed levels between 0.15 to 0.2 0 Sv/h (15 to 20 mR/h) 
south of the backstops to 0.15 Sv/h (15 mR/h) from the backstops to the 
X-ray buildings and 0.05 to 0.1 Sv/h (5 to 10 mR/h ) from the X-ray 
buildings north.  
The characterization surveys of the site are to be conducted at 
approximate intervals of 18 inches apart with a fie ld tested gas 
proportional counter. Data regarding count rate and  location on site will 
be communicated to an on-site computer to plot coun t rate from the 
detector in the x and y direction.  Once this surve y is complete, biased 
soil sampling will be used to verify isoconcentrati ons from the site 
survey. 
An electromagnetic radiation survey for submerged i tems and other 
materials that had been inadvertently left on site below the surface will 
be conducted after the radiation survey. The method  of choice to detect 
submerged ferrous and non ferrous objects is EM-61.  Originally the EM-61 
survey was to be conducted in a manner similar to t he radiation survey, 
that is the transmitter and receiver mounted on a c art that is 
pushed/pulled along survey lanes. However, there we re risks identified 
during the surface UXO sweep from a device that tra nsmits an 
electromagnetic signal in an area where proximity f used munitions may be 
present. The concern for proximity fused munitions is that the 
electromagnetic device may induce an electrical cur rent sufficient to 
detonate the munition. Two proximity fused UXO were  found at DUSA and for 
this reason the EM-61 survey will be conducted only  in areas where 
radioactive contamination will be confirmed during radiation surveys and 
will be conducted using robotic tracked vehicle. Th e EM-61 survey will be 
conducted remotely at a distance of 345 meters to p rotect the operator 
from the effects of inadvertently detonating a subs urface UXO that 
contained a proximity fuse. 
CONCLUSIONS 
Although the full extent of contamination and the n umber of subsurface 
items is unknown at this time, there are several co nclusions that can be 
made. 
Based on general radiation levels, the areas design ated as A2, B1, B2, C1 
and C2 may require remediation. Levels varied from 0.15 to 0.20 Sv/h (15 
to 20 mR/h) with peak values of 0.5 Sv/h (50 mR/h).  Also based on general 
radiation levels the existing structures do not app ear to be 
contaminated. The levels of DU contamination are le ss than those 
requiring personnel monitoring, but appear to be gr eater than the release 
criteria in Ref. 3 for some areas and therefore wil l require remediation. 
At this time, the most significant hazard is encoun tering UXO. The 
density may be 10 UXO per acre. 
The need to perform a systematic, well-defined radi ological 
characterization of the DUSA is found in NRC's BTP (1).  According to the 
BTP, licensee sites which are no longer used to con duct licensed 
activities should be remediated to unrestricted use  levels within two 
years of last licensed activity to preclude migrati on of the 



radioactivity. Thus, the site should be characteriz ed, remediated and 
released for unrestricted use as within the time fr ame negotiated with 
the NRC.  
The guidelines in Ref. 5 should be followed. The si te history proved an 
invaluable in particular when developing the data q uality objectives and 
the health and safety plans. The risk from proximit y fused munitions was 
unknown at the beginning of the project but persist ence and conservative 
posture regarding this risk reduced the likelihood that individuals would 
be harmed. 
Weather conditions and seasonal variations should b e considered in 
planning for radiological characterizations of wood ed/swampy areas. 
Timing enabled characterization during the winter m onths which enabled 
visualization of site hazards (i.e., UXO) much easi er as well as site 
clearing. The winter characterization allowed the t eam to work unhindered 
by dear ticks, insects and snakes. It also allowed work to progress with 
minimal impact to the environment. 
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ABSTRACT  
The Department of Energy recently completed a "heav y metals in soils" 
treatability project which resulted in the evaluati on of several 
different physical separation technologies. One of these was the air 
classification technology developed by industry and  refined by the U. S. 
Naval Academy. The purpose of this paper is to shar e the results of a 
field demonstration using this new remediation tech nology for mixed waste 
products (i.e., soil containing both radioactive an d RCRA-regulated 
materials) at a Department of Defense facility.  
BACKGROUND 
Naval Surface Warfare Center, Dahlgren Division (NS WC-DD), is located 
east of Dahlgren, Virginia, on the western shore of  the Potomac River. 
Since 1918, NSWC's primary mission has been Naval o rdnance testing and 



development, which continues today. Currently, NSWC -DD is preparing to 
dispose of mixed waste products from two sites at i ts facility. One site 
is an outdoor sand butt which, as described by Hall iburton (1), consists 
of approximately 13,000 cubic feet of sand enclosed  in a large 
rectangular steel box with a single vertical open f ace (Fig. 1.) The 
dimensions of this enclosure are 24' x 50' x 15' (w  x l x h). The back 
half of the enclosure is completely filled with san d which slopes forward 
from mid-length towards the open-face entrance. Pri or to July 1991, the 
butt was used for both depleted uranium (DU) and co nventional munitions 
testing. It is no longer in use because of concern over the level of 
contamination in the fill. 
The sand butt was designed so that the fired projec tiles would expend 
their energy in the sand. In addition to DU project iles, the sand fill 
contains projectile fragments and metal dust result ing from abrasion of 
the projectiles on impact. The specific activity of  the sand fill is 2.9 
nanocuries/gram (estimated) with a radiation dose r ate of (approximately) 
2.5 mrem/hr measured at one foot above the sand's s urface. In addition, 
the fill is known to contain at least eight RCRA-re gulated metals 
including lead, mercury, and silver. The concentrat ion of lead exceeds 
the "Maximum Concentration of Contaminants for Toxi city Characteristic" 
as per 40CFR261.24. As a result, the material in th e butt is classified 
as a mixed waste. 
Fig. 1 
PROJECT SCOPE 
The Department of Energy (DOE) recently completed a  "heavy metals in 
soils" treatability project which resulted in the e valuation of several 
different physical separation technologies (2). One  of these was the air 
classification technology developed by industry and  refined by the U. S. 
Naval Academy (USNA). Subsequently, a field demonst ration was arranged to 
assess the usefulness of this innovative technology  for remediating mixed 
waste products (i.e., soil containing both radioact ive and RCRA-regulated 
materials). Specifically, a limited quantity of con taminated soil from 
the outdoor DU sand butt at NSWC-DD was treated. EP A guidance for 
conducting treatability studies was followed (3). 
The principle objective of this field demonstration  was to evaluate the 
application of air classifier technology (ACT) in t he recovery of the 
depleted uranium (DU) fragments. Also to be evaluat ed was the 
effectiveness of this technology to concurrently re move certain RCRA-
regulated heavy metals; in this case, to reduce the  high concentration of 
lead in the sand fill. As a secondary objective, an  assessment of 
variations in certain system control parameters was  undertaken to improve 
the overall effectiveness of the technology for fut ure mixed-waste 
remediation efforts. Health, safety and industrial hygiene issues during 
equipment set-up, operation and disassembly were al so assessed to enhance 
future operations. 
AIR CLASSIFIER TECHNOLOGY DESCRIPTION 
Air classifier technology is a physical separation technique that uses a 
centrifugal force effect to achieve separation of p articulate matter by 
size and/or density. The particulate matter is fed into a separation 
chamber, wherein particles are imparted with a radi al velocity through 
the action of a centrifugal fan. Ideally, the large r and/or denser 
particles move more rapidly to the separation chamb er wall where they 
fall under gravity and are collected as coarse part icle discharge. 
Smaller, lighter particles are carried upward by a circulating column of 



air and collected in an outer chamber as fine parti cle discharge. Overall 
success of this demonstration was to be measured by  the fraction of 
contaminants that could be concentrated in either o f the two discharge 
streams. 
The test equipment used in the demonstration was a Gayco-Reliance air 
separator system. The system includes a feed unit a nd the air classifier 
unit as shown in Fig. 2. The automatic feed unit is  an Acrison model 105-
DD volumetric dry materials feeder. It features a u nique dissimilar-speed 
double concentric auger mechanism for accurate mete ring performance. The 
unit has a hopper with a capacity of 0.5 ft3 and it s feed rate is 
variable up to 2.4 ft3/hr. 
Fig. 2 
The classifier unit is mounted alongside and linked  to the feed unit by a 
feed tube. The 18"-diameter Gayco-Reliance centrifu gal air classifier 
includes both a main fan and a centrifugal fan moun ted on a common shaft 
(Fig. 3). The main fan develops a circulating air f low between the 
separation and outer chambers, while the centrifuga l fan imparts radial 
velocity to particles of matter as they enter the s eparation chamber. 
Approval was obtained from its manufacturer, the Un iversal Road Machinery 
Company, to replace its constant speed motor (1750 RPM) with a variable 
speed motor which can operate at speeds as high as 2500 RPM. Motor RPM 
and, thus, fan speed can be controlled by adjusting  a speed rheostat on 
the motor control box. Air circulation within the s eparation chamber can 
be controlled by adjusting the openings of the shut ter assembly.  
Fig. 3 
FIELD PROCEDURES 
The project was accomplished through the combined e fforts of USNA, NSWC-
DD, and Naval Facilities Command, Chesapeake Divisi on (CHESNAVFAC) 
personnel. USNA personnel had the responsibility fo r preparing the 
necessary field documents, procuring field equipmen t and supplies, 
performing process operations (i.e., sieving, dryin g, air classifying, 
etc.), equipment decontamination, and final report write-up. NSWC-DD 
personnel performed initial site set-up activities,  soil excavation and 
UXO monitoring, radioactivity airborne monitoring, sample measurements, 
final disposal of all waste generated by the proces s, in addition to 
supporting all field activities. The CHESNAVFAC per sonnel provided 
assistance in preparation of the field documents an d regulatory guidance. 
Initially, 18 ft3 (approximately 2500 lbs) was exca vated from the face of 
the sand fill and stored in plastic-lined container s for later 
processing. Three (approximate) 8-kg samples and th ree (approximate) 0.2-
kg samples were extracted from this initial site so il for field and 
laboratory analysis of radioactivity and lead (Pb) concentration levels. 
These measurements would serve as baseline data for  assessing air 
classifier effectiveness.  
Following site preparation and equipment setup, it was necessary to 
remove soil particles (and portions of projectiles)  greater than 2.00 mm 
to avoid jamming of the feeder. Initially, very lar ge projectile 
fragments (i.e. several inches long) were separated  from the excavated 
site soil by hand. Using a standard geotechnical si eve stack and shaker 
with a #10-size mesh screen, the initial site soil was then segregated 
into a coarse fraction (> 2.00 mm) and a fine fract ion ( 2.00 mm). As 
before, three 8-kg samples and three 0.2-kg samples  were collected from 
each fraction for subsequent radioactivity and lead -level analysis.  



A sufficient quantity of the fine-fraction material  was then processed in 
the air classifier system to obtain necessary coars e- and fine-discharge 
effluent samples. Prior demonstrations of the air c lassifier indicated 
that system performance may vary with the settings of certain system 
parameters -- most notably, feed rate and fan speed . Therefore, in this 
demonstration, feed rate and/or fan speed were vari ed to obtain different 
set points. Once again, three 8-kg samples and thre e 0.2-kg samples were 
collected from both discharge streams of each set f or subsequent 
radioactivity and lead-level measurements.  
The lab results of different fan/feed rate combinat ions were compared to 
determine their net effect on system performance an d to identify control 
values for optimal air classifier effectiveness.   
Following collection, each 8-kg sample was weighed and counted on-site 
for gamma activity using a sodium iodide (NaI) syst em to selectively 
measure DU gammas. These samples were then sent off -site and counted for 
DU gammas in a Marinelli beaker with NIST traceabil ity. The on-site 
counting gave a relative measure of each sample's a ctivity which was used 
to adjust parameters during testing. The off-site c ounting provided an 
absolute measurement of sample activity to compare the effectiveness of 
the ACT with possible regulatory standards. A mass balance was also 
performed on both the feed and effluent streams fro m the ACT. Finally, 
the 0.2-kg samples were used to assess lead and oth er heavy metal 
concentrations. 
Following completion of air classifier operations, all equipment was 
decontaminated as it was disassembled. All waste pr oducts were collected 
in drums for subsequent disposal and the site was r eturned, as best 
possible, to pre-demonstration conditions. 
Safety Precautions 
Numerous safety precautions were taken including tr aining in air 
classifier operations and hazardous waste handling and disposal 
procedures. A site-specific Standard Operating Proc edure (SOP) and Site 
Health and Safety Plan (SHASP) were initially devel oped to preclude the 
possibility of harm to personnel involved in the fi eld demonstration 
and/or in areas adjacent to the site, and to preven t any further 
contamination of the site and its surroundings whil e the demonstration 
was ongoing. The SHASP was forwarded for comment to  the USEPA and the 
State of Virginia Department of Waste Management. A ll personnel involved 
in the field demonstration were required to satisfy  the training 
requirements specified in the SHASP, including comp letion of an 
appropriate HAZWOPER safety training course and an on-site Hazard Control 
Briefing. In addition, all field workers underwent a uranium bioassay as 
well as a physical for respirator fitness. 
As shown in Fig. 4, a three-zone approach was used to control migration 
of contamination and to minimize the potential for personnel exposure. 
All sieving and process operations were performed i n a containment tent, 
the interior of which was the Exclusion Zone where the potential airborne 
DU hazard was greatest. The containment tent had di mensions of 142" x 98" 
x 96" (w x l x h). It was fabricated from PVC with the top half clear for 
personnel viewing of process operations. A Reduced Contamination Zone 
(RCZ) encompassed a protective shelter, an adjacent  container/sample 
storage area, the equipment and personnel decontami nation areas, the DU 
sand butt, and all immediately surrounding areas. T hese areas were known 
or anticipated to have limited DU contamination. Th e outermost Support 
Zone provided an additional buffer from the surroun dings. 



Fig. 4 
Radiation levels within the containment tent and th e adjacent areas of 
the RCZ were continually monitored for excessive le vels of airborne 
radioactive material and dust. Airborne radioactive  material levels were 
monitored by collecting particulate samples on filt er paper using a 
Staplex high-volume air sampler located inside the tent and three HD-732 
low-volume air samplers located outside the tent in  the RCZ. The filters 
were later analyzed for radioactivity using a Tenne lec alpha-beta 
counting system, i.e., a gas flow proportional coun ter. Airborne 
particulate monitoring was also accomplished by usi ng a MIE model RAM-1 
real-time aerosol monitor, located inside the conta inment tent.  
RESULTS 
In the field tests, the air classifier was operated  at three different 
set points with dried soil from the fine fraction o f the sieving process. 
These three points are denoted as follows: (1) LH -  for low feed rate 
(15% of maximum) and high fan-motor speed (2250 RPM ); (2) LM - for low 
feed rate and medium fan-motor speed (1750 RPM); an d, (3) VLH - for very 
low feed rate (10% of maximum) and high fan-motor s peed (2250 RPM). 
Several other set points were planned but not taken , because the field 
data indicated that these points would not improve the classifier's 
performance. The results obtained from these tests have been divided into 
the following four categories: mass and volume bala nce, field radiation 
analysis, absolute DU activity analysis, and the le ad analysis. 
Mass and Volume Balance 
The sieving process resulted in approximately 75% ( by volume) of the gun 
butt soil being collected as fine fraction and 25% as coarse fraction. No 
exact mass balance was made at this point of the st udy. It was later 
estimated that approximately 40% of the mass was co llected as coarse 
fraction since the density of the coarse fraction w as found to be greater 
than that of the fine fraction.  
Table I shows the percent effluent collected in eac h of the discharge 
streams for each of the three set points. The mass balance is expressed 
as percent of the total fine fraction processed (gi ven in parentheses) by 
the ACT. As can be seen, reducing the feed rate sig nificantly increased 
the percentage of mass collected in the fine efflue nt. Also, because the 
coarse effluent contained more DU than the fine eff luent, the LH and LM 
set points are considered to be impractical operati onal set points 
because of the small percentage of clean, fine effl uent they produce. 
Table I 
Field Radiation Analysis 
The average normalized radiation levels observed fo r the samples obtained 
by sieving are shown in Table II. The activity of t he gun butt soil has 
been arbitrarily assigned a value of unity. As can be derived from this 
table, the coarse fraction has an average radioacti vity level 
approximately six times that of the fine fraction.  
Table II 
The average normalized activity levels for samples collected from the ACT 
are shown in Table III for the VLH set point. For t hese results, the 
activity of the fine effluent has been arbitrarily assigned a value of 
unity.  As shown in this table, the coarse effluent  has an activity 
approximately 39% greater than that of the fine eff luent.  The fractional 
standard deviation presented is based on a statisti cal analysis of all 
collected samples at this set point. 
Table III 



Absolute DU Activity Analysis 
The absolute DU activity levels of the collected sa mples, expressed in 
units of pCi/kg, are shown in Table IV.  Also shown  are the ratios of 
each sample's absolute DU activity to the gun butt soil's absolute DU 
activity.  The results represent the average of all  collected samples 
within a group.  
Table IV  
This laboratory data shows the same qualitative res ults as obtained by 
the field radiation analysis; namely, that: 1) the fine sieved fraction 
is lower in activity than the gun butt soil and sig nificantly lower in 
activity than the sieved coarse fraction; and 2) th e fine ACT effluent is 
lower in activity than the coarse ACT effluent.  Ho wever, the activity 
levels of all samples were well above the 30-50 pCi /kg limit suggested by 
the USEPA for federal DU sites (4). Finally, it sho uld be noted that 
Table IV data show the fine and coarse ACT effluent s with a slightly 
higher activity than that of their feed (i.e., the fine sieved fraction).  
The authors believe that this result is due to natu ral variations in 
activity of the feed. The samples of fine sieve fra ction collected for 
analysis differed from the material actually proces sed to yield the ACT 
effluents. 
Lead Analysis 
Results from the lead analysis are shown in Table V  and represent the 
average of all samples collected within a group. Th e data expresses the 
lead concentration in units of mg/ l as well as a n ormalized value based 
on the level in the gun butt soil. As indicated, si eving the soil 
resulted in a significantly lower lead concentratio n in the fine sieved 
fraction compared to the site soil. Additionally, t he ACT process 
resulted in an even further reduction in lead conce ntration (in the fine 
effluent). The fine effluent samples had a lead con centration of 1.1 mg/l 
or approximately 3% of that found in the collected site soil samples.  
The remediation improvement in the lead concentrati ons, as compared to 
the DU, is believed to be due to either of the foll owing reasons: 1) 
there was a more favorable size distribution of lea d and soil particles 
than DU and soil particles; and/or, 2) there was le ss chemical bonding 
between lead and soil particles than between DU and  soil particles. 
Table V  
CONCLUSIONS 
A number of conclusions were drawn from these tests  and have been divided 
into the following two categories: technology evalu ation and health and 
safety assessments. 
Technology Evaluation 
1) Sieving the gun butt soil prior to use of the AC T appears to produce a 
significant concentration of DU activity (i.e. 75% of the activity into 
25% of the volume) into the coarse fraction and pro duces a substantially 
cleaner fine fraction compared to the unprocessed s oil (i.e., by a factor 
of 3). Thus, sieving alone could potentially result  in a substantial 
volume reduction of the soil that would need to be remediated. 
2) The ACT produces a coarse fraction with greater activity than the fine 
fraction and thus the ACT can be used to further re duce the activity of a 
portion the soil. However, the ACT technology did n ot reduce DU activity 
to a level which would meet currently proposed reme diation standards for 
federal agencies. 
3) The mass split in ACT between the coarse and fin e effluents is 
strongly affected by the soil feed rate and fan spe ed of the air 



classifier. Slowing the feed rate and increasing th e fan speed causes 
more soil to move into the fine effluent stream and  appears to improve 
the separation effect of the ACT. 
4) The ACT is easy to operate and maintain for reli able use in field 
conditions.  Once the soil is dried, sieved, and lo aded into a feeder, 
little further effort is needed to process the soil . The technology 
requires a level surface and a standard 110V power source.  
5) The ACT appears to provide a much greater separa tion effect for lead 
than DU. Perhaps even more significant, sieving was  found to reduce the 
lead concentration in the fine fraction by better t han 6:1 compared to 
the unprocessed site soil. 
Health and Safety Assessments 
1) There was little airborne dust generated by the air classifier 
operation. The most dominant source of airborne dus t was observed during 
the soil transfer operations between the containers , the sieves, the 
oven, and the feeder.   
2) The containment tent was very effective in preve nting dust from 
leaving the exclusion zone. No significant readings  were observed in any 
of the three air samplers employed in the RCZ (i.e. , outside the 
containment tent). 
3) No chemical reagents were required at any time i n the process and 
water was needed only during the decontamination an d clean-up operations. 
No equipment or surfaces were found to be contamina ted with high levels 
of radioactivity following the completion of the de monstration. 
4) Wetting the soil prior to its excavation from th e gun butt reduced the 
dust generated during that operation, but this nece ssitated drying the 
soil prior to sieving. 
RECOMMENDATIONS 
1) Since sieving alone appears to have strong poten tial for volume 
reduction, the effect of different sieve cut sizes should be investigated 
to determine if larger concentrations of activity a nd, possibly, improved 
volume reduction can be achieved. 
2) The air classifier should be equipped with a lar ger fan motor in order 
to operate the classifier at higher fan RPMs than p ossible with the 
current USNA system. The test data indicates that h igher fan RPMs may 
further improve the ACT's performance over what was  obtained during these 
tests. 
3)  Data should be collected at lower feed rates an d higher fan speed 
than achieved in this study. These adjustments shou ld increase the 
percentage of soil in the presumably cleaner fine e ffluent and, thus, 
increase the amount of soil cleansed by this proces s. 
4) ACT effectiveness of separating uranium from soi l may be improved with 
triboelectrification (5). The soil would first be t riboelectrified which 
would preferentially impart an electrical charge to  the contaminate. This 
soil would then be fed into the ACT where separatio n would be enhanced 
under the influence of an applied electric field. 
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ABSTRACT 
Microbes in the environments surrounding nuclear wa ste depositories pose 
several questions regarding the protection of the s urrounding 
communities. Microbes can facilitate microbially in fluenced corrosion 
(MIC), mobilize and facilitate the transport of nuc lides as well as 
produce gaseous emissions which can compromise cont ainment. We have 
developed an analysis of the extant microbiota that  is independent of 
quantitative recovery and subsequent growth, based on signature 
biomarkers analysis (SBA). Polar lipids exist in al l organisms that have 
intact cell membranes and intact cell membranes are  a requirement for 
life. Extraction and measurement of polar lipids in dicates the biomass of 



the microbes that are viable but may or may not be culturable. 
Phospholipid ester-linked fatty acids (PLFA) give a  measure of the 
microbial community containing intact membranes. Ph ospholipids are often 
transformed into diglycerides by endogenous phospho lipases in injured 
cells which retain for a time the characteristic si gnature profiles of 
the fatty acids and thus provide a measure of the v iable cells with 
intact membranes and recently non-viable (lysed) ce lls. The lipid 
patterns of PLFA and other lipid classes also refle ct exposures of the 
cells to nutritional imbalances, toxicity, and vari ous stresses thereby 
providing phenotypic insight into the condition of the community. The 
lipid extraction procedure also allows recovery of the cellular DNA for 
probing with or without enzymatic amplification tha t adds extraordinary 
specificity for analysis for specific organisms, gr oups of organisms or 
potential enzyme activities. Specific signature lip id patterns of PLFA, 
steroids, respiratory quinones and lipopolysacchari de hydroxy fatty acids 
of the lipid A of gram negative bacteria allow dete ction of many groups 
of microbes with a quantitative definition of the c ommunity composition. 
Utilizing the SBA it has been possible to show that  there are viable 
microbial communities in the host rock of potential  subsurface waste 
deposit sites like Yucca Mountain. Research has sho wn that the viable 
biomass, community composition and nutritional stat us of the extant 
microbial community shifts with contamination, poll ution, and 
disturbance. With SBA it has been possible to docum ent that MIC is 
related in time and space to the corrosion process and to define which 
microbial communities are most likely to facilitate  localized corrosion. 
Specific organism involved in uranium reduction can  be identified by SBA. 
With the insight gained with SBA, predictions of po tential effects 
microbial communities may have on the containment o f nuclear wastes can 
be made. 
INTRODUCTION 
Microbes tend to be ignored because they are diffic ult to study. The 
classical methods of isolation and culture of micro bes that are taught in 
most microbiology courses have been enormously succ essful in clinical 
medicine where isolation of specific pathogens esta blishes the diagnosis 
of disease and the in vitro sensitivities to antimi crobials can often 
predict the success of treatments. The obvious thin g to do was to apply 
the same methods to repository system to detect the  presence of microbes. 
Unfortunately often less than 1% of the microbes th at can be detected in 
stained microscopic preparations can be cultured. S taining microbes in 
environmental samples like soils can be difficult a s many are attached to 
soil granules and may be hidden. Agents that releas e attached microbes 
are often selective and do not release them quantit atively. The 
morphology of the microbes does not often reflect t he function or 
activity so very little insight into the community structure or 
nutritional status is possible. Measurements of met abolic processes are 
complicated by the facts that most microbes in the soil are inactive, but 
poised for activity when nutrients appear. Adding l abeled substrates to 
determine rates of metabolic activity induces major  disturbance artifacts 
giving much higher rates than actually exist in the  environment. This is 
possibly best exemplified in studies of the deep su bsurface microbiota 
where oxygen and inorganic carbon are found in grou ndwater with a ground 
water age of greater than 1.1 x 105 years. Measurem ents of metabolic 
activity based on isotope incorporation experiments  by the microbes in 
subsurface sediments were 103 to 106 times greater than the geochemical 



evidence would predict. The metabolic activities by  the subsurface 
microbiota indicate growth rates in centuries (27).   
METHOD 
A solution to the quantitative detection of microbe s in the environment 
of nuclear storage is in signature biomarker analys is (SBA). We have 
concentrated on the analysis of lipids (30). Every living cell is 
surrounded by a lipid membrane. These lipids are qu antitatively extracted 
from the microbiota in situ and analyzed using gas chromatography/mass 
spectrometry (GC/MS). Several unique classes of lip ids, including 
steroids, diglycerides, triglycerides, respiratory quinones, -
hydroxyalkanoate (PHA), phospholipid lipid fatty ac ids (PLFA), lipo-amino 
acids, plasmalogens, acyl ethers, sphingolipids, an d lipopolysaccharide 
hydroxy fatty acids can be used as signature lipid biomarkers to 
characterize microorganisms or communities of micro organisms. Recently 
the lipid extraction has been shown to yield DNA su itable for gene 
probing and enzymatic amplification (12). 
Phospholipids are one of the most important SBA cla sses, and are 
essential membrane components of living cells. Unli ke most other 
biomarkers, phospholipids are typically degraded wi thin hours following 
cell death. This rapid degradation of the phospholi pids establishes the 
PLFA as ideal biomarkers for viable cells, thus, th e quantification of 
total PLFA is an accurate measurement of living bio mass (2). Because 
different groups of microorganisms synthesize a var iety of PLFA through 
various biochemical pathways, the PLFA are effectiv e taxonomic markers 
and can be utilized to provide insight into the com munity composition. 
PLFA analysis can provide insight into the phylogen etic relationships 
between organisms similar to phylogenetic analysis based on the sequence 
homology of 16S ribosomal RNA (8,15). Knowledge of specific lipid 
biosynthetic pathways can provide insight into the nutritional status of 
the microbial community as certain fatty acids, suc h as trans and 
cyclopropyl fatty acids, provide an indications of environmental stress. 
Other components indicate unbalanced growth where c arbon sources and 
terminal electron acceptors abound but a critical n utrient prevents cell 
division but not growth or bioavaiable phosphate is  insufficient (31). 
The redox level of the microbiota can be determined  in situ by shifts in 
the composition of lipids in specific indicator mic robes. The signature 
lipid biomarker techniques have been successfully a pplied to subsurface 
materials (33). 
Fig. 1 
RECOVERY OF MICROBES FROM SUBSURFACE  
The detection of microbes from deep subsurface sedi ments that are 
possible repositories for nuclear materials require s convincing evidence 
that the samples recovered from drilling operations  were not contaminated 
by the make-up water, drilling muds, or in handling . Signature lipid 
biomarker analysis has shown that the viable biomas s, community 
composition, and nutritional/physiological status o f the microbial 
communities recovered with strict sampling guidelin es (3,26) were 
distinctive enough to assure that microbes in the p ared cores were from 
the extant microbiota (17). 
DETECTION OF IN SITU MICROBIAL COMMUNITY ACTIVITY  
We have ample evidence that the subsurface microbia l community responds 
rapidly to changing conditions and is thus metaboli cally active. 
Pollution readily induces shifts in the viable biom ass, community 
composition, and nutritional status of subsurface m icrobial community 



with an increase in viable biomass and increased pr oportions of PLFA 
characteristic of gram-negative heterotrophs (29). Increases in the type 
II methane-oxidizing bacteria were detected in soil  columns gassed with 
methane and air (23). Addition of different fatty a cid substrates to 
anaerobic sediment cores induced marked and expecte d changes in the 
bacterial community structure (25). Subsurface sedi ments perfused with 
methane, propane, air show shifts in community stru cture that correlate 
with trichloroethylene (TCE) biodegradation (4,28).  Active biodegradation 
of petroleum hydrocarbons in subsurface sediments r esults in increases in 
viable biomass, shifts to aerobic heterotrophic bac terial PLFA, decrease 
in biomarkers indicative of stationary phase growth , decrease in PHA/PLFA 
ratio, and increases in the proportion of benzoquin one respiratory 
quinones indicative of aerobic electron transport a ctivity (28). The 
nutritional status of microbial consortia actively degrading petroleum 
differs markedly from the organisms fortuitously de grading TCE in that 
effective TCE biodegradation is correlated with a b uild-up of reducing 
power indicated by a high PHA/PLFA ratio (23). Clea rly the subsurface 
microbiota responds to shifts in the environment. U npublished experiments 
from the Savannah River in situ TCE biodegradation demonstration showed 
that the changes detected in the recovered sediment s were reflected in 
the ground water microbes collected as membrane fil ter retentates. The 
recovery of specific gene probes for methane monoox ygenase and the 
signature PLFA of the methane-oxidizing bacteria co rrelated well. 
Bacterial PHA and microeucaryotic triglyceride (6) are endogenous storage 
lipids. The relative amounts of these compounds com pared to the PLFA, 
provides a measure of the nutritional status of spe cific components of 
the microbial community. Many bacteria form PHA und er conditions of 
unbalanced growth such as when a carbon source and terminal electron 
acceptor(s) are present but cell division is limite d by the lack of some 
essential nutrient (5,24). The determination of the  ratio of PHA/PLFA has 
proved useful in monitoring the effectiveness of bi oremediation in the 
subsurface--effective biodegradation of petroleum h ydrocarbons correlates 
with a low ratio of PHA/PLFA (28) whereas the fortu itous metabolism of 
trichloroethylene correlates with a high ratio of P HA/PLFA (23,4). 
Specific ratios of PLFA acids have been shown to co rrelate with 
physiological stress (7). Exposure to toxic environ ments can lead to 
minicell formation and a relative increase in PLFA specific to the 
exposures. For example, increased conversion from c is to trans PLFA 
occurs in Pseudomonas species with exposure to high er concentrations of 
phenol in the absence of bacterial growth (11). Pro longed exposure to 
conditions inducing stationary growth phase induce the formation of 
cyclopropane PLFA (7). The respiratory quinones, th e detection of 
plasmalogen lipids and other biomarkers can be util ized to indicate the 
degree of microbial aerobic activity (10,31). Envir onments with high 
potential terminal electron acceptors (oxygen, nitr ate) induce the 
formation of benzoquinones in bacteria in contrast to microbes respiring 
on organic substrates which form naphthoquinones. T here are other lipid 
biomarkers such as lipid amino acids liberated afte r hydrolysis of the 
lipids can yield further insights into the conditio ns of the subsurface 
microbial microniches (31). 
POTENTIAL FOR MICROBIAL INFLUENCED CORROSION  
The application of SBA lipid technology to subsurfa ce sediments recovered 
with the quality assurance that the communities sam pled represent the 
extant microbiota clearly show the presence of a di verse and viable 



microbiota that responds to geochemical and hydrolo gic gradients. The 
metabolic activities of bacteria found in the subsu rface can produce 
significant risks to the containment of nuclear was te over extended 
periods of time. Microbes are associated with pitti ng corrosion (14). The 
ready destruction of concrete sewers by Thiobacilli  (13) or buried gas 
transmission pipelines by acetogens (27) attest to the destructive power 
microbes. Microbially influenced corrosion (MIC) po ses potentially 
serious problems in the maintenance of containment barriers (18). 
Microbes have been shown to particularly attack wel dments (20) and are 
quite capable of localized MIC on "noble" substrata  such as stainless 
steel (1). Because of these microbial potentials, i t becomes necessary 
that a thorough understanding of the extant subsurf ace microbiota be 
known prior to the deposition of nuclear wastes.  
TRANSPORT  
Microbes have considerably higher hydraulic transmi ssivity than 
conservative tracers like Bromine (16). Microbes re adily bind nuclides 
(21) and can thus transport nuclides very effective ly. SBA of lipids has 
shown that subsurface microbial communities can res pond to differences in 
the hydraulic conditions. The viable microbial biom ass, based on total 
extractable PLFA, decreases with depth in sediments  from the arid 
northwest. This viable biomass decrease with depth is slightly less 
pronounced in areas where there is a high recharge rate. An analysis of 
microbial community composition throughout the test ed depth interval 
shows that PLFA indicative of Actinomycetes, in par ticular 
tuberculostearic acid (10me18:0), continue to repre sent a constant or 
increasing percentage of the total in the area of h igh recharge which was 
in sharp contrast to the decrease in percentage of these PLFA in the area 
of low recharge (33).  
POTENTIAL EFFECTS 
Microbial contamination and metabolic activity in t he subsurface if 
controlled and monitored not be a major threat to t he containment of 
buried nuclear waste. Microbes have a remarkable ca pacity to immobilize 
nuclides through the formation of insoluble compoun ds (19). Bacterial 
metabolic activities may have been responsible for the original 
concentration of uranium nuclides in sedimentary de posits and for their 
containment over the past billions of years at site s like Cigar Lake, 
Saskatchewan or in fission products like those at O klo, South Africa. 
ORGANISMS AT PROPOSED SITES (YUCCA) 
Application of SBA lipids to potential sites has sh own that microbes are 
present in the uncontaminated volcanic tuft of the Yucca Mountain, NV 
site. Concentrations recovered from the aseptic (in  so far as possible) 
carefully prepared sites show bacteria in concentra tions equivalent to 
102-104/gm. Some are cuturable and show diversity a nd heterogeneity in 
their distribution (9). There are large amounts of as yet uncharacterized 
glycolipids and terminally branched saturated PLFA characteristic of 
gram-positive bacteria. No samples have been assess ed after the tunnel 
preparation which would be expected to increase the  diversity, activity 
and biomass of the microbes. Simply aseptically gri nding the tuft in the 
absence of any added nutrients or water significant ly stimulates 
microbial growth and activity (P. Amy and D. Haldem an personal 
communication).  
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ABSTRACT 
Atomic Energy of Canada Limited is developing a con cept for the disposal 
of nuclear fuel waste in an engineered vault 500 to  1000 m deep in 
plutonic rock of the Canadian Shield. The concept i s based on a multi-
barrier system. The fuel waste, isolated in corrosi on-resistant 
containers, would be placed in disposal rooms and t he containers would be 
surrounded by compacted buffer material (50 wt.% so dium bentonite and 50 
wt.% silica sand). The rooms and connecting tunnels  would be backfilled 
with a mixture of 75 wt.% crushed and graded host r ock and 25 wt.% 
glacial lake clay. The final barrier would be the h ost plutonic rock 
surrounding the vault. 
The backfill clay would be mined locally. The refer ence clay, that 
exhibits the appropriate sealing properties, is Lak e Agassiz clay, 
deposited ~8,000 years ago. This clay contains 1 to  2% organic matter. 
The question this work addresses is "Is it possible  that microbes, 
naturally present in the clay and groundwater and i ntroduced during 
construction of a vault, could use this organic mat erial and generate gas 
that could affect the integrity of the backfill bar riers?". This paper 
describes how microbial gas production from natural  organic matter 
present in Lake Agassiz clay is being investigated.  The gases most likely 
produced are CH4, H2S and H2 because of the low red uction-oxidation 
potential expected with time in the backfill enviro nment. A methane 
production rate of 48 mg CH4/kg clay.d over 193 day s was observed in a 
Lake Agassiz clay/groundwater mixture. However, red ucing conditions were 
achieved using an addition of thioglycolic acid, an  O2-scavenger and an 
additional C source that may be easily-utilized by microbes. Thus, this 



methane production rate may not be applicable to a nuclear vault system, 
and is not even appropriate as an upper bound. 
INTRODUCTION 
Atomic Energy of Canada Limited is developing a con cept for the disposal 
of nuclear fuel waste in an engineered vault 500 to  1000 m deep in 
plutonic rock of the Canadian Shield (1). The conce pt is based on a 
multi-barrier system. The fuel waste, isolated in c orrosion-resistant 
titanium or copper containers, would be emplaced in  disposal rooms or in 
boreholes drilled in the floor of disposal rooms (2 , 3). The containers 
would be surrounded by compacted buffer material (5 0 wt.% sodium 
bentonite and 50 wt.% silica sand) that would swell  when saturated with 
groundwater (4) and ensure that transport of any co ntaminants was 
controlled by diffusion. After waste emplacement, t he rooms and 
connecting tunnels would be backfilled with a mixtu re of 75 wt.% crushed 
and graded host rock and 25 wt.% glacial lake clay.  The final barrier 
would be the host plutonic rock surrounding the vau lt (5). 
The backfill clay would be mined locally, and the b ackfill would be 
prepared on site in sufficient quantities to fill t he shaft and adjoining 
rooms. Since such an engineered facility would be l arge, some 9.6 million 
m3 of this material would be required (6). The refe rence backfill clay, 
that exhibits the appropriate sealing properties, i s Lake Agassiz clay, 
deposited some 8,000 years ago (7). This clay conta ins 1 to 2% organic 
matter (8). It is possible that microbes, naturally  present in the clay 
and groundwater and introduced during construction of a vault, could use 
this organic material and generate gas that could a ffect the integrity of 
the backfill barrier.  
The objective of the work presented here is to demo nstrate and test the 
techniques that would be used to measure microbial gas production from 
natural organic matter present in Lake Agassiz clay . The gases most 
likely produced are CH4, H2S and H2 because of the low reduction-
oxidation potential expected with time in the backf ill environment (3). 
Experimental results are presented and discussed fo r experimental systems 
containing deep crystalline rock groundwater, groun dwater and clay, and 
groundwater and backfill. 
METHODS AND MATERIALS 
Experimental Vessels 
A 2-L fermentation vessel capable of holding a larg e flooded backfill 
clay sample (0.6 kg dry wt.), including a headspace  for gas sampling, was 
used (Fig. 1). The vessel was fitted with probes th rough a septum in one 
of the headplate ports to continuously monitor the pH and Eh in the clay. 
Water samples could also be removed through this se ptum. Most gas samples 
were taken under vacuum through a Nupro valve attac hed to a second port. 
A pressure gauge was attached to measure headspace pressure. A strip-
paper anaerobic indicator was positioned in the hea dspace of the vessel 
to allow a visual check for anaerobic conditions. T he other ports were 
sealed to maintain an air-tight system.  
Fig. 1 
Materials 
Groundwater from AECL's Underground Research Labora tory (URL) northeast 
of Lac du Bonnet, Manitoba, Canada, was collected f rom a borehole (HG4-
4), intersecting a rock fracture zone identified as  Fracture Zone 2 
(FZ2), at a depth of 130 m (9). The properties of t he Lake Agassiz clay 
are reported elsewhere (10, 4, 8). Radio-carbon dat ing, performed during 
this study, showed the age of the organic matter in  the clay to be 23,950  



270 years, containing about 5%  0.2 of modern 14C. Total organic carbon 
of a clay sample, analyzed using the Walkley-Black method was 7.50 mg/g 
or 0.75% organic carbon. The total inorganic carbon  analyzed by 
combustion in a LECO furnace was 9.30 mg/g. The cla y was air-dried, 
ground and sieved through a 850-m screen. A 2:1 slu rry of groundwater 
(1230 mL) to clay (615 g) was poured into the ferme ntation vessel leaving 
a headspace of about 310 cm3. Before adding the gro undwater/clay slurry, 
the fermentation vessel and headplate with attached  probes were washed 
with alcohol. The slurry was left to settle, formin g a layer of "surface" 
water on top of the clay. The fermentation vessel w as wrapped with 
aluminum foil to prevent light infiltration and kep t at room temperature 
(221C) for 212 d. Thioglycolic acid (C2H3O2SNa, FW 114.1, 1.125 g), added 
to the vessel as an O2 scavenger, forced the system  to go anoxic after 32 
d.  
Sampling 
Gas samples, withdrawn through the septum using a 1 0 mL Gastight syringe 
under vacuum through a Nupro valve were analyzed wi th a VGMM8-80 Mass 
Spectrometer for CH4, O2, CO2, SO2 and H2S. Biologi cal Activity Reaction 
Tests (BARTs) for iron-related bacteria (IRB-BART),  sulphate-reducing 
bacteria (SRB-BARTTM) and slime-forming bacteria (S LYM-BARTTM) were 
scored, as recommended, on the groundwater before u se, and on the surface 
water and clay pore water at the end of selected ex periments. 
Microbe counts, using a modified epifluorescence mi croscopy counting 
procedure (9) were carried out in duplicate on samp les of the groundwater 
prior to mixing with the clay. A 5-mL sample of sur face water was 
withdrawn from the vessel during the course of the experiment for microbe 
counts. Final microbe counts were performed on the surface water and pore 
water extracted from the clay. 
Total water chemistry (anion/cation by Varian Spect rAA-400, DIONEX QIC 
Ion Chromatograph and ICPS, ARL-3560) and total ino rganic (TIC) and 
organic carbon (TOC) analyses (persulphate method, Astro 2001-MB) were 
performed on the groundwater prior to use.  
Dismantling of the Vessel 
At the conclusion of the experiment, the surface wa ter from the vessel 
was siphoned off and the clay removed at depths of 0-4.5, 4.5-9.0 and 
9.0-13.5 cm. The clay was placed into 50 mL vials a nd centrifuged at 1000 
rpm (Relative Centrifugal Force=251 m/s2) for 20 mi nutes, to yield the 
clay pore water. The clay adhering to the headplate  probes (which 
comprised a central plug) was scraped off and centr ifuged separately. 
Microbe counts were done on a 10-mL sample of the s urface water and on 
the pore waters with depth. Analyses for S (by titr ation of SO2 released 
during combustion in a LECO induction furnace), P ( colorimetrically after 
H2SO4/HF/HNO3/HCl digestion), and N (total Kjeldahl  nitrogen) (11) were 
performed on the clay from each of the sampled dept hs and adhering to the 
headplate probes. The remaining pore water was comb ined to provide 
sufficient volumes for BARTs, total inorganic and o rganic carbon, and 
total water chemistry analyses.  
RESULTS AND DISCUSSION 
Gas Analysis 
The results of the gas analyses from the first expe riment are shown in 
Table I.  
Table I 
Concentrations of H2 sampled from the headspace wer e low throughout the 
sampling period. Detectable amounts of CH4 were obs erved after only 7 



days of closure of the fermentation chamber, althou gh the oxygen levels 
were still high (Fig. 2) and the anaerobic strip pa per indicated the 
system still contained O2. The system went anoxic a fter 32 d, when 
analysis showed an order of magnitude drop in the O 2 concentrations 
(Table I, Fig. 2). The pH (~7.8) of the clay slurry  remained constant 
throughout the sampling period. A substantial incre ase in the amount of 
CH4 produced was observed after 50 d and peak CH4 p roduction rates of 
about 48 g CH4/kg clay.d were reached between 50 an d 81 d, whereafter it 
remained constant for another 100 d (Fig. 2). This CH4 production was 
offset, as expected, by a drop in the O2 levels in the system (Fig. 2). A 
slight drop in CH4 production was observed after 11 9 d when a pore-water 
sample was removed for microbial counts which intro duced air into the 
system (Table I). After 151 days the CH4 production  dropped to 28 g/kg 
clay.d (Fig. 2), possibly indicating the developmen t of less favorable 
conditions for methanogens. The gas composition thr oughout the experiment 
indicated that CH4 production was accompanied by CO 2 production, with a 
small drop in N2 (Table I). Results from further ex periments in which no 
thioglycolic acid was added, are in progress. 
Fig. 2 
Groundwater and Clay Analyses 
The clay of this experiment contained 7.5 mg/g orga nic carbon (i.e.,13.3 
mg/g organic matter) and 9.3 mg/g inorganic carbon.  The total inorganic 
carbon (TIC) in the surface water of the fermentati on vessel after 164 
days increased from 305 mg/L to 901 mg/L (the error  bars are standard 
deviations based on three replicate samples). The t otal organic carbon 
(TOC) increased from 0.40.02 mg/L to 45513 mg/L. Th e TIC increase is 
probably a result of the slow dissolution of the cl ay carbonate minerals 
in the groundwater. The TOC increase is partially d ue to the thioglycolic 
acid (187 mg C/L) and to the dissolution of organic s from the clay. The 
TOC of the clay accounted for 4600 mg C. Although m icrobe counts 
increased with time (13), microbial growth did not account for the 
increase in TOC (13). There was no consistent varia tion in the pore-water 
microbe counts with depth in the clay sediment and significantly more 
microbes were associated with the pore water and cl ay than with the 
surface water. 
Calculations show that microbial cells (105-107 cel ls/mL), assuming one 
cell contains between 10-13 to 10-15 g C, account f or a minimum of 0.1 g 
C/L and a maximum of 1 mg C/L. Calculations of limi ting nutrients in the 
system and populations of microbes that can be supp orted by these 
nutrients were carried out and are discussed elsewh ere (12, 13). 
Biological Activity Reaction Tests (BARTs) and Majo r Ion Analysis 
The BART tube tests on the initial groundwater indi cated a significant 
Fe-related bacteria (IRB) population with a very ag gressive slime-forming 
bacteria (SLYM) population and a small sulphate-red ucing bacteria (SRB) 
population (13). After 212 days, the SRB population  increased to 
significant levels in the surface water while the I RB population, 
associated with the pore water, was highly aggressi ve. The initial 
population supported by the IRB tubes was significa nt despite the 
concentration of Fe in the initial groundwater bein g very low at 0.043 mg 
Fe/L. However, the Fe and other dissolved ion conce ntrations in both the 
pore water and surface water increased substantiall y during the 
experiment, suggesting some dissolution of the clay . After 212 days, the 
concentration of Fe and other dissolved ions in the  surface apparently 
allowed the bacteria to become highly aggressive (1 3). 



Concentrations of total S increased dramatically fr om 13.7 mg S/L to 897 
mg S/L (surface water) and 1280 mg S/L (pore water) , presumably due to 
dissolution of gypsum in the clay, allowing the sul phate-reducing 
bacteria to increase. The concentration of P in the  groundwater was low 
enough to be considered a limiting nutrient to the microorganisms (13). 
However, there was probably sufficient P in the cla y for microbial 
growth. Nitrogen concentrations also increased slig htly in the pore 
water, however, N may still be a limiting factor fo r microbe growth in 
this experimental system. 
METHANE PRODUCTION 
Methane production rates of 48 g CH4/kg clay.d over  193 days of gas 
sampling gave a total CH4 production of 35 mg of CH 4. Using the ratio of 
C to CH4, shows that 20 mg of C were converted to C H4. The original 
groundwater contained 1.0 x 105 microbes/mL. Initia lly there were 1.2 x 
108 microbes in the system in the 1230 mL of ground water alone. Surface 
and pore water after some 200 days contained 6 to 1 2 x 106 microbes/mL, 
for a total of at least 7 x 109 microbes. Assuming the population 
increased at least two orders of magnitude, and ass uming 1013 to 1015 
microbes contain 1 g C, an insignificant amount of C (1 x 10-11 g) has 
been converted to microbial material. 
The addition of the thioglycolic acid may have prov ided the microbes with 
an additional source of C. The 1.12 g of thioglycol ic acid provided 0.27 
g of C, enough easily-utilized C to produce this am ount of CH4. Since 
there was enough thioglycolic acid alone to keep th is system running 
another two years, without having to use the perhap s more recalcitrant C 
of the groundwater or the clay, this system was sto pped. Other 
experiments show methane production in groundwater without the use of 
thioglycolic acid.  
Most likely there will be limiting nutrients (N and  P) for the CH4-
producing microbial population. Nitrogen has been f ound to be the most 
limiting nutrient in flooded soils (14). Oxidation of CH4 as it enters 
the biosphere (15) will also consume CH4 arising fr om depths. There are a 
number of additional factors that must be considere d such as the effect 
of pressure, temperature and radiation on microbial  populations within a 
nuclear fuel waste vault, the moisture content of t he buffer material 
(16, 9), the concentration of salt in the groundwat er, as well as the 
degree of fracturing in the bedrock and distance to  the surface. 
CONCLUSIONS 
We have discussed several techniques that were used  (and improved) 
throughout the course of a backfill gas production experiment. Methane 
was produced in a laboratory vessel containing Lake  Agassiz clay and 
granitic fracture zone water. A methane production rate of 48 mg CH4/kg 
clay.d over 193 days of gas sampling was reached. R educing conditions, 
however, were achieved using thioglycolic acid, an O2-scavenger and an 
additional C source that may be easily-utilized by microbes. Thus, this 
methane production rate may not be applicable to a nuclear vault system, 
and is not even appropriate as an upper bound. Calc ulations show N, P and 
perhaps even C in the groundwater/backfill may limi t microbial growth in 
a nuclear fuel waste vault.  
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MICROBIOLOGICALLY INFLUENCED CORROSION OF DISPOSAL CONTAINERS FOR 
RADIOACTIVE WASTES 
Brenda Little 
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Stennis Space Center, MS 39529-5004 
ABSTRACT  
Microbiologically influenced corrosion has been doc umented for all metals 
and alloys currently in use or proposed for packagi ng nuclear wastes, 
with the possible exception of titanium. Selection of a material that 
will provide a reliable physical barrier to prevent  leakage of 
radionuclides will depend on a thorough understandi ng of mechanisms for 
microbiologically influenced corrosion, the 
geological/microbiological/chemical environments of  storage sites and 
their evolution over time. 
INTRODUCTION 
Microbial biofilms develop on all surfaces in conta ct with aqueous 
environments. Biofilms composed of immobilized cell s embedded in an 
organic polymer matrix are absorptive and porous, a nd contain solutes, 
heavy metals, and inorganic particles, in addition to cellular 
constituents (1). Biofilm/surface interfacial chemi stry can be radically 
different from that of the bulk medium in terms of pH, dissolved oxygen, 
organic and inorganic species. Microbiologically in fluenced corrosion 
(MIC) is usually used to designate corrosion due to  the presence and 
activities of microorganisms within biofilms at met al surfaces. It is 
important to extend the definition to include corro sive microbial 
metabolites that may be produced in one location an d diffuse to a 
corrosion site. MIC is localized corrosion that res ults in pitting, 
selective leaching, crevice corrosion, under-deposi t corrosion and 
enhanced erosion corrosion. Microorganisms can acce lerate rates of 
partial reactions in corrosion processes and shift corrosion mechanisms. 
MIC of storage containers is a potential problem fo r safe disposal of 
nuclear wastes. Primary materials being considered for containment of 
high level nuclear waste in mined geological reposi tories are alloys of 
iron, nickel, copper and titanium. Iron and nickel are significant 
components of alloys being proposed for containment  of low- and 
intermediate-level nuclear waste in either shallow land burial or deep 
disposal. Aluminum and stainless steel alloys are c urrently used in the 
construction of pools and racks for storage of spen t nuclear fuels. 
Carbon steels have been used to contain nuclear was tes in marine 
sediments (2) and are being considered as suitable materials for the 
outer shell of a double shell storage container for  subsurface burial. 
With the exception of titanium, MIC has been docume nted for all metals 
and alloys under consideration. However, because of  a lack of information 
about subsurface/oligotrophic microbiology and the belief that g-
radiation from fuel within containers would effecti vely sterilize storage 
environments, recognition of potential problems has  been neglected. In 



this paper mechanisms and case histories for MIC wi ll be reviewed with 
particular attention to metals and alloys currently  in use or proposed 
for nuclear waste storage. 
Biofilm Formation 
Presence of water, availability of nutrients/energy  sources and tolerance 
of microorganisms to high temperature, ionizing rad iation and 
concentrated solutes will influence development of a substantial 
population of microorganisms on or around nuclear w aste storage 
containers. There is increasing evidence that micro organisms exist and 
flourish in unlikely environments, including radioa ctive and nutrient-
deficient waters and deep subsurface environments. Algae, fungi, yeasts 
and bacteria were found in water covering the damag ed reactor core at 
Three Mile Island (TMI) nuclear power plant (3). Ba cteria survived on 
carbon-rich hydraulic fluid leaked from tools durin g defueling after 
exposure to g-radiation doses of 10 Gy h-1 (4). Dos e rate around a 
nuclear waste storage container decreases with time  as waste decays and 
decreases with increasing distance because of atten uation in buffer 
material. 
Groundwaters in geological deposits are often salin e and typically 
contain 101 to 105 colony-forming units ml-1 (5). T hree significant 
biofilms containing bacteria have been identified a t the Underground 
Research Laboratory (URL) in the Archean Lac du Bon net Batholith in 
southeastern Manitoba: one at the drill hole draini ng through an 
underground structure (420 m depth), an extensive b iofilm covering walls 
kept wet by groundwater flowing from fractures and exposed to gaseous 
carbon and nitrogen-containing explosives (240 m de pth), and one found on 
the side of a large borehole (130 m depth) irrigate d by water from 
drilling operations. The indigenous microbial popul ation in the Canadian 
design disposal vault was relatively small (103 to 105 microbes cm-3) 
compared with surface waters (6). However, Stroes-G ascoyne (7) concluded 
that construction activity will introduce both micr oorganisms and 
nutrients. White et al. (8) found biochemical evide nce that bacterial 
populations equivalent to 107 bacteria gm-1 sedimen t existed at a depth 
of 410 m in the Bacatunn clay formation near Pensac ola, FL. Viable 
microorganisms were recovered in Nevada from ashfal l tuff in a mined 
tunnel 350-450 m below the surface and hundreds of meters above the 
regional water table. Microorganisms adhere to rock  surfaces and form 
complex, sessile biofilm populations that intervene  between rock and 
groundwater (9). In soils and on rock surfaces, mic roorganisms are 
generally not uniformly distributed but accumulate in discrete 
microcolonies attached to particle surfaces to form  a system composed of 
more or less discontinuous colonies, each in its ow n microhabitat (10). 
In natural oligotrophic environments the formation of biofilms is a 
survival strategy for bacterial communities. Little  et al. (11) reviewed 
factors influencing adhesion of microorganisms to s ubstrata. Roughness 
and surface chemistry of the substratum play a majo r role in biofilm 
processes during early stages of biofilm accumulati on and may influence 
rate of cell accumulation and distribution in aquat ic environments. 
Electrolyte concentration, pH and inorganic ions in fluence settlement. 
Hydrated oxide and hydroxide passivating films on m etal surfaces provide 
bacteria with sites for firm attachment. Similarly,  spalling or sloughing 
of corrosion products forces detachment of biofilms  associated with 
corrosion products. Carbon is not always the growth  limiting nutrient for 
microorganisms. Phosphorus and nitrogen may be limi ting in some systems. 



Wilkinson (12) found that, when the concentration o f nitrogen in a growth 
medium was gradually lowered until it became limiti ng with C/N ratios in 
the range 7-10, cells growing in such a medium tend ed to reproduce slowly 
and produced copious amounts of extracellular polym er. Hydrodynamic shear 
stress, related to flow, influences transport, tran sfer and reaction 
rates within biofilms, as well as detachment. Tempe rature influences the 
rate of most chemical and biochemical reactions as well as transport 
processes within the biofilm. 
In several proposed storage concepts, used nuclear fuel would be 
encapsulated in a metal container and buried in an underground disposal 
site located 500 to 1000 m subsurface. Containers w ould be surrounded by 
a compacted mixture of silica sand and sodium bento nite, known as buffer 
material. Safety is based on a series of barriers d esigned to prevent or 
delay toxic radionuclide species from coming into c ontact with man. The 
only absolute barrier in the system is the containe r. All other barriers 
are porous. Sodium bentonite is a cation-exchanging  smectite clay mineral 
that swells upon contact with water. Mass transport  through the buffer is 
expected to occur only by diffusion. Remaining void  spaces will be air-
filled, and entrapped oxygen will be the major sour ce of oxidants. 
Depending upon specific disposal design, containers  will be embedded in 
buffer material in either excavated rooms or boreho les filled with clay, 
crushed rock, and/or concrete. The next barrier in the system is 500 to 
1000 m of granitic rock,clay, salt, limestone, iron  ore, gypsum, bitumen, 
ash or soil. 
Storage environments in geological repositories and  their microflora will 
change with time. Initially, conditions will be hot  and oxidizing as 
radioactive decay of fuel produces heat and g-radia tion. Initial storage 
environments will be radioactive, hot, dry and nutr ient deficient. 
Combined effects of elevated temperature, g-radiati on and desiccation of 
the buffer material will severely limit the extent of microbial activity 
close to the container and might result in an abiot ic zone 40 cm into the 
compacted buffer material (13). As fuel decays and trapped oxygen is 
consumed, conditions are expected to become cool an d anoxic. As the 
container surface temperature decreases, the buffer  material will become 
fully saturated with ground water. Length of the re saturation period 
could be several to several thousand years. Microbi al transport and 
growth during resaturation will be limited because of spatial 
restrictions within the buffer material (mean pore size 0.1 to 0.5 m), 
absence of large amounts of unbound water and avail ability of nutrients. 
MECHANISMS FOR MICROBIOLOGICALLY INFLUENCED CORROSION 
Concentration Cells 
The physical presence of microbial cell surfaces, i n addition to their 
metabolic activities, modifies electrochemical proc esses. Adsorbed cells 
grow, reproduce and form colonies that are physical  anomalies, resulting 
in local anodes and cathodes and formation of diffe rential aeration 
cells. Under aerobic conditions, areas under respir ing colonies become 
anodic and surrounding areas become cathodic. The a nodic reaction will be 
metal dissolution and the cathodic reaction will be  oxygen reduction. 
Mature biofilms prevent diffusion of oxygen to cath odic sites and 
diffusion of aggressive anions, such as chloride, t o anodic sites. 
Outward diffusion of metabolites and corrosion prod ucts is also impeded. 
If areas within the biofilm become anaerobic, i.e.,  if the aerobic 
respiration rate within the biofilm is greater than  the oxygen diffusion 



rate, cathodic reactions can include reduction of w ater molecules, 
hydrogen ions, hydrogen sulfides or hydrated metal ions. 
Reactions Within Biofilms 
It is traditional to discuss microorganisms within biofilms as aerobic or 
anaerobic and as individual species. However, micro organisms form 
synergistic communities that conduct combined proce sses that individual 
species cannot. Cell death or lysis within a well-d eveloped biofilm does 
not necessarily mean a cessation of influence on el ectrochemical 
processes (14). Volatile corrosive gases such as hy drogen, hydrogen 
sulfide, carbon dioxide or ammonia produced by micr oorganisms might 
permeate porous backfill material and contact conta iner surfaces. 
Volcanic ash, granite, clay buffers, soil and seawa ter contain sulfate 
ions and sulfate-reducing bacteria (SRB) are common  in those 
environments. Seawater contains 1 to 10 viable SRB ml-1 irrespective of 
depth or sample site. Marine bottom muds contain 10 2 to 105 viable cells 
gm-1 (15). SRB were found in approximately 25% URL ground water samples 
(16). SRB were isolated from British bentonite, sug gesting that there 
were strains that could survive in the clay environ ment (17). In 
anaerobic, sulfate-containing media, SRB use sulfat e ions as terminal 
electron acceptors, producing hydrogen sulfide that  reacts with metals to 
form sulfide corrosion products. In addition, SRB c an stimulate the 
cathodic reaction by removal of hydrogen. 
When conditions around storage containers become we t, cool, and anoxic 
microbial activity is possible in the immediate vic inity of storage 
containers. It has not been established that indivi dual cells will be 
able to traverse buffer materials to reach containe r surfaces and form a 
biofilm. If the abiotic zone is repopulated, SRB ar e expected to dominate 
the microflora and SRB-influenced corrosion might b e possible under the 
biofilm. However, the most aggressive corrosion of metals and alloys in 
the presence of SRB is observed when there are succ essive, alternating 
aeration-deaeration shifts. It is extremely unlikel y that such shifts 
could occur under any disposal scenario. If repopul ation of the abiotic 
zone cannot occur, SRB activity will be restricted to peripheral areas 
and impact on the container will result from diffus ion of reduced sulphur 
species. King and Stroes-Gascoyne (18) demonstrated  that inorganic 
sulfide will diffuse through a clay layer. It has n ot been demonstrated 
that sulfides produced by SRB will behave similarly . Most heterotrophic 
bacteria secrete organic acids during fermentation of organic substrates. 
The kinds and amounts of acids produced depend on t he type of 
microorganisms and available substrate molecules. O rganic acids may force 
a shift in the tendency for corrosion to occur. The  impact of acidic 
metabolites is intensified when they are trapped at  the biofilm/metal 
interface. Acetic acid from Clostridium aceticum an d sulfuric acid 
produced by sulfur-oxidizing bacteria (SOB), such a s Thiobacillus 
thioxidans, are obvious contributors to corrosion. Organic acids of the 
Krebs cycle can promote electrochemical oxidation o f a variety of metals 
by removing or preventing the formation of an oxide  film. Acid-producing 
fungal strains isolated from soil and autotrophic S OB degraded cement 
used as a coating material for low- and intermediat e-level waste (19). 
Many organisms produce ammonia from the metabolism of amino acids or the 
reduction of nitrite or nitrate. In solution, ammon ia forms NH4+ that can 
react with metal surfaces (20). 
Metal-depositing organisms create environments that  are conducive to 
corrosion. Some microorganisms catalyze the oxidati on of metals, others 



accumulate abiotically-oxidized metal precipitates,  and still others 
derive energy by oxidizing metals (21). Iron-oxidiz ing genera that are 
usually cited as causing MIC are Gallionella, Sphae rotilus, Crenothrix 
and Leptothrix. These organisms oxidize ferrous ion s to ferric ions or 
manganous ions to manganic ions to obtain energy. D ense deposits of cells 
and metal ions create differential aeration cells t hat effectively 
exclude oxygen from the area immediately under the deposit. Under-deposit 
corrosion initiates a series of events that are ind ividually and 
collectively extremely corrosive. In an oxygenated environment, the area 
immediately under the deposit becomes deprived of o xygen. That area 
becomes a relatively small anode compared to the la rge surrounding 
oxygenated cathode. Cathodic reduction of oxygen ma y result in an 
increase in pH of the solution in the vicinity of t he metal. The metal 
will form metal cations at anodic sites. If the met al hydroxide is the 
thermodynamically stable phase in solution, metal i ons will be hydrolyzed 
by water with formation of H+ ions. If cathodic and  anodic sites are 
separated from one another, the pH at the anode wil l decrease. The pH at 
the anode depends on specific hydrolysis reactions.  The largest pH 
decreases are observed for alloys containing Cr+3 a nd Mo+3. For this 
reason, under-deposit attack due to metal-depositin g bacteria is 
particularly aggressive on stainless steels. In add ition, Cl- ions from 
the electrolyte will migrate to the anode to neutra lize any buildup of 
charge, forming heavy metal chlorides that are extr emely corrosive. Under 
these circumstances, pitting involves the conventio nal features of 
differential aeration, a large cathodic to anodic s urface area ratio and 
development of acidity and metallic chlorides. 
Walch and Mitchell (22) proposed the following role s for microorganisms 
in hydrogen embrittlement of metals: 1) production of molecular hydrogen 
during fermentation, which may be dissociated into atomic hydrogen and 
absorbed into metals, 2) production of hydrogen ion s via organic or 
mineral acids which may be reduced to form hydrogen  atoms at cathodic 
sites, 3) production of hydrogen sulfide which stim ulates absorption of 
atomic hydrogen into metals by preventing its recom bination into hydrogen 
molecules, and 4) destabilization of metal oxide fi lms. 
Microorganisms produce polymers and form gel matric es of bacterial 
exopolymers central to the structural integrity of microbial films. 
Polymeric gels can immobilize water, trap metal spe cies/corrosion 
products and decrease diffusion. In general, exopol ymers are acidic and 
contain functional groups that concentrate metal io ns to form metal 
concentration cells. Geesey et al. (23) developed c onceptual models for 
the acceleration of copper corrosion as a result of  Cu+2 bound within 
exopolymers. 
CASE HISTORIES 
Ferrous Alloys 
Eidsa and Risberg (24) and Sanders and Hamilton (25 ) analyzed microbial 
corrosion of carbon steels in North Sea oil explora tion. SRB, SOB, 
hydrocarbon-oxidizing bacteria, iron-oxidizing bact eria, slime-forming 
bacteria and fungi were identified as causing corro sion. The following 
forms of SRB-mediated corrosion were defined: pitti ng caused by SRB 
growing in the biofilm on metal surfaces, sulfide-i nduced stress 
corrosion cracking (SCC), hydrogen-induced cracking , and blistering 
caused by hydrogen permeation in high dissolved sul fide conditions. 
Marsh et al. (2) assessed the feasibility of dispos ing of heat-generating 
nuclear waste in deep ocean sediments in carbon ste el containers that 



would not be breached for 1000 years. They conclude d the following: 1) 
the main threat to long term integrity of container s was the external 
environment, 2) carbon steel would not be vulnerabl e to localized 
corrosion under disposal conditions, and 3) any cor rosion threat could be 
accommodated by making container walls sufficiently  thick. The authors 
did not consider MIC and the specific presence of S RB in marine sediments 
in their predictions. Carbon steel has also been co nsidered as a 
container for geological disposal (26). These autho rs considered three 
types of corrosion: corrosion by oxygen, corrosion by reduction of water, 
and MIC. During 1000 years service life the contrib ution of SRB to 
localized corrosion was estimated to be 1.8 mm. Ove rall wall thickness 
required to accommodate the three types of corrosio n was estimated at 300 
mm. 
Corrosion resistance of stainless steels is due to the formation of a 
thin passive film. Passivity can break down under t he following, usually 
localized, environments: 
1. Dilute and concentrated HCl, HBr and HF and salt s that hydrolyze these 
acids, 
2. Oxidizing chlorides such as FeCl3, CuCl2 or NaOC l, 
3. Seawater, except for brief exposures or when cat hodically protected, 
4. Some organic acids including oxalic, lactic and formic acids. 
Microorganisms can produce the organic acids listed  above. In addition, 
they can set up conditions for the formation of HCl  and heavy metal 
chlorides. A persistent problem with the use of sta inless steels is their 
susceptibility to crevice corrosion. Kobrin (27) id entified iron- and 
manganese-oxidizing bacteria with localized corrosi on of 304 and 304L 
stainless steels almost exclusively at weld seams. Pope (28) and Soracco 
et al. (29) described several cases of MIC in fossi l fuel and nuclear 
power generating plants. Similarly, Puckorious (30)  described the sudden 
failure of 304 stainless steel condenser tubes at a n electric utility. 
There are no documented corrosion failures that can  be attributed to MIC 
for the super stainless steels containing 6% molybd enum or more. 
Sridhar and Cragnolino (31) evaluated localized cor rosion of 316L 
stainless steel for possible storage of high-level nuclear waste 
materials in geological deposits without any specif ic reference to MIC. 
However, there are numerous reports of pitting and crevice corrosion due 
to MIC for this alloy exposed to sea, lake and serv ice waters (11). 
Localized corrosion may be an important failure mec hanism due to the 
propensity for under-deposit corrosion. Miller et a l. (32) exposed 304L 
stainless steel samples in both vertical and horizo ntal planes to an 
inoculum of microorganisms from the TMI reaction ve ssel. Welded and non-
welded vertical specimens showed no damage for twel ve months. After 
twelve months, however, samples placed in a horizon tal plane showed signs 
of corrosion at the weld. 
Copper Alloys 
Copper alloys are vulnerable to the following types  of MIC: differential 
aeration cells, selective leaching, under-deposit c orrosion and cathodic 
depolarization. Pope (28) proposed that the followi ng microbial products 
accelerate localized attack: CO2, H2S, NH3, organic  and inorganic acids; 
metabolites that act as depolarizers; and sulfur co mpounds such as 
mercaptans, sulfides and disulfides. Pure copper an d high-copper alloys 
are susceptible to SCC in ammonia-containing enviro nments and in 
solutions containing nitrite or cupric acetate. Suc h environments might 



form within biofilms. Geesey et al. (23) demonstrat ed that extracellular 
polymers produced by bacteria play a role in corros ion of copper. 
The impact of sulfides on corrosion of copper alloy s has received 
considerable attention. In soils, sulfides increase d the corrosion 
current of brass by a factor of 40 (33). Alloy 90/1 0 Cu/Ni suffered 
accelerated corrosion attack in seawater containing  0.01 ppm sulfide 
after 1-day exposure (34). In the presence of water borne sulfides, copper 
alloys form a porous layer of cuprous sulfide. Copp er ions migrate 
through the layer, react with more sulfide, and pro duce a thick, black 
scale. Even if such a sulfide film were technically  passivating, the 
film's mechanical stability is so poor that sulfide  films are useless for 
corrosion protection. In the presence of turbulence , the loosely adherent 
sulfide film is removed, exposing a fresh copper su rface to react with 
sulfide ions. For these reasons turbulence-induced corrosion and sulfide 
attack of copper alloys cannot easily be decoupled.  In the presence of 
oxygen, the possible corrosion reactions in a coppe r sulfide system are 
extremely complex because of the large number of st able copper sulfides, 
their differing electrical conductivities, and cata lytic effects. 
Transformations between sulfides, or conversions of  sulfides to oxides, 
result in changes in volume that weaken the attachm ent scale and oxide 
subscale, leading to spalling (35). Bared areas rep assivate, forming 
cuprous oxide. Neither circumstance is relevant for  copper nuclear waste 
containers. Once anoxic conditions have been establ ished within the 
disposal vault, they should remain anoxic indefinit ely and there should 
be no mechanical disruption of intact sulfide layer s should they form. 
Copper canisters with 100 mm thick walls are being considered for final 
disposal of waste material from nuclear reactors by  Swedish companies 
building nuclear power installations. Canisters wou ld be placed in 
igneous rock 500 m below ground level. Copper plate s that have been 
buried in three separate locations for more than 50  years as earth 
electrodes for lightning conductors were studied to  determine the 
geochemical/microbiological properties of the ambie nt soil. Microbial 
activity was very low in comparison to that found i n marine and brackish 
water sediments. Predominance of sulfides in the co rrosion products did 
not correlate with redox potentials measured at the  time of collection. 
Similarly, sulfide in corrosion products did not co rrelate with sulfate 
concentrations in soils. The pitting factor for two  of the samples was 
five while the third sample was not pitted. Pitting  factor is the ratio 
between maximum pit depth of a certain area and the  mean depth of general 
corrosion in the same area (36). 
Nickel Alloys 
Commercially pure nickel and its alloys are suscept ible to acid 
production at metal/biofilm interfaces and dealloyi ng due to reactions 
with sulfide. Passivity of nickel is due to the for mation of an oxide or 
hydrated oxide film several nanometers thick. Forma tion of protective 
films on nickel is aided by the presence of iron, a luminum and silicon. 
Passive films similar in structure to that observed  on pure nickel are 
formed on Ni/Cu alloys having more than 30% nickel.  Alloys containing 
less than this amount of nickel behave like copper.  In high velocity 
seawater, nickel alloys are superior to predominant ly copper alloys 
because the protective surface film remains intact under highly turbulent 
and erosive conditions. 
Nickel alloys are susceptible to pitting and crevic e corrosion attack 
under stagnant conditions. Monel has a marked tende ncy for the initiation 



of pitting in chloride-containing environments wher e the passive film can 
be disturbed. Under stagnant conditions chlorides p enetrate the passive 
film at weak points and cause pitting attack. Sulfi des can cause either a 
modification of the oxide layer as described for co pper or breakdown of 
the oxide film of nickel alloys. Brennenstuhl et al . (37) indicated that 
pitting of 3 nickel alloys containing 21-27% chromi um exposed to 
untreated freshwater from Lake Ontario involved bio film formation. 
Aluminum and Aluminum Alloys 
The corrosion resistance of aluminum and its alloys  is due to an aluminum 
oxide passive film that is 20 to 100  thick for air -formed films. 
Anodizing produces thicker insulating films and bet ter corrosion 
resistance. The susceptibility of aluminum and its alloys to localized 
corrosion makes it particularly vulnerable to MIC. After 12 months both 
Al 1100 (commercially pure aluminum) and Boral (a c omposite with a layer 
of boron carbide dispersed in aluminum and sandwich ed between two sheets 
of Al 1100) showed pitting with accumulation of cor rosion products in and 
over pits after exposure to organisms isolated from  the TMI reactor 
vessel (32). Al 1100 also showed signs of crevice c orrosion due to MIC. 
Kalaiyappan et al. (38) demonstrated MIC of Al 1100  and Al 6061 after a 
few weeks exposure to deionized water in a storage basin. 
Titanium and Titanium Alloys 
There are no documented case histories of MIC of ti tanium and its alloys. 
Schutz (39) reviewed titanium's resistance to MIC b y discussing 
mechanisms for MIC and titanium's corrosion behavio r. He concluded that 
at temperatures below 100C titanium is not vulnerab le to SOB, SRB, acid-
producing bacteria, differential aeration cells, ch loride concentration 
cells or hydrogen embrittlement. Formation of occlu ded regions of low pH 
underneath a biofilm could conceivably initiate cre vice corrosion in 
titanium alloys (18). 
CONCLUSIONS 
Materials being considered for containment of nucle ar waste in mined 
geological repositories are alloys of iron, nickel,  copper and titanium. 
With the exception of titanium, MIC has been docume nted for all metals 
and alloys under consideration. The likelihood that  MIC of nuclear waste 
storage materials will occur is directly related to  the 
geological/microbiological/chemical environment of the storage site and 
vulnerability of the container material. Combined e ffects of elevated 
temperature, radiation and desiccation of buffer ma terials will severely 
limit the extent of microbial activity close to the  container and might 
result in an abiotic zone into the compacted buffer  material. If the 
abiotic zone is repopulated, SRB are expected to do minate the microflora 
and SRB-influenced corrosion might be possible for copper and nickel 
alloys and carbon steels. 
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ABSTRACT 
Low- and medium-level radioactive wastes generated at TVO I and II 
nuclear power units are disposed of in silo-like va ults of the VLJ 
Repository, constructed in the bedrock at the Olkil uoto site. With the 
present knowledge it cannot be excluded that after sealing of the 
repository, microbial degradation of the organic wa stes and corrosion of 
the steel packages by carbon dioxide would lead to comparatively rapid 
gas generation and pressurizing of the silo. To acq uire a realistic 
forecast for the post-closure scenario of the silo of low-and medium-
level wastes, a pilot-scale experiment on microbial  disintegration is 
being planned. The outlines of the pilot-scale expe riment are presented 
here. 
The experiment will take place in the Research Tunn el in the VLJ 
Repository. The volume-scale planned is 1:1000 (ref erring to a completely 
filled repository) requiring 16 drums filled with c ompacted waste. The 
waste to be used in the experiment will be sampled from the waste stream 
of the power plant. The experimental set-up will be  installed in a large 
hole (diameter 1.5 m, depth 7.5 m) bored in the flo or of the Research 
Tunnel. The entire experimental installation in the  borehole will be 
placed inside a tightly sealed stainless steel tank . The environmental 
conditions during the experiment will be chosen to be as realistic as 
possible also including concrete as a supporting st ructure inside the 
tank for the 16 drums. 
The rate of gas generation and the composition of t he gas will be 
monitored. Also chemical composition of the water i nside the tank as well 
as the disintegration products, both soluble and pa rticulates, will be 
followed. The changes in the redox-conditions are p articularly important 
after closing the pilot test tank. The experiment i s designed to be run 
without the need of constant on site follow-up by p ersonnel. However, 
manual sampling is needed for water chemistry follo w-up, as well as for 
some additional specially prepared specimens contai ning waste materials 
which are planned to be withdrawn from the installa tion regularly. 
INTRODUCTION 
Teollisuuden Voima Oy (TVO) operates two boiling wa ter reactor units at 
Olkiluoto, on the South-Western coast of Finland. T he operation of TVO I 
and II power units produces annually approximately 100 m3 of low-level 
maintenance waste. 



The waste consists of more or less dry materials ac cumulating mainly 
during the maintenance of the power plant. The majo rity of waste is 
packed into 200 l drums before it is disposed of in to the VLJ Repository 
excavated in the crystalline bedrock near the TVO I /II nuclear power 
units. The repository has been in operation since 1 992. 
The VLJ Repository consists of two separate silo-li ke disposal vaults, 
one for the bituminized ion-exchange resin waste dr ums (capacity 17360 
drums), and the other for the dry, low-active waste  drums (capacity 24800 
drums). The silos are situated at the depth from 60  m to 100 m in water 
saturated crystalline bedrock. 
Before the transportation to the repository, the wa ste drums are loaded 
into concrete boxes, usually 16 drums per box, and then stacked layer by 
layer in the silos. An empty box weights 4000 kilog rams. No backfill is 
placed around the drums or boxes. Figure 1 shows th e silo concept. 
Fig. 1 
One tunnel in the VLJ Repository, the Research Tunn el, has been reserved 
for research purposes. One task in the Research Tun nel program has been 
the testing of the full face boring method. In the test three full-scale 
(diameter 1.5 and depth 7.5 m) deposition holes, su itable for spent fuel 
canisters, were bored down from the tunnel floor. O ne of the holes is 
available for studying biodegradation of the mainte nance waste. 
If biodegradation and corrosion proceed rapidly, th e formed gases can 
fill an area in the crane hall, above the LLW silo.  According to a simple 
gas dissipation calculation the gas generation rate  of 6.000 m3/a (NTP) 
can lead to a gas volume of 500 m3 (at 6 bar) in th e ceiling area of the 
crane hall. A corresponding volume of contaminated water would have to be 
displaced into the bedrock. This would be the most severe effect of the 
gas generation. 
THE MAINTENANCE WASTE 
Miscellaneous waste is generated mainly during the maintenance periods of 
the power plant. The wastes, consisting of cleaning  towels, protecting 
sheets, thermal insulation material etc., are colle cted in transparent 
polyethylene bags. A sorting campaign on dry, compr essible waste (1.6 
tons) was performed 1995 giving distribution of was te as given in Table 
I. The average estimated biodegradability was 28 %.  The average 
individual weight of a bag (after repackaging) was 8.7 kg. 
Table I 
In the compacting station a ram using a pressure of  12 tons compacts the 
waste bags into 200 l drums. Around 15 bags are pre ssed into one drum, 
which then contains 100 kg of waste on the average.  
CONDITIONS AND DEGRADATION PROCESSES IN THE REPOSITORY 
The void volume in the repository is planned to be filled with water. 
Because the seepage flow rate of the groundwater is  very low, the filling 
is planned to be performed by using local brackish sea water or fresh 
surface water from a local pond. Contact with concr ete will raise the pH 
of the water up to around 12.5. Oxygen will be cons umed in aerobic 
microbial degradation and in corrosion of steel. Th e flow rate of the 
groundwater is very low. Resulting in an estimate i t will take several 
thousands of years to change the whole water volume  inside the silos 
once. Thus the groundwater flow is awaited to have only a negligible 
effect during the most active phase of the microbia l degradation. 
The buffering capacity of concrete is known to be h igh, the amount of 
free calcium hydroxide in the hydrated concrete bei ng in the order of 100 
kg/m3. 



The concentrations of sulfate, chloride and magnesi um are distinctly 
higher in sea water than in surface water or ground water and could have 
some influence on the corrosion processes in the co nsidered system. 
MICROBIAL DEGRADATION 
The main parameters affecting microbial activity ar e the availability of 
a carbon source and a suitable energy source. In en vironments like a 
repository, the most common electron acceptors for respiration are the 
sulfate ion and carbon dioxide. The former is used by sulfate reducing 
bacteria and the latter by methanogenic organisms. Some oxidized metals, 
like Fe3+, Mn4+ and U6+ have also been suggested to  act as electron 
acceptors in anaerobic conditions (1). 
In the VLJ Repository, the site-specific factors af fecting micro 
biological activity are. 
1) anaerobic conditions  
2) pH value around 12 in the concrete water  
3) temperature around 8C  
4) 6 bar pressure  
5) darkness. 
The microbe populations surviving in the repository  environment are of 
two different origins (2,3): 
1) autochthonous populations that exist naturally i n groundwater and on 
rock surfaces in the deep subsurface surroundings. These microbes are 
able to survive in the above mentioned conditions e xcept the high pH. 
However, studies on natural alkaline groundwater ha ve shown that 
alkalotolerant and alkalophilic microbes were able to grow at pH values 
up to 11.1. On the other hand, the most alkalophili c organisms were 
aerobic (4). 
2) allochtonous microbe populations that are introd uced into the 
repository first during the construction of the fac ility and later within 
the waste drums and with water, as well as with oth er backfilling 
materials from the surface. These populations will partly be destroyed in 
the extreme conditions of the repository, but a par t of them can be 
expected to adapt to the new environment. 
The potential activities of microbes in a repositor y can be listed as 
follows (5): 
1) gas generation 
2) corrosion 
3) redox reactions 
4) formation of complexing agents 
5) radionuclide migration. 
The possibilities to estimate different activities are mainly based on 
indirect studies, e.g. on measurements of parameter s connected with 
microbial metabolism. Estimations of microbial amou nts can be done by 
direct calculation of cells trapped on microscope s lides. This gives a 
rough estimate of the cell concentrations, because an independent 
environment is formed in each drum and the variatio n between drums can be 
considerable. ATP measurements could be one possibi lity to estimate the 
viability of the microbes. 
Important parameters in assessing microbiological a ctivity are the amount 
of dissolved carbon dioxide, amount of dissolved me thane, pH, redox 
potential, conductivity and some dissolved ions, li ke sulfide. In the 
beginning of the experiment, estimation of biologic al oxygen consumption 
and determination of total bacterial counts might g ive valuable 
information of the aerobic-anaerobic transition pha se. 



ESTIMATE OF THE RATE OF GAS GENERATION 
The potential of gas generation in the silo is base d on the amount of 
corrodiable steel and carbon bound to biodegradable  compounds. The role 
of the ionizing radiation in the gas generation wil l be negligible. The 
planned pilot experiment is designed to decrease un certainties in the 
conservatively estimated rate of gas generation. 
The estimated rate of disintegration for the safety  assessment was here 
based on measurements from municipal dumping ground s, where a variety of 
different waste types is present. Anaerobic degrada tion takes optimally 
place at 35C and at pH values from 6.8 to 7.2. Devi ation from the optimal 
conditions result in decreasing of the maximal pote ntial gas amount and 
the rate of gas generation (6). The time dependency  of the gas generation 
can be described by the maximal potential gas amoun t and the rate-
constant of gas generation:. 
Eq. 1 
where  
G  = the amount of gas generated, 
Ge  = the gas generation potential per weight unit,   
a  = disintegration coefficient (1/a) 
and 
t  = time (a). 
In the buried layers of municipal dumping grounds a  measured value for 
the disintegration coefficient is 0.07 /a at 10C. T his rate of 
disintegration leads in ten years to a situation, w here half of the 
degradable material is disintegrated. At dumping gr ound conditions the 
gas generation potential at 10C is Ge= 160 m3/ton. Half of the gas is 
methane, half is carbon dioxide. In the case of low -level waste disposal 
one waste drum has been estimated to contain 47 kg of disintegrable 
waste, which has a potential of generating 7.5 m3 o f gas. Without any new 
evidence it is not justified to use much lower rate s of disintegration 
than the above mentioned. In the estimations a valu e of 0.046 was used 
for coefficient a. 
CORROSION OF THE DRUM 
The stability of iron-water -system depends on the redox potential and pH 
conditions (7). Metallic iron is always thermodynam ically unstable. The 
corrosion reactions producing hydrogen are 
Eq. 2 
in the pH range -1 - 9 and. 
Eq. 3 
in the pH range 9 - 13.6. 
It has been estimated that microbially assisted cor rosion based on carbon 
dioxide could take place (8, 9). In the corrosion r eaction carbon dioxide 
is consumed at the same rate as it is produced. FeC O3 is a stable end 
product. 
Eq. 4 
The above mentioned reaction is assumed to be valid , when there is ample 
supply of carbon dioxide. However, the possibility of the reaction to 
take place in the alkaline environment dominated by  concrete water has 
not yet been evaluated. 
It is assumed that the package drum will corrode ac cording to Eq. (3). In 
addition, the inner surface is subjected to microbi ally induced 
corrosion; carbon dioxide generated will be bound t o iron carbonate 
according to equation (4). The latter corrosion pro cess is thus dependent 
from the microbial process through Eq. (1). The 200  l drum is made of 16 



kg steel plate, thickness 1 mm and a total surface area of about 4.2 m2. 
The amount of steel in one drum gives 290 moles of iron yielding in 
corrosion 390 moles of hydrogen, which is 8.7 m3 NT P. The estimated 
corrosion rates are between 0.1 mm/a and 10 mm/a (1 0). Thus the total 
corrosion process would take from 100 to 10,000 yea rs. The rate of 
anaerobic corrosion is assumed to be 0.1 mm per yea r. 
Figure 2 presents the estimated gas generation as a  function of time. The 
calculated results are presented for the amount of 16 waste drums each 
containing 47 kg of biodegradable material. Accordi ng to this estimate 
  The biodegradation is complete in hundred years, 
  The corrosion process takes longer than biodegrad ation in the selected 
calculation example. 
When a closer look is taken at the first ten years,  the above 
conservatively estimated reaction rate leads to a g as generation rate of 
15 l/day. The share of corrosion is 0.23 l/day. In this estimate it is 
assumed that the steel surface of the drums is atta cked uniformly by 
corrosion. The surface is, however, protected by pa inting, which may give 
considerable protection for the drums during the in itial period of the 
experiment. 
Fig. 2 
PREPLAN OF THE PILOT SCALE EXPERIMENT 
The full utilization of one of the large bored hole s in the Research 
Tunnel makes it possible to study the degradation p rocess in the scale of 
one disposal unit: the concrete box, which contains  16 drums of waste. 
The following dimensions are derived from the initi al conditions:. 
  The inner diameter of the protective vessel can b e up to 1480 mm, four 
drums fit in each layer. 
  The height of the vessel can be 5 - 6 m (volume 9  - 10 m3) allowing 
four layers of drums vertically. 
  The experiment will consist of 16 drums, each hav ing a volume of 200 l, 
weighing 16 kg (steel), and containing 100 kg of co mpacted waste. The 
drums will be perforated with small holes to allow water intrusion as 
well as escape of gases. 
  Concrete blocks are suggested for the inner struc ture of the vessel to 
support the stacked waste drums. The equilibration of concrete with water 
will create alkaline water chemistry. Approximately  2,000 kg of concrete 
structures are needed to construct the supporting s ystem for the drums, 
the amount can be increased to 4,000 kg (correspond ing to the whole 
amount of concrete in one disposal box). 
Figure 3 shows the vertical cross section of the ex perimental set-up. 
Fig. 3 
It is planned that the pilot scale experiment will be started by filling 
the vessel with water. After that the conditions ar e let to develop 
naturally. 
EXPERIMENTAL PARAMETERS TO BE MEASURED 
The gaseous reaction products from the microbial de gradation and 
corrosion are the most important parameters to be m easured. This involves 
analyzing of dissolved gases in the water phase and  released gases. If 
the rate of gas generation is large, the gases will  be conducted out of 
the experimental system through a gas meter; but if  only small amounts of 
gases are generated, they are collected, sampled an d released in known 
quantities. 



It is suggested that dissolved oxygen and hydrogen are measured directly 
from the water, the separating gas is sampled and i ts components analyzed 
regularly: carbon dioxide, methane, hydrogen, oxyge n. 
The properties of the water inside the vessel will develop in the course 
of time. Some parameters can be measured on-line an d other parameters 
must be measured from water samples. It is possible  to install several 
sampling lines to the system for sampling water ins ide each individual 
drum. It must be emphasized, that collecting and ha ndling (analyzing) of 
the water samples should be performed in an atmosph ere (e.g. atmospheric 
box) comparable to that in the studied system. The alkaline water will be 
very sensitive to CO2 and thus any CO2 contaminatio n should be avoided. 
Follow-up of water chemistry during the experiment will give additional 
information about the processes involved in the con trol of pH and redox. 
Particulates and colloidal entities can be studied from obtained water 
samples, giving insight to radionuclide migration/r etardation phenomena. 
Particulates can be collected on filters and the co lloidal fraction can 
be characterized from a concentrated sample. Change s in TOC/DOC will give 
information on the development of organics in the w ater phase. 
Sampling of the actual waste materials gives direct  information of the 
degree of disintegration of the various waste compo nents and also enables 
sampling of the microbes attached on the surfaces. For this purpose it is 
suggested that specially prepared samples represent ing the different 
waste materials and packaging materials are assembl ed inside the waste 
drums. These samples can then be withdrawn from the  system at suitable 
intervals and studied. 
Because there are no full-time workers in the Resea rch Tunnel for taking 
samples, it is necessary to measure some indicative  parameters on-line. 
It would be practical to have the sensors located i n an instrument cabin 
nearby outside the experimental hole. Water from th e experiment will be 
circulated constantly between the vessel and the se nsors. 
The prerequisite to an on-line measurement is that the sensors can 
operate and keep their calibration at least for the  time between the 
sampling and inspection visits. The suggested param eters to be measured 
on-line are: pH, Eh and conductivity. Also dissolve d gases O2 and H2 can 
be measured reliably by specific electrodes. 
All measured signals are connected to a data acquis ition system for 
registration and control. The measured data is save d in data files for 
later presentation and evaluation. The data acquisi tion software is 
capable of showing the measured data graphically on  the screen in real 
time or to draw history graphs of quantities measur ed earlier. The 
software has a graphical user interface and it is p ossible to show the 
state of the test process continuously in a graphic al process diagram. 
The system can be operated with a remote computer u sing a standard phone 
line. 
THE PRELIMINARY TIME TABLE 
After filling and closure of the experimental set-u p, various 
environmental parameters will change simulating the  closure and sealing 
of the real repository. After filling with water th e conditions will 
develop from neutral to alkaline and from aerobic t o anaerobic. The 
experiment will reach an advanced stage, when the m icrobial population 
has adapted to the conditions and the painting of t he drums is not 
preventing the corrosion of steel. The transition p hase is important as 
such; the growth of microbes may be so slow that it  leads to an 
impracticable long follow-up time. 



The experimental program can be divided roughly to three phases: 
Preparatory phase including preplanning and prelimi nary experiments in 
the laboratory, set-up phase including detailed pla nning and construction 
and research phase including start and follow-up of  the experiment, Table 
II. 
The preparatory phase will consists of background s tudies for the pilot 
plant experiment. Laboratory experiments and modeli ng lead to a more 
detailed forecast of the rate of the microbial disi ntegration and 
corrosion reactions in the repository conditions. 
The set-up phase will consist of a detailed design,  manufacturing and 
installation of the experimental equipment. The det ailed characterization 
of waste to be brought into the experiment is inclu ded here. 
The research phase will begin with filling of the s ystem with water. The 
follow-up will last for several years. 
Table II 
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OVERVIEW AND DYNAMICS OF ORGANIC CARBON IN A LOW-LEVEL RADIOACTIVE WASTE 
DEGRADATION EXPERIMENT* 
F. Caron 
Environmental Research Branch 
Chalk River Laboratories 
Chalk River, Ontario K0J 1J0 
ABSTRACT 
Low-Level Radioactive Wastes (LLRW) contain substan tial quantities of 
organic materials that will eventually decompose by  microbial action 
after disposal, producing gases and dissolved organ ic compounds. An 
experiment was undertaken to study microbial degrad ation processes with 
LLRW, with three major purposes: i) to characterize  the bulk properties 
of the Dissolved Organic Matter (DOM) produced by d ecomposition; ii) to 
determine its influence on the aqueous speciation o f selected 
radionuclides, and iii) to determine the main therm odynamic parameters 
that can define the near-field chemical environment . 
The bulk properties of the leachates and the DOM ge nerated in the 
experiment were similar to those of landfill leacha tes. The DOM content 
was dominated by volatile fatty acids (VFA), likely  produced by the 
microbial degradation of cellulose and other struct ural polysaccharides. 
The DOM has a limited complexing capacity for Cd an d Co, but the elevated 
levels of DOM in the leachates may significantly af fect Co speciation. 
Chromatographic separations indicated that at least  20 discrete organic 
compounds were present, and the total organic carbo n was primarily 
hydrophilic (70-95%). This technique also showed th at Co can form a 
mixture of labile and stable complexes with compoun ds contained in the 
DOM. 
Calculations based on a mass balance approach sugge sted that microbially-
mediated organic decomposition will persist for per iods of decades to 
centuries, and this process will likely dominate th e redox potential in 
the near-field. This, in some cases at least, simpl ifies the 
specification of near-field chemical conditions.  
INTRODUCTION 
Low-level radioactive wastes contain a large fracti on of organic material 
(office wastes, paper, clothing, etc.), upon which microbial 
decomposition will produce a mixture of organic com pounds. In addition to 
this, man-made complexing agents and natural organi cs may also contribute 
to radionuclide subsurface mobility (1-3).  
Upon degradation, the easily available substrates ( such as 
polysaccharides) will be utilized first, producing low molecular weight 
organics such as alcohols and fatty acids. Other co mpounds coming from 
the partial degradation of the source material will  also be produced 
(e.g., gluconic acid, cellobiose, etc.). This Disso lved Organic Matter 
(DOM) itself is subject to further degradation to C O2, CH4, humification, 
and formation of colloidal material. The resulting DOM in the leachates 
will contain a mixture of various degradation compo unds of different 
metal-binding affinities, and different degradation  rates. The remaining 
carbon source material will eventually be more reca lcitrant to 
decomposition, and this process can be very long (y ears to centuries), 
especially if the environment is reducing. All of t hese processes can 
affect the subsurface mobility of radionuclides by complexation and they 
can exert a control over the redox potential for se veral years, hence 
buffering against redox changes in the near-field o f a waste disposal 
site. 



An overview of a low-level waste degradation experi ment is presented in 
this work. The aim is to present two major aspects that microbial 
degradation has on degrading wastes: (i) the produc tion of dissolved 
organic compounds, which can affect speciation of n uclides and possibly 
their subsurface mobility; and (ii) the control tha t microbial 
degradation could have on the redox potential in th e near-field, with an 
estimate of how long this control could last. This information is 
applicable to near-surface waste disposal sites, la ndfills, etc., and an 
example of application is presented for a generic n ear-surface 
repository. 
EXPERIMENTAL 
Description of the Experiment 
Low-level wastes were compacted in bales measuring approximately 0.6  0.6  
1.2 m (see (4) for a detailed description). Eight b ales were placed into 
separate airtight carbon steel boxes, and then conn ected to an overflow 
reservoir for leachate collection in a closed-loop recirculation system 
(Fig. 1). The bales were monitored for gas generati on for the first year 
after they were prepared, without addition of water  ("as-received", (5)). 
De-ionized water was then added to each box and rec irculated daily over 
each bale to promote degradation. Four of these bal es were under "wet" 
mode by letting excess water seep out by gravity in to the overflow 
container, and the other four were "flooded" by rai sing the outlet tube 
to keep the water level to about half of the height  of the bale. This 
simulates bale decomposition under wet unsaturated conditions in a soil, 
and wet flooded conditions below or at the water ta ble.  
Fig. 1 
Sampling and Analysis 
Aqueous samples were analyzed for major cations (Na +, Mg2+, Ca2+, K+), 
selected metals (Fe, Zn, Mn, Cu, Al), major anions (Cl-, SO42-, NO3-, I-
), total organic carbon (TOC) and volatile fatty ac id (VFA). The DOM of 
selected samples were also analyzed by high perform ance liquid 
chromatography (HPLC; see (6)) and for complexing c apacity using an ion 
exchange technique (IET; see (7)). Gaseous samples were also taken to 
determine the major gases in the box atmosphere usi ng gas chromatography 
(GC). The TOC content was analyzed using a Dohrman DC-80 Carbon analyzer, 
and the VFA by GC (8). The total amount of exchange able protons was done 
by titration with a Tanager 8901 autotitrator.  
The samples for cation and metal analysis were acid ified immediately upon 
collection. For the anions, a 15-mL untreated leach ate aliquot was passed 
through a bed of cation exchange resin to remove ca tions that could 
precipitate. The samples used for titrations, HPLC,  IET were mixed with a 
cation exchange resin added in batch mode (in Na fo rm), to remove excess 
metals that could precipitate. Equilibration was do ne for one week, after 
which the solution was decanted and the samples wer e allowed to stabilize 
further under room conditions in the dark without r esin for 2-3 weeks 
(IET), 12-16 months (HPLC) and 18 months (titration ).  
RESULTS AND DISCUSSION 
Dissolved Organic Matter Characteristics  
The TOC concentrations in the bale leachates ranged  from ~170 to ~7000 mg 
C/L (Table I). The TOC levels in the four "wet" bal es (1,4-6) were 
generally higher than in the "flooded" bales (7-10) . The amounts of TOC 
did not vary systematically with time for the "wet"  bales, however they 
generally decreased for the "flooded" bales. These amounts are within the 
range for landfills or commercial nuclear Low-Level  sites (9-11).  



Table I 
The VFA made up most of the TOC (Fig. 2; also see ( 12)). The relative VFA 
distribution remained nearly constant for the ~500 d period with the 
"wet" bales, which is evidence that the microbial d egradation process 
controls the relative distribution of the VFA, henc e likely the 
decomposition mechanism of the source material.  
Fig. 2 
Fermentation is taking place in the bale boxes, whe re bacteria and fungi 
use the cellulose matrix as a carbon source to prod uce alcohols, VFA and 
CO2 + CH4 gases. Both aerobic and anaerobic process es may take place 
simultaneously, however anaerobic processes may dom inate because of 
oxygen depletion. Anaerobic microbial degradation m ay take place in 
several but distinct steps (13): i) fermentative ba cteria living under 
anaerobic or facultative conditions, producing acet ic acid and other VFA; 
ii) acetogenesis bacteria become involved in a bioe nergetic symbiosis 
with methane-producing bacteria or other hydrogen a ssimilators; and iii) 
methanogenic bacteria predominate, producing CO2 an d CH4 in nearly equal 
amounts. Rees, (1980) (11) has shown that the gas p roduction rate was 
correlated with the moisture content of the wastes in landfills, and this 
has also been observed in this experiment. Methane and CO2 production 
dominated in bales 7-10, and VFA production was dom inant in the other 
bales, with acetic acid being the most abundant VFA  species. Work on the 
"wet" bales (1, 4-6) is emphasized in the remainder  of this work because 
this situation is more applicable to a near-surface  waste disposal site 
located above the water table. 
Knowing that most of the TOC is made up of VFA, the  chemical composition 
and behavior of the balance of the TOC are unknown.  Microtitration of the 
leachates gave curves closely related to the behavi or of the VFA 
[unpublished], with other material of intermediate acidity in the pKa 
range of ~8-9 (pKa = - log Ka, where Ka is the acid  dissociation 
constant), which is characteristic of phenolic grou ps. The charge density 
of the TOC, defined as the total amount of exchange able protons per unit 
of carbon (mEq/mg C), was also typical of the value s of ~15 mEq/mg C 
found in landfill TOC (Table II; (14)).  
Table II 
HPLC separation of the leachates indicated that the  DOM could be 
separated into two general regions: hydrophobic and  hydrophilic (Fig. 3a; 
(6, 15)). In our previous study, most of the TOC (~ 70-93%) was in the 
hydrophilic region. Several sharp peaks were found in each one of these 
two regions, indicative perhaps of single compounds  or a small amount of 
compounds of similar properties. The hydrophilic pe aks, eluting early 
(Fig. 3a), could be further separated into ~10 disc rete peaks using ion 
pair HPLC (Fig. 3b).  
Fig. 3 
The three techniques and analyses used (VFA analysi s, titration, HPLC) 
indicated that the DOM from this waste degradation experiment has 
properties similar to that in municipal landfill le achates. Volatile 
fatty acids were the most abundant class of compoun ds identified, making 
up most of the TOC in leachates in the "wet" bales.  The "flooded" bales 
were in the methanogenesis mode, and its VFA conten t was smaller and 
distinct from the "wet" bales.  
Complexation with Radionuclides 
Two approaches have been used to investigate the co mplexation of organic 
material with radionuclides: the first one used the  overall complexing 



capacity of the leachates with the radionuclides 60 Co and 109Cd, using an 
ion exchange technique (IET) (7). The second approa ch was to equilibrate 
the DOM with 60Co radiolabel, followed by HPLC sepa ration coupled with a 
fraction collector to identify more specifically th e types of compounds 
that are responsible for the complexation (6). The IET showed that ~4000 
mg/L of TOC could affect the speciation and complex  approximately 50 mg/L 
of Co. Complexation with Cd was much smaller, 0.54 mg/L. The HPLC 
technique indicated that a mixture of labile and no n-labile complexes 
could form. The non-labile complexes were mostly as sociated with 
hydrophobic compounds, and they made up ~5% of the total radiolabel 
spiked in solution. Mixtures of labile and non-labi le complexes of cobalt 
were also observed in separate experiments (1,2,17) .  
The impact of DOM complexation on the speciation of  Cd and especially Co 
is somewhat uncertain. The IET is quantitative, yet  non-specific, and it 
suggests that a substantial amount of Co could be c omplexed with leachate 
DOM. The HPLC approach is non-quantitative, but it suggests that stable 
complexes could be formed with hydrophobic DOM comp ounds.  
Near-field Chemical Environment 
The second aspect presented in this work is the inf luence and rates of 
organic carbon degradation on the redox potential. Carbon degradation is 
a dynamic system that can be related with a series of chemical redox 
equations. For instance, using a mass balance appro ach for Bale 6 between 
day 32 and day 391, the major changes in redox-sens itive components can 
be related to a series of half-cells and combined i nto full chemical 
reactions. These four reactions balance the assimil ation/production of 
CO2, Fe(II), acetic acid (taken for VFA), N2, and C H4 in bale 6:  
Eq. 1 
Eq. 2 
Eq. 3 
Eq. 4 
These reactions do not necessarily describe process es, but rather they 
explain the thermodynamic end result, which is path -independent. In bale 
box 6, a total of 0.44 mole of dissolved iron, Fe(I I), was present in the 
leachates at day #32, compared with 2.98 moles at d ay #391, for a 
difference of 2.54 mole. This means that 0.64  reac tion (1) has produced 
this amount of Fe(II) in this bale during this peri od (0.64  4 = 2.54). 
All four reactions above were balanced iteratively with a spreadsheet, 
using the initial and final amounts found in this b ale. Similarly, the 
total contribution of reactions (2), (3) and (4) we re 0.69, 3.32 and 
1.68, respectively. The Gibbs free energy of each r eaction (DGr) is 
related to the redox potential using a modified Ner nst equation [18] with 
the measured quantities of oxidized and reduced spe cies in the bale: 
Eq. 5 
The redox potential in Bale box 6 was calculated to  be ~ -2.9 to -4.7 (EH 
~ -0.17 to -0.28 V) at pH 5.74. It is recognized th at this approach 
necessitates the assumption of equilibrium, which i s not achieved in 
these boxes, as the system is dynamic, and there ar e undoubtedly 
inhomogeneities within this bale. Nevertheless, thi s approach provides an 
independent estimate of the redox potential, devoid  of measurement 
artifacts present if an electrode is used. The mass  balance approach also 
suggests that reactions (2), (3) and (4), involving  the electron transfer 
from carbon atoms, account for ~94% of all electron s exchanged, whereas 
~6% comes from Fe to produce Fe(II) (steel corrosio n). Microbial 
processes, therefore, likely control the organic ca rbon degradation rates 



and speciation, which in turn would control the red ox potential inside 
these boxes. 
Estimates of Carbon Degradation Rates 
Organic carbon decomposition generally follows a fi rst-order decay curve 
(19). In short-term experiments, the most easily de gradable form of 
carbon likely controls the gas generation and the d ecomposition rates of 
the bulk of the organic carbon present. However, in  long-term experiments 
or predictions, the model can be more complex to re flect the different 
types of organic carbon in soils, landfills, etc. I n the case of a two-
compartment model, the relationship is: 
Eq. 6 
The two compartments (#1 and 2) indicate organic ca rbon of different 
biodegradability. The term C0,(1) and the decay con stants are usually 
difficult to evaluate in waste material due to the unknown composition of 
the contents and specific decay rates, even in thes e bales. 
Alternatively, approximately 70% (by weight) of the  wastes contains 
organic material (paper, plastic, textiles, etc.), and the balance is not 
degradable (ceramics, metals, etc.). From this 70%,  approximately two 
thirds is moderately slowly biodegradable (MSB), an d the other third is 
slowly biodegradable (SB) to recalcitrant material (RM). Using these 
approximations, and also assuming that only the fas test degrading 
material (i.e., MSB) is degraded over the 1-year pe riod of the 
degradation experiment, equation (6) simplifies to a single decay term 
(the right-hand part is equal to zero). The total c ontent of MSB carbon 
in bales 1, 4, 5 and 6 would be ~300 kg, of which o ur mass balance has 
indicated that a total of ~123 moles (~1.5 kg) have  degraded to CO2, CH4 
and DOM between day #32 and 391 for the four bales.  This corresponds to a 
degradation half-life of 55.9 a (or k(1) = 1.24  10 -2 a-1). This value is 
very close to the half-life of 49.5 a obtained for the "physically 
stabilized organic carbon" in the model of Jenkinso n and Rayner (19). 
Under these conditions, the bale box chemical envir onment is likely to be 
dominated by the organic carbon degradation rate at  least for a few 
decades. 
Example Application to a Generic Near-Surface Repos itory 
In this generic example (Fig. 4), a near-surface va ult is located in 
sandy material, above the water table. The vault fe atures a concrete roof 
with a service life of 500 a, designed to isolate t he wastes from 
infiltrating water. Most of the wastes will consist  of compacted bales, 
and our calculations assume that two thirds (65%) o f the organic C in the 
vault is MSB, 30% is SB and 5% is RM. It is also as sumed that the RM does 
not significantly degrade over the 10000 a period o f the calculation, and 
the SB has a half-life of 2000 a (compared to 1980 a for recalcitrant 
carbon in Jenkinson and Rayner (19)). 
Fig. 4 
The degradation rate obtained for MSB in the bales has to be corrected 
for the expected dry vault environment under an int act roof. In the 
absence of a specific rate indicator, the gas gener ation rates in the 
"wet" bales, ranging from 0.1 to 1.3 L kg-1a-1, has  been normalized to 
the reference gas generation rate of 0.021 L kg-1a- 1, obtained previously 
for the dry bales (5). This is believed to represen t degradation in a dry 
vault. This correction corresponds to a half-life o f 1400 a for the MSB 
material, hence an initial rate constant to be used  in Eq. (6). At the 
onset of roof failure (assumed at 500 a), water wil l infiltrate and 
accumulate in the moist bales, which is equivalent to the "wet" bales 



described above, and the much faster 55.9 a half-li fe applies thereafter. 
In Fig. 4, Eq. (6) was applied in a two-step approa ch to describe the 
behavior of organic carbon before and after roof fa ilure, using the rate 
constant of MSB material under dry conditions for t he first 500 a, and 
MSB material under wet conditions after 500 a. A mo re simple one-step 
approach, neglecting the effect of roof failure, wa s fitted visually for 
comparison, and gives an overall half-life of 600 a  for all the organic 
carbon present in the vault. This example of calcul ation suggests that 
most of the organic material will be degraded after  2000-3000 a.  
In order to estimate an overall redox potential in the vault and its 
evolution with time, one would have to balance the reducing capacity of 
the material in the vault with the sources of oxidi zing materials. The 
degradation of organic material, given above, and m etal corrosion would 
provide the reducing capacity. Metal corrosion is l ikely to follow a 
constant rate with time, often expressed as a corro sion rate (in mm/a or 
equivalent) in models (20). This rate depends upon the surface available 
for corrosion, which is often difficult to obtain. Both these rates have 
to be compared to the rates of oxygen ingress in in filtrating water 
(after roof failure) and other mechanisms in order to estimate the 
overall redox potential in the vault, hence the nea r-field chemical 
environment. This type of calculation needs to be a ddressed separately, 
as, for example, low humidity in the near-field als o features a high gas-
filled porosity and low degradation rates, which wo uld favor oxygen 
ingress; a wet environment favors higher degradatio n and higher oxygen 
consumption rates than for a dry environment, plus a smaller gas-filled 
porosity available for oxygen migration. In additio n, after the MSB 
carbon is degraded, the organic carbon degradation rates would gradually 
decrease, potentially allowing more oxygen ingress.  Hence the variations 
of redox potential in the near-field are expected t o vary over several 
centuries.  
CONCLUSION 
A low-level waste degradation experiment was done a t CRL to investigate 
the degradation processes. The leachate DOM was dom inated by VFA and this 
process is likely controlled by the microbial flora  present in the 
wastes. This resulting DOM forms labile and non-lab ile complexes with Co, 
potentially affecting its subsurface mobility. A ma ss balance suggested 
that microbial degradation is holding a reducing en vironment in these 
boxes, and this could last at least for a few decad es. Some aspects of 
this experiment are applicable to wastes degrading within a dry vault, 
however, there are still uncertainties as to how lo ng or if a reducing 
environment could last in the near-field.  
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ABSTRACT 
In 1978, Congress passed the Uranium Mill Tailings Radiation Control Act 
(UMTRCA). The U.S. Department of Energy (DOE) is de veloping a program to 
meet the U.S. Environmental Protection Agency (EPA)  ground water 
standards (60FR2854) at 24 uranium mill tailings si tes nationwide. The 
inactive uranium processing site at Tuba City, Ariz ona, has been 
designated as one of the 24 sites. 
As part of the U.S.-DOE's Uranium Mill Tailings Rem edial Action Project 
(UMTRA), the DOE is currently studying alternative ground water 
remediation technologies to determine the most appr opriate and cost 
effective technology. At the DOE/UMTRA Tuba City si te, the University of 
New Mexico's (UNM) Center for Radioactive Waste Man agement (CeRaM) is 
developing an in situ bioremediation process as one  possible alternative 
methodology. Bioremediation uses bacteria to clean the ground water of 
the contaminates. These contaminates include uraniu m, selenium, 
strontium, molybdenum, cadmium, nitrate, and sulfat e. Through bacteria 
catalyzed reactions the contaminates are either con verted to non toxic 
substances, such as nitrogen gas in the case of nit rates, or in the case 
of the heavy metals, they are immobilized as insolu ble precipitates 
(ores). The paper describes the development of the in situ bioremediation 
process for the Tuba City site. This includes site characterization for 
indigenous bacteria, laboratory batch and column st udies that simulate 
the field process, and our plans for a field observ ational test. The 
current laboratory and field site characterization tests have shown that 
the necessary bacteria are present and that they ca n catalyze the 
remediation reactions under field conditions. 
INTRODUCTION 
As part of the U.S.-DOE's Uranium Mill Tailings Rem edial Action Project 
(UMTRA), DOE is developing a program to meet the U. S. Environmental 
Protection Agency (EPA) ground water standards at 2 4 uranium mill 
tailings sites nationwide. This effort is a direct result of the 1978 
Uranium Mill Tailings Radiation Control Act (UMTRCA ) as amended. For each 
UMTRA site, the DOE is currently studying alternati ve ground water 
remediation technologies to determine the most appr opriate and cost 
effective technology (1,2). The inactive uranium pr ocessing site at Tuba 
City, Arizona, is one of the 24 UMTRA sites. The su rface contamination 
was remediated in a disposal cell that was complete d in 1990 and now the 
ground water remediation is being investigated. The  University of New 
Mexico's (UNM) Center for Radioactive Waste Managem ent (CeRaM) is 



currently developing an innovative in situ anaerobi c bioremediation 
process for cleaning the ground water at the UMTRA Tuba City site (3,4). 
Research and technology development work are conduc ted at the University 
of New Mexico in collaboration with these instituti ons: Montana State 
University, Bozeman, MT; Navajo Community College, Shiprock, NM. 
REMEDIATION CONCEPT 
Description of Technique 
The ground water remediation technique involves in situ anaerobic 
biological reduction of the contaminates uranium, s elenium, strontium, 
molybdenum, cadmium, nitrate, and sulfate. We plan to selectively grow 
bacteria that are currently present in very low con centration in the 
ground water on site. In turn these anaerobic bacte ria will catalyze a 
series of chemical reactions transforming the water  soluble contaminates 
into either a gas in the case of nitrates (5-9) or insoluble precipitates 
in the case of the heavy metals (10-19). 
The in situ biological treatment should be implemen ted using conventional 
drilling and well water technology. The advantages of in situ 
bioremediation are that the contaminate plume is re mediated and the 
aquifer is restored in a natural process with minim um environmental 
impact. 
Site remediation requires that the upper most water  bearing formation be 
restored to meet regulatory ground water requiremen ts. This restoration 
process should consider cost, environmental impact and the total 
remediation time period. At the Tuba City, Arizona,  site the plume of 
contaminated ground water is approximately 1500 ft down-gradient of the 
site and is moving on average 30 ft/year (18) towar ds the Moenkopi Wash. 
The ground water is located at a minimum depth of 6 0 ft below the ground 
surface (18) and the background ground water contai ns calcium, sodium 
carbonate and has a slightly basic pH, an oxidizing  Eh and TDS  450mg/L. 
The plume waters contain the various chemicals (e.g ., sulfates, nitrates, 
etc.) used in the uranium processing operations and  have lower pH (6 pH 
7) and lower Eh and 750LTDS7200mg/L. 
Because uranium and other heavy metals appear to be  retarded in their 
transport, as illustrated in Fig. 1, we do not beli eve that conventional 
ground water treatment methods, such as pump and tr eat, are likely to 
succeed. Also, the water table is too deep and the plume is moving too 
slowly to apply the permeable barrier technology. W ell #906 is in the 
most contaminated region of the plume located at th e South edge of the 
tailings pile, while well #908 is about 50 meters d own gradient in the 
plume and is the second most contaminated well. Not e, that well #906 has 
a uranium concentration 40 times the EPA MCL, while  in well #908 the 
uranium concentration is only slightly above the EP A MCL. However, in 
both wells the nitrate and sulfate concentrations r emain about the same, 
i.e., 30 and 15 times the EPA MCL standard. This de crease in uranium and 
molybdenum concentrations indicates strong retardat ion. If this initial 
trend persists,after more sampling wells are comple ted and tested, then 
the remediation of the heavy metals may be limited to a much smaller 
area, as compared to the nitrate and sulfate region s. This suggests the 
possible application of different in situ technolog ies over the various 
regions of the plume. 
Fig. 1 
Therefore, we are proposing for the Tuba City site an innovative in situ 
biological remediation approach. The strategy is fo r bacteria to 
chemically convert the mobile toxic species into ei ther a gas or into 



immobile precipitates. The ground water at the Tuba  City, Arizona, site 
is contaminated with uranium, selenium, strontium, molybdenum, cadmium, 
nitrate and sulfate. Anaerobic bacteria from ground  water samples at the 
UMTRA site have been shown to transform these chemi cal species into 
passive forms. Various reduction reactions are cata lyzed by the bacteria 
as illustrated below. Sulfide is produced from sulf ate reduction and then 
reacts to form insoluble precipitates with various heavy metals. The 
proposed biochemical remediation reactions are show n schematically in 
Fig. 2. The most contaminated region of the plume h as a very low 
dissolved oxygen concentration of about 0.2 ppm and  we anticipate, with 
the addition of appropriate amounts of organic nutr ients, that the 
anaerobic bacteria will increase in number and prom ote the reactions 
illustrated in Fig. 2. 
Fig. 2 
As shown, these reactions convert the toxic species  into materials that 
render the ground water harmless either through pre cipitation (formation 
of insoluble solids) or denitrification (formation of nitrogen gas). In 
this concept the amount of present nutrients is the  limiting and 
controlling factor of reaction progress. As an exam ple, only a portion of 
the sulfate will be reduced as needed to precipitat e the heavy metals. By 
limiting nutrients and the amount of sulfate reduct ion we do not 
anticipate methylation. Excessive reduction of sulf ate may lead to odor 
of the water and reactions of HS- with components o f the host rocks that 
have not yet been evaluated. On the other hand pres ent sulfate 
concentrations are too high (about 3-4 g/L) to be r educed to acceptable 
levels (about 250 mg/L) by bacteria without produci ng excess HS-. Yet 
this biotechnology is the least harsh methodology a t hand as it enhances 
a natural process and accelerates the restoration o f the ground water.  
After remediation of the ground water, bacteria are  no longer needed. 
Solids such as UO2, CdS, etc. are stable under the given environmental 
conditions (Eh, pH, temperature and water compositi on) at a depth of >60 
ft. in the sandstone formation. Though the solid co mpounds of the 
hazardous elements are not absolutely insoluble, th eir redissolution is 
limited by their extremely low solubilities, if not  by slow dissolution 
kinetics. Solution concentrations are expected to b e much lower than the 
regulatory limits established by 60FR2854 that para llel the drinking 
water standards. 
The procedure is to inject organic nutrients, such as acetate, into the 
contaminated plume in order to support the growth o f the indigenous 
bacteria, which in turn will perform the necessary anaerobic remediation 
reactions. The field implementation strategy is des cribed in the next 
section. Studies to date have shown that the approp riate bacteria species 
are present, however, in very low concentrations be cause of limited 
organic nutrients in the water. The sandstone's per meability is high 
enough for in situ biotreatment, i.e., greater than  10-4 cm/sec and the 
dissolved oxygen concentration in the plume is low,  0.2 ppm. 
Laboratory Studies 
With and without the presence of sandstone core mat erial, several batch 
experiments were conducted to assess the impact of the sandstone on the 
activity of bacteria. The number of viable bacteria  in the experimental 
bottles was determined by standard dilution procedu res with growth on 
Plate Count Agar. We found that the core matrix has  no apparent 
deleterious effect on bacterial viability. Experime nts will be designed 
to assess the interactions between sandstone surfac es and bacterial 



cells.Laboratory studies using bacteria from the si te have shown the 
ability of these bacteria to rapidly reduce nitrate s. Using two isolates 
of bacteria, strain 906F and 906R, the rate of nitr ate utilization was 
examined with three different carbon sources. An in organic medium 
containing 200 ppm nitrate was employed with 40 mM sodium acetate, sodium 
lactate or sodium pyruvate added to support growth.  The anaerobic 
cultures were examined over a period of 15 days wit h incubation at 16C, 
the ground water temperature in the plume. Nitrate concentration was 
determined using ion chromatography (Dionex Corpora tion, Sunnyvale, CA). 
Fig. 3 shows that nitrate reaction rates depend on the type of nutrient 
and that significant amounts of nitrate are reduced  in a matter of days. 
Fig. 3 
We have performed similar experiments showing the e qually rapid reduction 
and precipitation of uranium at temperature of 16 C  using the Well #906 
strain of bacteria. The transformation of the urany l ion to uraninite 
(UO2) has been documented in the literature to proc eed by bacteria of 
special physiological types: Fe(III)-reducing, spor e-forming Clostridium 
sp., and sulfate-reducing bacteria. Our interest in  bacterial 
transformation of uranium has focused on the sulfat e-reducing bacteria 
because these bacteria are widely dispersed in the ground water. 
Published laboratory studies indicate that high lev els of U(VI) are 
reduced in a short time frame of several minutes to  hours by enzymatic 
processes associated with cells of sulfate reducers . However, the 
potential reduction of U(VI) to U(IV) by sulfide ha s not been fully 
explored. Since hydrogen sulfide would diffuse wide ly in the aquifer 
system, it would be important to determine the effe ct of this reducing 
agent on U(VI) in the ground water. Our experiments  involved the use of 
simulated ground water with the composition listed in Table I to match 
the chemical characteristics of water from well 906  at Tuba City. Various 
additions were made to anaerobic 150 mL bottles con taining 100 mL of 
simulated plume water. Four different concentration s of sulfide and two 
concentrations of uranium were studied while incuba tion was conducted at 
two different temperatures under nitrogen atmospher e. The experiment was 
conducted in duplicate and values presented are ave rages. 
Table I 
The results of the study with water containing 1.2 mM uranyl acetate are 
presented in Figs. 4a through 4e. With no sulfide a dded to the anaerobic 
bottle, U(VI) remained in solution at 1.2 mM and no  figure is shown to 
represent this. In the presence of 0.1 mM sodium su lfide, the 
concentration of U(VI) steadily declined at both te mperatures; however, 
at 36C the transformation of U(VI) to U(IV) was mor e rapid than at 16C, 
see Fig. 4a. The results of U(VI) reaction by 0.2 m M sulfide are given in 
Fig. 4b, while the results with 0.5 mM, 0.7 mM and 1.0 mM sulfide are 
given in Fig. 4c, Fig. 4d and Fig. 4e, respectively . This experiment 
shows that uranium can be reduced by the production  of sulfide. Hence, in 
our process the presence of sulfate and SRBs should  lead to the 
precipitation of uranium dioxide. 
Fig. 4 
CONCLUSIONS 
The plume of contaminated ground water at the Tuba City mill tailings 
site in Arizona contains the necessary indigenous b acteria to develop an 
in situ bioremediation process. Bioremediation is a n attractive and 
potentially the preferred technique to decontaminat e the ground water at 
Tuba City. Strong retardation, i.e., slow migration  of uranium and 



molybdenum was detected in the plume relative to su lfate and nitrate, 
indicating sorption of heavy elements on surfaces o f the host rock. If 
desorption is slow, a pump and treat process may no t be efficient, 
whereas in situ bioremediation takes place in the p ores of the host rock 
(Navajo sandstone) and reaches internal surfaces. E xperiments in the 
laboratory have shown that NO3- and U(VI) are reduc ed to N2 and insoluble 
U(IV), respectively, using indigenous bacteria from  the site and organic 
nutrients, e.g., acetate. Sulfate reducers were als o detected in the 
ground water and will be used to generate sulfide. Sulfide was shown to 
reduce UO22+ within days, supporting the respective  bacteria catalyzed 
reaction. Other heavy metals, e.g., Cd, Mo, will be  precipitated and 
immobilized as sulfides. 
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ABSTRACT 
The U.S. Department of Energy (DOE) faces a complex  challenge in managing 
the inventory of spent nuclear fuel (SNF) generated  by past production 
and ongoing test reactor and research reactor opera tions. Because 
ultimate disposition of DOE-owned SNF will require geologic disposal, and 
because DOE no longer processes SNF to recover stra tegic materials, SNF 
will need to be stored for decades. The Office of S pent Fuel Management 
in the DOE Office of Environmental Management (EM) is responsible for 
overcoming that challenge. This paper reports on SN F management program's 
ongoing efforts to manage the inventory of SNF. The  paper discusses the 
recent accomplishments of the SNF management progra m, the program's 
progress on a number of outstanding issues, and pla ns for the near-term. 
Additionally, the paper serves as an introduction f or the other papers in 
this session. 
The paper shows that the SNF management program has  made significant 
progress in a number of areas affecting the safe in terim storage of DOE-
owned SNF. Examples include decisions on removal of  the deteriorated 
spent fuel from the Hanford K-Basins and the treatm ent and/or transfer of 
SNF from facilities at Savannah River and the Idaho  National Engineering 
Laboratory. However, numerous technical, managerial , and policy issues 
remain as obstacles on the path forward for DOE-own ed SNF. An example is 



resolution of questions regarding acceptable forms and methods of 
storing, packaging, transporting, and disposing of the spent fuel. 
THE SPENT NUCLEAR FUEL LEGACY 
The U.S. Department of Energy (DOE) faces a complex  challenge in managing 
the inventory of spent nuclear fuel (SNF) generated  by past production 
and ongoing test reactor and research reactor opera tions. Because 
ultimate disposition of DOE-owned SNF will require geologic disposal, and 
because DOE no longer processes SNF to recover stra tegic materials, SNF 
will need to be stored for decades. The Office of S pent Fuel Management 
in the DOE Office of Environmental Management (EM) is responsible for 
overcoming that challenge. This paper reports on SN F management program's 
ongoing efforts to manage the inventory of SNF.The decision to phase out 
processing of DOE-owned SNF has resulted in a growi ng inventory. As of 
January 1996, DOE held 2646 metric tons of SNF in i ts storage facilities. 
The challenge of DOE SNF management is compounded b y the significant 
differences between commercial SNF and DOE-owned SN F in terms of variety, 
condition, characterization, enrichment, cladding, and other 
characteristics. Additionally, certain vulnerabilit ies are associated 
with this SNF, including corrosion and structural d egradation. 
Fig. 1 
DOE SNF MANAGEMENT 
The general goals and practices of DOE-owned SNF ma nagement are to 
achieve and maintain safe storage of SNF for an int erim period to ensure 
the protection of the environment, workers, and the  public. Attaining 
this requires some treatment and packaging of the S NF to meet both 
interim storage and permanent disposal criteria. 
Key SNF management guidelines are: to regionalize i nterim storage 
primarily at three sites (Hanford, Savannah River a nd Idaho National 
Engineering Laboratory [INEL]) by fuel type, and to  ultimately dispose of 
SNF in a geologic repository. 
The regionalization by fuel type approach will occu r as follows: 
  Hanford production reactor fuel and fuel not requ iring treatment will 
remain at Hanford; sodium-bonded Fast Flux Test Fac ility fuel will be 
shipped to INEL for treatment. 
  Naval fuel will be shipped to INEL for examinatio n and interim storage. 
  Non-aluminum clad fuels will be consolidated at I NEL, excluding Fort 
St. Vrain fuel, which will remain in Colorado. 
  Aluminum-clad fuels will be consolidated at the S avannah River Site. 
More information on this approach can be found in t he paper given in this 
session by H. Eckert. 
DOE SNF MANAGEMENT AT HANFORD 
Fig. 2 
DOE is undertaking at Hanford a number of significa nt SNF management 
activities, and is developing or implementing certa in plans for SNF 
management. Conditions at the K-West and K-East irr adiated fuel storage 
basins present challenges. The K-East Basin contain s irradiated N-Reactor 
SNF stored in open canisters, and some of the fuel has corroded. Further, 
the K-East Basin contains debris and approximately 50 cubic meters of 
sludge. Both basins have a history of leaking. 
To improve near-term conditions in the K-Basins, DO E has installed 
seismic barriers in both basins. An Environmental I mpact Statement (EIS) 
for the K-Basins will be completed in March 1996. P lans for Hanford SNF 
activities are to begin removal of the SNF and slud ge from the basins in 
December 1998 and place it in a Staging and Storage  Facility, which is to 



be located in the 200 Area and completed by May 199 8, at the Hanford Site 
by December 2000. The K-Basins path forward would c omplete placing the 
fuel and sludge in interim dry storage by the year 2006. 
More information on SNF management at Hanford can b e found in the papers 
by J. Fulton and E. Sellers. 
DOE SNF MANAGEMENT AT SAVANNAH RIVER 
Fig. 3 
DOE is conducting numerous activities and making pl ans for SNF management 
at the Savannah River Site. An important issue at t he site is the 
corroded reactor target slugs at the L-Reactor disa ssembly basin. 
Planned SNF activities at Savannah River include th e Interim Management 
of Nuclear Materials (IMNM) EIS decision. An expedi ted EIS process for 
the material at greatest risk (F-Canyon Plutonium S olutions) resulted in 
the issuance of a Record of Decision (ROD) in Febru ary 1995. The final 
IMNM EIS on the remaining material was issued in Oc tober 1995. In 
December 1995, DOE issued an initial ROD covering t he majority of the 
other material, which stated that the Mark 36 fuel targets are to be 
processed. Subsequent ROD(s) are expected to addres s chemical processing 
options from the canyon utilization study and stabi lization of the Mark 
16 and Mark 22 fuel targets. Additionally, DOE is d eveloping a technical 
strategy to treat, package, and store the fuel in a  manner suitable for 
placement into long-term storage or a geologic repo sitory. In November 
1995, DOE formed a Research Reactor Fuel Task Team to assist in resolving 
interim storage and disposal issues for the aluminu m-clad highly enriched 
uranium (HEU) SNF at Savannah River. Last, a dry st orage facility or 
other treatment facility is planned to open by 2003 . 
DOE SNF MANAGEMENT AT INEL 
Fig. 4 
DOE SNF management activities and plans at INEL inc lude preparation for 
the dry storage facility for the Three-Mile Island core debris SNF by 
1998. DOE is currently making a decision on obtaini ng NRC licensing of 
the facility. At the ICPP-666 SNF storage facility,  plans are to complete 
reracking of the ICPP-666 basin for additional stor age after the court 
injunction is lifted. DOE also is planning construc tion of a dry modular 
storage facility by 2003. 
A related issue involves SNF at Fort St. Vrain, Col orado. DOE is 
negotiating with the Public Service Company of Colo rado to purchase and 
take over the facility, which will include taking o ver the license of the 
facility. Plans are to keep the SNF at Fort St. Vra in rather than ship 
the fuel to INEL. 
PROGRAM MANAGEMENT TOOLS 
A number of documents guide SNF program management activities. The 
following table gives information on the documents,  date of issuance, and 
significance to program management: 
Table I 
The paper by J. Baker provides information on SNF P rogram technology 
needs and capabilities, and the paper by C. Head di scusses FRR SNF. 
SNF PATH FORWARD 
As the above indicates, DOE has projected a number of important 
activities for the achievement of the path forward for the ultimate 
disposition of DOE-owned SNF. These include: 
  Develop strategy for Storage/Disposal of Al-Clad HEU at Savannah River 
(6/96) 
  TMI Core Debris Dry Storage at INEL (9/98) 



  Remove SNF from Hanford K-Basins (12/99) 
  Dry Storage facilities at INEL (2003) 
  Dry Storage or treatment facilities at Savannah R iver Site (2003) 
  Continuing preparations for disposal of SNF at a geologic repository. 
However, various known or unforeseen considerations  may affect these 
plans. One obstacle is determining and agreeing on acceptable forms and 
methods of storing, packaging, transporting, and di sposing of DOE-owned 
SNF. For example, the DOE Office of Civilian Radioa ctive Waste Management 
recently issued interim waste acceptance criteria t hat impact SNF Program 
chemical processing activities, among others; the f inal requirements are 
due out in March 1996. More information on this top ic is to be found in 
the paper on preparations for geologic disposal by K. Chacey. Another 
obstacle involves funding uncertainties, which grea tly impact SNF Program 
resources, activities, and schedules. 
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ABSTRACT  
In June of 1995, the Department of Energy (DOE) iss ued a Record of 
Decision (ROD) on Programmatic Spent Fuel Managemen t for the next 40 
years. The ROD authorizes the complex-wide regional ization of DOE-owned 
spent nuclear fuel by fuel type. This decision affe cts the approximately 
2700 metric tons heavy metal (MTHM) of DOE-owned sp ent fuel currently in 
inventory, as well as the approximately 100 MTHM wh ich is expected to be 
added to the inventory through the year 2035. Subse quent to the issuance 
of the ROD, a Settlement Agreement between the Depa rtment of Energy, the 
Department of the Navy, and the State of Idaho was reached on October 17, 
1995. Requirements set forth in the Settlement Agre ement will result in 
modifications to the ROD. 
Based on the ROD, as modified by the Settlement Agr eement, three DOE 
sites were selected for regionalized management of the Department's spent 
fuel inventory. Spent fuel currently in storage at the Hanford Site will 
remain at Hanford, except sodium-bonded fuel which will be shipped to 
INEL. The INEL was designated as the storage site f or non-aluminum clad 
spent fuel, including Naval spent fuel. The Settlem ent Agreement 
restricts the amount of spent fuel to be shipped to  the Idaho National 
Engineering Laboratory (INEL) over specified time i ntervals. The Savannah 
River Site (SRS) was designated as the storage site  for aluminum-clad 
spent fuel. The spent fuel currently in storage at Fort St. Vrain (FSV) 
in Colorado will remain in dry storage there until a repository or 
interim storage facility outside of Idaho is develo ped and is accepting 
fuel from INEL. Once this requirement is met, FSV f uel may be transferred 
to INEL for treatment, then returned to Colorado fo r storage or 
transferred directly to the repository. 
The Department has developed a DOE-owned Spent Nucl ear Fuel Interim 
Storage Plan to integrate national and site-specifi c plans needed to 
safely and efficiently manage spent fuel over the n ext 40 years. The 



scope involves the integration of planning and impl ementation activities 
associated with the spent fuel, with the facilities  utilized for fuel 
storage, handling, characterization or conditioning , and with the 
transportation activities required to implement reg ionalization and 
transition of DOE-owned spent fuel into improved lo ng-term interim 
storage. 
This paper summarizes the activities and challenges  associated with the 
management of spent fuel within existing facilities , the acquisition and 
management of new spent fuel facilities, and the tr ansportation of spent 
fuel both onsite and between sites to implement reg ionalization by fuel 
type. 
THE RECORD OF DECISION 
During the last 40 years, the Department of Energy and its predecessor 
agencies have generated, transported, received, sto red, and processed 
spent nuclear fuel at various facilities in the Dep artment's nationwide 
complex. Currently, approximately 2700 metric tons heavy metal (MTHM) of 
DOE-owned spent nuclear fuel remain that have not b een processed. 
Additionally, DOE-owned spent fuel containing appro ximately 100 MTHM is 
expected to be generated in the next 40 years, incl uding possible receipt 
of Foreign Research Reactor spent fuel, if a decisi on is made to 
reinstitute the policy of returning such fuel to th e United States. 
In order to evaluate the potential impact of action s proposed to safely, 
efficiently, and responsibly manage existing and pr ojected quantities of 
DOE-owned spent fuel through the year 2035 (pending  ultimate 
disposition), the Department developed a Programmat ic Environmental 
Impact Statement (PEIS). The PEIS provided four bas ic approaches to spent 
fuel management, which were then evaluated through a formal screening 
process and weighed against established criteria. T he environmental 
impacts of implementing any of the alternatives wer e evaluated in detail 
and determined to be small. Two of the four candida tes, the "1992/1993 
Planning Basis" and "Regionalization by Fuel Type,"  were selected for 
more detailed analysis. These two candidate alterna tives were then 
evaluated against a number of technical and nontech nical considerations, 
including environmental impact perception, indicate d stakeholder 
preferences (drawn from public meetings), implement ation factors, 
regulatory risk, spent fuel processing potential, e nvironmental justice, 
and fairness. The ROD documented the bases for the Department's decision 
to implement the regionalization of spent fuel by f uel type (1). 
This decision authorizes the regionalization and co nsolidation of 
existing and newly generated spent nuclear fuel at three major DOE sites 
based on the fuel type (pending future decisions on  ultimate 
disposition). Under this decision, the fuel type di stribution would be as 
follows: 
  Hanford production reactor fuel will remain at th e Hanford Site; 
  Aluminum-clad fuel will be consolidated at the Sa vannah River Site 
(SRS); and 
  Non-aluminum clad fuels (including Naval spent fu el) will be 
transferred to the Idaho National Engineering Labor atory (INEL). 
For planning purposes, it is assumed that DOE-owned  spent nuclear fuel 
that is not otherwise dispositioned will be emplace d in the first 
geologic repository for spent nuclear fuel and high -level radioactive 
waste, subject to physical and statutory limits, pa yment of fees, and 
compliance with waste acceptance requirements. (Cur rent limitations allow 
for approximately 2330 MTHM of DOE-owned spent fuel , based on a 



repository total of 70000 MTHM.) Except for some sp ecial-case commercial 
fuel, the decision does not apply to management of spent nuclear fuel 
from commercial nuclear power plants. The ROD does not address ultimate 
disposition of the Department's spent nuclear fuel.   
THE SETTLEMENT AGREEMENT 
Subsequent to the issuance of the Record of Decisio n, a Settlement 
Agreement between the Department of Energy, the Dep artment of the Navy, 
and the State of Idaho was reached on October 17, 1 995 (2). The 
Settlement Agreement places strict controls on ship ment and storage of 
spent fuel at the INEL. The following is a brief su mmary of the 
requirements/restrictions imposed by the Settlement  Agreement: 
  Allows the shipment of Naval spent fuel through t he year 2035 (up to 
575 total shipments with a total of 55 MTHM) requir ed to refuel or defuel 
nuclear powered warships, and to examine the spent fuel created to 
support continued safe operation of existing warshi ps. 
  Allows for essential shipments of DOE-owned spent  fuel to enable the 
United States to recover spent fuel from reactors i n foreign countries 
for purposes of nuclear non-proliferation, if such an acceptance policy 
is adopted. Allows 61 shipments of DOE-owned spent fuel prior to December 
31, 2000, and 497 shipments after December 31, 2000 , with maximum average 
annual shipment limits (includes the spent fuel at the West Valley 
Demonstration Project, possible additional foreign research reactor spent 
nuclear fuel, U.S. university research reactor spen t fuel, and DOE 
laboratory and other spent fuel that DOE is obligat ed to accept for 
storage). Of the total 558 possible shipments, thos e coming from SRS 
would be received at INEL only as equivalent shipme nts of spent fuel 
leave INEL for storage at SRS. 
  Allows 244 additional spent fuel shipments from t he Fort St. Vrain 
facility in Colorado if a repository or interim sto rage facility outside 
the State of Idaho is open and is accepting spent f uel from INEL. The 
fuel may then be transferred to INEL for the purpos e of treatment (not 
storage) so that it is acceptable for the repositor y or interim storage 
facility. In the interim, this spent fuel will rema in in safe NRC-
licensed dry storage in Colorado. 
  Commits DOE to remove spent fuel from water stora ge pools at INEL by 
the year 2023, and to place the spent fuel into dry  storage which is 
removed from the Snake River Plain aquifer to the e xtent technically 
feasible. 
  Prohibits any shipment of DOE-owned spent fuel to  INEL after April 30, 
1999, unless shipments of transuranic waste from IN EL to the Waste 
Isolation Pilot Plant (located in New Mexico) or an other facility are 
proceeding at a specified rate. Requires the remova l of all transuranic 
waste from INEL by the year 2018, and the removal o f all spent fuel from 
INEL by 2035, with enforceable requirements includi ng payments to Idaho 
if spent fuel is not removed by that date. 
DOE-OWNED SPENT NUCLEAR FUEL 
The current inventory of DOE-owned spent nuclear fu el is composed of 
approximately 2700 MTHM, with an additional 100 MTH M projected to be 
generated over the next 40 years. Table I provides a summary of the 
locations and quantity (in terms of 3 metrics) of s pent fuel currently 
existing within the DOE complex. Approximately nine ty-nine percent (99%) 
of the existing DOE-owned spent fuel (by MTHM) is s tored in facilities at 
four locations: the Hanford Reservation (81%); the INEL (10%); SRS (8%); 
and the West Valley Demonstration Project Site (1%) . Naval propulsion 



spent fuel comprises the majority of the projected receipts (as 
calculated by MTHM), with spent fuel from foreign a nd domestic research 
reactors providing another large category of spent fuel receipts. The 
projected increase in DOE-owned spent fuel inventor ies through the year 
2035 represents approximately 4% by MTHM, or approx imately 70% when using 
total mass or volume as the metric. 
Table I 
THE DOE-OWNED SPENT NUCLEAR FUEL INTERIM STORAGE PLAN 
Planning for complex-wide management of DOE-owned s pent fuel pending 
ultimate disposition has been impacted by both the ROD and the Settlement 
Agreement. DOE has developed an Interim Storage Pla n to integrate 
national and site-specific activities proposed to c onsolidate, 
regionalize, and manage spent fuel during the inter im period (3). 
Summaries of individual site plans are provided for  the Hanford Site, the 
INEL, Oak Ridge National Laboratory (ORNL), and the  Savannah River Site. 
Discussed are the national and site-specific activi ties needed to assure 
safe, interim storage within existing facilities as  well as the actions 
underway to acquire new, primarily dry storage faci lities for the longer 
term prior to transferring the spent fuel to the ge ologic repository for 
disposition. 
A baseline Master Logic Schedule (MLS) has been dev eloped to assist in 
the interim management of spent nuclear fuel and in tegration of complex-
wide activities. This tool serves as an integral co mponent of the program 
implementation strategy by establishing the logic a nd key milestones for 
the entire national program and displaying the path s that lead to 
permanent disposition of DOE-owned spent nuclear fu el. It is structured 
at several levels, with the highest levels summariz ing key activities for 
the entire program over a 40-year period, and the l ower levels providing 
more detail by site and facility. 
Major activities proposed for the interim managemen t of DOE-owned spent 
fuel are based upon managing spent fuel within exis ting DOE facilities, 
acquiring new facilities, and facilitating transpor tation of spent fuel 
between facilities. For implementation purposes, th ese major activities 
can be categorized into three general time frames o r phases. Program and 
site priorities, budget constraints, resources avai lability, and 
scheduling/transportation requirements act to defin e the time frames for 
each phase, with some overlap expected.  
Phase 1 activities are scheduled to take place appr oximately through the 
year 2000. These are the activities that are the mo st well-defined, and 
for which budget allocations or projections are alr eady in place. These 
activities emphasize efforts associated with existi ng facilities, and in 
many cases represent actions that must be taken to prepare for major 
activities proposed in Phase 2. Budget projections and schedules reflect 
the priorities which have been placed upon resoluti on of vulnerabilities 
and Defense Nuclear Facilities Safety Board issues,  facility upgrades, 
and onsite fuel consolidation. Initiation of spent fuel regionalization 
activities will take place on a small scale during Phase 1. Facility 
acquisition activities are focused on acquiring the  Canister Storage 
Building at the Hanford Site and Three Mile Island Dry Storage facility 
at INEL. 
Phase 2 is defined as the period beginning in the y ear 2001 and 
continuing through approximately 2006. Activities p roposed in this phase 
are less well defined than in Phase 1, and budget p rojections and 
schedules are still under development. This phase w ill focus on the large 



scale implementation of regionalization of spent fu el by fuel type, 
including transfers of fuel between the designated sites. Requested 
funding levels will reflect storage costs, transpor tation costs, and 
costs related to bringing on-line additional new st orage facilities 
(e.g., the Dry Modular Storage Facility at INEL). 
Phase 3 is defined as the period beginning approxim ately in 2007 and 
continuing through approximately 2035. This phase w ill include the 
completion of regionalization activities, but will focus more on the 
actual interim management of the spent fuel awaitin g the availability of 
the geologic repository. During this phase there wi ll be a measurable 
decrease in site budget projections, reflecting the  transition to 
surveillance and maintenance activities.  
MANAGEMENT OF SPENT FUEL WITHIN EXISTING FACILITIES  
Most existing DOE storage facilities either have re ached, or are 
approaching, the end of their original design life.  Many of the 
facilities have vulnerabilities that may require co stly upgrades or 
preclude reasonable life extension efforts, thereby  warranting phaseout 
of the facility. Given sufficient funding, the prud ent course of action 
would be to phase out these facilities at the earli est point in time. 
However, due to limited funding and a need to impro ve the near term 
storage conditions of much of the DOE-owned spent f uel, efforts must be 
undertaken to continue the use of some of these fac ilities. This Plan 
identifies those existing facilities that, while no t fully compliant with 
today's standards, are technically adequate for con tinued near term use 
pending the acquisition of new facilities. 
Hanford Site 
The Hanford Site manages the largest amount of DOE- owned spent nuclear 
fuel with a current inventory of approximately 2133  MTHM, representing 
approximately 81% (by weight) of the Department's e ntire spent fuel 
inventory, the vast majority of which is production  fuel.  
At the Hanford Site, the most pressing issue has be en the removal of N-
Reactor spent production fuel from the aged K-Basin s. In October 1995, 
all spent production fuel remaining in storage at P UREX was transferred 
to the K-West Basin. This fuel has been consolidate d with the remaining 
K-Basin fuel which will be moved to a staging facil ity serving as the 
first phase of the new Canister Storage Building (C SB) scheduled to begin 
operation in late 1997. The completion of the remov al of spent production 
fuel from the K-Basins is scheduled for December 19 99. Once the 
conditioning system becomes operational at the CSB,  the spent production 
fuel will then be cycled through a conditioning pro cess, repackaged and 
moved to the main dry storage area located in the C SB, where it will 
remain until its scheduled transfer to the reposito ry. The transfer of 
all spent production fuel to the repository is sche duled to occur between 
2015 and 2035. 
In addition to the spent production fuel currently in storage in the K-
Basins, small amounts of non-production fuel, once used for experimental 
and other purposes, are also stored at other onsite  facilities. 
Currently, this spent fuel is located in the Low-Le vel Burial Grounds 
(LLBG), T-Plant, Plutonium Finishing Plant (PFP), F ast Flux Test Facility 
(FFTF), and several 300-Area Buildings. In the near  future, FFTF and the 
300 Buildings spent non-production fuel will be tem porarily moved to a 
400-Area storage pad. When additional space becomes  available, the spent 
fuel will be transferred to a 200-Area storage pad adjacent to the CSB, 
where all the spent non-production fuel will be con solidated with T-Plant 



fuel and temporarily stored prior to being transfer red to the repository 
site via the CSB pathway. PFP and LLBG fuels, once conditioned and 
repackaged at the Canister Storage Building, will a wait disposition via 
the CSB pathway at the PFP facility and 200-Area st orage pad, 
respectively. The transfer of all spent non-product ion fuel, with the 
exception of sodium-bonded fuel from the FFTF, is s cheduled to occur 
between 2015 and 2035. The sodium-bonded fuel is sc heduled to be 
transferred to INEL for electrometallurgical treatm ent at Argonne 
National Laboratory-West (ANL-W), if this process i s found to be feasible 
and practical. (This topic is addressed in Session 46 -Spent Fuel 
Conditioning and Processing Technologies: Needs and  Capabilities," John 
F. Baker, William D. Clark, Jr., and James J. Laidl er) 
Idaho National Engineering Laboratory 
The current inventory of spent fuel at INEL is 261 MTHM, representing 
approximately 10% (by weight) of fuel in the DOE Co mplex. Five major 
facility areas exist in and around INEL that store spent fuel: ANL-W, 
Idaho Chemical Processing Plant (ICPP), Power Burst  Facility (PBF), Test 
Area North (TAN), and Test Reactor Area (TRA). Stor ed fuels are kept in a 
variety of both wet and dry configurations. The ROD  identified INEL as 
the recipient of non-aluminum clad spent fuel, incl uding Navy fuel, in 
the DOE complex (within certain limitations specifi ed in the Settlement 
Agreement) for interim storage. 
The INEL will consolidate spent fuel at the Idaho C hemical Processing 
Plant. To resolve existing vulnerabilities, fuel is  being moved from an 
older wet storage facility (CPP-603) to a modern we t storage facility 
(CPP-666) or to dry storage. A new dry storage faci lity will be built at 
INEL to store damaged Three Mile Island-2 core debr is . An additional dry 
storage facility will be built to store future rece ipts of Navy fuel and 
non-aluminum clad DOE-owned spent fuel and for furt her consolidation of 
fuel stored at various INEL facilities. 
The Idaho Chemical Processing Plant historically re ceived spent nuclear 
fuel from many onsite and offsite reactors for proc essing. However, DOE 
decided to phase out processing activities in 1992.  The new mission of 
this facility area is to receive and store spent fu el. In implementing 
this mission, the majority of spent fuel will be co nsolidated in CPP-603 
(Dry) from a number of onsite storage locations for  temporary storage. 
Fuels currently stored at CPP-603 (Wet) will either  be moved and placed 
into wet storage at CPP-666, or canned and placed i n storage at CPP-603 
(Dry). These activities will be completed by Decemb er 2000. As for other 
activities at ICPP, CPP-666 will serve as the inter im storage location 
for Navy fuel and the near term storage location fo r Advanced Test 
Reactor (ATR) fuel. All wet storage operations with in CPP-666 will cease 
by 2023, at which time all stored materials will ha ve been transferred to 
dry storage either at the Navy's Expended Core Faci lity (ECF) located at 
INEL or at the CPP-666 location. All subsequent Nav y fuel shipments which 
are scheduled to continue until 2035 will be receiv ed for dry storage at 
either the ECF or the CPP-666 directly. Furthermore , Peach Bottom fuel 
currently stored at INEL in CPP-603 (Dry) will be t ransferred to CPP-749 
over a period of 12 months beginning in early 1997 where it will await 
transfer to the new Dry Modular Storage Facility. B eginning in 2001, 
receipts from ORNL will be placed in storage at CPP -749 and CPP-603 
(Dry). Transfer of fuel to interim storage from CPP -603 (Dry) and CPP-749 
to the new Dry Modular Storage Facility is schedule d to begin in 2003 and 
continue for at least a decade. 



The Test Reactor Area and the Power Burst Facility,  which currently store 
both aluminum-clad and non-aluminum clad research r eactor fuel, will 
transfer their non-aluminum clad fuels to CPP-603 ( Dry) for short-term 
interim storage. Aluminum-clad fuels including ATR fuel will be 
transferred offsite from CPP-666 to SRS, while the remaining non-aluminum 
clad fuel will follow the same disposition path as other CPP-603 (Dry) 
fuels. Fuel transfers from TRA and PBF will occur w ithin approximately 
the next five years. 
Test Area North stores special-case commercial fuel  (including Three Mile 
Island core debris) and DOE experimental fuel simil ar to commercial 
nuclear fuel. A new facility, Three Mile Island (TM I) Dry Storage, is 
currently being planned, and will begin receiving T MI fuel currently 
stored in TAN (Wet) in 1998. The remaining fuels in  TAN (Wet) will be 
transferred at the same time to the current TAN (Dr y) facility for 
temporary storage and eventual transfer to the new Dry Modular Storage 
Facility. The TAN (Dry) facility will also receive fuel from West Valley 
for temporary storage beginning after 2000 and it w ill eventually be 
transferred to the new Dry Modular Storage Facility , along with the spent 
fuel currently in cask storage at TAN (Dry). 
The remaining onsite fuel is stored at ANL-W, which  generated spent fuel 
as a result of research and development activities related to advanced 
reactor design. Primarily, ANL-W will be designated  the disposition 
facility/area for sodium-bonded fuel, including fue l from the Hanford 
Site. Following processing, fuel would no longer be  classified as spent 
fuel and will not be managed by the spent fuel prog ram. The high-level 
waste component from processing will ultimately be disposed of in the 
repository. If it is determined to be feasible and practical, processing 
of fuel at ANL-W will begin in approximately 2001 a nd continue for 
approximately eight years. An option to use a modif ied 
electrometallurgical treatment technique for the fu el at Oak Ridge's 
Molten Salt Reactor Experiment is being investigate d and a determination 
as to its use will be made in the next 1-2 years.  
The spent fuel currently in dry storage at Fort St.  Vrain in Colorado 
will remain there for the near term. Receipt of For t St. Vrain fuel will 
only take place if and when an interim storage faci lity or permanent 
repository is operating outside of Idaho and accept ing INEL spent fuel. 
If these conditions are met, INEL will receive FSV fuel for the purpose 
of treatment only; storage or disposition of FSV fu el will occur 
elsewhere.  
A number of different options are still being consi dered at INEL for 
long-term disposition, but the current plan is to c onsolidate spent fuel 
for interim storage at three facilities: Dry Modula r Storage Facility, 
TMI Dry Storage, and CPP-666. Under the current pla n, fuels stored in TMI 
Dry and CPP-666 (other than Navy fuel) would be tra nsferred to the Dry 
Modular Storage Facility for conditioning/packaging  before being 
transferred to the repository, beginning in 2015. 
Oak Ridge National Laboratory 
The Oak Ridge Reservation stores a relatively small  amount (approximately 
1 MTHM or 0.3% by weight) of DOE-owned spent fuel i n comparison to the 
other DOE sites. Nevertheless, the large variety of  types of spent fuel 
managed by Oak Ridge necessitates the need for an i ntegrated disposition 
plan. Oak Ridge aluminum-clad spent fuel will be sh ipped to SRS for 
interim storage, and non-aluminum clad fuel will be  shipped to INEL. 
Currently, spent fuel is stored in a variety of ons ite storage areas 



including retrievable dry storage units (SWSA 5N), as above ground hot 
cell units (Bldg. 3525 and 7920) and wet storage ba sins at the High Flux 
Isotope Reactor (HFIR) and the Bulk Shielding React or (BSR). Spent fuel 
generated at the Tower Shielding Reactor (TSR) is c urrently stored within 
the inactive reactor core. Spent fuel from the Molt en Salt Reactor 
Experiment (MSRE) is housed in isolation within cri tically safe storage 
tanks.  
Oak Ridge will ship the majority of its spent fuel located at the HFIR, 
BSR, and TSR facilities to the Savannah River Site beginning in 1996. 
Transfer of TSR and BSR spent fuel is expected to b e completed by 1999. 
Production and transfer of HFIR fuel is scheduled t o continue throughout 
its operating life, currently anticipated through 2 015. The small amount 
of aluminum-clad spent fuel stored in SWSA-5N and B uildings 3525 / 7920 
will be repackaged and transferred to the Savannah River Site between 
1997 and 1999. 
As for the non-aluminum clad fuel, Peach Bottom, Dr esden and other 
miscellaneous fuels are stored at SWSA 5N and Build ing 7920. These fuels 
will be repackaged at Building 3525 and either retu rned to SWSA 5N prior 
to transfer to INEL, or transferred directly to INE L. Transfer of these 
fuels to INEL is scheduled to take place over five years, beginning in 
2001, in accordance with the Settlement Agreement b etween DOE, the Navy, 
and the State of Idaho. Spent fuel from the MSRE ma y be processed 
utilizing a modified pyroprocessing technique onsit e through 2005, with a 
determination as to using this process being made i n the next 1-2 years. 
The high-level waste component from processing will  be transferred along 
with other spent fuel to the repository. 
Savannah River Site 
The Savannah River Site manages 207 MTHM of DOE-own ed spent fuel, 
representing approximately 8% (by weight) of spent fuel in the DOE 
complex. SRS currently stores the majority of the a luminum-clad spent 
fuel in the DOE-complex at the Receiving Basin for Offsite Fuels (RBOF), 
the K-,L-, and P-Reactor Disassembly Basins, and ba sins in the F- and H-
Canyons. The F- and H-Canyons and the L- and P-Reac tor basins presently 
manage production fuel and targets. The K-Reactor b asin manages 
production fuel, while RBOF is currently the only f acility to manage 
offsite and non-aluminum clad spent fuel. 
SRS is finalizing a site-specific Environmental Imp act Statement (EIS) 
evaluating options to store or process spent fuel. A combination of 
options including processing of deteriorated alumin um-clad fuel and dry 
storage of remaining spent fuel may be the preferre d alternative. If the 
processing option is selected, deteriorated aluminu m clad fuel from INEL 
may also be shipped to SRS for processing. 
Aluminum-clad HFIR fuel from ORNL, domestic researc h reactors (DRRs) and 
other DOE facilities will be transferred to SRS for  storage in RBOF or 
the K/L-Basins over a ten year period ending in Dec ember of 2005. During 
the first 24 months of these receipts, K/L-Basins w ill undergo upgrading 
to ensure the facilities continued integrity. In ad dition, RBOF or K/L-
Basins would receive ORNL transfers of BSR and TSR fuels from late 1996 
to the end of 1997, and ORNL 3525 and SWSA 5N spent  fuel from 1997 
through 1999. Spent fuel received at RBOF and the K /L-Basins will remain 
in storage until transfer to a new dry storage faci lity which is proposed 
to come on-line in about 2003. However, production fuel receipts to K/L-
Basins may either be transferred to F- and H-Canyon s for processing, at 
which time the fuel will no longer be classified as  spent fuel, or the 



production fuel will remain in storage at K/L-Basin s until transfer to 
interim dry storage in 2003. Finally, those transfe rs from ORNL, DRRs, 
and other DOE facilities received after December of  2003 may go directly 
to a dry storage facility to await conditioning and  ultimate disposition 
beginning in 2015. 
Pending a Record of Decision on the Foreign Researc h Reactor (FRR) EIS, 
offsite receipts of FRR spent fuel to RBOF or the K /L-Basins for storage 
could start in late 1996. FRR spent fuel received b etween 1996 and 2000 
may be subsequently transferred to F- and H-Canyons  for processing, or 
remain at K/L-Basins until the transfer of all fuel  from K/L-Basins to a 
dry storage facility in 2003. Aluminum-clad and ATR  fuel receipts from 
INEL to RBOF or K/L-Basins will begin in the year 2 001. FRR spent fuel 
and INEL fuel receipts to RBOF or K/L-Basins will c ease in 2005; 
subsequent receipts might then go directly to a new  dry storage facility 
to await conditioning and final disposition beginni ng in 2015. 
Non-aluminum clad fuels currently stored at RBOF wi ll be transferred to 
INEL. This will occur between 2001 and 2010 in acco rdance with the 
Settlement Agreement, requiring an equivalent annua l number of spent fuel 
shipments between SRS and INEL until all aluminum-c lad spent fuel 
presently stored at INEL has been shipped to SRS. 
ACQUISITION AND MANAGEMENT OF NEW STORAGE FACILITIES 
The safe, effective interim management of DOE-owned  spent nuclear fuel 
will require the construction of several new interi m storage facilities, 
including support facilities needed to characterize , stabilize or 
condition, and package the spent fuel, most probabl y under dry 
conditions. One primary driver that influences deci sions as to facility 
need is safety, which dictates that new facilities are needed to provide 
improved safe management for many of the DOE-owned spent fuel types. A 
second driver exists in the need to prepare the spe nt fuel for final 
disposition in a geologic repository. To bring on-l ine these new 
facilities will require substantial efforts in the areas of contract 
management and funding, development and implementat ion of regulatory 
requirements, technology development, design select ion, and National 
Environmental Policy Act (NEPA) analysis. When poss ible, new spent fuel 
storage and conditioning facilities are to use exis ting commercial 
technologies to minimize life cycle costs and to ta ke advantage of 
commercial standards and licensing bases.  
One consideration that arises during the acquisitio n of new facilities is 
the degree to which commercial industry regulatory requirements are to be 
adopted. The primary Federal agencies that promulga te requirements that 
potentially impact the management of DOE-owned spen t fuel are the Nuclear 
Regulatory Commission (NRC) and the Environmental P rotection Agency 
(EPA). Under the Atomic Energy Act (AEA), the NRC h as regulatory 
authority for nuclear safety over commercial nuclea r facilities as well 
as select DOE facilities that are identified by Con gressional lawmaking. 
The EPA is the agency responsible for promulgating regulations 
implementing a number of environmental laws includi ng, among others, the 
Clean Air Act, the Clean Water Act, the Resource Co nservation and 
Recovery Act (RCRA), and the Comprehensive Environm ental Response, 
Compensation, and Liability Act (CERCLA). Of these,  the AEA and RCRA 
provide the majority of requirements specific to sp ent fuel.  
In addition, a Federal Advisory Committee on Extern al Regulation of 
Department of Energy Nuclear Safety has been establ ished to provide 
advice, information, and recommendations on whether  and how new and 



existing DOE nuclear facilities and operations shou ld be externally 
regulated to ensure safety. The committee's final r eport recommends 
external regulation of essentially all aspects of s afety at DOE's nuclear 
facilities and sites. DOE spent fuel storage and tr eatment facilities 
would be directly impacted when the recommendation is implemented. 
At the site level, a number of regulatory initiativ es are underway in 
conjunction with the acquisition of new facilities.  As an example, at the 
Hanford site the K-Basin Replacement Project has es tablished a Regulatory 
Requirements Team and an Independent Review Panel t o help determine the 
regulatory requirements needed for design and const ruction of the new 
Canister Storage Building. The Regulatory Requireme nts Team is comprised 
of DOE-Richland, Westinghouse Hanford Corporation a nd expert personnel, 
and is responsible for the identification, evaluati on, and recommendation 
of requirements for use on the project. An Independ ent Review Panel 
consists of three nuclear industry experts who revi ew the recommendations 
provided by the Regulatory Requirements Team. 
The acquisition of a new Three Mile Island Dry Stor age facility at the 
INEL also affords an opportunity for the DOE to con sider new approaches 
towards regulatory requirements. The DOE has evalua ted proposals for a 
company to design and construct a dry storage facil ity based upon proven 
commercial facilities that have been designed in ac cordance with NRC 
requirements. The selection of the approved vendor was completed in late 
1995. 
SPENT FUEL TRANSPORTATION / MULTI-PURPOSE CANISTERS 
Although the main focus of the Interim Storage Plan  is to document DOE 
plans for managing spent fuel over the next 40 year s, plans must also 
account for eventual disposition of the spent fuel.  As ultimate 
disposition for the majority of DOE-owned spent fue l will be in a 
geologic repository, the national spent fuel progra m is working with the 
Office of Civilian Radioactive Waste Management (OC RWM) to develop 
disposal package designs, waste acceptance requirem ents, and technical 
requirements for emplacement of DOE-owned spent fue l within a geologic 
repository. 
One concept being pursued is the use of multi-purpo se canisters (MPCs) 
that provide for spent nuclear fuel interim storage , transportation to 
the repository, and repository emplacement. The Nav y is currently 
evaluating the use of multi-purpose canisters for i nterim storage and 
permanent disposition of naval propulsion spent fue l.  
The DOE will monitor progress in this area, and eff ort will be made to 
extend MPC designs for use with DOE-owned spent fue l as necessary for 
preparations for disposal proceed. 
COSTS 
The costs for implementation of interim storage for  Fiscal Years 1996 
through 2001 are estimated to be on the order of $1 .5 Billion, which 
includes both the costs for operating existing faci lities as well as the 
cost for the acquisition of new facilities. 
CHALLENGES 
In order to effectively implement the complex-wide regionalization of 
DOE-owned spent fuel, a large number of activities must be undertaken 
concurrently or consecutively, with close coordinat ion among the sites, 
and with consideration given to long-term interim s torage and preparation 
of the fuel for permanent disposal in a geologic re pository. There are 
many challenges which must be addressed, including but not limited to the 
following: 



a) Availability and suitability of transportation c asks - An adequate 
number of casks must be available within relatively  strict time frames in 
order for transportation to occur as needed. The su itability of existing 
casks must be evaluated for the myriad of potential  spent fuel types to 
be transported. If existing casks are found to be l acking, either 
modifications will be required or new casks must be  designed and 
constructed. 
b) Availability of funding - All of the proposed pl ans assume that the 
necessary funding will be provided at adequate leve ls and in the time 
frame needed in order to accomplish all the require d tasks. With the 
current turmoil concerning government funding in ge neral, and Department 
of Energy activities specifically, obtaining necess ary funding will be a 
challenge. 
c) Stakeholder acceptance - Gaining stakeholder acc eptance, whether it be 
members of Congress, State Governors, Tribal leader s, or members of the 
general public, will be difficult based on the many  areas of concern. 
These areas include economic impact, equity, risk a version, as well as 
concerns that potential delays in the Geologic Repo sitory Program may 
lead to de facto permanent storage in the states in  which the spent fuel 
is being stored. 
d) Technology development - Some technology develop ment will be required 
in order to stabilize the condition of many of DOE' s spent fuel types so 
that they can be safely placed into interim storage . 
e) Repository Program - The current funding problem s being experienced by 
the Department's Repository Program could impact th e development work in 
the areas such as Multi-Purpose Canisters and the d evelopment of waste 
acceptance requirements for the disposal of DOE-own ed spent fuel in the 
geologic repository. Delays in either of these two areas could require 
multiple handling of spent fuel in order to place t he spent fuel in a 
form and in packages that will be compatible with t he yet to be developed 
MPC's and meet currently unspecified waste acceptan ce requirements. 
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ABSTRACT 
This paper highlights progress made during the last  year toward removing 
the Department of Energy's (DOE) approximately 2,10 0 metric tons of 
metallic spent nuclear fuel from the two outdated K  Basins at the Hanford 
Site and placing it in safe, economical interim dry  storage. In the past 
year, the Spent Nuclear Fuel (SNF) Project has enga ged in an evolutionary 
process involving the customer, regulatory bodies, and the public that 
has resulted in a quicker, cheaper, and safer strat egy for accomplishing 
that goal. Development and implementation of the In tegrated Process 
Strategy for K Basins Fuel is as much a case study of modern project and 
business management within the regulatory system as  it is a technical 
achievement. 
A year ago, the SNF Project developed the K Basins Path Forward that, 
beginning in December 1998, would move the spent nu clear fuel currently 
stored in the K Basins to a new Staging and Storage  Facility by December 
2000. The second stage of this $960 million two- st age plan would 
complete the project by conditioning the metallic f uel and placing it in 
interim dry storage by 2006. In accepting this plan , the DOE established 
goals that the fuel removal schedule be accelerated  by a year, that fuel 
conditioning be closely coupled with fuel removal, and that the cost be 
reduced by at least $300 million. 
The SNF Project conducted coordinated engineering a nd technology studies 
over a three- month period that established the tec hnical framework 
needed to design and construct facilities, and impl ement processes 
compatible with these goals. The result was the Int egrated Process 
Strategy for K Basins Fuel. This strategy accomplis hes the goals set 
forth by the DOE by beginning fuel removal a year e arlier in December 
1997, completing it by December 1999, beginning con ditioning within six 
months of starting fuel removal, and accomplishes i t for $340 million 
less than the previous Path Forward plan. 
DOE approval of the Integrated Process Strategy was  received in late July 
1995 and its implementation is well underway. Becau se this is a strategy 
as compared to a fully engineered solution, technic al challenges must be 
overcome and continually adjusted while accelerated  engineering, 
procurement, construction, and startup activities a re proceeding in 
parallel. A comprehensive technical integration pro cess including the 
requirements baseline, process flow diagrams, inter face control, issues 
management, technical data management, and configur ation control has been 
implemented to manage and communicate these adjustm ents throughout the 
Project. These modern business practices are centra l to the success of 
the Integrated Process Strategy for K Basins Fuel. 
INTRODUCTION 
At last year's WM '95 Conference, the K Basins Path  Forward was 
described. This was a strategy for the early remova l of fuel and sludge 
from the K Basins to quickly mitigate environmental  concerns and public 
and worker health and safety issues. In the year si nce then, many changes 
to those plans have occurred through working with t he customer, 
regulatory bodies and the public and incorporating changing and improved 
requirements. The result of this evolutionary proce ss is the Integrated 
Process Strategy for K Basins Fuel. This new strate gy and how it 
effectively meets the challenges is the subject of this paper.  
Development of the Integrated Process Strategy for K Basins Fuel is as 
much a case study of project and business managemen t within the 



regulatory system as it is a technical achievement.  The paradigms of 
DOE's production past are no longer operative in to day's complex 
political, regulatory, and public involvement envir onment. Previously, a 
technical problem would be thoroughly studied and e valuated before any 
plans were made. A technically elegant solution wou ld be developed 
without public or regulatory input. A budget and sc hedule would then be 
adopted that supported this solution, a Congression al funding 
appropriation obtained, and the project executed. 
The SNF Project at Hanford has shown that modern bu siness practices can 
be applied within the DOE system, albeit, dramatic shifts away from the 
old cost-plus processes are required. The business practices being 
applied by the SNF Project are not new or different  from those used in 
private industry. In today's environment many facto rs drive the technical 
solution which must often be adjusted before it is fully implemented as 
those factors change. The SNF Project has successfu lly combined the 
practical "can do, get the job done" attitude of th e past with the 
political, regulatory, and public realities of the present. 
SPENT NUCLEAR FUEL PROJECT AND THE K BASINS PATH FO RWARD 
The inventory of spent nuclear fuel at the Hanford Site covers a wide 
variety of fuel types (production reactor to space reactor) in many 
facilities (reactor fuel basins to hot cells) at lo cations all over the 
Site. The 2,129 metric tons of spent nuclear fuel a t Hanford accounts for 
over 80% of the total U.S.DOE inventory. Most (98%)  of the Hanford spent 
nuclear fuel is 2,103 metric tons of metallic urani um production reactor 
fuel currently stored in the K Basins located near the Columbia River at 
the northern end of the Hanford Site.  
These two basins each contain about 3,800 cubic met ers (one million 
gallons) of water and were part of the K East and K  West production 
reactor complex constructed in the 1950s. They were  used to cool 
discharged fuel prior to chemical processing at the  PUREX facility. After 
the K Reactors production mission ended in the 1970 s, the basins were 
used as temporary storage capacity for N Reactor fu el while the PUREX 
processing facility was being refurbished and resta rted. When the defense 
production mission ended in 1990 and PUREX operatio ns were terminated in 
December 1992, part of the N Reactor fuel inventory  remained in the 
basins with no means for near-term removal and proc essing. The K East 
Basin contains 1,146.2 metric tons of spent fuel an d the K West Basin 
contains 956.8 metric tons of spent fuel. (This inc ludes the 2.9 metric 
tons of spent fuel recently transferred from PUREX to the K West Basin.) 
The fuel in the K West Basin has been stored in wat er filled, lidded 
canisters containing a corrosion inhibitor and the basin environment is 
relatively clean and free of corrosion products. Th e fuel in the K East 
Basin, however, was stored in open canisters and so me of the fuel has 
corroded extensively. The deteriorating fuel with n o viable "path 
forward," and worker health and safety issues, coup led with aging 
facilities with seismic vulnerabilities, has been i dentified by several 
groups, including regulators, stakeholders, and the  DOE, as being one of 
the most urgent safety and environmental concerns a t the Hanford Site. 
To meet these challenges, the Spent Nuclear Fuel Pr oject was formed in 
February 1994. The mission accepted by the SNF Proj ect is to "Provide 
safe, economic, and environmentally sound managemen t of Hanford spent 
nuclear fuel in a manner which stages it to final d isposition." A year 
ago, the SNF Project developed the K Basins Path Fo rward, a two-phase 
strategy to allow early removal of fuel and sludge from the K Basins 



followed by its stabilization and interim storage. In the expedited 
response phase, fuel and sludge from the K East and  K West Basins would 
be packaged in large multi-canister overpacks (MCO) . The fuel would 
remain in the original canisters while the sludge w ould be placed in 
containers resembling the fuel canisters. The canis ters would be loaded 
into the MCOs under water and the MCOs would remain  water filled during 
shipping to temporary storage at a new Staging and Storage Facility. 
During the second phase, MCOs would be transferred from the Staging and 
Storage Facility to a newly constructed Fuel Stabil ization Facility which 
would be co-located with the Staging and Storage Fa cility. Here the fuel 
and unseparated sludge would be dried and passivate d in the MCO to reduce 
the potential hazards associated with metal fuel st orage. Following this 
stabilization process, the MCOs would be returned t o the Staging and 
Storage Facility for interim dry storage. This stra tegy would begin 
removal of the spent fuel and sludge from the basin s in December 1998 and 
place it in a new Staging and Storage Facility loca ted in the 200 Area at 
the Hanford Site by December 2000. The K Basins Pat h Forward would 
complete placing the fuel and sludge in interim dry  storage by the year 
2006 for an estimated cost of $960 million.  
K BASINS PATH FORWARD APPROVAL AND REFINEMENT PROCESS 
In February of 1995, the DOE formally approved the K Basins Path Forward 
and provided the following goals for its refinement : 
  Accelerate the Path Forward schedules by one year  to commence fuel 
removal by December 1997, and to complete fuel remo val in approximately 
two years, i.e. by December 1999. 
  Accelerate the schedules for fuel conditioning ac tivities so that fuel 
stabilization is closely coupled with fuel removal from the K Basins. 
  Achieve significant cost reductions, with every a ttempt to complete 
implementation of the accelerated schedules includi ng close coupled fuel 
stabilization within the fiscal year (FY) 1995 thro ugh FY 1997 budget 
projections. 
  Revise the process to avoid reopening the MCOs on ce fuel is loaded so 
that the MCOs can be welded at the K Basins. 
  Utilize the partially constructed Canister Storag e Building (CSB) 
located in the 200 East Area as the Staging and Sto rage Facility 
recommended in the Path Forward strategy. 
In response to the DOE's goals, the SNF Project con ducted coordinated 
engineering and technology studies over a three-mon th period to establish 
the technical framework needed to design and constr uct facilities, and 
implement processes compatible with these goals. To  achieve a timely and 
optimum evaluation and solution, Westinghouse Hanfo rd Company, in 
conjunction with Pacific Northwest National Laborat ory (PNNL), DOE staff, 
and several subcontractors, formed an integrated te am to coordinate the 
studies and arrive at decisions. The overall proces s and timeline for 
developing the Integrated Process Strategy was aggr essive. Beginning in 
April 1995, the technical options and criteria were  developed, cost, 
schedule, and safety input provided, and the evalua tions were performed. 
The resulting integrated process strategy was revie wed by an external 
advisory panel of experts between July 11-14, 1995,  and their advice 
incorporated. The recommended strategy was finalize d and provided to the 
DOE on July 18, 1995, for their consideration. 
The decision process built upon the foundation esta blished by the K 
Basins Path Forward and incorporated the schedule a cceleration and 



compression, and cost reduction goals. The team ide ntified the following 
key technical issues which afforded flexibility for  improvements:  
  Selection of the process for drying and condition ing the fuel. 
  Wet (flooded) versus dry shipment of fuel. 
  Wet (flooded) versus dry staging of fuel. 
  Canister preparation and desludging requirements.  
  MCO venting and hydrogen management requirements.  
  Definition of an acceptable (defensible) safety b asis. 
Technical and engineering trade-off studies to reso lve these issues were 
performed and a systems engineering process then re sulted in process 
alternatives as shown in the summary block diagram in Fig. 1. Eight 
integrated process options were developed from thes e alternatives for 
evaluation. These options, the evaluation results, and cost comparisons 
are summarized in Table I. A comparison with the in itial Path Forward of 
the same project scope is also included. The evalua tion of these 
alternatives included the use of systematic multi-a ttribute decision 
analysis techniques to assure a comprehensive, bala nced treatment. The 
evaluations included assessments of technical viabi lity, health, safety 
and environmental risk, and cost, schedule, and pro grammatic risk. 
Fig. 1 
Table I 
Cost was a major factor in evaluating process alter natives. The 
guidelines provided by DOE required that about $300  million be cut from 
the total $960 million project cost of the Path For ward and that the 
near-term budget profile be met. Major cost savings  are realized by 
accelerating fuel removal from the basins through a n early significant 
reduction in K Basins operating costs. Options that  increase the packing 
density of fuel and a corresponding reduction in th e number of MCOs can 
also have a significant impact on cost. Simplified fuel conditioning 
processes using commercially available equipment th at treats the fuel 
within the MCO can also reduce costs. Because cost is not the only 
evaluation concern, higher cost alternatives were s till considered in 
selection of the preferred alternative. 
Another major evaluation criteria focuses on achiev ing initiation of fuel 
transfer away from the Columbia River at the earlie st possible date, 
while maintaining worker safety and minimizing life -cycle costs. Those 
options with high or very high schedule risk are, t herefore, eliminated 
from further consideration. Option 6, which feature s shipping fuel as-is 
in water-filled MCOs and wet staging, has the lowes t schedule risk. 
However, this scenario has safety concerns and high  costs. Option 1 is 
the lowest cost, but has a number of technical and safety uncertainties. 
Option 7, the recommended option, has moderate sche dule risk, good 
technical viability, and acceptable safety/risk fea tures. Option 7 will 
also produce a cost savings of approximately $340 m illion over the 
original Path Forward estimate and is consistent wi th the DOE budget 
goals. 
INTEGRATED PROCESS STRATEGY  
Option 7 was named the Integrated Process Strategy for K Basin Fuel and 
recommended to the DOE as the best method of achiev ing the cost and 
schedule goals. The DOE accepted the recommendation  in late July 1995 and 
the SNF Project began implementing the strategy. Th e major elements of 
the strategy and the schedule for their acquisition  are shown in Fig. 2. 
Each of the individual process steps are closely in terrelated. For 
example, the fuel retrieval operation is designed t o prepare the fuel for 



the drying operations that follow. The features of each process step are 
as follows: 
  Fuel Retrieval During fuel retrieval the fuel can isters will be moved 
to a centralized work location within pool, the fue l removed, separated 
from the sludge, and loaded into tier baskets. Afte r the tier baskets are 
filled with fuel, five or six baskets (depending on  fuel length) will be 
loaded into a multi-canister overpack (MCO) and the  closure welded in 
place. The MCO will be placed in a cask, removed fr om the basin, and 
transported to the Cold Vacuum Drying Facility. 
  Cold Vacuum Drying At the Cold Vacuum Drying Faci lity, the water will 
be removed from the MCO before shipping it to the C anister Storage 
Building (CSB) by a combination of draining and col d vacuum drying. 
Vacuum drying will require only 24 to 48 hours to r emove all of the free 
water. Removal of the free water greatly reduces th e hydrogen generation 
rate and allows the MCO to be shipped to the CSB wi th the process valves 
closed, greatly enhancing safety during shipping. 
  Staging in the CSB Upon arrival at the CSB, the M COs will be staged in 
the storage tubes until they are prepared for inter im storage with the 
conditioning process. Venting of hydrogen generated  during staging will 
be through a high efficiency particulate air (HEPA)  filter into inerted 
storage tubes.  
  Hot Vacuum Conditioning The MCOs will be removed from staging and 
placed in the Hot Vacuum Conditioning Facility with in the CSB where the 
metallic uranium fuel in the MCOs will be prepared for long-term interim 
dry storage in the CSB. The hot vacuum conditioning  process will be 
designed to eliminate most of the chemisorbed water  and mitigate further 
fuel corrosion and hydrogen generation. The MCO wil l be used as the 
process vessel and operated at approximately 300C. The process, pending 
validation by the testing program, will consist of heating, vacuum 
drying, surface oxidation, cooling, and monitoring phases. The total 
cycle time for hot vacuum conditioning is estimated  to require 
approximately six to eight days. Following conditio ning, the MCOs will be 
sealed and returned to the storage tubes where they  will remain until 
their ultimate disposition is determined. 
Fig. 2 
TECHNICAL INTEGRATION 
Because the Integrated Process Strategy for K Basin  Fuel is a strategy as 
compared to a fully engineered solution, there are many technical issues 
to be resolved as implementation proceeds. Effectiv e technical 
integration is crucial to the success of the strate gy because many 
accelerated engineering, procurement, construction,  and startup 
activities are proceeding in parallel. Maintaining a traceable record of 
how issues are resolved and how key decisions are r eached is even more 
challenging. The SNF Project has developed a techni cal integration 
process to effectively communicate the large volume  of rapidly changing 
technical information.  
The cornerstone of this technical integration proce ss is the Technical 
Baseline Description. The Technical Baseline Descri ption is a systems 
engineering based body of technical information tha t documents the 
project-level functions and requirements along with  enabling assumptions, 
issues, trade studies, external interfaces, and pro ducts. A key feature 
of the Technical Baseline Description is the proces s flow diagrams (PFD). 
The PFDs have been developed to provide an integrat ed picture of the 
overall Integrated Process Strategy. They document and illustrate the 



material flows and interfaces among the subprojects  and external 
interfaces. Management of the interfaces identified  through the PFDs is 
performed by an interface control procedure. A cent ralized database has 
been developed to aid in the management of the inte rfaces and document 
agreements to maintain interface control. A technic al issues management 
system has been implemented within the SNF Project to aid in the 
tracking, documentation, and timely resolution of i ssues. A two-tier 
system is used to maintain a traceable record of ho w issues are resolved 
and how key decision are made. The final element of  the technical 
integration process is configuration management. Th e SNF Project has 
developed and implemented a configuration control p rocedure that keeps 
Project documentation, design requirements, and phy sical configuration of 
equipment and facilities consistent with each other . 
SUMMARY 
The SNF Project at Hanford has employed modern busi ness practices to 
develop and implement a strategy, consistent with D OE budget and schedule 
goals, for accelerated removal of the spent nuclear  fuel stored in the 
two K Basins. An Integrated Process Strategy for K Basins Fuel was 
developed through trade studies and evaluation of a lternatives to select 
a process strategy that minimizes schedule risk and  provides 
opportunities for cost savings. Compared to the pre vious Path Forward 
plan, the Integrated Process Strategy will accelera te the schedule for 
fuel removal by a year, compress the schedule for f uel conditioning and 
its placement in interim dry storage by more than f ive years and reduce 
the life cycle costs by more than $340 million. Imp lementation of this 
strategy is underway with engineering, procurement,  construction and 
startup activities occurring in parallel. The evolv ing technical 
solutions supporting the strategy are continually b eing adjusted to 
accommodate changing requirements as the Integrated  Process Strategy is 
being implemented. A comprehensive technical integr ation process has been 
established to manage changes to the technical base line and communicate 
them throughout the Project. 
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ABSTRACT 
The ultimate disposal of fuels in the DOE spent nuc lear fuel inventory in 
a mined geologic repository may require that certai n fuel types be 
treated prior to disposal. This could be mandated b y chemical reactivity, 
instability of the fuel in a repository environment , or by concerns over 
the potential for criticality events. The Departmen t of Energy has at 
hand a variety of treatment methods that could be a pplied to spent 
nuclear fuels for disposal; some of these methods r epresent well-
established technology (the PUREX aqueous solvent e xchange process, for 
example), some are at advanced stages of developmen t and demonstration 
(e.g., the electrometallurgical treatment process a nd the plasma arc 
melting process), and other methods that have promi se (such as the GMODS 
process, and the chloride volatility process) are a t very early stages of 
development. Institutional issues arise when consid eration is given to 
spent fuel processing, and these issues are clouded  by misconceptions 
about the nature of the treatment processes propose d: in the treatment of 
DOE spent nuclear fuel for disposal, there is no in tention, and in some 
cases no ability, to recover plutonium or other fis sile materials, for 
military purposes. The fissile elements (unless the  uranium is recovered 
for commercial use) are incorporated in the final w aste forms to be 
disposed in a high-level waste repository. The sole  purpose of the 
process is to place the radioactive material in a f orm that will be 
acceptable in the repository.  
INTRODUCTION 
The U.S. Department of Energy (DOE) presently holds  title to a variety of 
spent nuclear fuel (SNF) types, with the total inve ntory amounting to 
approximately 2,700 metric tons (heavy metal conten t). This SNF is stored 
at a number of DOE sites around the United States, with the major 
components of the inventory being located at the Ha nford site in the 
state of Washington, the Idaho National Engineering  Laboratory in eastern 
Idaho, and the Savannah River site in South Carolin a. Over 130 different 
fuel designs are represented in the DOE inventory; these can be grouped 
into 53 different categories according to common de sign features such as 
composition, cladding material and enrichment level . The fuel can be 
further reduced into six categories according to fu el composition: metal, 
oxide, graphite, cermet, hydride, and aluminum base d. A large percentage 
of the fuel is chemically reactive and precautions must be taken during 
preparation of the fuel for interim storage and fin al disposal. A small 
fraction of the fuel may have Resource Conservation  and Recovery Act 
(RCRA) features that presently would preclude them from repository 
disposal. A large number of the fuel types are high ly enriched in either 
235U or plutonium, making the final disposition of the spent fuel in a 
geologic repository subject to resolution of potent ial criticality 
issues. The process of qualifying such a large numb er of fuel types for 
repository disposal, which may be necessary for tho se fuel types 
differing substantially from zirconium alloy-clad l ow-enrichment oxide 
fuel (i.e., commercial light water reactor spent fu el), could be more 
expensive than some form of treatment. 
The DOE spent fuel is presently in storage in a var iety of facilities, 
many of which do not meet the current standards of safety and 



environmental protection required of commercial spe nt fuel storage 
facilities. In some of the DOE facilities, the spen t fuel has begun to 
degrade significantly (1) and prompt action is nece ssary. Current DOE 
planning would place the spent fuel in interim dry storage at DOE sites 
until such time (some 20-40 years hence) that means  are available for 
permanent geologic disposal or a national interim s torage facility is 
available. While this interim step would serve to p revent serious 
environmental consequences that could result from c ontainment failures in 
existing storage facilities, it cannot be regarded as the final answer to 
the spent fuel disposal problem. 
Disposal of DOE spent nuclear fuel in a geologic re pository will be 
subject to the same demanding requirements on waste  performance that will 
be imposed on commercial spent nuclear fuel as a co ndition for acceptance 
for emplacement in the repository. Even though the quantity of commercial 
spent fuel greatly exceeds the amount of spent fuel  in the DOE inventory, 
the DOE spent fuel represents a set of significantl y different disposal 
problems that may require that the fuel be processe d to separate the 
various constituents of the spent fuel prior to dis posal, or treated to 
place it in a form that is amenable to disposal. 
INSTITUTIONAL ISSUES 
The position of the U.S. Government, as held by sev eral recent 
administrations and formalized by Presidential Deci sion Directive #13 
("PDD-13"), is that the United States will not enga ge in reprocessing for 
the purpose of separating plutonium, for military o r civil uses, from 
spent nuclear fuel, nor will the U.S. encourage suc h practices by other 
countries (although it will be tolerated by those c ountries which already 
have such industrial capabilities or ongoing reproc essing programs). 
Reprocessing of spent fuel is being carried out on an industrial scale by 
the United Kingdom and France, and Japan is buildin g an 800 MT/yr plant 
that will go into operation in the next century. Th e United States 
reprocessed irradiated fuel for several decades for  the purpose of 
recovering defense materials, employing the PUREX p rocess for separating 
plutonium in plants with capacities as high as 3,00 0 MTHM/yr. 
European and Japanese organizations are proceeding with the reprocessing 
of commercial reactor spent fuels and plan to recyc le recovered plutonium 
as mixed oxide fuel (MOX) for their commercial reac tors. No such plans 
exist in the United States, except as an option for  denaturing the 
stockpile of surplus fissile materials (2). 
The American Nuclear Society recently convened a gr oup of distinguished 
experts in the field for a review of national polic y concerning plutonium 
recycling and future energy supplies. Among their c onclusions (3) was a 
finding that R&D into separation and processing tec hnologies should 
continue, for possible application in the future. I n a somewhat related 
study, the National Research Council's Committee on  Separations 
Technology and Transmutation Systems also concluded  (4) that continued 
development of separations and transmutation techno logies is desirable. 
The treatment of DOE spent nuclear fuel, when it in volves a separation of 
certain radionuclides for the purpose of facilitati ng their disposal, 
bears some relationship to the reprocessing technol ogies that are the 
subject of present controversies. However, there is  a fine line between 
spent fuel treatment as proposed by the Department of Energy for its 
spent fuel and the more conventional reprocessing m ethods that have been 
used in the past for the separation of fissile mate rials for defense 
purposes. Both applications are based on fuel disso lution and separation 



of fission products, but it must be emphasized that  the application for 
disposal of spent nuclear fuel is not intended for recovery of plutonium 
for military use. The existing aqueous technology c an be modified to 
limit the decontamination of plutonium, and advance d technologies that 
are being developed are incapable of producing sepa rated plutonium.  
PUREX PROCESSING 
The capability still exists for large-scale PUREX p rocessing in the 
United States, as embodied in the F- and H-Canyon f acilities at the 
Savannah River site. The F-Canyon facility, which b egan operation in 
1954, is a typical PUREX process facility designed primarily for low-
enriched uranium metal fuel and targets. The H-Cany on facility, which 
also began operation in 1954, employs a modified PU REX process to support 
highly-enriched uranium processing, with additional  facilities for 
production of special isotopes (e.g., 238Pu and 237 Np). 
In typical F-Canyon operations, aluminum-clad low-e nriched or depleted 
uranium fuel and targets are charged to the dissolv er at a rate up to 10 
metric tons per day. Sodium hydroxide (NaOH) is add ed to the dissolver in 
the presence of sodium nitrate (NaNO3) to dissolve the aluminum cladding. 
The uranium metal is then dissolved using nitric ac id (HNO3), and the 
resulting aqueous uranyl nitrate solution is transf erred to the first 
solvent extraction cycle where fission products are  removed and uranium 
is separated from plutonium. The fission product st ream is diverted to 
the high-level waste tanks, the organic stream is r ecycled, and the 
plutonium and uranium streams proceed to the second  solvent extraction 
cycle, which further purifies the plutonium and ura nium solutions. The 
plutonium stream is sent to the plutonium finishing  facility (F B-Line) 
for conversion to metal or oxide, and the uranium s tream is transferred 
to the F A-Line facility where it is denitrated and  converted to uranium 
oxide. 
The modified PUREX process utilized in H-Canyon is specially designed to 
support operations with enriched uranium-aluminum a lloy fuels. In the 
head-end portion of the facility, nitric acid catal yzed by mercuric 
nitrate is used to dissolve the entire uranium-alum inum fuel element. The 
dissolver solution is clarified and fed to the solv ent extraction 
process. In the first solvent extraction cycle, ura nium and neptunium are 
extracted from the fission products. The fission pr oducts and the very 
small quantity of plutonium from the fuel are diver ted to the high-level 
waste tanks while the uranium and neptunium proceed  to the second solvent 
extraction cycle. The uranyl nitrate hexahydrate so lution historically 
was converted to uranium metal or oxide at the Oak Ridge site, and the 
neptunium solution is converted to oxide in the Sav annah River site H B-
Line. Conversion at SRS of the highly enriched UNH to oxide after 
blending down to low enrichments for potential comm ercial use is being 
considered. 
Continuing equipment upgrades and process modificat ions were made over 
the years in both the F- and H-Canyons. In 1992, bo th facilities were 
shut down for resolution of safety concerns, conduc t of operations 
improvements, and general maintenance. When uncerta inties in the long-
term mission arose, this temporary suspension of op erations became an 
extended standby period, leaving large quantities o f highly-enriched 
uranium and plutonium in solution awaiting conversi on to stable forms. 
The F-Canyon and F B-Line facilities have recently restarted to support 
the conversion of in-process plutonium and uranium solutions to forms 



suitable for long-term storage. A similar operation  in H-Canyon is being 
planned to deal with the in-process solutions store d in that facility. 
There are nearly 200 metric tons (heavy metal conte nt) of aluminum-based 
fuel in the DOE spent fuel inventory, including bot h fuels related to 
defense materials production and fuels from researc h and test reactors, 
both domestic and foreign. If it is determined that  these fuels cannot be 
directly disposed in a geologic repository without prior processing, the 
Savannah River facilities can easily accommodate th eir treatment. The 
cost of process development is nil, and the increme ntal increase in high-
level waste volumes would be relatively minor.  
TREATMENT TECHNOLOGIES 
The treatment of certain DOE spent fuel types has a  sound technical 
basis. A number of distinct treatment technologies are available, at 
various stages of development. The PUREX process, h as been in practice 
for decades and is in current use in several countr ies. Technologies that 
are still under development are designed to deal wi th the drawbacks 
usually associated with the PUREX process, such as proliferation risk, 
cost, and volume of wastes (both primary and second ary) produced. 
Vitrification 
Vitrification of DOE SNF is being developed by the Savannah River Site 
(SRS) to convert SNF into a borosilicate glass wast e form containing 
fissile material. This process is a variation on th e PUREX process 
previously described. 
The technique is based upon a dissolution process w ithout fissile 
material separation followed by a vitrification pro cess. The proposed 
dissolution process would be similar to the existin g dissolution used in 
the SRS processing facilities to place the SNF into  a liquid state. 
Aluminum SNF could be dissolved in the existing can yon dissolver. 
Stainless steel and zirconium clad SNF would be dis solved in a 
electrolytic dissolver. If the existing canyon diss olvers are unavailable 
for processing the aluminum based fuels, the new el ectrolytic dissolvers 
could be used. The solution in the electrolytic dis solver is nitric acid 
saturated with boric acid. The dissolvers are opera ted in a batch 
process. The uranium concentration in the solution is maintained below 10 
grams per liter for nuclear safety (criticality con trol). The mass ratio 
of cladding to uranium will vary between 3 and 60. In contrast to the 
historic canyon operations, the resulting solution is then transferred to 
a holding tank without the fissile material being c hemically stripped 
away.  
Chemical and isotopic analysis will be performed on  the solution in the 
holding tank. The solution will be adjusted with th e addition of 
appropriate chemicals (e.g. to a desired solids con centration). The 
solution is then transferred to a melter feed tank.  
The feed solution, glass frit and other glass formi ng chemicals will be 
fed to a joule-heated melter. In the melter the mat erials will be fused 
together to form a borosilicate glass. The molten g lass will be poured 
out of the melter and into stainless steel canister s. This process is 
similar to the process used by the Defense Waste Pr ocessing Facility 
(DWPF) currently completing startup at the Savannah  River Site. The 
melter can be sized to process the feed material fr om at least four 
electrolytic dissolvers. The resulting waste form i s expected to be 
bounded by current constraints on borosilicate glas s as an approved waste 
form for placement in a geologic repository. 
Melt-Dilution/Poison 



A melt-dilution process is being developed at SRS t o provide a 
simplified, easily demonstrated technology for the conversion of aluminum 
based spent nuclear fuels into a waste form suitabl e for emplacement in a 
geological repository. The product of the melt reco nfiguration treatment 
is a compacted (volume reduced), metallic waste for m that contains 
uranium, fission products and plutonium in an alumi num matrix, all in a 
"container" which has corrosion characteristics sup erior to those used 
for the LWR waste forms. This technology used a sin gle step, melting 
process to reduce the volume of the spent fuel, red uce the uranium 
enrichment to minimize criticality risks and provid e an easily 
characterized metallic waste form which minimizing the creation of 
secondary wastes. Further, if desired, by using sla g-metal technology, 
certain radio nuclides may be selective leached so as to produce the 
final metallic waste form containing little volatil e fission products 
species. 
Benefits of this process include very low capital i nvestment for the 
operation; a superior waste form comparable to the LWR waste forms; a 
flexible process which can be readily adapted to th e addition of poisons; 
adaptable to the addition of glass frit to develop borosilicate glass 
waste form if necessary; and low potential for airb orne contamination and 
radiation exposure. 
The process is based on the simultaneous melting of  spent fuel sections 
in a permanent mold that is contained in a resistan ce furnace. The 
furnace is enclosed in a chamber which is connected  to an off-gas system. 
The spent fuel gradually fills the container in the  furnace. A lid or cap 
would be welded to the top of the mold to provide t he waste form. 
Depleted uranium and/or other neutron poisons, if r equired, could also be 
incorporated into the melt during melt-dilution ope ration. Further, glass 
frit can also be added during the melt-dilution pro cess if a borosilicate 
glass waste form is desired for a certain variety o f spent fuels. 
A Laboratory scale melt facility capable of melting  sections of Mark 22 
aluminum clad spent nuclear fuel elements was devel oped at SRS. A 
prototype furnace was also constructed. The melt-di lution process was 
demonstrated with non-irradiated aluminum clad fuel  tubes. Full scale 
demonstrations, including cap welding and both dest ructive and non-
destructive characterization and evaluation of the simulated waste form 
will follow the selection of optimum container mate rial(s). Demonstration 
testing using full length irradiated fuel can be su bsequently initiated. 
Although, the melt-dilution technology is primarily  applicable to the 
aluminum based fuels, utilization of this technolog y would convert this 
category of DOE owned, spent nuclear fuels into a r epository suitable 
waste form with minimal impact to future dispositio n options should other 
options be required. The melt-dilution process will  provide a standard 
waste form package that retains the uranium in form  very suitable for 
recovery, should future generations desired to util ize the available 
energy. Additionally, if repository suitability is achieved simply 
through the introduction of nuclear poisons rather than dilution with 
depleted uranium, the highly enriched uranium could  be recovered through 
a relatively simple metal smelting operation.  
Electrometallurgical Treatment 
A standard, cost-effective means for treating the b road variety of DOE 
spent fuel for ultimate disposal is needed, and the  electrometallurgical 
treatment process being developed by DOE's Argonne National Laboratory 
appears to meet these requirements. By use of this process, all of the 



(stainless steel or zirconium alloy clad) metal and  oxide spent fuel 
stored at the INEL and Hanford sites can be treated  by one common method, 
producing two common high-level waste forms. One wa ste form is a mineral 
waste that contains most of the fission products in  a ceramic material 
produced by hot-pressing a composite of borosilicat e glass and zeolite. 
This waste form will be of essentially invariant co mposition regardless 
of the type of spent fuel processed. The other wast e form is a metal 
alloy, the composition of which depends largely on the structural 
materials present in the fuel. For stainless steel-  or zirconium alloy-
clad fuels, the metal waste will have an iron-zirco nium alloy matrix. 
Minor variation of the process can be used to treat  the Molten Salt 
Reactor Experiment (MSRE) fuel salt at Oak Ridge Na tional Laboratory and 
the aluminum-based fuels at the INEL and Savannah R iver sites. The 
commonality of process equipment and waste forms of fers the potential for 
significant cost savings in the ultimate dispositio n of these spent 
fuels. 
The key element of the electrometallurgical treatme nt process is the 
electrorefining step. This process is the same as t he electrorefining 
process used for many years in the minerals industr y: an impure metal 
serves as the anode in the electrorefining cell, an d the pure metal is 
deposited at the cathode by electro-transport throu gh a suitable 
electrolyte. In the electrometallurgical treatment process, the 
electrolyte is a salt compound, lithium chloride an d potassium chloride. 
This electrolyte was selected because the chemical properties of the 
actinide elements and fission product elements in t he chloride system are 
particularly well-suited to precise control of sepa ration parameters. 
Because of these properties, it is possible to depo sit virtually pure 
uranium, free of fission products and free of conta mination with 
transuranic elements, at a simple iron cathode susp ended in the 
electrolyte salt. The "impurities" in the spent fue l, the active metal 
fission products (for example, cesium and strontium ) and the transuranic 
elements, remain in the electrolyte salt. The noble  metal fission 
products (including technetium) remain in the anodi c dissolution baskets 
in the cell, together with the cladding hulls from which the fuel has 
been dissolved. 
The cathode deposits, consisting of pure uranium, a re recovered after the 
desired amount of material has been collected and a re then sent to a 
cathode processor, where they are consolidated by m elting; in the 
process, any volatile materials (such as adhering e lectrolyte salt) that 
were included in the deposit are removed by vaporiz ation. The uranium 
metal ingots resulting from the cathode processing operation are packaged 
for interim storage until their final disposition i s decided. 
The combined high-level waste volume produced in el ectrometallurgical 
treatment of spent fuel is approximately 1% of the volume of high-level 
wastes produced in the conventional reprocessing of  spent fuel, and about 
20% of the volume of the spent fuel when packaged f or direct disposal 
without treatment. The process offers the advantage  that it does not 
produce secondary wastes, and low-level wastes are limited to the pure 
uranium product and to discarded process equipment components. 
The electrometallurgical treatment process has been  demonstrated at pilot 
scale with unirradiated fuels containing representa tive concentrations of 
transuranic elements and non-radioactive fission pr oduct elements. 
Extensive testing has been done with waste forms ar ising from the 
treatment of these unirradiated fuels. The process has been demonstrated 



with unirradiated N-Reactor fuel and with simulated  oxide spent fuel. 
Process equipment has been installed in the Fuel Co nditioning Facility at 
Argonne National Laboratory-West at the Idaho Natio nal Engineering 
Laboratory, and the facility is ready for operation  with spent fuels from 
the EBR-II reactor. Pending approval to proceed wit h hot operations, the 
equipment is being operated with depleted uranium t o verify operating 
procedures and aid in operator training. Demonstrat ions with other 
irradiated fuel types are planned. 
Glass Material Oxidation and Dissolution System (GM ODS) 
ORNL recently invented the GMODS for the direct con version of SNF to 
borosilicate HLW glass. The process is generically applicable to many SNF 
types and would address the issues of multiple wast e forms, SNF 
instability, and classified SNF configuration relat ed to disposal. GMODS 
directly a) converts metals, ceramics, and amorphou s solids to 
borosilicate glass, b) oxidizes organics with the r esidue converting to 
glass and c) converts chlorides to a clean secondar y NaCl stream and 
glass. 
GMODS is designed to produce a HLW form acceptable to the repository 
within the acceptance criteria as defined by the tw o repository mainline 
waste forms: light water reactor (LWR) SNF and HLW borosilicate glass. 
The process would produce a borosilicate HLW glass log similar in size to 
those from other DOE vitrification plants. No new w aste form must be 
developed. As with other processes, it would enable  the addition of 
depleted uranium to HEU SNF to resolve repository c riticality concerns. 
This includes the option of processing high-enriche d SNF with Hanford N 
and other low-enriched SNF to adequately isotopical ly dilute the 235U so 
the uranium fissile-to-fertile ratio in the glass i s similar to LWR SNF 
and hence acceptable to the repository. The option also exists to process 
high-burnup SNF with low-burnup SNF to ensure that repository waste 
package heat load limits are not exceeded. GMODS wo uld not separate any 
constituents and thus would not contribute to proli feration concerns. 
The basic concept of GMODS is to directly add unpro cessed SNF to a cold-
wall, induction-heated glass melter with molten lea d borate glass. Oxide 
and amorphous components of SNF directly dissolve i nto the glass. Metal 
and organic components do not dissolve in normal gl asses. The lead oxide 
in the lead borate glass acts as a sacrificial oxid e and oxidizes in situ 
carbon to carbon dioxide (CO2) and metals to metal oxides. The CO2 exits 
the melter as a gas. The metal oxides (uranium, cla dding, etc.) dissolve 
into the glass. The lead reaction product of these chemical reactions (a) 
sinks to the bottom of the melter, (b) is removed f rom the melter, (c) is 
oxidized back to lead oxide, (d) the lead oxide is fed back to the 
melter, and (e) the lead oxide oxidizes more metals  and organics in the 
melter. 
After dissolution of the SNF, additional glass addi tives (SiO2, etc.) are 
added to improve the glass quality before the HLW m olten glass is poured 
into containers. If desired, the lead oxide can be removed from the final 
glass solution before solidification. This is done by adding carbon, 
which reduces the lead oxide to lead metal and prod uces gaseous CO2. The 
lead metal separates from the glass and can be conv erted to lead oxide to 
process the next batch of SNF. 
When chloride containing materials are fed to the m elter, the non-
chloride components enter the glass and the chlorid e reacts with the lead 
borate glass to produce volatile lead chloride. The  lead chloride reacts 
with sodium hydroxide in the aqueous off-gas scrubb er to yield soluble 



sodium chloride salt and insoluble lead hydroxide. The lead hydroxide is 
recycled to the melter where it decomposes to lead oxide and steam. The 
sodium chloride stream is purified by ion exchange and discharged as a 
clean chemical waste. This potential capability all ows GMODS to treat 
chloride containing SNF.  
Laboratory demonstrations have been made of the dir ect conversion of 
stainless steel, Zircaloy-2, aluminum, uranium, cer ium, and other metals 
to glass. Various oxides such as uranium oxide and zirconium oxide have 
been directly dissolved into the glass. Graphite ha s been oxidized. 
Chloride feeds have been treated with the chlorides  separated to a 
secondary sodium chloride stream. 
Plasma Arc Process 
A plasma arc process for converting SNF (i.e., meta l, oxide, carbide, 
sodium-bearing, aluminum, and zirclad) and the asso ciated wastes (sludge, 
soil, metal fragments, metal containers, and concre te grits) into 
vitreous ceramic final waste forms is being develop ed at Pacific 
Northwest National Laboratory (PNNL). This is a dir ect and single-step 
process applicable to both containerized fuels and other types and forms 
of wastes. There is minimum pretreatment, sorting, and size-reduction 
needed for the treatment, resulting in reduced radi ation exposure and 
treatment cost. 
This process enables the addition of sludge, soil, metal containers and 
fragments, and concrete grits to HEU waste to satis fy the criticality 
concerns. The energy released in oxidizing the uran ium metal fuel is used 
in vitrification. Minimal or no secondary wastes ar e generated since the 
particulate material removed in off-gas cleanup is recycled to the 
furnace for immobilization in the waste form. The f issile elements can be 
immobilized into a matrix that can be recovered onl y with difficulty or 
can also be immobilized into a matrix that is almos t impossible for 
recovery, depending on the formulations of vitreous  ceramics. The 
vitreous ceramics are durable and suitable for perm anent disposal as an 
HLW form, or for interim storage, until a geologic repository becomes 
available. 
Nuclear fuels in canisters or entire fuel elements are loaded directly 
into the furnace. A second feeder simultaneously ad d contaminated soils, 
sludges and concrete grits. The rate of the oxidati on of the metal fuel 
charged is controlled by controlling the rate of ox ygen addition, the 
oxygen lance standoff from the bath, and the plasma  torch standoff. The 
waste form final compositions are controlled by the  optimized combination 
of the nuclear fuels, sludge, soil, concretes, and minimum additives. 
Vitreous ceramics are formulated in such a way that  they contain stable 
and low-solubility (in water) crystalline phases em bedded in a network-
former rich glass matrix. These crystals a) incorpo rate a large amount of 
metal ions, such as iron oxide, to accommodate the large iron content of 
the sludge; b) incorporate large contents of uraniu m, plutonium, and 
other fission products in the lattice structure; c)  utilize little or no 
network-forming elements, such as silicon and alumi num, so these latter 
elements are enriched in the residue glassy matrix;  and d) tightly bind 
to the glassy matrix so the physical integrity and mechanical strength of 
the waste form can be maintained. 
The plasma process has been demonstrated by directl y oxidizing 55-gallon 
drums of non-nuclear wastes into durable vitreous c eramics. The vitreous 
ceramics were produced on a bench scale (6 kg per h our) and pilot-scale 
(150 kg per hour) with metal contents of over 80 wt % and waste loading up 



to 100%. The chemical durabilities of the vitreous ceramics were shown to 
be more durable than the most durable high-level nu clear waste glasses 
through extensive sets of dynamic (flow-through), s tatic (PCT), and vapor 
hydration tests. 
This technology, bases on established commercial eq uipment, was 
demonstrated for simulated wastes with high metal c ontents, and can be 
further developed and implemented to process actual  nuclear fuels and 
wastes within 4 years. The development team for thi s technology consists 
of PNL (leader), Westinghouse Hanford Company, Rete ch, Inc. (A Lockheed 
Martin Subsidiary), Science Applications Internatio nal Corporation, MSE, 
Inc., and the University of New Mexico. 
Chloride Volatility Process 
A chloride volatility concept is being investigated  at the INEL as an 
advanced process for stabilizing SNF. This new tech nology would require 
15 years to be developed as an implemented plant pr ocess. The distant 
schedule for repository disposal would allow the lu xury of pursuing such 
an advanced technology that may not otherwise be co nsidered. The concept 
offers the significant advantage of a single, compa ct process that is 
applicable to most fuels. It would minimize seconda ry wastes, segregate 
major nonradioactive constituents from the HLW for volume reduction, 
segregate fissile uranium from the HLW to resolve p otential criticality 
concerns, and produce a common waste form glass or glass-ceramic. 
The process is based on completely volatilizing the  fuel element and 
separating the gaseous constituents. It consists of  reacting the fuel 
with chlorine gas at high temperature (greater than  1,200oC), which 
causes all the fuel constituents to form volatile c hlorides. The gases 
are then separated by molten salt scrubbing and fra ctional condensation. 
There are four major unit operations: (a) chlorinat ion and volatilization 
of all the fuel components at 1,200oC, (b) removal of fission product, 
transuranic, and any nickel and chromium chlorides in a ZnCl2 scrubber at 
400oC, (c) three condensers for removing, by fracti onal condensation at 
temperatures ranging from 164oC to 2oC, ZrCl4, FeCl 3, AlCl3, UCl6, SnCl4, 
and I2 vapors that pass through the scrubber, and ( d) regeneration of the 
transferred spent molten salt by vacuum distillatio n to recover ZnCl2 and 
ZnCl2-soluble ZrCl4 for recycle, leaving the fissio n product-, 
transuranic-, nickel-, and chromium-chlorides as re sidue that would be 
converted to oxides or fluorides for vitrification.  Argon carrier gas and 
unreacted chlorine gas would be recycled, the Cl2 c ontent adjusted, and 
the stream split and passed through the unit operat ions in a continuous 
closed loop. Periodic shutdown of the coupled unit operations would occur 
for batch removal of fission product xenon and kryp ton gases from the 
carrier gas (such as by cryogenic distillation), ba tch transfer of the 
molten salt to the molten salt regenerator, and bat ch removal of 
nonradioactive constituents and uranium from the co ndensers. 
The small quantity of fission-product/transuranic-p roduct HLW would be 
converted into a waste form for repository disposal . The conversion steps 
to a glass or glass-ceramic form could involve fluo rination and then 
melting with glass frit additives, or conversion to  oxides by heating at 
1,000oC with boric acid. Solvent extraction process es, such as 
transuranic extraction (TRUEX), that was developed at Argonne National 
Laboratory, could be applied to the fission-product  and transuranic-
product chlorides dissolved in 6 M HCl if their sep aration were desired 
or needed prior to immobilization.  



In the chlorination step, the rate of reaction is c ontrolled by the feed 
rate of Cl2 and temperature is controlled by approp riate blending of Ar 
gas with Cl2. An oxygen scavenger, such as carbon m onoxide, is added as 
needed to prevent formation of oxychlorides when ox ides are present. A 
CO2 absorption bed in the off-gas system collects t he carbon dioxide that 
is formed. Zinc chloride was selected for the scrub ber medium because its 
low melting point and favorable vapor pressure perm it its use to scrub 
the chlorinator off-gas at a low temperature, while  being sufficiently 
volatile at 725oC to allow evaporative separation f rom the radioactive 
waste chlorides for subsequent recycle. For fuels w ith Zircaloy, some 
ZrCl4 will dissolve in the ZnCl2 until saturation i s reached, after which 
ZrCl4 will pass through. The dissolved ZrCl4 can be  recycled with the 
molten salt without further complicating the flowsh eet. 
Other Treatment Concepts 
A number of other treatment concepts have been prop osed and are being 
evaluated to determine their validity for further c onceptual development. 
These include concepts of mechanical volume compact ion, direct disposal 
in small poisoned canisters, and Can-in-canister di sposal. These 
technologies are being explored for use with the al uminum based fuel at 
Savannah River, but may be applicable to fuels at o ther locations in the 
DOE Complex. 
Mechanical volume compaction techniques, such as Ch op and Dilute, are 
relatively simple methods of isotopic dilution of H EU in Al-clad fuel. 
The primary advantages are criticality control usin g either depleted 
uranium or poisons and the possibility of a reduced  number of disposal 
canisters for repository disposal. Chop and Dilute involves chopping the 
AL-HEU SNF elements into small pieces and mixing th em with similar pieces 
of depleted uranium aluminum alloy. To ensure again st criticality in the 
repository, the resulting enrichment level of the m ixture may have to be 
an equivalent low 235U enrichment. This option has the significant 
disadvantage that it requires a larger number of wa ste canisters 
inversely proportional to the enrichment levels all owed by the repository 
requirements. If the requirements for criticality c ontrol result in 1-2% 
235U enrichment requirements, then the high level w aste volumes will be 
more than produced by reprocessing (10 to 50 times)  and may not produce a 
repository-durable waste form. Acceptability of the  chop-dilute form is 
unlikely. 
Direct disposal in small poisoned canisters is a va riation on the direct 
disposal method proposed for commercial fuel. Becau se some of the DOE 
fuel is highly enriched, smaller canisters may be u sed to reduce the 
probability of a criticality in the repository. Thi s methodology would 
reduce the 235U content in a particular area of the  repository. A 
variation of this technique is to increase the size  of the canister by 
including nuclear poisons with the HEU. This method ology may not be 
adequate in preventing a criticality in the future if it is assumed that 
the poisons migrate away from the HEU over time. 
The Can-in-canister option, which borrows its name from the plutonium 
immobilization option, would involve placing alread y canned HEU SNF 
elements into DWPF canisters and then filling the c anisters with HLW 
glass. This is may be neither a practical nor cost effective option 
because of the excessively large number of canister s that would be 
required to dispose of the SNF. Criticality control  combined with the 
space occupied by HLW glass would significantly lim it the quantity of 
235U per canister. (At three elements per canister,  a total of 12,000 



canisters would be required). The HLW glass may be significantly cracked 
and would not provide a barrier against water. Qual ification of this 
waste form for the proposed repository is problemat ic. 
PLANS FOR THE FUTURE 
There are several issues that will need to be resol ved in order to 
solidify plans for the future, not the least of whi ch being the issue 
previously discussed in the Institutional Issues se ction of this paper 
regarding "treatment/processing" for disposal versu s "reprocessing" for 
plutonium and highly enriched uranium recovery. At the present time, as 
discussed previously, there are six treatment/condi tioning technologies 
at various stages of implementation that can potent ially be utilized in 
preparing the multitude of different (>150 ) DOE SN F types for disposal 
in the geologic repository or in a Monitored Retrie vable Storage 
facility. The canyons at Savannah River are ready t o process any of the 
aluminum SNF that the decision makers deem appropri ate. The research and 
development of the Electrometallurgical Treatment t echnology is currently 
fully funded by the Office of Environmental Managem ent and will continue 
to receive the necessary funding unless some unfore seen event or change 
occurs in the future. The funding for the other thr ee technologies 
(GMODS, Plasma Arc and Chloride Volatility) is curr ently at a very low 
level, but these technologies have not been totally  discounted. Changes 
may occur to bring these technologies to the forefr ont as replacements 
for currently funded efforts, or to provide viable alternatives so that a 
degree of flexibility can be retained for future de cisions.  
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ABSTRACT 
Hearings held before the House Subcommittee on Ener gy and Mineral 
Resources in March 1994, requested that officials o f federal agencies and 
other experts explore options for providing regulat ory oversight of the 
U.S. Department of Energy (DOE) facilities and oper ations. On January 25, 
1995, the DOE, supported by the White House Office of Environmental 
Quality and the Office of Management and Budget, fo rmally initiated an 
Advisory Committee on External Regulation of DOE Nu clear Safety. In 
concert with this initiative and public opinion, th e DOE Richland 
Operations Office (DOE-RL) has initiated the K Basi n Spent Nuclear Fuel 
Project - Regulatory Policy (1). The DOE has establ ished a program to 
move the spent nuclear fuel presently stored in the  K Basins to a new 
storage facility located in the 200 East Area of th e Hanford Site. New 
facilities will be designed and constructed for saf e conditioning and 
interim storage of the fuel. In implementing this P olicy, DOE endeavors 
to achieve in these new facilities "nuclear safety equivalency" to 
comparable U.S. Nuclear Regulatory Commission (NRC) -licensed facilities. 
The DOE has established this Policy to take a proac tive approach to 
better align its facilities to the requirements of the NRC, anticipating 
the future possibility of external regulation. The Policy, supplemented 
by other DOE rules and directives, form the foundat ion of an enhanced 
regulatory program that will be implemented through  the DOE K Basin Spent 
Nuclear Fuel Project (the Project). 
INTRODUCTION 
The Advisory Committee on External Regulation of DO E Nuclear Safety 
completed its initial status report in August 1995 (2). The Committee's 
preliminary findings report widespread dissatisfact ion within the DOE 
Complex with current DOE implementation of nuclear safety. The major 
concern was excessive redundancy of oversight funct ions and lack of 
responsibility delegated to the operating level. Th e findings conclude 
that there exists clear support in the DOE communit y for external 
regulation with a corresponding reduction in intern al regulation. In its 
report, the Committee emphasizes that regardless as  to whether the DOE 
moves to some form of external regulation, an effec tive internal system 
for safety management is presently needed. The prel iminary report 
provides some indication that new DOE facilities wo uld likely be the 
focus of changes in regulatory oversight, leaving e xisting facilities, at 
least temporarily, under existing regulatory arrang ements. 
In an effort to improve the quality of nuclear safe ty of new facilities 
and to align those new facilities with the possibil ity of future external 
oversight, the DOE and its contractor, Westinghouse  Hanford Company 
(WHC), have established an enhanced nuclear safety program for the 
KBasins Spent Nuclear Fuel Project. Central to the program is DOE's 
Policy to achieve NRC nuclear safety equivalency in  the design and 
construction of the Project's new facilities. This paper describes the 
Project's regulatory program, shares lessons learne d and experiences 
gained in establishing the program, and provides th e current status of 
the program's implementation. The paper's intent is  to make known the 
existence of the Policy and related documentation d eveloped through its 
implementation as information to be shared within t he DOE Complex. 
SPENT NUCLEAR FUEL PROJECT 



The Spent Nuclear Fuel Project was established to a ddress resolution of 
the safety and environmental concerns associated wi th the deteriorating 
spent nuclear fuel stored in the K Basins. In Febru ary of 1995, the DOE 
approved the Project's "Path Forward" recommendatio n for moving the spent 
fuel in the K Basins away from the Columbia River i nto the Canister 
Storage Building (CSB) to be constructed in the 200  East Area of the 
Hanford Site (3). The initial Path Forward recommen dation, was refined 
following a detailed process alternatives evaluatio n in the Spent Nuclear 
Fuel Project Integrated Process Strategy (4). Detai led project plans 
developed after the Integrated Process Strategy rec ommendation, plan for 
the fuel to be removed from the K Basins, packaged in multi-canister 
overpacks (MCOs), drained and vacuum dried, and shi pped to the CSB for 
interim storage. Additionally, a Conditioning Facil ity is planned to be 
constructed near the CSB to further process fuel th at requires additional 
drying to remove chemically bound water and uranium  hydride prior to 
interim storage in the CSB. Figure 1 illustrates th e Integrated Process 
Strategy for the K Basins spent nuclear fuel. 
Fig. 1 
ENHANCED NUCLEAR SAFETY PROGRAM 
Early in the formation of the Project the concept o f developing an 
enhanced regulatory strategy by incorporating NRC n uclear safety 
equivalency into the design and construction of new  facilities was 
considered. Agreement upon what constituted NRC nuc lear safety 
equivalency was widely debated within DOE and WHC. Many different views 
existed with regard to organizational authorities, oversight roles, 
requirements, and the definition and scope of NRC e quivalency. To resolve 
these issues, the DOE established the Policy for im plementation of NRC 
nuclear safety equivalency. The Policy received app roval by DOE 
Headquarters (HQ), as well as by DOE Richland (RL) and the WHC Spent 
Nuclear Fuel Project. 
The Policy defines general terms, identifies key ro les and 
responsibilities, and outlines the overall approach  to be followed in 
implementing NRC nuclear safety equivalency for the  Project. The Policy 
is limited to matters of nuclear safety; and does n ot apply to 
environmental, OSHA, chemical accident safety, and other non-nuclear 
safety issues, as these are covered elsewhere by DO E orders and statutory 
requirements. 
The Policy states that the Project will achieve NRC  nuclear safety 
equivalency by "...applying technical requirements based on those applied 
by the NRC to comparable licensed facilities and by  adopting appropriate 
features of the NRC licensing process, in addition to applicable DOE 
orders and requirements." 
The Policy was developed for the following purposes : 
  To achieve a set of requirements that are technic ally defensible and 
cost-effective. 
  To achieve in the design and construction of new Project facilities, a 
level of nuclear safety comparable to that of NRC l icensed commercial 
facilities. 
  To enhance public understanding and confidence in  the safety of the new 
facilities by following an enhanced regulatory stra tegy. 
The Policy defines nuclear safety equivalency for t he Project as: 
  Applying technical requirements which meet the nu clear safety 
objectives of the NRC regulations for fuel conditio ning and storage 



facilities. These include requirements regarding ra diation exposure 
limits, safety analysis, design, and construction. 
  Applying administrative requirements which meet t he objectives of the 
major elements of the NRC licensing process. These include formally 
documented design and safety analyses, independent technical review, and 
opportunity for public involvement. 
Technical requirements, in the context of the Polic y, are considered to 
be the design and construction measures (as opposed  to pre-operational or 
operational measures) that are mandated by the NRC regulations. The DOE 
orders and directives form the basis of all aspects  of the Project. The 
DOE design and construction requirements are supple mented by the 
additional NRC requirements of Title 10, Code of Fe deral Regulations 
(CFR), Parts 0-199, in order to establish NRC nucle ar safety equivalency. 
NRC guidance and precedents, illustrative of implem entation of the 
regulations, were considered optional rather than m andatory. However, 
such guidance was reviewed and incorporated, where applicable, during the 
Project's implementation of the Policy. 
The Policy establishes nuclear safety oversight for  the Project and 
defines organizational roles and responsibilities. The relationships 
between Project oversight organizations is illustra ted in Fig. 2. Nuclear 
safety oversight from DOE-HQ is provided by the off ices of Environmental 
Management (EM) and Environmental, Safety, and Heal th (EH). To facilitate 
accelerated safety authorization schedules, the Pol icy established a 
Regulatory Requirements Team (RRT), comprised of DO E-HQ, DOE-RL, and WHC 
to review and approve selected regulatory requireme nts and to facilitate 
the safety review and authorization process for the  Project's facilities. 
The RRT is chartered to assist the contractor with the task of evaluating 
NRC regulations and guidance to determine the suppl emental requirements 
that would apply to the Project. Other specific res ponsibilities of the 
RRT include; review and approval of requirements, r eview of new facility 
safety analysis reports, and input to the preparati on of DOE safety 
evaluation reports. 
The Policy also established an independent review p rocess to ensure that 
the requirements selected as the basis for Project' s activities provide 
an acceptable level of worker safety, public health  and safety, and 
protection of the environment. The process utilizes  reviews by both DOE-
EH staff and an Independent Review Panel (IRP). The  IRP is comprised of 
nationally recognized technical experts, not associ ated with the Project, 
that provide high-level external oversight of the r equirements selection 
process. Specific responsibilities of the IRP inclu de: overview of the 
requirements selection process, review of safety an alysis documentation, 
and verification that Project facilities meet DOE's  Policy for nuclear 
safety equivalency. 
Fig. 2 
PROGRAM INFRASTRUCTURE 
Figure 3 illustrates the Project's regulatory docum ent hierarchy that 
forms the key elements that guide implementation of  the Project's 
enhanced nuclear safety program. DOE rules and dire ctives form the 
foundation of requirements for the Project. These r equirements are 
supplemented by DOE's Policy for NRC nuclear safety  equivalency. From 
this point, the Project has developed documentation  along two paths. One 
path establishes the management infrastructure of t he program 
(organization charters, program baselines, schedule s, etc.). The other 



path provides technical direction for further defin ition and 
implementation of program requirements.  
Fig. 3 
The Project Management Plan establishes the managem ent basis for the 
Project (5). The plan defines the Project boundarie s and identifies the 
plans, organizations, and management systems that a re to be utilized on 
the Project. The plan specifies the development of project and sub-
project management plans, like the Project's Regula tory Program Plan and 
Public Involvement Plan, and cross-project topical plans and reports that 
focus on technical plans and activities, like the R egulatory Strategy and 
Safety Management Plan.  
The Regulatory Program Plan is the management plan for the Project's 
nuclear safety program (6). This plan establishes a nd describes plans for 
implementing and complying with nuclear safety regu latory requirements 
applicable to the Project's facilities and activiti es, including the key 
objectives and requirements identified in the Polic y for NRC nuclear 
safety equivalency. The document discusses Project requirements for 
planning, budgeting, and scheduling specific tasks such as preparation, 
review and approval of Safety Analysis Reports (SAR s); establishing a 
regulatory requirements database and commitment tra cking system; and 
managing regulatory compliance. 
In parallel with the establishment of the Policy, t he Regulatory Strategy 
(7) was developed to obtain agreement with DOE on a n approach for 
identifying nuclear safety requirements, performing  appropriate safety 
analyses, preparing safety documentation, and obtai ning the necessary 
approvals and authorizations for each of the Projec t's major facilities. 
For the Project's new facilities, DOE Order 5480.23 , Nuclear Safety 
Analysis Reports, and its implementing standard, DO E-STD-3009-94, 
Preparation Guide for U.S. Department of Energy Non reactor Nuclear 
Facility Safety Analysis Reports, will be used to p repare safety analysis 
documentation. The DOE order and standard will be s upplemented by the 
format and contents guidance of Title 10, CFR, Part  72, Licensing 
Requirements for the Independent Storage of Spent N uclear Fuel and High-
level Radioactive Waste and NRC Regulatory Guide 3. 48, Standard Format 
and Content for Safety Analysis Reports for an Inde pendent Spent Fuel 
Storage Installation (Dry Storage), in order to hel p demonstrate the NRC 
nuclear safety equivalency objective. Parallel to t he development of the 
Regulatory Strategy was the creation of official ch arters for the RRT and 
IRP to focus their efforts and define their respons ibilities and 
membership. 
The Safety Management Plan (8) further defines the requirements 
identification process and establishes the plan to achieve compliance 
with requirements through development of appropriat e safety analyses and 
design documentation. The document details plans an d schedules for 
preparation, review, and approval of the safety ana lysis documentation. 
The plan also establishes the approach for integrat ing the safety 
analysis, safety documentation, and independent saf ety reviews with the 
Project's design, construction, and startup activit ies. The plan clearly 
defines organizational responsibilities within the Project for safety 
documentation and independent review requirements. 
NRC EQUIVALENCY PROCESS 
Consistent with the DOE's Policy, a comprehensive e valuation of Title 10, 
CFR, Parts 0-199, and potentially relevant NRC guid ance, including NRC 
Regulatory Guides, NRC NUREG and SECY documents, St andard Review Plans, 



Inspection and Enforcement Notices and Bulletins, w as performed against 
applicable DOE requirements. An evaluation of Title  10, CFR, Part 72, 
less subparts A,C,J, and K, against applicable DOE requirements performed 
by Scientech, Inc., under contract to DOE-HQ, was a lso included in the 
evaluation. A review was also performed of a curren t license renewal 
application under Title 10, CFR, Part 70, Seimans P ower Corporation, 
Application for Renewal of Special Material License  No. SNM-1227 (NRC 
Docket No. 70-1257), at the direction of the IRP to  identify any 
"revealed regulations" (i.e., NRC requirements impo sed during the 
licensing process that are not called out in the re gulations). The 
results of this review are provided in the Spent Nu clear Fuel Project 
Path Forward - Nuclear Safety Equivalency to Compar able NRC-Licensed 
Facilities report (9). 
Equivalency was established for the most part by th e DOE regulations and 
orders. In some instances WHC procedures and instru ctions were used to 
establish equivalency for the Project. A listing of  additional NRC 
requirements that were deemed applicable to the Pro ject were documented 
in the following reports Spent Nuclear Fuel Project  Path Forward - 
Additional NRC Requirements (10) and Multi-Canister  Overpack - Additional 
NRC Requirements (11). Completion of this process w as a significant step 
toward achieving NRC equivalency in the design and construction of the 
Project's Path Forward facilities. 
ACCOMPLISHMENTS 
The Project has nearly completed development of the  documents described 
above that support implementation of its regulatory  program. The NRC 
nuclear safety equivalency policy was approved by D OE in August 1995. The 
RRT was established in April 1995. The RRT tentativ ely meets on a weekly 
basis via video conference. Video conferencing prov ides an economical 
means of expediting, facilitating, and coordinating  the safety 
documentation within several organizations which ma y be separated by 
several thousand miles. The IRP's membership was de fined in June 1995, 
and the team has held three meetings, in June, Sept ember, and December of 
1995. A comparison of NRC to DOE requirements has b een completed and is 
in the final stages of review and approval. The req uirements assembled 
from this process are being incorporated into the p roject design basis 
through the development of Functions and Requiremen ts documents and 
performance specifications for the Project's facili ties. The Project's 
Regulatory Strategy and Program Plan have been esta blished and approved. 
The Safety Management Plan is currently being draft ed, and preparation of 
new facility safety analyses are underway. 
CONCLUSION 
The DOE is implementing an enhanced regulatory prog ram for Hanford's 
KBasins Spent Nuclear Fuel Project to provide an in creased level of 
nuclear safety in the design and construction of pl anned new facilities. 
The basis for the approach to provide an enhanced r egulatory program is 
DOE's Policy for achieving nuclear safety equivalen cy to comparable NRC-
licensed commercial facilities. By establishing the  Project's nuclear 
safety program and completing a review of regulatio ns to establish NRC 
nuclear safety equivalency, DOE has taken the first  steps toward 
achieving greater nuclear safety in the design and construction of the 
Project's new facilities. Implementation of the Pol icy for NRC nuclear 
safety equivalency will better align these faciliti es for the possibility 
of future external regulation by the NRC. Documents  described in this 



paper are available for use by the DOE Complex in t he development of 
similar enhanced regulatory programs related to nuc lear safety. 
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ABSTRACT 
The Department of Energy (DOE) Office of Spent Fuel  Management, within 
the Office of Environmental Management, has underta ken a program to 
ensure safe existing storage, provide for interim s torage, and to prepare 
for ultimate disposition of DOE spent nuclear fuel (SNF). In the past, 
most DOE SNF was chemically processed in order to r ecover plutonium or 
uranium for the nuclear weapons program. However, w ith the phaseout of 
chemical processing throughout the DOE complex, mos t of the remaining SNF 
must now be managed until its ultimate disposition,  rather than for the 
few years of storage originally envisioned.  



This paper focuses on the challenges and issues sur rounding the 
development of disposal requirements for DOE SNF. A  critical element of 
successfully preparing DOE SNF for ultimate disposi tion is understanding 
the requirements that must be met for such disposit ion. Geologic disposal 
is the primary option under consideration for the u ltimate disposition of 
most DOE SNF. The Office of Civilian Radioactive Wa ste Management (RW) is 
pursuing the development of a geologic repository f or the disposal of SNF 
and high-level waste (HLW). The Office of Environme ntal Management (EM) 
has had intensive interactions with RW which will h elp ensure preparation 
of DOE SNF for geologic disposal consistent with RW  program constraints 
and requirements. Interactions between EM and RW wi ll also help balance 
the risk, effort and costs imposed on each program.  
INTRODUCTION 
Developing requirements for the geologic disposal o f DOE SNF is a 
relatively new initiative. Prior to 1992, DOE had g enerally planned to 
manage its SNF by reprocessing it and vitrifying th e resulting HLW for 
disposal in a geologic repository. In 1992, DOE dec ided to phase-out 
reprocessing of its spent fuel and began to conside r other options, 
including the possibility of direct disposal in a g eologic repository. 
Interactions between EM and RW resulted in the iden tification of a 
planning base for the geologic disposal of DOE SNF.  Under this planning 
base DOE would dispose of all of its spent fuel, no t otherwise 
dispositioned, in the first repository, subject to a number of 
constraints such as meeting licensing and disposal fee requirements. 
Recent interactions between EM and RW have now also  established the need 
for disposal requirements specifically for DOE SNF.   
Formal interactions between EM and RW began in Augu st 1994 with the first 
meeting of the DOE SNF Steering Group. In July 1994 , the Director of RW 
had recommended formation of an EM/RW steering grou p, and identified a 
number of key issues a steering group should focus on, including 
repository schedule impacts, criticality control, c anisterization, 
potential regulatory issues regarding the Resource Conservation and 
Recovery Act, Safeguards and Accounting issues, and  establishment of 
appropriate Interagency Agreements/Disposal Fees. E M concurred on the 
need for this Steering Group and further recommende d that resolution of 
these issues be used to help establish disposal req uirements for DOE SNF.  
Later in 1994, RW began to examine existing accepta nce requirements in 
order to determine their applicability to DOE SNF a nd develop disposal 
requirements specifically for DOE SNF. A document, "Preliminary 
Requirements for the Disposition of DOE SNF in a De ep Geologic 
Repository," hereafter referred to as the Prelimina ry Requirements, was 
issued in December 1995. This document, developed u nder a quality 
assurance program, would be used by EM to plan qual ity affecting 
activities for the preparation of DOE SNF for geolo gic disposal. 
DISCUSSION 
RW began developing disposal requirements for DOE S NF by examining 
existing waste acceptance requirements for commerci al SNF and HLW. In 
many cases these existing waste acceptance requirem ents were taken 
directly from the Code of Federal Regulations (CFR) , especially 10 CFR 
60, "Disposal of High-Level Radioactive Wastes in G eologic Repositories," 
and 10 CFR 961, "Standard Contract for Disposal of Spent Nuclear Fuel 
and/or High-Level Radioactive Waste." These require ments were, therefore, 
also directly applicable to DOE SNF and provided th e essential components 
of the disposal requirements for DOE SNF. Other req uirements for HLW and 



commercial SNF were derived from information gather ed by the RW program 
to date (e.g., site characterization activities, li censing strategies, 
interpretation of regulations, production specifica tions for HLW). 
However, these requirements often need to be verifi ed because they 
represent the best knowledge to date and could chan ge. In most cases 
these requirements were potentially flexible and so me latitude may be 
acceptable as long as regulatory compliance is main tained. 
Establishing disposal requirements for DOE SNF base d on precedents set by 
commercial SNF and HLW was sometimes difficult. DOE  SNF often does not 
have the same characteristics as commercial SNF. Di fferent sizes, 
configurations, enrichments, fuel matrices, fuel cl addings, burn-ups, 
etc., all represented potential complications in th e establishment of 
requirements. These characteristics also represent potential 
complications in preparing DOE SNF to comply with t he requirements. In 
some cases, standardization requirements developed in order to minimize 
facility' costs, are difficult to apply to DOE SNF with dissimilar sizes 
and configurations.  
DOE SNF also has characteristics different from tho se of vitrified HLW. 
The production specifications for vitrified high-le vel waste are the most 
developed technical specifications for any material  to be disposed of in 
a repository. Thus these specifications were initia lly viewed as 
potentially useful when developing disposal require ments for DOE SNF. 
However, it was recognized early in the process tha t production 
specifications for a manufactured waste form were n ot always appropriate 
for DOE SNF because it is constrained by its existi ng configuration and 
characteristics (although treatment technologies fo r some types of DOE 
SNF may produce a manufactured waste form). Some te sts or verifications 
performed for vitrified HLW may not be necessary or  appropriate for DOE 
SNF. Thus, the HLW production specifications were o nly of limited value 
for development of disposal requirements for DOE SN F. 
Development of disposal requirements also is diffic ult because the bases 
for some existing waste acceptance requirements are  still to be verified. 
This is due in part to the fact that RW is still re ceiving, and will 
continue to receive for a number of years, informat ion from site 
characterization activities at the candidate reposi tory site. In 
addition, the RW disposal facility has not yet been  designed, built, or 
licensed. Design changes necessitated by future dev elopments or 
interactions with regulators cannot be accurately p redicted at this 
point. For example, the thermal design bases for th e repository have not 
been finalized and may result in significant change s to the thermal 
limits placed on waste packages at the repository. Also, RW's 
implementation of the Multi-Purpose Canister (MPC) concept is being 
reconsidered and may cause changes to configuration  requirements for the 
repository. The characteristics of DOE SNF, once re pository designers are 
fully cognizant of them, may also cause modificatio ns in the design of 
the repository which may require changes to the dis posal requirements.  
Development of other requirements for DOE SNF was p roblematic in that it 
was unclear how to apply systems level requirements  to individual DOE SNF 
forms and/or packages. For example, 10 CFR 60.131(b )(7), found in the 
section of 10 CFR 60 that outlines design criteria for the geologic 
repository operations area, reads: "All systems for  . . . isolation of 
radioactive waste shall be designed to ensure that a nuclear criticality 
accident is not possible unless two unlikely and co ncurrent or sequential 
changes have occurred in the conditions essential t o nuclear criticality 



safety." Although this requirement applies to syste ms for the isolation 
of radioactive waste and is not applied directly to  the DOE SNF forms or 
packages themselves, the design and performance of DOE SNF forms and/or 
packages are critical components of the system bein g evaluated for 
compliance with this requirement. It appears approp riate, therefore, to 
place some form of the requirement on the DOE SNF f orm and/or package, 
even though the requirement is mandated at the syst ems level.  
Similarly, the requirements of 10 CFR 60.135, "Crit eria for the waste 
package and its components," are addressed primaril y in the context of 
not compromising "the function of the waste package s or the performance 
of the underground facility or the geologic setting ." The application of 
these requirements is more complex as they are ofte n applied to the waste 
package itself, which is in close proximity to the DOE SNF. The 
requirements of 10 CFR 60.135 also in some cases re fer directly to the 
contents of the waste package and thus have a direc t impact on DOE SNF. 
Still, the impact of the performance of DOE SNF for ms and/or packages on 
the performance of the system must also be evaluate d, which makes for a 
potentially complicated allocation of performance r equirements. Future 
interactions between EM and RW must address the app ropriate performance 
allocation required for DOE SNF. 
The draft Preliminary Requirements were completed a nd issued for review 
in June 1995. Representatives from the Office of Na val Reactors, the 
Idaho National Engineering Laboratory, the Savannah  River Site, and the 
Hanford site participated in the review for EM. RW also had a number of 
participants in the review. Final comments on the d ocument were submitted 
in July 1995. Comment review and resolution were co mpleted in November 
1995 and the document was issued in December 1995. 
As part of the comment resolution, EM and RW reache d agreement on the 
purpose and use of the Preliminary Requirements. Th ere were concerns 
that, although this document was prepared under Qua lity Assurance 
procedures, the Preliminary Requirements were not y et incorporated into 
the official RW technical baseline. Part of the EM and RW agreement 
established that disposal requirements for DOE SNF will be incorporated 
into the RW technical baseline in early spring of 1 996. Following 
issuance of the disposal requirements, draft docume nts demonstrating DOE 
SNF program compliance will likely be issued within  a year, although the 
exact details of these documents are yet to be dete rmined. 
RESULTS 
Development of Preliminary Requirements for the geo logic disposal of DOE 
SNF, and the related interactions between EM and RW , resulted in a number 
of lessons and insights regarding the application o f, and compliance 
with, disposal requirements for DOE SNF. 
The RW program baseline has been established based on the characteristics 
of commercial SNF and, to a lesser degree, vitrifie d HLW. This program 
baseline optimizes repository design and other syst em features around SNF 
that is low-enriched, in oxide form, having a relat ively small number of 
fuel types, and a relatively large amount of data w ith a Quality 
Assurance pedigree. Given the very different SNF ty pes represented in the 
DOE inventory, a whole new suite of issues has emer ged. There are new 
issues regarding compliance with disposal requireme nts, interpretation of 
disposal requirements, and other new unforeseen iss ues based on RW's 
experience with commercial SNF.  
Probably the chief challenge regarding the evaluati on of DOE SNF for 
geologic disposal is the large number and variety o f DOE SNF types. Using 



some simplifications, DOE SNF may be considered to fall into one of 
approximately a dozen fuel types. However, if these  simplifications are 
removed and subcategories of fuels are included, th e number of DOE SNF 
types may exceed 150. In addition, if the primary c haracteristics of SNF 
are considered, including enrichment, fuel matrix, fuel cladding, burn-
up, size and configuration, DOE SNF spans the compl ete spectrum. 
Enrichments vary from virtually depleted uranium to  enrichments in the 
high ninety percentiles. Fuel matrices include a nu mber of oxide forms, 
uranium-Aluminum alloys, carbides, uranium metal, a nd many others. Fuel 
claddings include commercial Zircaloys, stainless s teels, and aluminum 
alloys. Burn-up of DOE SNF ranges from almost fresh  fuel to deeply burned 
fuel. There are also a very large number of sizes a nd configurations of 
DOE SNF. 
Beyond the challenges posed by the number and varie ty of DOE SNF types, 
there is the challenge of gathering reliable data, with the appropriate 
pedigree, for all the DOE SNF types in order to ass ess compliance with 
disposal requirements. Data are needed to accuratel y assess not only the 
existing physical characteristics of the DOE SNF, b ut also to assess the 
long-term performance of DOE SNF in the repository environment.  
A large amount of data exists for DOE SNF. However,  unlike commercial 
SNF, most of which was produced and utilized under Nuclear Regulatory 
Commission (NRC) approved quality assurance program s, most DOE SNF was 
not maintained under such programs. Some DOE SNF ty pes, such as the ATR 
and the TRIGA, have a strong pedigree with adequate  records traceability. 
Furthermore, some DOE SNF has safeguards and accoun tability data which 
may provide an extensive record of its characterist ics. However, for some 
DOE SNF, only limited storage records exist, making  it difficult to assay 
its physical characteristics. In some cases these e xisting records may be 
inadequate to support the data needs of RW. In othe r cases, the 
traceability of the data may call into question its  adequacy.  
The costs for using even existing data to support d isposal of DOE SNF 
could be quite large. One cost estimate based on da ta needed to support 
the License Application Annotated Outline is a mini mum of five million 
dollars for DOE SNF types with good records. The co sts of developing 
information for disposal of some types of DOE SNF, which do not have an 
adequate data base, could exceed ten million dollar s. 
The high enrichment of DOE SNF also poses challenge s for the EM and RW 
programs. Maintenance of criticality control for hi ghly enriched SNF is 
more complicated than criticality control for comme rcial SNF, which is 
almost exclusively low enriched. When considered ov er the long time 
periods being used to predict repository performanc e, this demonstration 
of criticality control becomes even more challengin g. The high-enrichment 
of some DOE SNF may also make it more attractive fo r diversion and thus 
may require the introduction of more stringent safe guards and accounting 
requirements. Furthermore, much of the highly-enric hed DOE SNF has 
relatively low radiological and thermal output whic h may mean that it 
will not have some of the self-protecting character istics of commercial 
SNF, which has relatively high radiological and the rmal output.  
Degradation of some portions of the DOE SNF invento ry poses a significant 
technical challenge. For up to 5-10 percent of the DOE SNF inventory, 
degradation, and/or other undesirable characteristi cs, introduce 
substantial uncertainty in preparation for geologic  disposal. This has 
raised the possibility that some DOE SNF may have t o be treated prior to 
disposal. In fact, recent decisions by the Departme nt regarding the DOE 



SNF inventory at the Savannah River Site have resul ted in a plan to 
process those DOE SNF types that threaten the envir onment, safety and 
health of workers and the public. 
Thermal limits anticipated for the repository also pose a challenge to a 
portion of the DOE SNF inventory. Currently, RW ant icipates pursuing a 
repository design with a thermal limit that may be as high as 400 C for a 
certain period. Temperatures this high would likely  have a negative 
effect on aluminum-clad SNF, a common fuel type in the DOE SNF inventory. 
Aluminum cladding is normally subject to deformatio n at temperatures 
above 180 degrees C. EM and RW have begun to assess  potential solutions 
to this challenge. 
CONCLUSION 
The development of disposal requirements for DOE SN F has been an 
extensive and difficult effort. The existing RW dis posal requirements 
were not designed with DOE SNF in mind, but were cr eated for a repository 
containing HLW and commercial SNF. In addition, reg ulatory requirements 
for HLW and commercial SNF may create compliance di fficulties for some 
types of DOE SNF.  
As this program progresses, EM and RW face challeng es. Some of these 
challenges naturally draw the two programs to work together. However, for 
other challenges there are conflicting objectives w hich drive each 
program. It will take leadership and enlightened co operation on the part 
of both programs to advance the best solutions for the Department. 
Management of programmatic uncertainty and risk are  an important part of 
the cooperative efforts of EM and RW. RW's licensin g activities are 
currently focused on the licensing of commercial SN F for disposal in a 
geologic repository. Some DOE SNF types pose new is sues for the licensing 
of a repository. Resolution of these issues in a ve ry conservative manner 
could impose very large costs on the DOE SNF manage ment program, 
especially when certain packaging and conditioning alternatives are 
considered. However, less conservative approaches c ould potentially 
jeopardize the success licensing. 
In summary, EM and RW must work carefully together to develop a program 
to prepare DOE SNF for disposal and to develop a re pository program which 
will minimize costs to the Department and the Ameri can taxpayer. Although 
EM and RW have made progress in this area with the establishment of a 
formal interface between the two programs and the e stablishment of 
Preliminary Requirements for the disposal of DOE SN F, much more remains 
to be accomplished. 
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ABSTRACT 
The Department of Energy (DOE) is the largest gener ator of low level 
radioactive waste (LLW) in the United States (gener ating nearly 70% of 
the total national volume). In 1993, DOE disposed o f more than 50,000 
cubic meters of LLW. 
This waste is packaged in a variety of containers a nd disposed of via 
shallow land burial at the Hanford Reservation in W ashington state, the 
Idaho National Engineering Laboratory in Idaho, the  Los Alamos National 
Laboratory in New Mexico, the Nevada Test Site in N evada, the Oak Ridge 
Reservation in Tennessee, and the Savannah River Si te in South Carolina.  
In 1995, the Department initiated an effort to deve lop a standard 
container for disposal of DOE's LLW. The objective was to enable DOE to 
order larger numbers of containers at one time, the reby reducing 
purchasing costs. Further, DOE anticipated that a s tandardized container 
had the potential to reduce costs in two additional  ways: 1) by enabling 
new disposal container fabricators to enter the mar ket, competition would 
be enhanced and prices reduced; and 2) by enabling the generating and 
disposal sites to concentrate on a single container , future storage, 
loading and disposal operations would be simplified , different types of 
equipment required for these operations would be mi nimized, and operating 
costs would be reduced.  
To ensure a new container would be used by the diff erent DOE sites, a 
development team was established. This team include d representatives from 
the major generating and disposal sites. Representa tives of the 
Transportation Management program were also include d, since another 
objective was that the container be a DOT-certified  7A Type A 
transportation package. A key factor in site accept ance and use of this 
container was the process of achieving consensus am ong generators and 
disposal operations personnel at DOE sites. 
This paper describes the process followed by the De partment's recycle 
policy development team, including the container de velopment team, to 
identify key factors important to ensuring equity i n recycling and to 
ensure that recycling could be pursued in a cost-ef fective manner. 
Information is also presented on the objectives and  process of 
development of the standardized container, as well as the specific 
parameters (fabrication metal, size, handling requi rements etc.) of the 
container. 
BACKGROUND 
Millions of tons of potentially recoverable materia ls have accumulated 
over the years at U.S. Department of Energy (DOE) s ites and facilities 
now undergoing environmental restoration. These mat erials include 
thousands of tons of scrap metals that can be recyc led into new products, 
to conserve natural resources and avoid costly disp osal. While some 
recoverable materials can be free-released and poss ess a significant 
market value, other materials are contaminated eith er on the surface or 
in mass, which limits their reuse or recycle in the  open market. 
The DOE environmental restoration program is consid ering a national 
policy for recycling radioactively contaminated scr ap metals (RSM) within 
the DOE complex. The existing inventory of metals i n scrap piles has been 
variously estimated to include from 150,000 to 400, 000 tons of RSM. A 
large percentage of this is radioactively contamina ted carbon steel 
(RCCS), the focus of the policy analysis. The "Recy cle 2000" policy under 
consideration is investigating the fabrication of R CCS into ingots or 



waste containers to provide for better management o f DOE wastes. Risks 
and costs of transportation would be associated wit h shipping the RCCS 
from the DOE metal-generating sites to the processi ng (including 
fabrication) or disposal sites and shipping the pro ducts (i.e., ingots or 
waste containers) from the processing site(s) to di sposal or use sites. 
The DOE environmental restoration program has initi ated an assessment of 
the risks and costs associated with transporting RC CS and its potential 
products throughout the DOE complex. 
THE RECYCLE 2000 POLICY PROPOSAL 
To provide for responsible management of RCCS, the Department proposed 
the following policy: By the year 2000, 50% of low- level waste disposal 
containers will be fabricated from DOE-generated RC CS. These disposal 
containers, to be used one time only, will be used exclusively for 
disposal of low-level waste (LLW) generated by the Environmental 
Management (EM) program. If insufficient newly gene rated RCCS is 
available to meet the 50% goal, the proposed policy  would be to refrain 
from burying potentially recyclable RCCS (i.e., tha t material already 
stored in scrap piles at various sites) and to use all available 
containers made from RCCS.  
AN INNOVATIVE POLICY DEVELOPMENT APPROACH 
Historically, DOE developed policies, then talked t o stakeholders to 
explore how to implement the already-selected polic y. As DOE's culture 
has changed, stakeholder involvement in decision ma king has increased 
dramatically. For the Recycle 2000 Policy concept, DOE invited 
stakeholders to identify their concerns prior to DO E's decision to pursue 
developing this policy. If the Recycle 2000 concept  is pursued, it will 
be the first DOE policy decision incorporating stak eholder values and 
input prior to establishing the policy. 
THE PROCESS 
DOE identified a broad range of stakeholders to be involved in evaluating 
the proposed policy. These included DOE sites, regu lators, industry, 
Public Interest Groups, local and State government (elected officials and 
business development representatives), and labor re presentatives. 
A small group of these stakeholders reviewed the Re cycle 2000 concept in 
July 1994. They were generally supportive of concep t but wanted broader 
review. In response to this input, DOE invited a la rger group of 
stakeholders to a December 1994 workshop to discuss  the proposed policy. 
The workshop consisted of 42 participants from 26 o rganizations. 
The result of this workshop was that stakeholders w ere supportive of the 
recycling concept subject to certain conditions, wh ich included: 
  protective of public and worker health and safety ; 
  developed through an open, credible process; 
  economic compared to other viable waste disposal options; 
  equitable (takes into account equity among sites and States); 
  environmentally responsible, neither compromising  cleanup nor adding to 
existing problems; and 
  designed not to preclude further recycle initiati ves. 
Based on the above workshop conclusions, and a requ est from workshop 
participants for more and better information upon w hich to base policy 
development, DOE committed to conducting analyses o f potential health and 
safety impacts associated with recycling radioactiv ely contaminated scrap 
metal, the transportation of this material for purp oses of recycling, and 
the cost of recycling. In addition, in response to a workshop 
recommendation, DOE also committed to developing a standardized low-level 



waste disposal container suitable of being fabricat ed out of 
radioactively contaminated scrap metal. 
The Recycle 2000 policy options considered in the v arious analyses 
mentioned above are as follows: 
Option 1:  Continuing RCCS disposal operations as c urrently practiced; 
Option 2:  Processing RCCS into ingots (volume redu ced form) for  
  disposal; and  
Option 3:  Processing RCCS into disposal containers  for one-time use 
   within the EM program. 
Although initial discussions did not focus on a par ticular type of RSM, 
DOE narrowed the scope to focus exclusively on RCCS  because it is 
abundant across the complex, its low market value l imits incentive for 
decontamination and release, and it is suitable for  waste management 
containers in demand with the EM program.  
STANDARD CONTAINER DEVELOPMENT 
As stated above, DOE had committed to developing a standardized low-level 
waste container suitable of being fabricated out of  RCCS. Yet DOE had 
additional incentives for developing a standard con tainer. DOE is the 
largest generator of low-level radioactive waste (L LW) in the United 
States (generating nearly 70% of the total national  volume). In 1993, DOE 
disposed of more than 50,000 cubic meters of LLW vi a shallow land burial 
at the Hanford Reservation in Washington State, the  Idaho National 
Engineering Laboratory in Idaho, the Los Alamos Nat ional Laboratory in 
New Mexico, the Nevada Test Site in Nevada, the Oak  Ridge Reservation in 
Tennessee, and the Savannah River Site in South Car olina. The DOE LLW 
generating sites package this waste using various s izes of containers. 
This results in transportation-related inefficienci es, the need for 
differing disposal site equipment, and potential fo r disposal site void 
space. Even the DOE "B-25-type" container is not st andard, as it is 
modified at most sites in both external dimensions and engineered 
capacity. 
In 1995, the Department initiated the effort to dev elop a standard 
container for disposal of DOE's LLW. The objectives  for the initiative 
were: 
  Design a family of standardized low level waste d isposal boxes (M-100 
series) 
  Enhance economies of scale through larger DOE ord ers of uniformly 
designed containers 
  Improve transportation efficiencies by minimizing  variety of disposal 
containers used by DOE waste generators 
  Minimize void space at disposal sites through use  of standard size 
containers 
  Reduce uncertainty for vendors of what is a "B-25 -type" container 
Among the various M-100 container requirements are the following: 
  The M -100 series containers must be easily fabri cated, using standard 
tooling and nonproprietary parts; 
  The M -100 series container design must accommoda te both RCCS and 
commercial fabrication paths;  
  Each M-100 design must use a single gauge or meta l thickness for all 
components (i.e., all 8-gauge or all 12-gauge compo nents); and 
  The M -100 series containers must meet Waste Acce ptance Criteria for 
all DOE low-level waste disposal sites.  



The M-100 series of containers are designed so a fu lly loaded container 
can be lifted by forklift or overhead hoist and the  container is suitable 
as a six, 55-gallon drum overpack. 
To ensure that a new container would be used by the  different DOE sites, 
a consensus approach to container development was u sed. A container 
development task force was established that include d representatives from 
the major generating sites and disposal site operat ors. This included 
representatives from Oak Ridge, Savannah River, Ida ho, Hanford, and 
Nevada. Representatives of DOE's Transportation Man agement Program were 
also included, since another objective was that the  container be a DOT-
certified 7A Type A transportation package. 
The prototype 12-gauge, 7A-type (M-103/7A/12/90) co ntainer has been 
fabricated, and testing was completed in September 1995. M-100 
information is being shared with commercial low-lev el waste generators 
and disposal site operators. Follow-on activities i nclude: 
  Integrating M-100 containers into DOE procurement  
  Establishing DOE-wide commitment to use M-100 con tainer designs for low 
level waste disposal 
  Value-analyzing M-100 designs to minimize cost of  manufacture (while 
retaining performance requirements) 
  If "Recycle 2000" concept pursued, promote manufa cture of M-100 
containers from RCCS. 
Due to the preliminary success of the standard cont ainer initiative, DOE 
expects to implement the fabrication and use of the  standard container 
regardless of the outcome of the recycle policy dec ision. 
TRANSPORTATION RISK ANALYSIS 
A transportation risk analysis was conducted to pro vide an assessment of 
potential human health risks and developed unit ris ks and costs for 
transporting RCCS scrap between DOE sites. A summar y of the report of the 
risk analysis (1) was presented at the September 19 95 Recycle workshop. 
The report notes that the RCCS may be generated fro m DOE activities 
(current or future) or from decommissioning of DOE facilities. The 
transportation system risk estimates reflect prelim inary information 
regarding the quantities of RCCS at some sites and the spectrum of 
radioactive contamination in RCCS at various types of DOE facilities. 
Transportation risks for the three options (shown a bove) were analyzed. 
For Options 2 and 3, conceptual system configuratio n alternatives for 
processing RCCS at two regional sites or one nation al site are also 
evaluated. Risks and costs of transportation would be associated with 
shipping the RCCS, its products (i.e., ingots or wa ste containers), and 
secondary wastes. Specifically, this assessment con siders truck or rail 
transportation of 1) purchased containers to DOE RC CS-generating sites, 
2) RCCS in boxes to disposal sites, 3) RCCS for pro cessing into ingots or 
fabrication into containers, 4) ingots to disposal sites, 5) containers 
fabricated from RCCS to user sites, and 6) secondar y waste to disposal 
sites. All transportation is assumed to occur by tr uck and rail services 
that are available commercially. 
Given the current stage of DOE decommissioning oper ations, the 
information currently available did not permit a fu ll-scale analysis of 
transportation risks. Complete RCCS inventory (phys ical quantity and 
activity) information for each major DOE site is no t available; data on 
scrap inventories have only been compiled for a lim ited number of sites 
and there are no estimates for future scrap generat ion. Without extensive 
inventory estimates, it is not possible to determin e the number of 



shipments required and the associated risk totals f or DOE's alternatives. 
Therefore, the analysis was limited to providing un it risk and cost data 
elements. 
The risk assessment methodology used was consistent  with the DOE 
Environmental Management Programmatic Environmental  Impact Statement (EM 
PEIS). The endpoints analyzed were:  
  Cancer incidents and fatalities due to external r adiological exposure 
from routine operations; 
  Cancer incidents and fatalities due to external r adiological exposure 
from accidental release; 
  Cancer incidents and fatalities due to exposure t o vehicle exhaust 
emissions from routine operations; and 
  Injuries and fatalities from vehicle accident tra uma. 
The analysis indicated that total risk is dominated  by traffic accident 
risks. Specifically, radiological transportation ri sks are a small part 
(10% or less) of total risk for transportation of R CCS and RCCS-
fabricated boxes. Additionally, due to more people being in close 
proximity to roads than rails, truck transportation  resulted in a higher 
external dose than rail transportation of RCCS and RCCS-fabricated boxes. 
Risks from shipping the empty fabricated containers  are generally lower 
than for unprocessed RCCS because of the potential removal or 
immobilization of radioactivity by the metal meltin g process. Risk 
factors that include injuries are about a factor of  10 higher than those 
for fatalities alone. Risk factors including total cancer incidence are 
about 50% higher than those for latent fatalities. Because trucks travel 
in close proximity to exposed populations, truck tr ansportation results 
in slightly higher risks than rail transport. 
Unit transportation risk factors for all options (e stimated health 
effects/shipment mile) are on the order of 10-7 - 1 0-8. These include 
fatalities, fatal and non fatal cancers, injuries, and severe genetic 
effects. For both truck and rail transportation, ri sks varied between the 
three options by less than a factor of 2, indicatin g that all three 
options were roughly equal in terms of risk. 
TRANSPORTATION COSTS 
The assessment provides fixed and variable unit cos ts (dollar/shipment-
mile). Fixed and variable costs vary by transport m ode (truck or rail), 
by distance traveled, and by the form of RCCS (scra p, ingots, fabricated 
containers, or secondary wastes). In practice, the costs may be affected 
by the number of shipments and the time period cove red by the contract. 
Either truck or rail may have lower variable costs,  depending on the 
dimensions and weight of the material being hauled and the shipping 
distance. Higher costs are assumed for secondary wa ste transportation 
because of greater handling and certification costs  for this material. In 
general, variable costs decline as shipping distanc e increases, and 
variable costs are higher per ton for fabricated co ntainers (empty) than 
for scrap haulage. 
Transportation costs associated with implementing a ny of the three 
options ended up contributing between 2 and 12% of the total option cost. 
A centralized processing site yielded the highest t ransportation costs, 
contributing 10-12% of the total option cost, while  a regionalized 
processing site yielded transportation cost contrib utions of 7-9%. 
Continuing present operations yielded the least tra nsportation cost 
contribution of 2%. Transportation costs associated  with processing to 
ingots for volume reduction ($1.72/ft3 for regional ized processing and 



$2.65/ft3 for centralized processing) were slightly  less than 
transportation costs associated with fabricating di sposal containers from 
RCCS ($2.12/ft3 for regionalized processing and $3. 26/ft3 for centralized 
processing). 
(For the centralized processing scenario, all RCCS origin sites shipping 
to a single processing site. A U.S. geographic cent roid represents the 
fictitious centralized destination site. For the re gionalized processing 
site, waste generating sites ship to either of two regional processing 
centers. The analysis showed that total risk is pro portional to mileage, 
and Option 1 has the lowest estimated risk due to t his option resulting 
in the lowest mileage. The analysis also showed tha t lower risk results 
from two regional processing facilities rather than  a single, centralized 
processing facility, due to the RCCS and RCCS-fabri cated boxes being 
transported over fewer miles. Additional processing  sites did not provide 
substantial reductions as compared to two sites.) 
CONCLUSION 
Based on the transportation risks and costs, as wel l as other data 
presented at the workshop, participants encouraged DOE to establish a 
recycling policy with a 2-3 year demonstration, the n reevaluate the 
success and cost of the policy. The participants fe lt that a decision 
based on the limited cost data available so far wou ld result in the 
selection of either Option 2 or Option 1, and works hop participants 
clearly believe the "right thing for the environmen t" is to make disposal 
containers from RCCS. Participants also encouraged DOE to clearly state 
in the policy that a box made from RCCS is not wast e, but is a product. 
This distinction will enable any site to use a box made from RCCS from 
either its own site or any other site without causi ng disposal site 
concerns. Participants also encouraged DOE to explo re conducting a 
demonstration of RCCS recycling if it appeared too difficult to establish 
an EM-wide policy.  
Based on the strong support for recycling indicated  by workshop 
participants, DOE staff has developed a draft polic y package to be 
submitted for management approval. This package rec ommends that the 
Office of Environmental Management establish a poli cy that recycling of 
contaminated metals should be pursued. 
Based on the consensus of the container development  team, DOE staff is 
also developing a draft policy package for issuance  by HQ management. 
This package will inform field management of the st andardized container 
and will encourage its use. This package will also enable aggregate 
purchasing of standardized containers, and may ease  the practical aspects 
of making standardized containers out of volumetric ally contaminated 
carbon steel. 
One of the demonstration activities being conducted  in advance of formal 
approval of the recycling policy is the Savannah Ri ver Site's contract 
with Scientific Ecology Group (SEG) in Oak Ridge to  accept contaminated 
lead for decontamination and reuse. By the end of 1 995, the SRS had 
shipped 20 tons of contaminated lead to SEG to begi n the demonstration of 
an effective decontamination technology. It is expe cted that the lead 
will be recycled for reuse and a per unit volume co st will be 
established, which will support future decontaminat ion and recycle 
activities. Additionally, 20 tons of contaminated H EPA filter frames have 
been shipped to SEG for treatment through melting a nd recycle/reuse. The 
radioactively-contaminated lead items were shipped to SEG as scrap metal 
for recycling, not as waste. The distinction is imp ortant so that the 



scrap metal can be recycled and not, instead, dispo sed of as DOE-
generated waste. 
DOE will be identifying and implementing additional  innovative approaches 
to ensure recycling is pursued to the maximum exten t possible across the 
complex. 
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ABSTRACT 
In response to questions from members of the public  regarding the Texas 
Low-Level Radioactive Waste Disposal Authority's ap plication for license 
to develop and operate a LLW disposal facility, the  effects of a highly 
improbable transportation accident were analyzed. T his paper summarizes 
the results major activities in the analysis, consi ders the probabilities 
of such an accident, and identifies sources of cons ervatism in the 
analysis. 
INTRODUCTION 
Members of the public have commented that the appli cation for a license 
to develop and operate a low-level radioactive wast e (LLW) disposal 
facility that was submitted by the Texas Low-Level Radioactive Waste 
Disposal Authority (the Authority) did not adequate ly address 
transportation risks. One comment requested that th e Authority evaluate 
the effects of a worst case transportation accident  occurring in an urban 
area. 
The Authority is not obligated under applicable Tex as laws or regulations 
to justify that the potential impacts of transporta tion accidents are 
within acceptable limits. Nevertheless, the Authori ty performed and 
reported the results and conclusions of the request ed analyses. The 
conclusion is that members of the general public wo uld not suffer 
unacceptable risks if the postulated worst case tra nsportation accident 
were to occur in a densely populated urban area. 
An extreme accident involving the burning of the wo rst waste streams for 
external gamma radiation and inhalation exposures w as postulated to occur 
at two separate urban locations. The accident was a ssumed to involve the 
collision between a truck transporting LLW and a ta nker truck filled with 



gasoline or similar fuel. The waste containers were  assumed to rupture 
and their contents to be consumed by the fire over a three hour time. The 
accident was characterized by a series of extreme a ssumptions that 
ensured the projected radiological impacts would no t be underestimated. 
The approach to estimate the radiological impacts o f the hypothesized 
accident involved six major steps: 
1) Identify and characterize all waste streams that  will be disposed at 
the Texas LLW disposal facility.  
2) Screen waste streams from the respective generat ors for their 
potential to produce external gamma radiation and i nhalation exposures. 
3) Identify likely waste transportation routes from  the respective waste 
generators. 
4) Define the worst-case transportation accident sc enario. 
5) Perform calculations to estimate radiation expos ures to the public as 
a result of the worst-case transportation accident using the RADTRAN4 
computer code. 
6) Summarize and interpret results of calculations.  
This paper focuses on the methodologies used to ide ntify the limiting 
waste streams to be considered in the analyses. It also addresses the 
probability of the accident analyzed actually occur ring and identifies 
sources of conservatism in the analyses. 
IDENTIFYING THE CRITICAL WASTE STREAMS 
As noted above, the first step in the process was t o identify all sources 
of LLW. The Authority had projected waste volumes a nd characteristics 
expected for disposal at the proposed disposal faci lity in earlier 
publications (1,2). Waste stream characteristics we re based on the 
results presented in those documents. Because the o bjective of these 
evaluations was to estimate the effects if the acci dent were to occur, no 
information about shipment rates were necessary to conduct the requested 
analyses. 
The premise of screening all waste streams is that the critical waste 
stream(s), those likely to produce the worst radiat ion exposures, depend 
only upon their radionuclide concentrations. That i s, the details of the 
RADTRAN4 calculation are immaterial to determining the potential for 
producing radiation exposures. This screening appro ach, described below, 
implicitly assumes that the entire radioactive inve ntory of a waste 
container is available to produce exposures. This a ssumption is clearly a 
substantial conservatism that is further discussed below. 
The concentration of each radionuclide in each wast e stream was 
multiplied by two dose conversion factors -- one fo r external gamma 
exposures and the other for inhalation exposures. T he product was further 
multiplied by factors to render the result in commo n units. The product 
is a "figure of merit" that differs from the actual  hazard only by some 
multiplicative factor that accounts for processes a nd phenomena that do 
not depend upon waste stream characteristics. Thus,  waste streams with 
larger figures of merit present greater risks of ra diation exposure. 
Each waste stream from each generator was evaluated  for its potential to 
produce external gamma and inhalation radiation exp osures. This process 
is illustrated in Table I for LLW waste steams gene rated at the Comanche 
Peak nuclear power plant. The process was applied i dentically for waste 
streams from all other generators, although non-uti lity wastes were 
treated as a composite from all non-utility waste g enerators. Table I 
demonstrates that, for Comanche Peak waste streams,  cobalt-60 is the 
primary source of potential radiation exposure (con sidering both external 



gamma and inhalation radiation exposures) with plut onium-241 as the 
secondary source. 
Table I 
The sum of the products described above is a figure  of merit that 
represents the total potential for radiation exposu re for the waste 
stream. These total across all radionuclides are sh own at the bottom of 
Table I. 
As noted above, each waste stream from each generat or was screened as 
depicted in Table I and described in the preceding paragraphs. The 
screening of waste streams generated at the Comanch e Peak nuclear power 
plant is summarized in Table II as a further illust ration of the 
screening process. In the table, the figures of mer it (the sum of all 
radionuclide products within waste stream) are tabu lated for both 
external gamma and inhalation exposures for each wa ste stream. 
Radionuclide characteristics of Class C resins and filters, denoted with 
bold text in Table II, have the greatest potential of producing radiation 
exposures. 
Table II 
As a final illustration of the waste stream screeni ng process, Table III 
summarizes the results for all generators expected to deliver waste to 
the proposed Texas LLW disposal facility. The waste  stream with the 
greatest potential to produce radiation exposure is  presented for each 
generator. As shown in the table, Class C resins an d filters from the 
Comanche Peak nuclear power plant have the greatest  potential for 
producing both external gamma and inhalation exposu res. The 
characteristics of this waste stream were used in R ADTRAN4 calculations 
of the impacts of the worst-case transportation acc ident. 
Table III 
PROBABILITY OF WORST-CASE TRANSPORTATION ACCIDENT OCCURRING 
The very act of selecting such a severe accident en sures that the 
probability of the accident occurring will be low. Everyday experience 
tells us that extreme accidents occur rarely. Accid ent statistics confirm 
this casual observation. For example, among non-col lision accidents, only 
2.8 percent also involved fires in 1990. Whereas 35 ,885 accidents 
occurred in 1990 involving motor carriers in inters tate transport, only 
about 5 percent of these also involved hazardous ma terials. Of all 
hazardous materials shipped, only an extremely smal l fraction is LLW (5). 
In 1985, about 250 billion ton-miles of freight wer e hauled by vehicles 
regulated by the Interstate Commerce Commission. In  that same year, about 
3,700 accidents involving trucks occurred that resu lted in fatalities. 
This yields an annual fatal accident rate for truck s of about 1.5 X 10-8 
fatalities per ton-mile. If the assumption is made that the accident 
considered in these analyses results in the death o f at least one 
individual, this accident rate can be used to infer  the expected number 
of accidents involving LLW (6). The amount of waste  expected for disposal 
at the Texas LLW disposal facility over its lifetim e is about 170,000 
tons (1,2). The typical shipping distance (from Hou ston to El Paso) is 
about 750 mile. Given the accident rate stated abov e, about 2 accidents 
involving LLW shipments would be expected over the facility's operating 
life. 
By contrast, in 1985, 3,825 motor vehicle accidents  occurred in Texas 
that resulted fatalities (6). Thus, over the minimu m 20-year operating 
life of the Texas LLW disposal facility, about 76,0 00 traffic accidents 
severe enough to produce fatalities might be expect ed. The potential of a 



few accidents involving shipments of LLW to the Tex as LLW disposal 
facility cannot add measurably to this potential tr ansportation impact. 
In the analyses of transportation risks performed i n response to public 
questions regarding the Texas LLW disposal facility  license application, 
the accident was assumed to occur in an urban area.  The probability of 
this occurring is small because of the relative num ber of miles near 
urban areas and in rural areas. Over the 750-mile t rip to the disposal 
facility from Houston, less than about 50 miles cou ld be in urban areas 
typical of that assumed in these analyses (namely n ear Houston and San 
Antonio). On the basis of miles alone, the probabil ity that the 
postulated accident would occur in a rural area whe re radiological 
impacts would be much smaller is over 90 percent. O nly a 7-percent 
probability exists that the accident would occur in  the postulated urban 
area. 
CONSERVATISMS INHERENT IN PROJECTED RADIATION EXPOSURES 
Numerous conservative assumptions were made in esti mating impacts of LLW 
transportation to the Texas LLW disposal facility. Among these include: 
  Accident occurs in an urban area. 
  Accident involves a truck transporting gasoline o r similar fuel which 
results in a 3-hour fire. 
  Contents of all waste containers in the shipment are released and 
available to be consumed by the fire. 
  The fire consumes all waste in the shipment, rele asing the entire 
radioactive inventory of the shipment into the atmo sphere. 
Were the effects of these conservatisms to be quant ified, they would 
amount to several orders of magnitude. It is highly  unlikely that the 
projected impacts of the worst-case LLW transportat ion accident would be 
as large as reported by the Authority. 
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ABSTRACT 
The Transportation Technology Department of Sandia National Laboratories 
develops analytical and computational tools for the  U.S. Department of 
Energy to assess the radiological consequences and risks from the 
transportation of radioactive materials by all mode s. When large 
quantities of materials are to be transported, move ments may occur over 
an extended period of time in what is collectively referred as a 
"shipping campaign." Since the routes over which th e shipments occur 
often remain the same, cumulative exposure to indiv iduals inhabiting the 
population zones adjacent to the transport links mu st be estimated. 
However, individuals do not remain in the same resi dences throughout 
their lifetimes and, in fact, move quite often. To appropriately allocate 
exposures among populations over extended periods o f time, perhaps years, 
a model has been developed that accounts for three population categories; 
the original populations residing in areas adjacent  to the transport 
links, and both the individuals moving into and out  of any designated 
areas. The model described herein accounts for thes e populations and will 
ultimately be incorporated as a user option in the RADTRAN computer code, 
used for estimating the consequences and risks asso ciated with the 
transport of radioactive materials. 
The simplified methodology is an extension of previ ous work that uses 
available census data to determine the total expose d population strictly 
as a function of the original population, and is th erefore applicable to 
a wide range of problems. It is important to note t he mathematical 
constructions are predicated upon census data in te rms of "households," 
and as such may not be applicable to individuals. T he households are 
contextually integrated into populations, inclusive  of several regional, 
property-utilization, and density subgroups. The re sult is an expression 
specifying the total population (in terms of "house holds") residing in an 
area over time t years. Significantly, only the ori ginal population and 
the average time of residence need be known. With r espect to the 
transportation of radioactive materials, the relati onship provides an 
estimate of the total exposed population over an en tire shipping campaign 
while only knowing the initial population density. The method has several 
strengths including simplicity, dependence on few c ritical parameters, 
and a firm foundation in empirical data. The inhere nt advantages from 
application of this methodology are twofold: 1) the  calculated average 
dose to members of the public residing near transpo rtation routes will 
decrease as not all persons remain near a link for the full period of the 
shipping campaign, and 2) the statistical data are amenable to 
uncertainty analyses, which in turn yields improved  dose-consequence 
estimates for the population group. 
INTRODUCTION 
The Transportation Technology Department of Sandia National Laboratories 
develops analytical and computational tools for the  U.S. Department of 
Energy to assess the radiological consequences and risks from the 
transportation of radioactive materials by all mode s. When large 
quantities of materials are to be transported, move ments may occur over 
an extended period of time in what is collectively referred as a 



"shipping campaign." Since the routes over which th e shipments occur 
often remain the same, cumulative exposure to indiv iduals inhabiting the 
population zones adjacent to the transport links mu st be estimated. 
However, individuals do not remain in the same resi dences throughout 
their lifetimes and, in fact move quite often. To a ppropriately allocate 
exposures among populations over extended periods o f time, perhaps years, 
requires a model that accounts for three population  categories: 1) the 
original populations residing in the areas adjacent  to the transport 
links, 2) individuals moving out and 3) individuals  moving into 
residences in the designated areas. The model descr ibed here accounts for 
these conditions and will be incorporated as a user  option in the RADTRAN 
computer code for transportation consequence and ri sk analysis (1). 
RADTRAN is a computer code for estimating the conse quences and risks 
associated with the transport of radioactive materi als. 
METHODOLOGY 
The most mathematically elegant model would be pred icated on an 
analytical "double exponential," composed of terms describing positive 
exponential biological ingrowth and negative expone ntial decay, with the 
latter made up of terms describing both individuals  moving away and 
mortality. However, the associated coefficients des cribing these sub-
populations must be empirically derived and can res trictively lead to 
instances in which the model does not apply to spec ific populations. 
Therefore, we selected the simpler methodology deve loped here, which is 
an extension of previous work (2) that uses availab le census data and is 
applicable to a wide range of problems. 
As a prerequisite in presentation of the methodolog y, it is necessary to 
define the major variables: 
P0   = Initial population in designated area 
Pin   = Population moved into designated area 
Pout   = Population moved out of designated area 
Premaining  = Population remaining in designated ar ea 
Ptotal   = Total exposed population in designated a rea 
The key to solution is application of two initial c onditions: 1) over the 
time periods of interest, population distributions within the relatively 
small areas being analyzed are modeled as remaining  constant, and 2) all 
established residences are modeled as being occupie d. The latter 
condition means that although individual households  may leave an area, 
other households move in to occupy the vacated resi dences (100% 
occupancy). Thus, although individuals in the popul ation Pin are distinct 
from the individuals of Pout, the population groups  are approximately 
numerically equivalent in magnitude (PinPout). 
This simplified procedure allows determination of t he total exposed 
population (Ptotal) strictly as a function of P0. F urther, the 100% 
occupancy condition slightly overestimates the actu al population. As some 
households may move to another residence within the  area and since 
housing-unit occupancy may not be 100%, the calcula ted total population 
size will also be an overestimate (unless localized  rapid population 
growth has occurred). The methodology proceeds from  determination of the 
original population P0, through summation of all in dividual 
link/bandwidth populations comprising the complete route. Over the time 
interval of interest (the period of the shipping ca mpaign) household 
populations Pout and Pin will move out of and into the sample space, 
respectively. The quantity of interest, the total e xposed population 
Ptotal, consists of the original population P0 plus  Pin, comprising the 



population of individuals who moved into the sample  space during the 
campaign (Fig. 1, Eq. 1). At the end of the shippin g campaign, P0 
consists of the populations of households which rem ained (Premaining) 
plus those which moved out of the sample space (Pou t) (1)(Eq. 2). 
It is important to note that the procedure consider s populations and that 
the mathematical constructions are predicated upon census data expressed 
in terms of "households," and as such may not be ap plied to individuals. 
The households are contextually integrated into pop ulations, inclusive of 
several regional, property-utilization, and density  subgroups. Although 
some of the data subsets are available (Table I) an d may be incorporated 
into the model, only the aggregate of all household s is considered here. 
Fig. 1 
The result is an expression specifying the total po pulations (in terms of 
"households") residing in an area over time t years  (Fig. 1, Eq. 3). 
Significantly, only the original population and the  average time of 
residence need to be known. With respect to the tra nsportation of 
radioactive materials, the relationship allows an e stimate of the total 
population exposed over the entire interval of a sh ipping campaign to be 
developed, strictly as a function of the initial po pulation density and 
duration of the shipping campaign. The derivation o f the remaining 
variable Rt is adapted from published census data a nalyses (2). 
Curve-fit coefficients, shown in Table I, were appl ied to empirically 
determine the fraction of households moving into an  areas St, and the 
fraction remaining in their current residences Rt.  
St = Fraction of households which moved into curren t residence t years 
 before survey 
Eq. 4 
Eq. 5 
Eq. 6 
Table I 
The following example illustrates derivation of an equation to calculate 
the total exposed population of "all houses" for a multi-year shipping 
campaign. Values listed within Table I are first us ed to develop an 
expression for Rt. 
Fig. 2 
Substituting the relation for Rt of Eq. 7 into Eq. 3 yields 
Eq. 7 into Eq. 3 
Eq. 8 
In a recent environmental assessment of the impacts  of transporting 
foreign research reactor spent nuclear fuels (3), a  total population of 
approximately 139,403 persons was estimated to be e xposed during highway 
transport along the route from Charleston, SC to th e Savannah River Plant 
near Barnwell, SC. For a shipping campaign lasting 10.0 years, 
substitution of time t = 10 years and initial popul ation of P0= 139,403 
persons into Eq. 8 yields a total potentially expos ed population Ptotal = 
261,747 persons. Significantly, the total potential ly exposed population 
(Ptotal) is nearly twice the initial population (P0 ), formerly the only 
value used in dose-consequences analyses of shippin g campaigns. 
CONCLUSION 
A method has been developed for estimating the tota l potentially exposed 
population of persons residing near transportation links, during time 
intervals required to complete a shipping campaign based upon U.S. Bureau 
of Census data and analyses (2). 



This method has several strengths including simplic ity, dependence on few 
critical parameters, and a firm foundation in empir ical data. Conversely, 
two weaknesses of the method are: 1) one cannot rea dily account for rapid 
changes in overall population density (examples bei ng explosive 
population growth or decline resulting from abrupt socioeconomic changes 
brought about by extensive construction projects or  military facility 
closures), and 2) it is not possible to account for  less than 100% 
occupancy factors. However, in all cases but those associated with rapid 
growth, the method yields estimates that are slight ly conservative (i.e., 
overestimates the total exposed population). Should  a route segment 
experiencing rapid and significant growth be identi fied in a specific 
application, then additional calculations may be re quired to improve the 
population estimate for that link. 
The ultimate consequences of application for this m ethodology are 
twofold. First, the calculated average dose to memb ers of the public 
residing near transportation routes will decrease, as not all persons 
remain near a link for the full time period of the shipping campaign. 
Secondly, the statistical data presented in Table I  are amenable to 
uncertainty analyses, which in turn yields improved  dose-consequence 
estimates for the population group. 
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ABSTRACT 
The Department of Energy (DOE) and other Federal ag encies continue to 
spend millions of dollars on National Environmental  Policy Act (NEPA) and 
other analysis of transporting radioactive material s. This is a 
particular problem associated with high-level and t ransuranic waste and 
spent nuclear fuel. This paper will show the folly of continuing this 
expensive and time consuming analysis. 
A very high degree of safety has been achieved, bot h domestically and 
worldwide, through rigorous implementation of the c omprehensive 
Department of Transportation (DOT) and Nuclear Regu latory Commission 
(NRC) transportation and packaging regulations. The re are no reported 
deaths or serious injuries due to the radioactive n ature of the cargo. 



There are few, if any, such large scale industrial activities around the 
globe with this enviable safety record. DOE, NRC, a nd other federal 
agencies have exhaustively analyzed and demonstrate d the intrinsic safety 
of transporting radioactive materials. Further NEPA  analysis, is clearly 
not warranted. 
This paper will examine the evidence supporting its  title thesis. 
Specifically, it will document the compelling suppo rt represented by: 
  Recent (and comprehensive) DOE NEPA analysis 
  Environmental impact analysis done by the Nuclear  Regulatory Commission 
(NRC) 
  NRC's NEPA Rule contained in 10 CFR 51 
  Office of Technology Assessment review of the saf ety of hazardous 
materials transport 
The sum of this analysis will demonstrate the effic acy of the regulatory 
framework for transporting radioactive materials, t hus eliminating the 
need for further NEPA analysis. 
REGULATORY FRAMEWORK 
Recommendations for radiation protection standards come from the 
International Commission on Radiation Protection (I CRP) and the U.S. 
National Council on Radiation Protection and Measur ements (NCRPM). These 
organizations are composed of physicians, radiologi sts, and scientists 
specialists specializing in the biological effects of radiation. 
Independent reviews are provided by the U.S. Nation al Academy of Sciences 
and the United Nations Scientific Committee on the Effects of Atomic 
Radiation. The International Atomic Energy (IAEA), an agency of the 
United Nations, issues and updates Basic Standards for Radiation 
Protection (Safety Series No. 9), which reflects th e recommendations made 
by the ICRP, following review by IAEA member state- designated experts. In 
turn, IAEA also issues and updates the Regulations for the Safe Transport 
of Radioactive Material (Safety Series No. 6), whic h considers the 
requirements of Safety Series No. 9. Although writt en in regulatory 
language, IAEA's Safety Series No. 6 may only legal ly serve as 
recommendations. However, the U.S. Department of Tr ansportation and the 
U.S. Nuclear Regulatory Commission have structured their regulations 
covering U.S. shipments on requirements of IAEA Saf ety Series Nos. 6 and 
9. These standards are based on more than 50 years of research and 
experience with radioactive materials and their saf e transport. No other 
standards have been so extensively reviewed and agr eed upon by 
international experts, organizations, and nations. 
SUPPORTING ANALYSIS 
Recent DOE experience in preparing major EISs conti nues to involve 
significant analysis of transporting radioactive ma terials--particularly 
spent nuclear fuel (SNF) and radioactive waste. Sin ce the inception of 
NEPA, such analysis has never shown transportation of radioactive 
materials significantly impacting people or the env ironment. This 
analysis is in itself very costly and increases cos t by stretching 
schedules. The following are examples of analysis w hich provides 
compelling support for a categorical exclusion. 
DOE NEPA ANALYSIS 
1. Department of Energy Programmatic Spent Nuclear Fuel Management and 
Idaho National Engineering Laboratory Environmental  Restoration and Waste 
Management Final Environmental Impact Statement (EI S) (April 1995) - 
Volume I of this EIS evaluates the impacts of manag ing DOE-owned spent 
nuclear fuel SNF. It includes the most exhaustive a nalysis of 



transportation risks for SNF by sea, rail, and high way done anywhere. All 
of the alternatives, including those that could inv olve up to 9,200 
shipments, would have very small environmental cons equences. The results 
are conclusive--this is a very low risk activity. S imilarly, the risks 
and consequences for the Volume 2 transportation ac tivities are very low. 
The Agency preferred alternative here includes enha ncing ongoing spent 
fuel management, environmental restoration, and was te management 
activities to meet current and expanded waste manag ement needs. 
Significant shipments of spent nuclear fuel, transu ranic, mixed low-
level, and low level wastes were considered in the analysis. The Record 
of Decision was issued on May 30, 1995. 
2. Draft Environmental Impact Statement on a Propos ed Nuclear Weapons 
Nonproliferation Policy Concerning Foreign Research  Reactor Spent Nuclear 
Fuel - This Draft EIS was issued in April 1995 and public comments are 
being received. The most significant component of a nalysis is on 
transportation risks and impacts for SNF. Activitie s covered include sea 
transport, handling in ports, overland transport by  highway and rail, and 
receipt at DOE sites. Up to 22,700 SNF elements (72 1 cask loads) could be 
accepted at one or more of 5 different sites. This is a thorough analysis 
of a massive domestic and international SNF shippin g campaign. Again, the 
risks and environmental impacts are found to be ins ignificant. 
3. Environmental Assessment (EA) of Urgent - Relief  Acceptance of Foreign 
Research Reactor Spent Nuclear Fuel (April 1994) - This EA considered 
acceptance of up to 409 SNF elements from Europe. T his document contains 
an extensive transportation analysis projecting no significant impacts. A 
Finding of No Significant Impact (FONSI) was issued  and the spent fuel 
was received in September 1994.  
4. Draft Waste Management Programmatic Environmenta l Impact Statement for 
Managing Treatment, Storage, and Disposal of Radioa ctive and Hazardous 
Waste (PEIS--Predecisional Draft May 12, 1995) - Th is Draft PEIS is now 
in internal concurrence with anticipated issue in J uly. It examines the 
risks and impacts of alternative future configurati ons for selected waste 
management facilities. All waste types are consider ed including high-
level, transuranic, low-level, low-level mixed, and  hazardous. 
Alternative configurations are decentralized, regio nalized, and 
centralized. Each has a transportation component wi th the centralized 
alternative which would involve massive shipments o f all waste types. The 
preliminary conclusion is there is insignificant ri sk due to the 
radioactive nature of the cargo in transit. As with  any commodity in 
normal transportation commerce, the predominant ris k (while still low) is 
with potential non-radiological highway and rail ac cidents.  
5. Final Environmental Impact Statement--Waste Isol ation Pilot Plant 
(WIPP) (October 1980) - The original EIS in its "Au thorized Alternative" 
examined the impacts of shipping transuranic waste to WIPP. It included 
both contact and remote handled shipments at a 500 per year level. The 
analysis was done for both highway and rail shipmen ts with very low 
impacts calculated. This EIS was supplemented in Ja nuary 1990 to evaluate 
the environmental impacts associated with new infor mation and changes in 
the proposed action. In the supplement, the analysi s of transportation 
activities was greatly expanded including maximizin g rail (vs highway) 
shipments, and an all-highway scenario (20,903 ship ments). Impacts from 
the radiological nature of the shipments are low. 
6. Environmental Assessment--Return of Isotope Caps ules to the Waste 
Encapsulation and Storage Facility, Hanford Site, R ichland, Washington 



(May 1994) - This EA examined the environmental imp acts of transporting 
cesium-137 capsules to Richland from Colorado (309)  and Virginia (25). 
On-site transfer of 33 capsules from Pacific Northw est Laboratory was 
also included. The cesium inventory analyzed ranged  from about 675 to 725 
kilocuries per shipment. A FONSI was issued on May 11, 1994 and the 
Colorado shipments are now complete. 
NRC NEPA ANALYSIS 
1. Nuclear Regulatory Commission, NUREG-0170, Final  Environmental 
Statement on the Transportation of Radioactive Mate rials by Air and Other 
Modes (1977) - This was the definitive NEPA study s upporting nationwide 
movement of radioactive materials for over a decade . It provided a 
generic method to characterize the potential severi ty of transportation 
accidents. The risks and consequences were analyzed  and found very low. 
However, this document has not been updated and bot h major and minor 
shipping activities began to be independently evalu ated (WIPP for example 
in 1980). The analysis, however, remains undisputed  by more recent NEPA 
documents -- risks are indeed low. 
2. Nuclear Regulatory Commission, NUREG/CR-4829, sh ipping Container 
Response to Severe Highway and Railway Accident Con ditions (1987) - This 
is commonly referred to as the "Modal Study". The M odal Study was the 
result of an initiative taken by the NRC to refine more precisely the 
analysis presented in NUREG-0170 for spent nuclear fuel shipping casks. 
Whereas the NUREG-0170 analysis was primarily perfo rmed using best 
engineering judgments and presumptions concerning c ask response, the 
modal study relies on sophisticated structural and thermal engineering 
analysis and a probabilistic assessment of the cond itions that could be 
experienced in severe transportation accidents. Des ign parameters of the 
representative casks were chosen to meet the minimu m test criteria 
specified in 10 CFR 71. The study is believed to pr ovide realistic, yet 
conservative, results for radiological releases und er transport accident 
conditions. It's accident severity scheme is the ba sis for consequence 
analysis in DOE Spent Nuclear Fuel EIS work today. 
3. Shipment of Core Rubble from Three Mile Island ( TMI) in Pennsylvania 
to Idaho - A very significant DOE precedent was set  on these shipments. 
DOE determined that the TMI shipments fall within a  categorical 
exclusion. In reaching its conclusion DOE relied on : 
     NUREG-0170, Final Environmental Statement on t he Transportation of 
Radioactive Materials by Air and Other Modes (1977) . 
     NUREG-0683, Final Programmatic Environmental I mpact Statement 
Related to Decontamination and Decommissioning of R adioactive Waste 
Resulting from March 28, 1979 Accident: Three Mile Island Nuclear 
Station, Unit 2 (March 1981). 
The Department stood firm on the issue of environme ntal analysis 
requirements and completed the highly controversial  TMI-2 shipping 
campaign between July 1986 and April 1990. The all- rail campaign included 
49 cask load of damaged nuclear fuel and core rubbl e in 22 shipments. 
NRC NEPA RULE 
The NRC's NEPA rule is contained in 10 CFR 51, Envi ronmental Protection 
Regulations for Domestic Licensing and Related Regu latory Functions. 
These regulations cover their basic licensing activ ities including the 
ability to possess and transport radioactive materi als. The presumption 
in 10 CFR 51 is that the licensing of an activity ( not the activities 
conduct or implementation) is the action triggering  a potential to impact 
the environment. 



A wide variety of transportation (distribution) and  use of radioactive 
materials are listed as CX in 10 CFR 51.22(14). Inc luded are 
radiopharmaceutical, generators, sealed sources, ga uging devices, 
instruments, waste, uranium munitions, and other so urce and by product 
material. It is estimated there may be as many as 2  million of such 
shipments yearly. In addition to supporting our tra nsportation proposal, 
this suggests EH-s B2.6 change is totally unnecessa ry. A DOE CX for 
packaging, transporting, and storage of sources (wh ich happens 
infrequently) is a minor operational activity not w orthy of a specific 
CX. Proposed change B1.29 covering "occasional" tra nsportation appears 
gratuitous and short sighted in light of NRC's posi tion. Conceivable DOE 
could avoid its own restrictive NEPA rule by having  a licensee make DOE 
shipments. 
One final comment on transportation -- NRC also add resses the 
"controversy" issue. In section 51.22(b), exception s to CX eligibility 
include "special circumstances" which appears to ad dress the 
"controversy" question in CEQ 1508.27(b)(4). For NR C, these special 
circumstances center around unresolved conflicts co ncerning alternatives 
uses of available resources. There is no indication  "controversy" is 
simply organized activists complaining about enviro nmentally benign 
activities. 
NRC's rule on SNF storage is even more supportive o f Jill Lytle's 
proposal on SNF/HLW storage. NRC provides a CX for SNF storage for 30 
years beyond the life of a reactor (10 CFR 51.23). This includes storage 
in reactor basins and both onsite and offsite indep endent spent fuel 
storage installations. This CX strongly suggests DO E should go even 
farther and make HLW/SNF storage a CX. You may want  to take the lead and 
set up a meeting with EH on the subject. 
Section 10 CFR 51.22(c)(11)(ii) allows a CX for act ivities where "there 
is no significant increase in individual or cumulat ive occupational 
radiation exposure". As an excluded class of action , this would have an 
immense effect on streamlining NEPA in the Departme nt. It seems 
inconsistent DOE is moving from self-regulation to considering NRC 
regulation and not adopt the more aggressive (and f ully justified) NEPA 
rule of an independent regulator. In fact the entir e 51.22(c)(11) CX 
provision is ripe with significant opportunities fo r DOE to base its own 
NEPA streamlining on NRC precedent. It is also an e xcellent opportunity 
for EH to far exceed its monetary savings goal for streamlining. And -- 
it takes the "high road" of following the NRC lead.  
CONGRESSIONAL REVIEW 
1. Office of Technology Assessment (OTA)--Transport ation of Hazardous 
Materials (July 1986) - This document was prepared at the request of 
Congress as a comprehensive assessment of the regul ations, information 
systems, container safety, and training for emergen cy response, and 
enforcement as it deliberated reauthorization of th e Hazardous Materials 
Reauthorization Act. A select and prestigious advis ory panel led this 
definitive review of the "system" responsible for s afe transport of over 
1 billion tons of hazardous materials per year. For  radioactive 
materials, this report cited areas for improvement and some arguable 
criticisms. However, concerning certified shipping containers, OTA 
stated: 
    "The NRC cask certification process is, of nece ssity, painstaking and 
time-consuming. The proven safety record of NRC-cer tified casks, however, 
provides a degree of public confidence in casks. OT A finds that technical 



evidence and cask performance in service indicate t hat NRC performance 
standards yield spent fuel shipping cask design spe cifications that 
provide for a very high level of public protection- -much greater than 
that afforded in any other current hazardous materi als shipping 
activity." 
AN EXAMPLE OF NEPA EXCESS 
The Office of Nuclear Energy is preparing an Enviro nmental Impact 
Statement for the Medical Isotopes Production Proje ct: Molybdenum-99 and 
Related Isotopes. A Predecisional draft was issued in September, 1995. 
The objective of this project is to develop a backu p capacity for 10-30% 
of the U.S. demand over the next 5-10 years. The U. S. currently imports 
all these isotopes from Canada. The project would a lso include the 
capability to supply 100% of U.S. demand if the Can adian reactor is shut 
down. Molybdenum-99 decays into technetium-99 and i s the most widely used 
medical isotope in the U.S. There are about 36,000 procedures each day 
using technetium-99. 
This project on close examination is a very modest undertaking involving 
modified use of an existing DOE reactor. Reactors a t Los Alamos, Oak 
Ridge, Sandia, or Idaho could be used. Also include d in the project is 
the capability to fabricate targets, process irradi ated targets, and 
package and ship recovered isotopes. A priori, from  decades of past 
experience, the project would clearly have minimal environmental impacts. 
It would contribute virtually nothing to cumulative  impacts at DOE sites 
with massive (by comparison) nuclear activities. 
The Department could have easily supported a catego rical exclusion (CX) 
for this project based on NRC regulations. The NRC' s NEPA rule is 
contained in its Environmental Protection Regulatio ns for Domestic 
Licensing and Related Regulatory Functions (10 CFR 51). If this project 
were being done by a NRC licensee, it would have be en a modification to a 
license and thereby a CX. This prior NEPA analysis and conclusion by an 
independent regulatory authority should have been c onsidered in deciding 
to do an EIS. In today's environment, a CX might be  extreme. However, the 
NRC experience alone could have been sufficient jus tification for 
selecting an Environmental Assessment (EA) as the p roper NEPA document 
for DOE. 
The draft EIS contains extensive analysis of transp orting radioactive 
materials. The EIS level of analysis is conspicuous ly extreme. It is a CX 
under 10 CFR 51 which should have been invoked. The  EIS baseline for 
analysis is 3,225 shipments per year. By comparison  (for this NRC 
categorically excluded activity), there are an esti mated 2,000,000 
shipments yearly in the U.S. 
In the past, an important precedent was set for inv oking a NRC CX. The 
Department conducted the entire Three Mile Island c ore rubble shipping 
campaign (Pennsylvania to Idaho) based on a CX. The  DOE relied on prior 
NRC NEPA analysis in taking the position. This posi tion was never 
challenged in court since the legal precedent was c lear. DOE steadfastly 
defended this position in spite of congressional ob jection. 
Finally, much is said about "controversy" as a just ification for EIS 
levels of analysis. Its hard to imagine a more cont roversial shipping 
campaign than TMI core rubble. Its also hard to ima gine something as 
beneficial as isotopes production being challenged for less than an EIS 
level of NEPA review.  
CONCLUSION 



A very high degree of safety has been achieved, bot h domestically and 
worldwide, through the rigorous implementation of c omprehensive 
transportation and packaging regulations. There are  no reported deaths or 
serious injuries due to the radioactive nature of t he cargo. There are 
few, if any, such large scale industrial activities  around the globe with 
this enviable safety record. Both DOE and NRC have exhaustively analyzed 
and demonstrated the intrinsic safety of transporti ng radioactive 
materials. This analysis coupled with its underlyin g (extremely) 
conservative assumptions, show a categorical exclus ion is clearly 
warranted and will result in significant savings. 
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ABSTRACT  
The remedial strategy for addressing contaminated e nvironmental media was 
recently finalized for the U.S. Department of Energ y's (DOE) Fernald 
Environmental Management Project (FEMP) following a lmost 10 years of 
detailed technical analysis. The FEMP represents on e of the first major 
nuclear facilities to successfully complete the Rem edial 
Investigation/Feasibility Study (RI/FS) phase of th e environmental 
restoration process. A critical element of this suc cess was the 
establishment of sensible cleanup levels for contam inated soil and 
groundwater both on and off the FEMP property. Thes e cleanup levels were 
derived based upon a strict application of Comprehe nsive Environmental 
Response, Compensation, and Liability Act (CERCLA) regulations and 
guidance, coupled with positive input from the regu latory agencies and 
the local community regarding projected future land  uses for the site. 
The approach for establishing the cleanup levels wa s based upon a 
Feasibility Study (FS) strategy that examined a bou nding range of viable 
future land uses for the site. Within each land use , the cost and 
technical implications of a range of health-protect ive cleanup levels for 
the environmental media were analyzed. Technical co nsiderations in 
deriving these cleanup levels included: direct expo sure routes to viable 
human receptors; cross-media impacts to air, surfac e water, and 
groundwater; technical practicality of attaining th e levels; volume of 
affected media; impact to sensitive environmental r eceptors or 
ecosystems; and cost. This paper will discuss the t echnical approach used 
to support the finalization of the cleanup levels f or the site. The final 



cleanup levels provide the last remaining significa nt piece to the puzzle 
of establishing a final site-wide remedial strategy  for the FEMP, and 
positions the facility for the expedient completion  of site-wide remedial 
activities. 
INTRODUCTION 
The Fernald Environmental Management Project (FEMP)  is nearing the 
conclusion of the Remedial Investigation/Feasibilit y Study (RI/FS) 
process, with Records of Decision (RODs) for all fi ve operable units at 
the facility due to be completed by July 1996. With  the conclusion of the 
RI/FS process, the attention of the facility is now  being directed to the 
safe and efficient implementation of remedial actio ns. 
Operable Unit 5 at the FEMP represents all of the e nvironmental media 
(soil, sediment and groundwater) that have been imp acted by past uranium 
production operations and waste disposal practices at the site. A ROD was 
recently issued for Operable Unit 5, completing ove r 10 years of 
intensive environmental investigations into the con ditions at the site. 
The ROD established final cleanup levels for all of  the environmental 
media and defined a strategy for the permanent disp osal of contaminated 
soil and sediment in an on-property engineered faci lity. This paper is 
focused on the approach applied to finalize cleanup  levels for soil; 
however, the methods were similar for the other env ironmental media. 
These cleanup levels and the associated waste manag ement approach provide 
the last component to a comprehensive site-wide rem edial strategy for the 
FEMP. 
The strategy for finalizing these cleanup levels in volved a process of 
consensus building with local residents, the Ohio E nvironmental 
Protection Agency (OEPA), the U.S. States Environme ntal Protection Agency 
(EPA) and DOE, and in marrying the CERCLA decision process with the 
deliberations of a citizens task force formed to ma ke recommendations on 
cleanup levels and final land use. 
A key objective of the RI/FS decision-making proces s was to arrive at 
final cleanup levels that were protective to existi ng and future human 
and ecological receptors as well as cost effective and implementable. 
Characterization data collected during the RI phase  of the study revealed 
that small changes (i.e., reductions) in cleanup le vels for the principal 
contaminants of concern would yield large increases  in projected soil 
excavation volumes. With these large increases in t he volume of 
contaminated media requiring excavation, equally dr amatic shifts in 
remedial costs were predicted. Thus, the stakes wer e high at the FEMP to 
arrive at cleanup levels for soil that satisfied st akeholder concerns 
regarding long-term protectiveness and were economi cally sensible.  
BACKGROUND 
The FEMP, formerly known as the Feed Materials Prod uction Center, is a 
1050-acre DOE facility located approximately 18 mil es northwest of 
Cincinnati. The FEMP is situated in a rural setting  near the village of 
Fernald, Ohio. The FEMP operated from 1952 until 19 89 as a large-scale 
production facility extracting uranium from ores an d ore concentrates to 
yield high-purity metal products in support of U.S.  defense programs. 
During the 38-year production history of the facili ty over 500 million 
pounds of uranium metal products were shipped from the FEMP to other DOE 
sites across the country. In 1989, with a decline i n product demand and 
increasing environmental concerns, production opera tions were permanently 
shut down. In August 1991 the site was officially d eclared closed and the 
facility renamed to reflect its new mission. 



The topography of the area includes gently rolling uplands with steep 
hillsides along major streams, such as the Great Mi ami River. Surface 
drainage on the FEMP is from east to west and south  into Paddys Run, with 
the exception of the northeast corner which drains east toward the Great 
Miami River. Groundwater beneath the FEMP is found in two principal 
geologic units: the glacial overburden (ranging in thickness between zero 
and 50 feet) and the sand and gravel of the Great M iami Aquifer. 
Groundwater occurring in the glacial overburden is considered "perched," 
in that it is contained within silty sand lenses re siding within a low-
permeability, clay-rich soil. The underlying Great Miami Aquifer is the 
principal drinking water supply for the region and is regulated as a 
sole-source aquifer under the Safe Drinking Water A ct. 
In December 1984 the release of approximately 200 p ounds of uranium from 
a plant dust collector was reported to the National  Response Center. This 
release notification focused nationwide attention o n the environmental 
issues at the facility and produced increased overs ight by the DOE, EPA 
and OEPA. Local residents at the site formed a watc hdog group entitled 
the Fernald Residents for Environment, Safety and H ealth. The high public 
and political profile surrounding activities at the  FEMP has remained 
relatively unchanged since this initial release in 1984.  
The RI/FS process was initiated at the FEMP under a  Federal Facility 
Compliance Agreement between EPA and the DOE. The w ork plan for the 
study, prepared by DOE in 1988, identified 39 site areas for 
investigation. To enhance implementation of the RI/ FS, the 39 areas were 
grouped into five "operable units" by combining sim ilar waste areas or 
related environmental concerns. The operable unit c oncept was 
incorporated into the April 1990 Consent Agreement between EPA and the 
DOE. The RI/FS and any required cleanup of specific  operable units at the 
FEMP are guided by the Consent Agreement as amended  in September 1991, 
and associated work plans. These documents provide procedures and 
schedules to ensure investigations are conducted in  compliance with 
federal and state environmental laws. Due to confir med contaminant 
releases to the environment identified during the i nitial stages of the 
RI, the FEMP was placed on the National Priorities List in November 1989.  
Operable Units 1-4 are termed "source" operable uni ts and include the 
former production area and associated waste managem ent areas that were 
the initial points of contaminant release to the en vironment. Operable 
Unit 5 addresses all environmental media on and off  the FEMP property 
impacted by contaminants released from the facility . Each operable unit 
is being managed in accordance with the schedules s et in the Amended 
Consent Agreement, with RODs for all operable units  due to be completed 
by July 1996.  
To foster community input into the decision process , the DOE chartered 
the Fernald Citizens Task Force. The Task Force, wh ich is comprised of 
local government officials and residents, labor lea ders, FEMP employees 
and community leaders, focused on making recommenda tions to decision 
makers on preferred cleanup levels, waste dispositi on strategies and 
future land uses for the FEMP property. Throughout the development of the 
Operable Unit 5 FS and the ROD, DOE has attempted t o consider the 
evolving deliberations of the Task Force.  
The RI identified widespread contamination of surfa ce soil, sediment and 
groundwater both on and adjacent to the facility as  a legacy of the 38-
year production mission. The RI identified over 90 contaminants of 
concern in the various environmental media and uran ium as the predominant 



contaminant. The following is a brief discussion of  the findings of the 
RI as it pertains to soil at the site. Additional i nformation on soil 
contamination and the findings for other media are available within the 
Remedial Investigation Report for Operable Unit 5.  
Contamination of surface and subsurface soils occur s within and beyond 
the FEMP property boundaries. The highest concentra tions of uranium in 
surface soil were found in the former production ar ea at the location of 
the scrap metal pile (greater than 8000 parts per m illion [ppm]). 
Contamination in subsurface soil appears limited to  the FEMP property 
with levels of uranium, up to a hundred times backg round levels, found in 
soil at depths as great as 20 feet. Some of the hig hest subsurface 
contaminant levels (greater than 400 ppm of total u ranium) were found 
near the former processing facilities where acidic uranium solutions were 
handled in large quantities. 
Concentrations of approximately 20 ppm of uranium ( about five times 
background) were identified in surface soil samples  collected off 
property immediately adjacent to the eastern and no rtheastern boundary of 
the FEMP. Uranium was detected at above-background concentrations 
(generally less than two times background) in a wid espread area off the 
FEMP property; up to 11 square miles of surface soi l are projected to 
have been impacted at these low concentrations. The  source of these low 
concentrations is emissions of dust particles to th e atmosphere from 
plant stacks over the FEMP's 38-year production his tory.  
Radium, thorium, fission and uranium activation pro ducts, and inorganic 
and organic contaminants were also observed in surf ace and subsurface 
soils on the FEMP property. The areas affected by t hese contaminants are 
localized, with the highest concentrations typicall y found in association 
with areas exhibiting the highest uranium concentra tions. 
TECHNICAL APPROACH TO ESTABLISHING CLEANUP LEVELS 
As is the case at many Superfund sites, remediation  at the FEMP requires 
the removal, treatment, and disposal of hazardous s ource-area materials 
and the cleanup of environmental media (soil and gr oundwater) 
contaminated by the migration of materials from the  source areas. There 
is little dispute over the need to remove, treat, a nd/or dispose of the 
source materials themselves; likewise, there is lit tle dispute over the 
need to restore the Great Miami Aquifer (a protecte d sole-source aquifer) 
to full beneficial use, including use as a drinking  water supply. Rather, 
as noted by the Fernald Citizens Task Force in thei r deliberations, it is 
the cleanup of the contaminated soil that poses a d ifficult management 
problem because: 1) there are large volumes of cont aminated material with 
associated high costs of cleanup; 2) the risk prese nted by contaminated 
soil is real but the harm is seldom imminent; 3) th e technology for 
treating contaminated soil is often imperfect; and 4) the materials that 
are removed during cleanup must be disposed of some where and no place is 
eager to host them. 
At the FEMP, the environmental cleanup question can  be summarized as: how 
much contaminated soil must be removed from the sit e to make it 
acceptably safe for persons on or near it? The answ er to this question 
is, in turn, driven by two considerations: protecti on of the groundwater 
aquifer under the site, and evaluation of risks to persons in contact 
with the surface soil.  
In this section, the major steps in establishing sa fe, land-use specific, 
cost-effective cleanup levels for soil are describe d. From these levels, 
estimates of the volumes and areal extent of affect ed soil are derived 



for a range of potential risk levels under consider ation. The volumes and 
areas of affected soil serve as the foundation for the development and 
evaluation of remedial alternatives. They are used throughout the process 
to judge the viability of remedial technologies and  process options, as 
well as to size and estimate the cost for specific remedial alternatives. 
To develop cleanup levels that ultimately would ach ieve regulatory agency 
concurrence, DOE employed a multistep process (summ arized in Fig. 1) that 
began with the identification of a range of viable potential future land 
uses for the site, referred to in the FEMP's FS pro cess as land use 
objectives. For each respective land use objective,  the process began 
with the development of risk- and receptor-based pr eliminary remediation 
goals (PRGs) and ended with the identification of p reliminary remediation 
levels (PRLs). PRLs differ from PRGs in their deriv ation in that PRLs 
consider the site-specific, naturally occurring bac kground concentrations 
of the constituents. PRLs also consider analytical limits that affect the 
ability to detect the constituent in environmental media, and soil-based 
applicable or relevant and appropriate requirements  (ARARs) and to be 
considered (TBC) criteria that establish maximum re gulation-based 
concentration levels for the constituents in the en vironment. These PRLs 
are then used as the contaminant-specific remediati on goals to develop 
and evaluate remedial alternatives for soil. The PR Ls are adopted as 
legally binding final remediation levels for the se lected remedy 
following public concurrence with the Proposed Plan  and the issuance of a 
signed ROD by EPA and DOE. Each of the specific ste ps comprising this 
process is described in the subsections that follow .  
Fig. 1 
Definition of Land Use Objectives and Associated Re ceptor Scenarios 
A range of potential future land uses was used as t he foundation for the 
identification, initial screening, and detailed eva luation of viable 
remedial action alternatives. The same potential fu ture uses also 
provided the framework for identifying risk-based e xposure scenarios and 
the hypothetical reasonable maximally exposed (RME)  individuals for which 
land use-specific remediation levels were establish ed. 
The land use objectives were developed to take into  consideration the 
progressive deliberations of the Fernald Citizens T ask Force. The 
prevailing land use of the region, residential farm ing, was used as the 
point of departure for establishing the following l and use objectives:  
  Land Use Objective 1 examined the viability of re turning the entire on-
property area to full unrestricted use following cl eanup, including the 
potential for establishing a hypothetical family fa rm on any portion of 
the property. For this and all of the other land us e objectives, affected 
off-property areas were examined only in context of  the existing land use 
in the region, residential farming. A hypothetical resident farmer was, 
therefore; used as the target receptor for both the  on- and off-property 
affected areas. For this receptor, the exposure pat hways considered in 
the setting of soil cleanup levels included: incide ntal ingestion; dermal 
contact; direct radiation; fruit and vegetable prod ucts; meat and milk 
products; inhalation of suspended solids; and leach ing to groundwater.  
  Land Use Objective 2 provided for the establishme nt of an on-property, 
consolidated management area for contaminated soil,  with unrestricted use 
of all remaining areas of the property. This land u se objective 
considered the potential for establishing a hypothe tical family farm, 
following cleanup, on any portion of the FEMP prope rty outside the area 
where the contaminated materials are consolidated. A hypothetical 



resident farmer was used as the target receptor for  the on- and off-
property areas outside the consolidation area. For the consolidation 
area, a hypothetical trespasser is used as the targ et receptor. For the 
trespasser receptor, the exposure pathways consider ed in the setting of 
soil cleanup levels include: incidental ingestion; dermal contact; direct 
radiation; and inhalation of suspended solids. 
  Land Use Objective 3 also provided for the consol idation of 
contaminated soil in a central area, but restricted  potential uses of the 
remaining areas of the property through the applica tion of institutional 
controls. This objective considered the potential f or establishing 
recreational, commercial/industrial, or undeveloped  open space on any 
portion of the FEMP property outside the area where  the contaminated 
materials are consolidated. For the hypothetical re ceptors that represent 
these land uses, the exposure pathways considered i n the setting of soil 
cleanup levels included: incidental ingestion; derm al contact; direct 
radiation; and inhalation of suspended solids. For the area of 
consolidation, a hypothetical trespasser receptor w as used in a manner 
similar to Land Use Objective 2. 
  Land Use Objective 4 provided for minimum consoli dation of contaminated 
soil with access and future use of the Fernald prop erty restricted. This 
land use objective contemplated maintaining the ent ire 1050-acre property 
under restricted access for waste management purpos es. For this land use, 
a hypothetical trespasser was used to guide the dev elopment of cleanup 
levels, similar to the use of this target receptor for the consolidation 
area designated in Land Use Objectives 2 and 3. 
By using the land use objectives approach to formul ate remedial action 
alternatives, decision-makers are provided with a c omprehensive but 
manageable array of alternatives. From this array, decision-makers are 
provided with the required information from which t o evaluate technical 
site constraints, required administrative controls,  and the overall cost 
implications of moving from totally restricted to p rogressively less 
restricted land use possibilities. 
Identification of Constituents of Concern 
The Operable Unit 5 baseline risk assessment evalua ted constituents of 
potential concern (CPCs) and exposure pathways to a scertain their present 
and potential future impacts on human health. Not a ll CPCs identified in 
the baseline risk assessment pose significant healt h risks, and many need 
not be considered in future remedial activities. Co ntaminants of concern 
(COCs) are those constituents that remain a concern  following evaluation 
in the baseline risk assessment process. Only those  contaminants 
identified as posing a concern at the site need to be considered in the 
development and evaluation of remedial alternatives . The purpose of 
restricting the number of COCs is to focus on the c ontaminants that 
require implementation of remedial actions to ensur e the protection of 
human health and the environment. 
The National Contingency Plan establishes a point o f departure for 
acceptable risk as one in a million (10-6) for carc inogenic compounds, 
including radionuclides. The acceptable limit for n oncarcinogenic effects 
is a hazard index (HI) of 1.0. A HI of greater than  1.0 is considered 
indicative of a potential toxic effect. However, be cause multiple 
contaminants are considered, the screening point fo r selection of COCs 
for the FEMP was set at an incremental lifetime can cer risk (ILCR) of 10-
7 and an individual HI of 0.1 to the hypothetical o n-property farmer to 
ensure no significant COCs were ignored. Any contam inant with a risk 



level or HI less than this screening point is not c onsidered further. For 
soil contaminants, this screening point considered both direct exposure 
to contaminated soil as well as the potential impac t to groundwater 
through cross-media pathways.  
Using this screening process, 89 soil-based COCs we re identified at the 
FEMP site. Based on the site's uranium-processing h istory, uranium was 
found to be the primary COC with the remaining soil  COCs generally 
falling within the concentration-based contaminatio n envelope represented 
by uranium.  
Risk-Based Preliminary Remediation Goals (PRGs) 
For each of the COCs discussed in the previous subs ection, land-use-
scenario-specific PRGs were calculated for each tar get receptor, using a 
target HI of 0.2 for noncarcinogenic effects and/or  the selected target 
risk for carcinogenic effects (ILCRs of 10-6, 10-5,  and 10-4). The risk-
based PRGs were calculated using the equations and parameters for all 
exposure pathways as detailed in the site's EPA-app roved Risk Assessment 
Work Plan Addendum. The PRGs that are calculated th rough the process 
yield health-based contaminant concentration levels  for surface contact-
related exposure pathways that are protective at ea ch of the target risk 
levels considered.  
 Screening of PRGs to Ensure Protection of Groundwa ter 
For purposes of reducing the number of target risk levels and associated 
risk-based PRGs requiring consideration in the deve lopment of remedial 
alternatives, a screening process was adopted for a ffected soil. The 
premise behind this screening process was to determ ine the maximum 
uranium concentration that could reside within the soil and still ensure 
the continued protection of the Great Miami Aquifer  (i.e., for a 
performance period of up to 1000 years into the fut ure, as required by 
the federal Uranium Mill Tailings Radiation Control  Act). For this 
screening process a cross-media protectiveness goal  was adopted to ensure 
that groundwater concentrations of uranium resultin g from the leaching of 
soil constituents to groundwater do not exceed drin king water quality 
requirements following completion of remedial actio ns.  
Using a one-dimensional groundwater solute transpor t model (ECTran) and 
average hydrogeologic conditions at the site, a max imum soil total 
uranium concentration of 154 ppm was calculated as the upper-bound value 
above which undesirable groundwater impacts would b e anticipated. This 
screening-level cross-media-based PRG (i.e., "CPRG" ) thus represents the 
upper limit from which to assess the protectiveness  of the risk-based 
PRGs calculated in the previous step. All PRGs with  a higher value than 
the screening-level CPRG would be dropped from furt her consideration.  
To illustrate the results of risk-based PRG develop ment and CPRG 
screening, the following Table I summarizes the ris k-based soil PRGs for 
uranium for each of the receptor scenarios under co nsideration. The land-
use specific, risk-based PRGs that fall in the shad ed area of the table 
exceed the screening-level CPRG of 154 ppm, and thu s would not be 
expected to be protective of groundwater at the FEM P site (and are 
therefore eliminated from further consideration).  
Table I 
Development of Cross-Media PRGs 
Following the initial screening process, a more det ailed, location-
specific analysis was conducted to further evaluate  the potential for 
cross-media impacts, including impacts to media oth er than groundwater. 
Cross-media impacts occur when contaminants from wa ste or an 



environmental medium, such as soil, are transported  into another medium 
and result in the potential for secondary exposure to a receptor. When 
this occurs, receptors can be exposed to these cont aminants by an 
exposure pathway indirectly related to the contamin ant source. 
The PRGs that passed the groundwater CPRG screening  in the previous step 
were evaluated further using location-specific mode ling that considered 
actual (rather than average) hydrogeologic conditio ns present within 125- 
by 125- foot grids across the 1050-acre FEMP proper ty. The detailed 
evaluation also considered the location-specific po tential for 
contaminants to enter the air and surface water res ources as well as 
groundwater. Reverse-modeling fate and transport si mulations were used to 
ascertain the concentration in the source medium ne cessary to yield the 
critical concentration in the receptor medium over a 1000-year 
performance period.  
The results of the simulations were used to further  screen the risk-based 
PRGs to those that are fully protective through bot h direct contact and 
indirect (i.e., cross-media) exposure routes. To fa cilitate the 
development and presentation of PRGs for soil which  could be implemented 
in the field as part of a remedial action, the mapp ing of the common 
physical attributes of the FEMP property discussed above were simplified 
into three zones, established on the basis of simil arities in the 
hydrogeologic and geochemical characteristics of th e soil. The most 
restrictive physical and geochemical conditions and  the controlling 
transport pathway within each of the individual zon es were applied to the 
entire zone for each individual COC. The derived CP RGs for each of these 
zones were then arrayed and the most restrictive va lue identified for 
each COC was considered. Finally, for uranium, the simulations also 
considered the varying leaching potentials of the s everal geochemical 
forms of uranium that exist in the FEMP environment . The limiting values 
derived from the evaluations were then used in the development of 
modified PRGs that fully consider cross-media impac ts to groundwater, 
surface water, and air.  
For uranium, the principal COC at the site, the res ults of the detailed 
CPRG evaluations indicated the need to further adju st downward the risk-
based PRGs developed in the previous step. The simu lations indicated that 
in those areas where more-leachable uranium species  are present 
(primarily in the 135-acre former processing area a t the site), a maximum 
allowable soil concentration of 20 ppm total uraniu m is necessary to 
fully protect the Great Miami Aquifer over the full  duration of the 1000-
year simulation period. In the remaining areas of t he site where less-
leachable uranium species are present, a maximum al lowable soil 
concentration of 100 ppm total uranium is necessary  to fully protect 
surface water resources in the site area, and ultim ately to protect the 
aquifer from surface water infiltration. Therefore,  the 20 ppm and 100 
ppm CPRG values provide thresholds that the risk-ba sed PRGs cannot exceed 
and remain protective of the aquifer. 
 Identification of Chemical-Specific ARARS and TBCs  
CERCLA does not provide for one set of cleanup crit eria for universal 
application to waste sites, but requires that sites  attain, or seek a 
waiver of, federal and state environmental laws and  regulations (i.e., 
ARAR), and meet the intentions of other pertinent c onsiderations (TBCs). 
Therefore, in addition to meeting the risk-based re mediation levels 
established for each land use objective, all the vi able alternatives must 
satisfy ARARs specified in federal and state enviro nmental laws and 



regulations. Over 100 individual ARARs and TBCs wer e identified that 
affect the design and implementation of the cleanup  at the FEMP. However, 
the primary ARARs for soil are:  
  State of Ohio siting criteria for solid waste dis posal facilities 
  Resource Conservation and Recovery Act requiremen ts for treatment of 
contaminated media and the design of engineered con tainment facilities 
  State of Ohio rules for control of particulate em issions and dust 
  Uranium Mill Tailings Radiation Control Act regul ations regarding the 
management of materials at inactive uranium process ing facilities. 
Most of the identified requirements address the des ign and execution of 
the remedial alternatives, rather than specifying s pecific concentration-
based cleanup levels for soil. The ARARs also gover n the handling of 
residual materials that may be generated during tre atment processes. 
Establishment of Modified PRGs  
Modified PRGs represent an intermediate product in the derivation of 
PRLs. They are established for each COC by comparin g, for the land use 
scenario and risk level of interest, the risk-based  PRGs with available 
ARARS/TBCs and the appropriate CPRGs, and then sele cting the lowest of 
the values. At this juncture, the lowest value is t ermed a modified PRG 
and is carried forward to the next step. 
Establishment of COC Background Levels  
For each of the naturally occurring and anthropogen ic COCs that are 
present at the FEMP, the 95th percentile of the bac kground distribution 
of the COC in environmental media was determined th rough a statistical 
analysis of contaminant concentration data gathered  as part of the 
Operable Unit 5 RI. These background concentrations  were used in the 
development of PRLs primarily when the modified PRG s fell below the 
background concentrations.For uranium, the FEMP's k ey COC, a 95th 
percentile background concentration in soil of 3.7 ppm was established.  
Analytical Detection Limit Considerations 
The final element in the development of PRLs was th e establishment of the 
lowest reasonable and achievable analytical detecti on limits for the 89 
soil COCs. These detection limits were used in the PRL development 
process for those COCs with modified PRGs that fell  below analytical 
detection limits. The detection thresholds were bas ed on experience at 
the FEMP regarding actual instrument detection limi ts reported by 
subcontract laboratories for requested analyses at analytical support 
levels C and D. For soil, a 25 percent moisture con tent was assumed in 
the detection level development; for sediment, a 60  percent moisture 
content was assumed. 
Development of PRLs  
PRLs differ from modified PRGs in that PRLs conside r the practicality of 
obtaining and verifying the attainment of a remedia tion goal. This 
differentiation is important to allow the developme nt of cost-effective 
alternative remedial actions. 
PRLs for nonradiological COCs were developed in a t wo-step process. 
First, all modified PRGs were reviewed against the routinely achievable 
analytical detection limits. For PRGs below this li mit, the analytical 
detection limit was substituted as the PRL. Next, t he modified PRGs were 
compared to background concentrations in the local environment. In the 
event the modified PRG was less than the 95th perce ntile of the 
background distribution for that constituent, the P RL was considered 
indistinguishable from background concentrations an d the target PRL was 
set at the 95th percentile background value. 



Based on EPA Region 5 policy, a slightly altered ap proach to developing 
PRLs for radiological constituents was adopted. Fir st, the 95th 
percentile background concentration was added to th e modified PRG. This 
value was then compared to the analytical detection  limit and the higher 
of the two values was adopted as the PRL. In two in stances background was 
not added to the modified PRGs for radiological COC s to derive PRLs: if 
the modified PRG was based directly on an ARAR/TBC or if the modified PRG 
was based upon a CPRG derived on the basis of attai ning an ARAR/TBC in 
the aquifer. 
Estimation of Excavation Area Footprints and Volume s of Contaminated Soil 
In order to estimate the volume of contaminated soi l at the FEMP site 
requiring excavation, a solid block model of the to p 30 feet of soil was 
developed. The model consisted of a three-dimension al representation of 
the FEMP extending to a depth of 30.5 feet. The tot al model volume was 
divided into discrete volumes, or solid blocks. Sub surface blocks 
represented a volume of soil 125 feet by 125 feet b y 1 foot deep. Surface 
soil blocks were 6-inches deep to support a more re fined estimate of 
contaminated soil at shallower depths where contami nation is more 
prevalent. 
The solid block model was based upon the results of  soil samples 
collected from various locations and depths across the FEMP site. These 
sampling results provided uranium concentrations on ly at the point from 
which the samples were collected. A geostatistical analysis technique 
known as kriging was used to establish contaminant concentrations between 
sampling locations at the center of each model bloc k. 
The kriging program employed an ellipsoidal search,  using a distance of 
16 feet in the vertical direction and 275 feet in t he horizontal 
direction. In other words, when estimating the conc entration of uranium 
within a block, the model searched 16 feet in the v ertical direction and 
275 feet in the horizontal direction for sampling p oints with which to 
establish a spatial relationship for calculation of  the contaminant 
concentration within a block. If no sampling points  were found within the 
search ellipsoid, no estimate of concentration was made for that block. 
The resulting uranium concentrations from kriging t he solid block model 
were used to estimate the soil volumes above the ma ximum contaminant 
level that require excavation. Furthermore, since t he average 
concentration in each block was known, the excavate d soil could be 
classified as to its ultimate disposition. 
Proposed remediation areas (referred to as footprin ts) and volumes of 
affected media were estimated for those actions req uired to achieve each 
of the four land use objectives over a range of pot entially viable PRLs. 
The PRLs considered under each of the land use obje ctives were developed 
to bound the range of potential cleanup levels deem ed practical for the 
site. Volume estimates were performed for a total o f nine cases. 
A summary of the relationship between uranium soil concentration and 
affected soil volume is presented in Fig. 2. 
Fig. 2 
FORMATION AND EVALUATION OF REMEDIAL ALTERNATIVES 
There were many remedial technologies and process o ptions initially 
considered for the cleanup of each of the affected media at the FEMP 
site. Arraying these process options together produ ced in excess of 2000 
remedial alternatives that could be applied at the site. Using the four 
land use objectives as a guide, 10 viable remedial alternatives were 
identified from the long list for further considera tion in the initial 



screening step of the FS. The alternatives were fir st compared with one 
another to identify meaningful differences and then  evaluated with 
respect to implementability, effectiveness, and cos t. Only the 
alternatives judged as most promising on the basis of these evaluation 
factors were retained for further consideration and  analysis. The 
screening process resulted in the selection of seve n remedial 
alternatives that were sufficiently distinct, yet p otentially 
implementable and effective. Each of the seven alte rnatives, along with 
the no-action alternative, is listed below (the num ber accompanying the 
alternative corresponds to its land use objective):   
  No-Action Alternative  This alternative was retai ned to provide a 
baseline for comparison in accordance with regulato ry requirements. 
  Alternative 1  Excavation and Off-Site Shipment -  Under this 
alternative, soil with contamination exceeding fina l remediation levels 
would be excavated and shipped to an off-site licen sed disposal facility. 
Excavated areas would be regraded to reach a predet ermined final surface 
grade that would allow for use of the property as a  family farm. Two 
differing remediation levels were considered; the f irst case had as an 
objective the protection of future receptors (in th is case a hypothetical 
on- and off-property farmer) at an ILCR of 10-6 and  a HI of less than 
1.0. The second case was designed to provide protec tion to these same 
receptors at a 10-5 level and a HI of less than 1.0 . This alternative 
would result in the excavation and off-site disposa l of 9.6 million cubic 
yards of soil (10-6 risk level) at a present worth cost of $4.2 billion, 
and 2.7 million cubic yards (10-5 risk level) at a present worth cost of 
$1.1 billion. At the 10-6 risk level, approximately  11 square miles of 
off-property farmland would be disturbed for remedi al purposes, and 
approximately 1 square mile at the 10-5 risk level.   
  Alternative 2A  Engineered Disposal Facility - Un der this alternative, 
a consolidated waste management area would be estab lished and the 
remaining areas of the property would be made avail able for unrestricted 
use. Contaminated soil exceeding final remediation levels would be 
excavated and placed in an engineered above-grade d isposal facility. The 
facility would be situated in an on-property area d isplaying the best 
available geologic conditions. Contaminated soil no t meeting waste 
acceptance criteria for the facility would be shipp ed to an off-site 
licensed disposal facility, unless a more economica l technology emerged 
that was deemed more prudent to apply to this soil to attain the 
acceptance criteria. As in Alternative 1, two diffe rent remediation 
levels were considered for the area outside the dis posal facility and for 
the off-property area: ILCR levels of 10-6 and 10-5  for a hypothetical 
on- or off-property farmer, and HI values less than  1.0. For all COCs, 
the waste acceptance criteria for the disposal faci lity were set at 
values that would protect neighboring populations a nd the drinking water 
quality of the Great Miami Aquifer for a performanc e period of up to 1000 
years. This alternative would result in the excavat ion and disposal of 
9.6 million cubic yards of soil (10-6 risk level) a t a present worth cost 
of $2.1 billion, and 2.7 million cubic yards (10-5 risk level) at a 
present worth cost of $560 million. At the 10-6 ris k level, approximately 
11 square miles of off-property farmland would be d isturbed for remedial 
purposes, and approximately 1 square mile at the 10 -5 risk level.  
  Alternative 2C  Consolidation with Off-Site Shipm ent - Under this 
alternative, contaminated soil exceeding remediatio n levels would be 
excavated and, depending on contaminant concentrati on levels, 



dispositioned either in an on-property earthen-cove red, revegetated 
consolidation area or at an off-site licensed dispo sal facility. Two risk 
and cleanup levels, consistent with the receptor sc enarios of Alternative 
2A, were evaluated for this alternative. The waste acceptance criteria 
for the consolidation area would be established to ensure protection of 
neighboring populations and the underlying Great Mi ami Aquifer, and the 
consolidation area would be managed as an off-limit s area to the public. 
This alternative allows a direct comparison of the cost of off-site 
shipment to the cost of on-site disposal in an engi neered disposal 
facility (Alternative 2A). This alternative would r esult in the 
excavation and disposal of 9.6 million cubic yards of soil (10-6 risk 
level) at a present worth cost of $4.2 billion, and  2.7 million cubic 
yards (10-5 risk level) at a present worth cost of $750 million. At the 
10-6 risk level, approximately 11 square miles of o ff-property farmland 
would be disturbed for remedial purposes, and appro ximately 1 square mile 
at the 10-5 risk level. 
  Alternative 3A  Engineered Disposal Facility - Th is alternative is 
identical in concept to Alternative 2A, except the area outside the 
disposal area footprint is made available for restr icted (nonresidential 
and nonfarming) land use. The alternative considers  use of the on-
property area for commercial/industrial, developed park, and undeveloped 
park land uses, and a 10-6 risk level for these on- property, nonfarming 
land uses was used to guide the analysis of this al ternative. For the 
off-property area, two risk levels were considered:  an ILCR of 10-5 for 
the residential farmer (consistent with Alternative s 1, 2A, and 2C above) 
and an ILCR of 3.5 x 10-5 for the residential farme r, which corresponds 
to a HI set at its maximum permissible value of 1.0 . This alternative 
would result in the excavation and disposal of soil  ranging from 2.4 
million cubic yards (industrial land use paired wit h a 10-5 ILCR for the 
off-property residential farmer) at a present worth  cost of $530 million, 
to 1.8 million cubic yards (undeveloped park land u se paired with a HI of 
1.0 for the off-property residential farmer) at a p resent worth cost of 
$420 million. At the 10-5 risk level for the off-pr operty area, 
approximately 1 square mile of farmland would be di sturbed for remedial 
purposes, and approximately 1 acre or less would be  disturbed at the 
HI=1.0 risk level.  
  Alternative 3C  Consolidation with Off-Site Shipm ent - This alternative 
is identical in concept to Alternative 2C, except f or the changes in land 
use and the receptor scenarios described for Altern ative 3A. The same 
quantities of soil would require excavation as in A lternative 3A; 
however, the costs resulting from the need for off- site disposal in this 
alternative would range from $720 million (industri al land use example) 
to $610 million (undeveloped park land use example) .  
  Alternative 4A  Engineered Disposal Facility - Th is alternative is 
identical in concept to Alternative 2A, except the area outside the 
disposal area footprint is not made available for p roductive use 
following remediation; i.e., the entire 1050-acre s ite is rendered off-
limits to the general public. For this alternative,  a trespasser receptor 
scenario (at an ILCR of 10-6) is used to guide the development of cleanup 
levels. For the off-property area, the same risk le vels for residential 
farming as described under Alternatives 3A and 3C w ere used. This 
alternative would result in the excavation and disp osal of soil ranging 
from 2.2 million cubic yards (trespasser scenario p aired with a 10-5 ILCR 
for the off-property residential farmer) at a prese nt worth cost of $450 



million, to 1.8 million cubic yards (trespasser sce nario paired with a HI 
of 1.0 for the off-property residential farmer) at a present worth cost 
of $420 million.  
  Alternative 4C  Consolidation with Off-Site Shipm ent - This alternative 
is identical in concept to Alternative 2C, except f or the changes 
described above for Alternative 4A. The same quanti ties of soil would 
require excavation as in Alternative 4A; however, t he costs resulting 
from the need for off-site disposal would range fro m $640 million (using 
a 10-5 ILCR for the off-property area) to $620 mill ion (using a HI of 1.0 
[3.5 x 10-5 ILCR] for the off-property area).  
IDENTIFICATION OF LEADING ALTERNATIVE AND SITE-WIDE  RISK ANALYSIS  
Of the five operable units at the FEMP, Operable Un it 5 is 
chronologically the fourth to identify and issue a preferred remedy for 
the site. Each of the operable units is expected to  provide a progressive 
evaluation of the projected site-wide remedy, using  the best available 
information at the time, to predict the acceptabili ty of post-remediation 
conditions. This projected site-wide remedy incorpo rates the selected 
(identified in a ROD), preferred (identified in a P roposed Plan), or 
leading remedial alternative for each operable unit , as appropriate. The 
intent of the analysis is to progressively monitor the interfaces among 
the operable units to ensure that the final site-wi de remedy is well 
thought out, cost effective, and ensures the long-t erm protection of 
human health and the environment. The site-wide ris k analysis that 
accompanies the evaluation, termed a Comprehensive Response Action Risk 
Evaluation (CRARE), also provides for a comprehensi ve assessment of the 
impact of multiple carcinogenic and noncarcinogenic  compounds, multiple 
exposure pathways, and the incremental risks due to  background levels of 
contaminants on human health. To conduct the risk a nalysis of the adopted 
site-wide remedy, a hypothetical undeveloped park u ser was the target on-
property receptor.  
The results of the risk analysis indicate that the adopted site-wide 
remedy would result in a 90.7 percent reduction in carcinogenic risk to 
an undeveloped park user of the Fernald property fo llowing remediation. 
Of the carcinogenic risk projected to remain follow ing remedy 
implementation, 80 percent is due to the presence o f naturally occurring 
background constituents. The estimated residual car cinogenic risk from 
all constituents and pathways, inclusive of natural  background risk, is 
estimated to be 2.1 x 10-5 following remediation. S imilarly, the risk 
analysis projects a 96.5 percent reduction in nonca rcinogenic health 
effects (i.e., HI) for the undeveloped park user fo llowing implementation 
of the site-wide remedy. Naturally occurring backgr ound constituents will 
account for approximately 69 percent of this residu al noncarcinogenic 
risk. The residual HI from all constituents and pat hways, inclusive of 
natural background contributions, is estimated to b e 0.059.  
OVERVIEW OF THE SELECTED REMEDY AND CORRESPONDING CLEANUP LEVELS 
In conjunction with the Fernald Citizens Task Force  recommendations, DOE, 
EPA, and OEPA selected Alternative 3A, excavation o f contaminated soil 
and placement in an engineered on-property engineer ed disposal facility, 
as the preferred remedy for contaminated soil at th e FEMP site. This 
alternative was selected because it provides a reme dy that is reliable 
over the long term, yields the lowest overall short - term risks, is less 
costly when compared to the other alternatives, and  employs proven 
technologies which are implementable. 



During the solicitation of community and stakeholde r input for the remedy 
decision, it became clear that virtually no stakeho lders or members of 
the public were interested in seeing the on-propert y area of the FEMP 
site returned to residential farming following reme diation. From this 
basis, and on the recommendations of the Fernald Ci tizens Task Force, 
DOE, EPA, and OEPA collectively agreed to adopt Lan d Use Objective 3 
(i.e., the restricted, nonfarming land use objectiv e) for the setting of 
on-property cleanup levels. Individual constituent PRG values for the 
undeveloped park receptor were then set at an ILCR of 10-6 and a HI of 
0.2, recognizing that at these target values other nonforming land uses 
(commercial, industrial, developed park, etc.,) wou ld be possible for the 
site while meeting the corresponding land use-speci fic risk range targets 
(1 x 10-4 to 1x 10-6 ILCR and HI=1) considered acce ptable by EPA in the 
National Contingency Plan. PRLs were therefore deve loped for the selected 
remedy from this PRG target risk level, using the s equence of steps 
outlined in this paper. As indicated by the CRARE e valuation, the 
individual constituent PRLs are fully health protec tive when considered 
collectively from a multiple constituent/multiple e xposure pathway 
perspective. These PRLs also protect the Great Miam i Aquifer from cross-
media transport pathways.  
For the affected off-property area, all parties agr eed that a residential 
farming land use scenario should guide the selectio n of cleanup levels, 
as this is the predominant land use in the area. It  was agreed that the 
cleanup levels should not exceed a 10-4 ILCR level or a HI of 1 for any 
site contaminant present outside the FEMP property boundary. Because 
uranium is considered to be the only site-related c onstituent in soil 
that resides outside the property boundary, the cle anup level was set at 
50 ppm (inclusive of background), which corresponds  to a HI of 1.0 and an 
ILCR of 3.5 x 10-5. The most striking consideration  in selecting this 
level was the volume of soil that would require exc avation beyond the 
FEMP property boundary if a 1x 10-6 residential sce nario were chosen: a 
total of 5,200,000 cubic yards of soil would be rem oved and up to 11 
square miles of farmland would be disturbed, with c onsiderable loss of 
vital topsoil. The tradeoffs to achieve a 10-6 risk  level were found by 
all parties to be disproportionate to the benefits achieved. A key 
ingredient to the stakeholders' understanding of th e tradeoffs and 
benefits of the various cleanup levels under consid eration was the highly 
successful public-forum deliberations and presentat ions conducted by the 
Fernald Citizens Task Force.  
Summary of Key Accomplishments 
The strategy for establishing health-protective soi l cleanup levels, as 
outlined in this paper, has led to a cost-effective , environmentally 
sound approach to site remediation at the FEMP. Mos t notably, through the 
cross-media impact considerations adopted in this s trategy, the site's 
top environmental priority -- the long-term protect ion of the Great Miami 
Aquifer -- will be realized, resulting in the unres tricted availability 
of groundwater from the aquifer for the foreseeable  future following the 
cessation of remedial operations. Recognition and u ltimate achievement of 
this priority remains absolutely critical to mainta ining the outstanding 
public stakeholder support for the remedy that is c urrently enjoyed by 
the FEMP.  
By shipping the most contaminated soil off site, an d keeping the lightly-
contaminated materials on site in an engineered dis posal facility, the 
remedy represents a balanced, fair approach to site  remediation. It is 



estimated that this element of the remedy, in conju nction with the 
realistic cleanup levels that were selected, result s in a cost savings of 
over $3.6 billion when compared to the cost impacts  of adopting the most 
stringent cleanup levels (i.e., those corresponding  to a 10-6 incremental 
lifetime cancer risk) and adopting a full offsite s hipment and disposal 
alternative. The selected cleanup levels also elimi nate the need for 
significant physical disturbance to off-property we tlands, habitats, 
cultural resources, natural vegetative communities and cultivated 
croplands. Over 11 square miles of off-property dis turbance to such 
resources would be required to achieve a 10-6 incre mental lifetime cancer 
risk, which in the view of the Fernald decision tea m represents only a 
marginal improvement in an already acceptable set o f off-property risks 
that exist under current conditions. Removal of soi l to the 10-6 level 
would remove tremendous quantities of topsoil from currently productive 
agricultural lands.  
The soil cleanup levels that were established throu gh the process are 
each individually health-protective, satisfy ARARs,  consider the 
incremental health risks attributable to naturally occurring background 
concentration levels, and, when considered collecti vely through all 
exposure pathways, fall within the acceptable risk range required for 
CERCLA sites by EPA's National Contingency Plan reg ulations. By arriving 
at the selection of these levels in an open public forum, in concert with 
the deliberations of the Fernald Citizen's Task For ce, citizen trust and 
understanding of DOE's top cleanup objectives and p riorities was gained. 
DOE cannot be successful at Fernald  or anywhere el se for that matter  
without the continuing dialogue and understanding t hat was displayed 
among the various stakeholder groups during the Ope rable Unit 5 remedy 
selection process.  
As the final chapter in the effort, the PRLs that w ere developed through 
the Operable Unit 5 FS became legally binding final  remediation levels in 
January, 1996, when the ROD for Operable Unit 5 was  signed. This ROD 
brought to completion the 10-year RI/FS process for  addressing 
environmental impacts at the FEMP site, and set in motion a comprehensive 
remedial design and construction program to aggress ively implement the 
successful remedy decisions reached collectively an d cooperatively by the 
decision team. 
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ABSTRACT 
Under the U.S. Nuclear Regulatory Commission's (NRC 's) requirements for 
decommissioning, radiological and environmental cha racteristics provide 
the basis for preparation of an appropriate decommi ssioning (remediation) 
plan for decontamination and decommissioning (D&D).  Because of reduced 
Federal resources, a proposed streamlined approach to review site 
characterization information has been adopted. NRC' s 1992 "Action Plan," 



D&D process, and the streamlined site characterizat ion approach are 
discussed and summarized. 
INTRODUCTION AND PURPOSE 
NRC's mission is to ensure adequate protection of t he public health and 
safety, the common defense and security, and the en vironment in the 
civilian use of nuclear materials in the United Sta tes. The main purpose 
of site characterization and remediation is to achi eve part of the 
objectives of NRC's mission (i.e., protection of th e public health and 
safety and of the environment). 
One way to achieve this purpose is to clean up and remediate (to meet the 
regulatory standards) the sites with radiological c ontamination before 
termination of license. Limited Federal resources a re an important 
driving force in NRC's pursuing a streamlined appro ach for site 
characterization. The NRC staff presented this appr oach to the 
Commission, on May 19, 1995, and to NRC's Advisory Committee on Nuclear 
Waste (ACNW), on July 27, 1995. On September 28, 19 95, the ACNW wrote to 
NRC's Chairman, identifying "...the initial definit ion of the scope and 
magnitude of the contamination problem..." as one o f the two signal 
milestones in the decommissioning of a site (1). Th e NRC staff agrees 
that characterizing a contaminated site is one of t he two critical 
milestones in the decommissioning process (2). Rece ntly, NRC Chairman Dr. 
Shirley Ann Jackson stressed that, as we move into the 21st century, it 
is imperative that NRC perform decommissioning revi ews (which include 
site characterization) with a cost-efficient and st reamlined approach 
(3). 
SITE CHARACTERIZATION IN NRC'S ACTION PLAN 
On April 2, 1992, NRC published the "Action Plan" ( 4) to ensure timely 
remediation of sites listed in the Site Decommissio ning Management Plan 
(SDMP). The main purpose of the "Action Plan" was t o initiate actions to 
accelerate the cleanup of SDMP sites, with the over all objective of 
ensuring timely and effective cleanup. 
The key elements of the "Action Plan" are: 
 1) Cleanup Criteria 
 2) Finality (NRC's decision to terminate a license  will relieve the 
licensee from any further obligation, to NRC, to co nduct additional 
cleanup, as long as the licensee decommissions the site in full 
accordance with an approved decommissioning plan.) 
 3) Timing 
 4) Site Characterization 
 5) Procedures to Compel Timely Cleanup 
As indicated, Site Characterization is one of the k ey elements of the 
"Action Plan" pertaining to the SDMP program. NRC i ssued in July 1992, 
and then again in November 1994, the draft Branch T echnical Position 
(BTP) on "Site Characterization for Decommissioning " (5). This BTP 
provides a detailed explanation of various issues c onnected with the 
characterization of a contaminated site. According to NRC's "Action 
Plan," some decommissioning actions have been delay ed because of 
inadequate site characterization information. 
DECONTAMINATION AND DECOMMISSIONING PROCESS 
Site characterization, which leads to decontaminati on and decommissioning 
(D&D), is an important element of the D&D process. To protect the public 
health, safety, and the environment, D&D needs to b e performed at sites 
with radiological contamination. NRC defines "decom mission" in 10 CFR 
Parts 30, 40, and 70 as "...to remove (a facility) safely from service 



and reduce residual radioactivity to a level that p ermits release of the 
property for unrestricted use and termination of li cense" (see 10 CFR 
30.4, 40.4, and 70.4). 
The D&D planning process starts as a preplanned act ivity at the cessation 
of the operation of a facility or at the moment of discovery of a 
contaminated site. Typically, the following steps o r a combination, 
including site characterization, may be involved in  the general D&D 
process: 
  Cessation of operation or discovery of contaminat ion (usually by the 
licensee or by NRC inspectors) 
  Assessment of radiological status of the site (by  the licensee) 
  Performance of scoping survey (by the licensee) 
  Determination of necessity for decommissioning (b y comparing scoping 
survey results with guideline values) (by the licen see) 
  Preparation of site characterization plan (usuall y including sampling 
and analysis plan, radiological control plan, healt h and safety plan, and 
quality assurance and quality control program) (by the licensee) 
  Performance of site characterization (including s ampling and analysis) 
(by the licensee) 
  Preparation of site characterization report (with  emphasis on 
radiological and environmental characteristics, and  including sample 
results) (by the licensee) 
  Preparation of the decommissioning plan and, some times, an 
environmental report (by the licensee) 
  Performance of D&D (remediation) (by the licensee ) 
  Performance of the final termination survey and p reparation of a final 
survey report (by the licensee) 
  Performance of the confirmatory survey and prepar ation of a 
confirmatory survey report (by NRC) 
  Termination of the license and release of the sit e (by NRC) 
In understanding the appropriateness of site charac terization in the D&D 
process, it is important to look into the backgroun d information leading 
to characterization. Contamination might occur inad vertently, 
accidentally, or because of normal operating proces ses. Based on the 
definition and criteria for decommissioning, the li censee or site owner 
prepares an assessment of the radiological status o f the site either at 
the cessation of operations or at the time of disco very of contamination. 
The next step is the performance of a scoping surve y to provide the basis 
for initial estimates of the level of effort requir ed for planning the 
characterization survey and for decommissioning. Th is typically consists 
of limited direct measurements (6) (exposure rates and surface activity 
levels) and samples (smears, soil, water, and mater ial with induced 
activity) obtained from site locations. The scoping  survey provides a 
preliminary assessment of site conditions or prelim inary 
characterization, relative to guideline values. 
Figure 1 shows the general decommissioning process (7).If remediation is 
required -- based on the scoping survey results and  preliminary 
characterization -- then comprehensive site charact erization information 
is essential for preparing a decommissioning plan. As an example, for 
"Source Material" licenses, the following rule appl ies in preparing a 
decommissioning plan that includes site characteriz ation data: 
Section 40.42 (f)(4)(i) - "A description of the con ditions of the site or 
separate building or outdoor area sufficient to eva luate the 
acceptability of the (decommissioning) plan." 



Similar rules are applicable for "byproduct materia l," under 10 CFR 
30.36; for "production and utilization facilities,"  under 10 CFR 50.82; 
for "special nuclear material," under 10 CFR 70.38;  and for "spent fuel 
and high level wastes," under 10 CFR 72.54. 
SITE CHARACTERIZATION 
Under the NRC's requirements for decommissioning, r adiological and 
environmental characteristics of a site provide the  background 
information and basis for the preparation of an app ropriate 
decommissioning plan. The questions to be asked, ba sed on the site 
characterization information, are: 1) What is the e ffect of leaving the 
contamination as it is on the site (no action)? 2) What remediation 
alternatives for unrestricted use or restricted use  levels are 
acceptable? 
To perform efficient and economical D&D, it is impo rtant to evaluate the 
radiological and environmental characteristics of a  site. Further steps 
in the D&D process depend on the reliability and ac curacy of the site 
characterization data. Characterization is the meas urement or sampling 
and analysis required to gather needed information,  usually about the 
type and quantity of contaminants present in or on a material (8). The 
purpose of site characterization is to determine, o n a site-wide basis, 
the extent, amount, type, and nature of radiologica l contamination of: 1) 
surface and subsurface soils (geologic); 2) surface  and ground waters 
(hydrologic); and 3) buildings and equipment. In ad dition, if 
decommissioning includes stabilization onsite of re sidual radioactivity, 
another key objective of site characterization is t o establish the 
environmental characteristics of the site sufficien tly to assess the 
long-term fate of the residual radioactivity. 
Some licensees and site owners, under the SDMP prog ram, made limited or 
no progress on site characterization (7). Under pre vious procedures and 
policies, NRC staff typically had reviewed site cha racterization plans 
and site characterization reports to ensure that li censees had 
established the extent and type of radiological con tamination before 
developing decommissioning plans (7). In November 1 992 and November 1994, 
NRC conducted public workshops, on the SDMP program , that emphasized the 
importance of site characterization in successful d ecommissioning. The 
final rule on "Timeliness in Decommissioning of Mat erials Facilities" (59 
FR 36026) added a requirement to submit characteriz ation data with the 
decommissioning plan. This approach implements the "Timeliness Rule," 
thereby increasing reviewer and licensee efficiency . NRC has clearly 
established and communicated its expectations, both  to the licensees and 
to other responsible parties, regarding site charac terization in support 
of decommissioning. 
Previously, various steps were performed sequential ly or in series as 
shown in Fig. 1. This was to ensure that licensees had established the 
extent and type(s) of radiological contamination be fore initiating 
decommissioning (remediation). In typical cases, NR C staff invested 
approximately one-half to a full person-month of ef fort (spread out over 
several months) in reviewing each site characteriza tion plan and report 
(8). Figure 2 shows the iterative process used in t he conceptual flow 
diagram of the SDMP site characterization (5). Figu re 3 shows a general 
site characterization procedure. 
Based on experience to date in reviewing site chara cterization plans and 
reports, and in response to reduced Federal resourc es, the NRC staff 
developed a streamlined approach for reviewing site  characterization 



plans and reports (7). The previous approaches had been costly and had 
resulted in delaying decommissioning. The NRC staff  has changed the 
procedures by not reviewing site characterization i nformation until 
reviewing the decommissioning plan. The decommissio ning plan is required 
by the rules promulgated in the Code of Federal Reg ulations, Title 10. It 
is sufficient to submit the characterization data a long with the 
decommissioning plan, instead of separately submitt ing the 
characterization plan and report before submitting the decommissioning 
plan. This streamlined approach promotes a more coo rdinated and focused 
review of site characterization information, becaus e the reviewers will 
be compelled to emphasize issues that affect the se lection and 
implementation of a decommissioning approach. This alternative is 
consistent with NRC regulations, which require char acterization data to 
be submitted with the decommissioning plan (7). 
Fig. 1 
Fig. 2 
Fig. 3 
The revised approach should promote parallel resolu tion of 
characterization and decommissioning issues that, i n many cases, are 
interdependent. However, delaying the review of cha racterization data may 
result in later identification of significant infor mation gaps. NRC will 
partially compensate for this risk by increasing ro utine contact with 
licensees through site visits and meetings, and by paying heightened 
attention to licensees and responsible parties that  have lower levels of 
performance or complex site characterization issues . Resources thus 
conserved will then be focused on those sites needi ng increased staff 
attention, or on other NRC priorities. 
NRC staff discussed these changes with such represe ntatives of industry 
as the Nuclear Energy Institute (NEI) and the Fuel Cycle Facilities Forum 
(FCFF) (9). NRC staff agreed with NEI and FCFF that  there should be early 
communication of site characterization plans and is sues, to minimize the 
potential for significant data gaps later in the D& D process. 
Implementation of this streamlined approach will re duce the expenditure 
of NRC resources. In some cases, this approach may delay decommissioning, 
and increase resource expenditure by the licensee o r responsible party. 
For example, if significant data gaps in the charac terization data are 
identified during the review of the decommissioning  plan, additional 
characterization may take more time and resources, because of 
remobilization of personnel and equipment, to condu ct the investigation. 
Although, in many cases, NRC is no longer going to review site 
characterization plans, licensees will still benefi t from developing such 
plans for their own uses. A site characterization p lan needs to address 
the nature and locations of: 1) previous operations  involving use of 
radioactive materials; 2) effluent release points; and 3) buildings and 
equipment used in the operations. In addition, a si te characterization 
plan should focus on the subsurface environment, wi th emphasis on 
groundwater impacts, in those situations where loos e radioactive 
materials may be buried or released into the subsur face. 
It is the responsibility of the licensee or respons ible party to ensure 
that adequate expertise and resources are devoted t o characterization 
planning and performance. The NRC staff will work c losely with the 
licensees or responsible parties to ensure that the y are aware of 
existing guidance, and to provide timely informal c omments to identify 
significant data gaps (7). 



The ultimate purpose and use of the site characteri zation information is 
to develop an appropriate decommissioning plan for the site. According to 
the "Wall Street Journal" dated April 4, 1995 (10),  and the weekly 
report, "Inside E.P.A." (11), just cleaning up the nation's contaminated 
former nuclear-weapons facilities will cost $230 bi llion and will take 75 
years. In addition, there are non-nuclear-weapon-re lated sites with 
radiological contamination. The draft BTP (5) empha sizes the importance 
of obtaining accurate and relevant characterization  data for a site, to 
save time and money. 
Key elements to be considered in a comprehensive si te characterization 
program are (8): 
1) Review historical information. 
2) Define characterization objectives. 
3) Prepare a sampling and analysis plan to meet obj ectives 
4) Conduct sampling and measurement. 
5) Review, analyze, and verify data. 
The above elements need not be all-inclusive and se rve as general 
guidelines. Site-specific modifications may be requ ired. 
NRC, U.S. Environmental Protection Agency, U.S. Dep artment of Energy, and 
U.S. Department of Defence are developing a "Multi- Agency Radiation 
Survey and Site Investigation Manual," (MARSSIM) (1 2), which contains a 
section on characterization surveys. 
Reducing the effort, time, and resources needed to acquire 
characterization information, while still ensuring adequacy, is the 
principle behind NRC's proposed streamlined approac h. NRC staff will 
provide sufficient regulatory guidance for the lice nsees to understand 
the requirements of the criteria and rules. 
CONCLUSIONS 
Under NRC's requirements for decommissioning, radio logical and 
environmental characteristics provide the basis for  preparation of an 
appropriate remediation plan. 
Based on experience to date in reviewing site chara cterization plans and 
reports, and in response to reduced Federal resourc es, the NRC staff has 
developed a streamlined approach for reviewing site  characterization 
plans and reports. The streamlined approach to site  characterization 
identifies all contaminated areas and safety hazard s, provides 
information needed to evaluate the most cost-effect ive remediation 
options, reduces the risk of having to re-remediate  contaminated areas, 
and minimizes the overall remediation cost. The pur pose of the 
streamlined approach to site characterization is to  determine, on a site-
wide basis, the extent and type of radiological or chemical 
contamination. The ultimate purpose and use of the site characterization 
information are to prepare an appropriate environme ntal remediation plan 
for the site, so as to reduce residual radioactivit y to a level that 
allows release of the property for unrestricted or restricted use. 
Previous approaches have been costly and have resul ted in delaying 
decommissioning. The staff plans to review site cha racterization 
information in conjunction with the decommissioning  plan. This approach 
should promote parallel resolution of characterizat ion and 
decommissioning issues that, in many cases, are int erdependent. NRC hopes 
that this change in approach will highlight issues that affect the 
selection and implementation of a decommissioning p rocess. However, this 
approach may result in later identification of sign ificant data gaps. 
There should be early and constant communication wi th licensees about 



site characterization plans and issues, to minimize  the potential for 
significant data gaps later in the decommissioning process. 
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ABSTRACT 
This paper discusses the successful completion of a  RCRA (Resource 
Conservation and Recovery Act) closure of a hydrofl uoric acid (HF) Tank 
Car at the Fernald Environmental Management Project  (FEMP). The FEMP is a 
facility owned by the Department of Energy (DOE) th at is on the National 



Priorities List of hazardous waste sites and is und ergoing CERCLA 
(Comprehensive Response, Liability Act) remediation . The FEMP is also 
subject to closure under RCRA and Ohio Hazardous Wa ste rules. The HF Tank 
Car Closure was conducted by the Fernald Environmen tal Management 
Corporation (FERMCO), the contractor responsible fo r FEMP facility clean 
up and closure. Through a combination of sound plan ning and team work, 
the HF Tank Car was closed safely and ahead of sche dule. During over 
22,000 hours of field work required for constructio n modifications and 
neutralization of some 9,600 gallons of HF and deco ntamination rinseates, 
there were no OSHA recordable incidents. The system  design avoided 
additional costs for constructing a new system and subsequent dismantling 
for disposal or reuse at another facility by maximi zing the use of 
existing equipment and facilities. The successful c losure of the HF Tank 
Car demonstrated the FEMP's commitment to reducing risks and cleaning up 
the facility in a manner consistent with objectives  of RCRA regulations 
and the Ohio Environmental Protection Agency (EPA) Hazardous Waste Rules. 
This in turn, facilitated ongoing negotiations with  the Ohio EPA to 
integrate RCRA closure and the ongoing CERCLA remed iation activities. 
This paper addresses why the unit was clean closed under an approved RCRA 
Closure Plan. The integration of the EPA regulation s for RCRA and CERCLA 
programs and the DOE-Orders impacting design, const ruction and operation 
of an acid neutralization system is also reviewed. The paper concludes 
with a discussion of lessons learned in the process  of preparing the 
closure plan and through final project close out. 
INTRODUCTION 
FEMP facility clean up and closure actions must be responsive to existing 
enforcement actions by both the USEPA and Ohio EPA.  In July of 1986, the 
DOE entered into a Federal Facility Compliance Agre ement and initiated a 
preliminary Remedial Investigation and Feasibility Study. In March of 
1986, the Ohio EPA filed a complaint against the DO E which ultimately 
lead to in a Consent Decree signed in December 1988  by DOE and the Ohio 
EPA. Because there are no tri-party agreements betw een USEPA, Ohio EPA 
and DOE, enforcement actions and responses have bee n separate and 
independent and the FEMP has conducted dual complia nce programs. The 
challenge facing the DOE and FERMCO (contracted by DOE in 1993 to oversee 
site remediation) is to establish an approach to si te remediation that 
integrates RCRA facility closure requirements and t he CERCLA requirements 
for remediation of all contamination. 
The success of the HF Tank Car Closure project illu strates how a project 
team can coordinate and integrate multiple support organizations and 
regulatory requirements to ensure safe, effective a nd timely remediation. 
To achieve successful completion of the project, th e project team 
coordinated engineering, construction and operation  activities with 
support services from multiple organizations (e.g.,  radiation control, 
safety and health, quality assurance, and etc.). Th e closure actions were 
planned and implemented in a manner that integrated  the multiple 
requirements of DOE Orders and USEPA, OSHA, and Ohi o EPA rules and 
regulations.  
OVERVIEW OF THE HF TANK CAR CLOSURE PROJECT 
The subject of this paper is the completion of RCRA  clean closure of the 
HF Tank Car. The HF Tank Car was a circa 1940 rubbe r-lined steel rail car 
containing an estimated 5,000 gallons of 30 percent  hydrofluoric acid 
(HF). Preliminary evaluation of the HF Tank Car det ermined that the age 
of the tank car and the highly corrosive nature of HF posed a significant 



threat for release. Although the car was apparently  in good condition, 
the age of the car was a cause for concern. Had the  rubber liner failed 
the HF would have readily corroded through the stee l tank car and been 
released to the environment.  
HF is highly corrosive to steel and human tissue an d is most corrosive at 
approximately 35 percent concentration. HF is also toxic, even at 
relatively low concentrations due to the affinity o f free fluoride ions 
to calcium. Upon exposure to HF, workers experience  extreme burning 
sensation in the eyes and respiratory system. Howev er, the full effect on 
exposure to the skin, particularly at lower concent rations is often not 
felt for several hours because it is readily absorb ed and migrates toward 
the calcium rich bones in the body. In the process,  significant 
subcutaneous tissue damage can occur, causing gangr ene in severe cases. 
When HF enters the body it also causes an electroly te imbalance by 
removing calcium from the blood which can lead to c ardiovascular 
difficulties.  
The FEMP elected to remediate and clean close the H F Tank Car under a 
RCRA Closure Plan because extensive media contamina tion was not 
considered likely. The Ohio EPA had also identified  the HF Tank Car as a 
high priority due to concerns for possible release.  By completing clean 
closure under an approved closure plan, the FEMP in creased their 
credibility with the Ohio EPA concerning RCRA closu res which should 
facilitate ongoing negotiations for RCRA\CERCLA int egration. 
The original closure plan for the HF Tank Car was s ubmitted in May of 
1992. Implementation of closure actions were delaye d by repeated cycles 
of Ohio EPA reviews and submittal of revised closur e plans addressing 
Ohio EPA comments. Historically the FEMP had been r eluctant to initiate 
closure actions prior to Ohio EPA approval. In addi tion, progress was 
hindered because the groups responsible for writing  plans were not 
responsible for implementing actions. This created confusion and poor 
coordination of activities. 
In February 1994, FERMCO established an integrated project team with a 
designated project manager and key contacts from va rious support 
organizations and DOE site representatives. The fun ction of the project 
team was to coordinate, plan and schedule the field  work for construction 
(prior to formal approval of the closure plan), and  integrate the various 
regulatory requirements and FERMCO policies and pro cedures. The 
resolution of the final Ohio EPA comments required completion of the 
bench-scale testing and development of the conceptu al design (see 
discussions below). As a result, the final approval  of the Closure Plan 
was not received until July 1994. The proactive app roach of the project 
team made it possible to complete the HF Tank Car c losure within the 
required 180 days after approval.  
Key to Success: Involve and integrate support and p erforming 
organizations, including DOE, into a project team f ocused on how to get 
work done. 
The project team identified and worked through the following seven major 
project phases.  
Phase 1 - Bench-Scale Testing 
The first stage was to characterize the acid in the  HF Tank Car and 
evaluate treatment options. Samples of the HF were collected and assayed 
to confirm the basic chemical properties and charac teristics of the 
solution. Four treatment options were identified an d evaluated based on 
health, safety, technical, and feasibility consider ations. Lime slurry 



neutralization was selected for further testing and  evaluation. A Bench-
Scale Test Plan was developed to evaluate and confi rm the feasibility of 
lime slurry neutralization, identify process limits , characterize treated 
waste streams, and provide data to support the desi gn of a full-scale 
treatment system. The results confirmed that the be st results were 
obtained by adding HF at a controlled rate to a pre pared, agitated 
neutralization slurry consisting of 10 weight% soli d using a mixture of 
30% calcium carbonate and 70% lime. In addition, an alysis of the 
resulting neutralized solids and liquid wastes indi cated they would no 
longer be RCRA hazardous. Table I lists the physica l and chemical 
properties of the reagents and neutralization produ cts determined by the 
bench-scale tests.  
Key to Success: Stopped making assumptions and coll ected hard data to 
characterize waste for treatability and provide dat a for system design.  
Phase 2 - Conceptual System Design 
After confirming that lime slurry neutralization wa s feasible, three 
alternatives for neutralization and filtration were  identified and 
evaluated for implementability, time required to im plement, regulatory 
and site limitations, and qualitative cost impacts.  Each criteria was 
assigned a relative ranking between a low of 1 and high of 3 and a 
cumulative score was calculated. The evaluation and  selection of 
alternatives were reviewed and discussed by the pro ject team. This 
process allowed early identification of interface a nd coordination issues 
(e.g., quality assurance issues and interface requi rements between the 
project and FEMP site facilities). In addition, a p reliminary hazard 
analysis was conducted and recommended safety contr ols were identified 
for inclusion into the detailed design.  
The alternative selected required new pumps, piping  and controls to allow 
use of an existing 1,400 gallon existing tank equip ped with solids feeder 
unit. The existing tank, located within the same ge neral area as the HF 
Tank Car, had been installed for HF neutralization but had never been 
used. The neutralized slurry was to be transferred using portable tanks 
to an existing on-site operation (referenced as Pla nt 8) for filtration 
across a rotating vacuum filter drum. The filtered solids would be 
collected, drummed and sampled at Plant 8, to deter mine\confirm disposal 
requirements, and the filtrate would be collected, tested and discharged 
to the FEMP wastewater treatment system. The concep tual system design 
avoided additional costs for constructing a new sys tem and subsequent 
dismantling for disposal or reuse at another facili ty by maximizing the 
use of existing equipment and facilities. Figure 1 is the conceptual 
process flow schematic.  
After the conceptual design and functional design r equirements were 
identified, a Conceptual System Implementation Plan  (CSIP) for HF Tank 
Car Closure was prepared and submitted to DOE. The purpose of the 
document was to provide an integrated discussion of  planning, testing and 
design activities to support the closure of the HF Tank Car. The CSIP was 
also used to evaluate and document compliance with Ohio EPA regulations, 
DOE Orders and FEMP policies and procedures.  
Key to Success: Integrate preliminary hazard assess ment and safety 
concerns into conceptual design and functional desi gn requirements. 
Table I 
Phase 3 - Detailed System Design 
The detailed system design defined requirements and  specifications 
necessary for construction and use of the HF neutra lization system. 



Detailed design included specifications and drawing s for the 
modifications necessary to provide a metering pump,  water supply piping 
and batch controller, piping and valves to transfer  HF from the tank car 
to the neutralization tank, piping and valves to tr ansfer neutralized 
slurry to portable tanks for transport to the Plant  8 for filtration, and 
minor modification to the portable tanks to provide  agitation and hose 
connections for neutralized slurry loading and unlo ading. The final 
design provided additional process control instrume nts, with interlocks 
to the HF transfer pump power, to stop HF addition if the temperature, 
pH, level, or pressure exceeded process design limi tations. 
Fig. 1 
Design reviews were performed by the project team f or the initial and 
final design packages. An independent review was pe rformed on the final 
design package. After resolving all comments, a fin al Certified-for-
Construction (CFC) Design package was issued. After  CFC, all drawings and 
specifications were controlled and could only be ch anged through a formal 
design change procedure.  
After CFC and before major construction activities began, a secondary 
design review was conducted and a revised CFC packa ge was issued. This 
design review was conducted to ensure consistency w ith recent changes to 
the FERMCO engineering procedures and to ensure tha t design problems that 
had been recently encountered on another similar FE MP project were not 
repeated. 
Phase 4 - Construction and System Testing 
Construction activities were conducted in accordanc e with the CFC 
drawings. Configuration Management was maintained t o document 
construction and confirm design requirements were n ot compromised. Based 
on the Safety Assessment, a high level of documenta tion and quality 
assurance was required. Test plans for construction  acceptance testing 
and system operability testing were prepared and im plemented to confirm 
that the system was constructed and operated in acc ordance with the 
design. Although more problems than expected were e ncountered in 
servicing existing equipment and instrumentation, c onstruction and 
testing was completed without incident.  
Key to Success: Proper configuration control preclu des making field 
changes inconsistent with the design and operating requirements. 
Phase 5 - Operating Procedures and Operator Trainin g 
In order to complete the HF Tank Car closure within  the required 180 day 
regulatory limit, it was not possible to wait until  the system 
construction was completed before preparing the ope rating procedures and 
initiating operator training. To compensate, the pr ocedures were 
initially developed based on the engineering specif ications and drawings. 
A selected working group of project team members co nducted a series of 
joint table top reviews. The operator training was set up in modules 
designed to maximize the ability to defer training on system components 
until the construction was completed and a field wa lk through could be 
conducted. As part of their training, the operators  were tasked to walk 
through and verify the procedures in the field. The y were encouraged to 
provide comment for improvement of the procedures. When construction was 
completed, the final procedures were completed and incorporated many of 
the operators comments. The final procedures were r eviewed with the 
operators and a final field walk through was conduc ted. The operations 
manager then qualified each operator by oral exam a nd field simulation. 
In addition, the operators were involved in the con duct of the final 



system operability testing to increase their unders tanding of how the 
system functioned. Because of their involvement in the development of 
procedures and testing of the system, operator acce ptance of the 
procedures and performance during operations were n oticeably above 
average. 
Key to Success: Enhancement of operator acceptance and performance 
through their involvement in developing procedures and testing and 
evaluating system operations. 
Phase 6 - Operation and Processing 
The neutralization of acid and decontamination rins eate was initiated on 
June 12, 1995 and completed on July 21, 1995. Withi n days of the system 
start up, operations personnel identified opportuni ties for improvement 
which decreased the time required for slurry prepar ation. The 9,600 
gallons of acid and rinseate neutralized included 1 ,082 gallons more HF 
and 2,712 more rinseate than originally estimated. Despite the increased 
volumes, expedited processing was achieved and neut ralization was 
completed 3 weeks ahead of schedule.  
On at least 3 occasions, potential problems were id entified and averted 
by Operations personnel based on system walk downs and inspections prior 
to initiating HF transfer (as required by the Opera tion's Standing Orders 
prepared to comply with DOE Conduct of Operations).  
Phase 7 - Project Close Out 
There were two main elements for project close out.  First, completion of 
all field work including the utility isolation and shut down of the HF 
neutralization system, dismantling and staging the decontaminated rail 
cars, release of the portable tank for other uses i n support of site 
remediation, and staging drummed filter solids for shipment to the DOE 
Nevada Test Site (NTS) disposal facility. Second, d ocumentation of work 
completion including certification by an independen t, qualified, 
registered engineer to complete RCRA closure requir ements; compilation of 
final costs, including, final accruals for all labo r, subcontractors and 
materials charges, identify those documents (e.g., standing orders for 
operation, operating procedures, health and safety plans, and etc.) that 
are inactive and not applicable to ongoing work, an d closure of 
associated charge numbers. 
All processing of HF and decontamination rinse wate rs were completed by 
the end of August. The activities for facility isol ation and shut down, 
dismantling of the rail cars, staging of the disman tled rail cars 
components for a future project to complete recycli ng or disposal, 
characterization and staging of drummed filter soli ds pending shipment to 
NTS, and release of the decontaminated portable tan k for on-site use were 
completed before the end of September (i.e., within  the 1995 Fiscal 
Year). The RCRA certification report was submitted October 3, 1995. The 
Ohio EPA issued approval of the closure certificati on report on November 
27, 1996 and closure of applicable charge numbers a nd site documents have 
been completed. 
SUMMARY AND CONCLUSIONS 
The highlighted keys to the HF Tank Car Project suc cess are applicable to 
most any project and illustrate ways to improve pro ject performance. In 
summary: 
  A team approach improves the ability to identify,  schedule and address 
tasks and issues before they become obstacles and c ause delays. Keep a 
focus on the work to be done. 



  Don't make assumptions, characterize waste for tr eatability not just 
for hazardous waste determinations.  
  Define and verify process chemistry and operation al requirements to be 
addressed in design of treatment system. 
  Integrate safety requirements into system design,  as early as possible. 
  Once the design has been certified-for-constructi on, configuration 
management is essential. Without a detailed underst anding of how the 
design components interact, minor changes can have major impacts. 
  Involvement of operating personnel in the process  of developing 
procedures and systems testing enhances operator ac ceptance and 
performance. 
The establishment of a project team focused on how to get the work done 
represented a fundamental change in approach. Focus ing on planning and 
design based on technical requirements to implement  the work is critical. 
It is all too easy to fall into the trap of trying to design work to fit 
EPA regulations or DOE Orders. Regulations and orde rs define what you 
need to do, not how. Limited progress was made on H F Tank Car project 
between May 1992 and February 1994. However, once t he project team 
focused on determining the technical requirements t he project began to 
move forward. The most direct indicators of the eff ectiveness of the 
project team were the safety record and expedited p rocessing of HF. 
Without compromising safety, the neutralization of HF and decontamination 
rinseates was completed 3 weeks ahead of schedule a nd included processing 
1,082 gallons more HF and 2,712 gallons more rinsea te than scheduled. 
There were no OSHA reportable incidents during the 22,000 hours of field 
work required for construction modifications and ne utralization of the 
9,600 gallons of HF and decontamination rinseates.  
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ABSTRACT 
The Resource Conservation and Recovery Act (RCRA) r egulatory reform 
process is threatened by the failure of the Environ mental Protection 
Agency (EPA), States, and the regulated community t o address the 
contradiction between: 
  the requirement that RCRA regulations in authoriz ed State programs be 
consistent with the Federal program and other autho rized State programs, 
and  
   the prerogative of States to promulgate RCRA reg ulations that are more 
stringent and broader in scope than the Federal RCR A regulations. 
Assigning primacy to stringency, which has been EPA 's practice in recent 
RCRA rules containing regulatory reform elements, a ppears to ignore the 
legislative history of RCRA, EPA's own regulations,  and relevant court 
decisions. Failure to address this problem jeopardi zes the possibility 
that certain forms of the Department of Energy's mi xed waste may qualify 
for disposal at radioactive waste disposal faciliti es.  
As a first step, this paper recommends that the con tradiction between 
consistency and stringency be addressed in regulato ry preambles and other 
appropriate forums. If the contradiction is not add ressed, RCRA's 



ultimate goal, protection of human health and the e nvironment, may be 
compromised.  
LEGISLATIVE BACKGROUND  
The Resource Conservation and Recovery Act (RCRA), like other 
environmental laws, authorizes States to administer  their own programs 
under the statute. Under section 3006(b) of Subtitl e C of RCRA (42 U.S.C. 
6926), Authorized State Hazardous Waste Programs, S tate hazardous waste 
programs must be: 
  equivalent to the Federal program, 
  consistent with the Federal program and with Stat e programs applicable 
in other States, and  
  amenable to adequate enforcement of compliance. 
State programs that fail to exhibit these attribute s cannot be 
authorized. Once authorized, a State program can be  withdrawn if it is 
not administered and enforced in accordance with RC RA Section 3006 
requirements. 
These provisions of section 3006 date from the orig inal RCRA legislation, 
Public Law 94-580, passed in the House and Senate i n September of 1976. 
The legislative history of the Act shows that the p urposes of the 
Federal/State partnership were to: 
  provide uniformity among the States as to how haz ardous wastes are 
regulated, 
  prevent some States from becoming the dumping gro und for hazardous 
wastes, and 
  utilize State enforcement personnel to implement the provisions of the 
Act. (1) 
Section 3009 of Subtitle C of RCRA (42 U.S.C. 6929) , Retention of State 
Authority, originally provided that after the Feder al RCRA program 
becomes effective, no State may administer a progra m less stringent than 
the Federal program. Neither the statutory language  nor the legislative 
history addressed the question of whether more stri ngent State 
requirements were preempted by Section 3006.  
Section 3009 was amended in 1980 by Public Law 96-4 82, which added the 
following sentence.  
    Nothing in this title shall be construed to pro hibit any State or 
political subdivision thereof from imposing any req uirements, including 
those for site selection, which are more stringent than those imposed by 
such regulations. (1) 
The amendment was introduced by Senator Bumpers of Arkansas, whose speech 
supporting the amendment on the Senate floor referr ed to: 
  the incident at Love Canal,  
  Government Accounting Office (GAO) findings that the hazardous waste 
regulatory program could not adequately safeguard p ublic health and the 
environment,  
  Environmental Protection Agency (EPA) estimates o f a 4 to 6 percent 
annual increase in the amount of hazardous waste be ing generated, 
  EPA projections of the siting of increased number s of commercial 
hazardous waste treatment and disposal facilities, and 
  the possible location of a hazardous waste dispos al site near a small 
community in his home state (1). 
At the time, there was no discussion or recognition  of the possible 
contradiction between requiring State programs to b e consistent with the 
Federal program and allowing them to be more string ent. Consequently, the 
Act did not confer primacy on either consistency or  stringency. 



In the House debate preceding the passage of the Ha zardous and Solid 
Waste Amendments (HSWA) of 1984, the meaning of equ ivalence was 
discussed. Congressman Florio of New Jersey explain ed that equivalence 
did not mean point-by-point equivalence. 
State requirements should be equivalent in overall effect to the Federal 
program, without the necessity of showing point-by- point equivalence. (1) 
In addition, he stressed the importance of bringing  State hazardous waste 
experience to bear in the RCRA Subtitle C program, instead of removing 
this experience from consideration, and noted that several of the most 
important RCRA amendments being considered by Congr ess originated in 
State programs (i.e., the land disposal restriction s and the regulation 
of small quantity generators). (1) 
Congress believed that it was important for the cha nges contained in HSWA 
to take effect as soon as possible. Consequently, s ection 3006(g) was 
added to the law to provide that EPA regulations pr omulgated pursuant to 
these amendments take effect in authorized State pr ograms on the same 
date that such requirements take effect in other St ates. (1) 
REGULATORY BACKGROUND  
Since 1981, EPA regulations implementing sections 3 006 and 3009 of RCRA 
have addressed the potential contradiction between stringency and 
consistency by clearly assigning primacy to consist ency. To obtain 
approval, a State program must be consistent with t he Federal program and 
with State programs applicable in other States (40 CFR 271.4). In 
particular, the following aspects of State programs  are deemed to be 
inconsistent:  
  any aspect of the State program which unreasonabl y restricts, impedes, 
or operates as a ban on the free movement across th e State border of 
hazardous wastes from or to other States for treatm ent, storage, or 
disposal at facilities authorized to operate under the Federal or an 
approved State program (40 CFR 271.4(a)); 
  any aspect of the State law or the State program which has no basis in 
human health or environmental protection and which acts as a prohibition 
on the treatment, storage, or disposal of hazardous  waste in the State 
(40 CFR 271.4(b)); and 
  a manifest system that is inconsistent with the m anifest system in the 
generator standards in 40 CFR 262 (40 CFR 271.4(c)) . 
Under 40 CFR 271.1(i), States may: 
  adopt or enforce requirements that are more strin gent or extensive than 
the Federal requirements, or  
  operate a program with a greater scope of coverag e than the Federal 
requirements. 
However, 40 CFR 271.1(i) has always required that m ore stringent, more 
extensive, and broader requirements be consistent w ith the Federal 
program and other authorized State programs. After the passage of HSWA, 
EPA added paragraph (j) to 40 CFR 271.1. Paragraph (j) lists the HSWA 
requirements that take effect in authorized State p rograms on the same 
date that such requirements take effect in other St ates. 
The implementation of HSWA and other amendments to RCRA in the mid-1980s 
to early 1990s generally caused RCRA regulations to  become more stringent 
and broader. Most of the deregulatory or less strin gent changes of those 
years, such as the satellite accumulation provision s of 40 CFR 262.34 and 
the corrective action management unit/temporary uni t (CAMU/TU) rule, 
failed to raise significant consistency issues. Dur ing this period, the 
authorization of State programs was generally focus ed on whether the 



programs were equivalent to, and at least as string ent as, the Federal 
program.  
JUDICIAL BACKGROUND  
In June 1987, North Carolina enacted a law that pro hibited commercial 
hazardous waste treatment facilities from dischargi ng waste water into 
surface water upstream from a public drinking water  supply intake unless 
a dilution factor of at least 1000 at the point of discharge existed. 
Upon initial review of the law, EPA determined that  the law was 
inconsistent with RCRA and began proceedings to wit hdraw North Carolina's 
authorization. After the administrative law judge ( ALJ) hearing the case 
decided that the law was not inconsistent with RCRA , EPA accepted the 
recommendation of the ALJ and did not withdraw the program. 
Laidlaw Environmental Services, Inc. and the Hazard ous Waste Treatment 
Council petitioned the courts for a review of EPA's  decision. In 1991, 
the United States Court of Appeals for the District  of Columbia upheld 
EPA's decision and denied the petition for review. (2)  
Among other things, the Court held that  
Because the EPA is charged with the administration of RCRA, we defer to 
its interpretation whenever the statute is silent o r ambiguous with 
respect to a specific issue. So long as the agency' s interpretation is 
reasonable and consistent with the statutory purpos e, we must uphold 
it.... While it is true that RCRA requires 'consist ency' between state 
and federal programs, it does not mandate uniformit y; in fact, the 
statute expressly reserves to States the authority to impose site-
selection standards that are 'more stringent' than those imposed by 
federal authority. Consequently, the Regional Admin istrator's ruling that 
the North Carolina statute could be found 'consiste nt' with federal 
law...was not in conflict with the federal statutor y scheme. (2) 
In other cases, however, the provisions of more str ingent State laws and 
regulations that have the potential to threaten the  consistency of the 
national hazardous waste program have been struck d own by the courts. 
Such provisions have involved the imposition of hig her waste management 
fees on wastes generated out of state, or of more s tringent permit 
conditions on facilities that accept waste originat ing out of state. 
These challenges have generally been won on the bas is that the provisions 
violate the Commerce Clause of the U.S. Constitutio n, which denies States 
the power to regulate interstate commerce.  
In one of the most important cases of this kind, th e Hazardous Waste 
Treatment Council took action against the State of South Carolina and the 
South Carolina Department of Health and Environment al Control for 
promulgating of regulations that would: 
  restrict the transfer of hazardous wastes to Sout h Carolina facilities 
from States which have not reciprocated by providin g treatment and 
disposal capacity for hazardous wastes within their  borders, 
  impose quotas on the quantities of such wastes ot herwise permitted, and 
  create a mandatory preference for wastes generate d in South Carolina. 
(3) 
The plaintiffs contended that these laws conflicted  with and were 
preempted by the Federal hazardous waste management  regulatory program, 
thus violating the Supremacy Clause of the U.S. Con stitution and federal 
regulations prohibiting such laws (40 CFR 271.4). ( The Supremacy Clause 
of the Constitution establishes that the laws of th e United States take 
precedence over State laws.) The plaintiffs also ra ised concerns 



regarding the constitutionality of the requirements  under the Commerce 
Clause of the Constitution. (3)  
The defendants countered that the laws, Executive O rders, and regulations 
in question did not conflict with the U.S. Constitu tion's Commerce Clause 
because: 
  South Carolina's hazardous waste management progr am had received EPA 
approval, and 
  Congress' intent was for each State to be permitt ed to implement its 
own hazardous waste program. (3) 
The defendants cited Section 3009 of RCRA as indica ting that States 
cannot be prohibited from imposing requirements mor e stringent than the 
Federal standards. (3) 
The U.S. District Court granted injunctive relief b ased on the challenges 
raised under the Commerce Clause, and it offered th e opinion that the 
plaintiff could also prevail in possible future act ions under the 
Supremacy Clause of the U.S. Constitution. (3) 
RCRA REGULATORY REFORM 
In recent years, RCRA implementation efforts have f ocused on reform and 
rationalization. The success of these efforts may f urther advance 
environmental protection by making specific and gen eral improvements to 
the RCRA regulatory structure. Specific improvement s include changes to 
remove the impediments to beneficial recycling of i ndustrial hazardous 
wastes and to improve the voluntary collection of h azardous wastes 
generated by households. General improvements inclu de changes to improve 
the allocation of limited social resources, focusin g these resources on 
wastes posing the greatest risks to human health an d the environment.  
Table I lists recent proposed and final RCRA rules that contain 
regulatory reform elements. 
Table I 
EPA's recent analyses of the applicability of these  regulations in 
authorized States can be reduced to a formula, pres ented in Table II. 
Table II 
According to the formula, authorized States are nev er required to adopt 
less stringent rules. More stringent rules must alw ays be adopted by 
authorized States; they become effective immediatel y if they are HSWA 
rules, or when the State amends its RCRA program to  incorporate them if 
they are non-HSWA rules. 
The unquestioning application of this formula fails  to raise important 
issues associated with consistency and the potentia l conflict between 
consistency and stringency. In all of the regulatio ns listed on Table I 
with the exception of the proposed munitions rule, no analysis is 
performed to determine if a State's failure to adop t a Federal RCRA 
regulation change that is less stringent renders th e State program 
inconsistent with the Federal program and with othe r authorized State 
programs. 
Other important stringency/consistency issues raise d by the proposed and 
final rules on Table I are listed below. 
  If a less stringent RCRA rule improves overall en vironmental 
protection, should it be considered less stringent?  
  Should program improvements relating to the elimi nation of outdated, 
confusing, and unnecessary language be evaluated in  terms of stringency? 
  Is allowing waste to be treated using an addition al treatment method 
less stringent if the method provides at least equi valent protection of 



human health and the environment as the methods cur rently authorized? 
What if a new treatment method provides superior pr otection? 
  Is it more important to evaluate stringency or co nsistency when 
changing a definition, such as the definition of on -site, if the change 
affects large numbers of RCRA facilities? 
  If authorized States do not amend their rules to include equivalent and 
consistent provisions, does the Hazardous Waste Ide ntification Rule 
address the petition for rulemaking submitted by th e Chemical 
Manufacturers Association, the recommendations made  by the Dialogue 
Committee on Hazardous Waste Identification, and th e court decision in 
Shell Oil v. EPA? 
In the munitions rule, EPA recognizes that the fail ure of authorized 
States to adopt the rule as proposed would prevent the rule from 
achieving its intended goal.  
Today's proposal raises an issue regarding State au thority because 
Congress clearly expected EPA to develop national s tandards for waste 
munitions through the RCRA rulemaking process. Alth ough today's rule 
would lay out such national standards, States under  the standard RCRA 
approach could enforce their own more stringent sta ndards under their own 
State programs. This situation, at least in theory,  could lead to just 
the sort of piecemeal approach that the FFCA was in tended to avoid (60 FR 
56488; November 8, 1995). 
The munitions rule also recognizes the Department o f Defense's (DOD's) 
need for national consistency in managing waste mun itions, given DOD's 
national defense mission, nationwide presence, and logistical and 
operational needs. 
Unfortunately, however, the preamble to the propose d munitions rule fails 
to address the contradiction between consistency an d stringency in 
sections 3006 and 3009 of RCRA, and instead suggest s an alternative 
approach to achieving consistency. (This approach r elies on an argument 
that the scope of the waiver of sovereign immunity in section 6001 of 
RCRA does not permit a State to impose more stringe nt requirements than 
those contained in the Federal regulation if the re quirements would 
result in unfair discrimination against Federal age ncies. Because 
military munitions are unique to the military, EPA argues that more 
stringent regulations would thus be discriminatory.  This paper will not 
comment on the merits of this alternative approach except to note that if 
it were adopted, it would reach far beyond military  munitions and affect 
hazardous waste items that are unique to the Depart ment of Energy (DOE) 
and to other Federal agencies.)  
Continued failure to address contradictions between  stringency and 
consistency when new regulations are proposed and p romulgated ignores: 
  the legislative history of RCRA, which shows that  Congress intended the 
law to provide for uniform regulation of hazardous waste, but allowed 
States to promulgate more stringent requirements be cause the Federal 
program was weak and the amount of hazardous waste being generated 
annually was increasing; 
  EPA's own regulations, which assign primacy to co nsistency; and 
  Court decisions, which encourage EPA to interpret  ambiguous aspects of 
the RCRA statute and find that lack of consistency sometimes violates the 
Commerce Clause of the U.S. Constitution and may vi olate the Supremacy 
Clause as well.  
It also threatens the RCRA reform effort because: 



  States have a powerful disincentive to adopt RCRA  reform measures if a 
consequence of adopting these measures is that the State could become the 
preferred location for the treatment and/or disposa l of some classes of 
wastes (the "NIMBY" syndrome). 
  Some reform efforts, such as efforts aimed at str eamlining regulation 
of universal wastes, require national coordination to truly succeed. It 
is doubtful that States can achieve national coordi nation on their own. 
The history of efforts to site commercial low-level  radioactive waste 
disposal facilities absent enforced consistency and  national coordination 
leaves little room for optimism. Under the Low Leve l Radioactive Waste 
Policy Act of 1980, each State is responsible for p roviding disposal 
capacity, either by itself or in cooperation with o ther States 
(compacts), for all of the low-level waste (LLW) ge nerated within its 
borders. 
Limited progress was made until Congress enacted th e Low Level 
Radioactive Waste Policy Amendments Act of 1985 (LL RWPAA), Pub. L. 99-
240, 42 U.S.C. 2021, which established a series of milestones, penalties, 
and incentives to ensure that the regional compacts  and States made 
adequate progress toward being able to manage their  LLW. In particular, 
the "take title" provision of the Act would have re quired a State or 
compact that could not provide disposal capacity fo r its LLW after 
January 1, 1996, to take possession of waste from g enerators notifying 
that the waste was available for shipment. In 1992,  the Supreme Court 
struck down the constitutionality of this provision  of the LLRWPAA, 
removing the primary incentive for States and compa cts to progress with 
developing new LLW disposal capacity. (4)  
No new LLW disposal facilities have opened since 19 80, and existing 
disposal sites have either closed or imposed restri ctions on their 
receipt of LLW. As a result, many LLW generators ar e faced with making 
arrangements for expanded on-site storage of their LLW until additional 
disposal capacity is available. This situation appe ars to pose a greater 
threat to human health and the environment than the  disposal of LLW in 
new facilities licensed under Nuclear Regulatory Co mmission regulations 
in 10 CFR 61 or equivalent State (i.e., Agreement S tate) regulations.  
RCRA REGULATORY REFORM AND DOE 
DOE has submitted two major regulatory reform propo sals to the EPA 
Hazardous Waste Identification Rule docket. These p roposals involve: 
  an exemption from Subtitle C of RCRA for immobili zed mixed waste debris 
disposed of in low-level waste disposal facilities,  and  
  an exemption from Subtitle C of RCRA for vitrifie d waste forms.  
DOE analyses to support these proposals conclude th at they are at least 
as protective of human health and the environment a s current RCRA rules 
and that they could achieve this level of protectio n at a much lower 
cost. 
From a radiological perspective, however, granting the DOE-proposed 
exemptions would appear to be more protective of hu man health and the 
environment overall than requiring the continued ma nagement of the 
subject waste forms under RCRA. Given that there ar e no currently 
operating DOE disposal facilities for mixed waste r esiduals, granting the 
exemptions would permit earlier disposal of these w astes. Disposal is 
more protective of human health and the environment  than above-ground 
storage because it further isolates the radionuclid es in these waste 
forms from human and environmental receptors. 



If the contradiction between consistency and string ency is not addressed, 
EPA's concurrence with DOE's proposals may be irrel evant. Unless the 
States hosting major DOE LLW disposal facilities (W ashington, Nevada, 
Idaho, New Mexico, Tennessee, and South Carolina) i ncorporate these 
changes in their authorized State programs, DOE wil l not be able to 
dispose of immobilized mixed waste debris or some v itrified waste forms 
in radioactive waste disposal facilities. 
The preamble to the proposed HWIR rule suggests tha t State adoption of 
HWIR reform proposals affecting mixed waste will be  a problem and 
explains that EPA intends to publish a supplemental  proposal on mixed 
waste exit criteria (see 60 FR 66400; December 21, 1995). Hopefully, the 
proposal will confront the contradiction between co nsistency and 
stringency and recognize that the same arguments th at support the need 
for a consistent munitions rule (i.e., DOD's nation al defense mission, 
nationwide presence, and logistical and operational  needs) apply at least 
equally to DOE's mixed waste. 
CONCLUSIONS/SOLUTIONS 
There is often a contradiction between requiring RC RA-authorized State 
programs to be consistent with the Federal program and allowing them to 
be more stringent than the Federal program. The con tradiction is most 
evident when determining what should be considered a hazardous waste, and 
appropriate waste treatment and disposal requiremen ts. Regulatory reform 
that affects waste identification, treatment, and d isposal intensifies 
this contradiction. 
This paper does not present innovative solutions to  this problem or 
advocate that EPA begin withdrawing authorized Stat e programs for reasons 
of inconsistency. Instead, it makes the modest sugg estion that the 
problem be recognized and discussed in regulatory p reambles and other 
appropriate forums. 
In particular, equivalency and consistency should b e addressed even when 
EPA promulgates a less stringent rule. Authorized S tate programs that 
fail to adopt equivalent, less stringent regulation s should be examined 
for consistency with the Federal program. Otherwise , States have a strong 
disincentive to adopt many less stringent changes. 
Also, the meaning of "less stringent" and "more str ingent" should be 
evaluated in the context of RCRA reform. Does it me an more rigorous 
protection of human health and the environment unde r RCRA alone, or under 
all environmental laws and programs? If it means mo re rigorous protection 
under all environmental laws and programs, some RCR A reform initiatives 
that are currently considered less stringent would become more stringent.  
Failure to address the contradiction between string ency and consistency 
imperils regulatory reform efforts. In the case of DOE's mixed waste, 
failure to address the contradiction may result in lesser human health 
and environmental protection if radioactive wastes that could be safely 
disposed of now remain in long-term storage until n ew mixed waste 
disposal facilities are built and permitted. 
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ABSTRACT 
While many industrial hygiene concerns are encounte red at a hazardous 
wastes site during characterization and remediation  activities, 
experience indicates that these problems can be con trolled adequately. 
Personal exposure to airborne chemicals are effecti vely controlled 
primarily because a plan is prepared to review the chemical hazards that 
are likely to be encountered. Unfortunately, the ha zards that are likely 
to represent a concern are safety issues including slips, trips, and 
falls. 
Consequently, it is injuries to employees that are the principal concern. 
This presentation describes the elements of a "Zero  Accident" program and 
the improved statistics resulting from its implemen tation. 
At the beginning of 1994, the Midwest Region of OHM  Remediation Services 
Corp. (OHM) implemented a program to supplement the  existing industrial 
hygiene program to reduce accidents at work sites. The management of the 
Midwest Region made a commitment to promote and sup port the philosophy of 
zero accidents and established that goal as part of  the Region's business 
plan. The Regional Safety Management Review Committ ee was established and 
identified the key elements that were necessary to accomplish the goal of 
zero accidents. These were management commitment, t raining for employees, 
job safety analysis, accident investigation, and em ployee recognition 
program. While each of these elements existed befor e January 1994, the 
"Zero Accident Program" emphasized the importance o f and the relationship 
between these elements in eliminating injuries at a  job site. The "Zero 
Accident Program" provided a baseline for supportin g the interaction of 
these elements. The program also provided a vehicle  to communicate the 
ground rules for effective and safe job performance . The program was 
communicated throughout the Region in a variety of ways including 
training classes for site supervisors and foremen t o review their roles 
in achieving zero accidents. 
The emphasis on zero accidents has paid off already . The current OHM OSHA 
recordable injuries rate is down by 52% from 1994 a nd 63% over the last 3 
years. This has produced an estimated cost savings of $213,000 for 1994 
and $1,274,000 for the last 3 years. The Experience  Modification Rate has 
dropped by 45% from 1994 and is down 72% over the l ast 3 years. The 
number of job sites that achieved zero injuries in 1994 was up by 54% 
from 1993. With the continued implementation of the  "Zero Accident 
Program," this effort will continue to improve each  year and clearly 
demonstrates that a goal of zero accidents for all remediation job sites 
is realistic and achievable. 
INTRODUCTION 



Work at a hazardous waste site poses a variety of r isks and hazards to 
the workers assigned to the remediation tasks. Ther e is a potential to be 
exposed to airborne hazardous chemicals such as vol atile organics that 
may be flammable or poisonous when inhaled. Chemica ls at the job sites 
may be corrosive or absorbed if they come in contac t with the skin. Heavy 
metals or semivolatile chemicals may be encountered  in hazardous 
concentrations. Employees may be required to work i n environments where 
extreme temperatures are encountered and therefore,  may experience heat 
or cold stress. There are several types of controls  to limit personal 
exposures, particularly engineering controls or adm inistrative 
procedures. Engineering controls may include remote ly operated tools or 
the use of local exhaust mechanical ventilation. Ad ministrative 
procedures may limit the duration of the work or sp ecify the time of day 
that work is performed. If the controls are not ade quate, the members of 
the work crew may be required to wear personal prot ective equipment to 
limit exposures via the inhalation pathway or limit  skin contact. 
Personal protective equipment is also effective to protect employees 
during a spill or unexpected release. The use of pe rsonal protective 
equipment also helps to limit the spread of contami nation and serves to 
increase the effectiveness of the decontamination p rocess. 
Chemical hazards have been controlled effectively i n the past on OHM job 
sites. Controls to limit exposures are planned in a dvance and are 
accompanied by monitoring with direct reading instr uments or sampling for 
the presence of hazardous chemicals. A health and s afety plan is prepared 
in advance to document the controls to be implement ed and the conditions 
requiring additional controls which may arise. Alar ms or action levels 
are established for the sampling systems to warn th e workers that 
conditions are changing and that precautions are ne cessary. The plan 
documents the consequences of overexposure and the actions required to 
limit the symptoms. The plan also prescribes the me thods of 
decontamination that are required and the steps to be followed to limit 
the spread of contamination. A review of the employ ee exposure results at 
most of the OHM job sites and the results of the me dical surveillance for 
OHM employees indicates that the controls are effec tive. Personal 
exposures are found to be significantly below the p ermissible exposure 
limits established by the Occupational Safety and H ealth Administration 
(OSHA). Current technologies to perform monitoring and analysis at the 
same time are sufficient to provide instant warning s regarding the 
presence of hazardous chemicals. Chemical hazards a re adequately 
controlled. 
Other hazards are encountered at hazardous waste si tes which are severe 
and can result in injuries to the workers performin g the tasks. Working 
around construction equipment or on elevated surfac es presents potential 
hazards that offer few warning signs and represents  a serious risk of 
injury. Even simple hazards, such as construction d ebris or lifting bulky 
loads, often result in injuries to waste site worke rs. The hazards are 
exaggerated by the use of personal protective equip ment where the field 
of vision for the employee is reduced or the protec tive clothing may snag 
or be trapped. This hazard may result in a worker t ripping and falling to 
the ground. The hazardous waste site is a dangerous  place to work if 
controls are not implemented to limit the construct ion hazards. 
The OHM Midwest Region implemented a program to man age the construction 
hazards typically found at job sites that result in  accidents and 
injuries. Regional management personnel pledged a c ommitment to minimize 



accidents at job sites and provide the resources ne cessary to reduce the 
hazards. The Regional management personnel agreed t hat all accidents are 
preventable and as a result a "Zero Accident Progra m" was designed and 
implemented. The program was designed to reduce inj uries to employees and 
ultimately reduce the cost of workmen's compensatio n and the 
corresponding medical costs. The "Zero Accident Pro gram" also served to 
promote the idea of performing each task and the en tire project without 
defects. To the extent that the members of the work  crew perform without 
mistakes the project is completed in a quality mann er and more closely to 
the original schedule that was established. 
ELEMENTS OF A "ZERO ACCIDENT PROGRAM" 
The elements of the "Zero Accident Program" that we re adopted by the 
Midwest Region of OHM are described below. Many of the steps and 
applications were first described by the Constructi on Industry Institute 
(1) (CII) in a study completed in 1993. The study e xamined many companies 
who had implemented a formal safety program in thei r construction 
projects and were successful in managing the hazard s likely to be 
encountered. The CII published a list of the elemen ts of safety programs 
that had been found to be effective. OHM reviewed t he list of programs 
and found many similarities to programs already in place. Each of the 
companies interviewed explained the connection betw een unsafe practices, 
accidents, and injuries to employees. It was explai ned that the rate of 
injuries to employees could not be reduced until th e number of unsafe 
practices was reduced. As depicted in Fig. 1, it wa s estimated that there 
are more than 300 unsafe work practices and non-inj ury accidents for each 
major personal injury (2). The poor work practices that contribute to the 
major injury are the same as those contributing to the non-injury 
accidents. The severity of the injury depends on ch ance. Not all 
accidents result in a personal injury, but the numb er of accidents needs 
to be reduced in order to decrease the number of in juries and minimize 
the chance that a serious injury may occur. 
Fig. 1 
Management Commitment 
Regional management personnel were first required t o confirm their 
commitment to operate in this manner. While the con cept seemed to be an 
easy decision in theory, the resources needed to im plement the program 
are not without certain conflicts. The Region forme d a Safety Management 
Review Committee chaired by the Regional Vice Presi dent to evaluate the 
effectiveness of the program being implemented in t he Region. The 
Committee is also attended by the Health and Safety  Director and 
representatives from Technical Services, Human Reso urces, and Operations. 
The Committee reviews the injuries that occurred du ring the previous 
month and discusses the root cause of each incident  as identified during 
the accident investigation. The Committee may elect  to invite the project 
manager and/or the site supervisor to discuss the i ncident and the 
corrective actions. The Committee is responsible fo r establishing changes 
in procedures and work practices in order to avoid the reoccurrence of 
the incident at a job site anywhere within the Regi on. Minutes of the 
meeting are published and distributed for review by  the project managers 
and operations managers. The Committee is a key ele ment in promoting the 
prevention of accidents at the job sites. 
Many job sites form a similar safety committee host ed by the site 
supervisor or project manager. These project safety  committees serve to 
resolve concerns identified by the employees assign ed to a particular 



task on that job site. The committees are chaired b y the site supervisors 
and attended by selected project team members, incl uding laborers. The 
project safety committees perform site safety inspe ctions and serve as 
the investigation team in the event of an accident.  Minutes of each 
meeting are issued and distributed to the Regional Committee. Issues that 
are common to other job sites are discussed at each  job site and common 
solutions are implemented. 
Training for Employees 
All OHM employees are experienced and participate i n a variety of 
training programs. All personnel that work at job s ites as well as many 
others attend the training classes required by OSHA  regarding work at a 
hazardous waste site. Specific training is provided  regarding the 
chemical hazards that can be expected at job sites.  Training is also 
provided to review the correct operation of equipme nt, including pumps, 
chainsaws, high pressure water cleaner, or other sm all tools that may be 
used at a typical job site. Training is provided fo r equipment operators 
to review the correct use of selected heavy equipme nt, including 
excavators, loaders, and cranes. Training is provid ed in the form of 
classroom sessions accompanied by practical exercis es where the employees 
can practice the criteria that were described in th e classroom sessions. 
Training is also provided at each job site. At the beginning of each 
shift, the employees review the safety features of a particular piece of 
equipment or the results of a recent incident or pe rsonal injury. These 
"tailgate safety meetings" are a good forum for emp loyees to express 
concerns or ask questions regarding the events of t he previous days and 
confirm that work is proceeding as expected. Regard less of the type of 
training, the information provided to each employee  is critical in 
avoiding an accident or personal injury. 
Job Safety Analysis 
Training is required for employees before the proje ct begins, but it is 
important to focus on likely hazards before a speci fic task begins. It is 
appropriate to analyze a task to identify the hazar ds likely to be 
encountered and the appropriate controls. The job s afety analysis (JSA) 
is performed by the safety professional and the sup ervisor or foreman to 
describe the tasks and the equipment to be used. Th e analysis can be 
simple or elaborate according to the complexity of the task. Each member 
of the work crew reviews the JSA before the task be gins so that the 
hazards are clear and the corrective actions are un derstood. The process 
of the JSA also serves as a mechanism to plan the t ask and verify that 
the correct tools and personnel are ready for use. This approach helps 
each team member to understand how the task should be performed and helps 
provides him or her the information needed to ident ify a change or 
problem that was not expected. By addressing the pr oblem as it is 
identified, the supervisor and the work team minimi zes the likelihood 
that an accident may occur and reduces the potentia l for a personal 
injury.  
Accident Investigation 
Despite all of the analysis and training, condition s exist at the job 
site which may not be recognized and may result in an accident or 
personal injury. It is appropriate to investigate t he root cause of the 
incident and identify the corrective actions that w ould reduce the 
likelihood of the incident being repeated. The purp ose of the 
investigation is to identify how the incident could  have been prevented 
and recommend the corrective action. The investigat ion should be 



conducted as soon after the incident as possible so  that all of the 
witnesses are available to provide information abou t the conditions that 
led up to the incident. Where available, the projec t safety committee 
serves as the investigation team and prepares a rep ort for review by the 
Regional Safety Management Review Committee. A team  of project personnel 
are well suited to identify the root cause and the suggested corrective 
actions. The members of this team are the most fami liar with the 
operation and the equipment being used and they are  the same people who 
must implement the corrective actions. 
The Regional Safety Management Review Committee is responsible for 
reviewing the corrective actions at the job site. T he Regional Committee 
is responsible for reviewing similar circumstances at other job sites and 
determine if changes in procedures are required. Me mbers of the Regional 
Committee convey the results of the investigation t eam to all other job 
sites. They challenge the members of other teams to  eliminate the root 
causes of the incident and reduce the hazard that c ould result in a 
personal injury. The members of the other project t eams are encouraged to 
identify all potential hazards, not just the one co ndition that 
previously occurred. The investigation of an injury  is one of the few 
positive things that stems from a personal injury. Any information which 
helps to eliminate the personal injury in the futur e is of value. 
Employee Recognition Program 
An effective program results in a project team who achieves its goal and 
can complete a project in an efficient, safe manner . It is appropriate to 
recognize the achievements made by the members of t he project team and 
reward their hard work. A recognition program must emphasize performance 
of each individual and also encourage the team memb ers to work in a 
synergistic manner. A team that works together to r educe job site hazards 
is more effective than employees who are focused on ly on their specific 
assignments. 
OHM has implemented a program to recognize outstand ing safety performance 
of the project team as well as individuals. The awa rds vary from 
monogrammed baseball caps or jackets to dinner out for the crew members. 
The important feature is that the work crew selects  the award that is a 
priority for its members and establishes a mileston e by which the award 
may be accomplished which may be related to the pro gress of the project. 
For example, the project team members may choose to  receive a monogrammed 
jacket after completing the project (2 months in du ration) without any 
injuries recorded on the OSHA 200 log. The project safety committee 
petitions the Regional Committee to approve the awa rd and track the 
performance of the project team. The work crew repo rts problems to the 
project management personnel and makes sure that th ey are resolved as 
soon as practical. If the milestone is accomplished , each member of the 
crew is given an award as originally described. Pro ject teams have 
selected a wide variety of awards from clothing, eq uipment, travel 
vouchers, or bonus checks.  
Awards are also granted for individuals within the Region that complete a 
year without an OSHA recordable injury. The awards are selected by the 
Regional Safety Management Review Committee and dis tributed to eligible 
individuals. Clothing and equipment are commonly aw arded with more 
expensive awards assigned to individuals who have c ompleted multiple 
years without a recordable injury. There are many m ethods to reinforce 
the success of safe work practices and each method serves to emphasize 
the importance of the "Zero Accident Program." 



RESULTS 
The "Zero Accident Program" is showing dividends fo r the corporation. The 
rate of OSHA recordable injuries has dropped by mor e than 63% over the 
last 3 years (see Fig. 2). Two of the OHM profit ce nters, Midwest Region 
and Southeast Region, recorded their last lost work  time injury in 1994 
and have accumulated over 2.6 million labor hours w ithout a lost time 
injury. The number of job sites that were able to a chieve zero injuries 
is increased over the last 2 years by 54%.  
OHM's Experience Modification Rate, published by th e insurance companies 
to reflect the cost of injuries compared to other c ompanies in the same 
industry, continues to decline. It is currently 87%  below the expected 
average and it has dropped by 50% each year for the  last 2 years. As 
importantly, many of our clients are recognizing th is effort by offering 
monetary incentives to complete the project without  any incidents.  
Fig. 2 
CONCLUSIONS 
1. The chemical hazards encountered at a hazardous waste site can be 
managed so that exposures to employees are acceptab le. The hazards 
stemming from construction activities represent the  major source of 
personal injury and must be controlled.  
2. There is a connection between accidents and pers onal injuries. In 
order to reduce personal injuries, a company must r educe accidents at the 
workplace. It is practical to expect that injuries can be reduced to zero 
by minimizing accidents and the conditions that con tribute to accidents.  
3. A "Zero Accident Program" requires the commitmen t of management to 
promote the elements and provide adequate resources  to correct the 
discrepancies.  
4. The "Zero Accident Program" has been successful for OHM since the 
spring of 1994. The rate of OSHA recordable injurie s has dropped by 63%. 
The Midwest Region has accumulated over 1 million h ours without a lost 
time injury since the program started. 
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ABSTRACT 
The In Situ Vitrification (ISV) technology was inve nted by Battelle 
Pacific Northwest National Laboratory (PNNL) for th e U.S. Department of 
Energy (DOE) in 1980. The technology involves the e lectric melting of 
contaminated soil and debris, in situ, for purposes  of destroying organic 
contaminants and permanently immobilizing hazardous  and radioactive heavy 
metals. The ISV technology has been developed and d emonstrated on a broad 
range of contaminants, soil types, and waste materi als and debris. 
Geosafe Corporation (Geosafe) offers ISV remediatio n and waste treatment 
services on a large-scale commercial basis, and has  recently completed 
its third major site remediation project. 



The ISV technology was transferred from Battelle/PN NL to Geosafe starting 
in 1988. Subsequently, Geosafe has transferred the technology to a new 
company, ISV Japan, Limited (ISVJ) starting in 1995 . This paper reviews 
the technology development and commercialization ch ronologies for the ISV 
technology, and then discusses the technology trans fer processes that 
were performed during that time. Eight (8) basic el ements of the 
technology transfer process are presented, includin g: 1) license rights, 
2) technical information, 3) laboratory test/demons tration know-how, 4) 
commercial production technology know-how, 5) provi sion of experienced 
staff members, 6) continuing technical assistance, 7) 
financial/investment support, and 8) shareholder po sitioning. The two 
technology transfer events (Battelle/PNNL to Geosaf e, and Geosafe to 
ISVJ) are contrasted relative to these eight elemen ts. 
The authors believe that the technology transfer mo del represented by the 
8-elements listed above, is very effective. It is n oted that one weakness 
of the process lies in the area of estimating the t ime and costs 
associated with translating a laboratory demonstrat ed technology into a 
commercial production technology. It is recognized that technical 
operating know-how is critical to the success of ef fective technology 
transfer; and provisions must be made to ensure tha t knowledgeable staff 
are made available to the recipient of a technology  transfer, until such 
time that they possess the needed know-how themselv es. In the 
Battelle/PNNL to Geosafe technology transfer, this need was met by 
Battelle's provision of full-time experienced techn ical and business 
development staff to Geosafe. In the Geosafe to ISV J technology transfer, 
this need is being satisfied by provision of knowle dgeable Geosafe staff 
on an as needed basis under a technical assistance contract. Lastly, the 
paper identifies a continuing financial involvement  between the parties 
as an important element of effective technology tra nsfer. 
INTRODUCTION 
The purpose of this paper is to review the processe s employed in the 
transfer of the ISV technology originally from the DOE's PNNL to Geosafe, 
and subsequently from Geosafe to ISVJ. A general te chnology transfer 
model is presented, and the two technology transfer  experiences are 
contrasted relative to it. The following summary de scription of the ISV 
technology is presented to help the reader relate t o the type of 
technology being transferred, and the type of busin ess Geosafe is 
involved in. 
The ISV technology was an outgrowth of the joule-he ated melter 
vitrification technology developed by PNNL in the 1 970s and 80s for the 
immobilization of high level radioactive waste. At that time, 
vitrification had been recognized worldwide as the best available means 
to immobilize heavy metal radionuclides; and PNNL w as DOE's reference 
vitrification laboratory. In 1980, PNNL melter vitr ification experts were 
given DOE discretionary funds to do proof-of-princi ple testing on the ISV 
concept. The initial test was so successful that DO E's Hanford Field 
Office immediately challenged PNNL to develop a mea ns of vitrification 
that could be applied in situ to soil sites that ha d been previously 
contaminated with TRU waste. Since the 1980 inventi on (and 1983 patent), 
the ISV technology has been developed to be broadly  applicable to site 
remediation and waste treatment applications involv ing a full range of 
hazardous, radioactive, and mixed contaminants pres ent in soil, wastes, 
other earthen materials, and debris.  



The ISV technology involves the in situ electric me lting of earthen 
materials for several possible purposes, including:  1) thermal 
destruction/removal of hazardous organic and inorga nic compounds, 2) 
permanent immobilization of hazardous and radioacti ve heavy metals within 
a high integrity vitrified product form, 3) convers ion of waste materials 
into recycled products, and 4) production of high i ntegrity vitrified 
masses for various civil engineering applications.  
The ISV process involves placement of an array of e lectrodes (usually 4) 
a short distance into the media to be treated. A me lt is initiated at the 
surface between the electrodes, and as electrical p ower is passed through 
the melt, joule heating occurs, causing the melt to  grow outward and 
downward as long as application of power is continu ed. Geosafe employs a 
mobile, large-scale system capable of applying 3.5 MW of power to a melt. 
This system has been employed to make individual me lts as large as 1,400 
tons in mass, and approximately 40-ft in diameter b y 22-ft deep.  
The high operating temperature of the ISV process ( 1,600-2,000C) results 
in the pyrolytic destruction of organic contaminant s. Heavy metals are 
typically immobilized by chemical incorporation int o the high integrity 
vitrified product that results from the melting pro cess. Volume reduction 
on the order of 20-50% is typical for most earthen media applications. 
The vitrified product typically possesses outstandi ng physical, 
weathering, leaching, and biotoxicity properties. T hese properties for 
the ISV product are typically superior to those of ex situ melter 
products because of the effects of fluxant additive s which are necessary 
to lower the melt temperature in ex situ melters.  
The ISV process and its attendant vitrified product  may be the most 
technically preferred and cost effective technology  alternative in cases 
where: 1) a combination of organic and heavy metal,  or hazardous and 
radioactive contaminants must be treated, 2) onsite  and in situ treatment 
is desired, 3) the site contains non-homogeneous so il conditions and/or 
debris, 4) maximum treatment effectiveness and perm anence are required, 
and/or 5) high volume reduction is desired. The rea der interested in more 
information regarding the ISV technology is referre d the authors and 
specifically to the following two references (1)(Th ompson, 1995). 
Geosafe provides four basic ISV-related products/se rvices to the site 
remediation and waste treatment markets, including:  1) applicability 
analyses and cost estimates, 2) treatability testin g and demonstrations, 
3) technical assistance during remedial design, sit e preparation, and 
site restoration, and 4) onsite vitrification servi ces. Figure 1 shows 
Geosafe's large-scale ISV equipment being operated at the Wasatch 
Chemical Superfund Site in Salt Lake City. 
REVIEW OF ISV TECHNOLOGY DEVELOPMENT AND COMMERCIALIZATION 
The ISV technology was invented and proof-of-princi ple tested in 1980 by 
PNNL at the Hanford Site. Initial process explorati on was performed until 
1983, when the program emphasis moved toward a larg e-scale equipment 
design and demonstration basis. The initial applica tion interest was 
DOE's TRU-contaminated soil sites; a successful pil ot-scale demonstration 
on Pu-contaminated soil was performed in 1983. 
By 1986, a large-scale (100 ton/day) mobile ISV sys tem had been designed, 
constructed, and operational acceptance tested. Thi s enabled performance 
of the first radioactive large-scale test at Hanfor d's 200 Area during 
1986. Approximately 120 tests and demonstrations we re performed at 
engineering-, pilot-, and large-scale between the y ears 1980 and 1990. 
Many of these tests demonstrated the applicability of the technology to a 



full range of hazardous, radioactive, and mixed con taminants. This range 
of capabilities strongly interested the non-DOE mar ketplace. Geosafe was 
established in 1988, primarily to address the non-D OE markets that were 
developing in response to CERCLA, RCRA, and TSCA re gulations. 
Fig. 1 
It should be noted that the nature of the DOE ISV t echnology development 
program emphasized rapid equipment development and demonstration as a 
means of quickly evaluating the potential of the te chnology. While this 
approach certainly demonstrated the potential of th e technology, it did 
not allow time nor funds for adequate definition of  the underlying 
science and technology needed to support commercial  application of the 
technology. This became obvious after Geosafe attem pted to initiate 
commercial operations at large-scale; and it became  necessary for Geosafe 
to spend substantial time and money on "backfilling " the base science and 
technology needed to translate the "laboratory-base d" experience to the 
commercial arena. This translation was completed in  1992, and Geosafe 
initiated its first large-scale commercial work in 1993. Since that time, 
Geosafe has performed more than 50 large-scale ISV melts, and has 
demonstrated the broad capabilities and reliability  of the technology. 
Fig. 2 
Figure 2 summarizes the technology development and commercialization 
chronologies since 1980. The reader interested in m ore detail in this 
area is referred to the ISV commercialization case study presented by the 
Geosafe authors at Waste Management '95 (3). 
ISV TECHNOLOGY TRANSFER 
Technology transfer involves passing necessary righ ts, information, and 
knowledge, regarding a technology, from one party t o another so that the 
receiving party may effectively employ the technolo gy. There are many 
ways that technology transfer can be accomplished. At one extreme, 
transfer may be accomplished simply by licensing a patent to a 
knowledgeable recipient. At the other extreme, effe ctive technology 
transfer may require a more extensive effort and a long-term relationship 
between the transferring and receiving parties. As prior employees of 
Battelle Memorial Institute, the Geosafe authors we re involved with 
technology transfer activities dating back to the 1 970s, primarily from 
the point of view of the transferring party. In tha t role they have 
experienced the difficulties involved in locating a nd generating interest 
in a potential technology recipient. As Geosafe emp loyees, they have seen 
the technology transfer process from the technology  recipient's point of 
view. These experiences have led to a technology tr ansfer model that 
includes eight (8) basic elements, as follows: 
1) Provision of license rights to patent(s), techni cal information, know-
how, and future improvements 
2) Provision of full technical information regardin g the technology, 
including process and equipment specifications and a historical project 
database 
3) Provision of know-how related to technology test  and demonstration 
capabilities 
4) Provision of know-how related to use of the tech nology in commercial 
production 
5) Provision of experienced technical and business development staff 
members 
6) Provision of continuing technical, business deve lopment, and 
environmental industry assistance 



7) Provision of financial and/or investment support  
8) Assumption of an ownership interest by the trans ferring party in the 
receiving party. 
Transfer of the ISV technology has occurred two tim es, and is in the 
process of being performed a third time. The origin al transfer was from 
DOE's PNNL (operated by Battelle) to Geosafe, start ing in 1988. The 
second major transfer was from Geosafe to ISVJ star ting in 1995. 
Preparations related to transferring the technology  to Australia are 
currently underway. Figure 3 relates the first two technology transfer 
processes to a time line and to the commercial stat us of the technology. 
Each of these technology transfers are discussed in dividually below, 
relative to the technology transfer model listed ab ove. 
Transfer from DOE/PNNL to Geosafe Corporation Batte lle invented the ISV 
technology for DOE in 1980. A very fundamental U.S.  patent was issued in 
1983. DOE also filed for and obtained ISV patents i n the major 
industrialized countries of the world. After issuan ce of the U.S. patent, 
DOE announced that nonexclusive rights to use the p atent were available 
to interested parties; to Geosafe's knowledge, ther e were no respondents 
to that offer. With hindsight, the authors believe that the early 
development stage of the technology, and the nonexc lusivity of available 
license rights, contributed to the lack of applican ts in response to 
DOE's offer. Subsequently, Battelle applied for and  was granted partially 
exclusive rights to the technology in 1986. The rig hts were partially 
exclusive in that they did not include rights to th e radioactive field of 
use. Radioactive rights were granted within a few y ears, making 
Battelle's license exclusive in all fields of use, worldwide. In exchange 
for these rights, Battelle had to commit to prepara tion and 
implementation of a strategic business plan leading  to commercialization 
of the ISV technology. This was completed in 1987. Battelle's plan called 
for the establishment of a separate company for com mercial application of 
the technology; Geosafe was so established in 1988.   
As the world's largest contract R&D firm, Battelle held extensive 
experience at that time in the field of technology transfer. Many 
technologies were transferred at that time by licen sing patent rights, 
provision of technical information, and provision o f technical assistance 
to licensees as required. Battelle's strategic anal ysis of the 
opportunities for the ISV technology, and the natur e of the developing 
site remediation marketplace, caused them to make a n extraordinary 
commitment to the commercialization of ISV, includi ng provision of key 
technical and business development staff, and initi al capitalization of 
the new company (Geosafe), in addition to exclusive  worldwide sublicense 
rights, technical information, and continuing techn ical assistance. 
Fig. 3 
This transfer of technology from Battelle/PNNL to G eosafe resulted in a 
licensee that had a full and working knowledge of t he technology from 
technical and business development points of view, and had a direct path 
for advanced technical assistance as needed. Recogn izing that the key 
staff from Battelle did not have significant enviro nmental remediation 
industry experience, Battelle further increased the  chances of success 
for its offspring by employing a management team th at had prior 
successful experience in the industry. 
It is important to recognize that this transfer of technology involved 
the transfer of a "laboratory developed and demonst rated technology", but 
not a "commercially viable production technology". It was believed at 



that time that it would be but a short step to tran slate the laboratory 
technology into a fully functioning production tech nology. That belief 
proved to be in error, and Geosafe found it necessa ry to invest 
significant time, money, and effort into producing a commercially viable 
technology. Had Geosafe been unable to obtain addit ional capitalization 
during this period, this technology translation nee d could have been 
fatal to the technology transfer and commercializat ion effort. It is 
recognized that it is very difficult to accurately predict the effort 
needed to translate a laboratory technology into a production technology. 
The importance and need for such translation should  be a major 
consideration in technology transfer efforts. 
The transfer of technology from Battelle/PNNL was s ubstantially completed 
by 1992, when Geosafe's capabilities became strong enough in the ISV 
technology field to minimize the need for further t echnical assistance 
from Battelle/PNNL, except for longer-term R&D need s. As would be 
naturally expected, the child rapidly gained knowle dge and experience 
from its technology translation efforts and large-s cale field activities, 
making it stronger than the parent in the transferr ed technology. In 
fact, collaboration between the two organizations t oday often involves 
"reverse" technology transfer, as Geosafe provides technical assistance 
to Battelle/PNNL in support of its ISV Program bein g performed for 
various DOE interests. 
Transfer from Geosafe to ISV Japan 
Geosafe's sublicense involves worldwide rights. Sin ce its inception, 
Geosafe has received more than 200 inquiries from f oreign organizations 
regarding the possibility of sublicensing the ISV t echnology. Such 
inquiries were handled in a manner consistent with the state of the 
technology, and Geosafe's perceived need to firmly establish ISV within 
the U.S. marketplace before taking it abroad. Most inquiries were "blind" 
(i.e., based on little knowledge of the ISV technol ogy and its status), 
and were motivated by foreign firms searching the U .S. literature for 
technology acquisition opportunities. 
Many such inquiries also came from Japan, which dur ing the past 5 to 7 
years, has been developing its environmental remedi ation and waste 
treatment markets. One very different line of inqui ry came to Geosafe 
through the Japan Research Institute, Limited (JRI) . JRI had assembled a 
consortium of companies that were interested in exp loring ISV's potential 
for the Japanese marketplace. At that time they nei ther requested, nor 
were ready to seek a sublicense to ISV. Rather, the y proposed a time of 
working together to evaluate the technology and its  potential application 
within Japan. That approach held significant intere st to Geosafe; and in 
1990, cooperative efforts were undertaken. Membersh ip in the Japan ISV 
Consortium varied with time; typically there were a bout 8 member 
companies, including JRI, a major trading company, a major chemical 
industry firm, and several construction companies ( Japan's remedial 
action contractors). 
For the following four years, Geosafe performed exp loratory tests related 
to the Japanese "condition", at its test site in Ri chland, WA. Testing 
was performed in several key market application are as (e.g., LLW facility 
remediation, contaminated soil remediation, industr ial waste treatment, 
concrete D&D waste treatment). In addition to the U .S.-based testing, the 
annual program involved performance of demonstratio n tests in Japan to 
confirm and demonstrate to others that the U.S. tes t results would be the 
same for Japanese soil conditions. The Japan ISV Co nsortium would arrange 



for "field days" (typically two consecutive days) i n conjunction with the 
demonstration projects for purposes of informing po tential clients and 
regulators about the ISV technology. Often test mel t products (vitrified 
monoliths) from U.S. testing would be shipped to Ja pan for display during 
such demonstration field days. JRI and the Consorti um were very effective 
in developing market and regulatory awareness withi n Japan in this 
manner. Television and printed media coverage was a lso present during the 
field days. 
In addition to the technology side of the explorato ry and evaluation 
efforts performed by the Consortium, they also work ed extensively in the 
regulatory and marketplace areas. They were able to  obtain partial 
financial support from the Japanese Ministry of Int ernational Trade and 
Industry (MITI) to support their efforts. In 1994, MITI contributed about 
$5 million toward the design, construction, and tes ting of a stationary 
batch type ISV treatment system as part of an econo mic stimulation 
project in Japan. That system is shown in Fig. 4. 
After the several year evaluation process, a majori ty of the Consortium 
members decided that an appropriate opportunity exi sted for ISV in the 
Japanese marketplace. The Consortium then proceeded  to request and 
negotiate a license from Geosafe for the territory of Japan. That license 
was finalized, and ISVJ was formally established in  Tokyo during May, 
1995. 
Fig. 4 
COMPARISON OF TECHNOLOGY TRANSFER EFFORTS 
Significant differences exist between the transfer of ISV technology 
between Battelle/PNNL and Geosafe, and between Geos afe and ISVJ. Table I 
presents the elements employed in both transfers, a nd points out the 
primary differences. Most notably, the Geosafe-ISVJ  transfer involved 
transfer of a fully developed, commercially proven technology; whereas 
the Battelle/PNNL-Geosafe transfer involved transfe r of a laboratory 
demonstrated technology. This situation, at the tim e of the Battelle/PNNL 
to Geosafe technology transfer, meant that Geosafe had to bear the risk 
of the time and expense of translating the laborato ry technology into a 
commercial production technology. This was not the case of the transfer 
between Geosafe and ISVJ. In this case, ISVJ receiv ed a fully developed 
commercial technology and did not have to withstand  the risks that 
Geosafe had to when it received the technology from  Battelle/PNNL. This 
difference provided ISVJ with much greater certaint y that the ISV 
technology could be immediately applied on a commer cial basis within 
Japan. 
Another significant difference between the two tech nology transfer cases 
lies in the area of technology deployment know-how that exists within key 
Geosafe staff members. As mentioned above, the Batt elle/PNNL to Geosafe 
transfer involved the employment of experienced Bat telle/PNNL staff 
members as key staff of Geosafe. This type of know- how transfer has not 
been done in the Geosafe to ISVJ transfer, primaril y because two 
different countries and cultures are involved, and because of the 
distances involved. It is recognized, however, that  the transfer of know-
how to the new company is a crucial ingredient of t he technology transfer 
process. Therefore, as part of the license agreemen t between Geosafe and 
ISVJ, Geosafe has committed to provide onsite techn ical support as needed 
to support the project development, planning/design , staff training, and 
performance of initial projects, until such time th at ISVJ no longer 
requires such assistance. The agreement requires th at Geosafe technical 



staff approve all operational plans and equipment d esigns prior to 
commencement. The agreement also requires the parti cipation of Geosafe 
personnel, onsite, at an agreed upon level during i nitial operations. In 
this way, Geosafe will ensure that the needed know- how is present during 
ISV operations. 
Table I 
The provisions described above also address another  very important 
consideration of technology transfer; that is the n eed to ensure that the 
technology is not misapplied. The ISV technology is  not a straight 
forward extension of an existing technology (e.g., joule-heated melters); 
rather it is fundamentally different in most aspect s of its operation. 
There is a significant amount of underlying, ISV-sp ecific science and 
engineering knowledge that is necessary to properly  apply the technology. 
And it is possible to misapply it. Therefore, clear  establishment of an 
acceptable operating "envelope" is a crucial elemen t of the transfer 
process. And of course, it is of utmost importance to both parties that 
the technology not be misapplied due to the repercu ssions that could 
result in both the U.S. and Japanese marketplaces. The license agreement 
between Geosafe and ISVJ specifically addresses the se concerns. 
A last significant difference between the two trans fer processes also 
partially relates to the above needs. In the case o f the Battelle/PNNL to 
Geosafe transfer, Battelle became the primary share holder of the new 
company. This guaranteed the kind of close, continu ing relationship that 
is very helpful for effective technology transfer. It is noted, however, 
that Battelle is not in the business of operating s ubsidiary companies, 
but rather has invested in Geosafe as part of the t echnology transfer 
process. It is expected that Battelle's share in Ge osafe will decrease as 
additional capitalization is obtained from environm ental industry sources 
to support Geosafe's growth. Geosafe has also becom e a significant 
shareholder of ISVJ, but not as a primary investor.  This investment was 
not necessary to provide initial capitalization to ISVJ, but rather it 
provides benefits to both Geosafe and ISVJ. It allo ws Geosafe to 
participate in the growth and success of ISVJ; and it guarantees 
Geosafe's attention to the needs of ISVJ. 
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CONSIDERATIONS FOR THE IMPLEMENTATION OF PARTNERING AGREEMENTS FOR 
TECHNOLOGY TRANSFER RELATED TO  
DEPARTMENT OF ENERGY PROGRAMS 
Terry A. Kuykendall 
Parsons Engineering Science, Inc. 
ABSTRACT 
The Department of Energy (DOE), and the DOE nationa l laboratories in 
particular, have developed numerous processes and t echnologies that have 
the potential to be of practical use to both the go vernment and 



commercial market sectors in areas such as environm ental remediation, 
waste management, applied physics, remote handling,  etc. For effective 
commercial application, these technologies must be transferred to private 
enterprize for further development, tailoring for s pecific functions and 
uses, and full development and targeting of potenti al markets. This 
transfer will require the skills, interfaces, and b usiness relationships 
of a consortium of organizations with appropriate s pecialized experience 
and expertise. 
In order to develop and implement effective technol ogy transfer programs, 
it is beneficial for the DOE site or laboratory to enter into partnering 
arrangement with engineering/technology firms, univ ersities and academia, 
private industry, other government agencies, and sp ecialized business 
entities to support the identification, development  and transfer of 
emerging technologies developed and/or adapted by a  laboratory or 
research and development (R&D) organization which c an be applied to 
address ongoing or future needs for environmental m anagement. 
The concept of partnering represents a long-term co mmitment among the 
involved organizations for the purpose of achieving  specific business 
objectives by maximizing the effectiveness of the r esources of each 
participant. This relationship requires change in t he traditional 
business and working relationships to a shared cult ure without regard to 
organizational boundaries. This relationship must b e based upon trust, 
dedication to common goals, and understanding of th e individual 
expectations and goals of the partnering team membe rs. 
A typical partnering arrangement for DOE technology  transfer should 
accommodate the following goals: 
  Development and transfer of technology from the D OE operations, 
laboratory, and/or R&D environment to business enti ties within the 
private sector (commercialization); 
  Implementation of an arrangement to involve (to t he extent practicable) 
entrepreneurial organizations such as small busines ses, small 
disadvantaged businesses, woman-owned businesses, a nd collegiate 
universities and organizations;  
  Identification of areas of potential ongoing and/ or follow-on research 
in support of the DOE and private/commercial sector  requirements. 
These objectives will be achieved by establishing d efined roles and 
responsibilities of the member organizations of the  partnering 
arrangement, and by emphasizing the strengths and r elevant experience of 
the team as a unit. The partnering relationship wil l serve as a business 
venture, and will conduct research, development, an d transfer processes 
in terms of a defined project management and earned  value accountability 
system. 
The key elements of the partnering agreement are: l ong term commitment; 
equality among partnering members; a mutually suppo rtive relationship; 
encouragement of innovation; a commitment to contin ual improvement; 
insurance of continuity of resources; and the promo tion of a `win-win' 
atmosphere.  
The ultimate measure of success will be the demonst rated improvement of 
the ability of the consortium to identify currently  available 
technologies useful to the private sector, and the expediting of 
technology transfer available for commercialization . 
The technology transfer process must address the in terrelationships and 
organizational dynamics necessary to bring a develo pmental technology 
through the development process into a marketable c ondition. Since the 



transfer of DOE technology to the private sector cu rrently is a 
developmental process, there is no patent guidance for this process. The 
development of a partnering arrangement between DOE  and a consortium of 
organizations with complementary skills can lead to  an orderly and 
efficient mechanism for introducing DOE technologie s to the common 
industrial market. 
OVERVIEW OF REQUIREMENTS 
The goals of for a technology transfer program are to apply business 
principles to technical development in order to inc rease the return on 
investment to a higher ratio, avoid unnecessary cos ts and expenses, 
expedite the process of technology transfer directl y to the common 
market, and to implement of effective cost and fina ncial controls to 
demonstrate earned value and value added. 
The technology transfer process must implement tech nology development and 
demonstration of `lessons learned' to improve the u nderstanding of 
available and emerging technologies. In order to id entify, develop, and 
transfer technologies to the private sector for pot ential 
commercialization, specific process elements and re lated responsibilities 
must be addressed by the team, such as basic resear ch, applied research, 
pilot/bench scale development, technology demonstra tion, technology 
transfer, and commercialization. 
The process of technology development, implementati on and transfer must 
involve the identification of problem or need and a  related candidate 
remedial technology (or technologies). The technolo gy may be a process, 
procedure, equipment and/or system that meets a spe cific need and allows 
the user to accomplish the desired results in a mor e efficient, cost 
effective, and/or safe and environmentally preferen tial manner than 
existing methods and/or techniques.  
The development of the candidate technology may req uire basic and/or 
applied research, testing and implementation of a p rocess or equipment, 
or the adaptation of existing processes, systems, o r methods. To assure 
that a technology is cost effective and addresses t he appropriate 
application, several stages of analysis and impleme ntation will be 
conducted. Each stage requires unique talents, capa bilities, and 
experience from the partnering team members. The te am must reflect 
optimum utilization of the appropriate allocation o f resources and 
expertise without regard to the personal preference s of the individual 
team members. 
PARTNERING OBJECTIVES 
Partnering is a long term commitment between organi zations for the 
purpose of achieving specific business objectives b y maximizing the 
effectiveness of the resources of each participant.  This relationship 
requires change in the traditional relationships to  a shared culture 
without regard to organizational boundaries. This r elationship must be 
based upon trust, dedication to common goals, and u nderstanding of the 
individual expectations and goals of the partnering  team members. 
The partnering arrangement among team organizations  should be structured 
to accommodate the following goals: 
  Development and transfer of technology from the r esearch/national 
laboratory environment to business entities with th e private sector 
(commercialization); 
  Identification of areas of potential ongoing and/ or follow-on basic 
research in support of the Department of Energy (DO E) and 
private/commercial sector requirements; and 



  Implementation of an arrangement to involve (to t he extent practicable) 
small, disadvantaged, and/or minority organizations , including Small 
Businesses (SBs), Small Disadvantaged Businesses (S BDs), and Historically 
Black Colleges, Universities and Minority Instituti ons (HBCU/MIs). 
These objectives can be achieved by establishing de fined roles and 
responsibilities of the member organizations in the  partnering 
arrangement, and by emphasizing the strengths and r elevant experience of 
the team as a unit. The partnering relationship sho uld serve as a 
business venture, and should be used to conduct res earch, development, 
and transfer processes in terms of a defined projec t management and 
earned value accountability system (e.g., as per DO E Order 4700.1). 
A partnering agreement should not be construed as a  contractual 
agreement. Partnering does not create legally enfor ceable rights or 
duties. Partnering does not replace legal contracts ; it is a mechanism to 
implement contracts. Partnering should not be perce ived as a `quick fix'; 
it cannot be implemented without the total commitme nt of all of the 
involved parties. 
The key elements of the partnering agreement are: l ong term commitment; 
equality among partnering members; a mutually suppo rtive relationship; 
encouragement of innovation; a commitment to contin ual improvement; 
insurance of continuity of resources; and the promo tion of a `win-win' 
atmosphere. Success will be based on: 
  Business-driven objectives; 
  Dedication to total organization as part of the s trategic plan; 
  Top-down organizational commitment; 
  Willingness to accept other/alternate ways and co ncepts of conduct; 
  Agreement to equality among team participants; 
  Commitment to invest resources for future returns ; 
  Ability to relinquish control and back away from specific details; 
  Acknowledgement of risks and planning for risk ma nagement; and 
  Mutual trust in the skills, intentions, and contr ibution of team 
members. 
The ultimate measure of success will be the demonst rated improvement of 
the ability of the team to identify currently avail able technologies 
useful to the private sector, and the expediting of  technology transfer 
available for commercialization. 
IMPLEMENTING A PARTNERING AGREEMENT 
Technology transfer and cooperative R&D programs ty pically have been met 
with skepticism, disagreement on partnering terms, and with controversies 
over topics such as ownership of intellectual prope rty. These barriers to 
must be overcome if a partnering arrangement is to have any opportunity 
for success. Since the track record so far for comm ercialization of 
technologies has been spotty and erratic, precautio ns must be taken to 
ensure accomplishment of specified goals. 
The partnering agreement is not without some concer ns and issues that 
must be resolved. These issues and concerns include : 
  Protection of proprietary information; 
  Licensing of products and technology; 
  Fair sharing of risks; 
  Obtaining and maintaining total commitment to the  relationship; 
  Creation of dependencies on partnering members; 
  Inherent limitations of the competitive market st rategy; and 
  Difficulties with the integration of organization s with differing 
cultures. 



The primary focus of the arrangement will be for th e partnering 
organizations to assist each other in the developme nt of technology that 
can be optimally packaged for implementation and tr ansfer to the 
commercial sector. The team members must have the c ommitment to identify 
areas of further development and needs for new basi c research as a source 
of business development for the technology. This cy clic relationship will 
provide promotion of a continuing and ongoing partn ership that will 
provide not only technology transfer, but will esta blish the basis for 
the team to become a long-term contributor to priva te industry. 
PERFORMANCE REQUIREMENTS AND EXPECTATIONS 
The development and transfer of technology must foc us on the major 
obstacles to progress that have existed with previo us efforts involving 
national laboratories and R&D organizations. The te am must emphasize 
problem/solution-oriented technology development to  support specific 
client and market sector needs. The partnering prog ram must implement a 
management structure that involves the team members , customers, 
regulators, and other stakeholders. This up-front i nvolvement will be 
instrumental in the establishment of effective comm unications with 
internal and external stakeholders, and the conduct  of technology 
development and implementation in an open and inter active fashion. The 
early buy-in of stakeholders (and potential interve ning organizations) 
will streamline the transfer process, thereby reduc ing costs and 
schedules. 
The goals of this program must be to apply business  principles to 
technical development in the following areas: 
  Increasing the return on investment to a higher r atio; 
  Avoidance of unnecessary costs and expenses; 
  Expediting the process of technology transfer dir ectly to the common 
market; and 
  Implementation of effective cost and financial co ntrols to demonstrate 
earned value and value added. 
Also, partnering is a vehicle for concepts such as Total Quality 
Management and innovative thinking for the developm ent of technologies. 
Expected benefits include improved efficiency and f unding utilization, 
and continuous improvement of quality products and services. 
The primary team members of a partnering agreement are the supplying 
organization (e.g., the national laboratory) and th e design/engineering 
firm. Academia will be included to provide addition al resources and 
support for technology development. Small businesse s will be represented 
on a case-by-case basis by companies identified spe cifically for the 
selected technology development and transfer applic ation. 
THE TECHNOLOGY DEVELOPMENT/TRANSFER PROCESS 
The process of technology development, implementati on and transfer must 
involve the identification of problem or need and a  related candidate 
remedial technology (or technologies). The technolo gy may be a process, 
procedure, equipment and/or system that meets a spe cific need and allows 
the user to accomplish the desired results in a mor e efficient, cost 
effective, and/or safe and environmentally preferen tial manner than 
existing methods and/or techniques.  
The development of the candidate technology may req uire basic and/or 
applied research, testing and implementation of a p rocess or equipment, 
or the adaptation of existing processes, systems, o r methods. To assure 
that a technology is cost effective and addresses t he appropriate 
application, several stages of analysis and impleme ntation will be 



conducted. Each stage requires unique talents, capa bilities, and 
experience from the partnering team members. The te am must reflect 
optimum utilization of the appropriate allocation o f resources and 
expertise without regard to the personal preference s of the individual 
team members. 
The technology transfer process must implement tech nology development and 
demonstration of `lessons learned' to improve the u nderstanding of 
available and emerging technologies. In order to id entify, develop, and 
transfer technologies to the private sector for pot ential 
commercialization, the follow process elements and related 
responsibilities will be addressed by the team: 
Basic Research 
This preliminary effort involves the investigation of identified 
technologies which may not be directed at a specifi c problem or need, but 
have potential for application in one or more targe t areas. The focus in 
this area will be on the accumulation of knowledge,  with an understanding 
that some concepts of applicability are necessary. The instigation of a 
relationship with a private engineering organizatio n, along with the 
connections to private industry, will allow technol ogy researchers to 
evaluate the implications of results and the potent ial technology 
applications. This area is primarily the focus of t he national labs; 
academic institutions may be utilized to supplement  laboratory resources. 
Applied Research 
This effort involves the definition of specific pro blems or problem 
types, and the proposal of candidate technologies t o solve these 
problems. Evaluation of the needs of private indust ry and DOE programs 
will provide access to field problems to which rese arch can be applied. 
The engineering firm may support the national labor atory as required in 
the coordination of investigations into industry an d DOE requirements. 
Academic institutions may play a role in the develo pment of research 
applications. 
Pilot/Bench Scale Development 
This is the proof-of-principle phase. The feasibili ty of a process for 
application to a specific problem is the basis for this process element. 
Identification of potential implementation problems  and resolution of 
technical issues typically are accomplished at this  stage. The national 
laboratory and the team engineering firm will parti cipate here in a 
coordinated effort with academia and a business int erested in 
commercialization. 
Pilot/bench scale testing will involve the identifi cation of performance 
metrics, evaluation of the technology status, bench marking and baselining 
of technology, analytical testing, and comparative analysis to define the 
utility of the candidate process and/or equipment. 
Technology Demonstration 
At this stage, the candidate technology will be app lied to a `real world' 
problem in the field. Procedures will be developed to document the 
process, and tested with the expectation that the t echnology can be fully 
implemented with the incorporation of the results o f the demonstration. 
This step will involve the preparation of drawings,  procedures, and other 
documents required for consistent and reproducible operation, and may 
include ancillary issues such as safety, training, quality assurance, and 
permitting. The engineering firm will have a major role in this area for 
coordination of activities with the technology deve lopers and the 
implementing organization (e.g., small businesses).  



Technology Transfer 
This is the establishment of the ways and means to prepare the technology 
for introduction into the commercialization process . This will involve 
documentation of demonstration results and specific ations, and 
extrapolation of potential and possible application s of the technology 
within the commercial/private industry environment.  The laboratory and 
the engineering firm will coordinate this transitio nary phase with the 
technology developers and implementation organizati ons, and may include 
potential end-users. 
Commercialization 
This step requires that the process or equipment be  defined, developed 
and packaged for specific commercial applications, and that the product 
meets safety and regulatory standards for commercia l. Necessary permits 
and licenses must be in place to assure compliance.  Primary and secondary 
markets should be identified and developed for pote ntial commercial 
application of the processes. 
It will require a dedicated, well-planned, and coop erative effort to move 
technology into the private sector. The team engine ering firm will be 
instrumental in working with the partnering members  to target commercial 
industries and to present technologies in the most marketable 
perspective. 
The engineering firm must take a lead role in this process phase, with 
the support from academia and technology vendors (e .g., small businesses 
or other organizations that will make the technolog y available to the 
public) for commercialization implementation. The p artnering team also 
will be responsible for identifying areas of possib le related research, 
development, and analysis as a feedback loop for fu ture efforts. 
ROLES OF THE PARTICIPANTS AND PARTNERING AGREEMENT 
The integrated partnership must include defined rol es and levels of 
responsibility for the initiation, evolution, and c ompletion of each 
technology transfer project. The following sections  define a proposed 
sharing of responsibilities: 
National Laboratory/R&D Organization 
The national laboratory will contribute a large arr ay of facilities and 
resources not available in the private sector, a mu tidisciplinary staff, 
and a history of the development of science and eng ineering technologies 
that may be developed to serve national needs in ar eas such as 
environmental restoration and waste management. The  team of dedicated 
scientists, technologists, and engineers will provi de a cooperative 
source of superior resources for technology develop ment. 
The national laboratory would have the primary resp onsibilities for: 
  Conduct of basic research 
  Conduct of applied research 
  Provision of scientific/technical support 
  Participation in pilot/bench-scale testing 
  Provision of testing facilities 
  Coordination with user facilities 
Architect/Engineering Firm 
The team A/E firm should bring an established credi bility in the DOE 
complex for design, evaluation, and demonstration o f engineered systems 
and technology. Successful A/E companies add an ext ensive network of DOE, 
DoD and private industry contacts, and can promote the conversion of 
concepts into directly applicable technology for th e commercial 
marketplace. These firms have experience which can provide opportunities 



for research and development in addition to access to ongoing remediation 
projects where new technologies may be implemented,  and can identify 
areas with potential for future research. 
Due to the nature of the architect/engineering busi ness, the A/E team 
member will have historical and current experience in the establishment 
and deployment of full-service teams to comply with  client requirements. 
The engineering firm can take the lead role in the integration of the 
team, interfacing of team elements, and the commitm ent of mutually-
beneficial participation for all partnering members .  
The primary contributions of an A/E firm to the par tnering arrangement 
will be: 
  Conduct of business planning 
  Development of financial feasibility analyses 
  Integration of team members and elements 
  Conduct of market surveys 
  Provision of project management 
  Conduct of engineering/design support 
  Implementation of technical optimization 
  Integration of systems configuration 
  Conduct of regulatory analysis 
  Preparation of permitting and licensing requireme nts 
  Preparation of technical procedures and specifica tions 
  Identification of new needs and opportunities for  laboratory programs 
Universities and Academic Organizations 
Universities and academic organizations should be s elected to the 
partnering team that have a nationally respected re putation and that 
provide progressive programs in the promotion of en gineering and 
technology development. Universities typically have  dedicated faculty and 
well-developed facilities to support a partnering a rrangement. The 
university also provides access to an engineering s tudent body that can 
be dedicated to performance, and that is eager to p articipate in the 
development and implementation of leading-edge tech nologies. 
The main focus of participation by academia will in clude: 
  Participation in pilot/bench-scale testing 
  Preparation of training programs and teaching aid s 
  Participation in faculty exchange programs 
  Provision of co-op/graduate students for research  
  Coordination of technology access from other labs   
  Investigation of technology transfer from/to othe r organizations 
  Conduct of literature surveys and information sea rches 
  Preparation of technical reports 
Small Businesses 
Targeted, focused small businesses are the most eff ective means of making 
quick decisions on technology transfer, and should always be considered 
as potential partners. These small businesses provi de an entrepreneurial 
and action-oriented culture that can serve to ident ify and act on 
opportunities and to reduce cost and save time thro ugh the implementation 
of innovative ideas. These companies may be equipme nt vendors, technology 
implementation specialists, and/or consultants with in the DOE culture, as 
appropriate for the specific technology transfer ve nture. 
The small businesses will be responsible to: 
  Support implementation of technology 
  Provide needed technology innovations 
  Participate in technology demonstrations 



  Coordinate small business innovative research fun ding 
SUMMARY OF THE PARTNERING PROCESS 
The proposed concepts of a partnering agreement com bines national 
laboratories, engineering firms, and academic insti tutions as the 
committed long-term team members, with supplemental  small and/or 
specialty businesses selected as appropriate for ea ch technology 
demonstration and transfer project. The national la boratory efforts will 
be concentrated in the front end of the process, wh ere technology 
identification and development are key elements. Th e academic institution 
will provide supplementary development and innovati on support, and will 
assist in receiving technology from the laboratory and preparing the 
technology for commercialization. The team engineer ing firm will provide 
the necessary coordination, management, and enginee ring/design to promote 
the success of an effective and beneficial partneri ng relationship. 
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ABSTRACT 
A roadmap process designed to facilitate acceptance  of emerging 
technologies by users and commercial vendors has be en developed for use 
by the U.S. Department of Energy (DOE) Characteriza tion, Monitoring, and 
Sensor Technology Crosscutting Program (CMST-CP) to  transfer its 
portfolio of technologies. The CMST-CP technology t ransfer roadmap 
consists of six main sections: needs assessment, id entification of 
technologies for transfer, a managing-technology-fo r-development (MTD) 
process, a technology de-risking process, a technol ogy verification 
(and/or certification) process, and a "hands-on" te chnical assistance 
process. Through the use of this roadmap process, m any barriers that 
impede acceptance of new technologies have been ide ntified and mitigated. 
INTRODUCTION 
 Many contaminated sites exist within the U.S. as a  result of nuclear 
weapons production activities during the past 50 ye ars. According to the 
1995 Baseline Environmental Management Report (1), the life-cycle cost 
estimate to clean up these contaminated sites range s from $200 to $350 
billion in constant 1995 dollars, with a midrange e stimate of $230 
billion. Over 90% of this total cost will be incurr ed during the next 40 
years, with the remainder lasting to the year 2070 for operation of a few 
large waste treatment facilities. Because of signif icant uncertainties, 
many assumptions were made to derive this estimated  range. While the 
estimate is continually being revised and can be ex pected to decrease 
based on newly available data, the nation's contami nation problems remain 
great in scope as well as costliness. 
The significant uncertainties cited in the report r elate to the lack of 
characterization of contaminated sites, the technic al risk associated 
with remedial solutions, public and regulatory acce ptance of "effective" 
technologies, and future land use decisions, to nam e just a few. The 



report further states that only one-fourth of the k nown 10,500 hazardous 
release sites has been fully characterized. Assumab ly, substantial 
reductions in the cost and duration of cleanup oper ations can be realized 
by implementing "effective" characterization and mo nitoring technologies. 
However, new technology is rarely used in U.S. Depa rtment of Energy (DOE) 
cleanup activities (2). The lack of acceptance of n ew technologies 
primarily results from an inadequate amount of tech nical information, 
insufficient stakeholder/regulator involvement in d ecision making, and a 
lack of teaming between technology developers and u sers.  
The mission of the Characterization, Monitoring, an d Sensor Technology 
Crosscutting Program (CMST-CP), a technology develo pment program within 
the Office of Science and Technology 
(OST) of the DOE Office of Environmental Management  (EM), is to provide 
needed characterization and monitoring solutions in  the following key 
problem areas, hereafter referred to as the Focus A reas: 
  contaminant plume containment and remediation; 
  high-level waste tank remediation; 
  mixed waste characterization, treatment, and disp osal; 
  landfill stabilization; and 
  facility transitioning, decommissioning, and fina l disposition. 
The annual CMST-CP Technology Summary reports, avai lable from 1993-1995 
(3,4,5), detail the program's portfolio of technolo gy development 
activities and their progress. 
The Office of Technology Integration, within the OS T, is responsible for 
developing and implementing roadmap processes that lead to the successful 
use of developed technologies to address environmen tal problems as well 
as commercialization for economic benefit. One such  roadmap process has 
been followed for commercialization and use of emer ging technologies 
developed under the auspices of the CMST-CP. 
TECHNOLOGY TRANSFER ROADMAP 
The CMST-CP technology transfer roadmap, shown in F ig. 1, consists of six 
main sections: needs assessment, identification of technologies for 
transfer, a managing-technology-for-development (MT D) process, a 
technology de-risking process, a technology verific ation (and/or 
certification) process, and a "hands-on" technical assistance process. 
The development of each technology within the CMST- CP portfolio is 
closely analyzed and scrutinized in accordance with  the criteria 
established within these sections to maximize the p robability for 
successful use and commercialization. A summary des cription of each 
section is provided below.  
Fig. 1 
Needs Assessment 
This section encompasses needs identification, vali dation, and market 
study. CMST needs were recently identified through site visits conducted 
by the five Focus Area teams working with individua l Site Technology 
Coordination Groups (STCGs). In addition, CMST need s published in the 
1993 edition of the Technology Needs Crosswalk (6) report were validated 
through listed user contacts and were prioritized a ccording to their 
assessment of the urgency and cost-savings impact o f new technologies.  
A market study report describing current and potent ial markets for 
chemical sensors and fieldable analytical instrumen tation will be 
completed by February 1996. This report will be use d, as the primary 
informational material for discussion, in the works hop and forum on 



chemical sensors for environmental applications to be held in conjunction 
with the 1996 
Pittsburgh Conference. Further market studies are s cheduled, and will 
focus on process monitors and controls and possibly  geophysical 
measurement techniques and data integration tools. In general, these 
market studies contain several elements: review of commercially available 
technologies, market estimates and forecasts, and i dentification of gaps 
where technology development is needed as well as p rioritization of that 
development. 
These market studies along with the customer-focuse d needs assessment 
will be used as a tool to assess the value of each technology as 
perceived by customers (government and private sect or). The evaluation of 
baseline technologies and identification of specifi c performance 
characteristics affecting purchase and usage decisi ons by customers 
provide an important validity check of the needs as sessment results. 
Identification of Technologies for Transfer 
This section involves coordinating resources and co mpiling databases to 
help identify technologies that are ready for trans fer. Reports of 
federally funded R&D activities are becoming increa singly accessible, and 
many organizations sponsored by federal programs ar e spearheading efforts 
to provide on-line access to database information. In the CMST area, 
these resources include the Technology Summary book lets (3,4,5), the 
Technology Catalogue, EnviroTRADE and ProTech servi ces, the CMST 
Technology Catalogue, and others. The CMST Technolo gy Catalogue, an 
effort headed by Applied Sciences Laboratory, Albuq uerque, New Mexico, in 
collaboration with the CMST Technology Transfer pro ject office at Ames 
Laboratory, documents information on performance an d cost of performance 
of 58 CMSTs. These informational materials are pres ented on the Internet 
at the address: http://cmst.ameslab.gov/cmst/homepa ge.html. 
In addition, two versions of a "Technology Solution s" brochure have been 
produced. Each contains a different summary list of  technologies 
available for transfer and their potential applicat ions, with one 
targeting environmental restoration operations and the other waste 
management operations. 
Managing-Technology-for-Development (MTD) Process ( 7) 
The MTD process categorizes technology development into seven maturation 
stages (or gates): basic research, applied research , exploratory 
development, advanced development, engineering deve lopment, 
demonstration, and implementation. The criteria and  requirements at each 
stage are clearly defined. Maturation stage informa tion is necessary for 
a planned and systematic advancement from conceptua lization through 
implementation. It is also required for resource al location and decision 
making on levels of private sector involvement, use r commitment, and 
regulatory/stakeholder involvement. This integrated  planning tool is 
designed to address the funding gap or "valley of d eath" issue that 
occurs prominently at and after the engineering dev elopment stage. By 
teaming with technology developers, customers, stak eholders, and 
regulatory bodies, and by clearly defining the comm itment required from 
each at individual maturation stages, an orderly ha nd-off process can 
succeed. This model has been adopted for use by the  OST. 
Technology De-Risking Process 
This process involves providing financial support f or beta-site testing 
of "developed" technologies to facilitate their acc eptance by customers. 
It is applicable when a customer has specific techn ology performance and 



cost requirements, and a technology developer can p rovide the needed 
solutions. The technology must be beyond the advanc ed development stage 
(see MTD process described above) and the prototype  must be accompanied 
by well documented performance data. An implementat ion plan must be 
furnished by the customer describing how the techno logy will be used once 
it meets performance and cost requirements. This fu nding is jointly 
applied for by the developer and customer, and is i ntended to cover, on a 
cost-sharing basis, expenses associated with infras tructure support 
incurred by the customer and the equipment use, tes ting, and training 
expenses incurred by the developer. The CMST Techno logy Transfer project 
office has developed an application process and acc eptance criteria, and 
has secured funding to support the de-risking of fo ur technologies. This 
pilot activity is in the early stages and has recei ved three applications 
which are listed in Table I. Two are being evaluate d, and one has been 
funded and testing has begun. 
Table I 
Technology Verification (and/or Certification) Proc ess  
This process is designed to gain acceptance of a te chnology by a wide 
base of customers. Among the many barriers affectin g customer acceptance, 
two formidable ones are: the robustness and complet eness of performance 
data sets, and varying requirements from site to si te. Many documented 
performance data are site-specific and on occasion are obtained under 
best-controlled conditions. These data sets lack co mpleteness because of 
the uncertainty of whether they can be reproduced u nder different test 
conditions or sample matrices; they lack robustness  because of an 
inadequate level of quality assurance/quality contr ol (QA/QC) data 
management.  
Many state regulatory authorities, federal departme nts (Department of 
Defense, Department of Commerce, and DOE), and regi onal and national 
Environmental Protection Agency (EPA) offices are t eaming to develop 
working models to address technology performance ve rification and 
reciprocity issues. One such model was implemented for the RCRA and Other 
Heavy Metals in Soils Demonstration. This activity was jointly sponsored 
by MSE, Inc., the prime contractor for the DOE West ern Environmental 
Technology Office; Sandia National Laboratory, a te chnology verification 
entity under contract to the EPA Consortium for Sit e Characterization 
Technologies (CSCT); and the Ames CMST-CP and Techn ology Transfer 
projects office. Four technology developers partici pated in the field 
demonstration activities during the week of Septemb er 25, 1995, in Butte, 
Montana. These developers, their technologies, and the assayed metals are 
listed in Table II. 
Table II 
Split samples were archived and sent to two EPA CLP  laboratories for 
confirmatory analyses. The final evaluation report,  scheduled to be 
issued by the CSCT in March 1996, will not only det ail the performance 
(and cost of performance) of demonstrated technolog ies against individual 
developer or vendor claims, but also comparatively evaluate these field 
performance data with results gained from using bas eline, laboratory EPA 
CLP methods. The performance of the four technologi es under differing 
matrices and test conditions will be documented in accordance with a well 
defined QA/QC data protocol.  
The CMST Technology Transfer project is pursuing th e opportunity to 
participate in the recently announced "Rapid Commer cialization 
Initiative," a coordinated effort between the Depar tment of Commerce, 



Department of Defense, EPA, and DOE. In addition, v erification activities 
dealing with continuous emissions monitoring techno logies and fieldable 
technologies for the detection of volatile organic compounds (VOCs) and 
radionuclides in groundwater are being planned. Pro gress toward these 
planned activities will be presented at the confere nce. 
"Hands-On" Technical Assistance Process 
This process is designed to bring the best-availabl e technological 
solutions to DOE sites and to assist users with imp lementation. Such 
assistance encompasses assessing site problems, res earching best 
available technologies for solving problems, provid ing on-site technical 
services, linking site personnel with vendors, help ing make 
equipment/instruments available for testing, devisi ng test plans, and 
providing training support to site personnel.  
Two approaches are used in this process. The first is to market technical 
assistance services directly to DOE site managers a nd contractors. A case 
study showing how the CMST-CP worked with the Westi nghouse Defense Waste 
Processing Facility (DWPF) exemplifies this method.  During a visit to the 
DWPF in Aiken, South Carolina, in July 1995, CMST-C P and DWPF site 
personnel identified the need for 20 technologies t hat could potentially 
reduce the life-cycle cost of high-level waste proc essing operations. Of 
the 20 technology needs, eight could be met through  further technology 
development; the remaining 12 needs could be met wi th existing 
technologies. To solicit the needed technology deve lopment, the Tanks 
Focus Area and the CMST-CP jointly issued a Call fo r Proposals. Five 
proposals were subsequently selected and awarded. I n relation to the 12 
technology needs with ready solutions, the CMST-CP requested detailed 
information about functional and operating requirem ents, waste matrices, 
and physical requirements (size, weight, power cons umption, shape) from 
DWPF personnel. A technology solution package for e ach identified need 
will be created after adequate information is recei ved and assessed. 
CMST-CP personnel also visited the Argonne National  Laboratory site to 
investigate the VOC and radionuclide contamination problems at the 
317/319 waste sites. Further progress relating to t hese activities will 
be presented at the conference. 
The second approach is to partner with environmenta l firms to 
collaboratively provide hands-on technical assistan ce to DOE sites. 
Currently, environmental firms are contracted to pe rform many of the 
tasks described above at DOE sites. By closely team ing with these firms 
and site personnel, the CMST-CP can incorporate its  broad knowledge about 
the merit of emerging technologies into the plannin g process for 
developing effective technological solutions, which  environmental firms 
and site personnel can then implement. This approac h is in its infancy 
stage; many follow-up activities are expected to de velop. 
CONCLUSION 
The CMST-CP technology transfer roadmap process ide ntifies and mitigates 
many barriers that impede acceptance of new technol ogies. Completeness 
and robustness of technical information can be achi eved by following a 
well developed QA/QC data management plan as an int egral part of a field 
demonstration guidance plan. The technical performa nce and costs of new 
technologies are evaluated and verified against ven dor claims and 
baseline technologies under real-life field conditi ons by working closely 
with regulatory bodies and technology developers an d users. The resulting 
field performance and cost information can then be furnished to potential 



customers who are responsible for making characteri zation and remediation 
decisions. 
The "valley-of-death" funding gap is justifiably id entified as one of the 
main barriers to transferring technologies successf ully. The CMST-CP 
approach of pairing technology developers with user s as well as providing 
beta-site testing support and hands-on technical as sistance is aimed at 
mitigating this issue by awarding limited funding s upport to leverage 
large resources from other sources including site o perations and 
technology developers and users. Two notable succes ses include field 
testing the Sandia robust hydrogen sensor for use i n Hanford high-level 
waste tanks and the teaming activities with the Tan k Focus Area and DWPF 
site personnel. While the funding gap issue remains  largely unresolved, a 
process to use limited resources to achieve the hig hest return is being 
developed and practiced. 
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ABSTRACT 
This paper examines the need for, and feasibility o f, an aggressive waste 
minimization and volume reduction program at the Sa vannah River Site 
(SRS). Commercial nuclear plants have been wrestlin g with the high costs 



of radioactive waste disposal for several years and  have developed proven 
programs that may be beneficial for DOE nuclear fac ilities as well. 
Though the cost of radioactive waste disposal is ty pically lower at DOE 
sites than commercial nuclear plants, dwindling bud gets for government 
projects require closer scrutiny of costs. 
It was concluded that significant cost savings coul d be easily achieved 
by implementing selected commercial nuclear industr y's innovative 
strategies, techniques, and technologies for elimin ating radioactive 
waste. Analysis of the implementation cost of Comme rcial Strategies 
indicates a clear cost benefit with implementation costs typically 
recovered within the first year.  
Acknowledging that the private sector has set the s tandard for waste 
minimization, SRS is partnering with private enterp rise to lead Savannah 
River and the rest of the DOE Complex to the cuttin g edge of waste 
minimization technology and practices. 
INTRODUCTION 
The end of the Cold War and shrinking Federal budge t has led the DOE 
Complex to look for innovative means to improve the  quality of existing 
programs while cutting costs. Each DOE site's ultim ate survival depends 
on an aggressive, results-oriented approach to gett ing more done with 
less, while protecting the health and safety of wor kers and the public. 
Eliminating waste must become a state of mind for e very site initiative 
(1).  
The challenge of surviving in a global economy has forced the private 
sector to develop methods for working smarter and p roducing more with 
less. The commercial nuclear industry has developed  innovative 
strategies, techniques, and technologies for elimin ating and reducing 
waste. Acknowledging that the commercial industry h as set the standard 
for waste minimization, the Savannah River Site (SR S) has sought out 
leaders in the waste field to ensure the best pract ices and technologies 
are implemented throughout the DOE Complex. 
SRS is a 300 square mile multi-facility DOE nuclear  site that includes a 
fuel processing area, several labs, five reactors, two fuel reprocessing 
canyons, and several disposal facilities. This site  is located on the 
southwestern border of South Carolina adjacent to t he Savannah River and 
has been operated for several decades producing Spe cial Nuclear Materials 
for the nation's defense programs and rare isotopes  for non-defense 
applications such as research and space programs. 
There are numerous DOE sites that have one or more facilities that are 
similar in nature to SRS' facilities. The waste min imization and volume 
reduction programs that are cultivated at SRS could  be easily implemented 
at other DOE sites. 
ESTABLISHING THE USER GROUP 
To begin learning what techniques the commercial in dustry is using to 
minimize their waste, several SRS representatives w ere asked to form a 
team to tour two commercial nuclear plants, which w ere Susquehanna Steam 
& Electric Station and Beaver Valley Power station.  The SRS group had a 
cross section of organizational lines and functions  with representatives 
from Solid Waste, Radiological Controls, major SRS Waste Generating 
Organizations, and the Department of Energy (DOE). After two days of 
walkdowns in the commercial plants and discussions on their programs, the 
SRS representatives came back with many ideas on ho w to reduce waste and 
save money.  



To implement programs consistently across the SRS s ite requires careful 
planning due to the variety of facilities with vast ly different 
radiological environments. It was decided that the original 
representatives that went to the commercial plants would form a User 
group to ensure the best waste minimization and vol ume reduction programs 
were implemented for the site. Several smaller task  teams were formed as 
necessary to resolve specific implementation detail s to make the programs 
work for the entire site. 
Several other commercial plants were visited after the User Group was 
formed to ensure that the programs being developed at SRS included the 
major waste minimization practices being utilized b y commercial plants in 
the United States. 
BRING IN THE TROOPS 
While visiting Susquehanna, a consultant was analyz ing the plant's waste 
generation for further improvements in their waste minimization programs. 
Susquehanna found that contracting a waste minimiza tion expert to review 
their program brought a different range of experien ce and insight than 
the personnel who worked with the programs on a dai ly basis. 
At the time of the SRS visit, Susquehanna was in th e process of cost 
cutting. Susquehanna's waste cost at Susquehanna in cluded both waste 
processing and disposal costs (with disposal costs being the largest 
portion by far). Since Susquehanna is a part of the  Appalachian Compact, 
they have a projected disposal cost in excess of $7 00 per cubic foot. 
Susquehanna had established three teams to address the waste reduction 
strategies. The three teams were to address non-rad iological waste, wet 
radiological waste and dry active waste (DAW) reduc tion respectively. 
This was the same focus that the SRS visit was inve stigating. 
Susquehanna had talked to other utilities and imple mented many of the 
obvious waste reduction methods by early 1995, but still lacked the focus 
on details. At this point, the Susquehanna teams ar ranged to have an EPRI 
assistance visit to help identify some of the not s o obvious minimization 
and reduction methodologies. The EPRI assistance vi sit coincided with the 
SRS visit to Susquehanna and benefited both the Sus quehanna and SRS 
personnel. 
Susquehanna received the recommendations from the E PRI team in June and 
has been implementing these over the past several m onths. The 
recommendations have proven to be effective in redu cing the DAW 
generation in the last outage by nearly one half. T hese efforts helped 
Susquehanna become competitive in a deregulating ut ility environment. 
SRS had not had a detailed waste minimization asses sment performed by 
anyone from the commercial industry and decided to seek input from a 
consultant that had analyzed numerous nuclear waste  minimization 
programs. A detailed assessment may seem costly, bu t if numerous waste 
minimization techniques can be incorporated to a wa ste program, it will 
compensate for the initial assessment cost many tim es over. 
The SRS Solid Waste department contracted Environme ntal Resources and 
Services (ERS) Corporation to assist the major Low Level Waste (LLW) 
generators in evaluating and characterizing their e xisting LLW 
generation, minimization, processing, and disposal practices. The 
contractor was also tasked to identify a wide varie ty of potential 
mechanisms for reducing waste volumes and associate d costs. Each 
facility's waste composition was analyzed to determ ine where the biggest 
waste reduction efforts should be concentrated. Fig ure 1 shows one 
facility's waste composition breakdown. After sever al facilities were 



analyzed, major waste patterns became apparent that  affected most 
facilities across the site. These waste patterns we re targeted for the 
initial reduction effort since they would give the most cost benefit for 
the site. 
The contractor stressed that the best waste program s incorporate the 
following strategies in the given order: Management  Support, Source 
Reduction, Recycling, Volume Reduction, and Disposa l. Each of these 
strategies have been incorporated at SRS. The contr actor provided a 
detailed report on various programs that would elim inate the highest 
volume waste patterns at the facilities evaluated ( 2).  
Fig. 1 
Several representatives from Susquehanna also visit ed SRS for similar 
walkdowns and discussions that had taken place at t heir plant. It was 
thought the commercial partnership would be a "para sitic relationship and 
a one-way exchange of information" (from commercial  utility to SRS). 
However, this turned out not to be the case. In fac t, Susquehanna 
visitors felt that they brought back with them a sa mple of one of the 
best waste tracking programs that they had been exp osed to and plan to 
implement a similar program. This reciprocal visit to SRS confirmed to 
the participants that this is a win-win relationshi p since both 
companies' common ground is in source reduction and  back end treatment of 
radioactive waste. 
MANAGEMENT SUPPORT 
According to the EPRI report that Susquehanna uses,  "Solid Low Level 
Waste Management Guidelines", visible management su pport for waste 
minimization is the foundation for any waste reduct ion effort. By 
visible, this means visible to the employees so tha t waste minimization 
becomes a team effort. In the commercial industry, the companies with the 
best waste reduction programs also have the most vi sible management 
support for the effort (3). This was also stressed in the report, "Low 
Level Waste Characteristic Study", which was writte n for SRS after 
studying our waste programs (4). 
To heighten SRS Management's waste awareness and to  increase their 
support for waste minimization, several User Board representatives gave 
presentations to the senior staff over a period of several weeks. Also, 
an Incentive Fee milestone for reducing the site's waste by 40% was set 
with an award fee of $1,285,000. Senior Staff immed iately recognized the 
advantages of a strong waste minimization program a nd are supporting 
efforts to meet the Incentive Fee milestone. 
The establishment of the User Group also increased the visibility of 
management support for reducing waste. Several key waste managers and 
representatives were participating in this group. A t the division level, 
LLW Reduction Committees were formed to implement t he waste reduction 
programs that the User Board determined to be the m ost cost beneficial. 
Waste reduction goals were turned in by the divisio ns to the site and 
tracked to ensure progress toward the Incentive Fee  milestone of a 40% 
waste reduction. 
A waste minimization training package, that include d a video, was 
developed by SRS Site Training group. This training  will be given to the 
majority of the waste generators on site and emphas izes source reduction 
practices. This training was developed after viewin g several waste 
reduction tapes from specific commercial power plan ts who were recognized 
in the industry as having excellent waste managemen t programs. 
GOING FOR THE GREEN 



In April of 1995, the procedure for controlling mat erials in radiological 
areas was revised to more clearly reflect what the DOE Radiological 
Controls Manual had intended. One significant chang e allowed 
equipment/material (non radiological materials) sto red or used in 
Radiological Buffer Areas (RBAs) be released withou t a Radiological 
survey if the owner/custodian/user believed there w as no potential for 
contamination. RBAs are maintained at Clean Area li mits which are the 
following: tritium <1000 dpm/100 cm2, Beta-gamma <2 00 dpm/100 cm2, and 
alpha <20 dpm/100 cm2.  
The site was considering a program for releasing lo w potential waste from 
RBAs when the User Group visited Susquehanna and pr eviewed one of their 
source reduction programs: Green is Clean. At Susqu ehanna, their 
Radiological Control Areas are similar to DOE defin ed RBAs. Susquehanna 
segregates their potentially clean waste from conta minated waste by 
placing the clean waste into Green is Clean recepta cles. Green is Clean 
waste is placed on a conveyor where a gamma monitor  scans the waste for 
release. Susquehanna saves an estimated $500,000 pe r year as a result of 
implementation of the Green is Clean program. 
Since SRS RBAs are maintained "clean", waste that t he 
owner/custodian/user believes has no potential for contamination can be 
thrown into Green is Clean receptacles or taken dir ectly out of the RBAs 
and thrown away as sanitary waste. Radiological Con trols (RC) personnel 
perform surveys of the RBA areas and Green is Clean  receptacles to ensure 
Clean Area limits are being maintained. Green is Cl ean waste that is 
removed from the specially marked receptacles is sh redded before being 
disposed of as sanitary waste to ensure radiologica l markings are 
defaced. A percentage of the waste is surveyed eith er before or after 
being shredded by specially trained personnel to en sure that contaminated 
material has not been accidentally placed in a Gree n is Clean receptacle. 
Incoming Green is Clean waste is specifically tagge d with the name of the 
waste packager, date, and facility from which the w aste originated. This 
allows proper tracking if contaminated material is found in the Green is 
Clean waste. To date, no waste has exceeded the Gre en is Clean 
radiological limits. 
Currently, Green is Clean has been implemented in E xcess Facilities and 
Reactor Fuel Storage Division which contains eight facilities and four 
different radiological environments. 330 cu-ft per month of Low Level 
Waste (LLW) is being re-directed to Green is Clean for a yearly savings 
of $160,000. The cost savings far exceeds the imple menting cost of the 
program which was < $10,000. SRS will be implementi ng this program 
sitewide in the upcoming months for an estimated an nual LLW avoidance of 
25,000 cu-ft and savings of $1,000,000. The Green i s Clean program is the 
highest priority on the User Group implementation s chedule. This is 
considered a source reduction program and the imple mentation costs are 
inconsequential, whereas the cost savings are treme ndous. 
WASH IT 
While touring the commercial power plants, washable  waste bags and tarps 
were observed being used as a recycling technique. Plant waste was being 
gathered into washable bags and taken to a waste se gregating station 
where the waste bags were then reclaimed by launder ing. Tarps were being 
used for staging high contamination work that use t o require plastic 
coverings. Even though SRS has not decided to initi ate a centralized 
waste segregating station, launderable bags and tar ps were immediately 
recognized as a potential large waste savings since  the site uses more 



than 100,000 radiological bags and 200,000 square f eet of plastic for 
transporting radioactive material.  
To implement the use of launderable bags, various s ized bags were 
designed to transport a large variety of materials,  such as: radiological 
vacuum cleaners, hot tools, and damp launderable mo ps. Specialized 
launderable bags were specifically designed for the  removal of 5'x 5'x 
16' racks used to store irradiated fuel. The racks are typically lifted 
out of the basin and double wrapped in plastic, but  the launderable bag 
allowed the rack to be placed right into the bag, z ippered and ready to 
go in about ten minutes. The racks were then transf erred to another part 
of the facility for volume reduction and the bag se nt to the laundry for 
reuse. In all, 14 racks were removed for a waste mi nimization of 76 cu-ft 
and total waste cost avoidance of $ 3,780, which do es not include the 
savings from the reduced manpower hours required to  prepare the racks for 
transfer. Another type of bag has been designed to transport fuel casks 
from one facility to another. The waste savings on this project alone 
will be a minimum of 4000 cu-ft, plus the savings f rom numerous man-hours 
being eliminated for crane manipulation of the cask  and wrapping.  
Tarps are available to replace plastic being used t o protect floors 
during high contamination work or for wrapping mate rials for transfer. 
The site's facilities are located several miles apa rt in some cases and 
material must be transported by truck or rail. Hist orically, the items 
being transferred were double wrapped to prevent wi nd damage. The plastic 
was thrown away as LLW once the item arrived at its  destination. By using 
the washable tarps and bags, a waste minimization o f 40,000 cu-ft is 
estimated once the entire site utilizes these laund erable items. 
Launderable bags and tarps that have been designed for SRS radiological 
work are featured in a catalog that can be viewed o n the site computer 
network. An inventory is maintained so that launder able bags and tarps 
can be utilized immediately by the many facilities at the site. 
The commercial industry has also converted to washa ble mops and rags. SRS 
uses 450,000 atomic swipes per year for general are a smears, absorbent 
material, and decon cleaning which converts to 4,50 0 cu-ft of waste per 
year. By utilizing washable rags instead of atomic swipes, a cost savings 
of $180,000 can be realized. The same can be said f or mops which SRS uses 
to a tune of 13,379 per year and is responsible for  3,000 cu-ft of LLW. 
By switching to launderable mops, a cost avoidance of $100,000 can be 
realized. Currently, five facilities have implement ed the use of 
launderable rags and mops and are estimating a wast e minimization of 700 
cu-ft annually.  
If SRS implements a full launderable program, a tot al of 98,000 cu-ft of 
waste can be eliminated (4). In one division where the launderable 
program has been implemented, the implementing cost s were <$40,000, with 
an annual cost savings is $268,074. 
Washable protective clothing (PC) is used throughou t the industry, 
however, the quality of the clothing greatly affect s the viable lifetime. 
At the many plants visited, various types of PCs we re observed that 
seemed superior to those used at SRS. At SRS, a pol y/cotton PC is used 
that has had some shrinkage problems and a looser w eave than the ones 
observed in the commercial plants. Currently, sever al commercial 
protective clothing vendors have submitted samples of their wares to SRS 
for testing. A task team will evaluate the results and procure a more 
durable PC so that unusable PC waste can be reduced . The PC task team is 
also reviewing the radiological limits that require  PCs to be thrown away 



instead of being laundered. The SRS radiological re strictions for sending 
PCs to the laundry seem to be more restrictive than  some DOE sites and 
all commercial nuclear plants, even though many of the plants are using 
the same laundering company. If the radiological la undry limits are 
raised, many PCs can be laundered instead of becomi ng LLW before they are 
worn out. In two months alone, more than 16,000 set s of protective 
clothing were discarded in the trash and lost to on e facility. At 2 cu-ft 
and $20 per set, this one example represents $320,0 00 in replacement 
costs and another $1,472,000 in disposal costs (4).  
REUSE IT 
A prefabricated containment program has been implem ented at SRS as a 
source reduction and recycling technique. Glovebags  have been used 
extensively by the Navy and pre-fabricated huts hav e been used throughout 
the commercial industry. In the past, huts at SRS w ere hand-built out of 
scaffolding, plastic, and tape for each job. Once t he job was completed, 
all the plastic and sometimes the scaffolding, woul d be disposed of as 
LLW. When hand-built huts are used outdoors for an extended period of 
time, the walls and seams must be maintenanced and retaped many times to 
maintain its integrity. The site shifted toward pre fabricated huts 
because they were more easily installed and dismant led and can be reused 
many times. The outdoor huts can be reused at least  five times (one month 
intervals) before they are considered too weathered  and the indoor huts 
can be reused indefinitely. All the seams are heat sealed, so the use of 
tape is eliminated. 
The site is moving toward the increased use of glov ebags since they 
contain contamination to a smaller area than huts a nd allow the workers 
to wear less protective clothing. By containing the  contamination to such 
a small work area, an insignificant amount of waste  is produced when 
compared to work performed without containments. 
In the past, procurement delays caused many project s to forgo using 
containments. To eliminate this problem, a central issuance station has 
been established where containments are stocked so that pre-fabricated 
huts or glovebags can be readily available as radio logical work evolves. 
The time and effort to set up the issuance station was initiated since 
the cost savings associated with the use of pre-fab ricated containments 
is approximately $10,000 per use when compared to h and-built huts. 
Approximately $20,000 in man-hours were spent setti ng up the issuance 
station and catalog but over $1,000,000 has already  been saved by using 
prefabricated containments from this centralized lo cation. 
REDUCE IT 
As the commercial power plants face eventual decomm issioning and 
dismantlement, numerous technologies have been deve loped to volume reduce 
the radiological waste produced from this effort. S RS has large volumes 
of legacy waste that will also need to be volume re duced. A centralized 
location was established having three major deconta mination technologies: 
CO2 Blasting, Vacuum Grit Blasting, and Kelly Vacuu ming. 
For low to moderate decontamination efforts, CO2 Bl asting and Kelly 
Vacuuming will be used. The CO2 Blaster works by im pelling carbon dioxide 
pellets against the material surface causing the pe llets to sublimate and 
lift the contamination to a high flow air stream an d eventually to a HEPA 
filter. CO2 blasting is very effective on removing transferable 
contamination and contamination fixed in an oxide s ubstrate or painted 
surface. CO2 blasting is also very effective on sof ter surfaces, such as 
lead bricks or computer key boards. 



Kelly Vacuuming uses a contained super heated water  stream and a vacuum 
system. The super heated water flashes to steam whe n it hits the 
contaminated surface and lifts the contamination fr om the substrate to 
the vacuum system. This method is especially effect ive on concrete and 
porous surfaces. 
For aggressive decontamination efforts, the Vacuum Grit Blaster is used. 
The Vacuum Grit Blaster uses metal grit and a conta ined vacuum system to 
blast fixed contamination from metals and concrete.   
The above methods may not be used in all cases due to impracticality or 
reduced cost benefit. For volume reduction of items , a large metal 
shredder and shearing system is being procured for use in the latter part 
of 1996.  
At this time it is not possible to accurately estim ate how much LLW will 
be reduced due to the new technologies since the eq uipment can be used 
to: reduce contaminated area square footage, clean individual pieces of 
equipment for salvage, clean equipment for repair w ith less waste 
generated, and shred equipment for better use of di sposal space. A 5,000 
cu-ft reduction in waste disposal is a conservative  estimate for the 
first two years. 
BURN IT 
SRS is in the process of starting up an incinerator  facility after 
reviewing the incinerators used by the commercial p ower plants which have 
a volume reduction ratio of 99:1 for their DAW wast e. SRS has determined 
incineration of waste will elongate the life of our  burial vaults by 
several years. To ensure that the incinerator will have feed material 
after startup, SRS is converting many current waste  items to incinerable 
materials. One of the biggest changes has been conv erting poly-vinyl 
chloride (PVC) waste bags to polyethylene waste bag s. Another big ticket 
item has been converting PVC plastic used for wrapp ing waste to materials 
that can be incinerated. For waste that can be conv erted to items 
suitable for incineration, a reduction of 100,000 c u-ft can be saved from 
taking up space in the on-site burial vaults. 
CONCLUSION 
At this point it should be noted that if each of th e above mentioned 
programs is fully implemented at SRS, the waste red uction estimates are 
not additive. To illustrate this point, implementin g the Green is Clean 
program takes away waste that could be replaced wit h launderables. 
Implementing the launderable program will eliminate  waste to be 
incinerated. For the different sites within the DOE  Complex, implementing 
a chosen few of the mentioned programs may be more cost effective than 
implementing all the suggested programs. Programs w ith low implementation 
costs should also be considered for initial waste m inimization efforts. 
The programs mentioned here are not the only ones b eing considered for 
SRS. Other programs such as Contamination Area Roll back, 100% Recycle 
Zones and Second Sort programs are also being consi dered for 
implementation at a later date but may be better ch oices for some sites 
as their initial waste minimization initiative. In almost all cases, 
source reduction programs should be the initial con sideration for each 
site. 
Due to the similar radiological environments and re gulations that each 
DOE site shares, waste programs could benefit by in corporating the SRS 
strategies that better emphasize Management Support , Source Reduction, 
Recycling, and Volume Reduction. Even though many o f the DOE sites do not 
have the disposal costs that the commercial industr y has, it is obvious 



that tremendous savings can be achieved by implemen ting a few waste 
minimization techniques and technologies. Through o ur partnership with 
the utilities, each DOE site will have the opportun ity to become more 
cost effective by reducing waste generation volumes . 
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ABSTRACT 
This paper presents a new financial technique devel oped to assist a 
nuclear waste agency in its funding strategy.  
Such an agency has a major commitment to cover the totality of the costs 
generated by the waste entrusted to it. Most of the  time, however, 
planning under uncertainty makes this task difficul t. Provisions set 
aside in application of the "(Waste) Producer Pays Principle" may prove 
insufficient when it comes to completing the necess ary technical 
programs, sometimes in a remote future. 
To hedge against the threat of involving future con sumers or tax-payers 
in the payment of past or present liabilities, adeq uate and robust 
financial techniques must be provided. 
Such an approach is therefore valuable for all part ies involved, namely 
agency, waste producers and general public. 
The main lines of the approach are described in thi s paper. The basic 
idea is to have each waste producer committing hims elf to pay an agreed 
price for the future use of the services or facilit ies provided by the 
agency. The calculation of the price uses modern ri sk theory for 
financial decisions.  
The paper describes in detail both aspects of how t o calculate the price 
charged to the waste producers and how to invest th e funds collected 
herewith. 
It shows how the three main sources of uncertainty in a waste management 
program can be substantially reduced using the desc ribed approach: 
  systematic reduction of the waste arisings in the  course of time; 
  wrong assessments of costs due to adverse trend e volutions, 
fluctuations or technical scenario changes;  



  funding strategy. 
In conclusion, the paper provides information on th e practical 
implementation of this technique by a nuclear waste  agency. 
GENERAL BACKGROUND 
The fundamental principle for financing the Belgian  radioactive waste 
program is that those who produce the waste should pay for all services 
to be performed ("Producer Pays Principle"). 
ONDRAF/NIRAS, the Belgian Agency for Radioactive Wa ste and Enriched 
Fissile Materials has the mission to collect radioa ctive waste and to 
fulfil all necessary steps till its safe final disp osal. 
According to the above principle, the agency works at cost price with 
complete financial transparency with respect to the  producer. For that 
purpose the agency has established a financing mech anism on the basis of 
fees charged on each volume unit of waste delivered , in order to ensure 
complete financing of all the operations to be perf ormed. For disposal 
operations the fees are paid into a fund which is i nterest bearing. 
The accurate determination of the fees is not an ea sy task, considering 
the large technical and financial uncertainties, pa rticularly for 
operations to be performed in a remote future. 
Good modelling of the waste management system is th erefore required to 
determine accurate fees which limit the risk of ins ufficient financing 
becoming a burden for the future community. 
A new technique is presently being developed at OND RAF/NIRAS which will 
hopefully reach this aim of reduced risk while resp ecting the fundamental 
principle of financing. Although in its present for m, it is primarily 
tailored to meet the direct needs of ONDRAF/NIRAS, this approach may be 
useful for other radioactive waste agencies. In the  following sections, 
we first describe the traditional approach and its drawbacks. We then 
sketch the new technique and review its practical a pplication. 
SUMMARY DESCRIPTION OF THE FINANCING APPROACHES 
For a better understanding of the reasons that have  induced the agency to 
review its approach, it is necessary to describe th e traditional approach 
and its drawbacks. 
Model of Traditional Actuarial Calculation 
The traditional system of financing the various sta ges in radioactive 
waste management can be described as follows: 
Calculation of the Unit Fees at Cost Price 
A reference program is developed. It includes: 
  The waste removal schedule per year. 
    For reasons imposed by the concern for financia l conservatism, the 
volume of waste considered does not include waste g enerated by the 
decommissioning of nuclear facilities (power plants  and others) owing to 
the major uncertainties affecting the volumes produ ced. These 
uncertainties concern both the volumes and the mome nt on which the waste 
is collected and hence invoiced by the agency. 
    This schedule is therefore prudent from the fin ancial point of view, 
but probably quite realistic as far as participatio n in the medium term 
is concerned. 
  The technical scenarios describing the waste mana gement operations 
planned. 
The calculation comprises the three following steps : 
  an economic calculation made on the basis of hypo theses on the various 
cost items expressed in constant francs of the year  under consideration. 



  an actuarial calculation made on the basis of hyp otheses of financial 
expenses and proceeds. This method makes it possibl e to calculate a unit 
cost price per m of waste, fixed for each managemen t operation. The 
receipts and expenditure balance each other at the end of the operation. 
  sensitivity analyses, made on the basis of the re ference program 
(schedule and technical scenarios) and of the finan cial hypotheses. These 
analyses make it possible to calculate the uncertai nty margins added to 
the unit cost prices to form the per-unit-fee appli cable to waste 
quantities. 
The assumptions behind this calculation are the fol lowing: 
a. The costs related to the services can be estimat ed with sufficient 
accuracy. For long-term operations like disposal, k nowledge of these 
costs becomes more detailed with time and as indust rial experience is 
accumulated for those services that are not yet ope rational. 
b. The fee income can be estimated with sufficient accuracy on the basis 
of removal schedules planned in the long term for t he whole of the 
Belgian program. Knowledge of the program also beco mes more detailed with 
time. The increases or decreases in value of the in vested assets are 
added to - or deducted from - the fee income. 
c. The uncertainties related to expenditure on the one hand and to the 
schedules on the other hand can be evaluated satisf actorily by means of 
sensitivity analyses. An overall contingency margin  is obtained. 
d. The financial risk is reduced to its reasonable minimum by a judicious 
choice of the discounting rates. The financial marg in takes account of 
the residual risk. Detailed Asset-Liability-Managem ent-studies are 
performed to verify the adequacy of investment stra tegies of provisions 
and funds. 
e. The distribution of costs between producers is b ased on a technical 
calculation of keys (schedule + scenarios), not tak ing into account 
uncertainty about actual programs. 
Contractual Relationships 
As far as contractual relations are concerned, ever y effort is made to 
negotiate open-ended contracts with (a) liability c lauses to be included 
in the event of unforeseen costs; (b) clauses conce rning the annual 
notification by the producer of any modifications t o his production 
program; (c) clauses concerning fee adaptations (= cost price + 
contingency margins) made by the agency, which take  into account 
interdependence in time and with regard to the othe r producers. 
Drawbacks 
This approach has shown some important drawbacks wh ich call for a major 
revision. The main drawback relates to the high sen sitivity of the unit 
fee with respect to the underlying assumptions of t he reference program. 
Large fluctuations are the result. Although the fre quent review of cost 
prices entails in principle high flexibility and, a s a consequence, a 
limited risk of insufficient means, practice has sh own that things are 
much more complicated. The basic hypothesis underly ing the model is that 
the market, represented by the waste producers, wou ld accept any price. 
This proved to be wrong. Indeed, commercial compani es cannot easily 
accept practically unpredictable changes of price. Therefore, the 
traditional approach is rather fragile and perhaps unable in the long 
term to reduce the risk of insufficient coverage of  future liabilities. 
This observation has triggered the need for a more robust approach, which 
the agency calls "reservation of capacity ". It is sketched below. 
Model of So-called "Reservation of Capacity" 



Calculation of Costs Attributable to the Producers 
The differences with regard to the actuarial calcul ation, which is 
clearly "financial" in its approach of time, are co nsiderable. This new 
model is indeed more "economic". It is more static,  hence more prudent 
and robust in its way of anticipating and handling the time-related 
uncertainties which can be significant for certain stages of radioactive 
waste management. 
This model has major consequences for the economic studies: 
  as far as the waste removal programs are concerne d, the detailed 
removal schedule becomes purely indicative of an av erage distribution in 
time around a center of gravity. The producer firml y announces the total 
quantities - not revisable downwards but possibly u pwards -, the 
"capacity" scheduled for removal of his waste. 
    This method makes it possible to distribute the  costs in an objective 
way among the waste producers, and to determine the  full "capacity" 
needed for the waste management operations; 
  as far as the technical scenarios are concerned, the detailed cost 
schedule becomes purely indicative of an average di stribution around a 
"center of gravity", in the same way as before. 
Replacing detailed schedules for quantities and cos ts thus avoids the 
main pitfall of the actuarial approach, described i n section 2.1, which 
is very sensitive to any change in timing. 
Moreover, the uncertainties no longer appear a post eriori in the 
sensitivity calculations, but are taken into accoun t a priori considering 
systematic and stochastic uncertainties for each co st item. 
The calculations are based on the following princip les: 
  a distinction is made between "fixed costs", inde pendent - within 
certain limits - of the quantities removed, and "va riable costs", 
proportional to the quantities actually removed in the future; 
  the fixed costs are distributed among producers a ccording to the 
"reservation of capacity" principle. Each producer makes a binding 
minimum commitment to cover his part, regardless of  the future 
fluctuations of his actual program. This commitment  takes the shape of an 
irrevocable guarantee on behalf of the producer. 
Each cost item, besides being fixed and/or variable , reveals certain 
specific uncertainties: 
  systematic uncertainties, often linked to the lac k of conservatism of 
the project engineer who tends to underestimate the  cost driftsa, but 
also arising from differentials with regard to the economic evolution 
(measured by inflation or PCI), which are evident i n certain activity 
sectors, for instance in the building trade or in t he raw materials 
industryb; 
    Systematic factors are taken into account in ce rtain cost items, when 
it clearly appears that the engineer's assessment i s an underassessment 
of realistic costs, or that a drifting growth can b e expected  
    (1) Average of the realistic cost item = 
      "Engineer's assessment" x systematic drift fa ctor 
  stochastic uncertainties, linked to the imperfect ion or inaccuracy of 
the a priori knowledge of the actual cost at the ti me of its occurrence. 
This type of uncertainty can be represented in diff erent ways, according 
to the type of analysis performed: 
  Rectangular: a range around the average value giv en in (1) and for 
which a sufficient confidence level can be given (9 0% of the cases are in 
this range); 



  Gaussian: the standard deviation of a gaussian di stribution the average 
of which is given by (1); 
  Distribution: another distribution, possibly mult imodal or 
asymmetrical, to be specified, centered around an a verage value (1). 
Certain uncertainty distributions can be correlated  with each other, for 
instance the cost of engineering and the personnel costs. Ignoring these 
correlations amounts to adding uncertainties in a t oo conservative 
manner. Consequently, sufficient attention is paid to the identification 
of uncertainties evolving concurrently. 
A global uncertainty factor to be assigned to the f ixed and variable 
costs of each operation is derived by combination o f basic 
uncertainties.The aim of the calculation is to dete rmine the adequate fee 
to cover the costs at a high confidence level of at  least 90%. 
Contractual Relationship 
The contractual relationship is basically different  in timing and in 
scope from the traditional relationship. While in t he latter, the 
duration and extent of services are simple assumpti ons based on the 
reference program, the former implies a firm commit ment of both parties. 
The contract stipulates in detail the precise reque st of the producer 
regarding waste management, such as waste types, qu antities, and 
operations to be performed. 
In exchange, the agency quotes a price valid for a minimum time period of 
10 years. It includes the fixed costs with uncertai nties, incurred 
whatever the actual quantities of waste to be handl ed. 
The fixed part of the price represents a contractua l guarantee to be paid 
by the producer regardless of his actual future pro gram. It is 
interpreted "as share of the use" of resources of t he agency, and it is 
proportional to the quantities agreed on in the con tract. The payments 
are made, as in the traditional approach, by (fixed  and variable) unit 
fees levied at delivery date on each unit of waste.  To take into account 
either interests on invested money or opportunity c ost of capital, the 
fees escalate each year, beyond inflation, by a con stant risk free 
interest rate. 
The payments related to the fixed part of the fee c ome in deduction of 
the contractual guarantee. 
The conditions agreed upon cannot be revised before  the term of at least 
10 years. Should the producer exceed the originally  planned "reservation 
of capacity", the guarantee is increased accordingl y. 
At the end of the contractually agreed period, the waste producer is 
confronted with the decision of reviewing or of ter minating the 
relationship with the agency. 
This decision may be either 
Decision 1: the producer decides to end his activit ies. In this case, he 
completes outstanding payments related to the fixed  costs, i.e. the part 
of the guarantee that has remained unpaid at this t ime ; 
or 
Decision 2: the waste producer decides to sign up f or a new period. He 
provides the same information as previously regardi ng his waste 
management needs. The agency reassesses the guarant ee level, using the 
information available at the time, and taking into account the new 
request as well as the past program and payments. T o assure the 
continuity and the most equitable share of fixed co sts among all 
producers, the new request shall in no case be infe rior to the total 
waste program announced in the previous contract. 



FINANCIAL RISK HEDGING USING THE NEW APPROACH 
The new approach is characterized by a low financia l risk taken by the 
agency, as fixed costs are covered in their totalit y with a high 
confidence level. At the same time, it limits the p lanning uncertainties 
of the waste producers, as the future payments are completely known or a 
known function of the actual waste delivery program . The portion not yet 
paid, is part of the total guarantee which will onl y become extinct after 
all commitments have been fulfilled. 
In the wording of modern asset valuation theory, th e producer buys a 
"call option" on the price imposed by the agency fo r handling his waste. 
This option is implicitly exercised whenever the ac tual cost exceeds the 
agreed price. 
The agency sells this option and gets the risk prem ium, which represents 
the expected value of the excess costsc. Therefore,  adequate financial 
means are available for the agency, whatever the ac tual waste delivery 
program will be. 
For funds and provisions, excess return beyond the constant risk free 
escalating rate of the fees provides additional hed ging against 
unforeseen drifts in the costs. 
CONCLUSIONS 
The new financing approach significantly reduces th e risk of insufficient 
financial means in carrying out the waste managemen t program. 
It should be noted that for financing radioactive w aste management, 
Sweden uses a "reservation of capacity" approach, w hile Finland has 
implemented a guarantee system for funding means th at are not yet 
available. 
In Belgium there is reasonable confidence that wast e producers are in 
favor of a system combining these two techniques. I n contrast to the 
usual net present value approach, it substantially reduces large sources 
of uncertainties, i.e., 
  systematic increases or fluctuations in costs ; 
  changing technical scenarios or revised operation  schedules ; 
  systematic reductions or fluctuations in waste vo lumes to be handled by 
the agency; 
  investment policy of funds and provisions. 
This increased robustness before large uncertaintie s, fully benefits to 
the agency, as well as to the producers themselves and to the public at 
large. It eliminates unwanted price fluctuations, a nd the threat of 
additional payments for past inaccuracies.  
Therefore it also fully responds to the requirement s of the "Producers 
Pays Principle" towards the present and future coll ectivity. 
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ABSTRACT 
The Sandia National Laboratories Environmental Rest oration Project is 
expected to generate relatively large volumes of ha zardous waste as a 
result of cleanup operations. These volumes will ex ceed the Laboratories' 
existing waste management capacity. This paper pres ents four options for 
managing remediation wastes, including three altern atives for on-site 
waste management utilizing a corrective action mana gement unit (CAMU). 
Costs are estimated for each of the four options ba sed on current 
volumetric estimates of hazardous waste. Cost equat ions are derived for 
each of the options with the variables being waste volumes, the major 
unknowns in the analysis. These equations provide a  means to update cost 
estimates as volume estimates change. This approach  may be helpful to 
others facing similar waste management decisions. 
BACKGROUND 
Sandia National Laboratories (SNL), a Department of  Energy (DOE) 
laboratory located in Albuquerque, New Mexico, is a ggressively 
implementing an Environmental Restoration (ER) Proj ect that is planned to 
be completed in the year 2000. There are currently 157 solid waste 
management units (SWMUs) identified as candidates f or assessment and 
remediation at SNL's New Mexico facilities and test  areas. These sites 
include landfills, septic systems and drain fields,  firing sites and burn 
pits, outfalls, surface storage areas, underground tanks, and 
miscellaneous test areas and discrete sites. The wa ste materials, or 
contaminants of concern, include hazardous constitu ents, low-level 
radiological constituents, mixed hazardous and low- level radiological 
constituents, and some Toxic Substances and Control  Act (TSCA) regulated 
constituents, as well as sanitary or non-regulated constituents. The 
total estimated volume of ER waste likely to be gen erated is 60,800 cubic 
yards, including 37,000 cubic yards of hazardous, 2 ,500 cubic yards of 
low-level radioactive, 3,700 cubic yards of mixed, 5,700 cubic yards of 
TSCA, and 11,900 cubic yards of non-regulated. 
The SNL ER Project is regulated under a Resource Co nservation and 
Recovery Act (RCRA) Hazardous and Solid Waste Amend ments (HSWA) permit. 
As such, there is a specified schedule for the majo r assessment and 
remediation activities associated with each SWMU. T he relatively large 
quantities of waste that are to be generated by the  ER Project will 
exceed the waste management capabilities of SNL, wh ich are sized to 
support only the day-to-day operations. Consequentl y, the ER Project must 
develop an independent strategy for waste managemen t to assure that it 
can meet the HSWA permit schedule and do so with ma ximum efficiency. A 
temporary unit (TU) to store ER-generated waste for  one year, with a 
possibility for a one-year extension, and a correct ive action management 
unit (CAMU) to store, treat, and possibly dispose o f ER waste over the 
duration of the ER Project, are critical elements o f the SNL ER strategy. 
The Environmental Protection Agency (EPA) promulgat ed the TU/CAMU Rule in 
1993 specifically to give greater flexibility to ow ners of large 
restoration projects that were being constrained by  lack of treatment, 
storage, and disposal (TSD) facilities capable of m eeting land disposal 
restrictions (LDRs) and minimum technology requirem ents (MTRs). The 
TU/CAMU Rule provides the means to excavate ER wast e without triggering 
either LDR or MTR requirements because the waste is  not considered to be 



"generated" if it goes to a TU/CAMU for treatment, storage, and/or 
disposal. 
Once it was determined that a waste management stra tegy utilizing both a 
TU and CAMU might offer reduced treatment, storage,  and disposal costs as 
well as an accelerated cleanup schedule, it was dec ided that analyses 
should be performed to verify benefits and quantify  the potential 
savings. This paper summarizes the results of an an alysis of costs (and 
savings) for each of four waste management options.  A previous study 
concluded that the availability and cost of off-sit e treatment and 
disposal for the estimated volumes of ER-generated radiological, mixed, 
TSCA, and non-regulated wastes was such that the CA MU could be used for 
hazardous wastes only, thus simplifying the permitt ing process. 
Therefore, the options analysis summarized below in cludes only hazardous 
waste volumes and associated treatment technologies  in its underlying 
assumptions. The results of this analysis will be u sed to determine the 
optimal solution for managing ER wastes, in terms o f cost, under various 
waste volume scenarios. 
COST ANALYSIS 
Four discrete options for the storage, treatment, a nd disposal of 
hazardous ER wastes were evaluated to assess their cost effectiveness. 
Option 1 assumes that all hazardous wastes will be sent off site for 
treatment and disposal at permitted TSD facilities.  The other three 
options consider various combinations of on-site an d off-site storage, 
treatment, and disposal, and thus require implement ation of a CAMU. The 
second option assumes that the CAMU will be used fo r interim storage only 
with off-site treatment and disposal. The third ass umes that the CAMU 
will be used for on-site storage and treatment. Non -regulated materials, 
i.e., treated materials, will be reused as fill and  concentrated 
materials will be sent off site for disposal. The f ourth option is 
similar to the third except that the treated materi als are assumed to be 
placed into an engineered disposal cell in the CAMU . This option is 
considered important because until treatability stu dies are completed on 
SNL wastes, the actual efficiency of selected treat ments for the various 
waste streams (especially those containing toxic me tals) cannot be known 
with enough certainty to safely assure that the "cl ean" treatment 
residues will be below levels of regulatory concern . These options are 
summarized in Table I. 
Table I 
Transportation by rail assumes that wastes can be b ulk stored and 
aggregated until there are sufficient quantities to  ship. Option 1 does 
not allow for on-site storage, therefore, truck tra nsportation is 
assumed. Options 2, 3, and 4 provide for on-site st orage, therefore, rail 
transportation is assumed. 
Waste Volume Estimates 
The hazardous waste can be subdivided into contamin ated soil, debris, and 
personal protective equipment (PPE) as shown in Tab le II. Debris and PPE 
are assumed to be sent off site for disposal. Decon tamination water will 
be disposed in the sanitary sewer, if clean, or eva porated on-site. Thus, 
contaminated soils, which are the major hazardous w aste source, are the 
basis for this cost analysis.  
Table II 
The principal organic contaminant is trichloroethyl ene (TCE). Of the 
16,300 cubic yards of soil contaminated with metals , 12,900 cubic yards 
are in a landfill and are believed to be contaminat ed with hexavalent 



chromium. The remaining 3,400 cubic yards are prima rily surface soils 
contaminated with lead. It is assumed that the lead  can be recovered in 
the field, and thus these soils are assumed not to be treated in the 
CAMU. Of the 8,400 cubic yards of soil contaminated  with both organics 
and metals, 6,200 cubic yards are contaminated with  hexavalent chromium 
and TCE. The remaining 2,200 cubic yards come from sites that will 
probably be remediated in situ. Therefore, for purp oses of this analysis, 
the only wastes that are considered relevant for ev aluating whether a 
CAMU is economically feasible are 11,800 cubic yard s of soil contaminated 
with organics, 12,900 cubic yards contaminated with  metals, and 6,200 
cubic yards contaminated with both organics and met als. 
Cost Estimating Methodology 
SNL's remedial actions are predominantly at the cor rective measures study 
stage. Conceptual cost estimates were thus prepared  to compare the total 
project cost (TPC) for each of the options. The cos t estimates assume 
that ER waste management activities will be perform ed by a prime 
contractor who will subcontract specific work eleme nts to specialty 
contractors. It is assumed that Sandia will provide  oversight of ER waste 
management operations. 
A combination of bottoms-up and parametric estimati ng techniques was used 
to prepare cost estimates for each of the options. A work breakdown 
structure (WBS), based on the DOE Code of Accounts,  was developed to 
encompass the range of activities assumed to be req uired for the four 
options. The first three levels of the WBS are show n in Table III; 
however, much of the estimate was prepared at the f ourth level. For 
example, the level below Other Structures (1.2.7) i ncludes a disposal 
cell, engineered cap, monitoring wells, etc. The WB S and the cost 
estimates exclude items common to all four options because these costs 
will accrue regardless of the option selected. Comm on items include 
removal of contaminated materials from the sites an d the Temporary Unit. 
Quantities of labor, material, and equipment were e stimated based on 
current hazardous waste volume estimates, a concept ual site plan for the 
CAMU (Fig. 1), and from discussions with Sandia pro ject personnel. In 
general, vendors were consulted for the major cost drivers; i.e., 
treatment, transportation and disposal. In addition  to vendor pricing, 
published cost estimating manuals were used to obta in costs. The Remedial 
Action Cost Engineering and Requirements System (RA CER) was used to 
estimate costs for the engineered cap and long-term  monitoring in Option 
4. 
Table III  
Fig. 1 
Options 1 and 2 assume that wastes are transported off site for treatment 
and disposal. Option 1 assumes that wastes are tran sported via truck, 
whereas in Option 2 transportation by rail is assum ed. Soil contaminated 
with organics (and organics with metals) is transpo rted approximately 800 
miles to a RCRA landfill for incineration. Incinera tion disposal is 
estimated at $600 per ton (direct cost) based on a vendor quote and 
includes final disposal of the ash. Soil contaminat ed with metals is 
transported approximately 500 miles to a RCRA facil ity for stabilization 
and landfill disposal. Stabilization and landfill d isposal are estimated 
at $185 per ton (direct cost), also based on a vend or quote. 
Options 3 and 4 assume that wastes are treated on s ite. Soil contaminated 
with organics (and organics with metals) is assumed  to be treated using 
low-temperature thermal desorption to remove organi c contaminants from 



the soil. The variable cost quoted for low-temperat ure thermal desorption 
is $66 per ton (direct cost). Soil contaminated wit h metals, including 
the residual from the thermal desorption process co ntaining metals, is 
assumed to be treated using soil washing to remove the metallic 
contaminants. Metallic contaminants adsorb onto soi l fines and clays, and 
the soil washing process separates these finer, con taminated particles 
from the coarser, uncontaminated particles. A 6:1 v olume reduction is 
assumed for soil washing. The variable cost for soi l washing is estimated 
at $150 per ton (direct cost); however, there is so me uncertainty in this 
unit cost. One vendor quoted a range of between $7 and $500 per ton 
depending on soil characteristics and contaminants.  Treatability studies 
will have to be performed to obtain more definitive  costs for SNL wastes. 
In Option 3, treated soils are assumed to be non-re gulated, and thus are 
reused as fill. In Option 4, an engineered disposal  cell is estimated for 
disposal of treated (but not below levels of regula tory concern) soils. 
Option 4 also includes an engineered cap over the d isposal cell, four 
groundwater monitoring wells, and 30 years of groun dwater and vadose zone 
monitoring. The 1/6 concentrated residual from the soil washing process 
is sent off site for stabilization and disposal in both Options 3 and 4. 
Indirect costs include contractor's overhead and pr ofit (OH&P), bond, SNL 
loading factors, escalation, and contingency. Prime  contractor's OH&P was 
applied at the rate of 10% and prime contractor's m arkup on 
subcontractors was applied at the rate of 5%. Perfo rmance and payment 
bonds were estimated at 0.75%. SNL loads were based  on fiscal year (FY) 
1996 spend plan rates issued by the SNL financial o rganization. The June 
1995 DOE escalation rates for Environmental Restora tion were used to 
estimate escalation. Escalation was applied at the rate of 8.74% assuming 
a schedule mid-point of July 1998 and a five-year s chedule for ER waste 
operations beginning in January 1996. Contingency w as estimated for each 
WBS element based on an assessment of cost risk wit hin the scope of work 
assumed for the analysis. In general, contingency w as estimated at 15% 
for low-risk elements, and at 50% for high-risk ele ments. High-risk 
elements include operating labor, operating equipme nt, soil washing, and 
CAMU closure. The overall applied contingency rates  are 15% for Option 1, 
16% for Option 2, 31% for Option 3, and 30% for Opt ion 4. According to 
the DOE Cost Assessment Team (CAT) Cost Estimating Handbook for 
Environmental Restoration, the allowable contingenc y range for the 
remediation phase of an ER Project at the correctiv e measures study stage 
is 10% to 60%; therefore, the contingency applied t o each of the options 
is at the low end of the allowable range. 
Cost Analysis Results 
Table IV compares the TPC for each of the four opti ons. Without 
considering the time value of money (see Sensitivit y Analysis below), 
Options 1 and 2 are the least cost effective. The c ost to transport, 
treat, and dispose of waste off site (Options 1 and  2) is considerably 
higher than the cost to treat and manage wastes on site (Options 3 and 
4). In addition to the relatively lower unit costs of treating and 
managing wastes on site, Options 3 and 4 also avoid  the associated 
transportation costs. Between Option 3 and Option 4 , Option 3 is more 
cost effective because the costs associated with th e engineered disposal 
cell and long-term monitoring in Option 4 are avoid ed. 
Table IV 
SENSITIVITY ANALYSIS 



The major variables affecting cost are the volumes of wastes to be 
managed. Therefore, it is advantageous to have gene ral formulae for 
estimating the TPC of each of the four options as w aste volume estimates 
are continually revised. The cost estimates for eac h of the four options 
(at the given waste volumes) were segmented into fi xed and variable cost 
components, with respect to volumes, and equations were derived such 
that: 
TCn  = a0,n + a1,nV1 + a2,nV2 + a3,nV3, where  
TCn  = the total cost of Option n, n = 1...4, 
V1  = volume of organic waste in cubic yards, 
V2  = volume of metals waste in cubic yards, 
V3  = volume of organic plus metals waste in cubic yards, 
a0,n  = fixed costs associated with Option n, and 
ai,n  = the variable cost associated with Vi for Op tion n, i = 1...3. 
Fixed costs include Pre-Title I design, CAMU capita l costs (excluding the 
disposal cell and engineered cap in Option 4), post -construction startup 
activities, CAMU operating costs (excluding storage  and the variable 
portion of treatment), and CAMU closure. Variable c osts include storage, 
the variable portion of treatment, transportation, disposal, and in 
Option 4, the disposal cell and engineered cap. Fol lowing are the total 
cost equations derived for the four 
options. 
Eq. 1 
Eq.  2 
Eq.  3 
Eq.  4 
These expressions provide an effective and efficien t means of estimating 
the cost of each option given a change in the volum etric estimate of 
waste. It should be noted that these equations are applicable only to SNL 
because the underlying costs are specifically relat ed to the scope of 
work at SNL. However, the general method used to de rive the model can be 
used by others. It should also be noted that these relationships are 
valid within an unspecified range for the variables . For example, at 
significantly higher or lower volumes, fixed costs may be appreciably 
different because the scale of operations, equipmen t capacities, etc. 
will be different. In other words, fixed costs will  likely increase or 
decrease in a stepwise fashion with changes in volu me. Similarly, 
variable costs quoted by vendors for treatment are a function of 
quantity. Larger quantities typically imply lower u nit costs. 
Other analyses that can be performed include break- even analysis and net 
present value. Break-even analysis can be performed  in situations where 
there is a single contaminant of concern. The volum e at which the total 
cost of two options is identical is the break-even volume and is 
determined by simultaneously solving two total cost  equations. At volumes 
above or below the break-even volume one or the oth er option would yield 
a lower cost. Although not reported here, SNL used break-even analysis to 
determine the volume at which it would be more econ omical to send wastes 
off site assuming metals could be remediated in sit u. 
Net present value (NPV) analysis recognizes the tim e value of money to 
determine the most cost-effective alternative. Futu re cash flows are 
discounted to the present using specified discount factors. Annual cash 
flows are discounted to the present by dividing the  cash flows, stated in 
current dollars, by the discount factor, (1 + i)n ,  where i is discount 
rate and n is the year in which the cash flows are realized, beginning 



with n = 0 for the current year. NPV is equal to to tal discounted 
benefits minus total discounted costs in the case o f benefit-cost 
analysis, and is equal to the total discounted cost  in the case of cost-
effectiveness analysis. The alternative having the greatest NPV, or the 
least net present cost, is the preferred alternativ e. The Office of 
Management and Budget specifies a discount rate of 7% for use in benefit-
cost and cost-effectiveness studies performed for t he Federal government.  
Activities for the four options were scheduled over  a 5-year period 
resulting in the allocation of estimated costs show n in Table V. Table VI 
gives the discounted cash flows using a 7% discount  rate. The discount 
factors used to discount the values in Table V are given at the bottom of 
Table VI.  
Table V  
Table VI  
The use of present value analysis does not change t he order of the 
alternatives in terms of cost. Option 3 is still th e most cost-effective 
and Option 2 is still the least. However, this will  not always be the 
case. The longer the schedule and the higher the di scount factor, the 
more dramatic will be the effect of discounting. Al so, alternatives that 
require large expenditures early in the schedule, w ill be less affected 
by discounting than those that are weighted more he avily later in the 
schedule. 
In addition to cost considerations, other criteria must be considered in 
the options selection process. The following sectio n addresses the 
criteria considered by SNL and gives the results of  the options selection 
process. 
OUTCOME 
In addition to the cost analysis results, the SNL E R Project considered 
other, qualitative criteria in reaching a final dec ision on which of the 
four options to select. The decision-making process  involved SNL and DOE 
technical staff and managers, the regulators and th e local public. Both 
the TU and CAMU are permitted facilities that must go through a public 
hearing and comment process. Thus, the early involv ement of both the 
permitting agency and the public is an important me ans for expediting the 
resolution of issues and thereby reducing the time to obtain the permits. 
The qualitative criteria included worker and public  health and safety as 
related to each of the four options. On-site and of f-site handling and 
transportation, CAMU operations with and without tr eatment and disposal, 
ecological impacts, aesthetics, etc. were considere d and ranked as to 
their relative importance for the ultimate decision , and finally they 
were weighted (along with cost) to yield a quantita tive relative value. 
The results of this process are shown in Figure 2. Options 3 and 4, CAMU 
with storage and treatment, and CAMU with storage, treatment and 
disposal, respectively, were clearly preferred base d on the resulting 
values. These are also the options having the least  total costcost was a 
dominant factor for each of the groups. (For those who may be interested, 
separate reports are available on the entire option s analysis and on the 
process used to involve the stakeholders. These rep orts can be obtained 
by contacting the authors of this paper.) 
Fig. 2  
As an outcome of the cost analyses and the stakehol der options 
evaluation, SNL will pursue permitting a full treat ment, storage, and 
disposal CAMU as defined under Option 4. The dispos al cell will not be 
constructed until it is clear that it will be neede d. That need could 



result if the treated residues, especially for meta ls-contaminated soil, 
contain after-treatment concentrations above levels  that would allow 
unrestricted reuse. 
CONCLUSIONS 
The least cost-effective solutions for managing ER hazardous wastes, 
given the constraints and assumptions of this study , are those that 
involve off-site treatment and disposal (Options 1 and 2). The most cost 
effective solution is a CAMU combining on-site trea tment of hazardous 
soils with reuse of the cleaned soil as fill (Optio n 3). A CAMU combining 
on-site treatment of hazardous soils with on-site d isposal of treated 
soils comes in a close second (Option 4). However, the ultimate decision 
regarding disposition of environmental restoration waste will depend on 
stakeholders' perception of risk as well as on cost . 
The volume of waste to be treated and managed great ly influences the 
optimal solution. At a relatively low volume of was te, the capital costs 
associated with the CAMU may not be justified. Howe ver, if current 
hazardous waste estimates are accurate, then a CAMU  can indeed be 
justified under the assumptions of this analysis. A s current hazardous 
waste estimates change with the incorporation of ne wly gathered data, the 
total cost equations can be used to evaluate the co ntinued economic 
viability of the chosen waste management options. 
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ABSTRACT 
The Department of Energy conducted the Materials in  Inventory (MIN) 
Initiative to assess the management practices and s tructures, 
vulnerabilities, disposition options, and costs ass ociated with ten 
categories of materials that the Department no long er needs for their 
original purpose. One of the key findings of the re sulting report (Taking 
Stock: A Look at the Opportunities and Challenges P osed by Inventories 
from the Cold War Era, (1)) is the Department's lac k of sufficient 
understanding of the costs of managing and disposit ioning most of its 
materials in inventory. Difficulties in estimating these costs arise from 
a lack of clear organizational structures within th e Department to manage 
materials and a lack of requirements and incentives  to promote 
identification and disposition of materials no long er needed. 
The Department is addressing the difficulty in esti mating costs by 
increasing financial and managerial accountability for materials in 
inventory and expediting disposition of materials.  
INTRODUCTION 
The Department of Energy (DOE) accumulated an exten sive inventory of 
materials during the past 50 years to support nucle ar weapons production 
and basic energy research. With the end of the Cold  War, DOE sites and 
programs are scaling back and shifting their attent ion and resources from 
weapons production to clean-up and restoration. The refore, the need for 
certain materials has decreased. The unused materia ls, if neither managed 
appropriately nor dispositioned in a timely manner,  may cause the 
Department environmental, worker safety, or public health problems. Such 
problems could, then, lead to considerable and unne cessary management, 
and ultimately, disposition costs. It is imperative  that the Department 
re-evaluate its material needs and ensure that appr opriate management 
practices are in place for the smaller and less dyn amic material 
inventories needed for current and future missions.  
Several factors contribute to the increased need fo r the Department to 
re-evaluate and comprehensively plan its inventorie s and materials 
management practices. First, a change in missions h as caused slow-down in 
materials usage, leading to a backlog of materials for which there is no 
clearly defined purpose. Second, the Department's r ecent commitment to 
openness has brought greater scrutiny to environmen tal, safety and health 
issues within the Department, allowing more dialogu e about 
vulnerabilities associated with materials. Third, d eclining budgets are 
forcing greater attention on all expenditures, incl uding those currently 
used to manage materials in inventory. 
The Department must understand the costs associated  with managing and 
dispositioning materials in inventory because decis ions about several of 
these materials will need to be made during the cou rse of environmental 
restoration and deactivation activities. Long-term costs for materials 
disposition may increase unnecessarily if decision makers favor waste 
disposal over reuse and recycling due to a lack of understanding about 
current costs. 
OVERVIEW OF THE MATERIALS IN INVENTORY INITIATIVE 
The Department undertook the Materials in Inventory  (MIN) Initiative to 
improve management, reduce unnecessary costs, and e ventually develop 
disposition options, thereby reducing the amount of  materials held in 
inventory. The Initiative focused on a subset of th e Department's 
materials, referred to as "materials in inventory,"  which are defined as 



materials that are not currently in use, are not de signated as waste, and 
have not been set aside by the Nuclear Weapons Coun cil as strategic 
reserves (1). 
Materials are considered to be "not in use" when th ey have not been used 
for a period of one year and are not expected to be  used in the coming 
year. Nuclear materials are considered "not in use"  if they are 
associated with an inactive program as listed in th e Nuclear Materials 
Management Safeguards System (NMMSS). 
Hundreds of materials at DOE-owned facilities poten tially meet the 
definition of a material in inventory. The MIN Init iative focused on ten 
categories of materials as follows: 
Nuclear materials    Non-nuclear materials 
Spent nuclear fuel    Sodium 
Depleted uranium    Scrap metals and equipment 
Natural and enriched uranium   Chemicals 
Plutonium and other nuclear   Lead  
   materials     Weapons components 
Lithium  
Teams of Field and Headquarters staff were establis hed for each category 
of material to gather and analyze information regar ding quantities, 
locations, management practices and systems, vulner abilities, costs, and 
disposition options. 
The final report of the Materials in Inventory Init iative, Taking Stock: 
A Look at the Opportunities and Challenges Posed by  Inventories from the 
Cold War Era, was delivered to Deputy Secretary Cur tis in December 1995. 
SUMMARY RESULTS OF THE MIN INITIATIVE 
The Department is currently storing over 820 millio n kilograms of 
materials that fall within the scope of the MIN Ini tiative. It is 
difficult to assess the total inventory of material s because tracking 
requirements and management practices for most of t hese materials vary 
from site to site and program to program, with no D epartmental level of 
consistency.  
Teams evaluated the status of the Department's curr ent plans for 
disposition including reuse within the government, recycling, sale or 
transfer, and disposal as waste. Disposition plans for many of these 
materials have not been made or implemented because  barriers exist that 
inhibit timely decision making. For example, manage rs face disincentives 
to declare materials excess and clear responsibilit ies among programs are 
lacking. Also, very few of the materials can be con sidered "assets" and 
thus sold for profit. In fact, most of the material s will require 
characterization, processing, decontamination, or r epackaging before they 
can be dispositioned, which, in some cases, will co st as much or more 
than the material is worth on the market. For examp le, the Department 
recently sold 91 million pounds of lithium for abou t the same amount of 
money it will cost the Department to prepare the ma terial for sale.  
Some savings can be realized from dispositioning ma terials in inventory. 
More importantly, some costs, such as re-occurring costs can be avoided 
by reducing inventories. For example, if the sale o f the 91 million 
pounds of lithium does not proceed as currently pla nned, the lithium will 
have to be repackaged in 5-10 years. This repackagi ng will cost an 
estimated $20-40 million dollars.  
It is essential to move materials in a timely manne r, especially as 
decommissioning schedules accelerate. Some material s, such as chemicals 
and equipment, lose value as they age. In the case of some chemicals, 



safety vulnerabilities increase overtime as the che micals change form and 
composition. Some materials become the focus of reg ulatory attention when 
they remain on site without a use for long periods of time. Time is also 
an important factor as sites shut down and must rap idly disposition large 
amounts of materials at once. For example, the Ener gy Technology 
Engineering Laboratory in California is currently f aced with getting rid 
of 30,000 gallons of sodium within 1 year or it may  have to be managed as 
waste which is costly. The site is working with oth er sites, state 
regulators, and sodium manufacturers to resolve thi s issue. 
Findings of the MIN Initiative 
Taking Stock includes a number of findings, three o f which are relevant 
to cost discussions:  
Finding: The Department does not understand suffici ently the costs of 
managing most materials in inventory, resolving vul nerabilities, and 
disposal as compared with other management options.   
Finding: The Department does not have clear and eff ective organizational 
structures for inventory management and disposition  for some materials in 
inventory. 
Finding: The Department lacks policies to require o r encourage its 
programs to identify and disposition materials that  are no longer needed. 
The complete list of findings appears at the end of  this paper. 
ESTIMATING COSTS 
One of the main tasks that evolved during the cours e of the MIN 
Initiative was to begin to assess how much the Depa rtment is currently, 
and will likely, spend to store manage and disposit ion materials in 
inventory. In most cases, adequate data were not av ailable to make 
quantitative estimates for materials other than plu tonium and spent 
nuclear fuel. However, important conclusions can be  made about the causes 
and effects of the difficulty of gathering the data . 
Methodology and Results 
Cost surveys were sent to each site requesting info rmation on management 
and disposition costs and potential costs to addres s vulnerabilities for 
each material. The quality and utility of the cost estimates received in 
the surveys vary greatly for two reasons. First, th e survey responses did 
not provide the assumptions or calculations used in  developing cost 
estimates, making verification difficult. Second, t he survey requested 
only existing information; sites were not expected to develop new data 
for this effort. Less than half of the sites were a ble to respond with 
existing information, and not all of those sites re sponded to all 
questions. A lack of response does not necessarily indicate a lack of 
costs. 
Cost information gathered for the MIN Initiative pr esents a snapshot in 
time of overall costs. Nuclear material inventories  tend to be static 
while non-nuclear material inventories tend to be f luid, making cost 
estimations difficult. For this and other reasons, nuclear materials, 
such as plutonium, depleted uranium, spent nuclear fuel, and lithium, 
tend to have more cost information available than n on-nuclear materials, 
such as scrap metal, lead, and weapons components. Plutonium and spent 
nuclear fuel seem to have the best management cost data because internal 
and external pressures have increased attention and  programs have been 
established to deal specifically with these materia ls. 
Managing Materials 
Management costs of materials in inventory are esti mated to be at least 
$1-2 billion annually. This estimate drops to about  $50-60 million when 



not factoring in plutonium and spent nuclear fuel c osts. This estimate is 
not all inclusive because some sites reported that costs to store some 
materials in inventory, such as lead and chemicals,  are negligible except 
when they are actually dispositioned. 
The Department spends approximately $1 billion annu ally on plutonium 
management activities such as monitoring, safeguard s and securities, 
facility maintenance, performance testing, surveill ance, and packaging 
and storing. This is the largest identified portion  of the management 
costs for materials in inventory. Spent nuclear fue l accounts for the 
second largest portion of identified costs with app roximately $170 
million spent annually on activities such as inspec tions, pool 
maintenance, safeguards and security, record keepin g, and surveillance. 
Addressing Vulnerabilities 
As with management costs, data associated with addr essing environmental, 
safety, and health vulnerabilities were best for pl utonium and spent 
nuclear fuel. This is due, in large part, to the fa ct that the Department 
has conducted extensive studies on the vulnerabilit ies of these two 
materials and both have received focused attention from outside the 
Department. 
The Department estimates that it will cost approxim ately $900 million to 
address vulnerabilities associated with plutonium. This number includes 
stabilization activities at Idaho, Oak Ridge, Savan nah River, Hanford, 
Rocky Flats, and Livermore and Los Alamos National Laboratories as 
recommended by the Defense Nuclear Facilities Safet y Board in 1994. The 
estimate for addressing vulnerabilities associated with spent nuclear 
fuel is approximately $677 million. 
Dispositioning Materials in Inventory 
The Department can save money through timely dispos ition of materials in 
inventory rather than maintaining these materials f or the indefinite 
future. Over time the Department can reduce overall  costs by avoiding the 
need to build new storage facilities, monitor some materials, and incur 
routine maintenance costs, though the initial costs  for disposition will 
seem high.  
Initial costs will be incurred because many materia ls will require 
activities such as decontamination, repackaging, or  other services before 
they can be dispositioned. These activities often r esult in higher costs 
than the Department will immediately recover from t he sale or removal of 
the materials from inventory. Because materials in inventory tend to be 
co-located with other materials, removing them from  inventory will not 
greatly increase immediate cost savings. However, t hese savings could be 
realized in the long-term. For example, lead bricks  which fit the 
definition of "materials in inventory" (MIN lead) m ay be stored in the 
same building as other shielding materials or may b e stored with waste 
lead that is not considered to be a "material in in ventory". If the "MIN" 
lead is removed, the other lead will still need to be stored and 
monitored as before. 
Difficulties in Estimating Costs 
As the teams tried to develop cost estimates for ma naging and 
dispositioning materials in inventory, it became ev ident that the 
Department does not understand sufficiently the cos ts associated with 
most of these materials for a variety of reasons. 
Finding: The Department does not have clear and eff ective organizational 
structures for inventory management and disposition  for some materials in 
inventory. Various offices within the Department ha ve responsibility for 



materials in inventory. In some cases, several offi ces have 
responsibility for managing the same material at a site. This sometimes 
leads to unclear lines of responsibility for managi ng and dispositioning 
the materials. At Fernald, six organizations are in volved in the 
management and disposition of uranium. The high num ber of participants 
has slowed down the sale of materials and created c onfusion over which 
organization has authority over the material. 
For some materials it is difficult to say exactly w hich program office 
owns them. Sometimes when projects are terminated, materials are 
"orphaned", meaning that no office is willing to ta ke responsibility for 
the material. Without one program responsible for t he management and 
disposition of the "orphan" materials, costs are of ten carried in general 
site overhead accounts. The lack of clear and effec tive organizational 
structures for inventory management and disposition  leads to difficulty 
in estimating costs.  
The Department generally does not allocate budget r esources by material, 
but rather does so by activity. Thus, material mana gement costs generally 
are paid by the sites as an overall maintenance cos t, not as part of a 
project. Because costs usually are not associated w ith particular 
projects, programs do not see the costs of maintain ing materials. 
Maintenance activities such as monitoring, storage,  moving, and safety 
precautions are generally paid for out of overhead accounts for the 
entire site. These circumstances make it difficult to distinguish how 
much is spent on materials in inventory compared wi th other materials.  
Because lines of responsibility are unclear, life-c ycle and opportunity 
costs are often not taken into consideration when m aking decisions about 
disposition. Many management costs will stay the sa me even if the 
materials go away. Reducing the volume of materials  in inventory, 
however, may make room for other materials and ther eby avoiding new 
storage facility construction.  
Even when it is possible to estimate the cost of ma naging materials, it 
is often difficult to assign specific costs to mate rials in inventory. 
Determining the portion of costs that are attributa ble to materials in 
inventory is difficult because materials are often co-located with other 
materials not covered by this initiative. For examp le, chemicals meeting 
the definition of "materials in inventory" (MIN che micals) are on shelves 
along with chemicals that are currently in use. Whe n assessing the costs 
of managing chemicals, it is very difficult to dete rmine what portion of 
costs to assign specifically to the "MIN" chemicals .  
Disincentives to Dispositioning Materials 
Finding: The Department lacks policies to require o r encourage its 
programs to identify and disposition materials that  are no longer needed. 
In fact, there are often financial disincentives to  disposition materials 
in inventory. Many materials require sampling, deco ntamination and 
repackaging, as well as time and effort to find ade quate and appropriate 
disposition options. Occasionally, preparation of a n Environmental Impact 
Statement or other documentation is required by the  National 
Environmental Policy Act (NEPA) before materials ca n be dispositioned. 
Although NEPA processes are necessary to ensure app ropriate consideration 
of potential environmental impacts and stakeholder involvement, they do 
increase the amount of time and money a program mus t spend to disposition 
materials. If a program identifies and begins to di sposition an unneeded 
material, it would bear the burden of the costs of preparing that 



material for disposition. These costs could draw fu nds away from the 
program's core missions.  
Outside factors also may create disincentives for d ispositioning 
materials in inventory. For example, a storage tank  emptied during 
disposition of a material in inventory may contain a "heel" at the bottom 
of the tank to collect impurities. Under the Resour ce Conservation 
Recovery Act, if the tank was emptied, the heel wou ld be designated as a 
waste. Once designated a "waste" materials often re quire costly treatment 
and packaging procedures. However, if the material was left in the tank, 
the Department would not have to manage the heel as  a waste material. 
Because of the possible redirection of resources fr om active projects to 
pay for disposition or preparation of materials for  disposition, and the 
lack of cost impacts on budgets of responsible orga nizations, Department 
programs are effectively discouraged from dispositi oning materials. 
Leaving materials in place is often the simpler opt ion with less 
immediate or fewer obvious budget impacts. This sho rt-term view can lead 
to greater costs in the long term as aging material s, storage containers, 
and facilities require additional attention. 
IMPLICATIONS FOR THE DEPARTMENT 
The findings of the MIN Initiative have important i mplications across the 
Department when it is managing materials, decommiss ioning facilities, and 
cleaning up sites. For example, if materials are di spositioned as they 
are removed from their original location, it is eas ier to certify the 
contamination and pedigree of these materials. Once  materials are placed 
in storage, often co-located with materials from ot her locations, 
facilities, and processes, it is more difficult to certify that a 
material has not been contaminated in some way. Man y of the Department's 
materials in inventory were placed uncharacterized in storage many years 
ago. This has lead to higher current management cos ts than if final 
disposition plans had been implemented originally. Additionally, it costs 
less to move a material once than it does to move i t twice. 
Material characterization is needed for many materi als before management 
and disposition decisions can be implemented. Some materials have not 
received extensive management attention in the past  and have minimal or 
no records regarding chemical composition or contam ination levels. In 
addition, the Department has experienced a loss of personnel with process 
knowledge thereby limiting the amount of reliable k nowledge available to 
make decisions. 
Many materials are stored in forms and facilities n ot designed for long-
term storage. For example, a majority of spent nucl ear fuel is stored in 
wet storage pools up to 30 years old, that were not  designed for long-
term storage. Some materials will require new or up dated facilities or 
repackaging if they are left in inventory for long periods of time. For 
example, scrap metals and lead will both require ne w storage facilities 
in the near future if the inventories of these mate rials are not 
decreased.  
CONCLUSION 
The Department is moving ahead to reduce the amount  of materials it has 
in inventory, and thus reduce unnecessary risk and costs. The Department 
is working to address the findings of the MIN Initi ative by taking a 
number of actions, including the following: 
  Developing and implementing systems to promote ex change of materials 
within the Department; 
  Evaluating options for effective management struc tures; 



  Establishing a policy for programs to identify an d disposition 
materials in inventory in a cost-effective and time ly manner; 
  Clarifying Departmental policies which currently inhibit materials 
disposition due to misinterpretations; and 
  Developing methodology to identify the costs of m anaging materials in 
inventory. 
FINDINGS OF THE MATERIALS IN INVENTORY INITIATIVE 
Finding 1: The Departments inventories of materials  exceed current 
mission needs. 
Finding 2: Inventory information and materials mana gement systems vary 
greatly across material types and sites. 
Finding 3: The Department does not have clear and e ffective 
organizational structures for inventory management and disposition for 
some materials in inventory. 
Finding 4: The Department lacks policies to require  or encourage its 
programs to identify and disposition materials that  are no longer needed. 
Finding 5: Policy and legal barriers hinder disposi tion of materials in 
inventory. 
Finding 6: The Department does not understand suffi ciently the costs of 
managing most materials in inventory, resolving vul nerabilities, and 
disposal as compared with other management options.  
REFERENCES 
1. Taking Stock: A Look at the Opportunities and Ch allenges Posed by 
Inventories from the Cold War Era, (Draft December 1995) U.S. Department 
of Energy 
ACKNOWLEDGMENTS 
This paper draws on the year-long effort of many pe ople and 
organizations. Special acknowledgment is due to Suz anne Rudzinski, Steven 
Taub, and Jeneva Craig at the Department of Energy;  Project Performance 
Corporation; MACTEC; and all of the people involved  in the Materials in 
Inventory Initiative from the program offices and f ield offices. 
 
49-5   
UNDERSTANDING AND REDUCING SUPPORT COSTS IN THE DEPARTMENT OF ENERGY 
OFFICE OF ENVIRONMENTAL MANAGEMENT 
Jonathan Kang 
U.S. Department of Energy 
 
Lawrence G. Buc 
Sander Glick 
Thomas Schofield 
Thomas J. Bruno 
Project Performance Corporation 
ABSTRACT 
Support costs make up a significant portion of tota l costs in the 
Department of Energy (DOE) Office of Environmental Management (EM), 
according to preliminary data from the 1996 Baselin e Environmental 
Management Report (BEMR), the 1995 BEMR, and other studies of EM support 
costs. (DOE uses the term "support costs" to repres ent costs that would 
be considered "overhead costs" by private industry. ) For that reason, 
reducing support costs is vital to reducing the ove rall cost of EM 
activities.  
This paper provides general findings on the nature and significance of 
support costs from the 1996 BEMR and other relevant  studies. This paper 



also discusses how EM can reduce support costs by p roperly identifying 
and categorizing those costs and by understanding t heir drivers.  
INTRODUCTION 
Both government and private industry are under incr easing pressure to cut 
costs. The drive to reduce the Federal deficit and agency budgets has 
spurred DOE and other agencies to seek more effecti ve ways of increasing 
productivity and cutting costs. Private industry ha s focused recently on 
maximizing profits through increases in efficiency and reductions in 
costs. Overhead is often the first stop on the road  to cost reduction 
because overhead costs tend to make up such a large  percentage of total 
cost (5). (DOE uses the term "support costs" to rep resent costs that 
would be considered "overhead costs" by private ind ustry.) Managers in 
both DOE and private industry are paying far greate r attention to such 
costs than in the past and are developing cost syst ems that more 
accurately represent them.  
This paper discusses overhead and support costs in general, presents 
findings from the 1996 Baseline Environmental Manag ement Report (BEMR)a 
and other recent studies on overhead costs, and sug gests more effective 
ways of both understanding and reducing those costs . The paper begins by 
defining overhead and support costs in private indu stry and in EM and 
discusses the traditional view of overhead and supp ort costs and the 
problems with that view. The paper then looks at wa ys of improving our 
understanding those costs, examines support cost dr ivers in the EM 
program, and draws lessons from private sector best  practices for 
reducing the costs of EM program management. Finall y, the paper 
summarizes the results of recent studies of overhea d and support costs. 
OVERHEAD COSTS IN PRIVATE INDUSTRY 
In the private sector, overhead costs are defined a s costs not directly 
related to production or the provision of a service . For example, in 
manufacturing overhead costs include the direct and  allocated costs other 
than labor and the purchase of materials. Areas gen erally considered to 
be overhead in manufacturing include indirect labor , general and 
administrative expenses, facilities and equipment c osts, engineering 
costs, and materials overhead costs (5). In the hos pital industry, to 
take another example, overhead costs include dietar y staff; cafeteria; 
laundry and linen; plant; housekeeping; accounting;  communications; 
patient accounts; data processing; admitting; hospi tal administration; 
public relations; personnel; auxiliary groups; chap lain services; and 
medical records (Noreen and Soderstrom 1994). These  activities are vital 
to the functioning of the hospital but are not dire ctly associated with 
the provision of medical services.  
Over the last two decades in manufacturing, overhea d costs have increased 
as a percentage of total costs, and "are replacing the direct costs of 
touch-laborers and purchased materials" in industry  as the largest 
component of total cost (2). This shift is due prim arily to the increased 
use of automation, which decreases the need for dir ect labor and 
increases the amount of overhead associated with ma intaining and running 
equipment (5). The concepts of just in time, total quality management, 
group technology, and flexible manufacturing system s have also reduced 
the need for direct labor (4). Currently, overhead costs represent 
between 35 and 40 percent of total manufacturing co sts (3,5). Overhead 
accounts for 70-75 percent of value added in the Am erican electronics and 
machinery industry (5). The same article indicates that overhead rates of 
1000 percent occur in some firms. 



EM SUPPORT COSTS 
EM defines support costs as direct and indirect cos ts incurred for 
activities other than cleanup. Cleanup costs includ e treatment, storage, 
disposal, characterization, retrieval, assessment, surveillance and 
maintenance, remedial action, decommissioning, deac tivation, and 
stabilization.For BEMR, EM categorized support cost s into 6 general areas 
and 29 more specific areas. This categorization was  based upon an 
analysis of current EM budget documents: Activity D ata Sheets; Allocable 
Cost Report; and site budget documents: 
1) Management: 
 Executive direction 
 Management and operating (M&O) contractor oversigh t 
 Management/award fee 
 Program management 
 Quality assurance 
2) Finance and Administrative Services: 
 Administrative support 
 Chief Financial Officer 
 Human resources 
 Information services 
 Legal  
 Training  
3) Environment, safety, and health:  
 Environment, safety, and health  
 Monitoring 
 Laboratory support 
 Pollution prevention 
4) Infrastructure: 
 Facilities management, engineering and maintenance   
 Logistics support 
 Procurement 
 Utilities 
5) Safeguards and security: 
 Safeguards and security 
6) Stakeholder, regulatory, and other: 
 Agreements Economic development 
 Lab-directed research and development 
 Media/communications 
 Regulatory compliance 
 Stakeholder-related outreach 
 Taxes 
 Technology development 
 Other 
Recent studies show that support costs make up betw een 30 and 77 percent 
of total EM costs: 
I.   The 1995 DOE Support Cost Review (1995) found that   
 support costs make up approximately 45 percent of total  
 operating costs. 
II.  The 1995 BEMR found that support costs are app roximately   50-
65 percent of total EM costs. 
III. Data collected for recent EM "workouts" held b etween EM     
 Headquarters and sites indicate that support costs  make up  
 from 30-70 percent of site costs. 



IV.  Preliminary data from the 1996 BEMR are consis tent with  
 findings from these other studies of the EM suppor t costs  
 (Table I). 
Although the exact definition of support activities  varied somewhat from 
estimate to estimate, it is clear that support cost s are a large 
component of total cost in EM. 
Table I 
PROBLEMS WITH THE TRADITIONAL VIEW OF OVERHEAD AND SUPPORT COSTS 
Traditional cost accounting methods, used both in E M and in private 
industry, base estimates of overhead costs upon vol ume-related measures 
such as direct labor hours or machine hours. Overhe ad costs are assumed 
to vary in strict proportion to direct labor or mac hine hours. In other 
words, overhead costs are assumed to increase by 10 0 percent if direct 
labor hours are increased by 100 percent. Tradition ally, accountants have 
even viewed direct labor hours as the cause or driv er of overhead costs: 
[Traditional] efforts base overhead burden rates [c osts] on direct labor, 
materials, or machine hours. The problem with this approach is that the 
driving force behind most overhead costs is not uni t output or direct 
labor. Overhead costs do usually correlate with uni t output, but that 
does not mean that unit outputs "cause" overhead co sts. In fact, acting 
as though they were causally related leads managers  to concentrate on 
output measures or on direct labor rather than on t he structural 
activities that determine overhead costs. (5) 
Recent analysis has shown that there are two major problems with the 
above assumptions for estimating and understanding overhead costs: 
There is only a weak relationship between overhead costs and direct 
activity. Noreen and Soderstrom (1994) found that a  100 percent increase 
in direct activity, such as labor or machine hours,  would only cause a 25 
percent increase in overhead costs. Data from the 1 995 and 1996 BEMR 
support that analysis. 1995 BEMR data indicated tha t a 100 percent 
increase in treatment, storage, and disposal costs would cause less than 
a 15 percent increase in support costs. Preliminary  1996 BEMR data shows 
that a 100 percent increase in treatment, storage, and disposal costs 
will cause only a 20 percent increase in environmen t, safety, and health 
(ES&H) costs. Thus, estimates of overhead costs can not accurately be 
based on direct activity levels. 
More importantly for this paper, even if there was a relationship between 
overhead costs and direct activity level, direct ac tivities do not cause 
overhead costs. For that reason, the common assumpt ion that the way to 
reduce overhead costs is to reduce direct costs is false. Understanding 
the real cause or causes of the need for an overhea d activity is the 
first step towards reducing its costs. The next sev eral sections discuss 
ways of more accurately identifying those causes an d more effectively 
reducing overhead costs. 
IMPROVING OUR UNDERSTANDING OF OVERHEAD AND SUPPORT COSTS 
The principles of activity-based costing (ABC) and Total Cost Management 
(TCM) shed some light on overhead costs. ABC, an ex tension of traditional 
cost accounting, uses multiple cost drivers to assi gn costs to products, 
recognizing that labor-based cost systems often do not capture 
differences in resource consumption by products. Th e basic premise of ABC 
is: 
  Demand for a product leads to activities of produ ction. 
  Activities of production consume resources. 



  The amount of resources consumed is determined by  the levels of the 
drivers. 
TCM, as described by Ostrenga (8), is "a business p hilosophy of managing 
all company resources and the activities that consu me those resources. 
Managing costs in a TCM environment means focusing on activities and the 
events, circumstances, or conditions that cause or 'drive' these cost-
consuming activities."  
Thus, ABC and TCM advocate, first, understanding th e cause or driver of 
all costs and then reducing costs by working to cha nge these drivers. For 
BEMR, EM has collected information on the drivers o f support activities. 
Other recent EM studies and reviews have gone a ste p further, assessing 
ways to reduce support costs based upon a growing u nderstanding of cost 
drivers. The remainder of the paper will provide re sults from these 
recent studies and suggest ways to reduce support c osts.  
EVALUATING EM SUPPORT COST DRIVERS 
Several EM studies, the Support Cost Review and the  Program Management 
Analytical Team, have recently examined the causal factors driving 
support costs. The Support Cost Review indicates th at a large portion of 
support cost are driven by two factors: 
  DOE orders and requirements; and  
  The current guidelines laid out for contractor ma nagement.  
From a detailed analysis of these drivers, the Supp ort Cost Review 
concluded that significant costs savings could be a chieved through the 
consolidation of DOE and contractor management prac tices and modification 
of low value DOE orders. In the former case, the re view found that the 
separation of contractor and DOE planning and budge ting activities 
complicated the ES&H management process. Removing t hat separation would 
result in significant cost savings as ES&H costs co mprise 11 percent to 
38 percent of total cost (Table I). 
The Support Cost Review attempted to evaluate the r elative costs and 
benefits of current DOE ES&H orders and identified three examples of the 
cost savings achievable by reexamining and modifyin g current DOE 
requirements. 
National Environmental Policy Act (NEPA): A categor ical exclusion is 
effectively an exemption from the NEPA process gran ted to certain 
activities that, by their very nature, have no impa ct on the environment. 
Current orders require that categorical exclusion d etermination for NEPA 
be conducted at headquarters. The Support Cost Revi ew suggests that this 
function be delegated to the Operations Office leve l and conducted by M&O 
contractors. Such a change would significantly redu ce the number of 
reports required to confirm that an action is not s ubject to NEPA 
compliance. 
Radiological Control Manual (RCM): Although acknowl edged to provide 
excellent guidance for the safe handling and contro l of radiological 
material, RCM guidelines place a burden that brings  little benefit on 
sites with low risk of radiological exposure. Suppo rt costs could be 
saved by revising these guidelines to exempt low ri sk sites.  
Safety Analysis Reports (SAR): Finally, the Support  Cost Review found 
that SAR preparation often places an undue burden o n sites where reports 
were irrelevant, and that a graded approach acknowl edging differences in 
risk levels would be more appropriate. 
Fundamentally, the review found that the basic inte ntion of these DOE 
orders, achieving an acceptable level of worker saf ety, is not being 
achieved efficiently. Modifying these orders would allow sites to achieve 



these goals more cost effective. As discussed earli er, BEMR found that 
ES&H costs do not change much as treatment, storage , and disposal costs 
change. This may be due to the fixed nature of the compliance burden. If 
so, the removal of some DOE orders should have a si gnificant impact on 
ES&H costs. 
DETERMINING THE COST EFFECTIVENESS OF SUPPORT COSTS 
Overhead costs in the private sector are often revi ewed by potential 
customers, suppliers, or partners as a check on the  real cost of 
producing a product or service (4). This interactio n leads firms to adopt 
industry best practices. In the absence of such int eractions, the Office 
of Environmental Restoration Program Management Ana lytical Team (1995) 
conducted a benchmarking study comparing program ma nagement of EM 
activities to program management for similar projec ts in the private 
sector. The intent of the study was improve the pro cess for conducting 
program management, an essential support function, by identifying and 
adopting private sector best practices. 
The Team found that private sector program manageme nt costs were 
approximately 40-80 percent lower than those in EM program management 
which range from 6 percent to 21 percent of total c osts (Table I). The 
reason for this difference, the team concluded, was  that program 
management in the private sector focused on work di rectly related to the 
speedy completion of projects and that EM program m anagement did not. 
Thus, the study shows both that EM program manageme nt can be improved by 
greater focus on those activities that speed the co mpletion of projects, 
and that benchmarking can lead both to a better und erstanding of cost 
drivers and to lower cost. 
CONCLUSION 
In summary, recent studies on overhead and support costs in EM, other 
federal agencies, and private firms show four thing s: 
I.   Overhead costs are the single largest componen t of total cost  in 
nearly all industries and government agencies, acco unting   for 
more than 35 percent of total cost. Thus, understan ding   and 
controlling these costs is key to controlling overa ll costs. 
II.   Historically, little attention has been focus ed on overhead  
 costs. It is only recently that the "hidden factor y" of overhead 
  costs has been scrutinized. 
III.   ABC and TCM indicate that understanding and managing  
 cost drivers is a key to controlling costs. It is clear that there 
  are many overhead cost drivers other than direct activity 
level.  
IV.   EM has begun to perform several analyses that  allow a better  
 understanding of overhead costs. We believe that s imilar  
 analyses should be continued and that management b ased   upon 
these findings could lead to future cost reductions . 
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ABSTRACT 
The Lockheed Idaho Technologies Company (LITCO) Eco nomic and Systems 
Analysis program has developed a life cycle cost an d risk estimation 
process to evaluate Environmental Management option s for the United 
States Department of Energy. The evaluation process  is demonstrated in 
this paper through the comparative analysis of two alternative scenarios 
that have been identified for the management of the  alpha-contaminated 
mixed low-level waste that is currently stored at t he Idaho National 
Engineering Laboratory (INEL). The two scenarios th at are evaluated are a 
Base Case and a Delay Case. The two scenarios are r ealistic and based on 
actual data, but are not intended to exactly match actual plans currently 
being developed at the INEL. The paper includes a g eneral description of 
each scenario, along with major assumptions that we re made to support the 
analytical process. 
Life cycle cost estimates were developed for both s cenarios with the use 
of the System Cost Model. The resulting costs are p resented and compared. 
Life cycle costs are shown as a function of time an d also aggregated by 
pretreatment, treatment, storage, and disposal acti vities. Although there 
are some short-term cost savings associated with th e Delay Case, the 
cumulative life cycle costs are shown to eventually  become much higher 
than the costs for the Base Case over the same peri od of time, due mainly 
to the storage and repackaging necessary to accommo date the longer Delay 
Case schedule. Similarly, life cycle risk estimates  were prepared using a 
relatively new risk analysis methodology that was d eveloped for the INEL 
Environmental Management Integration task and has b een adapted to the 
System Cost Model architecture for automated, syste matic cost/risk 
applications. Relative risk summaries are presented  for both scenarios as 
a function of time and also aggregated by pretreatm ent, treatment, 
storage, and disposal activities. The relative risk  associated with the 
Delay Case is shown to be higher than that of the B ase Case. Finally, 
risk and cost results are combined to show how the collective information 
can be used to help identify opportunities for risk  or cost reduction, 
and highlight areas where risk reduction can be ach ieved most 
economically. 
INTRODUCTION 
A life cycle cost and risk estimation process has b een developed to 
evaluate various Environmental Management options f or the United States 
Department of Energy (DOE). The Economic and System s Analysis program, 
based at the Idaho National Engineering Laboratory,  has been sponsored by 



the Office of Waste Management, Office of Planning and Analysis (EM-35) 
and the Office of Science and Technology, Office of  Technology Systems 
(EM-53).  
Lockheed Idaho Technologies Company's (LITCO's) Eco nomic and Systems 
Analysis (ESA) program has developed a systems engi neering process for 
analysis of waste management problems. The process is based on the 
engineering analysis that LITCO has provided on the  Waste Management 
Programmatic Environmental Impact Statement, Site T reatment Plans (STPs) 
as required under the Federal Facility Compliance A ct, and support for 
the Baseline Environmental Management Report (BEMR) . A risk methodology 
was also developed by the Idaho National Engineerin g Laboratory 
Environmental Management Integration Program. The c ombination of cost 
analysis and risk analysis capabilities has allowed  the ESA program to 
address EM alternatives from new perspectives.  
LITCO's Economic and Systems Analysis program has d eveloped an extensive 
knowledge in waste management facility cost develop ment, engineering 
model design, and risk applications. This knowledge , which was initially 
developed to support EM-30, has now been additional ly focused on EM-50 
initiatives to identify cost-effective and reduced- risk alternatives. The 
ESA studies will be used by EM to gain a greater un derstanding of the 
opportunities for cost reductions and provide a qua ntitative means for 
comparison of DOE policy options.  
The benefits to EM-50 have included: 
  Providing a baseline for comparison of Technology  Development 
alternatives, 
  Providing a method to communicate results on new technologies to EM-30, 
  Providing a bridge between an "Average Site's" ap proach and site-
specific applicability, 
  Helping to identify needs for technology developm ent, 
  Providing a basis for prioritizing opportunities for risk or cost 
reduction. 
The benefits to EM-30 have included: 
  Better focused Technology Development supporting key EM-30 policy 
options, 
  Better understanding of the costs and benefits of  advanced technology 
options, 
  Better integration of a strategic planning basis,  
  Consistent methodology enabling comparative analy sis of waste 
management alternatives, 
  Better understanding of cost implications for var ious complex-wide 
configuration options. 
The need for cost/risk integration has been identif ied by the DOE. The 
DOE considers risk and life cycle costs in establis hing program 
priorities. The ESA program has developed a tool ca lled the System Cost 
Model (SCM) which has facilitated the cost/risk ana lysis of complex EM 
alternatives. The SCM allows analysis of various te chnology processing 
options for mixed low-level waste (MLLW), low-level  waste (LLW), and 
transuranic waste (TRUW)--both mixed and non-mixed.  The use of the SCM 
has helped LITCO integrate the requirements of EM-3 0 and EM-50. The two 
models which have been developed to support cost/ri sk analysis are 
described as follows: 
    System Cost Model (SCM) - The SCM was initially  developed for EM-35 
to support sensitivity analysis of waste management  costs for the BEMR. 
The SCM produces complex-wide life cycle costs for treatment, storage, 



disposal, and transportation of MLLW, LLW, and TRUW . The SCM also 
includes a database of site-specific waste manageme nt information 
including: waste inventory volumes and generation r ates, treatment 
processing schemes, existing and planned facilities , site-specific cost 
factors and labor rates, and schedules. 
    System Cost Model - Risk (SCM-R) - The SCM-R ha s been developed to a 
conceptual level for EM-35 to support cost/risk eva luations. The SCM-R is 
an add-on to the base SCM. The fundamental risk met hodology is based on 
the work done by the Environmental Management Integ ration Program (EMIP) 
at the INEL. Approximately 1000 simplified risk ass essments were produced 
for the EMIP. The SCM-R will produce simplified rel ative risk assessments 
to show baseline life cycle risk, worker and public  risk, waste disposal 
risk, and waste transportation risk. All categories  of waste, from spent 
fuel to low-level waste, can be accommodated, as ca n all types of waste 
(radioactive, hazardous, and mixed). The method is based on the 
fundamental equations of risk (e.g., as used in CER CLA risk assessments). 
The risk calculations are based on the product of p robability and 
consequences. The equations are broken down into ri sk elements, e.g., 
inventory quantities, toxicities, confinement barri ers. Look-up tables 
provide values to be used for each risk element.  
COST/RISK STUDY 
This paper includes a specific cost/risk study demo nstrating the use of 
the SCM and SCM-R tools. The study provides a life cycle cost/risk 
evaluation of the trade-offs of using long-term sto rage prior to 
treatment versus treating with existing technologie s and minimizing 
storage. The study is based on actual INEL waste st ream data and can be 
considered representative of the type of analysis t hat could be performed 
at any large DOE site. However, since some of the a ssumptions used are 
hypothetical, this study is not intended to accurat ely reflect current 
INEL plans. Rather, the study is meant to demonstra te a unique cost/risk 
analysis capability using realistic input parameter s. 
The purpose of the study was to compare the magnitu de of the costs and 
risks for long-term storage versus the current plan ning basis. These 
options show the costs and risks associated with de laying treatment until 
new technologies are available. The study also show s how both costs and 
risks can be evaluated in one analysis. The remaind er of this paper 
includes a description of the alternatives, assumpt ions, cost and risk 
results, and key study conclusions. 
Alternative Descriptions 
Two alternatives were defined for this cost/risk st udy: 
1) Base Case Scenario - The Base Case Scenario is c omprised of the INEL 
BEMR treatment, storage, and disposal configuration  and the 1995 Mixed 
Waste Inventory Report (MWIR) waste stream data. Th e Base Case scenario 
used a treatment schedule based on the STP.  
     The waste is retrieved from earthen-covered st orage. Retrieval will 
be followed by receipt and inspection of the waste at the Stored Waste 
Examination Pilot Plant (SWEPP), which includes an open, dump, and sort 
module to determine which treatment the waste form will receive. Also 
included are pre-treatment handling and storage. Al l necessary pre-
treatment facilities are assumed to be in existence  at the INEL; 
therefore, no construction costs are included until  the year 2025, when 
existing facilities are assumed to become obsolete and new storage is 
constructed. 



     This case utilizes incineration followed by gr outing for the 
particulates, sludges, and some of the debris. Howe ver, most of the 
debris will be treated by first shredding the waste , which is then 
treated by thermal desorption followed by grouting.  Other solids and 
particulates will be treated by a polymer stabiliza tion. Disposal is 
assumed to take place in an onsite engineered dispo sal facility. 
2) Delay Case Scenario - The Base Case Scenario was  revised to show the 
effects of long-term pre-treatment waste storage.  
     Treatment and disposal for this case are ident ical to the Base Case 
with the only change being that the treatment and s ubsequent disposal 
occur fifty years later. The treatment and disposal  facilities required 
for the Delay Case are considered to be nonexistent  and will require 
construction. However, no post-treatment storage is  required for this 
case since the treated waste goes directly to dispo sal. 
     In addition to pre-treatment storage, the wast e will be overpacked 
as it is received and inspected based on the assump tion that current 
containers are not adequate to support another 50 y ears of storage. SCM 
does not have an "overpack" module, however, in ord er to provide costs to 
adequately reflect the overpacking, the receiving a nd certification 
module costs were artificially increased to account  for the activity. 
After the waste is retrieved (complete in the year 2015) and overpacked 
(complete in the year 2039), it is stored until tre atment is available in 
the year 2047. 
General Assumptions: 
  The specific waste management system defined for this study was the 
INEL alpha MLLW. For the sake of simplicity in mode ling the INEL alpha 
MLLW, the initial risk analysis was limited to five  waste matrix 
categoriesa. The total alpha MLLW inventory at the INEL is characterized 
by 12 waste matrix codes. However, the five waste c odes chosen for this 
demonstration model represent 97.7% of the volume o f waste to be treated 
at the INEL. The five waste codes chosen for this m odel are: S 3110, S 
3120, S 5110, S 5300, and S 5400. 
  The costs reflect DOE-built and operated faciliti es required for the 
alpha MLLW inventory. Since treatment facilities fo r this waste do not 
currently exist at the INEL, new facilities will be  required. The alpha 
MLLW will be treated based on the requirements of t he Resource 
Conservation and Recovery Act. The treatment window  for the inventory is 
assumed to be 19 years in duration (same for both c ases). 
  These cases assume that the alpha MLLW inventory is disposed of onsite 
in an above-ground engineered disposal facility. 
Scheduling Assumptions for the Base Case 
   For the Base case, all construction of treatment  facilities starts in 
1996, with treatment to commence in 1999. The SCM w as allowed to build 
all treatment required. 
Scheduling Assumptions for the Delay Case 
  Retrieval of the waste will occur over 19 years. After the waste is 
retrieved, it is received, inspected and assayed at  the SWEPP facility 
over a 19-year duration that ends in 2017. As the w aste is assayed it is 
overpacked and then placed in storage. Overpacking operations will be 
complete in 2039. Existing storage capacity for the  retrieved and 
overpacked waste is not sufficient, so SCM will be allowed to construct 
storage facilities as required. 



  Waste storage continues until 2065. SCM will cons truct new facilities 
and decontaminate and decommission (D&D) the old fa cilities as required 
during the extended storage period. 
  Construction (for three years) is followed by tre atment, which 
commences in 2047 and completes in 2065. 
COST RESULTS 
Life cycle cost estimates were calculated for the t wo INEL alpha MLLW 
cases using the SCM and based on the assumptions an d case descriptions 
outlined above. The total life cycle costb for the Base Case was 
estimated to be $1.25 billion (B), while the total life cycle cost for 
the Delay Case was estimated to be $2.79 B. 
Figure 1 shows a comparison of the cumulative costs  for the two cases 
over time. The Base Case includes higher up-front c osts because all 
needed treatment, storage, and disposal facilities are constructed 
immediately. However, the cumulative costs for the Base Case level out 
after the last facility is decommissioned in the ye ar 2024. Because of 
the much longer operational time frame, the cumulat ive costs for the 
Delay Case surpass those for the Base Case in the y ear 2032 and are 
ultimately over twice as high.  
Fig. 1 
Figure 2 shows a comparison of the costs for the tw o cases broken down by 
waste management function. The four waste managemen t functions included 
in the SCM estimates are pre-treatment (including p re-treatment storage), 
treatment, post-treatment storage, and disposal. Mo st of the cost 
difference between the two cases shows up in the pr e-treatment category. 
This is due to the increased cost of pre-treatment storage required for 
the Delay Case. The higher costs associated with th e Delay Case are due 
to the construction and operations of the necessary  storage facilities. 
The Delay Case costs also include overpacking activ ities and D&D of two 
existing storage facilities, neither of which are n ecessary for the Base 
Case. 
Fig. 2 
RISK RESULTS  
The relative risk was calculated for both the Base Case and the Delay 
Case. The annual relative risk for each case is pre sented in Fig. 3. 
These risk profiles should be considered preliminar y because the basis 
for the annualized risk calculations is still under  development. The 
output depicts the annual relative risk change as t he alternative is 
implemented. The output represents the total risk o f all steps involved 
in managing the waste, from initial storage through  retrieval, handling, 
treatment, and disposal. The beneficial effects of treatment on the 
annual risk are evident by the decreasing risk. The se effects are 
primarily attributed to placing the waste in a less -mobile physical form. 
Fig. 3 
The relative risk was further defined by summary-le vel treatment, 
storage, and disposal risk statesc. The illustratio n in Fig. 4 indicates 
that the process steps contributing the most to the  total time-integrated 
risk are pre-treatment storage and long-term dispos al (>500 years).  
Fig. 4 
A refinement of the output shown in the previous fi gure is the breakdown 
of the relative risk by state (equivalent to module ). This output 
discriminates which specific processes are contribu ting the most risk for 
the alternative. For the Base Case alternative, the  relative risk is 
greatest in the front-end module for storage. In tr eatment, the majority 



of the risk is dominated by the open, dump, and sor t and the incineration 
module. The disposal risk is driven by the failure of the engineered 
barriers in the period beyond 2499 in the module.  
COST/RISK ANALYSIS 
The individual cost and risk results provide insigh ts to the highest cost 
and risk modules. This information is valuable to d etermine general areas 
of emphasis. In addition to these results, the cost s and risks were 
integrated to provide new insights into cost-effect ive risk reduction 
opportunities. Two techniques were developed to ana lyze the cost/risk 
results: 
1) Normalized Product technique - which can be used  to guide technology 
development prioritization and risk mitigation acti vities, 
2) Marginal Alternative Comparison technique - whic h discriminates 
risk/cost performance between alternatives to suppo rt further system 
optimization. 
These innovative techniques were developed for the purpose of leveraging 
the cost and risk data to gain insights into areas of greatest cost 
savings and risk reduction potential. A description  of the methodology 
for the techniques is included below. The costs and  risks from the Base 
Case and the Delay Case scenarios were also analyze d using these 
techniques.  
1) Normalized Product (NP) technique - The NP techn ique was used to 
evaluate the system components to determine the gre atest opportunities 
for combined risk and cost reduction. The NP places  cost and risk on a 
normalized scale so that a unit of risk is related to a unit of costd. 
The higher values on the NP scale are indicative of  the modules/states 
with the largest relative risks and costs as compar ed to the processes 
with the smallest products of cost and risk. The te chnique helps 
prioritize where funding should be directed to affe ct the largest 
potential risk reduction and cost savings. This tec hnique was applied to 
the Base Case and Delay Case scenarios and the resu lts are summarized in 
Fig. 5. 
Fig. 5 
     Results using the Normalized Product technique : The results indicate 
that the greatest opportunities for risk and cost r eduction are in the 
Delay Case. The marginal changes for cost and risk were highest for pre-
treatment. Proportionately, the marginal cost decre ment was almost five 
times that of the risk. This would indicate that th e Delay Case has 
significantly higher costs and some associated incr ease in relative risk. 
The results also show an opportunity for improvemen t in both cases for 
disposal.  
     Risk mitigation could include (but is not limi ted to) reducing the 
number of years of pre-treatment storage, producing  a less-mobile waste 
form, destroying organics, reducing worker exposure  in characterization 
and packaging processes, and improved final waste f orm. 
2) Marginal Alternative Comparison (MAC) technique - This technique is 
used to discriminate differences in risk and cost b etween alternatives. 
The MAC technique helps an analyst understand trade -offs and 
sensitivities between risk and costs6 from differen t waste management 
options (technologies, scheduling, etc.). This tech nique can be used to 
help answer questions like:  
  Does risk decrease proportionately with increased  costs? 
  How much does risk increase if costs are cut? 



The technique provides a comparison of the normaliz ed cost and risk data 
from the alternatives. The fractional change in nor malized risk (of one 
alternative compared to another) is compared to the  fractional change of 
normalized cost (between alternatives). The resulti ng marginal risk per 
unit of cost is a measure of the potential effectiv eness of an improved 
alternative in reducing risks and costs. This techn ique can be used to 
analyze technology and operational effectiveness fo r pre-treatment 
operations, treatment, storage and disposal. A comp arison of the Delay 
Case to the Base Case using the MAC technique is pr esented in Fig. 6. 
Fig. 6 
     Results using the MAC technique: The results i ndicate that long term 
pre-treatment storage (including additional charact erization and 
overpacking) causes significant cost degradation an d additional risk. 
Post-treatment storage costs are marginally improve d if treatment is 
delayed due to improved throughput between treatmen t and disposal 
operations. Treatment and disposal costs and risks show no significant 
marginal differences. 
     System Level impacts can also be assessed usin g these techniques. 
For example, if an improved new technology can be d eveloped in 10 years 
(resulting in increased pre-treatment storage) how much better would the 
technology need to perform to break even with the a dditional costs and 
risk from the added storage? The system assessment could also evaluate 
the marginal differences of using a new treatment t echnology which 
produces an improved final waste form for disposal.  
CONCLUSIONS 
The cost and risks of two alternatives were analyze d using a systems-
based life cycle cost and risk estimation process. Techniques were 
applied to integrate the results from the individua l cost and risk 
studies. The techniques helped to provide insights into areas to maximize 
effectiveness while reducing risk. The techniques c an be used to support 
many initiatives for EM: 
  Define incentives for investment in R&D 
  Identify and prioritize Technology Development pr ojects 
  Maximize operational effectiveness (sizing of fac ilities, years of 
operation) 
  Optimize schedule 
  Optimize facility siting and configuration 
The ESA studies will be used by EM to gain a greate r understanding of the 
opportunities for cost reductions and to provide a quantitative means for 
comparison of DOE policy options.  
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ABSTRACT 
Regulatory document preparation at hazardous waste sites has proved to be 
costly when complying with the Comprehensive Enviro nmental Response, 
Compensation and Liability Act (CERCLA). At Lawrenc e Livermore National 
Laboratory (LLNL) in Livermore, California, we are devising a methodology 
that will save millions of dollars and shorten the time to initiation of 
cleanup while meeting the intent of CERCLA to remed iate contaminated 
sites. In 1994, we completed a Site-Wide Remedial I nvestigation report 
that describes the characterization and risk assess ment of LLNL's 7000-
acre Site 300 experimental test site. The next step  in the CERCLA process 
would have required us to prepare complete Feasibil ity Studies, Proposed 
Plans, Records of Decision (RODs), and Remedial Act ion Implementation 
Plans for three Operable Units (OUs) containing con taminated ground 
water. Such an effort would require several years a nd millions of 
taxpayer's dollars to accomplish. In close consulta tion with the State 
and Federal regulatory agencies, we are creating a model strategy to 1) 
conduct Removal Actions (landfill capping, buried d rum removal, surface 
drainage control, etc.) in the OUs to remove the th reat of future 
releases to the environment, 2) prepare ground wate r monitoring plans to 
monitor the contaminant plumes, 3) prepare continge ncy plans to address 
the contamination should it migrate and pose an una cceptable risk, 4) 
move the ground water monitoring tasks to a pre-exi sting Site-Wide OU 
that addresses the site as a whole, and 5) incorpor ate the Removal 
Actions into the Site-Wide ROD as completed remedie s for the OUs. This 
process will substitute relatively short documents describing Removal 
Actions, monitoring, and contingencies for the much  longer studies and 
plans currently required. With this approach, poten tial sources of future 
releases will be remediated, low risk ground water contamination will be 
monitored, human health and the environment will re main protected, and 
regulatory requirements for RODs will be met. Assum ing that our 
negotiations continue successfully, we will save th e taxpayers millions 
of dollars, expedite the cleanup of the site, and b ring the entire 
process to closure. 
INTRODUCTION 
Regulatory document preparation for hazardous waste  sites has proved to 
be costly and time consuming when complying with th e Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) of 1980. 
At Lawrence Livermore National Laboratory (LLNL) in  Livermore, 
California, we are developing a methodology that we  expect will save 
millions of dollars and shorten the time to initiat ion of cleanup while 
meeting the intent of CERCLA to remediate contamina ted sites and protect 
human health and the environment. 
Description of LLNL Site 300 
LLNL is a nuclear weapons research and development laboratory owned by 
the U.S. Department of Energy (DOE) and operated fo r DOE by the 
University of California. LLNL's Site 300 facility,  in existence since 
1955, supports DOE's defense mission in research, d evelopment, and 
testing associated with non-nuclear components of n uclear weapons. Site 
300 is a 7000-acre Experimental Test Site located a bout 60 miles east of 
San Francisco, California, in the sparsely populate d Altamont Hills of 
the Diablo Range (Fig. 1). This Superfund site enco mpasses approximately 



11 square miles of former ranch land; surrounding l and is used primarily 
for sheep and cattle grazing, wind-powered generati on of electricity, and 
off-road vehicle recreation. The closest population  center is the San 
Joaquin County town of Tracy, 8.5 miles northeast. Most of the site is 
undeveloped, with the developed portion consisting of machine and craft 
shops, high explosives (HE) firing tables and bunke rs, buildings that 
accommodate HE formulation and machining as well as  static and dynamic 
weapons-component testing, administration buildings , landfill disposal 
pits, roads, and other associated infrastructure. T he site is 
characterized by rugged terrain consisting of rolli ng hills and steep 
northwest-trending valleys. 
Fig. 1 
Pre-CERCLA Environmental Restoration at LLNL Site 3 00 
Since 1981, LLNL has conducted investigation and re storation of chemical 
and radioactive contamination at Site 300. The inve stigations have 
focused primarily on delineating ground water conta mination, but have 
also addressed contamination of soil and rock, surf ace water, biota, and 
air. Prior to August 1990, investigations and remed iation were conducted 
voluntarily under the oversight of the California C entral Valley Regional 
Water Quality Control Board (RWQCB), now a part of the California 
Environmental Protection Agency. In August 1990, as  a result of the 
ground water contamination, Site 300 was named to t he CERCLA National 
Priorities List, also known as Superfund. In 1992, a Federal Facility 
Agreement (FFA) was negotiated between DOE, the U.S . Environmental 
Protection Agency (EPA), the California Department of Toxic Substances 
Control (DTSC), and the California RWQCB. The FFA d efines the scope of 
work required, coordinates efforts among the FFA pa rties, standardizes 
requirements, establishes due dates for deliverable s, and ensures 
compliance. Since late 1990, all environmental inve stigation and 
remediation activities have been conducted under th e oversight of the 
three environmental regulatory agencies in accordan ce with CERCLA and 
State laws and regulations.  
Work Conducted Under CERCLA 
An important element of the FFA was the establishme nt of six Operable 
Units (OU) for Site 300. The OUs were created based  on considerations of 
geography, hydrogeology, types of contaminants pres ent, and nature of the 
environmental release. Following CERCLA guidance, t he regulatory 
agencies, DOE, and LLNL jointly established for eac h OU an enforceable 
schedule for submittal of CERCLA documents from Fea sibility Studies (FS) 
through Records of Decision (ROD). Figure 2 shows t he initial schedule 
incorporated into the FFA in 1992. 
LLNL had conducted initial investigations of the si te between 1981 and 
1992 that identified ground water contaminated with  volatile organic 
compounds (primarily trichloroethylene [TCE]), trit ium, and the HE 
compounds RDX (cyclotrimethylene-trinitramine) and HMX 
(cyclotetramethylene-tetranitramine). At the reques t of the regulatory 
agencies, we compiled this information into the lar ge, comprehensive 
Site-Wide Remedial Investigation (SWRI) report, whi ch was completed in 
1994. This report also presents the results of a ba se-line public health 
assessment. The succeeding FS/Proposed Plan (PP)/RO D documents for each 
OU were to be based on the remedial investigation r esults reported in the 
SWRI. 
Fig. 2 



As work progressed under the FFA schedule of delive rables, it became 
apparent that a major amount of DOE/LLNL's restorat ion program personnel, 
financial, and time resources were being consumed i n preparing lengthy 
and sometimes repetitive and unnecessary documents.  For each OU, we 
proceeded or were prepared to pass through a cycle of 1) preparing and 
submitting draft documents to the regulatory agenci es, 2) responding to 
regulatory agencies' comments on the document and i ncorporating their 
comments into a draft final document, 3) submitting  the draft final 
document to the agencies, 4) responding to the agen cies' comments on the 
draft final document and incorporating their commen ts into a final 
document, and finally, 5) submitting the final docu ment to the agencies 
for final acceptance. This process was followed to completion for the FS, 
PP, and ROD documents for one OU, and to date has b een completed part way 
through the cycle for two other OUs. To complete th is process, we 
recently were spending annual budgets of $6-9 milli on, using the skills 
and talents of approximately 30 full-time scientist s, engineers, 
technicians, community relations specialists, and c lerical and 
administrative staff members. 
Progress toward formal implementation of cleanup of  the site has been 
slow because of the lengthy time required to comple te the document 
preparation requirements before cleanup can begin. However, since 
becoming a CERCLA site, in two cases we implemented  Removal Actions to 
begin remediation of VOCs in ground water even befo re acceptance of the 
ROD for the OU. 
CERCLA Restructuring  
Early in FY95, LLNL and the DOE Oakland Operations Office recognized that 
our decreasing DOE budget for environmental restora tion was not and would 
not be sufficient to complete the work obligations required by the FFA. 
In addition, we were experiencing severe frustratio n at the length of 
time required to complete what we considered to be unnecessary regulatory 
documents. Consequently, at our Remedial Project Ma nagers (RPM) Meeting 
in April 1995, we proposed an alternative approach to the regulatory 
agencies. We recommended that the Site 300 team (re gulatory agencies, 
DOE, and LLNL) should stand back and take a serious  look at how we had 
organized the project of environmental restoration of Site 300. We 
proposed to identify possible ways to meet the goal s and needs of all 
parties to the FFA while, at the same time, save th e taxpayers and DOE 
millions of dollars by moving more rapidly to the c lean up phase. We 
proposed restructuring CERCLA as it applies to our restoration 
activities. 
During the course of three RPM Meetings held in Apr il, May, and June 
1995, the Site 300 team considered the following: 
  For the Pit 6 OU, the FS had already been complet ed, and the regulatory 
agencies had approved a natural remediation remedy for TCE in ground 
water. Additional capping of the landfill still nee ded to be done. 
  For the Building 850/Pits 3&5 OU, the regulatory agencies had already 
agreed that no remedial action was required with re spect to ground water 
other than continued ground water monitoring becaus e 1) no economically 
feasible method is available for removing tritium f rom ground water, and 
2) the tritium poses no risk to the public. Potenti al future release 
sites, however, need to be addressed. 
  For the HE Process Area OU, the regulatory agenci es were amenable to 
discussing options other than writing FS/PP/ROD doc uments to address low 
concentrations of TCE and HE compounds in ground wa ter. 



Because the regulatory agencies had already agreed that active ground 
water remediation was not needed or feasible at the  Pit 6 OU and 
B850/Pits 3&5 OU, we concluded that there was no va lue in preparing three 
regulatory documents (FS/PP/ROD) for each OU just t o identify and select 
a No Action remedy (other than continued ground wat er monitoring). 
Furthermore, the team concluded that any ground wat er remediation that 
may be required at the HE Process Area OU could be accomplished much 
faster and more economically through judicious use of Removal Actions 
rather than following the conventional and costly C ERCLA FS/PP/ROD 
process. 
Consequently, LLNL and the DOE Oakland Operations O ffice, in close 
consultation with the State and Federal regulatory agencies, have created 
a model strategy for CERCLA restructuring as it app lies to three Site 300 
OUs: Pit 6, Building 850/Pits 3&5, and HE Process A rea. The restructuring 
provides for: 
1) Continued protection of human health and the env ironment. 
2) Conduct of Removal Actions where warranted in th e OUs to remove the 
threat of future contaminant releases to the enviro nment. These Removal 
Actions will consist of landfill capping at the Pit  6 OU; excavating 
buried drums in the HE Process Area OU; and landfil l capping, 
constructing a surface water diversion ditch, or di gging an interceptor 
drain at the Building 850/Pits 3&5 OU. 
3) Continued ground water monitoring at the OUs to monitor the extent and 
movement of contaminant plumes. This monitoring wil l enable us to detect 
any unexpected changes in location, movement, or co ncentration of the 
plumes so that remedial action can be taken if warr anted. 
4) Preparation of contingency plans to establish cr iteria and procedures 
for remedial action in the event the ground water c ontaminants migrate 
and pose an unacceptable risk to the public or the environment. 
5) Moving the ground water monitoring tasks for eac h OU to a Site 300 
Monitoring OU that encompasses all parts of Site 30 0 where monitoring 
only is required. 
6) Dissolving the three OUs as discrete entities, t hereby removing the 
need for preparation and submittal of conventional CERCLA documents for 
these OUs. 
7) Preparing a Site 300 Monitoring ROD that will, i n part, incorporate 
the results of Removal Actions performed in item 2.  The Removal Actions 
will demonstrate that remedial actions have been ta ken at the sites of 
potential releases in the three former OUs.  
This restructuring substitutes relatively short Rem oval Action 
Engineering Evaluation/Cost Analysis documents, mon itoring plans, and 
contingency plans for the much longer studies and p lans (FS/PP/RODs) 
currently required by the CERCLA FFA. Two other OUs  are well along the 
conventional CERCLA process, and will continue to f ollow that path to 
final remediation. One of these OUs has off-site gr ound water 
contamination; the other has high concentrations of  TCE in ground water. 
We must complete our remedial investigation work at  the sixth OU before 
determining its ultimate CERCLA pathway. Figure 3 i llustrates our 
expectation of the final resolution as it applies t o CERCLA restructuring 
of Site 300.  
Fig. 3 
CONCLUSION 
With this approach to CERCLA restructuring of the L LNL Site 300 
environmental restoration project, human health and  the environment will 



remain protected, potential sources of future relea ses to the environment 
will be remediated, low risk areas of ground water contamination will 
continue to be monitored, and regulatory requiremen ts for completion of 
RODs will be met. Furthermore, this new process wil l hasten the start of 
remediation in some cases by 1-1/2 years and reduce  costs by millions of 
dollars. We believe this approach of working with t he regulatory agencies 
to identify mechanisms to streamline the CERCLA pro cess is well worth the 
effort and should be attempted at all sites where f easible. 
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ABSTRACT 
In Germany decommissioning has become a long lastin g process connected 
with considerable costs. The reasons for this devel opment are analyzed. 
Two possibilities are pointed out to save time in t he decommissioning 
procedure; the package solution and the black box s olution. Further on 
the psychological situation of decommissioning is d iscussed with its 
impact on the decommissioning process. 
INTRODUCTION 
While there are no plans in Germany to set up new n uclear power plants, 
an important nuclear activity is dealing with decom missioning. The 
decommissioning process itself is governed by the a tomic energy laws and 
is therefore subject to authorization. These legal parameters demand a 
special licensing procedure.  
Our organization, the TUEV-SW, an Association for T echnical Supervisory, 
advises the authorities in nuclear affairs safety. Concerning 
decommissioning we are producing surveys, to give t he authorities a 
decisive support for the approval. 
THE LEGAL SITUATION OF DECOMMISSIONING 
In the Federal Republic of Germany all nuclear matt ers are governed by 
the atomic energy laws, AtG (1) and by the subordin ated radiation 
protection ordinance, StrlSchV (2). The decommissio ning of a nuclear 
plant, which has been licensed by  7 AtG (1), is su bject to authorization 
too,  7(3) AtG (1). This legal parameter needs a sp ecial licensing 
procedure: 
  Decommissioning has to be planned, documents and a safety report have 
to be made. 
  The authorities have to be asked for a decommissi oning license putting 
on the documents and the safety report. 
  The documents have to be examined, if they fulfil  the requirement of 7 
(2) AtG (1), with its main aim to protect life and environment against 
the danger of radioactivity, whereby the steps to p rotection must fulfil 
the state of arts; that means especially, that deco mmissioning work can 
be done without the risk of significant radioactivi ty releases into the 
environment. 
  Decommissioning is licensed by the authorities. 



As the decommissioning documents have beside the te chnical meaning also a 
legal one, mistakes or inconsistencies have to be c orrected. The revision 
of documents can take a lot of time. If there is an y deviation in the 
decommissioning process, the deviation is also subj ect to authorization, 
what may require an additional revision of document s. These facts show, 
that decommissioning needs a special strategy to av oid time wasting 
mistakes.  
THE TECHNICAL SITUATION OF DECOMMISSIONING 
In most cases nuclear plants are very complex syste ms, therefore 
decommissioning can not be done in only one step. I n consequence of that 
decommissioning has to be done step by step either progressing from one 
cell or room to another or progressing from system to system. A nuclear 
plant, which was shut down, is contaminated in the most areas with a more 
or less amount of radioactivity. The remaining radi oactivity is enclosed 
in the plant within the same barriers as in time of  running. 
Decommissioning and dismantling means, to open thes e barriers and it must 
be the objective that within this opening process t here are no 
significant releases of radioactivity. Appropriate safety measures have 
to be made for every point of intersection. Therefo re methods and 
procedure of decommissioning and dismantling must b e laid down in the 
documents and in the safety report. 
Results from the Legal and Technical Situation for the Decommissioning 
Process Consideration of the legal parameters and t he technical situation 
of a nuclear plant, which is to be decommissioned, shows that a move for 
decommissioning needs, because of its nature, a lot  of separate technical 
measures, which are to be described in the document s and which are to be 
examined in detail.  
The analysis of the licensing procedure leads to th e following time 
schedule: 
1) Producing of documents and safety report 
 Propose a move 
 Putting on documents and the safety report 
2) Examination of documents 
 Producing of the survey 
3) License 
 Performance 
The three time consuming steps depend from one anot her: 
t (license)   = f (Q examination, survey) 
t (examination)  = f (Q documents) 
t (examination)  = f (A documents) 
(t = time; Q = Quality; A = Amount) 
The better the quality of documents, the sooner the  survey can be 
produced and the license be given. If the documents  do not fulfil the 
quality requirements and the amount of documents is  very high, the 
examination needs more time and the license gets mo re complicated, as it 
contains more regulations. 
Looking for time saving measures in the licensing p rocedure, the first 
is, to cut the range of the move for decommissionin g from one over all 
step into several steps. This method has the benefi t, that all time 
consuming steps in the licensing procedure can be f inished in realistic 
time intervals, revisions of documents included.  
If two or more independent facts are connected in t he move for 
decommissioning, which do not fulfil the requiremen ts of 7 (2) AtG (1) at 
the same time, the license will only be given when the requirements of 



all systems connected in the move are fulfilled. Th ese considerations 
just lead to the package solution. 
Fig. 1 
The package solution: The whole range of decommissi oning is divided in 
several packages. Within a package it should be avo ided to connect 
independent facts or systems, which do not fulfil t he requirements of 7 
(2) AtG (1) at the same time. 
Within the package solution there is an optimizing potential. A system or 
a part of a system (Sys) foreseen to be dismantled has various points of 
intersections (poi) to the next one (for instance p ipes, medium, power, 
measuring and control systems etc). These points of  intersections must be 
made safe, especially against uncontrolled release of activity. The 
system may be enclosed from a volume element (cell,  room) from which the 
number of the points of intersections to the next o ne are less. There is 
a relation between the size of a volume element of a system (Vol E (Sys)) 
and the number of points of intersections. The numb er of points of 
intersection are direct proportional to the time, w hich is needed for the 
different steps in the decommissioning licensing pr ocedure. On the other 
hand the size of a volume element of a system, whic h is to be dismantled, 
is important for the progress of the decommissionin g process itself. 
There is only a little progress in the decommission ing process, if the 
volume element has been chosen too small. These con siderations lead just 
to the black box solution. To get much progress in the decommissioning 
process the size of Vol E (Sys) should be at a maxi mum, while the points 
of intersections (poi) should be at a minimum. 
Fig. 2 
The black box solution: Points of intersections are  minimized, while the 
size of a volume element of a system to be destruct ed is at a maximum. 
The benefit of the black box solution is, that the actual time 
expenditure of producing documents is minimized, as  there are less points 
of intersections and the safety requirements can be  proved by worst case 
analysis. The examination of the documents can be d one quickly by the 
same reasons. In addition the black box solution is  high flexible in the 
performance of the decommissioning license. With bo th solutions, the 
package solution and the black box solution, it is possible to save time 
in decommissioning process.  
THE PSYCHOLOGICAL SITUATION OF DECOMMISSIONING 
People like to be creative, that means to built up things, while 
decommissioning and dismantling is basically non-cr eative. Therefore 
decommissioning is done reluctantly from the very f irst beginning. Beside 
this negative motivation the decommissioning proces s is connected with 
the lost of jobs. So everyone of the personnel of a  plant, which is to be 
decommissioned, tries to save his job. This is addi tionally 
contraproductive for the decommissioning process an d can lead to a 
further waste of time. But when a nuclear plant is to be decommissioned 
never the less the question has to be answered, who  should do the 
decommissioning, the plant personnel, who had run t he plant or an extern 
firm, which is doing decommissioning professionally ? The plant personnel 
has a great specific knowledge about the plant and the incidents which 
have occurred. This knowledge is very valuable for the decommissioning 
process. But the above mentioned facts, especially the lost of jobs are 
standing in opposite to it. A great disadvantage of  an extern firm, which 
is doing decommissioning professionally is, that it  has no specific 
knowledge about the plant. On the other hand the ex tern firm is only 



primarily interested in getting the order. If the o rder is booked, the 
decommissioning firm may not be unhappy when decomm issioning is connected 
with delay, as time brings money. 
Therefore the question, who should do the decommiss ioning, can not 
clearly be answered. In both groups, the plant pers onnel or an extern 
firm, there is a tendency to slow down the speed of  the decommissioning 
process. Perhaps a solution with a mixed decommissi oning personnel might 
be useful. 
CONCLUSION 
The decommissioning process is governed by the atom ic energy laws and is 
therefore subject to authorization. These legal par ameters demand a 
special licensing procedure. To fulfil the legal re quirements and 
depending on the nature of decommissioning process a great number of 
separate technical measures has to be considered an d laid down in 
documents. These legal as well as technical conditi ons must be taken in 
to account to avoid time wasting mistakes. A time s aving strategy in the 
decommissioning procedure could be the package solu tion, whereby the 
whole range of decommissioning is divided into seve ral packages. Within 
the package solution there is an optimizing potenti al, the black box 
solution, in which the number of points of intersec tion is minimized, 
while the volume of the system or room, which is to  be destructed, is at 
an maximum. If a decommissioner takes this strategy  - the package and the 
black box solution - into account before he starts,  he can avoid time 
wasting mistakes and can reduce the costs. 
The decommissioning process is basically non-creati ve and connected with 
the lost of jobs. Both facts yield a tendency to sl ow down the speed of 
the decommissioning process. This retard-effect pla ys a part in the 
composition of the decommissioning team. The plant personnel has the 
advantage of a great specific knowledge in contrary  to an extern firm. 
This valuable plant knowledge should not be given u p. Perhaps this 
retard-effect can be stopped by a solution with a m ixed decommissioning 
team, consisting of plant personnel and personnel o f an extern firm; this 
could be combined with tailor-made contracts contai ning stops, where the 
decommissioning success must be proved. 
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ABSTRACT 
The reactor hall at A-1 Nuclear Power Plant at Bohu nice became 
contaminated as a result of incidents both before a nd after reactor 
closure in 1979. In particular, a recent spillage o f corrosion inhibiting 
solution led to wide spread contamination in the ha ll. Liquid also seeped 
into storage holes, a trench, and into rooms below the hall. Radiation 
levels of up to 1 Sv/hr are present in some areas. 
A decontamination plan and safety case were prepare d by AEA Technology 
(AEAT) on behalf of Slovenske Elektrarne (SE), the utility responsible 
for A-1. AEAT were also awarded the contract to man age the project 
including the supply of specialists and key deconta mination and robotic 
equipment. SE are responsible for providing labor, materials and 
decontamination reagents. 
The work is divided into three tasks: 
1) decontamination of the reactor hall where contam ination levels are 
relatively low. 
2) decontamination of a specific area in the reacto r hall which is highly 
contaminated. 
3) decontamination of the rooms below the hall wher e contamination levels 
are very high. 
The aim of the project is to reduce contamination a nd radiation levels to 
permit decommissioning operations in the reactor ha ll to resume. 
Decontamination of the hall is now complete, togeth er with three cranes 
and various fuel handling machines. Most work up to  this point has been 
carried out manually, either by industrial mountain eers working from 
ropes, or reactor staff working from a cradle suspe nded from an overhead 
crane. Lower levels were decontaminated by hand fro m platforms. Reagents 
were applied by hand and a number of reagents were developed by SE and 
used with great success. 
High radiation and contamination levels in one area  have necessitated 
local containment and remote decontamination method s. An area is now 
enclosed by a MODUCON temporary containment and dec ontamination is being 
carried out using an ARTISAN manipulator working th rough the containment 
wall. MODUCON and ARTISAN units were supplied and i nstalled by AEAT. 
Decontaminating such a large and complicated facili ty is a very demanding 
task, and the high radiation areas are particularly  challenging. However, 
close co-operation between AEAT and SE has enabled the problems to be 
overcome and the project is now 1 year into the pro gram. 
INTRODUCTION 
This paper describes the decontamination of a redun dant nuclear reactor 
hall and associated equipment, which has become hea vily contaminated over 
the years. The work is a collaborative venture betw een AEA Technology 
(AEAT), UK and Slovenske Electrarne (SE), Slovakia.  On successful 
completion of the work, decommissioning operations will resume. 
The Site 
The A-1 reactor at Bohunice is a 150 MW heavy water  moderated, CO2 cooled 
demonstration plant of Russian design constructed i n the 1960s. It was 
fuelled by natural uranium metal fuel, clad in a ma gnesium-beryllium 
alloy. The reactor hall is large; 70 m long, 11 m w ide and 30 m high and 
has a total internal surface area, excluding equipm ent, of 6000 m2. It 
houses the reactor charge face, fuel handling machi nes, and numerous 



other large items of equipment including Equipment for Fuel Treatment 
(EFT), and is served by three cranes.  
Fig. 1 
History  
The reactor was shut down in the 1976 following a n umber of accidents and 
is due for decommissioning. The reactor hall first became contaminated in 
the 1970s as a result of a reactor accident which e jected a fuel element 
into the hall, together with 40 tons of active CO2 coolant.  
In 1991, a corrosion inhibiting reagent ,'Chrompik' , a solution of dilute 
Sodium Chromate, was ejected from the EFT which res ulted in severe 
contamination of the rig itself. Later 3 m3 of wate r was spilled onto the 
reactor hall floor which re-dissolved 'Chrompik' re sidues and distributed 
activity over 70 m2 of the reactor hall floor and p enetrated two rooms 
below. Despite some remedial action local radiation  and contamination 
levels remain high. 
The Task 
In 1993 AEAT found low level contamination was wide spread and radiation 
levels varied from 10 mSv/hr in the upper regions o f the hall to many 
mSv/hr in some areas despite local shielding. Aroun d the source of the 
accidents, the EFT, maximum levels were around 200 kBq/cm2 loose 
contamination and over 700 mSv/hr surface radiation . The reactor hall, 
and its large and complex items of machinery thus r epresented a 
considerable decontamination liability. 
After site visits and discussions, AEAT was awarded  the contract to plan 
and manage the decontamination tasks at Bohunice. T he tasks and 
objectives are as follows : 
  To decontaminate the reactor hall and its equipme nt; to permit normal 
working with respect to both airborne contamination  and external 
radiation levels.  
  To decontaminate the EFT rig together with the ad jacent floor area, 
including the mortuary hole covers and service tren ches; to levels which 
permit hands-on working. 
  To decontaminate the rooms below the reactor hall . 
The work was divided contractually into two distinc t phases : the 
Production Phase for issue of the decontamination p lan and safety case 
and the Realization Phase for carrying out decontam ination tasks. 
PRODUCTION PHASE 
The first task was to agree a strategy program, and  in particular to 
prepare a decontamination plan and safety case addr essing the issues of 
access, reducing the risks of recontamination and t he principles of 
radiological protection. 
Planning required the collation of data relating to  Slovak regulations, 
the plant, its history and current condition, colla boration with station 
engineers and site visits including a video survey.   
Strategy for Decontamination 
The low contamination areas of the reactor hall req uired simple methods; 
working from the highest areas down to the floor an d finally to the rooms 
below. Walls and intricate systems of cables and wi res, equipment and 
miscellaneous items would be cleaned manually using  application reagents 
such as foams, pastes and gels. 
For heavily contaminated areas around the EFT and t he rooms below, the 
removal of surfaces by remote methods within ventil ated zones would be 
necessary. Size reduction and scabbling or chiselli ng tools would be 
needed for cutting service pipes and concrete remov al respectively. 



Wastes generated from these processes would be put into shielded 
containers supplied by the station staff and handed  over to them for 
storage and ultimate disposal. Secondary arisings w ould be estimated and 
minimized wherever possible. 
Risk of Recontamination 
Areas of high risk would be enclosed in a temporary  ventilated 
containment. Two were proposed based on the MODUCON TM containment system. 
Radiological Protection measures would be strengthe ned by full use of 
barriered 'zones'. In addition the existing ventila tion system would be 
upgraded and fitted with HEPA filters. 
Access 
The tops of the walls are 24 m above the reactor ha ll floor and much of 
the wall surface is painted and featureless; other areas are festooned 
with cables and services. The rails for the main cr anes are mounted on 
the tops of the longitudinal walls; other lower led ges support smaller 
cranes and two refuelling machines. (See Fig. 1). A  suitable method for 
providing access to the wall surfaces, the cranes, refuelling machines 
etc. was needed. Industrial mountaineers had been u sed for repainting 
work elsewhere at Bohunice, and so it was proposed and agreed to use them 
to decontaminate the walls and equipment high above  the reactor hall 
floor.  
Work below 13 m would be carried out from a cradle suspended from the 
cranes. Work on the lowest areas, including a subst antial ledge and rail 
system, would be carried out from platforms and lad ders from the floor. 
Work in High Radiation Areas 
Areas which had been directly contaminated with 'Ch rompik' on and around 
the EFT and in the rooms below, posed problems of o perating in high 
levels of radiation. Surface dose rates were record ed as high as 700 
mSv/hr in places and necessitated the use of remote  methods. A 
telerobotic manipulator, ARTISANTM was selected as the most suitable tool 
available, capable of carrying out all the processe s envisaged in the 
congested surroundings of the EFT and within a MODU CON containment booth. 
The Decontamination Plan 
The Plan specified the scope of work, decontaminati on methods, waste 
arisings, engineering and material support, timesca le and cost of the 
project. This was supported by a probabilistic safe ty case which 
justified the proposed actions by quantifying the h azards, and a quality 
program describing the management arrangements prop osed to control the 
work. 
COLLABORATION 
Documentation 
The proposal and safety case were duly accepted aft er constructive 
comment and revision by the plant Management team a nd Slovak authorities, 
agreeing the 2 year program. 
Preparatory Work 
A number of tasks were completed prior to the comme ncement of the work, 
including: 
  An inventory of the reactor hall identifying over  one hundred items for 
removal. 
  Fitting a filter to the main ventilation system. 
  Delivery of a mobile ventilation system for use o n a MODUCON booth. 
  General cleaning of the main crane and rail. 
  The decontamination and painting of the internal hall roof section. 
  Modification of an active waste drain from the ha ll into storage tanks. 



  Obtaining materials and machines from the UK and local sources 
including vacuum cleaners and a proprietary deconta mination system for 
routine floor cleaning.  
REALIZATION PHASE 
Having established the overall strategy and produce d a detailed 
decontamination plan, the next stage required the d eployment of AEAT 
staff and equipment on site to prepare and set up f or operations. The 
staff included a full time project manager and tech nical specialists in 
robotics and decontamination as required. 
The equipment supplied by AEAT included: 
  An ARTISANTM remote handling system. 
  Decontamination equipment (including a vacuum col lection unit and foam 
generator). 
  MODUCON containment booths. 
Preparation 
The ARTISANTM system was thoroughly tested both in the UK and in a non-
active 'mock-up' at Bohunice, including its capabil ity with regard to 
access and deployment of tooling. An important task  for the ARTISANTM was 
to remove shielding and scabble concrete trenches a nd this was 
successfully demonstrated together with the vacuum recovery of debris. 
Decontamination tools were demonstrated and trainin g given to SE staff. 
Two MODUCON containments were erected; one small bo oth for handling 
liquid waste, and another larger facility to contai n the EFT. Staff from 
AEAT set up the containments and ventilation equipm ent supported by SE 
operators. 
During this phase of the work trials with equipment  and reagents were 
undertaken in the UK to assess their suitability fo r the envisaged 
application. This included comparing UK and Slovak reagents permitting 
selection of local products. 
Decontamination 
The plan submitted to SE reflected strategic decisi ons and the work was 
actually carried out as shown in Table I. Many of t he tasks overlapped or 
ran in parallel to utilize available resources. 
Table I 
The decontamination techniques and progress are dis cussed in the 
following sections. 
The Reactor Hall and its Equipment 
Significant quantities of dust were visible in the hall on all the 
horizontal surfaces, including machinery and the la rge number of 
miscellaneous items of equipment. Airborne activity  levels fluctuated 
depending on work being carried out, (e.g. crane mo vement). The use of 
wet methods on a small controllable scale using foa m, gels and pastes 
were therefore preferred, thus minimizing resuspens ion. 
Although most surfaces (steel and concrete) were pa inted in an epoxy 
coating which eased cleaning considerably, cleaning  was compounded by the 
complexity of the equipment and years of grime, par ticularly on all 
horizontal surfaces. 
Each area was thoroughly considered and detailed wo rking instructions 
were written by AEAT in collaboration with SE staff  who had particular 
knowledge of the plant. 
Detailed working practices and specific reagents we re thus agreed for 
each area, and indeed for the many components withi n, including a number 
of chemical formulations developed by the A-1 Decon tamination Manager for 
particular applications. 



The areas and type of surface within the hall may b e grouped as follows: 
  Roof 'containment' constructed from corrugated ma terials. 
  Painted walls including rails/ledges of cranes an d equipment. 
  Three Cranes comprising countless different compo nents. 
  Two re-fuelling machines and two manipulators. 
  Floor. Painted steel or covered concrete. 
  Many miscellaneous items. 
An inventory was prepared of every item of equipmen t in the hall and a 
grid reference system was set up which enabled the location of each item, 
or section of surface area, to be referenced. Each item or area was 
considered in relation to decontamination technique  and reagent, the work 
time and the radwaste arisings. A dose assessment w as made for each job 
compliant with the dose restraint objective of 15 m Sv per year per 
operator. 
Foam reagents were tested on large areas of the wal ls. There was 
considerably more grime and grease on these surface s than expected and 
the use of degreasing emulsions and gels were found  to be more effective 
and easy to use by the mountaineers. 
All horizontal areas were thick with dust and were first suction cleaned 
to remove dust and loose contamination. Debris inte rceptors and HEPA 
filter units were used. 
The cranes, re-fuelling machines and manipulators w ere also coated in 
years of greasy dust. These were decontaminated by hand swabbing using 
degreasing foams, gels and pastes to minimize recon tamination across the 
surfaces and the risk of damage. 
The reactor hall floor was initially decontaminated  with a proprietary 
steam cleaning unit to minimize the spread of conta mination by foot 
traffic. Mops and buckets are now used for routine housekeeping as this 
was found more amenable to the complex floor at A-1 .  
Operations over 13 m were carried out by a team of 'Industrial 
Mountaineers' who were available locally and who we re experienced with 
working in active areas. They gained access to the high areas of the 
walls and ledges via defined access routes and work ed suspended on 
conventional mountaineering equipment secured from above. Each man 
carried with him swabs, sponges and buckets of reag ent to complete 1-2 
m2, returning to replenish materials from time to t ime. After treatment, 
all areas were rinsed by wiping with a dilute deter gent. 
Fig. 2 
Operations between 3-13 m were carried out by teams  of SE operators 
working from a cradle suspended from a convenient c rane, using hand 
swabbing methods and reagents. 
The lowest 3 m areas, together with a substantial s ervice ledge 
comprising pipes cables and a rail, were cleaned fr om floor level, 
accessed by ladders where necessary. Wall surfaces were festooned with a 
complex array of services and pipes and methods usi ng emulsions and 
abrasive pastes applied by sponge were successful 
The other equipment in the reactor hall, over 160 i tems in all, were also 
decontaminated by 'hands-on' methods using a variet y of reagents. 
The Equipment for Fuel Treatment (EFT) 
This equipment consists of two heavily shielded cyl inders in which canned 
fuel was drained, cropped and repackaged for transp ort. The immediate 
floor area surrounding the EFT contains numerous co mplicated features 
such as floor storage holes, and a service trench. The main problem is 
that of gaining access to the many contaminated sur faces to carry out 



decontamination. For example, the dose rate on the bottom of the concrete 
service trench is 750 mSv/hr, but the trench was fi lled with 4.5 tonnes 
of steel shot and covered with large lead bricks. A  MODUCONTM containment 
now encloses the EFT preventing the escape of activ e dust re-suspended 
during decontamination operations.  
Fig. 3 
The ARTISANTM hydraulic manipulator is being deploy ed through the walls 
to provide access and to carry out the decontaminat ion operations. All 
the temporary shielding (lead bricks and steel shot ), together with all 
service pipes have now been removed using ARTISANTM . Lead bricks were 
picked up individually by ARTISANTM and placed in a  basket which was 
removed by crane through a hole in the MODUCONTM co ntainment for 
decontamination later. Steel shot was removed by su ction using a powerful 
vacuum unit supplied by AEAT which automatically co llects debris 
(dust/spoil/shot) in 200l drums ready for disposal.  This proved a highly 
efficient process.  
Services pipes were cut using hydraulic shear tools  deployed by ARTISANTM 
and later removed and packaged into shielded drums through the Waste 
Posting Port fitted to the MODUCONTM containment.  
Operations continue. Concrete removal by a small sc abbling tool with 
vacuum recovery proved too slow and produced excess ive quantities of very 
fine dust by-passing the debris cyclone and collect ing directly on the 
filters of the spoil collector; causing local radia tion levels to rise. 
Up to 20 mm of concrete is now being removed from t he floor using chisels 
deployed by ARTISANTM. Debris is being shovelled up  and deposited in tins 
for posting out in containers: shielded to minimize  dose to operators 
during handling and storage. When ARTISANTM operati ons are complete, 
operators will enter the MODUCONTM to unbolt the EF T for removal to 
another area for dismantling and decontamination at  a later date. 
The Rooms below the Reactor Hall 
These two rooms are situated one above the other, b elow the reactor hall 
floor. The ARTISANTM manipulator will be installed through a shielded 
access plug in the reactor hall floor to carry out the decontamination of 
the upper room. 
Fig. 4 
The lowest room will be accessed through a MODUCON containment booth 
constructed around a door at floor level. The highl y contaminated floors 
and stairs will be decontaminated by scabbling and chiselling, debris 
being collected in shielded drums using the vacuum unit. The steel duct 
will be treated by swabbing with appropriate reagen ts. Remote 
decontamination and size reduction will be carried out by ARTISANTM to 
reduce dose, allowing manual decontamination to fol low, using suction 
cleaning, scabbling and treatment with foams.  
SUMMARY AND CONCLUSIONS 
As a result of a small number of operational accide nts, the plant at 
Bohunice represented a considerable decontamination  liability. Having 
been awarded a contract to plan and implement the d econtamination, AEAT 
faced a number of technical challenges and responde d with appropriately 
engineered solutions to meet them in collaboration with the local Slovak 
management.  
Selection of methods for a specific task depends on  a number of local 
factors including the resources and the type of was te treatment 
facilities available. Tasks such as the reactor hal l have the potential 
to produce a very large volume of secondary wastes and it is important 



that the most appropriate technology is selected to  minimize arisings. 
Furthermore such large facilities pose special diff iculties with regard 
to decontamination on account of their size, access  and, in some cases, 
high radiation levels.  
The resulting decontamination plan and supporting d ocuments have gained 
the approval of both the customer and the Slovak au thorities. The work 
has commenced and is now one year into the program.  The joint AEAT/SE 
management team, together with the station staff an d contractors, have 
maintained a flexible response to a number of techn ical and contractual 
constraints. This teamwork has played a significant  part in the success 
of the work to date.  
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ABSTRACT 
Dismantling of the Japan Power Demonstration Reacto r Decommissioning 
Program (JPDR) was initiated in December 1986, and planned to be finished 
by March 1996. During this period of dismantling, s everal useful lessons 
have been learned such as use of existing facilitie s, dismantling tools, 
and project management. Among these, facility maint enance and operation 
are two key elements that must be considered for ef fectively conducting 
dismantling activities. 
INTRODUCTION 
The Japan Atomic Energy Research Institute (JAERI) is conducting the 
decommissioning demonstration project of the Japan Power Demonstration 
Reactor (JPDR) (1,2). The JPDR decommissioning proj ect has been 
successfully conducted so far; since March 1994, al most all components 
have been removed from the project site, and the pr oject is currently in 
its final stages and is planned to be finished by M arch 1996. 
Decommissioning efforts have been focused on demoli tion of buildings. 
The following provides a list of objectives for dis mantling the JPDR: 
  to demonstrate the techniques developed in Phase 1, 
  to obtain experience on dismantling activities, a nd 
  to establish decommissioning database for future decommissioning 
projects of commercial nuclear power plants. 
Various cutting tools with remote operation develop ed in the early state 
of the project have been used successfully in disma ntling highly-
activated components. These techniques were proven to be useful in 
minimizing radiation exposure to workers. 



During dismantling activities, various data on proj ect management have 
been collected continually and are stored in the de commissioning database 
(3). In addition, several useful lessons have been learned from the 
dismantling activities such as use of existing faci lities, dismantling 
tools and project management. Among these lessons, facility maintenance 
and operation are two key elements that must be con sidered for 
effectively conducting dismantling activities. 
The lessons learned regarding the maintenance of ex isting facilities are 
discussed in this paper. 
OUTLINE OF THE JAPAN POWER DEMONSTRATION REACTOR DECOMMISSIONING PROGRAM 
Facility History 
The JPDR was a prototype nuclear reactor built to g ain experience on 
construction and operation of a light water power r eactor and to train 
engineers in nuclear technology. The plant provided  nuclear power 
generation for the first time in Japan in October, 1963. Since then, 
training of operators and irradiation tests have be en conducted. 
In March 1976, the plant was shut down as a result of problems in the 
cooling system. After a few years, it was decided t he JPDR should be used 
for development of reactor decommissioning technolo gy in consideration of 
future decommissioning of commercial nuclear plants . Table I provides a 
list of the major specifications of the JPDR. 
Table I 
Japan Power Demonstration Reactor Decommissioning P rogram 
The JPDR decommissioning program was initiated in 1 981 under contract 
with the Science and Technology Agency (STA). The p urpose was to develop 
and confirm the appropriateness of these technologi es by applying them to 
actual dismantling activities. The research and dev elopment of 
decommissioning technology began in 1981 and nearly  finished by 1986. The 
mock-up test facility was built in a space neighbor ing on the south of 
the JPDR, and several mock up tests of dismantling technology were 
initiated there. 
Dismantling Activities 
Actual dismantling began in December 1986 with a pl anned completion date 
of March 1996. Figure 1 shows the JPDR facilities b efore the dismantling 
started in the ground plan. Among the buildings sho wn in the figure, the 
office building, the dump condenser building, and t he warehouse will 
remain after completion of the JPDR decommissioning  program. Figure 2 
illustrates the schedule of the JPDR decommissionin g program. 
Fig. 1 
Fig. 2 
During the first stage of the JPDR dismantling acti vities, machinery 
around the reactor in the reactor building was remo ved to provide 
necessary space for installation and operation of t he large remote-
operated cutting tools needed to dismantle the JPDR  reactor. The reactor 
core and the biological shield were then dismantled  in the order from 
inner to outer parts. The major dismantling activit ies are described in 
the following paragraphs. 
The reactor internals were removed by the underwate r plasma arc cutting 
system. The plasma torch was operated, in most case s by a mast type 
manipulator having four degrees of freedom. Otherwi se, the master-slave 
robotic manipulator was used for handling the plasm a torch to demonstrate 
and verify its newly-developed robot technology. 
The Reactor Pressure Vessel (RPV) was dismantled us ing an underwater arc 
saw cutting system, after removing the pipes connec ted to it. Before 



installing the underwater arc saw cutting system, a  temporary cylindrical 
water tank was installed in the space between the R PV and biological 
shield. The tank was filled with water for cutting the RPV underwater. 
Following the dismantling of the RPV, the neutron-a ctivated portion of 
the biological shield was dismantled by using both the diamond 
sawing/coring and abrasive water jet cutting techni ques. First, the 
diamond sawing/coring technique was performed, foll owed the abrasive 
water jet cutting technique which was used to cut t he upper and lower 
half of the projected portion of the biological shi eld, respectively. 
The controlled blast was applied to the remaining p ortion of the 
biological shield, which was only slightly activate d. At first, the layer 
of 40cm width from the inner surface was dismantled  by explosives 
installed into horizontal holes drilled by workers.  The waste was placed 
into containers for storage. The outer layer of the  biological shield was 
dismantled by both controlled blasting and conventi onal tools. The 
concrete from the outer layer is being disposed in the shallow land 
burial place in a site at the JAERI as the first te st case. 
OPERATION AND MAINTENANCE OF AUXILIARY EQUIPMENT 
Refurbishment of the Entrance Room to Radiation Con trolled Area 
Approximately 200 workers a day were expected to ac cess the radiation 
controlled area when the full-scale dismantling beg an. Therefore, the 
existing entrance room to the radiation controlled area located in the 
control building was enlarged. Refurbishment of the  entrance room was 
performed from October 1986 to March 1987, and a te mporary control gate 
was established in the equipment entrance located i n the northern part of 
the turbine building while the existing control gat e was under 
construction. 
After construction, the enlarged entrance room was equipped with a 
reception counter, lockers, changing area, decontam ination equipment, 
whole body monitor and personal dosimeters (alarm p ocket dosimeter and 
film badge). 
Existing equipment, such as the water supply, drain  system, power supply, 
and ventilation system, were utilized for the refur bished entrance room. 
The room was located a distance of about 30m from t he waste treatment 
facility and was interconnected by piping. In 1991,  a small-scale liquid 
waste disposal system was established in the dump c ondenser building 
because the existing waste treatment facility was g oing to be dismantled. 
Then, liquid waste piping from the entrance room wa s connected to the new 
liquid waste system and the piping was extended to 50m through an 
underground tunnel. 
In 1994, a new facility for access to the radiation  controlled area was 
installed beside the dump condenser building. It wa s designed as an 
exclusive entrance for the dump condenser building.  
Dismantling of the existing entrance room began in October 1994 and was 
finished in March 1995. Since then, the dump conden ser building entrance 
room was temporarily arranged and used as the entra nce for whole 
radiation controlled areas in the JPDR. However, th e temporary entrance 
room was too small to accommodate several workers, and adequate time was 
required to access the work sites. 
Demolition of major buildings such as the turbine b uilding began in April 
1995, and several access gates to the controlled ar ea were established 
near these buildings, then the route to another par t of the facility was 
closed and the entrance room of the dump condenser building was 
rearranged as the entrance room. 



Utilization of Existing Liquid Waste Treatment Syst em 
The original liquid waste system was composed of si x waste tanks, two 
systems of waste filters, a waste demineralizer, an d several small tanks. 
When the JPDR decommissioning program began, three large tanks and one 
system of waste filter was not in use. In addition to this equipment, two 
seawater pumps (1,500 ton/hour flow) for condenser cooling system were 
used for waste dilution when liquid waste was disch arged to the ocean. 
In the JPDR decommissioning program, acceptable cri teria of radioactivity 
and pH of liquid waste was established, radioactivi ty was 3.7Bq/cc and pH 
was 5.8~8.6. Therefore an exclusive filter system w as installed when the 
dismantling work such as plasma cutting of the reac tor internals, and 
removal of the RPV using an arc saw started, in whi ch large quantities of 
radioactive liquid waste were produced. 
The existing liquid waste treatment system was util ized while dismantling 
of the relatively highly contaminated or irradiated  components was 
performed. Before removal of this system, a small-s cale liquid waste 
system was constructed in the basement floor of the  dump condenser 
building in 1991. The liquid waste system was equip ped anew and consisted 
of three waste tanks and dilution water piping from  the water service 
system. The place where waste tanks were constructe d was too narrow for a 
large tank. Therefore, each tank had a capacity of approximately 1.5 m3, 
which is only one-tenth the size of former waste ta nks. 
The new waste tank was completed, but frequency of waste treatment 
increased as a result of the small tank capacity. B ecause the new waste 
treatment system had no filtering device to reduce radioactivity in the 
liquid waste, it was impossible to discharge even s lightly radioactive 
waste to the ocean. Then, the liquid waste in waste  tanks had to be 
transported to a waste treatment facility (research  establishment) in 
Tokai. Reducing the amount of liquid waste througho ut the progress of 
dismantling, reduced frequency of the waste treatme nt to twice a month. 
Figure 3 illustrates the new waste tank. 
Fig. 3 
Utilization of Existing Ventilation System 
Components of existing ventilation system were in f ull service when the 
actual dismantling activities were initiated. After  removal of components 
around the reactor and the spent fuel storage pool in 1991, delivery 
blowers were shut down and exhaust blowers were uti lized for the 
ventilation of the reactor building. In 1993, an ex clusive exhaust pipe 
for the ventilation system of the dump condenser bu ilding was remade. 
After that, other existing ventilation equipment wa s shut down and 
temporary blowers were installed by contractors who  were dismantling 
object parts. 
Dust and fumes generated by dismantling activities are dissimilar from 
fumes generated by the maintenance of plant operati ons. The local 
ventilation systems and contamination control envel opes were installed 
temporarily at each working area in consideration o f dust and fume 
characteristics. During the JPDR dismantling projec t, the local 
ventilation ducts were connected to the existing ve ntilation system. The 
local ventilation system has its own filter so that  the influence to the 
existing ventilation system was very small. However , leakage was observed 
that resulted in the choking of filters in the exis ting system, while the 
chamber-type local ventilation system was in use. T he likely cause of the 
leakage was insufficient air tightness of envelope and local ventilation 
systems. Because it may be difficult to avoid leaka ge from a temporary 



contamination control envelope, it was determined t hat the self 
containment type local ventilation system was more effective than the 
chamber type. 
Utilization of Existing Power Supply 
In the turbine building and the dump condenser buil ding when the 
dismantling project began, there were respective sy stems for power 
receiving equipment of 3,300V from the central powe r station in the Tokai 
research establishment. 
In the mock-up test facility, the 6,600V power supp ly equipment was 
installed; it provided three phase 3,300V, 440V, 21 0V and single-phase 
210V/105V for dismantling activities and several te sts performed in this 
facility. When the reactor pressure vessel was dism antled with the 
underwater arc saw cutting system, 3,300V of power was supplied directly. 
In 1987, the exclusive supply system for dismantlin g work was installed 
near the reactor enclosure. The power of 3,300V was  supplied from the 
mock-up test facility and provided 220V to several distribution panels in 
the dismantling sites. 
Removal of components and the power supply in the c ontrol room and the 
turbine building, respectively were conducted in 19 92. The power supply 
for the turbine building and others was modified so  that the power was 
provided from the mock-up facility instead of the e xisting power supply. 
Figure 4 illustrates the mock up test facility powe r supply. 
Fig. 4 
However, the power supply of the dump condenser bui lding was detached 
from the turbine building power supply and modified  to provide the power 
to remaining buildings, such as the office building , the warehouse, and 
the dump condenser building. 
When the power was provided to the building where t he dismantling was 
performed on the mock-up test facility, some proble ms occurred. Heavy 
loads were added to the system; for example, start- up of big ventilation 
fans, and severe voltage drops occurred, resulting in malfunctioning of 
monitors and other instruments. The power was somet imes interrupted 
locally by function of the protection circuit. Beca use the mock-up test 
facility power supply was designed for mock-up test s and several cutting 
machines, the power capacity was not enough for bot h original use and 
temporary use. Some rearrangement of ventilation fa ns start-up processes 
and changes of protection circuit settings were sol utions to these 
problems. 
SUMMARY OF LESSONS LEARNED 
Since the entrance to radiation controlled areas ba sically consisted of 
existing equipment, refurbishment construction was required several times 
during dismantling activities. Relatively large amo unts of workpower were 
necessary for refurbishment work; this was an ineff icient system. 
Instead, it may be more efficient to built temporar y control gates 
instead of utilization of existing entrance room. 
The existing liquid waste system was used while the  components were 
removed and replaced with small-scale equipment. Ho wever, it was too 
small to treat liquid waste from dismantling activi ties. Capacity and 
arrangement of substitute liquid waste systems shou ld be carefully 
studied. 
The contamination control envelope and local ventil ation system were used 
in dismantling work. The duct of the local ventilat ion system was 
connected to existing ducts and at times, leakage o ccurred from the 
temporary equipment, resulting in choking of filter s in existing 



ventilation systems. Selection of blowers for the l ocal ventilation 
system and arrangement of contamination control env elopes are important 
to avoid problems in existing ventilation systems. 
When electric power was provided temporarily from t he mock-up test 
facility, some problems occurred as a result of the  power supply 
shortage. Temporary power supplies must have enough  capacity for not only 
dismantling machines, but also maintenance of facil ities after removing 
existing power supplies. 
In the JPDR decommissioning program, auxiliary equi pment was dependent on 
existing equipment. Therefore it was required to se parate some components 
from the equipment in use for facility maintenance.  During initial 
removal of components, a detailed study on the dism antling process was 
important to avoid any expected problems. Informati on exchange between 
dismantling and maintenance groups was indispensabl e. 
CONCLUSION 
The JPDR decommissioning program has been successfu l and is now in the 
final stages. Many useful experiences and lessons l earned on the 
decommissioning and dismantling activities can be g ained. In addition, 
various data on project arrangement collected in th e dismantling 
activities are stored in the decommissioning databa se. These resulted 
from the JPDR decommissioning program and will cont ribute to future 
decommissioning of commercial nuclear power plants.  
In such activities of dismantling, facility mainten ance and operation 
were inconspicuous but important for effective dism antling activities. 
Effective utilization of existing equipment was imp ortant for dismantling 
activities. Through the dismantling program, auxili ary equipment was 
carefully studied in each stage of the decommission ing program. Knowledge 
from these studies may be useful for future decommi ssioning projects of 
commercial nuclear power plants. 
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ABSTRACT 
RedZone Robotics, Inc. and Carnegie Mellon Universi ty's Field Robotics 
Center have undertaken development of an advanced r emote worksystem 
capable specifically designed to meet the challenge s of performing a wide 
range of decontamination and dismantlement operatio ns in nuclear 
environments. This project is funded by the US Depa rtment of Energy's 
(DOE's) Environmental Management Office of Technolo gy Development through 
the Morgantown Energy Technology Center. Currently,  we are working on the 
third phase of this effort; having completed the de sign and fabrication 



of the worksystemRosie, we are concluding endurance  testing and 
characterization of Rosie's work capabilities, and commencing enhancement 
of the system design to ensure suitability for use in a DOE facility 
decommissioning project. 
The Rosie worksystem includes a locomotor, heavy ma nipulator, operator 
console, and control system for remote operations. The locomotor is a 
highly mobile platform with tether management and h ydraulic power 
onboard. The heavy manipulator is a high-payload, l ong-reach boom used to 
deploy a wide variety of tools and/or sensors into the work area. rosie's 
advanced control system, broad work capabilities an d 
hardening/reliability for hazardous duty make it a new and unique 
capability that facilitates completion of significa nt cleanup projects 
throughout the DOE and private sector. 
The paper presents a system overview, summarized re sults from endurance 
testing, and future plans. 
INTRODUCTION 
The development of the Rosie worksystem has occurre d in three separate 
work phases. The first phase consisted of gaining a  knowledge of the 
DOE's D&D needs, upgrading a pre-existing worksyste m with state-of-the-
art technologies and enhanced controls for ease of operation, then 
undertaking a program to test the system and determ ine its capabilities 
and weaknesses. The second phase involved developin g a second-generation 
worksystem (Rosie) to perform D&D operations based on knowledge gained in 
Phase I. During the third and current phase Rosie i s being tested 
extensively to determine general capabilities to de ploy tools and perform 
decontamination and dismantlement (D&D) tasks, as w ell as assess 
reliability and maintenance issues. 
The tasks and constraints which characterize D&D ap plications are 
essential background in the development of this tec hnology. The 
environment in which such worksystems must perform D&D operations range 
from areas in which no worker protection is needed to areas in which 
human entry is precluded. Dangers can include expos ure to alpha, beta, 
and gamma radiation; uranium, plutonium, and tritiu m; volatile organics, 
acids and caustics; mercury; TRU waste, asbestos; a nd mixed waste. 
Facilities in which D&D is likely to occur include uranium enrichment 
facilities (including gaseous diffusion plants, cen trifuge plants, and 
other separation plants); research and production r eactors; hot cells, 
canyons, and vaults; stacks and cooling towers; sil os and waste storage 
tanks; analytical research labs; and weapons produc tion and assembly 
facilities. 
Given the wide range of tasks that must be executed , the hazards present, 
and the difficulty in predicting conditions or comp rehensively 
understanding task needs, remote technology must be  highly versatile and 
reliable. These worksystems require capabilities to  handle a variety of 
tools, they must combine brute force for heavy work  with dexterity for 
fine manipulation, they must be reliable for extend ed use in areas where 
human intervention is difficult or impossible, and they must be adaptable 
to a range of work conditions and settings. 
In the second phase of this project we undertook th e design and 
fabrication of a worksystem specifically designed t o meet D&D needs. We 
discovered in our Phase I study, the requirements f or a worksystem are 
very diverse, ranging from human-scale manipulation  tasks to large, 
industrial-scale equipment removal. While it is imp ossible to build one 
system capable of meeting all of D&D needs, we sele cted a concept capable 



of addressing a major segment of tasks for which cu rrent technology is 
inadequate. 
WORKSYSTEM DESCRIPTION 
Rosie is a mobile robot worksystem developed for nu clear facility 
decommissioning and dismantlement. Its primary func tion is to perform a 
variety of dismantlement tasks remotely by deployin g tools, sensors, 
and/or other robotic equipment in hazardous areas. Rosie's capabilities 
and system design address the need for durability a nd reliability in 
these environments, and enable performance of tasks  such as piping and 
process equipment removal, structural demolition, v essel segmentation, 
waste handling and transport, and wall/floor decont amination. 
The system includes a tethered robot, a power distr ibution unit (PDu), 
and a control console for robot operation. The robo t consists of two 
major subassemblies, the locomotor and the heavy ma nipulator. The 
locomotor is a hydraulically powered, omni-directio nal platform with 
onboard tether management. It provides mobility to transport the heavy 
manipulator, tools, or other payloads within the wo rk area. The heavy 
manipulator is a four degree of freedom, high-paylo ad, long-reach 
mechanism capable of carrying a variety of tools, o ne or more dexterous 
manipulators, or any other payload of up to 900 kg (2,000 lb) throughout 
a generous work envelope. Rosie is a teleoperated s ystem with low-level 
automation features that facilitate more efficient remote operations and 
allow a single operator to maneuver and work effect ively. 
Fig. 1 
Locomotor 
The locomotor is a mobile platform with specificati ons as shown in Table 
I. Its frame is an aluminum weldment which supports  wheel modules at each 
corner. Each wheel module has independent drive and  steering motions 
providing an omni-directional capability. 
The front two wheels are mounted on extensions whic h can change the front 
wheel tread width from 193 cm (76 in)to 345 cm (136  in). The two rear 
wheels are mounted on a pivoting beam which allows each wheel 5 cm (2 in) 
of vertical travel for obstacle negotiation. 
Located within the locomotor is the hydraulic power  supply, which is a 45 
kW (60 Hp) supply, providing 114 l/min (30 gpm) of hydraulic fluid at 
20.7 MPa (3,000 psi) for all robot motions. The hyd raulic fluid reservoir 
is located at the front center of the locomotor. Di rectly behind it is 
the hydraulic pump and its electric drive motor. Al l of the control 
valving for the system is located above the pump an d motor, inside the 
locomotor frame. Filters, an accumulator, and the h ydraulic fluid cooling 
equipment are all located in one of two side enclos ures suspended from 
the frame. The other side enclosure contains all on board control 
electronics for the system. At the rear of the mach ine is the tether reel 
which can carry up to 53 m (175 feet) of tether (up  to 38 m (125 ft) of 
unreeled tether can be included to extend the vehic le's range). 
Table I 
Heavy Manipulator 
The heavy manipulator is mounted on the deck of the  locomotor. It is a 
four degree-of-freedom mechanism providing a long-r each, high-payload 
capability for  tool deployment. It can carry up to  900 kg (2,000 lb) 
with a 6,800 Nm (60,000 in-lb) moment load, at a di stance of 6 m (20 
feet) from the shoulder joint. The heavy manipulato r consists of four 
joints; a waist rotation motion on the locomotor de ck, a shoulder pitch, 
a forearm extension, and a wrist pitch at the tip o f the forearm. Each of 



the four joints has integral position feedback and is servo-controlled 
based on operator commands. The configuration of th e heavy manipulator is 
shown in Fig. 2 and its specifications are shown in  Table II. 
Fig. 2 
Table II 
Figure 3 shows the tip over load limits of the loco motor for loads at the 
wrist of the heavy manipulator, with the front whee ls fully extended, a 
900 kb (2,000 lb) counterweight mounted on the mani pulator turret, and 
the rear pivoting axle in its locked position. Thes e load limits include 
a 455 kg (1,000 lb) safety margin to accommodate dy namic loads.] 
Fig. 3 
Feedback 
Rosie's operator is provided with a complete set of  feedback information 
to support remote operations. Audio and video feedb ack are provided from 
onboard microphones and up to ten onboard cameras. Various other onboard 
sensors provide full system status and health monit oring. Additional 
user-specified sensors can be installed to provide remote monitoring of 
key environmental parameters. 
Audio/Video System 
The audio/video system takes multiple camera views and microphone inputs 
from the robot and displays them at the console. Ro sie can support up to 
10 cameras including the following: 
  Four cameras with remote focus, zoom, lights, and  pan and tilt motions 
  Four cameras with remote lights and tilt motions (fixed focus) 
  Two cameras with remote lights (fixed focus) 
All cameras are modular to allow easy replacement o r relocation in order 
to accommodate different tooling or task requiremen ts. 
System Status/Health 
The status and health of the system are constantly monitored by various 
onboard sensors. These include hydraulic fluid temp erature, pressure, and 
reservoir level. In addition, the voltage levels of  onboard electronic 
components as well as their temperatures are also m onitored so that a 
fault may be detected before it can cause a complet e system failure. 
Control and sensing signals are monitored automatic ally and error 
checking is performed to ensure reliable communicat ions. 
Position Sensing 
All of the remotely controlled motions of the syste m incorporate position 
sensing. Locomotor wheel steering and drive motions  are equipped with 
resolver feedback which is utilized by the computer  control system to 
coordinate these motions in several different drivi ng modes. This also 
provides the operator with a quick means to determi ne wheel positions. 
The four heavy manipulator motions (waist rotation,  shoulder pitch, 
forearm extension, and wrist pitch) also have resol ver feedback. Again, 
this allows computer controlled coordination modes and a clear 
understanding of heavy manipulator position/orienta tion for the operator. 
The front wheel extensions incorporate limit switch es so that the 
operator can easily discern whether they are extend ed; this information 
is also used by the control system in performing au tomated initialization 
sequences. The tether reel has limit switches so th at the tether cannot 
be completely unwound from the reel, or wound on be yond the reel's 
capacity. 
User-specified Feedback 
The system has the capacity to support user-specifi ed sensors installed 
on the robot and transmit their data back to the co nsole. Such sensors 



can be used to provide remote monitoring of key env ironmental parameters, 
such as radiation levels, ambient temperature, the presence of toxic 
gases, etc. 
Control System 
Rosie's control system is comprised of an operator control console shown 
in Fig. 4 and onboard control system components lin ked by a telemetry 
system. Control system functions are distributed ac ross two primary 
computers (CPU's)  one in the console and one onboa rd the robot. The 
control console CPU displays status and sensor data  coming from the 
robot, interprets signals from joysticks and other switches, and sends 
appropriate commands to the onboard CPU. The onboar d CPU executes 
commands from the console by closing motion control  loops, acquiring 
sensor data, coordinating axes, and activating vide o and other onboard 
equipment. Both CPUs perform continuous error check ing and monitoring of 
communications between the robot and console. 
Using this control system, a single operator statio ned at the console can 
control the Rosie worksystem. Primary system functi onslocomotor, heavy 
manipulator, system power, tether, and camerasare c ontrolled using 
switches and joysticks on the desk top. Less freque ntly used functions 
and status information are accessed through the tou ch screen. Three video 
monitors, with quad-splitting capabilities, display  the onboard camera 
views. The operator can select any camera view for any of the monitors 
using the touch screen controls. In this way, each operator can configure 
the control console monitors to suit his or her par ticular preferences. 
In addition, the views can be changed during operat ion of the system, as 
needs arise. 
Fig. 4 
Control Modes 
All axes are servo-controlled enabling precise, var iable speed motion 
control for dexterous positioning either by teleope ration or by computer 
control. This servo-control allows the computer to coordinate the motions 
of the locomotor wheels in any of three different s teering modes. In 
addition, the heavy manipulator can be operated in two different control 
modes. These modes are as follows: 
Steering Modes 
The locator wheels are controlled in any of three d riving modes: 
4-wheel steering: Front and rear wheels steer in op position, allowing a 
turn of any radius, including a pivot about the veh icle's center. 
Crab Steering: All wheels steer in the same directi on. This mode is 
especially useful for tight maneuvering and allows an operator to 
translate side-ways and work continuously along a w all surface, 
eliminating the need to frequently back away and re position the vehicle. 
Rotate-about-a-point Steering: Wheels automatically  steer to turn the 
locomotor about a predetermined point. Assigning th e tool location at 
this point allows the vehicle to be repositioned wi thout moving the tool. 
Boom Modes 
The heavy manipulator can be controlled in either o f two modes: 
Joint Control allows the operator to individually c ontrol each joint on 
the heavy manipulator at a continuously variable sp eed. 
Coordinated Control allows the operator to steer th e endpoint of the 
heavy manipulator and all four joints are automatic ally coordinated to 
achieve Cartesian motion. This control mode is an e fficient and intuitive 
way to control the heavy manipulator and allows an operator to perform 



difficult tasks like tracking a wall or floor surfa ce with a single 
joystick motion. 
Power and Telemetry 
The power and telemetry subsystem allows power and signals to be 
transmitted from the console to the locomotor and r outed onboard to the 
various sensors and actuators. A Power Distribution  Unit (PDU) located 
between the console and robot provides a location t o input site 
electrical power needed for onboard functions. A te ther is used to 
transmit all power, control, and video signals to a nd from the robot. All 
signals from the console pass through the PDU and a re combined with the 
power and routed into the tether. When operating in  a contaminated 
location, the PDU can be located outside of contain ment, minimizing the 
number of conductor penetrations required through c ontainment. 
The heart of the electrical system onboard the loco motor is enclosed in a 
sealed box mounted on the left side of the frame. T his enclosure houses 
transformers, control computing, power supplies, vi deo modulation 
equipment, and heat exchanger units. 
Tooling and Auxiliary Services 
A wide variety of tools or dexterous manipulators c an be deployed from 
the heavy manipulator or locomotor deck. Highly acc urate variable-speed 
motion control allows an operator to position tools  quickly and perform 
work tasks effectively. Rosie's work envelope allow s floor to ceiling 
reach with most tools. 
Both hydraulic and electric power are available at the boom tip to power 
tools. As much as 57 1/min of hydraulic fluid at 20 7 bar (15 gpm at 3,000 
psi) and 20 amps of 120 VAC power are available. An y user specified 
tooling can be deployed subject to powering and pay load (up to 900 
kg/2,000 lb) constraints, including: 
Component Removal  Decontamination 
hydraulic pipe sheer  pressurized water 
reciprocating saw  CO2 
abrasive disk   mechanical scabbler 
impact wrench   sealant spray 
plasma torch 
 
Demolition   General Purpose 
jackhammer/breaker  dexterous manipulator 
pulverizer    dual-arm work system 
concrete hole saw 
abrasive water jet 
 
Material Handling 
wet/dry vacuum 
excavation bucket 
dozer blade 
drum grapple 
cable winch 
SYSTEM FEATURES 
The Rosie worksystem incorporates many onboard and offboard features 
which provide significant benefits in remote disman tling. With 
construction-grade durability, high maneuverability , and power to spar, 
Rosie can operate effectively to deploy tools, tran sport materials, and 
meet the unexpected challenges of D&D. 
Work Capability 



Rosie is capable of deploying a wide variety of too ls and other payloads 
throughout a generous work envelope. The heavy mani pulator extends to 
reach 26 ft above the floor and at least 12 ft on a ll sides of the 
locomotor. All wheels are independently driven and steered, making Rosie 
highly maneuverable in tight or cluttered spaces. F ront wheels extend for 
added stability. Rosie can be driven with wheels ex tended or retracted. 
The pivot-mounted rear axle provides compliance whe n working on uneven 
floors and crossing obstacles. Rosie is hydraulical ly powered, providing 
high power density suited to dismantling work; as a  hydraulic system, 
Rosie is intrinsically sealed against contamination . 
Reliability 
Reliability is essential in environments where manu al recovery of failed 
equipment is difficult, costly, or precluded by haz ards. The rugged 
construction of this system is suited to the abusiv e conditions of 
dismantlement operations and it is designed to with stand inadvertent 
collisions or falling objects. The electrical syste m is designed with 
sufficient noise immunity and error monitoring to e nsure the reliable 
communication of control signals between the operat or's control console 
and the robot. Sensors are used to monitor the stat us of critical 
components and automatically alert the operator of potential problems. 
Critical actuation's, such as driving and steering,  are functionally 
redundant  each wheel module is individually driven  and steered, and 
sufficiently powered to compensate for limited fail ures. The wheel drive 
motions freewheel when unpowered to enable emergenc y recovery towing. 
Rosie is a tethered system for guaranteed communica tions and power for 
extended work durations. Onboard tether management ensures that the 
tether is not endangered by being dragged. 
Decontamination 
In nuclear environments, the ability to decontamina te equipment is 
critical to allow maintenance, storage, and transpo rtation of equipment 
without incurring personnel exposure. All onboard c omponents on this 
system are sealed for pressurized washdown. The sys tem's structures are 
designed to minimize exposed surfaces and areas whe re contamination can 
collect and be trapped. Areas that can't be sealed are left as open as 
possible in order to facilitate cleaning and washdo wn. 
Radiation Hardening 
This system is designed to operate in areas where r adiation exposure is 
present. Materials and components have been selecte d to reduce the 
potential for radiation degradation. The robot port ion of the system is 
designed to withstand a cumulative radiation dose o f 105 R. Higher levels 
of radiation hardening are achievable if necessary by shielding of 
critical electronics and using more radiation toler ant components. 
Ease of Operations 
Rosie can be used to perform D&D tasks without redu cing an operator's 
efficiency or requiring specialized skills. Automat ion of low-level 
functions and other control system features allow a  single operator to 
maneuver both the locomotor and heavy manipulator a nd to work very 
efficiently. 
All motions incorporate position sensing and servo- control, enabling 
precise motion control for dexterous positioning ei ther by teleoperation 
or computer control. High resolution and continuous ly variable speeds 
allow an operator to move slowly for fine positioni ng, or quickly for 
efficient large motions. 



Up to 10 onboard video cameraswith lights and pan/t iltsprovide an 
operator with effective views for navigation and to ol deployment. 
Modularity and Maintainability 
The system is designed to be as modular as possible  to expedite 
maintenance and deployment of alternate tools. Modu larity allows the 
quick replacement of components or subsystems in or der to keep the system 
in service, and allowing failed components to be re paired offboard and 
off-line. Critical components in the electrical and  hydraulics systems 
are readily accessible and can be modularly replace d. 
SUMMARY OF ROSIE TESTING AND LESSONS LEARNED 
Over four months of testing have been performed to date at Oak Ridge 
National Laboratory using the Rosie worksystem. The  goal of this testing 
was to determine areas requiring refinement or modi fication and to 
quantify the system's overall capabilities. Over 10 0 hours of operations 
have been logged deploying tooling in concrete demo lition and metal 
cutting exercises. Concrete demolition was performe d on more than ten 
reinforced concrete highway barriers and other pre- cast shapes using a 
hydraulic breaker tool mounted to the boom tip. Met al cutting tasks have 
been performed using an abrasive wheel grinder depl oyed from a master-
slave dexterous manipulator mounted to the boom tip . Most testing has 
been performed outdoors; rain occurred on several o ccasions (operators 
were unaffected), and the system was stored outdoor s when not in use for 
several weeks. 
Overall, the system performed without failures; som e minor adjustments 
were necessary and several design enhancements have  been identified to 
improve durability and operability. Target areas in clude: 
-     improve function and reliability of tether ma nagement fairlead. 
-     add reinforcements to several areas on the he avy manipulator to 
reduce deflection and weld stress. 
-     secure hardware and components against long d uration vibration 
loads. 
-     optimize control console for more efficient, less strained 
operations (switch and touchscreen layout, joystick s, etc.). 
-     reduce onboard control system complexity to i ncrease reliability. 
-     increase hydraulic system cooling. 
-     upgrade hydraulic valving to improve stabilit y and reliability. 
FUTURE WORK 
Through endurance testing we have evaluated the sys tem and its ability to 
perform D&D tasks. Overall, the system performs wel l and meets the 
general requirements of D&D applications. Phase III  testing will continue 
to characterize Rosie's capabilities and test enhan cements that are 
currently being added. Testing and enhancement acti vities are also being 
focused on fully addressing issues such as decontam ination and ease of 
maintenance. We are also focusing toward specific D OE facility 
decommissioning projects, including Argonne Nationa l Laboratory's CP-5 
reactor, and commercialization of this system as a broadly applicable 
worksystem for hazardous applications. 
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ABSTRACT 
The BNFL Sellafield site has developed extensively since the start of the 
first construction in the late 1940's and even with out further 
development there will have been some 120 radioacti ve plants in 
operation.  The decommissioning of these plants req uires a co-ordinated 
and integrated program.  The paper describes BNFL's  approach to the 
challenge, its overall strategies, the constraints and the progress 
achieved to date using real experience from the 18 decommissioning 
projects currently underway. 
INTRODUCTION 
When the current reprocessing programs are complete  the BNFL's Sellafield 
site will have contained over 120 radioactive plant s all of which will 
require decommissioning at a currently estimated co st of almost $9B. A 
formal decommissioning program was initiated in the  early 1980s and has 
expanded to reach the current level of eighteen pla nts undergoing 
decommissioning and a program of work stretching ov er several decades. 
The management philosophy needs to ensure the optim um approach both for 
safety and cost, satisfactory interaction with the regulatory bodies and 
the effective management of the practical work. 
THE SELLAFIELD SITE 
Initial work at Sellafield in the late 1940s involv ed the construction of 
the two Windscale Pile reactors and the associated plants to cool, decan 
and reprocess the fuel together with the plutonium and uranium finishing 
lines and the associated waste and effluent treatme nt facilities. In the 
mid 1950s the first of the Magnox reactors came on line and it was 
apparent that the proposed expansion of the civil M agnox program could 
not be supported by the existing reprocessing plant s. This led to the 
construction of the Magnox reprocessing plant which  came on stream in the 
mid 1960s together with additional pond storage and  decanning facilities, 
many of the existing waste and effluent plants howe ver continued to be 
utilized with some capacity enhancements. This phil osophy of maximizing 
the utilization of capital investment has continued  and the recently 
commissioned THORP plant for the reprocessing of ox ide fuels utilizes 
supporting plants from both the original military a nd Magnox programs. 
Reprocessing of Magnox fuel is anticipated to conti nue until the later 
part of the first decade of the next century with o xide fuel reprocessing 
continuing some years longer. Additionally there is  an accumulation of 
highly active liquors and medium active wastes (mai nly fuel cladding) 
which needs to be recovered and conditioned ready f or ultimate disposal. 
The site interactions are therefore extremely compl ex and the 
decommissioning program both for the plants already  shut down and 
operating plants must be integrated with the operat ional needs of the 
site. 
OVERALL STRATEGIES 
BNFL brings together all its waste and decommission ing liability planning 
in the Waste Management Review (WMPR) and the Decom missioning Review 
(DPR). These reviews summarize the strategies and p rograms together with 
the associated costs thus allowing optimization on a macro scale and the 
calculation of the necessary financial provisions. WMPR addresses the 
waste routing and treatment issues together with in terim storage. Its aim 
is to minimize the overall cost by maximizing the u tilization of existing 
facilities and minimizing the number of new plants needed. DPR recognizes 
the longer term nature of the decommissioning progr am, anticipated to 
extend beyond 2100, and seeks to priorities and pro gram the plant 



decommissioning to achieve the minimum discounted o verall cost 
recognizing such factors as plant risk, surveillanc e and maintenance 
costs, waste route availability, interaction with o ther plants etc.. Not 
surprisingly the more fragile plutonium facilities attract a higher 
priority for early dismantling than for example the  extremely robust 
reactors. Decommissioning cost modelling techniques  (1) have been 
developed to facilitate this long term programming.  
PROJECT STRATEGIES 
Once identified within the overall decommissioning program the actual 
project strategy is developed on a case by case bas is recognizing the 
specific features of the plant any links with opera ting plant and waste 
routing. Extensive optioneering involving technique s such as Kipner 
Traego and value engineering are utilized calling o n the extensive 
knowledge of the plants available on the site and e xperience on similar 
projects to ensure the optimum cost and safety effe ctive solution is 
identified. It would be normal to carry out a HAZOP  one study on the 
preferred option to ensure there are no obvious saf ety show stoppers 
before investing engineering effort in further desi gn and planning. Any 
necessary development work in support of the projec t would normally be 
identified at this stage. Although every effort is made to obtain all 
possible plant data it is frequently necessary to r ecognize a number of 
uncertainties and projects often proceed in a numbe r of phases where a 
scope of work can be reasonably well defined, both for contractual and 
safety reasons, and would often include the acquisi tion of further data 
to allow the next phase of the project to be planne d in detail. A project 
manager is nominated who is responsible for the ove rall control of the 
project and normally for the control and safety of the plant, 
occasionally this responsibility remains with the e xisting plant 
operators if decommissioning is being carried out i n a section of an 
operating plant. 
INTERACTION WITH REGULATORS 
Nuclear licensing arrangements in the United Kingdo m include the 
requirement for the licensee to prepare decommissio ning plans and 
programs. For Sellafield this has been developed in to an agreed 15 year 
Post Operational, Waste Retrieval and Decommissioni ng program updated 
annually. For each decommissioning project however there is a more 
detailed interaction with the regulators which vari es depending on the 
assessed level of risk within the project. The more  difficult projects, 
which include the majority of the plutonium decommi ssioning, will require 
an overall safety case, detailed safety justificati ons for each phase of 
decommissioning and safety documentation for the co nstruction and 
commissioning of any major facilities in support of  the decommissioning. 
The overall safety case, which is not particularly detailed and is at a 
safety strategy level, and the first detailed phase  submission would 
normally be required before work could commence. Fu rther detailed phase 
submissions would be made at the appropriate time. For more simple 
projects it may be possible to cover all aspects in  one document. 
Additional justification is required for waste gene ration and discharge 
authorizations. Particular attention is paid to pro jected dose uptake 
during the safety justification stage and formalize d ALARP studies are 
implemented for most projects. A number of dose rat e modelling techniques 
have been developed to assist the process and they allow rapid assessment 
of benefits achieved by additional shielding or rem oval of high sources. 
It is common for regulatory approval to be given in  a number of stages 



with agreed 'hold points' where performance to date  can be reviewed. 
Frequent contact with the regulator 'Site Inspector ' is normal. 
PROJECT EXPERIENCE 
Decommissioning has been undertaken at Sellafield s ince the mid 1950s, 
primarily to create space for new facilities, but s ince the start of the 
formal decommissioning program in the early 1980's six plants have been 
completely decommissioned, a further sixteen major project phases have 
been completed and eighteen are currently undergoin g decommissioning. 
The following are brief descriptions from a few of the current projects: 
First Storage Pond 
Built in the early 1950s to receive, cool and decan  the fuel from the 
original Windscale Piles, and later adapted to hand le Magnox fuel from 
the Calder and Chapelcross reactors, the plant ceas ed operation in 1963. 
The plant consists of two open cooling ponds (Fig. 1) with an adjacent 
building housing twelve decanning bays and six with drawal bays. The pond 
still contains some 190 skips containing fuel, isot opes, fuel hulls and a 
mixture of other wastes. Additionally there is a ge neral accumulation of 
sludge and debris. Within the decanning bays there are over spill wastes 
from normal decanning operations including fuel rod s, graphite and 
cladding together with residual material from exper imental work for 
chemical decanning and provision of uranium 'pennie s' for pilot 
reprocessing. Due to the period before decommission ing the building no 
longer achieved modern standards and following subs tantial stripping out 
new ventilation, environmental monitoring and crana ge has been installed. 
Current operations center on the stripping out of a ll equipment from two 
decanning bays to allow the installation of the ski p washing and sorting 
equipment. Most of the installation involves operat ions in up to 18' of 
contaminated water with extremely poor visibility. The sorting of the 
pond contents to allow appropriate downstream treat ment and disposal is 
due to commence in 1996. 
Fig. 1 
First Separation and Head End Plant 
Built for the dissolution and chemical separation o f the Windscale Pile 
fuel, including separation of the Plutonium, Uraniu m, medium active and 
highly active waste streams, the plant is extremely  large being over ten 
floors (60 meters) high and consisting of four high ly active and two 
medium active cells. The plant continued in operati on for the 
reprocessing of Magnox fuel until 1965 when it was replaced by the Magnox 
reprocessing plant. The north half was then washed out and permanently 
shut down but the south side underwent extensive al terations including 
the removal of metal fuel dissolvers, installation of shearing, 
dissolver, accountancy and maintenance cells to all ow head end operations 
on oxide fuel utilizing part of the existing solven t extraction plant. 
Decommissioning of the plant poses a particular cha llenge due to the 
height of the cells, absence of in cell cranage, no  designed access 
routes for equipment, varying radiological conditio ns, limited 
radiological data and absence of accurate as built drawings. A 
progressive approach is being taken to the decommis sioning with the MAN 
cell, the least radiologically challenging, being d ismantled first 
followed by the other cells, thus allowing the prov ing of techniques 
prior to deployment in the other cells. Typically f or older plants the 
cell ventilation was inadequate by modern standards  and a new fully 
filtered system has been installed to support all d ecommissioning 
operations. A waste handling facility (Fig. 2) has been constructed 



adjacent to the MAN cell and incorporates automatic  remote robotic size 
reduction, mainly using plasma arc, linked to an in tegrated control 
system and 3D modelling. This facility will handles  the waste from all 
the cells. Access for the cell dismantling machine (Fig. 3) has been 
provided at high level and incorporates a manipulat or system, deployed at 
the various levels in the cell, and a hoist to lowe r the cut components 
to the ground floor export link to the waste facili ty; wherever 
practicable standard components are used with the m ain development effort 
directed to special tooling and an integrated contr ol system which links 
from a three dimensional model of the cell to the m anipulator and size 
reduction robots and is aimed at minimizing operato r fatigue and 
maximizing productivity. 
Fig. 2 
Fig. 3 
Solvent Regeneration Plant 
Built for regeneration of the Butex solvent utilize d in the original 
reprocessing plant the plant is about 30 meters hig h and consists of six 
cells two of which were fitted out for the process,  two were held in 
reserve, one was for general shielded R&D and one w as for post 
irradiation examination of fuel. The solvent proces s performed better 
than expected and the two spare cells were released  for other 
experimental work. Decommissioning of the first of the solvent 
regeneration cells is underway. There was no instal led cell cranage but 
there were removable cell top concrete panels provi ded for initial 
construction. Optioneering concluded that top entry  was the best approach 
and a size reduction facility incorporating cranage , tooling and access 
arrangements has been constructed and commissioned on top of cells 1 and 
2. Following the provision of a filtered extract sy stem it was possible 
to complete the removal of the residual inventory, particularly the Butex 
solvent which poses a significant fire hazard. Dism antling of cell 1 
utilizing manual techniques has commenced though th e hazard posed by the 
possible presence of solvent necessitates special p recautions to be 
taken. It is anticipated that Cell 2 will be disman tled utilizing similar 
techniques but the later cells will require progres sively more remote 
methods. Radiological data is limited for some area s. 
Plutonium Purification Plant 
Built to purify the plutonium stream from the repro cessing plant the 
plant is large, being effectively two mirror image cells, four stories 
high with a brick wall as the secondary containment , the vessels and 
pipework being the primary containment. The anticip ated level of plant 
containment was not achieved and several leaks (all  contained within the 
cells) and remedial works have led to a very high l evel of internal 
contamination. As the cell extract was not filtered  the plant was a major 
contributor to the site aerial discharges and prior  to allowing routine 
man entry for decommissioning it has been necessary  to dismantle several 
feed system gloveboxes and install a new ventilatio n system, commissioned 
in late 1993. Following commissioning of the new ve ntilation system cell 
entries were possible and these confirmed the predi cted extremely high 
levels of contamination and also discovered localiz ed radiation sources 
in excess of 15 mSv. Intrusive surveys of the cell vessels is now in 
progress to assess the amount of residual liquor. D ismantling will be 
undertaken manually, moving components to a waste h andling facility, 
currently being constructed on the South side of th e plant, for size 
reduction and packaging. All external control, samp ling and fuel cabinets 



are being progressively removed. As with many pluto nium facilities there 
is the potential risk of criticality and extensive in situ inventory 
monitoring will be undertaken prior to the movement  of vessels to the 
size reduction facility. 
Finishing Line 3 
This was the main plutonium finishing line for meta l and oxide production 
from 1963 until 1987. It is constructed in a series  of over twenty 
gloveboxes linked by two conveyor systems and opera ted through a shielded 
face. The plant operating life and throughput great ly exceeded design 
expectations but has resulted in a significant hold  up of material, 
particularly in the concentrate stock tanks, the co nveyor systems and the 
furnaces. Contamination is extensive and radiation levels exceed 10 mSv 
in several areas. Because of the radiation levels i t was intended to 
utilize remote methods but it quickly became appare nt that the extremely 
difficult access (Fig. 4) and the criticality hazar d associated with the 
high residual inventory would make this approach di fficult and costly. 
Extensive optioneering, modelling and value enginee ring studies were then 
applied to optimize the dismantling strategy and in  particular the choice 
of manual in preference to remote dismantling appro aches. The manual size 
reduction is practicable provided boxes are removed  from the line and the 
location chosen for the size reduction facility was  that left vacant 
following the earlier dismantling of the adjacent C o-precipitation Plant 
(see 3.7). Installation of the size reduction facil ity and associated 
tooling is underway. The same method of size reduct ion will be employed 
as on the current First Floor dismantling with plas ma arc as the 
preferred tool. Gloveboxes will be isolated and rem oved from the line to 
the size reduction facility where plasma cutting an d other techniques 
will be utilized prior to inventory assessment and packing in 200 liter 
drums. As for B203 there is the need to avoid risk of criticality and 
again inventory assessment will be needed. In this case however the high 
background from adjacent plant items precludes high  levels of accuracy 
and gloveboxes will undergo secondary assay once re moved from the line. 
Because of the anticipated inventory additional mon itoring of items ready 
for placement in waste drums will be undertaken to ensure the drum 
fissile material limit is not exceeded. These techn iques are already in 
use on a number of other projects. 
Fig. 4 
Fast Reactor Fuel Facilities 
The Co-precipitation and Dry Recovery plants associ ated with the 
conversion of recovered plutonium and uranium for t he fast reactor 
program have already been totally decommissioned. T hese plants formed the 
basis for the development of many of the techniques  and equipment needed 
for plutonium plant decommissioning including in si tu inventory assay, 
containment and decontamination, size reduction, an d recirculating suit 
showers with water treatment. The current operation s center on the PFR 
Fuel Fabrication Facility and the associated Dry Gr anule Production Plant 
(DGPP) which provided the mixed oxide fuel granules . The PFR plant 
converted the granules into pellets which were then  loaded into fuel pins 
and finally assembled into fuel assemblies for ship ment to Dounreay. 
Decommissioning of the final assembly area and pin filling line was 
completed utilizing manual techniques. The next sta ge of the project 
involving removal of all other plant which can reas onably be achieved 
manually is currently underway. The final phase of the project, the fuel 
line where the pellets were prepared, is the most h eavily contaminated 



and will require remote dismantling. Following the earlier development 
work on Co-precipitation and Dry Recovery plants th e PFR project can be 
termed production decommissioning with a large numb er of plant items to 
remove against tight financial and timescale target s. The DGPP plant was 
initially a pilot facility upgraded to full scale p roduction. The result 
has been a significant decommissioning challenge in  terms of residual 
inventory and dose rates combined with very restric ted access. In 
addition to the techniques used on other projects i t has been necessary 
to develop a manipulator system to allow remote dis mantling of the main 
part of the plant. Following extensive off site dev elopment and training, 
utilizing full scale mock ups, the machine is now d eployed on the plant, 
this will be moved to the PFR plant on completion o f DGPP. Many of the 
systems are common with the machines being develope d for other projects. 
In most cases the same control, viewing systems, en d effect manipulators 
and tooling are used, the main differences being th e deployment 
platforms. 
Other Projects 
The above projects represent a cross-section of the  decommissioning 
activities being carried out by BNFL across the spe ctrum of facilities at 
Sellafield. Others include the well advanced decomm issioning of the 
Windscale Piles Chimneys, the Magnox Reprocessing P lant Plutonium 
Corridors and Old Evaporator Cell, several other pl utonium plants, R&D 
facilities and the waste recovery operation on Silo s. The refurbishing of 
the Highly Active Dissolver Cell in the main Magnox  reprocessing plant, 
while not a decommissioning project, involved the d econtamination, 
removal and replacement of the fuel dissolver and a ssociated equipment. 
The successful application of new and existing tech nology in this and 
other very challenging environments at Sellafield o ver many years has 
provided a very firm base of experience. This real experience has been a 
major factor in the success of the overall decommis sioning program to 
date. 
TECHNOLOGY AND DEVELOPMENT 
The projects described depend on the use of a wide range of technologies 
and techniques to enable them to achieve their obje ctives. A substantial 
Research and Development program (2) was establishe d in support of the 
Sellafield decommissioning projects in 1989 and has  successfully provided 
important equipment and techniques. Examples of the se include the in situ 
and fixed plutonium inventory assay equipment with significantly 
increased accuracy and the ability to cope with a v ariety of isotopic 
compositions, remote equipment backed up by a range  of integrated 
control, modelling and viewing systems which minimi ze operator fatigue 
and improve effectiveness, data acquisition systems  including three 
dimensional imaging, radiation modelling codes allo wing the prediction of 
source data from a limited number of dose rate meas urements and advanced 
decontamination methods which are extremely effecti ve but with near zero 
discharges. The emphasis of the program in support of current projects is 
to continually increase effectiveness and reliabili ty recognizing that 
decommissioning is a production scale operation. Wh ilst it has been 
demonstrated that the current decommissioning progr am can be achieved 
with technologies available today the development p rogram also supports 
longer term developments, sometimes involving radic al and emerging 
technologies, but all with the overall objective of  reducing the cost of 
decommissioning in an environment when the constrai nts in the form of 



regulations, dose targets and discharges are expect ed to become 
increasingly more restrictive.  
WASTE MANAGEMENT 
Successful waste management is integral with an ong oing decommissioning 
program. Waste must be produced in a form either re ady for ultimate 
disposal or readily recoverable for further treatme nt for disposal. 
Decontamination, segregation, avoidance of cross an d secondary 
contamination and adequate inventories and records are all important 
factors. Interim storage for Plutonium wastes from decommissioning has 
been provided cost effectively within part of a dec ommissioned plant and 
provisional agreement for a number of encapsulated waste forms has been 
reached with UK NIREX, the agency responsible for t he provision of the UK 
disposal facility. Techniques for decontamination t o be very low or free 
release level using near zero discharge techniques together with metal 
smelting are being developed to further reduce wast e volumes. 
DECOMMISSIONING COSTS AND ACHIEVEMENT 
The technical achievement of projects, whilst in it self of satisfaction 
to the engineers, must be matched by the ability to  predict and achieve 
financial targets. BNFL has since 1988 assessed lon g term decommissioning 
costs for all its facilities, shut down, operating,  under construction or 
planned and this is updated on a regular basis. The  ability to forecast 
such long term costs is required to allow for the f inancial provision for 
future liabilities both on a global and plant speci fic basis. BNFL has 
developed a detailed plant decommissioning costing model (1) which 
utilizes plant construction information, known or e stimated radiological 
data to generate decommissioning costs, manpower an d material 
requirements, decontamination effluent arisings, wa ste volumes and 
disposal container requirements. The reference data  used in the 
calculations is based on currently available techno logy and techniques 
and where available real experience on decommission ing projects or other 
experimental or forecast data. The model has been u sed on twenty two 
major plants at Sellafield, including THORP where t he provision for 
decommissioning is included in the cost of reproces sing. This long term 
forecast for all BNFL's liabilities has shown a dow nward trend, matched 
by a reduction in the parallel long term forecast o f waste management 
costs. The reductions in the latter are very much d ue to the integrated 
site approach to the problem. For the current decom missioning projects up 
to April 1995 BNFL had completed some twenty two pr ojects or major 
project phases and this has been achieved at 85% of  the originally 
estimated cost. The current program encompasses som e 18 decommissioning 
projects underway and the latest predicted out turn  (December 1995) is 
$179M against an estimate of $206M.  
CONCLUSIONS 
The decommissioning of the Sellafield site presents  an ongoing challenge 
requiring an integrated and coordinated program. Th e successful 
completion of a number of projects and the large nu mber of projects 
currently undergoing practical decommissioning demo nstrate that 
reprocessing plant decommissioning can be successfu lly and cost 
effectively accomplished. 
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ABSTRACT 
In May 1995, the Shoreham Nuclear Power Station bec ame the first large, 
NRC-licensed, commercial nuclear power plant to com plete decommissioning 
and have its license terminated. The pioneering nat ure of the project 
made the Shoreham experience unique, interesting an d challenging. 
Planning for the decommissioning of the Shoreham pl ant began in 1989. 
Radiological characterization of the Shoreham facil ity and site was 
initiated in early 1990. Radiological surveys were performed on plant 
structures, systems, the reactor pressure vessel (R PV), RPV internals, 
the biological shield wall and the facility grounds . 
The decommissioning alternative selected for Shoreh am was DECON, i.e., 
prompt removal of radioactive materials to attain c onditions for release 
of the facility for unrestricted use. Other alterna tives, such as SAFSTOR 
and ENTOMB were evaluated but eliminated because of  the desire to make 
the facility available for re-powering or other ind ustrial uses as soon 
as possible. 
Much of the Shoreham decommissioning work was accom plished through 
dismantlement and removal of equipment. Field teste d and proven processes 
were used to dismantle plant structures and systems . High pressure water 
lancing (hydrolyzing) and a variety of mechanical d econtamination 
techniques were used during the course of the proje ct. 
An extensive final radiological survey (termination  survey) was performed 
to demonstrate that the residual radioactivity leve ls had been reduced in 
accordance with Shoreham release criteria specified  in the NRC-approved 
Decommissioning Plan and the Termination Survey Pla n. 
The cost and schedule aspects of various decommissi oning activities were 
closely monitored and controlled. As a result, the project was 
successfully completed on schedule and under budget  (about $186 million). 
In April 1995, the NRC issued a License Termination  Order terminating the 
Shoreham Nuclear Power Station's license and author izing the unrestricted 
release of the Shoreham facility. This brought to a  successful conclusion 
the seven-year long Shoreham decommissioning effort . 
BACKGROUND 
The Shoreham Nuclear Power Station was located on t he north shore of Long 
Island (Town of Brookhaven, Suffolk County, New Yor k) approximately 50 
miles east of New York City. 
In April 1965, Long Island Lighting Company (LILCO)  made public its plans 
to build the Shoreham plant. In May 1968, LILCO fil ed an application with 
the United States Nuclear Regulatory Commission (NR C)--then the United 



States Atomic Energy Commission -- for a permit to build the Shoreham 
plant. LILCO received a Construction Permit in Apri l 1973. 
LILCO applied for an Operating License in September  1975. In December 
1984, the NRC issued a license authorizing fuel loa ding and cold 
criticality testing. This was followed by a low pow er license, issued by 
the NRC in July 1985, authorizing testing at power levels below five 
percent of rated power. The Shoreham plant operated  intermittently at low 
power levels from July 1985 to June 1987, generatin g total gross thermal 
energy of only about 120,000 MWH. At the time of th e plant's final 
shutdown in June 1987, the burnup of the fuel was l imited to two 
effective full power days or 48 Megawatt Days/Metri c Ton Uranium 
(MWD/MTU) compared to approximately 38,000 MWD/MTU for a typical BWR core 
which operated for its full cycle. 
In February 1989, the State of New York and LILCO e ntered into an 
agreement under which LILCO agreed not to operate t he Shoreham plant and 
to transfer the plant and certain areas and buildin gs on the Shoreham 
site to a newly created State agency, the Long Isla nd Power Authority 
(LIPA) for decommissioning. The agreement was subse quently approved by 
the Board of Directors of LILCO, the Board of Trust ees of LIPA, and the 
New York State Public Service Commission. The agree ment became effective 
in June 1989 when LILCO's shareholders voted to app rove it. 
Although the NRC granted a full power license in Ap ril 1989, LILCO never 
operated the Shoreham plant after the previous five  percent power testing 
period. In fact, LILCO began defueling the Shoreham  plant shortly after 
LILCO's shareholders voted to approve the agreement . 
Fuel removal from the reactor to the spent fuel sto rage pool was 
completed in August 1989, and by NRC Confirmatory O rder issued in March 
1990, the Shoreham license was modified such that f uel could not be 
reloaded in the reactor without prior NRC approval.  The license was 
formally amended to a Possession-Only License (POL)  status in July 1991. 
The transfer of this POL from LILCO to LIPA subsequ ently became effective 
in February 1992. 
In preparation for decommissioning the Shoreham pla nt, LIPA entered into 
a Management Services Agreement with the New York P ower Authority (NYPA) 
under which NYPA was contracted to provide technica l and management 
services for the decommissioning of the Shoreham pl ant. NYPA in turn 
hired a number of consultants and contractors to ca rry out the planning, 
licensing and implementation of the decommissioning  project, and also 
established a composite project organization utiliz ing LIPA, NYPA, LILCO 
and contractor personnel. 
DECOMMISSIONING ALTERNATIVES 
The current NRC regulations define decommissioning as the removal of a 
nuclear facility safely from service and the reduct ion of residual 
radioactivity to a level that permits release of th e property for 
unrestricted use and termination of the license (1, 2). 
Several alternative methods of decommissioning are available. These 
alternatives are: DECON, SAFSTOR and ENTOMB. The te rms DECON, SAFSTORE, 
and ENTOMB are defined as follows: 
DECON is the alternative in which the equipment, st ructures, and portions 
of the facility and site containing radioactive con taminants are removed 
or decontaminated to a level that permits the prope rty to be released for 
unrestricted use shortly after cessation of operati ons. 
SAFSTOR is the alternative in which the nuclear fac ility is placed and 
maintained in a condition that allows the nuclear f acility to be safely 



stored and subsequently decontaminated (deferred de contamination) to 
levels that permit release for unrestricted use. 
ENTOMB is the alternative in which radioactive cont aminants are encased 
in a structurally long-lived material, such as conc rete; the entombed 
structure is appropriately maintained and continued  surveillance is 
carried out until the radioactivity decays to a lev el permitting release 
of the property for unrestricted use. 
The NRC regulations allow all three alternative app roaches to 
decommissioning, although the ENTOMB alternative is  endorsed only with 
some reservations. 
SELECTION OF DECON 
The contamination and activation levels were low at  Shoreham because of 
its limited operation. Based on these limited conta mination and 
activation levels, it was advantageous to proceed w ith the DECON 
(immediate decontamination and dismantlement) decom missioning alternate. 
There were several other reasons for the selection of the DECON 
decommissioning alternative; maximum flexibility in  selection of future 
near-term use of the site; availability of personne l who were 
knowledgeable about the facility and its operating history; the ability 
to decommission the facility without significant oc cupational radiation 
exposure; the elimination of the need for long-term  monitoring, 
surveillance, and maintenance; predictability of lo w level radioactive 
waste disposal options and costs; and the fact that  DECON alternative 
would cause no significant environmental impact. 
SHOREHAM DECOMMISSIONING PLAN 
In December 1990, LIPA submitted the Shoreham Decom missioning Plan (3) to 
the NRC. The Decommissioning Plan was prepared in a ccordance with the 
requirements of Title 10, Code of Federal Regulatio ns (10 CFR) 50.82. 
Draft Regulatory Guide DG 1005, "Standard Format an d Content for 
Decommissioning Plans for Nuclear Reactors" was use d for guidance in 
preparing the Decommissioning Plan. 
The Shoreham Decommissioning Plan was accompanied b y a "Supplement to 
Environmental Report (Decommissioning)" which was p repared in accordance 
with 10 CFR 51.53(b) (4). The Supplement reflected earlier environmental 
analyses prepared by LIPA to comply with the requir ements of the New York 
State Environmental Quality Review Act (5). 
In June 1992, after two rounds of questions and res ponses, numerous 
discussions and complex legal maneuvers, the NRC is sued an order 
approving the Shoreham Decommissioning Plan and aut horizing the 
decommissioning of the facility (6). 
SITE CHARACTERIZATION 
Radiological characterization for decommissioning o f the Shoreham site 
was performed in stages during the project. The pri mary goal of the 
initial effort was to identify those areas and plan t systems which were 
above the proposed release criteria. This informati on would define the 
scope of decontamination and dismantlement activiti es. The results of the 
initial site characterization effort were reported by LILCO in May 1990 
(7) to support preparation of the Shoreham Decommis sioning Plan. It 
consisted of three main efforts or tasks: 1) determ ine the extent of 
areas and plant systems with surface contamination levels above 5000 
dpm/100cm2 total or above 1000 dpm/100cm2 removable , 2) identify 
components and structures in the vicinity of the re actor core with 
neutron induced activity that exceeded either the a bove surface 
contamination limits or the proposed gamma exposure  rate limit of 5R/hr 



at one meter and 3) to identify the principal radio nuclides present in 
surface contamination deposits and in activated in- situ materials. 
The site characterization was performed under the a dministrative control 
of a specially prepared Site Characterization Progr am. The first task was 
performed using the existing Shoreham survey instru ments and radiological 
survey procedures, supplemented by a written work i nstruction for field 
surveys. Survey design and survey methods largely f ollowed the NRC 
guidance for final (termination) surveys available at that time. The 
second task consisted of neutron activation analysi s of the reactor 
pressure vessel (RPV), RPV intervals, and the biolo gical shield 
(bioshield) wall. This task was preformed using the  ORIGEN2 computer code 
supplemented by analytical calculations to estimate  isotopic 
compositions. Dose rates from activated components were determined in the 
initial characterization effort using the Microshie ld code. The third 
task was to identify the radioactive composition in  areas of the facility 
where neutron activated materials were the most lik ely source of residual 
contamination. This was performed using the neutron  activation analysis 
results supplemented by radiochemistry analysis of core samples. 
Several factors prevented complete characterization  at the time of the 
initial site characterization. These were 1) the pr esence of fuel in the 
pool prevented physical access to the Fuel Pool and  associated plant 
systems; 2) the NRC operating license and associate d Technical 
Specifications were in effect, limiting destructive  removal of materials 
to gain information; 3) radiological "interferences " were present in the 
vicinity of the RPV which prevented accurate survey s of gamma exposure 
rate from the bioshield wall; and 4) the exact requ irements of the final 
site release criteria were not known. 
The initial site characterization effort identified  12 areas (nine plant 
systems and three structural areas) containing leve ls above Regulatory 
Guide 1.86 (8) limits. These were the following: 
  Reactor Water Recirculation System 
  Reactor Water Cleanup System 
  Control Rod Drive System 
  Fuel Pool Cleanup System 
  Residual Heat Removal System 
  Condensate Demineralizer System 
  Core Spray System 
  Sampling System 
  Liquid Radwaste System (partial) 
  Dryer Separator Pit (structure) 
  Reactor Cavity (structure) 
  Radwaste Laydown Area (structure) 
Initial estimates of decontamination and dismantlem ent work scope focused 
on the nine systems identified above. Ultimately, a n additional 15 
systems and 13 structures were identified which con tained levels above 
the release criteria. The resulting major additions  to the 
decommissioning work scope included portions of the  nuclear boiler 
system, major portions of the liquid radioactive wa ste system and the 
bioshield wall. 
DECONTAMINATION AND DISMANTLEMENT 
Radioactive materials were removed from the Shoreha m facility by two 
general methods: dismantlement and removal; and dec ontamination in place. 
Dismantlement and decontamination activities were c onfined primarily to 
the Reactor and Radwaste Buildings, with minor acti vities in the Turbine 



Building. Activated portions of the bioshield wall were removed. Systems 
and equipment removed included the RPV (except for the bottom bowl) and 
major portions of the plant systems that were chara cterized as being 
radioactively contaminated. Control rods, fuel chan nels and fuel storage 
racks were removed intact and shipped directly to B arnwell, South 
Carolina, for burial. About 25 percent of the pipin g and equipment that 
was on site before decommissioning began was remove d. The majority of 
contaminated piping and equipment removed from the facility (more than 
four million pounds) was sent to an off-site vendor  for volume reduction. 
This resulted in a significant reduction in waste b urial volume, from a 
pre-decommissioning estimate of over 80,000 ft3 (no  volume reduction 
assumed) to 8,350 ft3. The removal of radioactive m aterials was 
accomplished through 386 well managed, flawless shi pments. 
The large majority of Shoreham decommissioning work  was accomplished 
through dismantlement and removal of equipment. Ind ustry accepted and 
field proven processes were used to dismantle plant  structures and 
systems. Techniques ranged from simple, manually op erated power band saws 
used to cut small bore piping to more sophisticated  techniques such as 
pipe mounted cutting machines which were used to me chanically cut large 
bore piping. The selected options reflected conside ration of the 
radiological conditions associated with their appli cation. 
Many areas, equipment and piping were successfully decontaminated and 
left in place. This included 15,000 ft. of embedded  radioactive waste 
system drain piping, determined to be slightly cont aminated over much of 
its length. This piping was decontaminated in place  using high pressure 
water. Major structures that were successfully deco ntaminated included 
the suppression pool, reactor cavity, spent fuel po ol and dryer-separator 
pit. Decontamination techniques were consistent wit h those routinely used 
in the nuclear industry. In-situ high pressure wate r lancing, and a 
variety of mechanical decontamination techniques we re used. 
Segmentation of the Reactor Pressure Vessel and Int ernals 
The RPV and internals were decontaminated to the ex tent practical while 
in place by water flushing, and were segmented, pac kaged and shipped for 
use by others, or for off-site disposal. The bottom  bowl of the RPV was 
decontaminated by grinding the internal surfaces to  remove surface 
contamination. Enclosed cutting stations with filte red exhausts were for 
the cutting of contaminated components in order to prevent the spread of 
contamination. 
Segmentation of the neutron activated reactor inter nals was performed 
using underwater, semi-automatic plasma arc cutting  equipment. The RPV 
was segmented into shell sections using a platform mounted rotary 
mechanical cutting machine from inside of the RPV. The shell sections 
were then cut using oxy-fuel into pieces appropriat ely sized to permit 
safe and efficient handling, packaging and shipping . Highly radioactive 
materials for disposal were loaded into liners for transportation in 
shielded shipping casks. 
Guiding Principles 
Certain guiding principles were very effective in c ontrolling overall 
project cost and schedule. For example, it was reco gnized early in the 
project that it was difficult (and costly) to perfo rm radiological 
surveys of piping and equipment to demonstrate comp liance with release 
criteria. This led to the general practice of remov ing contaminated 
systems for volume reduction and burial rather than  attempting to 



decontaminate and survey them in place. This philos ophy was succinctly 
phrased as: "when in doubt - cut it out." 
The second guiding principle was to perform waste p rocessing work off-
site whenever possible. Volume reduction (compactio n, incineration and 
metal melting) were very effective in reducing the volume of waste 
shipped for burial to the low level radioactive was te disposal facility. 
Radioactive material processing at Shoreham was lim ited to segmentation 
of large components for ease of handling and shippi ng. Volume reduction 
was effective in reducing the burial volume to abou t one-tenth of the 
original estimate. Additionally, off-site waste pro cessing minimized the 
potential for schedule delays, competition for avai lable work spaces and 
resources and the likelihood of cross-contamination  of clean areas. 
RADIATION PROTECTION 
The total radiation exposure for the entire project  was 3.2 Person-Rem 
(compared to the initial projection of 187 Person R em), a significant 
achievement for a project which employed about 1000  decommissioning 
workers at its peak. 
The radiological source terms at the Shoreham were relatively low. The 
total Curie content in the facility, excluding irra diated fuel, was about 
600 Curies with maximum dose rates of about 200 R/h r found on RPV 
internals. Such low levels, however, did not preclu de a necessary 
attentiveness to minimizing personnel radiation exp osures. 
The reduction in radiation exposure was the result of an aggressive "dry 
run" policy, a strong management commitment and an effective ALARA 
suggestion program which provided recognition and m onetary incentives. 
Additional techniques and features used to implemen t ALARA during 
decommissioning activities included the following: 
  Flooding of the RPV prior to cutting and removing  vessel internals with 
water level controlled to provide optimum shielding  benefits. 
  Extensive underwater cutting of components. Subme rged lighting and 
television cameras provided continuous surveillance  of underwater cutting 
operations. 
  Installation of an elevator platform in the RPV f or raising and 
lowering cutting tools and removal of cut component s from the pressure 
vessel. 
  Utilization of temporary indices on walls, cables  and beams to assist 
crane operators achieve proper azimuthal and elevat ion alignment for 
disposition of components in transit. 
  Installation of a floating fume collection hood w ith HEPA filtered 
exhaust over the wet cutting station to preclude th e escape of potential 
airborne contamination during plasma arc cutting. 
  Rigorously enforced policy of clearing personnel from areas when highly 
radioactive sources ("hot picks") were moved or tra nsported. 
An example of the success of the Shoreham ALARA pro gram is illustrated by 
the task of packaging and shipping 137 activated Co ntrol Rod Blades 
(CRB). This task involved 35 "hot picks" of liners holding four CRBs 
each. The liners had dose rates of about 25-50 R/hr  on contact. Each 
liner was packaged underwater and removed from the spent fuel pool and 
placed in specially made shielded transport boxes. In spite of the high 
dose rates involved and the extent of physical hand ling the total 
exposure was limited to less than 0.6 Person-Rem. 
FUEL DISPOSAL 
The NRC regulations do not treat spent fuel disposa l as a decommissioning 
activity, nor is the cost of fuel removal and dispo sal included in the 



decommissioning cost estimate. Fuel deposal is cons idered to be an 
operational activity. It is, however, necessary to remove the fuel from 
the spent fuel storage pool before the pool and the  associated systems 
can be decontaminated and the facility released for  unrestricted use. 
Therefore, the disposal of the slightly irradiated Shoreham fuel became 
critical to the success of the decommissioning proj ect. 
After developing several other disposal options, in cluding reprocessing 
in Europe and on-site dry storage, LIPA reached an agreement with 
Philadelphia Electric Company (PECo) to transfer th e slightly used fuel 
to PECo's Limerick plant for reuse. The fuel shipme nts got underway in 
September 1993 after a series of unsuccessful chall enges, including legal 
actions by the State of New Jersey reaching all the  way to the United 
States Supreme Court. New Jersey attempted to block  the passage of the 
barges carrying the Shoreham fuel through its coast al waters. The fuel 
shipments were completed three months ahead of sche dule in June 1994. 
FINAL TERMINATION SURVEY 
To prepare for the termination survey, a detailed f inal survey plan (9) 
was submitted to and approved by the NRC. The Plan was based on the 
guidance provided in NUREG/CR-5849 (10). For the co nduct of the survey, 
the facility was divided into 385 separate entities  called "survey 
units." These included areas within the facility st ructures, outside 
areas and plant systems. Within each survey unit an  average of 265 
locations were selected for measurements. A total o f approximately 
230,000 measurements of direct and removable surfac e activity and gamma 
exposure rate were taken in the survey. Approximate ly 105 samples of soil 
and bulk materials were also collected and analyzed . The survey covered 
all the buildings, plant systems and site grounds w ithin the secured area 
fence, about 20 acres. 
The termination survey was conducted in parallel wi th decommissioning 
activities, and was carried out in four major phase s. A Termination 
Survey Group was established within the decommissio ning project 
organization, which had at its peak 74 people inclu ding 40 survey 
technicians. Survey measurements began in January 1 993. A site back out 
plan was developed to allow the survey to proceed i n parallel with fuel 
shipments and decommissioning activities. Innovativ e survey techniques 
and tools (e.g., pipe crawlers fitted with instrume nts for embedded 
piping surveys) were developed and employed. The co st of the survey was 
approximately $12.3 million. 
The Final Termination Survey Report (11) submitted to the NRC 
demonstrated that all 385 survey units (and hence t he facility) satisfied 
the release criteria. The confirmatory surveys perf ormed by the NRC 
verification contractor, the Oak Ridge Institute fo r Science and 
Education (ORISE), concluded that Shoreham was read y for unrestricted 
release. 
CONCLUSION 
As the Shoreham decommissioning project was nearing  completion, two 
public meetings were organized (December 1994 and M arch 1995) to inform 
the public about the Shoreham decommissioning activ ities and the results 
of the final radiological surveys. Although public participation at these 
meetings was somewhat limited, the meetings receive d wide coverage in the 
media. 
The order terminating the Shoreham Operating Licens e (12) was issued in 
April 1995. After allowing 20 days for the public t o voice any opposition 



and file a request for a hearing (none was received ), the License 
Termination Order became effective in May 1995. 
The lessons learned and insights gained from the Sh oreham experience have 
led to proposals for better decommissioning regulat ions and guidelines 
from the NRC, particularly as they apply to prematu rely shut down plants 
(13,14). 
The successful completion of the Shoreham project w as an important step 
in demonstrating that decommissioning of large nucl ear power plants can 
be achieved at predictable cost and schedule. It ho lds valuable lessons 
in a number of areas including decommissioning plan ning, project 
management, decontamination and dismantling methods , control of radiation 
exposure, termination survey techniques and spent f uel disposal. 
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ABSTRACT 
Paldiski, Estonia had been the site of an important  nuclear submarine 
training facility for the USSR Navy. The facility i ncluded two scaled 
submarine mock-ups, one delta and one echo class, e ach containing an 
operational nuclear reactor. Construction of the fa cility began in the 
early 1960's with the first training submarine (Uni t #1) going critical 
in 1968 with a 70 MWt reactor. A second training su bmarine (Unit #2) was 
added in the early 1980's and went critical in 1983  with a 90 MWt 
reactor. Unit #1 was refuelled and retrofitted with  upgraded steam 
generators in 1980. The two reactors were operated into 1989. Both 
training submarines were housed within a single bui lding in a common high 
bay area. Auxiliary site facilities included a liqu id waste processing 
facility; storage buildings for solid and liquid ra dioactive waste; a 
central facility ventilation center; cooling towers ; a cooling water pump 
facility; a central heating plant; a radioactive la undry facility; and a 
radiochemical laboratory. In 1994, as part of the n egotiated Russian 
troop withdraw from Estonia, Russia agreed to defue l and safe store the 
reactors prior to 30 September 1995, when control o f the site was 
transferred to Estonia. The spent fuel from the rea ctors was transferred 
under Russian control to Russia in October 1994. Ru ssian preparation for 
safe storage of the two reactors included dismantli ng non-active 
components, systems related to reactor operation, a nd some of the 
associated auxiliary facilities. Russia also constr ucted two concrete 
sarcophagi around the remaining hull sections conta ining the reactor 
vessels. This work was completed prior to mid-Septe mber 1995. 
An international expert group was established in ea rly 1994 at the 
request of the Estonian government. This group is k nown as the Paldiski 
International Expert Reference Group (PIERG). The p urpose of PIERG is to 
promote the safe and timely decommissioning of the Paldiski nuclear 
facility by advising Estonia on technical, legal, o rganizational, 
financial, waste management, and radiation safety m atters related to the 
decommissioning activities. Utilizing the resources  of PIERG, a 



Conceptual Decommissioning Plan has been developed for the site. This 
plan has been reviewed by the IAEA and Estonia and accepted for 
implementing as funding permits. The Conceptual Dec ommissioning Plan is 
now the basis for ongoing work and planning of futu re site activities.  
BACKGROUND 
Paldiski is located approximately 50 km south-west of Tallinn, capital of 
Estonia. Paldiski had been an important military ba se and submarine 
harbor for the former USSR since 1939. In the early  1960's construction 
began on a land-based training center for nuclear s ubmarine crews of the 
Soviet Navy. In 1968 the facility with a 70 MWt tra ining nuclear reactor 
(Unit #1) was commissioned, Unit #2, rated at 90 MW t, went critical in 
1983. Unit #1 was refuelled once in 1980. The react ors with all shipboard 
auxiliary systems were situated in scaled submarine  hulls located in the 
high bay area of the Main Technological Building. B oth reactors were shut 
down in 1989.  
After Estonian re-proclamation of independence in 1 991, the withdrawal of 
Russian troops from Estonia territory, closure of t he Paldiski training 
center, and decommissioning of the reactors became a subject of intense 
negotiations between Estonia and Russia. Ultimately , an agreement on the 
decommissioning of the Paldiski Training Center was  signed in July 1994. 
According to this agreement, Russian experts remove d non-radioactive and 
classified components of the facility and prepared the site for turnover. 
The Russian Federation officially transferred owner ship and control of 
the site to the Republic of Estonia on 26 September  1995. The agreement 
(1) on transition of the Paldiski facility has the nature of a political 
treaty and technical aspects of the agreement are n on-existent or leave 
considerable margins of interpretation to concerned  parties. This had 
caused difficulties with the planning of decommissi oning work as control 
of the site remained with Russian authorities who's  decommissioning 
activities were performed with limited involvement or supervision by 
international or Estonian observers. 
Normally, the operator is responsible for all aspec ts of the safe 
decommissioning of a reactor including preparation of the decommissioning 
plan and its submission to the regulatory body for approval. In the case 
of Paldiski, the situation is unique as the reactor s were owned and 
operated by an organization in one country while lo cated in another. The 
consequence of this has been that the turnover of t he site and related 
documentation has been hampered by multi-national p olitics. 
SITE DESCRIPTION 
The site occupies approximately 22 hectares (~9 acr es) and consists of 
the Main Technological Building (MTB) and 8 relevan t auxiliary facilities 
which are: a Liquid Waste Treatment Facility (LWTF) , a Liquid Radioactive 
Waste Storage (LWS), a Solid Radioactive Waste Stor age (SWS), a 
Ventilation Facility, a Laundry Facility, a Radioch emistry Laboratory, 
Cooling Towers, and a Boiler Facility. The site pla n is presented in Fig. 
1.  
Fig. 1 
SITE STATUS, PHYSICAL AND RADIOLOGICAL DESCRIPTION OF THE SITE 
Main Technological Building (MTB) 
The MTB consists of the high bay area containing Un its #1 and #2, two 
spent fuel storage pools (only one used), processin g rooms for primary 
and secondary coolant water, and an annex of office s. The operational 
data of the reactors is presented in Table I. 
Table I 



The reactor fuel was removed and shipped to Russia in October 1994. As 
part of preparing the site for transition, Russia r emoved non-
contaminated and secret equipment and dismantled th e submarine hulls 
except the sections associated with the reactor ves sels. Cast concrete 
sarcophagi were built by Russia around these remain ing hull sections. A 
preliminary radiological characterization by a US D epartment of Energy 
team in 1995 (2) determined that the radiological s ituation of the MTB is 
reasonably good with only limited areas of contamin ation e.g. a spent 
fuel storage pool and some associated rooms.  
Liquid Waste Treatment Facility (LWTF) and the Liqu id Waste Storage (LWS) 
Liquid radioactive waste is stored in the tanks of the LWTF and LWS 
facilities. The LWTF contains the equipment used fo r treatment of the 
contaminated waste water generated on site. Equipme nt includes 
evaporators, flocculation tanks, ion exchange colum ns, six receiving 
tanks (total capacity 1020 m3) and two tanks for ho lding water prior to 
discharge.  
The LWS consists of six tanks (total capacity 2400 m3). These tanks were 
originally intended as a final depository for proce ssed/concentrated 
liquid radioactive waste. Four of the six tank at t he LWS are now empty 
and have been decontaminated. The remaining known l iquid radioactive 
waste on site is presented in Table II.  
Table II 
Radioactive contaminated areas and systems were obs erved during a 
preliminary survey of the LWTF. The highest radiati on readings recorded 
were in the vicinity of the ion exchange columns. D etection of slightly 
contaminated water in pipe chase areas in the basem ents of the LWTF and 
LWS indicate leakage from the tanks or plumbing. Th is will only increase 
the volume of waste to be decontaminated because in  addition to the 
liquid waste there is now increased areas of contam inated concrete. 
Recently, 14 additional liquid radioactive waste ho lding tanks were 
discovered on site. At present, no information is a vailable on their 
contents. 
The Solid Waste Store (SWS) 
The SWS consists of a concrete structure divided in to 10 compartments. 
The top of the storage consists of concrete slabs, or poured concrete 
with removable plugs all of which have been covered  with a layer of 
crushed gravel and asphalt. This facility was origi nally intended as a 
final repository for the radioactive operational wa ste from the site. The 
Russian Navy has stated that only three compartment s were used and 
described the contents of the three compartments as : 
  No 1 - 8 steam generators and a circulation pump from Unit # 1 replaced 
during the refuelling operation in 1980, contaminat ed equipment, and 
miscellaneous contaminated material. 
  No 4a - Protective clothing and sealed beta sourc es 
  No 5 - 20 irradiated control rods, high level rad iation sources, 
contaminated equipment, and miscellaneous contamina ted material. 
All the waste in the SWS has been disposed without any conditioning and 
packaging. The Russian Navy has stated that the tot al activity of the 
waste in the SWS is about 3.7 TBq. 
Laboratory Building 
The laboratory building is a three floor building c ontaining offices, 
health physics training rooms, environmental and ra diochemical 
laboratories, and instrument calibration facilities . Preliminary 



radiological characterization by a US Department of  Energy team in 1995 
indicate that contamination is limited and very low  level. 
Laundry Facility 
The laundry facility is a two floor building that p rocessed all site 
laundry. The upper floor was reserved for non-conta minated clothing and 
the ground level for contaminated protective clothi ng. Prior to site 
turnover, Russian personnel performed a release sur vey of the facility 
subsequently releasing all equipment and piping as scrap metal. Results 
of surveys performed in the emptied building in 199 5 by a US DOE team 
appear to support the Russian survey data. 
Ventilation Facility 
The ventilation facility provided off-gas capabilit y to all reactor 
operation facilities on site. Connected were the Ma in Technological 
Building, the Laundry Facility, the Liquid Waste Tr eatment Facility, and 
the Laboratory Building. All building off-gas passe d through a single 
stage HEPA filter before discharge up a 100 meter s tack. US and Russian 
survey data of the HEPA filter enclosures do not in dicate radiation 
levels above background. Russian personnel reported  that the filters had 
never been changed during the entire operating life  of the facility and 
no records exist indicating filter integrity testin g. It is believed that 
the filters are either completely intact or have lo ng since 
disintegrated. Investigations are planned in the fu ture. Work areas 
within the facility are not contaminated. 
Vehicle Decontamination Garage 
This facility is only mentioned here. It was design ed for vehicle 
decontamination in the event of a nuclear accident.  It was never used for 
any decontamination purposes serving instead as a v ehicle maintenance 
garage and for supply storage. 
INTERNATIONAL CO-OPERATION, THE PALDISKI INTERNATIO NAL EXPERT REFERENCE 
GROUP - PIERG 
Preparations for transfer the Paldiski site from Ru ssian to Estonian 
control revealed that Estonia lacked the necessary technical and 
financial resources to adequately manage and safely  decommission the 
Paldiski facility. To properly manage the facility,  in the near term, 
international assistance would be necessary.  
Even at the moment of regaining independence, Eston ia recognized that it 
would ultimately inherit the Paldiski facility. Rea lizing that in-country 
nuclear expertise was non-existent, the Estonian go vernment initiated an 
international campaign aimed at garnering assistanc e and support for the 
management and decommissioning of the Paldiski site . The IAEA and 
numerous Nordic region countries and organizations were approached for 
assistance. At the initiative of the Swedish Minist er of Foreign Affairs, 
and after consultations with other concerned countr ies, a meeting was 
held in Stockholm in January 1994 which was the beg inning of an active 
international engagement on the issue of decommissi oning the Paldiski 
facility. At a later meeting the Paldiski Internati onal Expert Reference 
Group (PIERG), was established with participation o f Estonia, Finland, 
Germany, Russian Federation, Sweden, USA, IAEA and CEC. Later Denmark and 
France joined the group. 
The objective of PIERG is to promote the safe and t imely decommissioning 
of the former Soviet Union Nuclear Training Center at Paldiski by 
advising and assisting the parties participating in  the decommissioning 
work on technical, legal, organizational, financial , waste management and 
radiation protection matters. Part of PIERG's chart er is to appoint task 



groups to deal with a specific project or technical  issue. These task 
groups currently consist of: 
  Group Task 
-     C1 Future Uses for the Paldiski Site 
-     C2 Conceptual Decommissioning Plan 
-     C3 Site Radiological Characterization Plan 
-     C4 Conditioning of Liquid Radioactive Waste  
-     C5 Radiological Worker Training 
-     C6 Control Rods and Solid Waste Packaging Opt ions 
-     C7 Workshop on Radioactive Metal Recycling 
-     C8 Site Plan and 3D-CAD Modelling 
-     C9 Comprehensive Site Health Physics Program 
-     C10 Site Management Plan 
-     C11 Conditioning of Remaining Liquid and Semi -solid Waste in LWTF 
and LWS 
-     C12 Interim Waste Storage Facility Developmen t 
-     C13 Conceptual Development of an Estonian Fin al Repository 
The C1 Task Group produced a report which was prese nted and accepted by 
PIERG. The C2 Task Group produced a Conceptual Deco mmissioning Plan (3) 
which was peer reviewed by the IAEA (4) and accepte d by Estonia and PIERG 
for implementation. The Conceptual Decommissioning Plan is a dynamic 
document and is continuously being updated as new i nformation and 
resources become available. 
The Finnish government using the services of IVO In ternational Ltd., 
Finland, took the lead for the C4 Task Group and be gan treatment of 
liquid radioactive waste in January 1995 (5) using their transferable 
liquid waste treatment system NURES (Nuclide Remova l System). By August 
23, 1995 when this project was completed over 760 m 3 representing 80% of 
all radioactive liquid waste on site had been proce ssed. In preparation 
for the next phase, IVO has carried out characteriz ation of the tank 
sludges and made preliminary cost estimates for the  sludge conditioning. 
The Swedish government, coordinated through the Swe dish Radiation 
Protection Institute and using the services of SKB and Studsvik, two 
Swedish nuclear companies, has taken the lead in th e C1, C2, C7, C8 and 
C10 - C13 Task Groups. These activities include fun ding and leadership of 
PIERG; engineering plans for development of an inte rim waste storage 
facility utilizing an existing site building; a han ds on workshop on 
materials recycling; development of an accurate sit e plan and 3D model; 
and most recently, an offer to collaborate with the  US on characterizing 
the waste in the SWS and to package the waste later  this summer. 
The President of the United States committed the U. S. Department of 
Energy to participate in a technical co-operation p rogram with the 
Republic of Estonia. The scope of the co-operative program included a 
technical site assessment and establishment of a te chnical agreement with 
the Estonians on decommissioning facilities. The De partment of Energy's 
action plan was developed around the President's co mmitment and with the 
goal of empowering the Estonian government to safel y and effectively 
manage and decommission the Paldiski site with a mi nimum of foreign 
assistance. A primary goal of DoE's involvement has  been to demonstrate 
and transfer US technology. The US has the lead rol e in the C3, C5, and 
C9 Task Groups and is participating in the C2, C6, and C11 Task Groups. 
Several US technical teams visited Estonia during 1 995 and performed a 
site characterization to determine the location and  extent of 
radiological and other hazardous material contamina tion. The teams were 



composed of personnel from the Idaho National Engin eering Laboratory 
(INEL), Los Alamos National Laboratory (LANL), Remo te Sensing Laboratory 
(RLS) and Grand Junction Project Office (GJPO) have  had extensive 
involvement. The teams have obtained direct radiati on measurements in 
addition to performing a limited sampling program; conducted a limited 
structural analysis on the buildings; and evaluated  the presence of non-
nuclear hazardous materials on site. An airborne mu lti-spectral and 
radiological overflight was performed to map the st atus of the site and 
the peninsula on which it is located. Airborne data  was acquired that 
will permit an environmental impact analysis of the  site and surrounding 
peninsula from hazardous material insults. These da ta will be processed 
in early 1996. A specialized radiation and hazardou s material training 
course was provided for the Estonians that would be  working at the 
Paldiski site. Participating in the training course  through a co-
operative agreement with the IAEA were members of L atvian and Lithuanian 
radiation safety organizations. At the request of t he Estonian 
government, DOE provided a resident technical consu ltant from B&W Nuclear 
Environmental Services, Inc. In addition to providi ng technical 
assistance on radiation safety, radioactive waste m anagement, and 
facility management, the resident technical consult ant functions as a 
local coordinator for DoE's initiatives ensuring th at logistical 
requirements are handled with a minimum of delay an d that cultural 
differences are respected.  
In early 1996 a DOE team will perform a specialized  radiological 
characterization of the site solid waste storage fa cility. This facility 
contains 10 concrete bunkers of which 3 are known t o have been used. Un-
inventoried waste includes unpackaged irradiated co ntrol rods, steam 
generators, industrial radiography and high level c alibration sources, 
and other mixed radioactive wastes. Utilizing speci alized gamma imaging 
equipment the team will generate visual and radiolo gical images of the 
waste as well as spectrally analyze the waste. It i s also planned to 
radiologically image the reactor compartment hull s ections. This work 
will be co-operatively performed with Sweden. Discu ssion are underway 
with Finland to co-operatively evaluate the remaini ng radioactive liquids 
and tank bottoms.  
ESTONIAN DECOMMISSIONING ACTIVITIES 
As stated earlier, Estonia had no in-country expert ise to utilize for the 
management and decommissioning necessary at the Pal diski site. In 1995, 
in conjunction with international assistance, the E stonian government 
established a wholly owned company, AS ALARA, Ltd, for the purpose of 
managing the Paldiski site and associated decommiss ioning activities as 
well as being responsible for all radioactive waste  within the country. 
In addition to Paldiski, Estonian organizations gen erate radioactive 
waste from industrial, medical, and research activi ties. ALARA's staffing 
is currently at 15. There is a Manager of Technical  Operations and four 
health physics specialists as well as staff mainten ance and security 
personnel. The President of ALARA has over 40 years  management experience 
in the North American energy industry at nuclear an d non-nuclear 
facilities. ALARA management has decided that staff ing will be maintained 
at a custodial level with contract personnel being utilized as needed. 
The technical consultant provided by the US DOE is working with ALARA 
personnel to develop a comprehensive site health ph ysics program and 
provide training in survey and decontamination tech niques. As ALARA's 



staff gains expertise it is envisioned that ALARA w ill offer its 
technical expertise throughout the Baltic region. 
THE CONCEPTUAL PALDISKI DECOMMISSIONING PLAN  
To assist the Estonian government with the planning  of decommissioning 
activities at the site a PIERG task group (C2) prep ared a conceptual 
decommissioning plan. The Conceptual Decommission P lan took into account 
technical and non-technical conditions/constraints which included: 
  site control by Russia until 30 September 1995; 
  ongoing international co-operation (PIERG); 
  absence of a clear Estonian policy on decommissio ning and waste 
management and lack of relevant legislation; 
  shortage of technical and financial resources and  significant 
uncertainties on when these resources will become a vailable (e.g. final 
repository for long-lived decommissioning waste). 
Due to these factors, decommissioning based on imme diate decommissioning 
and unrestricted site release was not realistic. As  a result of the 
submarine reactor compartments being sealed within sarcophagi other 
decommissioning alternatives for the reactor vessel s were not elaborated 
on by the task group. The Task Group C2 considered that from a technical 
and radiological point of view decommissioning acti vities should be 
initiated without delay as resources permit. 
An aspect of designing and construction of the reac tor enclosures should 
be that eventual dismantlement and decommissioning should be facilitated. 
At Paldiski, the reactor sarcophagi were designed a nd constructed by the 
Russians without co-ordination with Estonia. The ap proach followed by the 
Russians appears to maximize long term integrity ra ther than facilitate 
eventual decommissioning. 
An element of developing a safe enclosure strategy is that 
physical/radiological surveillance and maintenance requirements are 
minimized. This requires that the extent of active areas be minimized and 
a passive configuration reached. This was addressed  in the Paldiski 
Conceptual Decommissioning Plan. At the completion of decommissioning 
activities for safe storage all residual radioactiv ity will be confined 
in a stable form at the Paldiski site. A safe stora ge strategy requires a 
robust, durable structure to safely contain radioac tive materials for 
long periods. The MTB appears to offer suitable cha racteristics for long 
term storage of the reactors and radioactive wastes . Investigations are 
underway to establish the suitability of converting  the Main 
Technological Building into a long term monitored w aste storage facility. 
This will solve the problem of where to store the r adioactive waste 
generated as the contaminated buildings on site are  decommissioned. In 
addition,this will provide ALARA a facility for was te storage that arises 
from other in-country generators.  
The Conceptual Decommissioning Plan proposes a deco mmissioning strategy 
for the site to be implemented by Estonia. Work to improve and further 
refine the decommissioning plan continues as resour ces and relevant 
information become available. The Conceptual Decomm issioning Plan has 
therefore served to provide a good starting point f or development of a 
Site Management Plan and a Detailed Decommissioning  Plan. 
The highest priority of the decommissioning plan is  the prevention of the 
spread of radioactive, non-radioactive, and hazardo us material to the 
environment as well as the minimization of waste vo lume. Treatment of 
non-radioactive wastes will be coordinated with oth er environmental 
restoration projects underway on the Pakri peninsul a where Paldiski is 



located. Site specific procedures are being establi shed for the 
treatment, packaging, and storage of the radioactiv e materials. A 
radioactive waste management plan for wastes arisin g from decommissioning 
activities at the site has been developed and is sh own in Fig. 2. The 
final waste management plan will be approved in acc ordance with 
regulatory requirements imposed by the Estonian reg ulatory body. At 
present, Estonia has no national radiation regulati ons. Draft regulations 
are currently under considered by the Government fo r passing into law. 
Fig. 2 
The Conceptual Decommissioning Plan proposes that d ecommissioning work be 
split into 12 primary work packages: 
  Infrastructure and documentation 
  Radiological characterization and survey of conta minated systems, 
equipment, structures, buildings and the site groun ds. 
  Characterization and solidification of all tank l iquids and sludges in 
tanks in the LWS and the LWTF 
  Converting the MTB into an intermediate waste sto re 
  Laboratory  
  Laundry 
  Ventilation Center and the Stack 
  Decommissioning of the LWS 
  Decommissioning of the LWTF 
  Active pipes and ventilation ducts in the ground 
  SWS 
  Restoration of the site 
A Site Management Plan is being developed which div ides these activities 
into short, medium and long term actions. The short  term action program 
during 1996 - 97 covers decommissioning and restora tion work that are 
urgently required from radiological and environment al point of view. More 
extensive and costly work packages are envisaged du ring the medium term 
period from 1998 and continue 3 -5 years. The long term action program 
will carry out daily operations and supervision of the facility. The 
configuration of the site after the medium term per iod depends on the 
selected intermediate waste storage option, if buil dings on site are 
utilized for other purpose, or if they are decommis sioned. Figure 3 
illustrates an alternative to the interim waste sto rage facility being 
located in the Cooling Water Pump Building for wast e storage and 
decommissioning the Main Technological Building. Th e sarcophagi are shown 
as free standing buildings. The size of the fenced part of the site has 
been reduced. 
Fig. 3 
CONCLUSION 
Lack of Estonian in-country nuclear expertise is re quiring the 
involvement of foreign experts to a greater degree than a decommissioning 
project would normally necessitate. It is desirable  to involve the 
Russian experts who hold knowledge in the design an d construction of the 
reactors and auxiliary buildings as well as the ope ration of the reactors 
and the auxiliary systems at Paldiski. This is espe cially important 
during the development of the detailed decommission ing plan. Western and 
European technical experts are providing valuable a ssistance with the 
decontamination and decommissioning planning of the  facility and with the 
development of the necessary site operations infras tructure. 
Establishment and funding of AS ALARA, Ltd. by the Estonian government 



demonstrates that they are aware of the difficultie s to be encountered at 
Paldiski and are ready, willing, and prepared to me et them.  
With international assistance, ALARA has organized and begun staffing. 
Development of a decommissioning plan has provided a goal to work toward 
and a vision of the future. With international assi stance, ALARA is 
developing a long term site management plan and a c omprehensive health 
physics program. ALARA's staff, with these tools an d interaction with 
their international colleagues, is quickly developi ng the skills required 
to manage the site today and begin decommissioning activities as they 
move into the twenty first century. 
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ABSTRACT 
Atomic Energy of Canada Limited is proposing to bui ld the Intrusion 
Resistant Underground Structure (IRUS) facility for  the disposal of low-
level radioactive waste at Chalk River Laboratories , CRL, Ontario, 
Canada. IRUS is a near-surface repository that is t o be constructed above 
the water table on a sandy ridge. IRUS will consist  of a concrete 
containment facility for the waste, including a rei nforced concrete roof 
and multilayer earthen cover to both warn and imped e intruders, and to 
prevent the infiltration of rain water and snowmelt . Sorbing backfill 
will surround the waste packages in the repository.  The roof covering the 
facility will be fabricated of very high quality ce ment, but the roof 
will gradually lose its integrity. Once roof failur e begins, an 
increasing portion of the vault will become wet and  start to degrade, and 
the contents of the waste packages will begin to le ach downward into the 
underlying aquifer and eventually return to the sur face environment. The 



transport of radionuclides away from the facility b y advective flow has 
been modelled mathematically. Some radionuclides ma y never migrate more 
than a few meters from the facility before they are  sorbed to soil or 
decay radiologically. However, some of the more mob ile radionuclides, 
such as 3H, 36Cl and 99Tc may be transported downsl ope through the 
subsurface aquifer and surface in a wetland, known as Duke swamp. This 
presentation reports estimates of the total annual dose rate to a 
resident human through several particular pathways.  Several of the 
pathways investigated as part of this wetland scena rio are not realistic 
or are highly unlikely, such as drinking water from  the wetland. These 
predictions were included as part of the scoping or  bounding calculations 
required for a complete assessment. The highest to lowest dose rates by 
radionuclide are ranked in the order 3H > 14C = 237 Np > 239Pu > 94Nb > 
anaerobic99Tc > 36Cl > 234U > aerobic99Tc. The most  important internal 
pathway is through ingestion of vegetation; 14C and  237Np are the 
radionuclides giving the greatest dose rate. The mo st important external 
pathway is through groundshine from 94Nb. 
INTRODUCTION 
In temperate environments, particularly in glaciate d areas demonstrating 
considerable topographic relief, performance assess ments of waste 
disposal facilities may require wetland pathways. T his presentation 
describes an assessment of the human dose consequen ce from dissolved 
radionuclides that have been transported in groundw ater from a 
radioactive waste disposal facility and discharged into a wetland. We 
present here how we interpreted the physical enviro nment and groundwater 
flowpaths, calculated radionuclide residence time i n the wetland, 
developed the human and animal exposure pathways to  be modelled, 
constructed a simple model, and treated special nuc lides and pathways to 
carry out the assessment. The calculated endpoints are the total annual 
dose rate to a resident human. AECL is proposing to  construct the IRUS 
facility as part of the strategy to manage its low- level radioactive 
wastes (LLRW). This facility for the near-surface d isposal of a portion 
of the LLRW currently managed at CRL is now in the licensing phase. A 
safety case bringing together the key elements of f acility design, site 
characteristics, waste form and inventory and perfo rmance assessment is 
in advanced stages of preparation. The analysis pre sented here resulted 
from a Features Events Processes Scenario (FEPS) an alysis applied to the 
IRUS project (1).  
The IRUS facility is a robust engineered containmen t structure for 
packaged wastes. The packages are surrounded by sor bing backfill inside 
the structure consisting of a 1-m thick concrete ro of and concrete walls 
with a permeable bottom of sorbing buffer. Several cover layers above the 
roof both warn and impede intruders, protect the co ncrete roof from 
freeze-thaw cycles, and prevent the infiltration of  rain water and 
snowmelt (Fig. 1). Although the roof covering the f acility will be 
fabricated of tailored high quality concrete, the s afety analysis assumes 
infiltration through the roof can begin at 500 a. O nce infiltration 
begins in sections of the vault, the contents below  will become wet and 
start to degrade, and the contents of the packages will begin leaching 
through the backfill and buffer and out the permeab le bottom into the 
groundwater below.  
Fig. 1 
The proposed site for IRUS is above the water table  on a sandy ridge 
above a coarse sand, large-volume aquifer that disc harges into a small 



wetland called Duke swamp. The transport of these r adionuclides away from 
IRUS by advective flow has been estimated using mat hematical models. Many 
of these radionuclides will be retarded by sorbing to the solid particles 
of the buffer, backfill and aquifer. Some may never  migrate more than a 
few meters from the facility before they decay. How ever, some of the more 
mobile nuclides, such as 3H , a special cation, and  the anions, such as 
36Cl, 99Tc and 129I, may reach the wetland.  
The Physical Environment, Groundwater Flow Path, an d Residence Time in 
the Wetland 
Using water table elevations, physical characterist ics and hydrology data 
of the drainage basin, we sketched in an area of th e wetland that would 
receive the downslope subsurface groundwater flow f rom the IRUS facility. 
A rock ledge lies along the west side of the wetlan d, and there is a 
drainage basin divide across the middle, near the " thumb" position on the 
east side (Fig. 2). These features will confine the  discharge to a narrow 
band of wetland along its eastern edge. The sandy a quifer at this 
discharge location is 3 m deep. The wetland volume receiving the 
discharge of radionuclides is defined to be 60,000 m3 (400 x 50 x 3 m). 
This assumption regarding the size of the receiving  compartment is not 
important, because the volume of water flushing it controls mixing in the 
compartment, and the consequence.  
Fig. 2 
The flux of radionuclide entering the swamp is simp ly the total 
radionuclide (Bq/a) leaving the upslope aquifer, as  estimated with the 
NSURE3 performance assessment code (2), and a corre ction for radiological 
decay. We assumed that this activity mixes instanta neously in the wetland 
compartment. The total concentration in the receivi ng volume, Ct in 
Bq/m3.a, is then 
Eq. 1 
The activity that enters the wetland will be associ ated with both the 
water and the peat solids. The ratio between these two constituents in 
the receiving volume is expressed using the volumet ric moisture content 
of the peat, q in m3water/m3peat, and the peat dry bulk density, rb in 
kg/m3 dry peat. So the total volume is 
Eq. 2 
We assumed that the swamp is always saturated, and that the moisture 
content, q, is 0.9 m3/m3 and the dry bulk density, rb , is 300 kg dry 
peat/m3peat. The moisture in the peat can be conver ted from a peat 
volume, W, to a peat weight basis, W' , through the  bulk density, where  
Eq. 3 
A fraction of each radionuclide reaching the wetlan d will be associated 
with the peat solids (having been sorbed through pr ocesses such as 
chemical exchange and complexation) and the remaind er will be dissolved 
in the water. The partitioning of the radionuclide between the peat and 
the pore water was estimated through the solid/liqu id partition 
coefficient, Kd (Bq/kg solid)/(Bq/m3water) (3). The  radionuclide 
concentration in the peat, Cp in Bq/kg dry peat, wa s determined through 
the relationship: 
Eq. 4 
The radionuclides, dissolved in the water, that flo w through the wetland 
volume will eventually leave and flow down Lower Ba ss Creek (Fig. 2). An 
annual flow of water is defined using the downstrea m weir data, which 
yield an average of 2.04 x 105 m3/a over the last 7  years. Assuming the 
porosity of the modelled wetland compartment is 90% , 54,000 m3 of this 



volume (0.9 x 60,000 m3) is water. The loss of diss olved radionuclides 
from the wetland through advected water, Cl in Bq/a , is expressed as  
Eq. 5 
Turnover rate in the wetland volume is 26% (54,000/ 204,000 = 0.26), or 
26% of the water in the volume is replaced with cle an water annually. 
However, since pipe flow along conduits of old tree s and other 
differential decomposition patterns is quite common , it is more likely 
that a smaller percentage of the creek flow passes through the 
contaminated portion of the wetland each year. We d efine a fraction, f, 
that passes through the wetland in order to estimat e dilution. We 
redefine Cl as Clf, 
Eq. 6 
 
The fraction 0.2 is the site hydrologists estimate of the correct 
dilution and the 0.1 value is a conservative lower bound. Both the annual 
flow and the fraction of water flowing through the wetland are held 
constant over time. The total concentration remaini ng under this 
assumption of quasi steady-state conditions is then  
Eq. 7 
The varying annual nuclide flux entering the wetlan d compartment is used 
to recalculate the concentration of radionuclide in  the water (Cw) and 
the peat (Cp), using equation (4). The concentratio ns Cp, Cw and Ct are 
then used in the dose rate calculations in the subs equent sections to 
assess the human and environmental impacts. 
EXPOSURE PATHWAYS 
A set of exposure pathways was developed based on t he primary dose rate 
calculations for the IRUS safety case, that had bee n made with the NSURE 
assessment code (2), and the need to provide scopin g or "bounding" 
calculations for the disposal assessment. We also d rew on extensive 
experience from analyses for high-level waste dispo sal (4). The pathways 
considered for humans resident near the wetland wer e 1) human ingestion 
of unfiltered drinking water, used as an upper limi t for wetland water 
use, 2) human ingestion of vegetation grown on cont aminated peat of the 
wetland or on peat brought to a garden to ameliorat e the sandy soil, 3) 
human ingestion of game that drinks water from the wetland, and 4) human 
ingestion of game that eats vegetation from the wet land. Various 
combinations of dose rates via these pathways can b e produced by simple 
addition of the individual pathway values, for exam ple, humans eating 
vegetation grown on contaminated soil and game that  drinks swamp water. 
All direct contamination activities associated with  the wetland involve 
terrestrial activities; no aquatic pathways such as  fishing or swimming 
have been included because there are no fish, and t he wetland is not 
amenable to swimming.  
If the humans import peat from the wetland to condi tion garden soil, the 
root zone uptake is influenced primarily by the con centration in the 
imported peat; we conservatively assumed the root z one (top 30 cm) is 
completely composed of peat. This amelioration tech nology is well known 
for use in heavy clay soils to enhance root penetra tion, and in sandy 
soils to enhance water holding capacity (5). This c alculation is not only 
conservative, but can be used as an upper bound. We  assumed that the 
residents also hunt game and meet some (44%) of the ir meat requirements 
from game. The game animal most likely to drink and  browse from Duke 
swamp is a moose, so we used the water and vegetati on ingestion 
requirements of a moose. Since the home range of a moose (5 km2, (6)) is 



much larger than Duke swamp, we used a fraction des cribing the area of 
wetland to the area of the moose's home range to st ipulate the proportion 
of browse taken from the wetland. However, we conse rvatively assumed the 
moose comes to the wetland for all of its drinking water.  
COMPARTMENT MODEL CONSTRUCTED FOR SCOPING CALCULATIONS 
The radiological dose rate calculations were carrie d out for each of the 
four pathways using the equations of the CALDOS mod el (7). The equations 
are of the form: 
Dose Rate = Concentration x Rate of Intake x Dose C onversion Factor. 
Input Inventory 
The time-dependent source flux of radionuclides out  of the sandy aquifer 
downslope of the IRUS facility over 50,000 a, were generated from the 
SYVAC3-NSURE assessment code (2,8). Microsoft EXCEL TM was used to fit a 
function with fixed time steps to the NSURE output which had variable 
timesteps. Time steps of 10 years were used to prov ide enough detail to 
describe the aquifer fluxes for 50,000 a after the onset of roof failure 
began at 500 a. In the case of 3H, the time steps w ere changed to 1 year 
due to its rapid release. The Duke Swamp assessment  was performed for 
radionuclides that had either a large initial inven tory, characteristics 
that render them mobile in the environment, a long half-life, or high 
radiological toxicity. For this assessment, the sel ected radionuclides 
are 3H, 14C, 36Cl, 94Nb, 99Tc, 234U, 237Np and 239P u. Technetium and U 
are subject to more retentive soil behavior under l ow chemical redox 
potential, typical of geochemical conditions in low  lying wetlands and 
bogs. Dose rates from 99Tc were calculated twice, o nce for aerobic 
conditions and again for anaerobic conditions. All radionuclide 
independent and radionuclide dependent parameters w ere tabulated in the 
full report on this study (9), along with the value s used, their units 
and their source. 
Major Pathways 
A simple compartment model was constructed using ST ELLA software to 
calculate the human consequences from the four defi ned pathways. 
Radiological decay was included; however, ingrowth of daughters was not. 
The pathway equations solved are presented in more detail in Sheppard et 
al. (9).  
Other Pathways and Special Radionuclides 
Soil ingestion is primarily important for those rad ionuclides with high 
Kd values (3,10). Dose to humans from inadvertent i ngestion of soil from 
hands and soil adhering to plants, Ds, was calculat ed for 94Nb, a strong 
gamma emitter with a high Kd. The dose rate (Sv/a) for the soil ingestion 
pathway is calculated as: 
Eq. 8 
External pathways, such as standing on contaminated  ground or using water 
for bathing, could increase the dose consequence to  a resident. Human 
external dose rates from bathing were calculated fo r 94Nb, the 
radionuclide most likely to produce such a dose. Th e dose rate (Sv/a) 
from standing on contaminated ground or from ground shine (Dg) was 
calculated as: 
Eq. 9 
The dose rate (Sv/a) from immersion (bathing) in sw amp water (Di) was 
also calculated for 94Nb using: 
Eq. 10 
Calculation of the dose rate to a resident human fr om 3H used a separate 
model based on the isotopic dilution of 3H with sta ble H, an approach 



often referred to as a specific activity model. Thi s calculation was also 
performed for a resident moose and given in more de tail in the full 
report (9). The simple specific activity model give s an upper limit on 
the dose rate. It is assumed that all of the water in the body is 
tritiated and multiplies the ratio of the water in the body to the body 
mass by Cw to give Bq/kg body mass. This concentrat ion in the body is 
then multiplied by the internal dose conversion fac tor for tritium (2.9E-
8(Sv/a)/(Bq/kg soft tissue) (7), to give an annual dose rate (Sv/a). 
RESULTS AND DISCUSSION 
Concentrations in Peat and Swamp Water for Comparis on with Background 
Soil and Drinking Water Levels 
Total concentrations in peat (on a dry weight basis ) and in the swamp 
water were calculated for comparison to federal and  provincial background 
soil and drinking water standards (Table I), and fo r use in non-human 
biota dose rate calculations to be reported elsewhe re. 
Table I 
Dose Rate from Individual Internal Pathways 
The individual pathway maximum dose contributions a re shown with the time 
of the maxima for 20% interception of the aquifer f low to Lower Bass 
Creek (Table II). The internal pathways responsible  for the largest human 
dose for 94Nb, 234U, 239Pu and 99Tc aerobic is drin king unfiltered water 
directly from the wetland. The next most important internal pathway for 
these radionuclides is from eating vegetation grown  in the wetland or in 
a garden with peat imported from the wetland. This vegetation pathway 
delivers the highest dose rates from 14C, 237Np,36C l and 99Tc anaerobic. 
The maximum dose rates result from large dose conve rsion factors and 
large inventories of these nuclides. The meat inges tion pathway plays a 
minor role in the dose from all of these nuclides.  
Table II 
Total Dose Rate 
Total dose rate from the four pathways are summed t o provide an estimated 
time-dependent total dose rate for all radionuclide s (Fig. 3). 
Differences in Kd, radiological half-life and radio nuclide flux 
discharged from the aquifer influence which radionu clide is most 
important at a given time. The total dose rate for 94Nb includes the 
extra external pathways of groundshine, soil ingest ion and immersion in 
water. Although external exposure pathways are gene rally unimportant for 
most radionuclides, groundshine represents a signif icant portion (67%) of 
the total dose rate for 94Nb. Groundshine for the o ther retentive 
radionuclides is less important, because their dose  conversion factors 
are five orders of magnitude below that of 94Nb. Th e dose rate from 
ingesting soil contaminated with 94Nb is 1.4% of th e total, and immersion 
in water (bathing) accounts for only 0.02% of the t otal dose rate from 
94Nb. The aquifer flux inventory ranks the radionuc lides from largest to 
smallest peak inventory (at different times), in Bq , as: 
3H > 14C > 99Tc > 36Cl > 94Nb > 237Np > 239Pu > 234 U 
The total dose rate prediction ranks the doses from  largest to smallest 
as: 
3H > 14C = 237Np > 94Nb > 239Pu > an99Tc > 36Cl > 2 34U> ae99Tc 
Fig. 3 
The earliest and largest dose rate (8.1E-6 Sv/a) co mes from 3H peaking at 
22 a after roof failure in the 20% case. The next l argest dose rate for 
this flow case is at 1600 a from 14C (Fig. 3). The peak dose rate for 



237Np in this case comes through at 2300 a and the next largest dose rate 
is from 94Nb at 20,290 a, primarily through the gro undshine pathway. 
CONCLUSIONS 
The most important pathway for dose consequences to  a resident of Duke 
swamp, based on these calculations, is through the drinking water 
pathway. However, it is highly unlikely that someon e would take all their 
drinking water from a wetland and not process or fi lter it in some way. 
The results from human ingestion of untreated swamp  water and garden 
vegetables grown on imported peat from Duke swamp a re more than 
conservative estimates, they are upper bounds. Both  14C and 237Np are 
important radionuclides for human ingestion through  plants/vegetables. 
The total dose rate for the 20% case, from contamin ated vegetation is 
2.3E-6 Sv/a at 1600 a for 14C and 1.4E-6 Sv/a at 23 00 a for 237Np. The 
peak dose rate from 3H occurs well before the end o f the 100-year period 
of institutional control of the site. Humans will n ot have access to Duke 
swamp during this period. The only radionuclide to give a significant 
external dose in this case is 94Nb (1.2E-6 Sv/a) at  20,000 a, and this is 
primarily through the groundshine pathway. 
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A GENERAL VIEW OF AN ORIGINAL PERFORMANCE ALLOCATION COMPUTER TOOL: OASIS 
P. Thorner  
ANDRA 
ABSTRACT 
Following the law of Dec. 30th, 1991 (2), ANDRA has  established a work 
schedule until 2006 in order to propose a feasibili ty assessment for HLW 
deep disposal, based on R&D studies in two undergro und laboratories. In 
the first phase, performance for each disposal subs ystem has to be 
defined. For this early process, a specific general  assessment tool is 
needed: OASIS. 
OASIS is a deterministic mass transport simulation software which relies 
on simplified modelling of the pathways. The system  (from source to 
biosphere) is represented by a multi-1D network whe re hydraulic 
properties of each branch come from input data. The  system is built by 
associating modules containing elementary transfer functions. The overall 
physical validity of OASIS needs to be supported by  external studies 
which can rely on more sophisticated and more speci fic 2D or 3D codes. 
OASIS also contains a calculation assistance called  "study generator", 
whose role is to prepare sets of input data (fixed,  variable or 
probabilistic) and to extract relevant values from the resulting blocks. 
All these operations are defined by the user in a o bject-oriented 
approach. The program also provides a user-friendly  interface. 
An unrealistic but illustrative situation has been chosen as an example 
to show OASIS capabilities. Simple, mono and bi-par ametric studies can be 
performed as well. The purpose of this type of anal ysis is to give inputs 
to performance allocation, using a radiological imp act criterion. OASIS 
is able to perform a great number of these calculat ions with very low CPU 
times. 
OASIS is now in an ongoing development process wher e models are versatile 
and continuously adapted to specific needs. Future versions of the 
program will contain higher-level functions in orde r to keep the 
treatment or the results at a certain degree of sim plicity. 
BACKGROUND 
The field of work for ANDRA has been defined by the  law of dec.30th, 
1991. It is specified that ANDRA has to give the re sults of a 15-year 
research and development work about the feasibility  of a deep geological 
disposal of HLW by the year 2006. 
Several milestones have been identified during this  period ; the first 
one, 1997, will correspond to a first selection of main disposal 
concepts. Efforts are developed within this phase t o define the awaited 
performance of the repository, in terms of function al requisites. This 
process is called "Performance Allocation", and mus t be an iterative 
process. It is related to the results of site inves tigations and should 
provide input to the definition of underground labo ratories programs and 
R&D studies prioritization. Technical and economica l aspects are 



considered for this global process, but the basic c riterion to define 
performances is safety. 
The Basic Safety Rule RFS III-2-f specifies the ove rall safety 
objectives, principles and functions to be consider ed. During the 
Performance Allocation process, the general perform ance requirement is 
translated into lower-level specific requirements. This is done for any 
of the considered scenarios. 
DESIGNING THE FACILITIES 
The ANDRA approach for long-term disposal design is  based on a simple 
logic: ask "What" you really need in terms of safet y before asking "How" 
to carry it out technically. This principle leads t o identify the main 
function the system has to perform. For the disposa l, this function is 
the long-term annual dose limitation under a regula tory level. 
This function is divided into lower-level functions  which can be 
associated to concrete technical solutions. Except for the basic design 
principles given by the RFS III-2-f, all the dispos al systems (the "How") 
follow the low-level functional requirements (the " What"). Basically, 
this means that the main task can be achieved by pe rforming several 
little tasks which form the general specifications for the disposal 
design. 
The requirements from each low-level function must be quantitative. This 
corresponds to the Performance Allocation, i.e. cal culation of a 
performance level and confidence bounds for each fu nction. It is a 
systematic and necessarily iterative process. 
The only way to define those individual performance s is to use 
simulation. The system is modelled by including all  the design data 
available at that time. Then, through the simulatio ns, the individual 
performance can be defined in order to achieve the main goal of the 
system, i.e. not exceeding a dose limit. 
Simple and generic performance allocation can be ca rried out sometimes by 
hand-made calculations dealing with orders of magni tude. But when 
iterative, numerous and precise results are necessa ry, computation is the 
only answer. To do this, we have designed a new sof tware: OASIS. 
WHAT IS OASIS? 
OASIS is a multi-purpose scientific software that h as been developed by 
ANDRA for the specific need of long-term disposal s afety studies. Rather 
than a classic scientific code, OASIS must be consi dered as a toolkit 
that helps engineers to perform advanced studies. T he main features of 
this software are the following: 
  OASIS is a software that simulates transport of a ny quantity (activity, 
mass, heat) inside any physical system. These syste ms are based on 
network modelling, to simplify system representatio n: 
Fig. 1 
  It is based on a general modular approach: every subsystem such as 
faults, waste canisters, seals, or biosphere in the  case of a disposal, 
forms an individual module that can be assembled wi th any other to 
reproduce the network. This feature allows us build ing any physical 
system where a quantity is transported. There is a specific physical 
system for each release scenario, each underground facility, each waste 
type and each site. 
  Each module uses simplified modelling to obtain l ow CPU times and to 
keep some coherence with uncertainty levels. In add ition, simplified 
models bring the user to an easier understanding of  the system behavior. 



Actual models for deep HLW disposal rely on analyti cal zero or one-
dimensional schemes. 
  OASIS is associated with a general validation pro cess which is geared 
to build confidence in the models. OASIS needs to b e supported by a 
phenomenological approach mainly represented by 2D or 3D numerical codes. 
These programs are an intermediate step between OAS IS and experimental 
results. They focus on a limited number of physical  aspects but they 
provide a very detailed modelling of these specific  processes. The 
physical analysis has two main goals: providing inp ut data to OASIS 
(replacing a non-modelled process by equivalent dat a or tables) and 
helping to assess and justify modelling hypothesis inside OASIS. 
  OASIS provides a study generator, to establish va rious calculation 
modes easily. More than for classical calculations,  this feature is 
designed for sensitivity and uncertainty analysis. Deterministic and 
probabilistic analysis are available (probabilistic  here means random 
sampling of input data, Latin Hypercube Sampling Mo nte-Carlo for 
example). According to the user's demands, the gene rator builds data 
sets, runs all the needed simulations and then extr acts the relevant 
results for decision-aid processes. 
  A user-friendly interface is also included so tha t access to 
information (data, models and results) is possible without special 
computing knowledge. From the user's point of view,  OASIS appears like an 
object-oriented software: a physical module, a tran sported element, a 
calculation mode with its parameter ranges or a gra phical result are 
specific objects that can be defined independently.  That means that 
several objects from the same type can be defined s imultaneously during 
just one calculating session (more than one calcula tion type on a system, 
for example). The user can do any association betwe en objects, as shown 
further. 
  OASIS relies on well-known computing solutions su ch as UNIX, FORTRAN or 
C. No "exotic" languages or operating systems in or der to guarantee long-
life for the software. A complete Quality-Assurance  process is associated 
to the development cycle. 
HOW IS IT BUILT? 
The main technical features of OASIS form the basis  of a particular 
internal structure divided into 5 levels. This stru cture and some other 
characteristics have been patented in 1994: 
  Level 1 contains all the basic modules. It is a m odel database filled 
with individual simplified models. In our case, eac h of the following 
components are placed inside a specific analytical module: source term, 
buffer material, disposal architecture, geological media, special 
geological features or biosphere. Each module conta ins its own numerical 
default database (values and uncertainties) related  to each of the model 
parameters. 
  Level 2 contains the network modules. They are us ed at each node of the 
transport network as flux interface between level 1  modules. In an 
underground hydraulic system, these modules can div ide the flux going 
into parallel pathways or sum it where different pa thways converge. These 
modules are necessary to build the multi-1D approac h. 
  Level 3 contains the scenario generator. This ste p provides time 
dependency for the multi-1D network, in order to re present a complete 
scenario with its event logic. Behavior of the stud ied system is totally 
described at this stage. The three first levels are  called the 



"calculation kernel" and provide results similar to  those from classical 
scientific codes. 
  Level 4 contains the study generator and has been  described. Its 
instructions come either from the level 5, or from hand-made data sets 
provided independently. These data sets must be for matted in a specific 
language especially developed for that purpose, the  LSE (from french 
"Langage Spcifique aux Etudes"). This choice allows  running the code 
independently from level 5, starting from any remot e text terminal. 
  Level 5 contains the user-friendly interface. It is a graphic facility 
where every instruction coming from the user is tra nslated in LSE. Level 
5 can be run independently from the rest of OASIS ( to prepare data sets 
or to analyze old results) or simultaneously (class ical use). 
PHYSICAL MODELLING CONSIDERATIONS 
This chapter provides more detail on levels 1 and 2  and on the validation 
process for the deep disposal application. 
The source term module is a flux or concentration e mitter which considers 
the following options: 
  Direct contact between waste and the following me dia. 
  Presence of a hydraulic buffer between wastes and  the media. 
  Immediate activity release from waste. 
  Time-dependent activity release. 
Waste matrixes, overpacks and solubility limits are  considered in the 
module. The flux or concentration signal is calcula ted depending on the 
model option. 
The engineered barrier and the features of the geol ogic media are 
associated to transport modules. There are modules for different 
phenomena: 
  Pure advection. 
  Advection-dispersion. 
  Pure diffusion. 
  Sorption and chain decay are also considered. 
These modules exist for various 1D geometries: cart esian and 
axisymmetric. Boundary conditions can be chosen bet ween flux, 
concentration or flux/concentration relation at the  input or at the 
output. 
The biosphere corresponds to a module with a conver sion factor per 
radionuclide. 
These informations form a model database. The conne ction between these 
modules allows building a large number of pathways for scenarios. 
In consequence, each pathway is a sum of physical h ypothesis which need 
to be evaluated by validation exercises. An example  for validation is 
presented on Fig. 2: 
Fig. 2 
A specific combination of modules with OASIS (sourc e with advective-
dispersive geosphere) has been compared to a 2D num erical code, DIMITRIO 
(finite-element code developed by the French Atomic  Energy Commission). 
An initial 2D simulation has been performed to defi ne equivalent 1D 
hydraulic characteristics, by identifying the main flow tube (length and 
water travel time) and by performing a sensitivity study on the main 
parameters. The resulting hydraulic values have bee n entered for the 
OASIS 1D transport model. The figure shows that dif ferences between 1D 
and 2D are acceptable, even if retardation is chang ed. 



This result shows a part of the validity field for the 1D hypothesis, but 
it remains very specific. This example has to be co mpleted by many other 
numerical comparisons, to explore the limits of the  models. 
HOW TO USE OASIS? 
OASIS is implemented on an UNIX workstation and has  been developed with 
standard and portable techniques. A PC version may be developed in the 
near future. In the case of the HLW waste disposal,  the main classical 
steps to perform calculations with OASIS are the fo llowing: 
-     Define the study name. 
-     Choose the physical modules in the database. Choose the right 
boundary conditions, geometry, physical processes f or your scenario. 
-     Link the modules in order to build the multi- 1D network. 
-     Choose radionuclides to be transported. These  can be fission 
products or actinides. Chain decay can be defined a fterwards considering 
any nuclide. 
-     Define one or more calculation objects. Each calculation object 
contains the study type (reference, sensitivity, pr obabilistic), 
calculation techniques (deterministic, mono or bi-p arametric, 
probabilistic), reference values for fixed paramete rs, intervals for 
continuously variable parameters and several genera l-purpose parameters 
(min and max simulation time, result filters,...). 
-     Define graphical results (results can be acti vity or dose rate, 
concentration at any point,..). Each object contain s all the operations 
to be done on the results before plotting: curve ma ximum , means or 
standard deviations, linear combination of curves, curve intersections 
with specific levels, etc... All the graphic featur es must be defined at 
this stage. 
All this is supposed to be done with the help of th e user-friendly 
interface: the mouse is widely used. It is also pos sible to work without 
a graphic device: then the user has to write or mod ify a LSE data file 
where all the above steps can be found in a special  format. 
A study managed with OASIS induces few constraints.  There is no need to 
do the operations in a monolithic one-way process: excepting some common-
sense operations (like defining a module before mod ifying its data), many 
operations can be done independently or done by ite rations. Calculations 
may be performed before defining the treatment of t he result. 
AN APPLICATION WITH OASIS 
The following application deals with the HLW dispos al. It is an 
illustrative example of the type of calculations pe rformed within the 
Performance Allocation phase. The aim was to determ ine performance of the 
safety functions in a disposal so that dose rate do es not exceed a fixed 
limit. A strongly degraded, unrealistic and simplis tic situation has been 
chosen. This has been done to identify the effects of various functions 
potentially involved in radionuclide containment. I t also permits to have 
simplified models and easily readable results.  
Let us consider no engineered barrier and a geosphe re hydraulically 
short-circuited. Waste packages are supposed to be enclosed in an 
overpack with a finite lifetime, which performs a r etardation function. 
After this period, all the overpacks are supposed t o fail simultaneously. 
When this failure occurs, the waste matrix starts r eleasing radionuclides 
at a certain rate. Then, the nuclides reach the bio sphere almost 
immediately with an additional limitation for the l ow-solubility ones: 
they are supposed to precipitate near the source, a fter their release. 
Three functions can be identified easily: 



  Flux limitation by the waste matrix release rate.  
  Flux limitation by retarding the release with the  overpack lifetime. 
  Flux limitation for low-soluble nuclides with the  low hydraulic flow. 
The first question is "What performance do we need for each function 
(associated to a specific subsystem) to ensure that  dose will not exceed 
the limit?". During each calculation, the function is supposed to operate 
alone: the remaining functions are absent or operat ing at very 
pessimistic levels. 
Figure 3 provides the answer for the second functio n: lifetime of the 
overpack. This function relies on radioactive decay . The first and the 
third functions are taken at a pessimistic level (h igh). This graph is 
obtained by performing mono-parametric calculations  with many different 
overpack lifetimes. Then, the maximum relative dose  per radionuclide is 
extracted from each result and plotted in the [dose  rate vs overpack 
lifetime] performance graph. 
Fig. 3 
The intersection of each performance curve with a h orizontal dose limit 
gives the performance level required from the funct ion for each 
radionuclide (cumulative dose can also lead to a sp ecific performance). 
Care must be taken for chain actinides, whose contr ibution can increase 
and then decrease with performance: the relevant in tersection is the last 
one in that case (on the right hand of the graph). By evidence, overpack 
lifetime (or retardation) seems to be much more rel evant for short-lived 
elements than for long-lived or end-of-chain actini des. The absolute 
result is the performance value for each radionucli de, the relative 
result is that it might be more interesting to coun t on retardation for 
some radionuclides rather than for others (a matter  of feasibility). This 
work can be done for the two other functions. 
The second question is "What should the performance  of two functions be 
if their contribution to safety was simultaneous?".  This is done by 
performing bi-parametric calculations on the follow ing parameters: 
overpack lifetime (retardation) and waste matrix re lease rate 
(limitation). 
The following figure (Fig. 4) shows a network of is o-dose curves. These 
curves are obtained by plotting the previous perfor mance graphs with many 
different release rate values. For each of these gr aphs, the intersection 
of the curves with a dose level provides the retard ation value. Then, 
this retardation value associated to the release ra te value of the graph 
form the [x,y] coordinates for the iso-dose graph. Each curve corresponds 
to four different levels of relative dose: R, R/2, R/4 and R/20. 
Fig. 4 
The area below an iso-dose curve is a zone where ev ery combination of the 
two parameters leads to a dose exceeding the limit.  The upper area 
represents all the parametric combinations leading to a dose under the 
limit: this zone can be interpreted as "acceptable" . By evidence, the 
lower the dose limit, the higher the performance of  both parameters must 
be. 
This graph also shows that reducing the dose level might be done in an 
optimized way. At places in the graph where curves have a horizontal 
tendency, it seems to be more convenient to increas e the waste matrix 
performance rather than the retardation performance . In that case, lower 
dose levels seem to be reached easier. The opposite  observation can be 
made in places of the graph where curves have a ver tical tendency. In 



complement, the other zones show that joint perform ance increasing of 
both parameters seem to be the fastest way to reduc e biosphere impact. 
These conclusions are given without taking care of any cost or 
feasibility aspects, but the main purpose of these graphs is to provide 
designers with all the relevant performance limits in terms of safety. It 
is possible to agree with any optimization of the d isposal, as long as 
the system behavior remains inside these safety bou ndaries. 
OASIS allows performing these calculations and many  others very easily 
and with low CPU. The last graph (the bi-parametric  one) needed 2,000 
simulations of the base case to have all the necess ary values. The order 
of magnitude of the whole calculation time was a fe w dozens of seconds. 
THE FUTURE OF OASIS 
The development of OASIS is an ongoing process whic h will provide the 
software with features designed to take into accoun t the growing 
complexity of the calculations. These features can be the following: 
  Consideration of time dependence for models: trea tment of complex 
scenarios. 
  Inverse techniques for problem resolution. 
  Consideration of scenario probabilities - risk ap proach. 
  More complex and complete modules, calculation mo des and result 
treatment. 
  Alternative resolution methods (semi-analytical, Laplace's transform, 
numerical). 
  Extension to non-radioactive products migration ( e.g. chemical). 
  Links with an independent database managing syste m, like ORACLE. 
  Implementation of OASIS on a network, possibly on  PCs. 
  2D or 3D models if necessary (much later). 
  Visual simulation of mass transportation (visible  evolution). 
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ABSTRACT 
Due to an accidental breakage of a Cs-137 radiother apy source, September 
1987, 40.1 Tbq of waste was generated in Goiania, B razil. All of this 
waste will be disposed of in a Low Level Waste Repo sitory. The proposed 
repository is above grade with a soil cover. It is 60 m in length, 20 m 
wide, and 5 m deep. 
An analysis of the influence of inventory distribut ion is conducted using 
the BLT computer code. BLT ( Breach, Leach, and Tra nsport), is a two 
dimensional finite elements code, that calculates c ontainer degradation 
(Breach), radionuclide release from the wasteform ( Leach), and migration 
of radionuclides to the facility boundaries (transp ort). 
Two cases are considered: a) the concentrations of Cs-137 in the near 
field, and b) the concentrations of Cs-137 at a wel l 100 m down gradient 
from the repository. 
INTRODUCTION 
In September 1987, an accidental breakage of a Cs-1 37 radiotherapy source 
generated 40.1 Tbq of waste near Goiania, Brazil. D uring the 
decontamination work, the waste collected in severa l different types of 
packages and removed to an interim storage facility  near Goiania city 
(1). The waste occupies 2650 m3 and is stored as fo llows (1): 
  one package containing the remaining source, 
  90 concrete containers, 
  16 cylindrical carbon steel containers with a vol ume of 5.7 m3, 
  987 rectangular carbon steel boxes with a volume of 1.7 m3, 
Both types of carbon steel container have a wall th ickness of 6.35 mm. 
The waste is 90% soil, rubbish and scrap, 8% paper,  plastic and clothes, 
and 2% organic material. The distribution of waste within the containers 
is such that 62% of the activity is contained in 1. 7% (45 m3) of the 
volume. Also, 92% of the inventory is contained in 20% of total volume 
(503 m3). 
The proposed repository is above grade with a soil cover. It is 60 m in 
length, 20 m wide, and 5 m deep (2), see Fig. 1a. T he bottom of the 
repository is 4 m above the aquifer. For most subsu rface facilities, the 
ground water pathway is largest contributor to dose  (3). This is 
particularly true when the distance of the aquifer is small, as is the 
case at Goiania. Therefore, the basis for compariso n for this report will 
examine release from the repository Other pathways,  such as run-off, may 
be important but are out of scope of this paper. 
In most performance assessment, it is assumed that the inventory is 
uniformly distributed within the facility. This is not the case at 
Goiania. The non-uniform distribution of waste at G oiania requires an 
analysis if the potential releases from the reposit ory based on the 
actual distribution of wastes. For comparison, pote ntial releases will 
also be estimated for a uniform distribution of was tes. The analysis will 
be conducted using the BLT code (4). The impact of non-uniform inventory 
distribution within the repository will be assessed  and if significant 
differences in potential dose occur, recommendation s on waste emplacement 
will be made. 
Fig. 1  
METHODOLOGY 



For this analysis the BLT (Sullivan, 1989) computer  code is used to 
estimate ground water concentrations. The BLT code,  is a two dimensional 
finite elements code, that calculates Breach (conta iner degradation), 
radionuclide release from the wasteform (Leach), an d migration of 
radionuclides to the facility boundaries (Transport ). 
BLT reads an input file with information pertaining  to the system 
geometry, water flow, container degradation, waste form leaching, and 
contaminant transport. This information is used to predict the time-
dependent movement of radionuclides through the tre nch for a single 
radionuclide species. Wasteform release may be mode led based on three 
processes: diffusion, dissolution, and rinse. 
As a preliminary calculation, complete failure in t he engineered barrier 
as well as in the containers is assumed to occur in stantly. Therefore, 
the infiltration velocity is equal to the container s rate, i. e., 
rainfall - evapotranspiration (Vz= - 1.9 e-6 cm/s, i. e., 60 cm/yr.) 
The finite element mesh used to simulate the dispos al facility is 
presented in Fig. 2. 
Fig. 2 
The cross section analyzed is the transversal one A -A, see Fig. 1-b, 
because it provides a shorter radionuclide migratio n path to the border 
of the repository. 
The initial condition for all the 252 nodes is zero  concentration, and 
the boundary conditions are zero mass flux entering  the upper edge of the 
region and zero concentration at the bottom, leadin g to a maximum 
release. 
Due to the large number of waste containers it will  not be possible to 
model each of these containers individually. Some c ontainers will be 
lumped together to form a representative wasteform/ container system. 
Different arrangements of these representative grou ps will be analyzed. 
The waste containers are divided into three types t hat are represented in 
the waste containing region. 
Type 1 is the metal box, type 2 represents the conc rete container and 
type 3 represents the source container. 
In total, there are 15 containers containing elemen ts.: 
  Elements 187,188, 199, 200, 201, 212 represent ty pe 1 containers, 
  Elements 121, 122, 123, 160, 161, 162, 186 repres ent type 2 containers, 
  Elements 213, 214 represent type 3 container. 
In the initial stage of the assessment, it is assum ed that all containers 
fail instantly at closure of the facility, t=0. Ref inements to the 
analysis will consider different failure times for each container type. 
The release from the waste forms is assumed to be c ontrolled by the rinse 
process which gives instantaneous release of all th e inventory. This is 
the most conservative assumption that can be made a bout release from the 
waste form. 
For the simulation which considers non-uniform dist ribution of wastes 
within the repository, the type 1 containers have 6 9 Ci per container, 
type 2 have 69 Ci per package and type 3 have 93 Ci  per package. For the 
uniform distribution case, all containers have 72.3  Ci per package. 
In the BLT code, the repository was modeled with 4 different material 
types: 
1)  undisturbed soil 
2)  concrete-engineered barrier 
3)  backfill-compacted soil 
4)  wasteform-mixture of cement and bentonite 



Site specific data was available for the distributi on coefficient in the 
undisturbed soil. Estimates of other material prope rties are based on 
typical literature values. 
The properties used are as follows: 
Table I 
Preliminary Results 
For preliminary calculations, it was considered as a first step that the 
entire inventory is distributed over the packages, and after that, a non-
uniform distribution of the waste. In the following  table are presented 
the concentration peak with the corresponding times . 
Table II 
From Table II, there is not a great difference neit her between peak 
concentrations nor between the times of peak concen tration for the two 
cases ( uniform distribution of wastes versus non-u niform). The very 
short time for peak concentration was due to the hi gh infiltration 
velocity corresponding to a complete failure of bar riers, and the short 
distance to the aquifer (4 meters). 
Well Scenario 
For the well scenario, it is considered a well 100 m down gradient from 
the repository. The finite element grid for this ca se is shown in Fig. 3. 
Fig. 3 
It has been considered only two material types: the  undisturbed soil and 
waste/concrete. Also, different soil Kd values have  been analyzed (5).  
According to reference (5), the soil Kd values are greatly influenced by 
the Cs molar concentration, and therefore the well concentration will be 
function of the Cs molar concentration. The expecte d average value for 
Abadia de Goias soil Kd is 430 cm 3/g, for a molar concentration of 1e-
08. The distribution coefficient of the site soil v alues have been 
determined by the batch method. Table III shows som e values for well 
concentration versus soil distribution coefficient Kd. These 
concentration have not been influenced by the waste s distribution. 
Table III 
From Table III, to exceed a ground water dose of 4 mrem/yr. from the 
ingestion of 2l/day of contaminated water, it is ne eded to insure that 
the ground water concentration does not exceed 1.1e 2 pCi/l.  
CONCLUSIONS 
A preliminary investigation into the influence of i nventory distribution 
within the Abadia de Goias Repository has been cond ucted. As a 
comparison, releases to the near field have been de termined for two 
cases, i. e., uniform and non-uniform wastes distri bution within the 
repository. The distribution of wastes was found no t to influence peak 
concentrations greatly. 
For the well scenario, the analysis has shown that for the conservative 
assumptions (instant barrier failure and total rele ase of the inventory), 
the distribution coefficient of the aquifer would h ave to be less than 50 
cm3/g . The measured distribution coefficient for t he site is 
approximately 430. Therefore, the expected doses ar e far bellow the 
standard. 
For the well scenario, the analysis has shown that for the conservative 
assumptions (instant barriers failure and total rel ease of the 
inventory), the distribution coefficient of the aqu ifer would have to be 
less than 50 cm3/g in order to have a ground water concentration above 
the limit of 4 mrem/yr, for a water consumption of 2 l/day. 



However, if all the waste was instantly released, t he concentration would 
be less than 1e-9 molar in the disposal facility an d therefore, the 
expected doses at the well are far below the standa rd limit. 
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ABSTRACT 
The Performance Assessment for the LANL Low-Level R adioactive Waste 
(LLRW) Disposal Facility, Area G, is on-going. A de tailed review of the 
inventory data base records and the existing models  for source release 
led to the development of a new modeling capability  to describe the 
liquid phase aqueous transport from the waste packa ge volumes. Inventory 
is sorted into four release form categories and scr eened in a comparison 
of leachate concentrations to the drinking water li mit. Percolation 
through the disposal unit is prescribed in an indep endent surface water 
balance model incorporating site rainfall statistic s. Waste package types 
and the disposal unit matrix have independently spe cified solubility 
limits and solid-liquid phase partition coefficient s, or Kd values. 
Analytic solutions for inventory limited release of  each nuclide in each 
of the four different waste package release forms a re computed. Isotopic 
contributions are summed over elements to limit the  waste package liquid 
phase concentrations to the elemental solubility li mits. Time dependent 



releases from the waste packages for each nuclide w hich may be inventory 
or solubility limited are specified as model output  which is provided as 
the source term to the unsaturated transport model.  The waste package 
efflux is distributed over the 2-D unsaturated zone  model grid points 
corresponding to the cross-sections for 5 represent ative disposal units 
within the mesa top. Results show the Area G releas e is dominated by the 
inventory in the 'rapid release waste form' (Kd = 0 ), which percolates 
from the waste packages over 5-100 years and from t he disposal unit over 
50-1000 years. Nuclides in waste package categories  with larger Kd values 
are released proportionately slower. Uranium and th orium are the main 
nuclides of concern released as solubility limited nuclides from the 
'historical inventory' at Area G. The analytic mode ls provide an 
efficient means to explore the sensitivity of the r esults to variations 
and uncertainty in the model parameter values. 
INTRODUCTION 
A preliminary draft of the site Performance Assessm ent (PA) for the Los 
Alamos National Laboratory (LANL) low level radioac tive waste (LLRW) 
disposal facility at Area G has been completed 1) a s required per DOE 
orders. A detailed review of the inventory data bas e, records and 
existing models for source release led to the devel opment of a new 
modeling capability 2) to describe the liquid phase  aqueous transport 
from the waste package volumes. The code output, a time dependent afflux 
to the disposal unit volume (as detailed in App. 3B  to Ref. (1), is 
provided as input to a sophisticated 2-D unsaturate d flow model 3) for 
subsequent transport within the disposal unit and t hroughout the vadoze 
zone. 
The Area G disposal facility is located on the top of a narrow finger-
like mesa composed of volcanic tuff (Bandelier Tuff ), deposited in 
stratigraphic layers of ash and solidified volcanic  flows. Waste disposed 
at Area G is placed into pits excavated in the volc anic tuff, crushed in 
place, and backfilled with the native crushed tuff to about 30% waste 
package and 70% tuff by volume. These disposal oper ations are evolving to 
minimize future disposal volume, and to assure stab ility of emplaced 
waste. 
Disposal operations at Area G began in 1959 and dis posal inventory is 
established in a detailed electronic data base dati ng back to 1972. 
(Disposal for operations prior to that date is reco rded in log books 
currently being transcribed to a new data base.) Nu clide quantities are 
associated with 50 waste codes, which characterize the physical and 
chemical form of the waste.  
ANALYSES 
These waste codes were sorted into four waste packa ge release categories, 
based on preliminary modeling efforts which indicat ed the release 
characteristics of concern. The four release catego ries include rapid 
release (with compartment release time of one year,  and with solid-liquid 
phase partition coefficient, Kd, set equal to zero,  taking no credit for 
solid phase reabsorption), soil (Kd for Bandelier t uff at neutral pH), 
concrete/sludge (Kd for concrete at pH=12, and corr osion associated with 
metal waste forms (with compartment release time of  three hundred years, 
and with Kd=0).  
Of the 60 inventory nuclides listed with half-life greater than 5 years, 
30 were screened out in a 'leachate screening', and  30 were followed in 
detail by the source release model. The leachate sc reening compared the 
total inventory concentration in the disposal unit moisture to the 



drinking water concentrations that result in 4 mrem /yr at the standard 
ingestion rate. Of the 30 nuclides followed in deta il, 15 were decay 
chain parents, with 48 non-secular equilibrium deca y chain products 
evolved self-consistently. 
Geochemistry for the waste packages was evaluated i n terms of the 
equilibration coefficients, Kds, and elemental solu bility limits, Csl, 
interpolated from the literature by Longmire (4). Y ucca Mountain Kds 
(5,6) were used as best estimates for Kds in tuff a nd as conservative 
estimates in soil, justified by a favorable compari son of water chemistry 
between Bandelier and Yucca Mountain tuff samples ( 4). Solubility limits 
for tuff (7) were applied to all waste packages exc ept waste in 
concrete/sludge, where values taken from the litera ture (8) were applied. 
A program to evaluate site-specific Kds under field  conditions is 
underway at Los Alamos. This will include five key nuclides in several 
Bandelier Tuff stratigraphies and over a range of w ater chemistry. 
Percolation calculations were run with a modified v ersion of the SPUR 
code (9) which does a detailed water balance at the  surface. Results for 
the base case closure cover, 90 cm of crushed tuff,  10 cm soil and a thin 
gravel-mulch seeded surface, showed an average of 4  mm/yr percolation 
from the disposal unit bottom (10). Recent results with revised crushed 
tuff hydrologic properties show an infiltration rat e of 5.5 mm/yr. The 
statistical analysis shows the average percolation rate is for a highly 
skewed distribution composed of 80% values equal to  zero. The 
implications on the source release model of the act ual distribution 
rather than the average value are under investigati on. A range of 
infiltration model parameter variations were evalua ted to account for 
evapotranspiration including rooting depth and leaf  area index, and for 
run-off including surface slope and other factors i mportant in the 
surface water balance (10). 
The waste release model is based on a compartment r epresentation of the 
package afflux, and depends upon package size, perc olation rate or Darcy 
flux, retardation coefficient, and moisture content . The physical and 
conceptual flow models are shown in Fig. 1, where t he concentration and 
flux symbols are defined. An analytic solution for waste package afflux 
under inventory-limited conditions (everything whic h is not solubility 
limited) is evaluated for each nuclide in each wast e package type (or 
release category). This is described in detail else where (2) with the 
result for the waste package liquid phase compartme nt concentration, Cw, 
written as 
Eq. 1 
with 
Eq. 2 
The compartment subscripts are shown in Fig. 1, and  the l values are 
'compartment clearance rates' derived by a control volume integration of 
the continuity equation defined in terms of the com partment area, A 
(horizontal planar area), volume, V, Darcy percolat ion rate, q, 
dissolution velocity, u, moisture volumetric conten t, q, and retardation 
coefficient, R, related in the usual way to the sol id-liquid phase 
partition coefficient, Kd, as R = 1 + rKd/q.  
Using this time dependent concentration, the waste compartment afflux, 
Gw, is  
Eq. 3 
Nuclide contributions to the same element, includin g ingrowth from decay 
chains, are summed to compare to the elemental solu bility limits in each 



waste package type. Waste package concentrations fo r each nuclide of the 
solubility limited elements are partitioned to the contributing nuclides. 
The solubility limited waste package afflux for a n uclide is 
Eq.  4 
where Csl is the elemental solubility limit and fsl i is the fraction of 
the solubility limit which is contributed by that s pecific nuclide. This 
fraction is assumed equal to the nuclides contribut ion to the elemental 
solubility limit at the time when that limit is fir st exceeded. 
Solubility limited effluxes continue until the soli d phase waste package 
concentration is depleted to the point the water ph ase concentration can 
no longer exceed a solubility limit, and subsequent ly the waste package 
is depleted at the inventory-limited release rate ( 2). An algorithm of 
how the solubility limits are tracked over nuclides , elements and waste 
package types is included as Table I. 
Table I 
Fig. 1a 
Fig. 1b 
The release model was tested extensively as describ ed previously (1,2). 
The analytic models described above were supplement ed with numerical 
modeling in two areas. One, the ingrowth of progeny  nuclides which can 
have transport properties different from the parent  nuclides makes the 
analytic solutions to the compartment model impract ical. Ingrowth of 
progeny is calculated numerically in a simple impli cit scheme which 
implements the compartment governing equations with  the added complexity 
of progeny ingrowth. This was used in the present m odeling effort to 
account for 'daughter-product' ingrowth which could  contribute to the 
solubility limit within a waste package. From the p erspective of nuclide 
transport in the site PA work, ingrowth within the packages was 
considered negligible, and ingrowth was modeled wit hin the disposal unit 
and in the unsaturated zone within the 2-D unsatura ted model (3) because 
that code has had more extensive QA and verificatio n. 
A second numerical modeling effort examined the com partment solutions 
where the waste package afflux feeds a one-dimensio nal (vertical axis) 
representation of the disposal unit. In this case, release from the 
disposal unit is controlled by the vertical gradien t at the disposal unit 
bottom which evolves consistently along the vertica l axis from waste 
packages homogeneously distributed throughout the d isposal unit. This 
work confirmed that the global or compartment model  results were 
reasonably accurate compared to results with 1-D pr ofile effects in the 
disposal unit (2). 
RESULTS 
Figure 2 shows the concentrations verses time insid e the waste package 
matrix. The solid concentration, Cs, is uncorrected  for readsorption in 
the solid phase and corresponds to the case where K d = 0. The actual 
solid phase concentration corrected for readsorptio n inside the waste 
package and assuming a nuclide with Kd = 0.5 is sho wn as 'Csmod', based 
on a governing equation derived elsewhere (2). Csmo d decays over the time 
scale for 'rapid release' to an equilibrium plateau  at a fraction, 
(rmKd/q/(1+ rmKd/q)), of the original solid phase c oncentration. It then 
decays to zero over the time scale for percolation from the waste 
package, along with the waste package liquid phase concentration, Cw. If 
this nuclide becomes solubility limited, the Csmod concentration is 
needed to accurately track the solubility limited r elease through the 
solubility limited release duration. 



For the 'historical inventory' (1988 to the present ) and site conditions 
at Area G, most nuclides are found to be inventory limited. An important 
result observed from the source release model is th at for inventory 
limited nuclides, it is the component of inventory which is considered to 
be 'rapid release' which dominates the afflux funct ion of time. All other 
release forms effect slower release rates which the refore reduce the 
afflux peak in time. The eventual peak in the aquif er concentration is 
determined by this release model modified by transl ation and dispersion 
during transport through the unsaturated and satura ted zones. 
Fig. 2 
These concepts are illustrated in Fig. 3, which sho ws the inventory 
release, Ci/yr, as a function of time for four of t he plutonium isotopes 
in the Area G inventory. The peak release rate for each nuclide is 
dominated by the 'rapid release' (Kd = 0) waste pac kage source term which 
occurs at about 3-5 years. Contributions to each nu clide from the other 
waste package release forms have relatively slower release rates due to 
effects of solid-liquid partitioning and readsorpti on (Kd > 0), and are 
seen in the figure as the 'bumps' which occur later  in time from 200-
10,000 years. Because these release rates are so sm all, the contribution 
from these waste package types to the peak release rate is small even if 
their inventory is comparable to that in the 'rapid  release' category. 
Fig. 3 
For the Area G inventory and site conditions, the o nly nuclides which 
contribute significantly to dose and are solubility  limited are uranium 
and thorium. Uranium is depleted at a solubility li mited rate which is 
sufficient to reduce the concentrations to an inven tory-limited release 
at about 5000 years, after which the source decreas es rapidly to 
negligible levels. This is illustrated in Fig. 4 fo r three isotopes of 
uranium. As in the inventory limited case in Fig. 3 , there are 
contributions from multiple waste package types. Th e most inventory is in 
the 'rapid release' form which is solubility limite d until about 5000 
years. Imposed on top of this is a contribution fro m another waste form 
(concrete/sludge) which is also solubility limited but is depleted at 
about 500 years. Most of the uranium in this form i s U-235, so only that 
isotope is noticeably influenced by the second wast e form. 
Fig. 4 
The thorium solubility limit is so small that the r elease remains 
solubility limited effectively for all time. Pluton ium is close to the 
solubility limit and would become solubility limite d under slightly 
increased disposal concentrations. 
Uncertainties in the results are examined via param etric examination of 
the input variables, and will be discussed in some detail (1,2). 
Variability due to transient percolation effects is  currently under 
investigation. Spatial variation in percolation rat e or percolation 
differences within the disposal unit matrix verses within the waste 
package itself are being evaluated. 
CONCLUSIONS 
The results of a site Performance Assessment depend  critically upon the 
source release model and its input data. The maximu m concentrations in 
the time dependent afflux from the waste package wi ll be integrated over 
the disposal unit volume and then translated throug h the vadoze zone and 
diluted in the aquifer while being modified slightl y for dispersion and 
diffusion during the aqueous phase transport. Thus,  it is a modification 



of the time dependent source release which will det ermine the receptor 
location concentrations and ingestion dose. 
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ABSTRACT 
In response to a request from Mr. Thomas Grumbly, A ssistant Secretary of 
Energy for Environmental Management, the Hanford Si te contractors 
developed a set of risk-based cleanup strategies th at 1) protect the 
public, workers, and environment from unacceptable risks; 2) are 
executable technically; and 3) fit within currently  expected annual 
funding profile. 
These strategies were developed because 1) the U.S.  Department of Energy 
and Hanford Site budgets are being reduced, 2) stak eholders are 
dissatisfied with the perceived rate of cleanup, 3)  the U.S. Congress and 
the U.S. Department of Energy are increasingly focu sing on risk and risk-
reduction activities, 4) the present strategy is no t integrated across 
the Site and is inconsistent in its treatment of si milar hazards, 5) the 
present cleanup strategy is not cost-effective from  a risk-reduction or 
future land use perspective, and 6) the milestones and activities in the 
Tri-Party Agreement cannot be achieved with an anti cipated funding of 
1.05 billion dollars, or less annually. 
The risk-based strategies described in this paper w ere developed through 
a systems analysis approach that 1) analyzed the cl eanup mission; 2) 
identified cleanup objectives, including risk reduc tion, land use, and 
mortgage reduction; 3) analyzed the existing baseli ne cleanup strategy 
from a cost and risk perspective; 4) developed alte rnatives for 
accomplishing the cleanup mission; 5) compared thos e alternatives against 
cleanup objectives; and 6) produced conclusions and  recommendations 
regarding the current strategy and potential risk-b ased strategies. 
This analysis produced a framework and a set of too ls that are available 
for dealing with changes to anticipated funding lev els, changes in risk 
cleanup standards, and Congressional initiatives an d inquires. The tools 
include land-supply curves, cost profiles, risk pro files, mortgage-
reduction curves, and minimum operations costs. Thi s paper describes the 
methodology used to develop mortgage-based, risk-ba sed, and land-based 
cleanup strategies and how these strategies differ in terms of the work 
to be performed, its sequence, and the resulting en d states. 
Some of the principal findings are: 
  A 50 percent reduction in the cost of cleanup mus t be immediately 
achieved and sustained to meet existing commitments  and schedules with 
the project budget. This reduction would require si gnificant savings from 
some combination of privatization, productivity enh ancements, and 
regulatory relief. 
  The Hanford Site committed, nondiscretionary cost s necessary to 
maintain safe operations are estimated to be 500 to  700 million dollars 
annually. 
  The value of alternative future land uses should be balanced against 
the cost required to achieve the cleanup levels nec essary to enable those 
uses. Achieving unrestricted use of all Hanford Sit e land is not 



economically feasible given the expected annual fun ding profile of $1.05 
billion (or less) and the limitations of cleanup te chnology. 
  Four decisions are critical to any risk-based str ategy due to their 
huge costs and risk implications. These decisions a re 1) 
retrieval/treatment versus in-place disposal of tan k waste, 2) 
retrieval/treatment versus in-place disposal of sol id waste, 3) 
entombment versus removal of major facilities and r eactors, and 4) 
treatment and restoration versus restricted access to groundwater. 
  If a risk-based strategy is adopted for specific waste materials, the 
following would apply. 
Nuclear Materials. Near-term risks associated with these material would 
be given priority in the near-term. Given the lack of a national policy 
for ultimate disposition of these materials, the Ha nford Site strategy 
must plan to manage them safely and efficiently for  an indefinite period. 
An overall strategy for providing long-term, low-co st storage for nuclear 
material should be developed and implemented. 
Tank Waste. The resolution of tank safety issues an d prevention of 
release of contamination would be given priority. T ank waste disposal and 
related activities would be delayed, pending the de termination of the 
best solution and the resolution of higher-priority  cleanup activities. 
In-situ disposal of tank waste would be the preferr ed option. Technology 
for in-situ disposal should be developed. 
Solid Waste. A consistent set of standards must be developed and applied 
for management of solid wastes. In general, buried solid wastes would not 
be retrieved and stored solid waste would be dispos ed in-place. 
Environmental Contamination (groundwater and soils) . Groundwater 
treatment with present technology is not cost effec tive and would not be 
pursued. Access and use restrictions and monitoring  would continue while 
natural processes work to restore the groundwater a nd technology is 
developed. Contaminated soils would be capped, cove red, and disposed in-
place. Environmental restoration activities would b e prioritized by 
benefit per investment dollar. 
Facilities. Major facilities would be used for wast e disposal and 
entombed in place. Reactors would be entombed in pl ace. Ongoing mortgage-
reduction activities would continue. Other mortgage -reduction activities 
with high benefit to cost ratios would be accelerat ed. 
The innovative methodology developed in this paper has considerable merit 
and is recommended for use in development of a Comp lex-wide cleanup 
strategy. Hanford managers are applying the results , especially in 
guidance to contractors for prioritizing the FY96 m ulti-year program 
plans and in taking new positions on key decisions,  such as cleaning up 
to less-than-residential standards and treating was te in place instead of 
retrieving it. 
INTRODUCTION 
The Hanford Site is at a crossroads. Budgets have b een cut substantially 
and more cuts are expected in the future. The Depar tment of Energy (DOE) 
is being scrutinized by the U.S. Congress, the Defe nse Nuclear Facility 
Safety Board, and the National Academy of Science. Challenges have been 
made to the Hanford Federal Facility Agreement and Consent Order 
(Ecology, et. al 1994) (Tri-Party Agreement), and s takeholders and the 
public are dissatisfied with the rate of progress o f the cleanup.  
Hanford site contractor personnel met with the Assi stant Secretary for 
Environmental Management, Mr. Thomas Grumbly, in De cember 1994, to 
discuss the impact of budget cuts on current Hanfor d Site activities. 



During that meeting, Mr. Grumbly requested a risk-b ased strategy be 
developed for the Site for the entire cleanup perio d. Acting on this 
request, a multi-contractor team from Westinghouse Hanford Company, 
Pacific Northwest National Laboratory,a and Bechtel  Hanford, Incorporated 
was established to prepare a risk-based cleanup str ategy. This paper 
briefly describes some of the results of that effor t, which is formally 
published in a Pacific Northwest Laboratory Report,  Development of a 
Risk-Based Approach to Hanford Site Cleanup.  
Scope of the Study 
The team first had to determine the scope of the ef fort and the elements 
of a cleanup strategy. The scope of the cleanup mis sion included those 
processes that: 
  Reduce or maintain the health, safety, and enviro nmental hazards to 
acceptable levels; 
  Convert hazards to safe, stable forms;  
  Maintain or disposition existing materials, facil ities, and waste 
inventories; or 
  Restore the land to enable future uses. 
A cleanup strategy is a set of statements that desc ribes the actions that 
must be taken to accomplish the cleanup mission. A strategy describes the 
sequence and priority of cleanup activities and the  amount of resources 
that will be applied to those activities over the c leanup period. It 
specifically describes 1)what will be done, 2)when it will be done, and 
3)what the result will be.  
Assumptions and Requirements 
The development of a risk-based strategy was based upon the following 
assumptions: 
  Funding for cleanup would decrease from current l evels to about $1.05 
billion dollars annually, beginning in fiscal year 1998. Funds could be 
moved across major program lines. 
  Regulatory waivers or modifications, including st atutory changes, could 
be obtained, if necessary to execute the strategy. 
  The Tri-Party Agreement could be renegotiated, if  necessary. 
  All aspects of the current cleanup Hanford Site S trategy could be 
changed, if warranted. 
Given these assumptions, we determined that any cle anup strategy was 
required only to: 1) protect the public, workers, a nd environment from 
unacceptable risks; 2) be executable technically; a nd 3) fit within the 
anticipated funding profile. It specifically was no t required to meet 
regulatory requirements.  
Then, considering these assumptions and requirement s, the approach 
followed by the study team was to identify the fund ing available to pay 
for cleanup activities, determine the highest risks  at the site, and 
build a program that attacked the highest risks fir st--within allowable 
funding.  
Minimum Safe Conditions 
As a first step, we determined how much of the Hanf ord budget was 
"nondiscretionary," that is, necessary to protect t he public and workers 
from exposure to stored materials and waste. In thi s context, minimum 
operations were defined as "those surveillance, mai ntenance, and support 
costs required to control existing material, waste,  and facilities in a 
safe, stable condition." No remediation, stabilizat ion, or disposal costs 
were included, and new activities required to compl y with regulatory 
agreements would not be completed at the minimum op eration funding level. 



However, current routine reporting activities neces sary to satisfy public 
and worker safety regulations for surveillance and maintenance were 
embedded in minimum safe operations estimates. 
We determined that Hanford Site nondiscretionary co sts to maintain 
minimum safe operations to be in the range of 500 t o 700 million dollars 
per year. The difference between the committed, non discretionary costs 
and the anticipated budget constraint of 1.05 billi on dollars annually 
represents the funding available to make progress i n cleanup. That means 
the DOE has about 350 million to 550 million dollar s annually available 
to apply to cleanup.  
Note that over time nondiscretionary costs would be  reduced as "mortgage-
reduction" activities were completed. However, some  costs would increase 
due to further deterioration of facilities and asso ciated growth in 
surveillance and maintenance costs. For study purpo ses of building the 
risk-based strategy, we considered a point estimate  of minimum safe 
operations costs of approximately 600 million dolla rs per year (in 
current dollars). Next we had to determine what the  greatest risks were.  
Determination of the Highest Risks 
Environmental, worker safety, and public health ris ks were analyzed to 
determine their impact on cleanup activities. Risk is the potential of a 
hazard to cause both immediate and long-term harm t o a receptor. It is 
the product of (1)the consequences resulting from a  receptor being 
exposed to a hazard and (2)the likelihood of an occ urrence. A graphical 
representation of the parameters used in the risk a nalysis is presented 
in Fig. 1. 
Fig. 1 
The harm or consequences to a receptor are related to the hazard source 
in terms of the quantity of material and its toxici ty, form and 
dispersability. The likelihood of release is relate d to the available 
energy sources, release processes, and functioning barriers. Pathways by 
which a receptor can be exposed to hazards are air,  soil, groundwater, 
and surface water. Since risk occurs over time, we considered 1) current 
state, 2) the remediation phase of cleanup, and 3) the post-closure 
phase. 
We examined four categories of risks over these thr ee periods. The risks 
were: 
  Near-term release hazards with potentially large consequences where 
release of radionuclides and chemical contaminants could occur through 
the current or remediation phase. Although these ha zards have potentially 
large consequences, they are relatively unlikely. 
  Work place hazards associated with all aspects of  worker activities. 
  Long-term hazards where harm to the public result s from the transport 
of radionuclides and chemical contaminants through the groundwater slowly 
over very long time periods (even hundreds or thous ands of years). 
  Ecosystem hazards where harm results from chemica l and radionuclide 
contamination of plant and animal life and from phy sical disruption of 
natural habitats. Hazards to cultural, archeologica l, and historical 
resources are included in this category. 
Near-Term Release Hazards 
Conservative unit risk factors were calculated for an average member of 
the public, assuming current population distributio n and also assuming a 
calculational receptor 500 meters from the source. These factors were 
based on inhalation exposure and external exposure from material 
deposited on the ground. All major facilities were evaluated against the 



US DOE Nuclear Safety Policy Criteria of 2x10-6 lat ent cancer fatalities 
per year for members of the public. 
The largest Hanford Site contributors to the risk t o an average member of 
the public are (not in any particular order): the N  fuel stored in the K 
Basins, the cesium and strontium capsules stored in  the Waste 
Encapsulation and Storage Facility, the debris in t he 324 B cell, and the 
high-level waste in the underground storage tanks. The plutonium in the 
Plutonium Finishing Plant also represents a signifi cant contributor to 
the public risk, primarily because of the amount of  plutonium and its 
toxicity. 
Work Place Hazards 
Key sources of work place hazards include the old r eactors, canyon 
buildings, support facilities, Kbasins, and N react or. During 
remediation, the key hazard sources include deactiv ation and final 
dispositioning of the old facilities, new facility construction, and 
cleanup actions involving liquid wastes, buried sol id wastes, 
contaminated soils, and special nuclear materials. Exposures to workers 
are controlled on an individual basis through proce dures, training, and 
protective equipment. Often, managing worker risk i s reflected in 
increased costs. 
In general, it is recognized that it is necessary t o increase worker risk 
(and some public risk) in the short term to achieve  a reduction in long-
term public and environmental risk. A key decision for managers is 
whether such increases in worker risks are worth th e overall benefit in 
the long term. Some of the most important results o f the work place 
hazard analysis are: 
  Overall, worker risks are relatively large compar ed to public risks, 
perhaps two to four orders of magnitude greater. 
  Industrial hazards, especially construction of la rge facilities, are 
generally greater risk to workers than routine radi ological exposures. 
  Facility transition can be viewed as work place h azard "mortgage 
reduction" similar to cost mortgage reduction, in t hat increased worker 
risk is the price to be paid for longer-term public  and environmental 
risk reduction. Deactivation of retired facilities results in long-term 
reduction in worker risks. This means cost-mortgage  reduction efforts 
(e.g., transitioning facilities such as PUREX and t he Fast Flux Test 
Facility) provide risk reduction as well as cost re duction. 
  There is a fundamental tradeoff between leave ver sus retrieval policies 
for tank wastes, buried solid wastes, contaminated soil, and liquid 
disposal sites. Worker risk is generally greater fo r retrieval activities 
than for alternatives which treat the waste in plac e, such as in situ 
vitrification and disposal. 
  Entombment has lower worker risk and is preferred  over demolition of 
old canyon and reactor facilities.  
Long-term Release Hazards 
The objective of remediation of much of Hanford's w astes is to prevent 
long-term releases to the public and the environmen t that exceed 
acceptable levels. The principal exposure pathway o f concern is public 
consumption of groundwater and contamination of the  Columbia River. In 
the past, airborne and surface water exposure route s were significant, 
but these have declined substantially with the end of the production 
mission.  
Our study focused on those contaminants of greatest  concern, both 
hazardous chemicals and radionuclides, and three ex posure effects: 1) 



excess carcinogenic incidence from exposure to radi onuclides; 2) 
carcinogenic incidence from exposure to hazardous c hemicals; and 3) non-
carcinogenic adverse health effects from hazardous chemicals. Unit 
exposure factors were calculated for a residential scenario with exposure 
only through the use of contaminated groundwater. C arcinogenic effects 
were determined assuming exposure to the peak conce ntration over the 
lifetime of the exposed individual.  
The summary results of the analysis of long-term ri sks are: 
  Long-term release hazards through the groundwater  pathway are dominated 
by seven long-lived, mobile constituents: C-14, Tc- 99, I-129, Np-237, 
carbon tetrachloride, nitrate, and uranium.  
  Potential contributions from tank waste, buried s olid wastes, and 
existing environmental releases are roughly of the same order of 
magnitude. 
  The long-term release hazard posed by existing lo w-level waste burial 
grounds is roughly two orders of magnitude higher t han that posed by the 
pre-1970 unsegregated buried waste and the post-197 0 retrievably stored 
transuranic waste. The policy of retrieval of trans uranic and suspect 
transuranic wastes is questioned. 
  For tank waste, roughly one-fourth of the tanks c ontribute more than 
99% of the long-term release risk. Also, the residu al contamination 
following retrieval and the contamination from prio r tank leaks place a 
floor below which risk cannot be reduced without so me form of in situ 
treatment. 
Ecosystem Hazards 
We reviewed prior studies and analyses for results that would be 
applicable to the development of a risk-based strat egy. We learned that 
the isolation of Hanford and its restricted access has resulted in a 
habitat that is relatively undisturbed. However, th e potential for 
adverse ecosystem impacts from remediation activiti es is substantial, 
especially from physical disruption of the ecosyste m by soil and waste 
evacuation and construction of new facilities. Like  worker risk, there 
are tradeoffs for some environmental management act ivities between near-
term damage to the environment and longer-term redu ctions in public risk. 
Elements of a Risk-Based Strategy 
Considering the risks described above, we developed  a cleanup strategy 
based upon a single objective: carry out those acti vities which are the 
most effective from a risk-reduction perspective, w hile ensuring the 
risks are reduced to acceptable levels for the publ ic, workers, and 
environment. Four considerations are primary: 1) ne ar-term releases which 
pose an unacceptable risk to the public, workers, a nd ecosystem will be 
prevented; 2) workers will be protected from unacce ptable hazards; 3) the 
ecosystem and cultural resources will be protected during remediation; 
and 4) the Site will minimize long-term releases th at might affect the 
public and ecosystem. 
The key elements of the Risk Strategy are: 
  All reactors would be entombed as permanent dispo sal sites. 
  Liquid and solid waste sites outside the central plateau would be 
capped, covered, and disposed in place. 
  The central plateau would be a permanent waste di sposal site for 
entombed nuclear facilities, liquid and solid waste  disposal sites 
(capped and covered), and pre- and post-1970 transu ranic waste and tank 
waste (both of which would be disposed in-place). A ccess to the central 



plateau would be controlled indefinitely, and acces s to groundwater would 
be controlled for the foreseeable future. 
  Spent nuclear fuel and special nuclear materials would be removed from 
current locations and placed in interim storage in the central plateau, 
pending final disposition. 
  Facilities outside the central plateau would be d ismantled, as 
appropriate, or consolidated to reduce operations a nd maintenance costs. 
  Groundwater would not be treated, and public acce ss would be 
controlled.  
Execution of a Risk-Based Strategy 
Execution of this strategy would result in 1) nucle ar material 
consolidated and stored on-site pending final dispo sal, 2) liquid tank 
waste disposed in-situ, 3) solid waste disposed in- situ, and 4)major 
facilities entombed in place. This strategy would l eave the environmental 
contamination in place, but capped and covered, as necessary.  
The costs to implement the Risk Strategy would be c onsiderably lower than 
the costs to implement the current baseline strateg y because much of the 
waste would be disposed in-place. Assuming a 10 bil lion dollar in-situ 
cost of disposal of tank waste and nine billion dol lars for environmental 
restoration, the total cleanup cost is estimated at  44 billion dollars--
saving perhaps 20 to 30 billion dollars as compared  to the current 
strategy. Figure 2 illustrates the funding profile over the next 75 
years. 
Recall that a strategy must say what will be done, when it will be done, 
and what the result will be. Figure 2 addresses the  second part of the 
strategy. Adoption of the risk-based strategy descr ibed above means that 
first priority would be given to preventing near-te rm, potentially 
catastrophic releases. Thus, removing the spent fue l from K-Basins and 
stabilizing underground storage tanks would be give n high priority. So 
would cleaning out the 324 building B cell, cleanin g out the Plutonium 
Finishing Plant, and moving the cesium and strontiu m capsules to a more 
stable storage as soon as practical. 
Second priority would be given to mortgage-reductio n efforts which also 
reduce worker risk. Facility transition of PUREX, N  reactor, Fast Flux 
Test Facility, and others would be funded as soon a s possible.  
Fig. 2 
As money becomes available from the first two prior ities, priority would 
be given to tank waste disposal, solid waste dispos al, and, especially, 
environmental restoration work. Technology for grou ndwater treatment 
would be funded, but not current pump and treat act ivities. 
Of course, all support activities needed to execute  these programs, e.g., 
landlord, would be funded at those levels needed to  carry out the above 
functions. 
Adoption of a Risk-Based Strategy 
Adoption of a risk-based strategy like the one desc ribed in this paper 
(and it is only one of several strategies which cou ld be considered 
"risk-based") would require regulatory modification  and relief, including 
renegotiation of the Tri-Party Agreement. It would significantly impact 
the ultimate use of the land and would considerably  increase the waste 
left in the ground at Hanford. Many of Hanford's st akeholders, especially 
the Environmental Protection Agency and the Washing ton State Department 
of Ecology may oppose such a strategy, and certainl y it could not be 
adopted without their involvement and approval.  



Despite local opposition, however, the Department o f Energy and Congress 
may support a risk-based strategy because it is fin ancially affordable 
while still addressing the highest risks. But if it  is to be adopted, the 
DOE and its regulators should begin negotiations no w, before an 
increasingly skeptical Congress reduces funding and  limits options. It is 
also important for DOE Headquarters to understand t he significant 
implications of adopting risk-based (vice complianc e-based) strategies 
for the Complex. While it sounds good to Congress a nd others, our study 
indicates that adoption of a risk-based approach to  cleanup is a major 
change from the current way of doing business.  
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ABSTRACT 
The National Academy of Sciences' review of geologi cal issues related to 
the technical suitability of the proposed Ward Vall ey, California site 
for a low-level radioactive waste disposal facility  has important, 
broadly applicable generic lessons for situations w here a scientific 
panel is on the critical path for a specific projec t which is governed by 
a body of existing law and regulation. This paper w ill describe these 
generic lessons and offer recommendations for avoid ing pitfalls at the 
interface of science and public policy to the end t hat the proper role of 
independent scientific panels in controversial siti ng cases may be better 
defined and implemented. 
INTRODUCTION 
In a paper presented last year at Waste Management '95, we reported on 
the National Academy of Sciences/National Research Council's (NAS) review 
of the proposed low-level radioactive waste (LLRW) disposal site at Ward 
Valley, California. ("The National Academy of Scien ces as 'Science 
Court': Review of the Ward Valley Site by the Board  on Radioactive Waste 
Management.") In March, 1994, Secretary of the Inte rior Bruce Babbitt 
requested the Board on Radioactive Waste Management  (BRWM) of the 
National Research Council to review the "earth scie nces concerns" in a 
critical report on Ward Valley written by three geo logists, the so-called 
"Wilshire Report." (The scope of the review was lat er expanded to add two 
environmental issues, revegetation and protection o f the desert tortoise, 
a threatened species). Release of the Academy's rep ort was delayed until 
May, 1995, several months after Waste Management '9 5. Therefore, last 
year's paper was limited to discussions of the scop e of the NAS study, 
the committee's procedures, political antecedents t o the Secretary's 
request, and several issues raised by the Academy's  review procedures 



including charges of bias made by Ward Valley oppon ents about the 
composition of the review committee and the Academy 's response to those 
charges. Other issues identified were uncertainty a s to the role of the 
U.S. Nuclear Regulatory Commission's regulations in  the deliberations of 
the committee and the Secretary's failure to say ho w the Academy report 
would be used in the federal administration's decis ion-making on the 
State of California's request to purchase 1,000 acr es at Ward Valley from 
the U.S. Bureau of Land Management for use as the s ite of the 
Southwestern Compact's regional LLRW disposal facil ity. It was also noted 
that the Academy's review process had encouraged th e U.S. Geological 
Survey to accelerate completion of a report on char acteristics of the 
unsaturated zones at Beatty, Nevada and Ward Valley  and had stimulated 
the U.S. Nuclear Regulatory Commission (USNRC) and the Idaho National 
Engineering Laboratory to review estimates of the a mounts of plutonium 
expected to be disposed of at Ward Valley over its thirty-year 
operational life. (The new estimates are considerab ly lower than earlier 
estimates and also considerably less than experienc e at old disposal 
facilities.) 
HIGHLIGHTS OF THE ACADEMY REPORT 
With the release of the NAS report on May 11, 1995,  ("Ward Valley -- An 
Examination of Seven Issues in Earth Sciences and E cology"), it is now 
possible to summarize and analyze its findings and to comment on the role 
of the report in the ongoing Ward Valley land sale (federal government to 
the State of California) and project development pr ocesses. The NAS 
report lays to rest charges by Ward Valley opponent s that the disposal 
facility will pollute the Colorado River. ("...we b elieve it highly 
unlikely that significant amounts or radioactive ma terial from the site 
would reach the ground water or the Colorado River. ") The findings of the 
Academy report are consistent with decisions made i n September, 1993 by 
the California Department of Health Services to cer tify the Environmental 
Impact Report and to issue a license to US Ecology,  Inc. to construct and 
operate a LLRW disposal facility at Ward Valley. 
At the news conference in Washington, DC at which t he Academy report was 
released, George A. Thompson, Professor of Geophysi cs at Stanford 
University and Chair of the NAS Committee to Review  Specific Scientific 
and Technical Aspects Related to the Ward Valley, C alifornia Low-Level 
Radioactive Waste Site made an opening statement wh ich included the 
following summary conclusions. 
"...the committee concluded that the potential tran sfer of contaminants 
through the unsaturated zone to the water table is highly unlikely. In 
the report we discuss a number of aspects of this p otential transfer, and 
in none of these cases could we find a likely mecha nism that would allow 
contaminants to reach the water table." "...even if  all the plutonium at 
Ward Valley reached the river at the same rate it w as disposed of, 
effects on the river-water quality would be insigni ficant relative to the 
background radiation levels currently found in the river. In other words, 
it would be well below accepted regulatory health s tandards. And I would 
emphasize again that we believe it highly unlikely that significant 
amounts of radioactive material from the site would  reach the ground 
water or the Colorado River." 
In responding to charges of committee bias in the s election and 
composition of the committee, Professor Thompson no ted: 
"In the past year, we have come under fire -- indir ectly in most cases 
and directly in some -- for having conflicts of int erest on the issue of 



whether or not low-level nuclear waste should be st ored at Ward Valley. 
It is certainly very true that most of us have been  called upon in the 
past for advice pertaining to the implications of g eologic processes for 
the safety of nuclear power plants and the disposal  of radioactive 
wastes. For this very reason -- our scientific know ledge and experience 
with these issues -- we were asked to participate i n the study. In order 
to properly evaluate the geologic and hydrologic is sues under question at 
Ward Valley, it was immediately apparent that scien tists with expertise 
on these specific issues would be needed. 
"The committee was assembled by the National Resear ch Council after 
having received names of experts from a range of or ganizations, including 
the Committee to Bridge the Gap, a public-interest organization that 
opposes the low-level waste site at Ward Valley. I should also note that 
the Research Council did not solicit suggestions fo r committee members 
from industry or organizations in favor of siting t he waste facility at 
Ward Valley. 
"Having said that, most of us at one time or anothe r have received 
research funding from the Department of Energy, whi ch as you know, was 
not the sponsor of this study, but is the primary a gency for 
administering the federal government's nuclear weap ons facilities. And 
several of us at one time or another have conducted  or reviewed studies 
for the Nuclear Regulatory Commission or have worke d for private industry 
on nuclear power and radioactive waste issues. One would be hard pressed, 
in fact, to find an expert on radioactive waste, or  on hydrology and 
geology issues surrounding radionuclides, who has n ot lent their 
scientific expertise to industry or to government a gencies." 
In his summary statement, Professor Thompson touche d on the fact that two 
of the seventeen members of the committee filed dis senting points of view 
in the report appendices: 
"Two committee members dissented from the general c onclusion regarding 
the potential transfer of contaminants through the unsaturated zone. One 
of them, Professor Oberdorfer, is here with us toda y. Their points of 
view can be found in Appendices E and F in the repo rt. They emphasize the 
remaining uncertainties about the movement of water  through the 
unsaturated zone, and as a result they were not wil ling to judge the 
likelihood of contaminants reaching the ground wate r as highly unlikely. 
In addition, the second dissenter, Dr. Mifflin, too k a somewhat different 
view on the issue of revegetation at the site, whic h I'll discuss in a 
moment. On the other points in the report, these tw o members joined with 
the committee consensus."a 
Professor Thompson noted that one of the committee' s recommendations is 
for "ongoing data collection and continued evaluati on." Some Ward Valley 
opponents have seized upon this recommendation to a rgue that additional 
data must be taken prior to transfer of the Ward Va lley site to the State 
of California. But this was not the view of the com mittee majority: 
"The entire committee agrees that additional analys is needs to be done. 
The majority of the committee believes that this co uld be done during 
construction and operation of the site. Ongoing rev iew of the site, we 
feel, would build scientific assurance, credibility  and public confidence 
in the monitoring program."  
STATUS OF THE WARD VALLEY LAND SALE AND POSSIBLE CO NGRESSIONAL ACTION 
As of February, 1996, the Interior Department has n ot yet sold the Ward 
Valley land to the State of California. Last May, I nterior Secretary 
Babbitt announced his intention to go ahead with th e land sale -- but 



with conditions. Some, but not all, of his proposed  conditions are based 
on recommendations of the NAS report. A summary of those recommendations 
and of California's responses to them is attached t o this paper as an 
appendix. California Governor Pete Wilson has objec ted to the Secretary's 
proposed conditions as intruding upon California's regulatory authority. 
In particular, Interior has insisted that it have a  perpetual enforcement 
role with respect to the conditions and has demande d that the conditions 
be enforceable in court. California has argued that  such a role for 
Interior is not appropriate for two reasons: one, U SNRC, not the 
Department of the Interior, is the responsible fede ral agency which 
exercises oversight of Agreement State radiological  health and safety 
programs, and, two, Interior lacks the necessary ex pertise. The state has 
also asserted that, as a regulator, it has availabl e administrative 
remedies sufficient to assure safe operation of the  disposal facility 
without resorting to litigation. Interior's respons e in an October, 1995 
press statement was that "...the agreement must be binding and 
enforceable..." because "trust us will not suffice. .."  
The U.S. Department of Energy, responsible under th e Act for providing 
technical assistance to the states for development of LLRW disposal 
facilities, has taken a very different view than th at of the Department 
of Interior with respect to the state and federal r oles in assuring safe 
disposal of LLRW. When requested by California Sena tor Barbara Boxer to 
assign a National Laboratory to undertake soil test s recommended by the 
NAS, Energy Secretary 'Leary declined unless the st ate decides it needs, 
and requests, analytical services "unique to the De partment of Energy." 
"We believe the State of California, in its licensi ng role as authorized 
by the Nuclear Regulatory Commission, should determ ine how to implement 
the National Academy of Sciences' recommendation." The Academy report 
recommended that additional testing be done during the operational life 
of the disposal facility. Senator Boxer asked that the testing be done 
before sale of the Ward Valley land to the State. 
Following release of the Academy report and Secreta ry Babbitt's decision 
to impose conditions on the land sale, negotiations  between the 
California Department of Health Services and the De partment of Interior 
took place. By September, it was clear that the sta te and federal 
governments were at an impasse. In September, Calif ornia Governor Pete 
Wilson asked Congress for relief. In letters to Sen ator Frank Murkowski 
(R-Alaska), Chairman of the Senate Energy and Natur al Resources 
Committee, and to Congressman Don Young (R-Alaska),  Chairman of the House 
Resources Committee, Governor Wilson asked that Con gress convey the Ward 
Valley site to California by statute. The Governor' s request was 
considered and approved by both policy committees a nd a Ward Valley 
conveyance provision was included in the Budget Rec onciliation Act 
approved by the Congress but vetoed by the Presiden t in December, 1995. 
The President's veto message includes a reference t o Ward Valley which 
says that legislative conveyance of the land would be "without public 
safeguards." The President has been misinformed. Al l requirements of 
federal and state regulations will apply to disposa l of low-level waste 
at Ward Valley along with the state's 130 license c onditions. The fate of 
both the federal budget and the Ward Valley conveya nce provision are 
uncertain as of February, 1996. 
OBSERVATIONS 
The Academy's Ward Valley review was on the project  critical path for 
fifteen months from March, 1994 to May, 1995. While  the NAS report was 



pending, it was clear that the federal government w ould not act to sell 
the Ward Valley site to California. Indeed, a reaso nable political 
interpretation of events is that the report was req uested because the 
administration wanted to delay a decision on the St ate of California's 
application to purchase the land for the site. In a  sense, the 
Administration's insistence that NAS "recommendatio ns" be elevated to the 
equivalent of regulations (along with additional co nditions invented by 
Interior), enforceable in the courts by Interior an d perhaps by third 
parties as well, has kept the NAS review on the cri tical path delaying 
administrative action by the federal government to sell the land to the 
state. 
At the time the NAS accepted Secretary Babbitt's re quest for a review of 
the issues in the Wilshire report, a license for th e Ward Valley project 
had already been issued by the legally responsible state agency. 
Furthermore, the license and EIR certification were  in litigation in 
state court. It appears that the Academy was not aw are of these facts 
regarding the status of the project, and, equally d isturbing from the 
point of view of predictable process, it is not cle ar that it would have 
made any difference to the Academy had it known thi s status. Litigation 
on the license and EIR certification was completed on January 18, 1996 
when the California Supreme Court denied opponents'  petition for review 
of an Appellate Court decision (October, 1995) upho lding the license and 
rejecting all opponents' claims. 
Both the California Department of Health Services a nd Cal Rad Forum urged 
the Academy's Ward Valley review committee to utili ze the USNRC's 
regulations for LLRW disposal (Title 10 Part 61 of the Code of Federal 
Regulations) as the framework for their inquiry. Th is recommendation drew 
a chilly reception. When this same recommendation w as made on December 
15, 1994 to the BRWM at a meeting in Irvine, Califo rnia, the response was 
that the Board does science, not regulations. It is  only one of several 
ironies associated with the federal government's ha ndling of the Ward 
Valley land transfer that the Department of the Int erior has attempted to 
elevate the Academy's recommendations to the status  of regulations. By 
entering a politically controversial siting case la te in the game, and 
utilizing a review framework different from the leg ally applicable 
standards applied during license application and ju dicial review, the 
independent scientific advisory panel placed the li censee, other project 
proponents, and the state regulatory agency in a di fficult situation. 
Under these circumstances, the project was subject to two, possibly 
different, standards of review, one established by statute and 
regulation, the other established ad hoc by the sci entific panel. 
Some have argued that independent scientific review  can enhance public 
confidence in the scientific validity of a controve rsial technical 
project. However, this benefit can be limited in si tuations where the 
scientific issue of safety is not what really motiv ates opposition. It is 
an observation of the authors that opposition to LL RW disposal is often 
really a surrogate for opposition to the use of rad ioactive materials. 
RECOMMENDATIONS 
Independent scientific panels can play an important  role at the 
intersection of science and public policy. This rol e is more 
appropriately undertaken early in a process when pu blic policy is being 
formulated generically and regulatory standards to implement that policy 
are being considered, or in early review and evalua tion of data, rather 
than later, after legal regulatory standards have b een adopted and 



applied in specific cases of license application re view. Certainly, to 
undertake independent scientific review after a lic ense has been issued 
and is in judicial review is to risk serving the pr omoters of delay. 
Independent scientific groups should be wary of sit uations where they may 
find their review on the critical path of a specifi c project or where 
their work effectively constitutes an appellate rev iew competing with the 
courts.  
With respect to specific projects, and from a struc tural point of view, 
independent scientific advisory panels can work mos t effectively if they 
are advisory to the license applicant or to the reg ulatory agency rather 
than to agencies outside of the legally established  regulatory framework. 
This will maintain political accountability with th ose organizations to 
whom responsibility and authority have been assigne d by law. 
While it is often argued that additional scientific  review will allay the 
fears of the public and political leaders in contro versial decisions, 
science can only inform, but it cannot make, decisi ons legally reserved 
to the political leaders. A surfeit of science is n o substitute for 
political will. 
When called upon to resolve controversy that is ess entially political, 
scientific groups would do well to heed the advice of Hippocrates 
(Epidemics, Book 1, Chapter 11): "First, do no harm ." 
Summary of California's Response to National Academ y of Sciences' 
recommendations 
Recommendation: Install monitoring stations in both  the unsaturated zone 
and saturated zones to supplement the site characte rization database as 
well as to expand the baseline data for operational  and post-closure 
monitoring. 
Response: The state plans for operational and post- closure monitoring 
programs are consistent with this recommendation. 
Recommendation: Make Cl-36 determinations and add t hree groundwater 
monitoring wells (for a total of eleven) to planned  monitoring program. 
Response: The recommendation will be incorporated i nto programs for 
monitoring for water content, water potential, trit ium, groundwater 
levels, vertical hydraulic gradient, groundwater qu ality, etc. 
Recommendation: Avoid conditions that could cause l ateral flow in and 
surrounding the disposal trenches. 
Response: The state has already required US Ecology  to remove shallow 
caliche layers under each of the perimeter berms du ring construction in 
order to disrupt the lateral continuity of the cali che layers and prevent 
lateral flow. 
Recommendation: Re-initiate formal consultation wit h the U.S. Fish and 
Wildlife Service on the desert tortoise. 
Response: Such formal consultation has already begu n and will be 
completed within a few weeks. 
Recommendations: The NAS Committee made several rec ommendations 
concerning investigational and action levels for un saturated zone 
monitoring. 
Response: An already established license condition requires the licensee 
to develop investigation and action levels for the unsaturated and 
saturated zone monitoring programs, and the Environ mental Monitoring 
Report establishes the investigation and action lev els for tritium. 
Operational procedures approved by the state addres s potential accidental 
releases and appropriate remedies during the operat ion of the disposal 
facility. Performance assessments of the postclosur e period indicate that 



off-the-shelf remediation plans are not needed, rat her, there is 
sufficient opportunity to develop and implement rem edial measures 
specifically for any actual, post-closure release o f radionuclides, 
should an unlikely event occur. These existing and proposed requirements 
fully address the committee's recommendations in th is area. 
Recommendations: Give significant emphasis to the d esign and performance 
testing of the trench cover demonstration units and  the revegetation 
program. 
Response: The state agrees that significant emphasi s be given to the 
trench cover demonstration program, and many of the  specific 
recommendations of the committee, such as testing o f irrigated and non-
irrigated areas, are already in the state plans. Ho wever, the state 
opposes a general research and development program (and an increase in 
the number of trench cover demonstration units) bec ause of the increased 
amount of land that would be impacted by such a pro gram. 
Recommendation: Establish an independent third-part y review group as a 
means of increasing the level of public confidence in the program. 
Response: The process already laid out provides amp le opportunity for all 
interested and affected parties, as well as the gen eral public, to 
participate in an open and timely manner. The state 's periodic 
evaluations of the site monitoring data will be pub licly available. The 
state will continue to seek independent peer review  on specific issues or 
concerns, including those mentioned by the NAS comm ittee. 
Recommendation: Monitor the stability of the site s urface, specifically 
for erosion, ponding, and any subsidence of trench covers, and take 
appropriate maintenance actions. 
Response: The state has always planned to take such  actions, with 
monitoring to continue for at least 100 years after  the site is closed, 
and the state will continue the monitoring and main tenance activities for 
as long as there is an observed need for such activ ities, even beyond the 
100 year period if necessary. 
Recommendation: Incorporate an engineered slope and  lined channel for 
conveying storm water around the west, north, and s outh sides and corners 
of the flood protection berm. 
Response: The state prefers to allow any infrequent  runoff to spread 
across the existing, shallow alluvial surface for r emoval by 
evapotranspiration rather than to create and area o f concentrated flow 
and potentially concentrated infiltration, as the s ynthetic liner would 
fail over time. 
Reprinted from Straight Talk About Low-Level Radioa ctive Waste for June, 
1995. Published by Cal Rad Forum. Nicki Hobson, Edi tor. 
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ABSTRACT 
Development of disposal sites for low-level radioac tive waste is a 
complicated legal, regulatory and public sector pro cess. Development of 
the low-level radioactive waste disposal facility t o support generators 
in Illinois and Kentucky is well under way. Signifi cant progress has been 
made to re-engineer the siting development process capitalizing on prior 
lessons learned and a recommitment from Illinois st ate leadership 
assuring the future success of the program. Compari sons of why this new 
process will succeed are the major focus of this pa per. Specific changes 
in approach from the previous process including cha nges in the Illinois 
Management Act (Management Act), creation of the Il linois Low-Level 
Radioactive Waste Siting Task Group (Task Group), n ew roles for the 
Illinois State Geologic Survey and Illinois State W ater Survey 
(Scientific Surveys) and the Illinois Department of  Nuclear Safety 
(IDNS), a new contractor reliance approach and incr eased confidence on 
the "science" are the major contrasts between the p revious process and 
the new process currently underway. 
INTRODUCTION 
Prior to 1980, all nondefense low-level radioactive  waste (LLRW) 
generated in the U.S. was shipped for disposal to s ix commercial LLRW 
facilities, including the LLRW facility near Sheffi eld, Illinois. By 
1979, only three of these disposal facilities were still in operation. 
The facility near Sheffield was closed in 1978 foll owing a refusal by the 
NRC to grant a license for an expansion of the site . The remaining 
facilities were located in Nevada, Washington and S outh Carolina. 
Following a series of packaging and transportation incidents at each of 
the sites, the governors of those states took steps  to reduce the volume 
of waste coming into their respective states and pu t pressure on Congress 
to create a more equitable system for disposal of n ational LLRW. 
In response, Congress passed the Low-Level Radioact ive Waste Policy Act 
(Policy Act) of 1980. This act established a federa l policy that each 
state should be responsible for providing disposal of commercial LLRW 
generated within its borders by 1986. The Policy Ac t also encouraged the 
formation of interstate compacts to manage LLRW on a regional basis. 
In April 1980, then Governor James Thompson signed an executive order 
creating the Illinois Department of Nuclear Safety (IDNS). The mission of 
this newly created department was to protect the pu blic health and safety 
of the Illinois citizens from the potential hazards  of ionizing 
radiation. 
By 1985, it was apparent that no state or compact w ould be able to meet 
the 1986 deadline for LLRW disposal, so Congress pa ssed the Low-Level 
Radioactive Waste Policy Amendments Act (Amendments  Act) of 1985. This 
new act extended the deadline for providing final L LRW disposal to 1996 
with interim disposal provided by 1993. The act fur ther established a 
system of milestones and penalties for the states a nd compact to meet. 
Between 1984 and December of 1992, the Department f ollowed a LLRW 
management system which included a siting process, public participation 
plans, community benefit plans, research studies to  develop siting 
criteria, contractor qualification and hiring proce ss, and development of 
licensing regulations compatible with federal guide lines. The reasons the 
first process failed was that the initial process w as bounded by 
weaknesses in the Illinois Management Act, dependan ce on the Department 
to serve as both site promoter and site regulator, and attempts by the 
Department to accelerate selection and licensing of  the Martinsville 



site. As determined by the Illinois Low-Level Radio active Waste Disposal 
Facility Siting Commission (Siting Commission) afte r its 72 days of 
hearings, the Department's rush to judgement sugges ted that politics 
appeared to take the lead over science in the selec tion of the site. A 
thorough evaluation of the failed process would nee d to be undertaken and 
changes made for any new siting process to succeed.  
From January 1992 until late summer 1993, the Depar tment along with its 
contractor, and major waste generators reviewed sit ing processes being 
developed and siting activities underway in other h ost states nation-
wide. Out of this review grew the newly re-engineer ed and redefined 
process being implemented today. 
THE ORIGINAL PROCESS 
The Illinois Low-Level Radioactive Waste Management  Act of 1983, as 
amended, made the Illinois Department of Nuclear Sa fety responsible for 
selecting a site for disposal of LLRW in conjunctio n with licensing a 
disposal facility. The Department had developed a p rogram and adopted a 
schedule to allow the new regional LLRW disposal fa cility to begin 
receiving LLRW by 1993. To fulfill this mandate the  Department, as shown 
on the Process Flowchart, Fig. 1, planned to locate  several large 
candidate areas with technically excellent features  for disposal of LLRW. 
To identify from these areas several potential alte rnative sites. 
Designate from the alternative sites, a couple of s ites for detailed 
geotechnical characterization and environmental stu dy. Evaluate the 
results of these investigations and select one site  for the development 
of the disposal facility. The selection of a final site had to meet all 
of the following criteria as set forth in the Manag ement Act:  
Fig. 1 
1) The site shall be located so that the public hea lth, safety, and 
welfare will be protected. 
2) The site shall be located in a suitable geologic  and hydrological 
medium. 
3) The site shall be located so as to minimize the possibility of 
radioactive releases into groundwater utilized as p ublic water supplies. 
4) The site shall be located outside the boundary o f the 100 year flood 
plane as determined by the Department of Transporta tion. 
5) The site shall be located so as to consider the distance necessary for 
transportation of low-level wastes and so that the impact on existing 
traffic flows is minimized. 
6) No low-level radioactive waste disposal facility  shall be located in 
or within 1 1/2 miles of the boundaries of any muni cipality unless 
approval is given by the governing body of that mun icipally. 
7) No low-level radioactive waste disposal facility  shall be located in 
an area of a county situated more than 1 1/2 miles beyond the boundaries 
of a municipality unless approval is given by the g overning body of that 
county. 
The Department had virtually unlimited authority to  pursue this process. 
It could choose its contractors for the detailed st udies, it could choose 
its siting criteria, it could ultimately choose its  own site. As this 
process began to bog down in technical disputes and  semantics, it became 
apparent the original time table would not be met. The acceleration of 
the entire process to stay on schedule may have bee n responsible for 
untimely management decisions, which, when viewed e xternally from the 
process, appeared to call the entire siting process  into question. 



Following an investigation by the Illinois Senate E xecutive Committee of 
the LLRW siting process in the spring of 1990, the Illinois General 
Assembly amended the Management Act to create the I llinois Low-Level 
Radioactive Waste Disposal Facility Siting Commissi on (Siting 
Commission). The commissions directive was to evalu ate the safety and 
suitability of any site proposed by the director of  the Department of 
Nuclear Safety. In August 1990, the Siting Commissi on held its first 
meeting. On October 9, 1992 after 72 days of public  hearings and volumes 
of testimony by all parties involved, the Siting Co mmission issued its 
final order relative to Martinsville Alternative Si te, "...the Commission 
finds and determines that the site with respect to a facility of the 
proposed design does not meet all the criteria set forth in subsection 
(b) of Section 12 of the Management Act by a prepon derance of the 
evidence." The looseness of the Management Act had allowed the process to 
become very disjointed, leading to its final end wi th the Martinville 
hearings, and Siting Commission ruling. 
THE NEW PROCESS 
During the spring Legislative session in 1993, sign ificant changes were 
made to the Illinois Management Act. Among these im portant changes the 
establishment of the Illinois Low-Level Radioactive  Waste Siting Task 
Group (Task Group) as well as doing away with origi nal seven criteria. 
The Management Act as amended (August 1993) authori zed a second site-
selection process. Responsibility for the initial p art of the process, up 
to site characterization and licensing, was assigne d to the following 
entities: the Task Group, the Illinois State Geolog ical Survey and the 
Illinois State Water Survey, and the contractor cho sen by the Department. 
This new process set forth decreet steps to follow to ensure a successful 
conclusion. The Illinois LLRW Siting Process flowch art, Fig. 2, depicts 
how these steps during this endeavor will proceed. 
The Task Group was mandated to assume responsibilit y for two critical 
steps: 
Fig. 2 
1) Development of site-selection criteria for the L LRW disposal facility 
and 
2) Determination of whether three proposed sites me et the site-selection 
criteria. 
The Management Act emphasized the importance of sci ence above other 
considerations in the siting process by requiring ( 1) that four of the 
nine members of the Task Group "shall have expertis e in geology, 
hydrogeology, or hydrology" and (2) that the "[p]ri nciple criteria shall 
relate to the geographic, geologic, seismologic, te ctonic, hydrologic and 
other scientific conditions best suited" to an LLRW  disposal facility. 
The Act also directs the Task Group to consider sup plemental criteria, 
such as "land use, economic, transportation, and an y other matter 
identified by the Task Group as relating to desirab le conditions for an 
LLRW disposal facility." 
It is important that the roles of the entities invo lved in the site-
selection process not be confused. In particular, t he role of the Task 
Group in developing criteria for screening the stat e and narrowing the 
available choices should carefully distinguished fr om the role of the 
Department in licensing the disposal facility and r egulating its 
operation and closure. 
Once the Task Group adopts its final set of criteri a, the Governor 
appoints a replacement for the Director of the Illi nois Department of 



Nuclear Safety who is now removed from the Task Gro up. These final 
criteria are then turned over to the Scientific Sur veys who apply them to 
screen the entire state and identify at least 10 lo cations of at least 
640 acres each that appear likely to meet the sitin g criteria. During 
this process any volunteer locations presented will  be included for 
evaluation. A written report will be issued to the Task Group identifying 
the locations within the state. 
After the Scientific Surveys identify at least ten or more locations, 
this list is then passed to the facility contractor , Chem-Nuclear 
Systems, Inc. (CNSI) who will evaluate the location s and winnow the list 
to three promising sites. During this process limit ed intrusive field 
investigations will be conducted when required. Onc e three site are 
identified, the contractor will prepare a report an d the Task Group will 
hold public meetings to discuss the issue of whethe r the three sites meet 
the siting criteria. Once concurrence and approval is given by the Task 
Group that the three sites indeed meet the criteria , they will be passed 
back to the contractor who will select one site for  final evaluation, and 
will notify the Task Group of the Site selected. At  this time, the 
Illinois LLRW Siting Task Group is abolished, havin g finished their task. 
CNSI will then conduct intensive field investigatio ns and site 
characterization of the selected site. Concurrently , CNSI will prepare a 
license application for the site. Once this phase d raws to a close the 
contractor will submit to the Illinois Department o f Nuclear Safety, 
Licensing Division its license application for revi ew. 
The Department will review the application followin g the sequences shown 
in the license application review process, Fig. 3. Once all licensing 
concerns are addressed, a Notice of Intent to Issue  License will be 
given. The process will now proceed in one of two a venues. First, if 
there is an objection to the issuance of a license then a hearing will be 
conducted. During this process a hearing officer wi ll be appointed to 
preside over an adjudicatory hearing where the burd en of proof is on the 
objector. The hearing officer will recommend to the  Director of the 
Department whether or not a license should be grant ed. Second, if no 
objection is forth coming, the Department will issu e a license for the 
construction. During the construction, the Departme nt inspects all phases 
of work for conformity with the license application . Once construction is 
completed, the Department will amend the license to  authorize receipt and 
disposal of waste. Where upon LLRW disposal operati ons begin. 
Fig. 3 
CONCLUSIONS 
Since 1980 a great deal has been accomplished towar d successfully siting 
a LLRW facility in Illinois. The first process fail ed for several reasons 
including the Siting Commissions perception that po litics and the need 
for local approval overrode the scientific investig ations into site 
suitability; the Department's dual role of site pro moter and regulator; 
and the apparent rush to meet federally mandated de adlines. A relational 
chart of the New process and the Original process d epicting similar 
siting activities is shown in Fig. 4. As determined  by the Siting 
Commission after its 70 plus days of hearings, the Departments rush to 
judgement appeared to caused politics to take the l ead over science in 
selection of the site. 
Fig. 4 
Illinois, after the failed first siting process and  the experience of the 
Siting Commission, evaluated the short comings of i ts first process and 



set in motion a comprehensive program to ensure the  ultimate success for 
LLRW disposal. This process includes a definitive " road map" for the 
siting activities. Eliminates the Department from t he roles of site 
promoter; and focuses the Department on its role as  regulator. This 
process also places specific emphasis on scientific  discipline, while 
allowing private enterprise to develop a sound work ing philosophy for the 
safe management of low-level radioactive waste disp osal in the state of 
Illinois. 
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ABSTRACT 
Chem-Nuclear Systems, Inc. and its technical contra ctors Golder 
Associates, MK-Company, and Hanson Engineers have d eveloped a new process 
for selection of a Low-Level Radioactive Waste Disp osal Facility in 
Illinois. Regulatory framework for the new process are contained in 
changes to the Illinois Management Act approved by the Governor in 1993. 
These changes created the Illinois Task Group which  adopts criteria, 
assign's the Illinois Scientific Surveys the respon sibility to initially 
screen the state, gives Chem-Nuclear responsibility  to assess locations 
in Illinois against criteria and select and charact erize a site to serve 
the generators in Illinois and Kentucky for the nex t 50 years, and allows 
the Illinois Department of Nuclear Safety to resume  its mandated role as 
regulator of Illinois generators, users, and dispos ers. The new process 
concedes the old process to history and starts afre sh with many new 
concepts. Putting the site selection, characterizat ion and licensing 
responsibility totally in Chem-Nuclear hands allows  the company and its 
contractors to develop an integrated process which will use newly proven 
technical and analytical processes and will use per formance assessment to 
guide the siting decision process and support the l icensing process. 
Unlike the previous effort to site a facility in Il linois, the new 
process is clear, unambiguous and explicit in its i ntent to have science 
rather than politics as the driver and to incorpora te lessons learned 
from the previous siting effort. This paper describ es the new process 
from Management Act amendment to selection of the s ite by Chem-Nuclear. 
INTRODUCTION 
The State of Illinois has dramatically improved the  methodology that will 
be employed to select the site for development of a  low-level radioactive 
waste disposal facility to serve the disposal needs  of Illinois and 
Kentucky. The site selection process developed by C hem-Nuclear Systems, 
Inc. (Chem-Nuclear), and its project team of Golder  Associates Inc., 
Hanson Engineers Inc., and Morrison Knudsen Corpora tion is founded on the 
positive aspects of the lessons learned from the pr evious siting effort. 
The basis for the new process will be the utilizati on of performance 
assessment modeling and decision analysis methodolo gy to perform Value-
of-Information analyses during its five-step site s election process. Use 



of performance assessment modeling and decision ana lysis methodology will 
lead to a more focused management and refined utili zation of resources 
dedicated to field investigations that will be used  in selection of the 
site for the Illinois Low-Level Radioactive Waste D isposal Facility 
(ILLRWDF). 
BACKGROUND 
The site selection process Illinois employed in the  late 1980s, during 
its first effort to identify a site for the develop ment of the ILLRWDF, 
was a process based on acceptance of the site by th e unit of local 
government (either a municipality if within 1.5 mil es or the county if 
not located within 1.5 miles of a municipality). Th is process lead to the 
identification of the Martinsville Alternative Site . The site selected 
was ultimately eliminated from consideration after the Siting Commission 
reviewed the site selection process and the technic al merits of the MAS 
and found them to be unacceptable. As a result of t his first siting 
effort, the Illinois Legislature, through the Illin ois Department of 
Nuclear Safety, established a revised siting proces s to identify a site 
suitable for the ILLRWDF. 
The revised site selection process is substantially  different from the 
previous one that resulted in the selection of the MAS. The major changes 
embodied in the new process: 
  Establish a Task Group to develop site selection criteria; 
  Divide the siting process into two distinct phase s; 
  Removes acceptance of the site by local governmen t; and, 
  Establishes a process allowing for the acceptance  and evaluation of 
volunteered lands.  
Task Group - Formed by the amendment of the Managem ent Act, the Task 
Group consists of nine voting members, three of who m are State officials 
(the Directors of the Illinois Department of Nuclea r Safety, the Illinois 
Environmental Protection Agency and the Illinois De partment of Natural 
Resources). Four of the additional members have exp ertise in the fields 
of geology, hydrogeology or hydrology. Of the two r emaining additional 
members, one is a member of the public with environ mental experience and 
the other has at least five years experience in loc al government. In 
addition, there is one non-voting member. 
The Task Group has been given the responsibility to  accomplish several 
important tasks including: 
  Development (including public review and comment and holding public 
hearings) of the site selection criteria; 
  Acceptance of the locations identified by the Sci entific Surveys; and, 
  Conducting meetings on, and approval of the three  sites identified by 
Chem-Nuclear; 
After identification of one site for characterizati on, the Task Group 
will be abolished. 
Site Selection Process - The site selection process  will be conducted in 
two distinct phases. The first, conducted by the Sc ientific Surveys, will 
involve Statewide screening. The Surveys will condu ct a broad screening 
of the State of Illinois using the criteria develop ed by the Task Group. 
Additionally, the Scientific Surveys will evaluate all lands volunteered 
against the site selection criteria. The result of the Statewide 
screening will be the identification of at least te n locations, each of 
at least 640 acres in size. The results of the Stat ewide screening and 
evaluation of volunteered locations will be publish ed in a report and 
submitted to the Task Group. 



The second phase of the site selection process will  be conducted by the 
Chem-Nuclear team. After identification of at least  ten locations by the 
Scientific Surveys, Chem-Nuclear will conduct evalu ations, including 
possible field investigations, of the locations. Up on completion of these 
evaluations, Chem-Nuclear will select three sites, of at least 640 acres 
that appear promising for development of the ILLRWD F. In selecting the 
three sites, Chem-Nuclear will give preference to s ites in Locations that 
were volunteered, unless those sites are clearly le ss promising than 
sites in other locations. Chem-Nuclear will then pr epare a report fully 
describing the siting evaluations and submit the re port to the Task 
Group. 
Upon receipt of the siting report, the Task Group w ill conduct public 
meetings on three sites selected. At the public mee tings, Chem-Nuclear 
will present the results of the siting evaluations.  Also during the 
meetings, the Task Group will receive oral or writt en information from 
the public regarding the sites under consideration.  Following the 
meetings, the Task Group will determine if the thre e sites satisfy the 
site selection criteria adopted by the Task Group. 
Following the Task Group's decision that the three sites meet the site 
selection criteria, Chem-Nuclear will select one of  the three sites for 
characterization and notify the Task Group of the s ite selected. Upon 
receipt of the notification of a site selected, the  Task Group will be 
abolished and all of its records transferred to IDN S. 
Public Acceptance - The new site selection process does not require that 
formal acceptance by the public nor local governing  bodies be obtained 
prior to selecting a site. The new process is based  on selecting the 
premise that site selection should be driven by the  technical merits of 
the sites rather than by the public's or government 's acceptance of the 
sites. 
Volunteered Lands - During the new siting process, lands that are 
volunteered by land owners or units of local govern ment will be given 
selection preference unless they are clearly less p romising than other 
lands identified as meeting the Task Group's site s election criteria. 
Lands may be volunteered at two times during the si te selection process. 
The first period for accepting volunteered lands wi ll be within 45 days 
of the formal adoption of the Task Group's site sel ection process. The 
second period will be during the first 90 days of C hem-Nuclear's site 
selection activities. 
IMPROVEMENTS TO SITE SELECTION IN ILLINOIS 
Unlike the previous "greenfield" effort to select a  site in Illinois, the 
new site selection process which the Illinois legis lature has promulgated 
and the Governor has signed into law is clear, unam biguous, and explicit 
in its intent to lay out a process which capitalize s on the issues raised 
and lessons learned in the previous effort. The new  improvements in the 
Illinois Process explicitly altered inherent confli cts in the Act and 
will lead to a safe, suitable and environmentally s ound site for Illinois 
and Kentucky generators to use for the next 50 year s.  
In the new process, the contractor, Chem-Nuclear, p lays a significantly 
enlarged role, the Illinois Scientific Surveys play  a new and expanded 
role, the Department of Nuclear Safety's role is al igned strictly with 
its regulatory mission, the Task Group is formed, s erves, and is 
abolished and the general public has an opportunity  to participate in the 
process from criteria development to site operation s. Figure 1 shows a 
brief view of the major process milestones divided into six project life 



phases. As of February 1996, the project is in phas e I and is beginning 
the process of performing statewide screening to id entify 10 or more 
locations in Illinois which appear suitable to host  the LLRW Facility. 
Fig. 1 
IMPROVEMENTS IN THE ACT 
The Illinois Management Act , amended by House Bill  1918 and signed in 
March of 1993, was streamlined and strengthened to assure that it did not 
fail to guide the Illinois participants to a succes sful conclusion in 
this, the second attempt to develop a LLRW disposal  facility in Illinois. 
Assurance for success, especially in LLRWDF Develop ment processes, can be 
and is defined as "incorporation of change based on  past failures to 
improve probabilities of success". In Illinois, thi s is exactly what has 
transpired and what is being implemented.  
The new process concedes the old process to history  and starts afresh 
with several new concepts:  The initial process in Illinois put the 
Illinois Department of Nuclear Safety in a position  where it was both 
site developer and site regulator. In this obviousl y conflicting role, 
the Department had to promote, seek, find, market, and regulate the 
process. In the new process, the Department is a pa rticipant until the 
criteria are adopted. At that point, the Department  plays no active role 
in site selection and is not a process player until  Chem-Nuclear submits 
a license application to them.  
The previous Management Act established general cri teria that provided 
minimal technical direction to use to establish a s ite. Unfortunately, 
the criteria that were developed under the Act fell  short of the 
technical specificity needed to guide the process p articipants to find a 
suitable site. Hence, IDNS, the regulator, had to s tep up and assume 
responsibility to develop the site selection framew ork including specific 
technical criteria to use to qualify sites. Revisio ns to the Management 
Act created the Task Group which has the responsibi lity to develop the 
needed technically specific criteria. The process e mployed by the Task 
Group as specified in the Management Act to develop  these criteria, 
specifically lays out technical discipline experts to sit on the Task 
Group, specifies technical areas which must be addr essed by criteria and 
mandates public participation into the entire proce ss. 
The Act, as a result of detaching the IDNS from the  process, separated 
the site selection decision from the more rigorous health and safety 
decisions made during the licensing process. This i n fact puts the 
responsibility to make decisions directly where it should be. The Task 
Group makes criteria decisions, the Surveys make br oad statewide 
screening decisions, Chem-Nuclear must make precise  technical comparisons 
of sites to selection criteria to find licensable s ites, and the 
Department makes licensing decisions.  
The Act dealt the responsibility for statewide scre ening and broad 
application of the Task Group's criteria to the Sta te Scientific Surveys. 
This action eliminated the Department's role in the  previously 
controversial technical part of the process and as well put the State's 
trusted technical body in charge of one of the most  crucial parts of the 
process. The Surveys will eliminate broad areas in the state from further 
consideration based on their many years of experien ce in statewide 
studies and investigations, and will provide to Che m-Nuclear those areas 
that appear likely to meet the Task Group criteria.  
Another significant change in the Act, is to delega te to the contractor, 
Chem-Nuclear, the direct responsibility to select a  site which it will 



have to characterize, defend during licensing and e ventually operate. 
This puts the responsibility to perform directly on  the company who 
stands to capitalize the most from the success of t he siting process. 
The original process had the drawback of putting th e IDNS in the role of 
needing to market the siting. The Department had to  try to attract 
communities to volunteer since a community selected  without consent could 
easily pass a resolution stating that the community  did not want the site 
and they were no longer in consideration. This "pro motional" role for the 
Department was one of the most significant changes in the Act.  
A final change that the Act brought about is the re moval of politics from 
the process and the inclusion of the public into al l phases of site 
development, from Task Group proceedings and Scient ific Surveys screening 
to Chem-Nuclear selecting a single 640 acre parcel of land in Illinois to 
license. This was accomplished by removing local re ferendum which 
restricts the ability of a city management to overr ide the wishes of the 
community, and opened the process to all members of  the public, anywhere, 
anytime.  
THE IMPROVED SITE SELECTION PROCESS 
The project participants as shown on Fig. 2 each ha ve a defined role as 
outlined in Section 10 of the Management Act. The n ew and improved 
process includes formation of the Task Group, the T ask Group developing 
criteria with which to screen the state, and Chem-N uclear developing 
criteria with which to evaluate safety/licensing, e nvironmental, and 
operational qualifications of the locations determi ned by the Surveys. 
Fig. 2 
The Task Group Criteria are intended to serve as a reasonable and 
objective basis to eliminate certain lands of the s tate from 
consideration, to select other lands for siting a d isposal facility, and 
to determine if the three sites offered by Chem-Nuc lear are promising for 
the development of a disposal facility. However, th e Task Group Criteria 
do not address all necessary requirements that the site and disposal 
facility will have to meet. 
Chem-Nuclear will develop additional safety/licensi ng, environmental and 
operational criteria to use in selecting three site s from the Scientific 
Surveys multiple locations. These criteria include Mandatory Criteria , 
which define characteristics a site must (or must n ot) have to be 
licensed; Avoidance Criteria which define less desi rable conditions, and 
Preference Criteria which define desirable conditio ns. Chem-Nuclear 
Avoidance and Preference Criteria are comparative i n nature and can only 
be applied to land which meets both the Task Group Criteria and the Chem-
Nuclear Criteria. 
USE OF PERFORMANCE ASSESSMENT FOR SITE SELECTION AND CHARACTERIZATION 
The general practice, in the past, for site selecti on and 
characterization of nuclear waste disposal faciliti es, was to gather as 
much information on the site and region surrounding  the site as possible, 
analyze the information, and then make a choice of a site. The initial 
appearance of performance assessment (PA) was usual ly in a safety report 
or the license application following the detailed c haracterization of the 
site. 
This approach to siting underwent a change, startin g in the mid-1980's, 
as part of the site characterization program for a high level nuclear 
waste site. There were three factors that drove thi s change: first, the 
testing program had grown so large that it was too costly and time 
consuming to perform all the tests that had been id entified by the 



researchers; second, there was a need to identify t hose tests that were 
important to determining whether or not a site was suitable; and third, 
the period of performance was so long that using a deterministic approach 
was not suitable in a licensing environment. The co mbination of these 
three factors resulted in PA assuming an important role in the siting 
process. For the Illinois siting process, PA plays a role from the start 
of siting to both guide the siting process and supp ort the licensing 
proceedings to help ensure that the testing and dat a needs are well 
defined and consistent with what is needed to ultim ately site a disposal 
facility. The Illinois siting program must acquire all the data needed to 
make a siting decision but without engaging in a te sting program that is 
far in excess of the requirements. PA will greatly assist the project in 
obtaining only the appropriate data.  
PERFORMANCE ASSESSMENT IN THE SITING PROCESS 
As noted in the "Improvements to Site Selection" se ction, The Illinois 
Scientific Surveys engage in Statewide screening to  find 10 or more 
locations that appear likely to meet the Task Group  Criteria. Once this 
operation is complete, Chem-Nuclear then proceeds t o reduce these 10 or 
more locations to three (3) sites that appear promi sing for development 
of a disposal facility. It is during this stage whe re the locations are 
being reduced to 3 sites and one of the sites is se lected for detailed 
site characterization, that PA is applied.  
APPLICATION OF PERFORMANCE ASSESSMENT 
In simple terms, PA is a computational method that models various 
parameters which are important to determining the s uitability of a site 
and ties the parameters together in a relational ma nner to predict 
overall system performance. The important parameter s are: 
  Disruptive events (human intrusion, earthquakes, etc.) that can affect 
the disposal site performance; 
  Performance of the engineered barrier system; 
  Radionuclide transport pathways through the geosp here; and 
  Radiation dose at the disposal site boundary. 
Initially, following the identification of the 10 o r more locations by 
the Illinois Surveys, the locations will be evaluat ed using the Task 
Group and Chem-Nuclear Criteria. However, there are  criteria that cannot 
be evaluated without site-specific field data, espe cially, criteria 
related to subsurface geology and hydrologic condit ions. It is the 
availability of these additional site-specific data  that will serve as 
the initial input into the preliminary PA model. Th e model, however, at 
this point in the process has only limited field da ta which can be used 
for evaluation of the locations. Nevertheless, PA w ill be used to gain 
information on the total system performance, and ai ded by Value-of-
Information analyses, will guide the subsequent col lection of field data.  
VALUE-OF-INFORMATION ANALYSES 
Value-of-Information Analyses (VOI) will be used to  assist in the design 
of data collection activities at various stages of the siting program. A 
VOI analysis explicitly compares proposed testing d ecisions to ensure 
that the testing selected offers the value in retur n of useful data. This 
technique is based on an iterative PA process where  as more data is 
collected it is added to the data base of the model  and the program is 
run with the enhanced data base. By examining the o utput and performing 
sensitivity analyses, it will be possible to identi fy which activities 
(data collection) will be most critical to rapid an d accurate 
determination of site and design suitability and pr ovide the greatest 



reduction in overall uncertainty, particularly in t he overall uncertainty 
of the preliminary PA results.  
DECISION ANALYSIS AND PEER REVIEW 
The use of PA and VOI, as noted above, will provide  a framework for 
constructing and implementing the siting program. I n addition, PA will 
provide a basis for selection of sites to present t o the Task Group, and 
ultimately aid in the selection of one site for dev elopment as a disposal 
facility. The PA will provide the decision maker wi th the probabilities 
of a particular set of sites or a site having a "li kelihood of success". 
However, PA alone will not necessarily provide a cl ear path to selection 
of site(s) since there will be uncertainties associ ated with the 
collection of data and the probabilities that a sit e will perform as 
predicted for many hundreds of years.  
Because of the uncertainties in performance, the Pr ogram will use a 
decision-analysis approach, possibly using techniqu es such as the multi-
attribute utility method where the data on the site (s) is subjected to an 
elicitation routine to provide additional informati on on the expected 
site(s) performance and the "likelihood of success" . In addition to a 
formal decision-analysis approach, the Project will  make use of peer 
review to provide the decision maker with independe nt evaluation of 
specific technical issues. The ultimate decision ma ker on selection of 
three (3) sites, and subsequently, a single site fo r licensing, is the 
Project manager. 
Making the Site Selection Decision 
The process which Chem-Nuclear will implement to ma ke the site selection 
decision can be described in general terms as follo ws: Using an iterative 
procedure, the 10 or more locations provided by the  Surveys will be 
examined using both non-intrusive and intrusive tes ting to enlarge and 
enhance the data base, and with the assistance of P A and decision-
analysis, reduce the locations to three (3) sites a nd ultimately to one 
site. A typical process is shown in Fig. 3. This fi gure shows the 
iterative process as the large land areas, associat ed with Locations, are 
successively reduced to smaller areas, then to thre e (3) sites. A similar 
process is used as the three (3) sites are reduced to a single site which 
is then subjected to site characterization and lice nsing. As the process 
unfolds, an evaluation is made of the probability t hat each area/site 
will comply with the criteria and the licensing req uirements. Decision 
analysis and PA will be used to guide the testing, as well as to identify 
areas and sites which should be dropped from the li st of candidates or 
retained. This iterative process continues througho ut the siting stage of 
the program. 
Fig. 3 
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ABSTRACT 
The New York State Low-Level Radioactive Waste Mana gement Act, as 
amended, requires that the New York State Low-Level  Radioactive Waste 
Siting Commission (Siting Commission) select a disp osal method or methods 
before selecting a disposal site. The Siting Commis sion chose to evaluate 
six candidate disposal methods -- above-grade vault s without an earthen 
cover, covered above-grade vaults, below-grade vaul ts, augered holes, a 
vertical shaft mine, and a drift mine -- in great d etail before making a 
choice. The paper describes the evaluations and com parisons of the six 
methods, with emphasis on the performance measures of most interest in 
making such comparisons. The Siting Commission cond ucted the most 
detailed comparison of low-level radioactive waste disposal methods to 
date. In July 1995, it selected covered above-grade  vaults, with both a 
drift mine or a vertical shaft mine as alternatives . 
INTRODUCTION 
In response to the federal laws on low-level radioa ctive waste disposal, 
New York enacted the Low-Level Radioactive Waste Ma nagement Act in July 
1986 and amended it in 1990. The Act created a Low- Level Radioactive 
Waste Siting Commission with responsibility for sel ecting both a 
preferred method and a site for disposal of New Yor k's low-level 
radioactive wastes. Under the amended Act, the Siti ng Commission was 
required to evaluate alternative disposal methods a nd select a preferred 
disposal method (or methods) before proceeding to s elect a site. The 
process for method evaluation and other steps in th e method selection 
process are described in some detail in Ref. 1-3. I t is summarized in the 
following paragraphs. 
Based on the input received during a public outreac h program and the 
review of previous work by the Commission and other s, six candidate 
disposal methods were evaluated in the disposal met hod selection process: 
  Above-grade vaults without an earthen cover (unco vered above-grade 
vaults). 
  Covered above-grade vaults. 
  Below-grade vaults. 
  A vertical shaft mine. 
  A drift mine. 
  Augered holes. 
This group of candidate disposal methods covers the  full range of major 
conditions affecting permanent low-level radioactiv e waste disposal. It 
also includes the two alternative methods specifica lly mandated for 
consideration in the 1990 amendments to the 1986 Ac t: deep vertical shaft 
mined disposal and above-ground monitored retrievab le disposal 
(represented by above-grade vaults without an earth en cover). 
The Commission evaluated the six candidate disposal  methods with respect 
to the seven evaluation considerations listed in Ta ble I. The relative 
abilities of each of the disposal methods to satisf y criteria that were 
formed from the evaluation considerations were asse ssed. Factors for use 
in developing criteria and in evaluating the dispos al methods are also 
shown in Table I. This paper summarizes the results  of the evaluation and 
indicates the methods preferred by the Commission. 
Table I 
In the spring of 1995 the New York legislature redu ced the Commission's 
funding to a point where it was no longer able to o perate. Prior to 



ceasing operations, the Commission chose the tentat ive preferred disposal 
methods (the wording comes from the 1990 Amendments ) described here. 
Presently there are no plans to continue to look fo r a disposal site in 
New York. 
THE DISPOSAL METHODS EVALUATED 
To perform comparisons of alternative disposal meth ods, the Siting 
Commission prepared conceptual designs for the six candidate methods. 
Those conceptual designs were intended to meet desi gn requirements 
specified in New York regulations and to be of suff icient detail to 
enable objective comparisons of the six methods wit h the aim of selecting 
a preferred method (or methods). In fact, it was of ten necessary to add 
more detail to the designs than is typical for a co nceptual design, in 
order to enhance public understanding of how a disp osal facility would 
function. The conceptual designs are described in R ef. 4-5. 
Some features are common to all six disposal facili ty designs. These 
include features such as buildings for the receipt of waste, the 
placement of waste in concrete overpacks called mod ular disposal units 
(MDUs), and conduct of administrative functions. Th e designs were based 
on the receipt of a total of 5.5 million cubic feet  of low-level 
radioactive waste over 60 years. This waste volume corresponds to the 
most likely or "expected" case described in Ref. 6.  
Conceptual designs were developed for generic dispo sal facility sites 
with characteristics based on Ref. 7, which provide s information about 
the geology and hydrology of sites that are typical  of the non-excluded 
areas in the State of New York. For the four near-s urface methods (i.e., 
not mines), the generic site characteristics do not  have a major effect 
on the designs, except that generally shallow groun dwater conditions 
limit the depths to which waste can be placed below  grade. Designs were 
prepared for the mine disposal facilities in four g eologic media: shale, 
salt, limestone, and igneous/metamorphic rock. The designs for covered 
above-grade vaults, below-grade vaults, and augered  holes have earthen 
covers placed over the concrete vaults or holes. Th ose earthen covers are 
7 feet thick and consist of various layers of natur al and man-made 
materials that serve functions such as prevention o f water infiltration, 
prevention of animal and plant intrusion, and suppo rt of short-rooted 
plants at the surface. The conceptual designs were developed to allow 
comparison of the inherent features of the six cand idate disposal 
methods. The designs were not necessarily optimized  and, since potential 
sites were not known, they will probably be changed  considerably if they 
are developed further. Table II provides informatio n about some 
characteristic parameters of the conceptual designs . The parameters shown 
are some of those that were used in the detailed co mparisons. 
Table II 
EVALUATIONS 
Comparative evaluations were conducted of the abili ty of the six 
candidate disposal methods to satisfy the considera tions and factors 
given in Table I. Both qualitative and quantitative  evaluations of the 
methods were used, depending on the consideration o r factor. Some factors 
were divided into several parts called measures, th e measures were 
evaluated separately, and then the evaluations of t he measures for each 
factor were combined. All evaluations were presente d in the visual form 
illustrated in Fig. 1, showing the relative ranking  for each of the six 
candidate disposal methods. Each ranking also conta ined a brief statement 
of the level of uncertainty associated with the eva luations. The ranking 



in Fig. 1 is for Factor 5B, Confidence in Licensabi lity. The evaluation 
for that factor was a qualitative one and above-gra de vaults without 
covers were rated significantly lower than the othe r methods because they 
would probably not meet the present New York regula tions for low-level 
radioactive waste disposal. The Siting Commission w as unanimous, however, 
in its view that the most important factor in selec ting a disposal method 
was the protection of the public health and safety;  in this regard all 
but the Uncovered Above-Grade Vaults were rated fav orably. 
Fig. 1 
Figure 2 shows the visual presentation of the relat ive ranking of the 
disposal methods for a measure used for Factor 1A, Protecting the Health 
and Safety of the Public. The evaluation for this m easure, potential peak 
radiological dose to the public after closure, was quantitative. It was 
the result of detailed dose assessments for the 10, 000 years after 
disposal facility closure, based on the conceptual designs and the 
generic site descriptions (8). Figure 2 shows that the uncovered above-
grade vaults and mines in igneous or metamorphic ro cks were estimated to 
give doses in excess of the limits prescribed by Ne w York regulations. 
The poor projected performance of the mines in igne ous and metamorphic 
rocks was based on geologic data available for New York. Dose projections 
for mines in limestone were very dependent on futur e drilling activities. 
Since limestone formations in New York are expected  to always be overlain 
by shale or salt (7), no further analysis was made of this measure for 
limestone mines. Mines in salt and shale were proje cted to give very low 
doses. 
Fig. 2 
The abilities of the six candidate disposal methods  to meet all 19 
Factors listed in Table I were evaluated. However, not all of the factors 
or measures used to evaluate factors were found to be helpful in 
discriminating among the methods. In some cases, th e measures were very 
similar for all six methods. In other cases, the im pacts of the methods 
(for example, radiation doses to the public during normal operations, one 
of the measures for Factor 1A), while different, we re so small that there 
was no significance to the differences. All of the measures and factors 
were divided into three categories after the evalua tions were completed: 
those judged to be of little or no value in discrim inating among methods, 
partial discriminators, and major discriminating fa ctors. Table III shows 
the way the evaluations for the latter category wer e summarized. A 
similar table that was prepared for the partial dis criminators is shown 
in Table IV. The entire set of evaluations is summa rized in Ref. 9. 
Table III 
Table IV 
SELECTION OF THE TENTATIVE PREFERRED DISPOSAL METHOD 
The comparative evaluations were presented at three  public meetings in 
March and April of 1995. The Commission decided not  to assign numerical 
weights to the considerations and factors, or to gi ve numerical ratings 
representing the abilities of the disposal methods to satisfy the 
considerations and factors. It was felt that numeri cal weights and 
ratings can portray a degree of objectivity that is  not always supported 
by the available data and the level of design detai l. Also, use of 
numerical weights can result in a lack of flexibili ty that makes it 
difficult to respond to public concerns. In its sel ection of the 
preferred methods, the Commission used a qualitativ e approach that 
represented the individual and collective judgement s of its members. The 



Commission members each weighed the advantages and disadvantages of the 
methods separately; any two Commissioners could hav e chosen the same 
method for somewhat different reasons. Although oth er methods (such as 
multi-attribute utility analysis) could have been u sed to compare the 
candidate disposal methods, it is believed that the  final choice of 
preferred methods would be essentially the same. 
The Siting Commission chose Covered Above-Grade Vau lts as the Tentative 
Preferred Disposal Method. For the major discrimina ting factors (Table 
III), the Commission determined that Covered Above- Grade Vaults was rated 
more favorable for all factors. Covered Above-Grade  Vaults would protect 
the public from radiological impacts (Factor 1A). T here is confidence 
that the construction materials used would maintain  their essential 
physical and chemical properties as long as necessa ry (Factor 3A). 
Monitoring to assure compliance with regulatory sta ndards could be 
conducted without difficulty (Factor 4A). This meth od would allow for the 
retrieval of waste, either the entire volume of was te or only Class B and 
C waste (Factor 4B). The method offers flexibility in siting options; it 
could be used in a variety of locales and condition s (Factor 5A). There 
is confidence that the method could meet regulatory  requirements and be 
licensed (Factor 5B). Finally, the projected total life cycle costs for 
this method compared favorably with other methods ( Factor 6A). 
The Covered Above-Grade Vaults were also rated more  favorable for fifteen 
of the seventeen partial discriminating factors (Ta ble IV). The only two 
factors where this method rated less favorable were  relative resistance 
to inadvertent intrusion after facility closure (Fa ctor 1C) and increased 
truck traffic in the host community because of the importation of 
materials for construction of the cover system (Fac tor 7A). Neither of 
these two factors was considered decisive. 
Recognizing the need for flexibility in fitting a m ethod to a site to be 
determined later, the Commission chose Mine Disposa l (i.e., either a 
Drift Mine or a Vertical Shaft Mine) as an alternat ive Tentative 
Preferred Disposal Method. The two mine methods sha red many similarities 
in terms of their design, function, and favorabilit y ratings and can be 
considered variations of one method. If placed in c ertain rock media, 
such as shale or salt, both mine methods rated more  favorable than three 
of the near surface methods for most of the compara tive factors in Tables 
III and IV. A mine in shale or salt performed very effectively to isolate 
radioactive waste and protect public health and saf ety and the 
environment (Factors 1A, 2A, and 3B). A mine in ign eous or metamorphic 
rock of the type typically found in New York was co nsidered to be 
unsuitable, however, because of the potential for h igh postclosure peak 
radiation dose to the public. 
The mine methods ranked less favorable than the Cov ered Above-Grade 
Vaults for a number of factors that the Commission judged to be 
important. As can be seen from Table III, the mine methods were rated 
less favorable than covered above-grade vaults with  regard to the ability 
to monitor compliance (Factor 4A) and, for the vert ical shaft mine, the 
cost of recovering or retrieving all Class B and C waste (Factor 4B). 
Factor 4B, Ability to Recover or Retrieve Waste, wa s evaluated separately 
for recovery or retrieval of all waste and for Clas s B and C waste only. 
They were also rated less favorable than covered ab ove-grade vaults with 
regard to protection of health and safety of worker s (Factor 1B), and 
operational cost sensitivity (Factor 6B). On the ot her hand, mines were 
rated more favorable than covered above-grade vault s in terms of their 



resistance to inadvertent intruders (Factor 1C) and  the amount of truck 
traffic near the disposal site (Factor 7A). The pri ncipal deficiencies in 
the other disposal methods are described in the fol lowing paragraphs. 
Uncovered above-grade vaults were considered less s uitable because the 
estimated potential doses to the public after closu re indicated that this 
method may not be able to meet the regulatory perfo rmance objectives 
(Factor 1A); the method is not licensable under cur rent New York 
regulations (Factor 5B); the vault concrete and rei nforcing steel may not 
last long enough to provide adequate containment of  radioactive 
contaminants (Factors 3A and 3B). This method is no t as capable of 
protecting air, water, and biota (Factor 2A) and it  is more vulnerable to 
earthquakes and other extreme events (Factor 3C). 
Augered holes were judged to be less suitable for l ow-level radioactive 
waste disposal because they require a much larger l and area, making 
siting much more difficult (Factor 5A); have higher  costs as reflected in 
the present value of the facility (Factor 6A); have  higher costs to 
retrieve or recover wastes in the postclosure perio d (Factor 4B). They 
are also less resistant to inadvertent intruders (F actor 1C) and, due to 
the large site size, have larger nonradiological im pacts on land, water, 
and any nearby community (Factors 2B, 2C, and 7A). 
Below-grade vaults were considered less suitable th an the methods chosen 
because of the potential difficulty of finding a si te in New York with a 
water table deep enough to accommodate the conceptu al design for this 
method (Factor 5A); a depth of at least 30 feet is needed. Below-grade 
vaults were also found to offer less resistance to inadvertent intruders 
(Factor 1C). The possibility of covered vaults that  are partially above 
and partially below grade was discussed but this ap proach was not 
evaluated. Had the method selection process continu ed beyond selection of 
a tentative preferred method, an evaluation of this  hybrid approach may 
have been pursued. 
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ABSTRACT 
The projected volume of radioactive and mixed-waste  material shipped by 
the U.S. Department of Energy is expected to grow s ignificantly in the 
future as DOE waste management programs are fully i mplemented. Concerns 
raised by affected jurisdictions related to DOE tra nsportation activities 
are carrier qualifications, vehicle inspection, enf orcement of applicable 
regulations, transportation operational procedures,  and support for 
emergency preparedness and response activities. Sta tes have requested 
that DOE provide funds for all transportation-relat ed activities, not 
just selected shipping campaigns. There are a numbe r of existing 
mechanisms to fund these activities in affected sta tes, however, most of 
these take a 'piecemeal' approach. This paper exami nes current DOE and 
other federal agency funding for transportation and  emergency management 
planning and explores options for streamlining and rationalizing DOE's 
approach toward funding states and Tribes. 
INTRODUCTION 
In recent years there has been an increasing focus on cooperative 
transportation planning, technical assistance and t raining between DOE 
and states, Tribes and local governments affected b y DOE shipments of 
radioactive material. The department recognizes the  benefits of 
coordinated planning and anticipates greater demand  for technical 
assistance and training from host and corridor juri sdictions as DOE's 
radioactive shipments increase through the next dec ade (see Fig. 1)a. By 
one estimate, up to 40 states will be directly affe cted as either hosts 
or along the transportation routes. Shipments of ma terial managed by the 
Office of Environmental Management (EM) constitute a large majority of 
the projected increase. 
The Office of Civilian Radioactive Waste Management  (RW), the Waste 
Isolation Pilot Plant (WIPP) and other EM programs are successfully 
engaging states, Tribes, local governments, regiona l organizations, and 
professional associations in all levels of transpor tation planning 
including transportation program development and sp ecific shipping 
campaigns. The RW and WIPP programs are required, b y statute, to provide 
transportation-related technical assistance and tra ining to state, tribal 
and local jurisdictions affected by their shipments . Both programs have 
several cooperative agreements in place with states , Tribes, and regional 
and national organizations to provide transportatio n-related planning 
assistance and training. Other EM programs have use d these agreements to 
channel funds to state and tribal jurisdictions for  planning and training 



activities related to specific shipment campaigns. States, Tribes and 
local governments also receive funds through other non-transportation-
related DOE and federal agency programs (Federal Em ergency Management 
Agency (FEMA) and the Department of Transportation (DOT)) which 
indirectly benefit their transportation-related pla nning and training. 
States also provide a major portion of emergency pr eparedness funding 
through fees or state appropriations. 
Fig. 1 
Providing assistance to states, Tribes, local gover nments and other 
interested parties to support their involvement in general transportation 
program development and specific shipment planning has paid dividends. 
The Transportation External Coordination Working Gr oup (TECWG) has helped 
to build a consensus on what issues DOE must addres s in developing its 
transportation programs and is now recognized as a model of public 
involvement for other non-transportation EM program s. Also, coordinating 
with affected jurisdictions played an important rol e in successfully 
planning and implementing the Cesium-137 Capsule Re turn Program and the 
Foreign Research Spent Nuclear Fuel Urgent Relief P rogram. 
Still, recent budget cuts and subsequent programmat ic reprioritization 
have focused attention on the effectiveness and eff iciency of the 
department's transportation-related planning assist ance and training 
efforts. Clearly, some of the arrangements for enga ging states, Tribes, 
local governments and other interested parties in t ransportation planning 
are redundant. For instance, several of the RW and WIPP cooperative 
agreement groups have the same or similar membershi p and frequent single 
issue meetings place heavy administrative burdens o n all participants. It 
is evident that DOE is no longer able to fund all t ransportation planning 
efforts that have been developed over recent years.  
To continue capitalizing on the benefits of coopera tive transportation 
planning, meet the likely demand for greater techni cal assistance and 
training generated by anticipated increases in DOE shipments, and reduce 
administrative and program inefficiency, DOE must d evelop a more rational 
and consistent approach to funding transportation p lanning assistance and 
training. This paper examines the current method fo r delivering funds and 
proposes a more streamlined approach. 
CURRENT APPROACH 
Funding for planning assistance and training provid ed by each DOE program 
to states, Tribes and local governments is based on  their program 
mission. DOE recognizes states have base programs a nd DOE's 
responsibility is to assist states in planning and preparing for the 
transportation of DOE materials. For instance, the WIPP and RW 
cooperative agreements provide recipient organizati ons and their members 
with the funds and training they need to help DOE p lan and implement the 
shipping programs for transuranic waste and commerc ial spent nuclear 
fuel, respectively. 
Fig. 2 
Although other EM offices use the WIPP and RW agree ments, funds are also 
provided only for the material managed by the parti cular program office. 
Figure 2 shows the sources and delivery mechanism o f funding assistance 
for planning and training provided by EM programs t o states and Tribes 
during FY1994. A comprehensive picture of transport ation-related 
financial assistance to states and Tribes from all federal sources can be 
found in Bradbury and Jones (1994). 



The current DOE approach is largely a reflection of  the legislative, 
administrative, and organizational differences amon g traditionally 
separate and functionally distinct DOE transportati on programs. As part 
of her Strategic Alignment Initiative, Secretary O' Leary has indicated 
that minimizing DOE's "stovepiping" of programs is a key component of her 
efforts to increase the department's administrative  efficiency. 
Although transportation programs have long been see n as separate and 
distinct from various DOE program offices, missions , within the 
department, their transportation missions are cross -cutting. They involve 
or affect many of the same people outside DOE (Stat es, Tribes, 
localities). Moreover, the operational and public s afety responsibilities 
of state, tribal or local personnel are not likely to differ 
significantly for the bulk of DOE shipments. In add ition to the obvious 
administrative and resource inefficiency of sometim es redundant DOE 
transportation assistance and training programs, th e current fragmented 
approach also inhibits recipient jurisdictions from  pooling DOE 
assistance with other federal assistance or resourc es to efficiently plan 
for and meet the entire spectrum of their public sa fety needs. 
POSSIBLE OPTIONS 
There are three basic options for funding coordinat ed transportation 
planning, technical assistance and training: nation al; regional; and 
"local". Each option has advantages and disadvantag es for achieving 
various aspects of a coordinated approach to transp ortation planning and 
implementation.  
A National Option 
Through a national approach, DOE would continue pro viding funds for 
transportation planning assistance to organizations  with a national 
perspective on issues related to the transportation  of radioactive and 
other hazardous materials. Since its inception in 1 992, the TECWG has  
worked with RW and EM to identify and resolve issue s in 6 broad 
transportation-related areas: 1) General Program Pl anning: 2) 
Transportation Operations; 3) Emergency Management;  4) Technical 
Assistance; 5) Training; and 6) Public Information & Education. The group 
meets twice annually and maintains a rigorous proce ss for incorporating 
participant input into transportation program devel opment. Individual 
TECWG members serve as liaisons between the group a nd their broader 
organizations. Many TECWG member organizations have  significant influence 
on the course of various issues of concern to DOE t ransportation 
programs. 
In addition to the TECWG, EM sponsors the Local Gov ernment Network (LGN) 
through a cooperative agreement with the Urban Ener gy & Transportation 
Corporation. The network is a loose affiliation of senior local 
government officials, from around the country, emer gency management, fire 
and rescue, law enforcement, and environmental heal th officials. 
Participants in LGN regional and national meetings provide DOE 
transportation managers with a local perspective on  hazardous material 
transportation. 
Like TECWG, LGN participants help shape DOE transpo rtation program 
development by applying their knowledge and experie nce towards 
transportation-related issues such as technical ass istance and developing 
and shaping training. Both groups have been instrum ental in developing 
many of the ideas and issues raised in this paper. They will continue to 
work with DOE to develop and implement more efficie nt and effective 
transportation programs. As groups, neither the TEC WG nor the LGN are 



directly involved in planning specific DOE transpor tation actions, 
although individual members can and have served as valuable contacts for 
DOE programs and field offices during shipping camp aign planning. 
A Regional Option 
As part of a regional funding option, DOE would con tinue sponsoring 
various regional or specific national organizations  through cooperative 
agreements to convene their respective members to a ddress operational and 
planning issues related to specific DOE shipments. RW currently has 
agreements in place with the Southern States Energy  Board (SSEB), Western 
Interstate Energy Board (WIEB), The Midwest Office and Easter Regional 
Conference of the Council of State Governments (MOC SG and ERC) , the 
National Conference of State Legislatures (NCSL), t he National Congress 
of American Indians (NCAI), the Conference of Radia tion Control Program 
Directors (CRCPD), and the Commercial Vehicle Safet y Alliance (CVSA). 
WIPP has agreements with SSEB, the Western Governor s' Association (WGA), 
the Confederated Tribes of the Umatilla Indian Rese rvation, the Shosone-
Bannock Tribe of the Fort Hall Indian Reservation, and the State of New 
Mexico. 
These regional government organizations provide a n eutral forum for 
discussing issues of regional concern, developing r egional response or 
solutions such as a mutual aid agreements, and mode rating between DOE 
programs and individual states. In addition to fund s for administering 
the cooperative agreement and convening meetings, D OE could provide 
"pass-through" funds to the states through regional  groups for, among 
other things: 1) DOE trainer "consultations" with a ffected state 
jurisdictions; 2) training curriculum development a nd distribution; and 
3) train-the-trainer courses. States would then be responsible for 
providing training to appropriate local personnel. 
There are several drawbacks to working through regi onal groups. 
Experience with the Cesium-137 Capsule Return Progr am and the Foreign 
Research SNF Urgent Relief Program has shown that o btaining needed 
authorizations and adding incremental funding to ex isting agreements can 
be awkward and time-consuming. Tribal interests are  not represented in 
the current cooperative agreements with these regio nal groups. In 
addition, existing cooperative agreements do not re present all the 
jurisdictions likely to be affected by future DOE s hipments. Additional 
State-by-State or Tribe-by-Tribe agreements would b e required. 
Implementing additional agreements to cover the rem aining affected 
jurisdictions would result in additional administra tive costs for both 
the federal government and the States and/or Tribes . The "pass-through" 
nature of the regional approach to program implemen tation may not result 
in the most effective or consistent application of resources by recipient 
organizations because potential differences in the interests of the 
regional groups and the constituents they represent . 
A "Local" Option 
The "local" or jurisdiction-by-jurisdiction option is the traditional 
federal approach for directly aiding states and Tri bes and is most 
effective when dealing with a limited number of aff ected jurisdictions. 
DOE-EM has experience in direct funding through sev eral cooperative 
agreements with states and Tribes, and through its Agreements in 
Principle (AIP) with several states hosting DOE fac ilities. Other federal 
programs (FEMA, DOT) providing funds directly to st ates and Tribes may 
provide an avenue for DOE to do the same. However, some programmatic 
control and objectives might be lost. 



EM has several cooperative agreements in place with  Tribes to participate 
in environmental monitoring activities, to conduct facility ground water 
testing, and to participate in a dose reconstructio n project. One such 
agreement with the Confederated Tribes of the Umati lla was used to fund 
transportation-related emergency response activitie s as a pilot project. 
EM's AIP process provides more than $20 million per  year to 13 states for 
technical and financial support for independent ove rsight of facility 
environmental monitoring and emergency response pla nning. AIPs are funded 
by EM and administered by DOE field offices located  in or near recipient 
states. Current guidance to participating states em phasizes that AIP 
funds are for emergency response must be directly r elated to off-site 
consequences of on-site emergencies. AIP guidance a nd procurement 
procedures would need to be amended to include tran sportation-related 
activities. However, it is not clear in every case that the state agency 
receiving AIP funds is the appropriate recipient of  transportation-
related funds. 
The Federal Emergency Management Agency (FEMA), the  Department of 
Transportation (DOT), and the Environmental Protect ion Agency (EPA) also 
are significant sources of planning assistance and training for state, 
tribal and local governments.  
FEMA is responsible for coordinating and distributi ng federal assistance 
for emergency planning, preparedness, response, and  mitigation for civil 
defense and peaceful radiological incidents (for bo th fixed and 
transport-related), and natural disasters. FEMA has  used its 
Comprehensive Cooperative Agreement (CCA) mechanism  to consolidate and 
channel financial assistance from various federal s ources through the 
governor's office to the emergency management agenc y in each state. 
Tribes can participate in CCA programs either throu gh separate 
cooperative agreements or (at their option) by rece iving funds passed 
through state agreements.b 
Currently, 13 programs are funded through the CCA i ncluding FEMA's 
Emergency Management Assistance Program, Emergency Management Training 
Program and Hazardous Materials Program, and the U. S. Army's Chemical 
Stockpile Emergency Preparedness Program (CSEPP). E ach sponsoring agency 
governs the content and scope of the specific progr am while FEMA 
administers the overall agreements with participati ng states and provides 
technical assistance. Thus, each program has differ ent eligibility and 
reporting requirements to meet specific program and  information needs, 
and each comprehensive CCA is tailored to meet the needs of the state. 
The DOT also provides assistance through training a nd planning grants 
authorized by the Hazardous Materials Transportatio n Uniform Safety Act 
(HMTUSA) of 1990 and through its Motor Carrier Safe ty Assistance Program 
(MCSAP). Both states and Tribes are eligible for th e HMTUSA grants which 
are intended to assist in training public sector em ployees in responding 
to hazardous material incidents and planning grants  for developing, 
improving, and implementing emergency plans require d under Title III of 
the Superfund Amendments and Reautherization Act (S ARA) of 1986. Grant 
applicants are required to identify fees assessed o n hazardous material 
shipments and the purpose of those fees. The MCSAP program provides funds 
to assist states in covering costs for roadside ins pections, safety 
compliance reviews, and follow-up enforcement actio ns. 
Transportation-related assistance from the EPA is p rovided through a 
competitive grant process designed to improve state , tribal and local 
emergency planning and right-to-know programs estab lished under SARA 



Title III. The grants are focused on geographic are as that have high 
risks for a chemical accident including transportat ion intersections and 
corridors. 
By channeling its assistance through an existing fe deral program, DOE may 
be able to reduce its overall administrative costs by utilizing 
established procedures and personnel (both federal and state) experienced 
in administering assistance programs. Also, this ap proach would enable 
jurisdictions to better leverage the assistance pro vided by DOE against 
the assistance they receive from other sources and their own resources 
for routine transportation and emergency preparedne ss activities. DOE 
would, however, risk losing some administrative and  programmatic focus 
and program recognition among recipients 
Of the existing federal assistance programs discuss ed here, only FEMA's 
CCA mechanism has been used by other federal agenci es to implement their 
respective assistance programs. The CSEPP program i s an example. A March 
1995 General Accounting Office (GAO) report on the CSEPP program found 
inadequate financial data and management controls b y both the Army and 
FEMA despite an attempt in 1994 to restructure the program's management 
procedures.c 
The GAO report also questions FEMA's plans to repla ce its current system 
with Performance Partnership Agreement (PPA) beginn ing in FY96. According 
to FEMA the new mechanism will consolidate funding streams into a multi-
year performance agreement which will enable states  greater flexibility 
to allocate resources to address their particular h azards. It will also 
"reduce substantially micro-management and current reporting 
requirements." In its analysis, the GAO cautions th at "CSEPP funds may 
lose their identity if funds for many programs are awarded to states by 
functional categories." 
Given the GAO's concerns about of the CSEPP program  and the fact that 
FEMA is planning to replace its current system with  a new block-grant-
type assistance program, channeling DOE's transport ation-related 
assistance through FEMA, at this time, does not app ear to be prudent.  
A Hybrid Option 
To this point this paper has examined the current f unding system for 
transportation-related planning assistance and trai ning and several other 
options. Each of these options, by themselves, have  disadvantages that 
might jeopardize the effective completion of DOE pr ogram office missions. 
Therefore, we propose a hybrid option. The hybrid o ption incorporates 
pieces from all of the other previously mentioned o ptions. 
Recognizing that transportation-related planning as sistance and training 
are cross-cutting needs; every DOE program will now , or in the future, 
require these services and expertise. DOE should ma intain these services 
in a "corporate" level, rather than have each progr am office develop, 
implement, and support a transportation assistance and training program. 
There are several reasons why this makes sense espe cially in light of the 
current budget situation. First, external parties h ave requested that DOE 
consolidate its training support and provide a cons istent approach that 
can be incorporated into existing state, tribal, an d local programs. 
Second, DOE can no longer afford to maintain separa te, but similar, 
training and assistance for each DOE program office . Finally, from a 
program management point of view, a "corporate" off ice is better able to 
integrate ongoing transportation and training activ ities throughout the 
complex and between the field offices and DOE HQ.  



After consultation between DOE-HQ program offices, the DOE "corporate" 
transportation office, and with input from the site  programs and DOE 
support offices, would pool assistance funding and or training for field 
programs that would be managed at DOE field offices . DOE-HQ maintains its 
policy and coordination role. As the field offices and the site programs 
are the people implementing shipping campaigns and interacting with the 
first responders, state, tribal, and local official s the operational 
decisions should be made closer to "home." DOE-HQ w ould continue to work 
with the TECWG and LGN and the Transportation Inter nal Working Group 
(TICWG) to address broader program and policy issue s. (The TICWG is the 
internal DOE working group that brings together pro gram people to discuss 
transportation issues.) In the near term DOE-HQ wou ld continue to work 
with the regional groups of states, with an eye tow ards having them work 
more closely with the DOE sites (site programs) in the states they 
represent to address operational planning. See Fig.  3. 
There would be an eventual devolution of technical assistance and 
training to be handled by either the States and/or the DOE sites. In some 
cases the regional groups can serve as a repository  for information 
and/or trainers. Technical assistance might flow th rough the DOE 
operations offices to the States. We refer to the s uccessful Idaho 
example, in which DOE-HQ provides the materials and  the funding to DOE-
Idaho and they in turn provide their training, exer cises, outreach, and 
education. At some point we might consider funding states directly, given 
the legislative precedent seen in the 180 (c) provi sion of the National 
Waste Policy Act. 
The primary advantage of this hybrid option is that  it provides for 
direct program office involvement in field implemen tation while providing 
the field office system with authority to plan and implement shipments. 
It strongly encourages "corporate" integrated trans portation planning, 
not simply on a program-by-program basis. It also e nhances DOE's ability 
to fulfill program objectives by crafting agreement s which focus on the 
specific technical assistance and training needs in  transportation 
corridors. 
Transitioning from the current fragmented approach to the proposed 
approach will take time. Successfully implementing the proposed option 
rests largely on the willingness of HQ programs to consent to relatively 
decentralized program implementation and the abilit y of all parties to 
agree upon an appropriate formula for determining D OE program funding 
contributions. These and other internal DOE issues are being address by 
the Transportation Internal Coordination Working Gr oup (TICWG). 
Fig. 3 
CONCLUSION 
This paper has presented a variety of funding optio ns for providing 
transportation-related assistance and training to S tates, Tribes, and 
localities. Each of these options has advantages an d disadvantages. One 
is able to argue the merits of pieces of all of the se options. However, 
the expected increase in the number of radioactive material shipments 
during the next decade and the current budget situa tion are providing 
strong incentives for DOE to streamline its fragmen ted approach to 
funding transportation planning assistance and trai ning. If done 
correctly, a more effective and efficient funding a nd planning process, 
one that increases the likelihood of a safe, succes sful and timely 
movements, can result. 
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ABSTRACT 
Contact-handled transuranic (CH-TRU) wastes will be  shipped and disposed 
at the Waste Isolation Pilot Plant (WIPP) repositor y in the Transuranic 
Package Transporter-II (TRUPACT-II) shipping packag e. A primary 
transportation requirement for the TRUPACT-II is th at the concentration 
of potentially flammable gases (i.e., hydrogen and methane) must not 
exceed 5 percent by volume in the package or the pa yload during a 60-day 
shipping period. Decomposition of waste materials b y radiation, or 
radiolysis, is the predominant mechanism of gas gen eration during 
transport. The gas generation potential of a target  waste material is 
characterized by a G-value, which is the number of molecules of gas 
generated per 100 eV of ionizing radiation absorbed  by the target 
material. 
To demonstrate compliance with the flammable gas co ncentration 
requirement, theoretical worst-case calculations we re performed to 
establish allowable wattage (decay heat) limits for  waste containers. The 
calculations were based on the G-value for the wast e material with the 
highest potential for flammable gas generation. The  calculations also 
made no allowances for decreases of the G-value ove r time due to matrix 



depletion phenomena that have been observed by many  experimenters. Matrix 
depletion occurs over time when an alpha-generating  source particle 
alters the target material (by evaporation, reactio n, or decomposition) 
into a material of lower gas generating potential. The net effect of 
these alterations is represented by the "effective G-value". 
Based on existing allowable wattage limits, it is e stimated that a large 
portion (approximately 34 percent) of the CH-TRU wa ste cannot be shipped. 
The TRUPACT-II Matrix Depletion Program (MDP) has b een established with 
the objective to investigate the phenomena of matri x depletion to support 
more realistic, age-dependent effective G-values. T he MDP is a 
cooperative effort involving the U.S. Department of  Energy Carlsbad Area 
Office National TRU Program, the Idaho National Eng ineering Laboratory, 
the Los Alamos National Laboratory, and the Rocky F lats Environmental 
Technology Site. The MDP is comprised of experiment s designed to examine 
the behavior of effective G-values over time for di fferent waste 
materials and the effects of isotope, agitation, an d heating. The 
experimental data will be evaluated in conjunction with waste container 
headspace gas sampling and theoretical and predicti ve modeling to 
formulate bounding effective G-values for each simu lated waste material 
and time segment. This paper describes the objectiv es, scope, components 
and preliminary results of the MDP that are expecte d to provide the 
justification for greater wattage limits for CH-TRU  waste containers. The 
increased wattage will ultimately allow shipment of  a much greater 
portion of CH-TRU waste. 
BACKGROUND 
The inventory of contact-handled transuranic (CH-TR U) waste, currently in 
retrievable storage at U.S. Department of Energy (D OE) sites, is planned 
for shipment to, and disposal at, the Waste Isolati on Pilot Plant (WIPP). 
The Transuranic Package Transporter-II (TRUPACT-II)  is a reusable 
shipping package designed for the transportation of  CH-TRU waste 
containers to WIPP. Waste containers are 55-gallon drums, standard waste 
boxes, and ten-drum overpacks. 
The TRUPACT-II was designed in accordance with the requirements for Type 
B packaging found in Title 10, Code of Federal Regu lations Part 71 (1). 
Upon completion of the design and the required test ing, the TRUPACT-II 
Safety Analysis Report for Packaging (SARP) was sub mitted to the U.S. 
Nuclear Regulatory Commission (NRC) in 1989. Based on the analyses 
presented in the SARP, the NRC issued Certificate o f Compliance No. 9218 
for the package in August of 1989 (8). 
A major transportation requirement for the TRUPACT- II is that the 
concentration of potentially flammable gases must n ot exceed 5 percent 
(by volume) in the package or the payload during a 60-day shipping period 
after the TRUPACT-II is sealed. Decomposition of ma terials caused by 
radiation, or radiolysis, is the predominant mechan ism of gas generation 
during transport. 
CH-TRU waste is classified into four major types (I , II, III, and IV) 
based on chemical and physical characteristics and further subdivided 
into waste material types (I.1, I.2, I.3, II.1, II. 2, and III.1) based on 
bounding flammable gas generation potential as show n in Tables I-1 and I-
2 (8). The gas generation potential of a target mat erial is characterized 
by its G-value, which is the number of molecular or  ionic products 
(usually gaseous products) generated or consumed pe r 100 eV of ionizing 
radiation absorbed by the target material. Each CH- TRU waste container is 
assigned a TRUPACT-II shipping category, which is b ased on a combination 



of waste material type and the packaging (number an d type of plastic 
layers of confinement) of the waste materials withi n the waste container. 
To demonstrate compliance with the flammable gas re quirement, theoretical 
worst-case calculations were performed using G-valu es to establish 
allowable wattage (decay heat) limits for each TRUP ACT-II shipping 
category. 
The maximum allowable wattage limits for each shipp ing category and for 
the TRUPACT-II were based on the initial G-values o bserved during 
experiments on the irradiation of materials found i n TRU waste. The 
wattage limit calculations assumed a constant G-val ue from the time the 
waste was packaged until emplacement at the WIPP fa cility. The 
calculations made no allowance for decreases of the  G-value over time, a 
phenomenon observed by many experimenters (5,6,7,9, 10,11,12). Because the 
majority of CH-TRU waste retrievably stored at DOE sites is 5 to 22 years 
old, wattage limits based on initial G-values are e xtremely conservative. 
Taking into account the existing TRUPACT-II wattage  limits, it is 
currently estimated that a large portion of the CH- TRU waste container 
inventory cannot be shipped. A joint effort was con ducted at the Idaho 
National Engineering Laboratory (INEL), Los Alamos National Laboratory 
(LANL), and Rocky Flats Environmental Technology Si te (RFETS) to 
determine the impact of existing wattage limits on the shipability of CH-
TRU waste stored at those sites. Of the total volum e certifiable CH-TRU 
waste (i.e., waste that meets the requirements of t he Waste Acceptance 
Criteria for the Waste Isolation Pilot Plant (3)), it was determined that 
approximately 34 percent of the waste would not be shippable based on its 
failure to meet the TRUPACT-II wattage limits. Alth ough the effort was 
performed at the three named sites, the results are  applicable to all DOE 
sites that plan to ship CH-TRU waste to WIPP. The T RUPACT-II SARP 
contains a Gas Generation Test Plan; however, imple menting the plan for 
34% of the CH-TRU waste would be prohibitively expe nsive and time 
consuming. 
All TRU waste will ultimately have to be transporte d to the WIPP; 
therefore, a method to provide for its acceptance f or shipment in the 
TRUPACT-II is needed. The solution may lie in deter mining effective G-
values as a function of time and thus more realisti c TRUPACT-II wattage 
limits, primarily by accounting for age-dependence of the waste. A cost-
effective method for arriving at age-dependent G-va lues and revised 
TRUPACT-II wattage limits is matrix depletion testi ng. 
Matrix depletion occurs over time when an alpha-gen erating source 
particle alters the target material (by evaporation , reaction, or 
decomposition) into a material of lower gas generat ion potential. The 
matrix depletion process decreases gas generation b y reducing the 
availability of the target material, thereby result ing in a decrease in 
the G-value with time. The fraction of energy emitt ed that is absorbed by 
the target material varies with time and is related  to the short mean 
free path of alpha particles. When the alpha-genera ting source is 
dispersed in or on the target material in a particu late form, it will 
affect only that target material in a small semi-sp herical area around 
each source particle. Additionally, some energy wil l be lost in the 
source particle itself and in surrounding nonhydrog eneous material, such 
as air, that is not available for the liberation of  hydrogen. The net 
effect of these reactions is represented by the "ef fective G-value." 
Two observations of CH-TRU waste over time support the concept of matrix 
depletion: 1) a consistent decrease in the effectiv e G-value, and 2) 



darkening of plastic surfaces (i.e., charring of th e waste matrix). The 
effective G-value has been found to decrease expone ntially with time. In 
fact, within 2 years the effective G-value for Pu-2 38 contaminated 
materials was found to approach an asymptotic value  several times lower 
than the initial effective G-value. Based on the av ailable experimental 
and empirical results, matrix depletion acts to dec rease the rate of 
flammable gas (specifically hydrogen and potentiall y methane) generation 
inside CH-TRU waste containers. 
OBJECTIVES AND COMPONENTS 
The Matrix Depletion Program (MDP) was established with the objective to 
investigate the phenomenon of matrix depletion and to arrive at age-
dependent bounding effective G-values. The activiti es under the MDP 
include matrix depletion experiments, headspace gas  sampling and 
analysis, data management and analysis, and documen tation. In order to 
specify the quality of data from the data collectio n activities under the 
MDP, a formal procedure based on U.S. Environmental  Protection Agency 
(EPA) guidance was used in formulating data quality  objectives (DQOs). 
The DOE Carlsbad Area Office (CAO) is responsible f or the overall 
management of the MDP. CAO is also responsible for performing audits of 
MDP activities at INEL. 
In the past, LANL has conducted a number of investi gations of gas 
generation in CH-TRU waste to support the WIPP (10, 6,11,12). Recently, a 
limited number of experiments were conducted to det ermine the matrix 
depletion effects of Pu-238 on cellulose and polyet hylene (7,9). Because 
of this experience and the availability of the nece ssary equipment, LANL 
will be responsible for conducting the matrix deple tion experiments. The 
experiments were designed to quantify the matrix de pletion phenomenon 
using a variety of simulated TRU waste matrix mater ials (i.e., 
polyethylene [PE], dry cellulose, wet cellulose, po lyvinyl chloride 
[PVC]), and solidified aqueous or homogeneous inorg anic solids that 
contain water (i.e., cemented waste forms). The tot al duration of the MDP 
will be 2 years, with cylinder sampling occurring e very 2 weeks. The 
sampling frequency was determined by the requiremen t for an adequate 
number of samples, so as to ensure accurate statist ical analysis. Based 
on mechanistic arguments, the effective G-values fo r drums older than 2 
years will be similar, but lower than those at 2 ye ars; therefore, the 
value for 2 years will be conservative for older dr ums. The experiments 
will also quantify the effects of agitation and hea ting. Agitation levels 
to be used in the study are those that simulate tra nsportation and 
handling events. The heating temperature is based o n the highest values 
used in SARP analyses (140F  5F). Two isotopic sour ces of plutonium, a 
blend predominantly Pu-238 and a second blend predo minantly Pu-239, will 
be used in the experiments because Pu-238 has highe r decay heat 
production that causes many drums in the TRU waste inventory to exceed 
the established wattage limits and Pu-239 is the pr imary isotope present 
in TRU waste. The experiments will comprise 60 test  cylinders split up 
into four groups: normal, heated, agitated, and hea ted/agitated. These 
groups are designed to simulate the range of condit ions encountered 
during TRU waste transportation and handling operat ions. Effective G-
values will be calculated for each test cylinder fr om the raw data 
derived from the experiments. The effect of each is otope, agitation, and 
heating will then be evaluated to formulate boundin g effective G-values 
for each simulated waste material and time segment (2). 



Headspace samples will be collected and analyzed fr om a representative 
sub-population of existing TRU waste containers at ambient temperatures. 
Samples will be taken from both drum and inner conf inement layer. These 
activities are being performed by the INEL and the RFETS under the WIPP 
Transuranic Waste Characterization Program (TWCP) ( 4). Headspace sampling 
includes the drum headspace and the headspace of in ner layers of 
confinement. In the TWCP, headspace gases of all CH -TRU waste drums will 
be sampled and certain drums will undergo innermost  layers of confinement 
sampling. QA requirements specific to the MDP are d escribed in the MDP 
QAPP, which is consistent with the TWCP requirement s (3). Headspace gases 
will be analyzed for hydrogen and methane. The TWCP  and MDP are 
coordinating efforts to make a variety of waste typ es and drum ages 
available to the MDP. A total of 740 drums will be examined prior to the 
completion of the matrix depletion experiments. Hea dspace gas sampling 
and analysis will be accomplished in accordance wit h the TWCP.  
Drum headspace gas samples will be collected and an alyzed from a limited 
number of existing TRU waste containers at elevated  temperatures. This 
effort is being performed at the INEL under the TRU PACT-II Gas Generation 
Test Program (GGTP). The GGTP consists of controlle d tests with actual 
containers of CH-TRU waste to determine gas generat ion rates under 
simulated transportation conditions. CH-TRU waste d rums of waste types I, 
II, or III will be selected for testing if the deca y heat loading of the 
container exceeds the TRUPACT-II wattage limit for the shipping category 
of the container. The drum must also meet other req uirements before being 
tested, including having a fissile gram equivalents  (FGE) less than 200 
grams, weights less than 1,000 pounds, surface dose  rates less than 200 
mrem. 
Data management and analysis involves several key e lements. First, data 
obtained in each portion of the MDP must be validat ed to ensure that 
quality assurance requirements have been met and th at the data are 
suitable for use in the MDP. Second, individual eff ective G-values must 
be calculated from raw data collected in the matrix  depletion 
experiments. Third, the individual effective G-valu es must be summarized 
appropriately to formulate the bounding effective G -values. Fourth, the 
experimentally derived bounding effective G-values and drum headspace 
flammable gas (i.e., hydrogen and methane) concentr ations predicted from 
the bounding values must be calculated and compared  with respective 
actual waste drum values.  
As noted above, data collected in matrix depletion experiments will be 
reduced to formulate bounding effective G-values. T his first step 
involves calculating effective G-values for each sa mpling time and test 
cylinder. Second, individual effective G-values wil l be analyzed and used 
to formulate bounding values for each simulated was te material and time 
segment of interest; these values will be 95% upper  confidence levels 
based on matrix depletion experimental effective G- values. A set of 
bounding effective G-values will be determined for PE, wet cellulose, dry 
cellulose, and cement for time segments of interest . 
Existing mathematical models for predicting gas con centrations in waste 
containers will be finalized. The models are based on the aspiration 
model described in the TRUPACT-II SARP and simulate  the time-dependent 
generation of flammable gas within the innermost co nfinement layer and 
subsequent time-dependent transport across the vari ous confinement layers 
of TRU waste containers. The models will then be ap plied using the 
bounding effective G-values determined from the mat rix depletion 



experiments to predict flammable gas concentrations  within actual TRU 
waste containers up to the age of the container whe n sampled. A 
theoretical model that simulates matrix depletion e ffects in an idealized 
geometry will also be developed to further illustra te the phenomenon. 
Development of the models will be led by INEL. Howe ver, it is anticipated 
that the model development will be completed with a  high degree of 
collaboration drawing on the expertise from the INE L, the LANL and the 
RFETS.There will be two types of comparisons made u sing the bounding 
effective G-values derived from matrix depletion ex periments. The first 
will compare the bounding values with the GGTP resu lts and the second 
will compare hydrogen and methane concentrations pr edicted from the 
bounding values with hydrogen and methane concentra tions measured in the 
TWCP. 
Statistical comparisons will be made of bounding ef fective G-values 
derived from the matrix depletion experiments with the measurements from 
actual TRU waste drums (i.e., TWCP and GGTP) in ord er to show that the 
effective G-values from the matrix depletion experi ments are in fact 
bounding. Because of the simulated waste materials used in the MDP, it is 
expected that headspace flammable gas concentration s predicted from the 
MDP bounding effective G-values will be greater tha n measured drum 
headspace flammable gas concentration at ambient te mperatures. It is also 
expected that the bounding effective G-values measu red in the MDP will be 
greater than the effective G-values calculated from  sampling TRU waste 
containers at elevated temperatures. 
In both cases, MDP effective G-values are expected to be greater due to 
the nature of the target material and the geometry of the cylinder 
contents. While other non hydrogen-generating mater ials are present in 
actual CH-TRU waste, these are not included in the MDP. In addition, the 
target material will be directly sprinkled with plu tonium, allowing it to 
be embedded in the target. In actual CH-TRU waste, the plutonium is 
dispersed and not always in such direct contact wit h hydrogen-generating 
materials. 
Quantification of the time-dependent behavior of th e effective G-values 
(i.e., flammable gas generation rates within waste containers) is 
expected to support justifications for greater watt age limits for CH-TRU 
waste. The increased wattage limits will allow for shipment of a much 
greater portion of certifiable TRU waste without in creased risk. 
Assuming the data justifies an application for high er TRUPACT-II wattage 
limits, the documentation to support an application  to the NRC will be 
prepared and submitted to the CAO and National TRU Program. 
REFERENCES 
1. 10 CFR Part 71, "Packaging and Transportation of  Radioactive 
Material," Code of Federal Regulations, Washington,  D.C., Office of the 
Federal Register National Archives and Records Admi nistration (September 
1994). 
2. M. J. CONNOLLY, S. M. DJORDJEVIC, V. BANJAC, and  C. A. LOEHR. 
"TRUPACT-II Matrix Depletion Program Test Program,"  INEL-95/0360, Idaho 
National Engineering Laboratory, Idaho Falls, Idaho  (1995a). 
3. M. J. CONNOLLY, G. R. HAYES, T. J. KRAUSE, and J . S. BURT, "TRUPACT-II 
Matrix Depletion Quality Assurance Program Plan," I NEL-95/0361, Idaho 
National Engineering Laboratory, Idaho Falls, Idaho  (1995b). 
3. "Waste Acceptance Criteria for the Waste Isolati on Pilot Plant," WIPP-
DOE-069, Revision 4, Waste Isolation Pilot Plant, U .S. Department of 
Energy, Carlsbad, New Mexico (December 1991). 



4. "Transuranic Waste Characterization Quality Assu rance Program Plan," 
CAO-94-1010, Revision 0, U.S. Department of Energy,  Carlsbad, New Mexico 
(1995). 
5. A. R. KAJANJIAN, "Radiolytic Gas Generation in P lutonium Contaminated 
Waste Materials," RFP-2469, Rocky Flats Plant, Rock well International, 
Golden, Colorado (1976) 
6. S. T. KOSIEWICZ, "Gas Generation from Organic Tr ansuranic Wastes. I. 
Alpha Radiolysis at Atmospheric Pressure," Nuclear Technology 54, pp. 92-
99 (1981). 
7. MARSHALL, et. al., "Determining Site-Specific Dr um Loading Criteria 
for Storing Combustible 238Pu Waste," LA-UR-94-409,  Los Alamos National 
Laboratory, Los Alamos, New Mexico (1994). 
8. NRC Docket No. 9218, "Safety Analysis Report for  the TRUPACT-II 
Shipping Package," Revision 14; NRC Docket No. 9218 , U.S. Nuclear 
Regulatory Commission, Washington, D.C. (1994). 
9. M. C. SMITH, R. MARSHALL, E. L. CALLIS, J. H. CA PPIS, J. M. ESPINOZA, 
and E. M. FOLTYN, "Hydrogen Generation and Release in Stored 238Pu Waste 
at Los Alamos National Laboratory," in preparation,  (1994). 
10. A. ZERWEKH, "Gas Generation from Radiolytic Att ack of TRU-
Contaminated Hydrogenous Waste," LA-7674-MS, Los Al amos National 
Laboratory, Los Alamos, New Mexico (1979). 
11. A. ZERWEKH and J. L. WARREN, "Gas Generation an d Migration Studies 
Involving Recently Generated Pu-238-Contaminated Wa ste for the TRU Waste 
Sampling Program," LA-10732-MS, Los Alamos National  Laboratory, Los 
Alamos, New Mexico, (1986). 
12. A. ZERWEKH, J. WARREN, and S. T. KOSIEWICZ, "Th e Effect of Vibration 
on Alpha Radiolysis of Transuranic (TRU) Waste," Wa ste Management '93, 
Waste Management Symposia, Inc., Tucson, Arizona (1 993). 
 
53-4   
ISOTOPE PRODUCTION POTENTIAL AT SANDIA NATIONAL LAB ORATORIES: PRODUCT, 
WASTE, PACKAGING,  
AND TRANSPORTATION* 
A. J. Trennel 
Transportation Systems Department  
Sandia National Laboratories** 
Albuquerque, NM 87185 
ABSTRACT 
The U.S. Congress directed the U.S. Department of E nergy to establish a 
domestic source of molybdenum-99, an essential isot ope used in nuclear 
medicine and radiopharmacology. An Environmental Im pact Statement for 
production of 99Mo at one of four candidate sites i s being prepared. As 
one of the candidate sites, Sandia National Laborat ories is developing 
the Isotope Production Project. Using federally app roved processes and 
procedures now owned by the U.S. Department of Ener gy, and existing 
facilities that would be modified to meet the produ ction requirements, 
the Sandia National Laboratories' Isotope Project w ould manufacture up to 
30 percent of the U.S. market, with the capacity to  meet 100 percent of 
the domestic need if necessary. This paper provides  a brief overview of 
the facility, equipment, and processes required to produce isotopes. 
Packaging and transportation issues affecting both product and waste are 
addressed, and the storage and disposal of the four  low-level radioactive 
waste types generated by the production program are  considered. 
Recommendations for future development are provided . 



PROJECT NEED AND BACKGROUND 
Nuclear medicine is an expanding segment of today's  medical and 
pharmaceutical communities. Specific radioactive is otopes are vital, with 
molybdenum-99 (99Mo) being the most important medic al isotope. The decay 
product of 99Mo is the isotope technetium-99m (99mT c), which is the 
medically useful element in its metastable form. Th e metastable state of 
a nucleus is at a higher energy potential than the ground state (1); this 
property produces gamma rays upon transition that a re detected by medical 
equipment.  
Nordion International Inc. manufactures much of the  world supply of the 
99Mo used for medical purposes in a reactor operate d by Atomic Energy of 
Canada, Ltd. The reactor's useful life is expected to expire by the end 
of this century. The possibility of this reactor be ing shut down prompted 
the U.S. Congress to direct the U.S. Department of Energy (DOE) to 
provide for a domestic backup source for this essen tial isotope. An 
Environmental Impact Statement for the production o f 99Mo at one of four 
alternative sites is being prepared by the DOE. Alt hough the final 
selection of a site awaits the completion of the Na tional Environmental 
Protection Act process, Sandia National Laboratorie s (SNL) has been 
indicated as the preferred site. 
The SNL Annular Core Research Reactor (ACRR) was ev aluated as a facility 
to produce 99Mo (and later other isotopes that can be economically 
extracted from the process). Medical isotope produc tion at SNL is a new 
manufacturing venture. Should SNL be selected and t he project achieve the 
manufacturing stage, the SNL facility would serve a s a backup to the 
Canadian supply to provide up to 30 percent of the U.S. market under 
normal circumstances, with the capability to produc e 100 percent of the 
domestic 99Mo requirement should the need arise. 
The DOE has produced radioisotopes for users, both public and private, 
for decades. In the private sector, Cintichem, Inc. , manufactured 99Mo 
and several other isotopes for a market segment in the U.S. as recently 
as 1989. The Cintichem process was approved by the U.S. Food and Drug 
Administration (FDA). Rights to the patented proces s (and the Drug Master 
File documenting the process) were acquired by DOE in 1991; DOE proposes 
to use this process to avoid the development time a nd expense of 
qualifying a new process. Ancillary equipment acqui red by the DOE 
included packages for product, wastes, and spent fu el. 
The proposed project would fabricate unirradiated t argets to Cintichem 
specifications, followed by irradiation in the SNL ACRR. The irradiated 
targets (contained in a transfer cask) would be mov ed to the adjacent Hot 
Cell Facility (HCF) for processing. At the HCF, the  radioisotopes of 
interest would be separated from the fission produc t inventory. The short 
half-life product, 99Mo in NaOH, would then be tran sported by air to U.S. 
radiopharmaceutical manufacturers. Fabrication proc ess wastes would be 
temporarily stored at SNL for later disposal at aut horized waste 
facilities. 
THE REACTOR 
DOE views SNL's ACRR, HCF, and other associated fac ilities to be a 
promising site for this isotope production program (2) for several 
reasons. The ACRR is a modern facility in an operat ional state with 
characteristics that are compatible with radioisoto pe production. It is 
capable of being dedicated to continuous isotope pr oduction, which is 
necessary to meet the demands for short-lived medic al-use isotopes. The 
ACRR is collocated with the HCF and both can be mod ified with relative 



ease. The ACRR at SNL is in proximity to excellent air transportation 
facilities (the Albuquerque International Sunport) for radioisotope 
shipments. 
The ACRR facility includes the reactor and all supp ort systems required 
for its operation. The reactor core is installed in  a large open tank 
filled with about 10 meters of water to provide bot h core cooling and 
radiation shielding. The core is cooled by natural convection in an open 
water pool, and the water pool is cooled by an exte rnal heat exchanger. 
The current ACRR configuration consists of an annul ar array of UO2-BeO-
fueled elements with an active fuel height of 52 ce ntimeters. The dry, 
steel-lined, control cavity would be removed from t he center of the core 
to provide a flooded region for target irradiation.  Two configurations, 
one with a maximum of 19 targets and the other with  a maximum of 37 
targets at a time, are planned. The targets used to  form the isotopes 
would almost completely fuel the reactor. With targ ets installed, only 
180 or 130 conventional fuel assemblies, depending on the target 
configuration selected, would be required to operat e the reactor. With 
installation of additional heat exchangers or cooli ng towers, the 
improved heat rejection capacity would allow the re actor to run at 4 MW. 
For isotope production, the ACRR would be operated in the steady-state 
mode at or below 4 MW. 
TARGETS AND PROCESSING 
Because the ACRR is a pool reactor, targets and fue l elements would be 
readily accessible for removal. Targets consist of stainless-steel tubes 
approximately 45 centimeters long and 3.18 centimet ers in diameter, 
containing highly enriched uranium-235 (235U) as a 50-micron layer of 
uranium oxide (U3O8) electroplated onto the inside surface of the tube. 
Targets will be irradiated to provide a range of fi ssion products that 
includes isotopes of molybdenum. Targets irradiated  for several days 
would be removed from the core and transferred (usi ng pass-through ports) 
to a rack in the adjacent Gamma Irradiation Facilit y (GIF) pool. A 
transfer cask would be lowered into the GIF pool an d the irradiated 
target(s) would be loaded into the cask and transfe rred to the HCF using 
a manned transport vehicle. 
The HCF will be reconfigured to streamline the proc ess of irradiated 
target processing. One proposed HCF modification is  the addition of new 
steel confinement boxes (SCBs) that would result in  safer, more reliable, 
and more versatile extraction operations. The new S CBs would provide 
complete process control, including waste minimizat ion and management. 
The units would collect byproducts from the radiois otope extraction, 
process the byproducts, and package them into waste  containers. Modular 
design would allow easy replacement of components. Another important 
addition to the HCF is the Quality Control Laborato ry, which is required 
by the approved FDA procedure.Irradiated targets co ntaining almost 
7.4E+14 becquerels (Bq) of fission products would b e processed within the 
SCBs. The desired isotopes would be extracted from the fission product 
spectrum by chemical dissolution and precipitation procedures. First the 
noble gases and iodine would be condensed from the target fill gas and 
the fission products would be dissolved from the in side of the target. 
Then chemicals would be added to maintain specific fission products in 
solution and the molybdenum would be precipitated, filtered, and 
cleansed. Finally, the precipitated molybdenum woul d be redissolved for 
shipment to radiopharmaceutical companies. 



Although 99Mo is the initial product of interest, i odine-131 (131I) and 
xenon-133 (133Xe) may also be directly extracted fr om the processing line 
as additional medically valuable products. The isot ope iodine-125 may 
also be processed from xenon-124, a nonradioactive isotope of xenon; 
however, this process requires additional apparatus  and would only be 
explored after sufficient success is achieved in 99 Mo processing. 
Each target would yield up to 29.6E+12 Bq of 99Mo a fter discharge from 
the reactor. The isotopes would be further purified  to meet FDA 
standards. The isotopes would then be packaged and shipped in shielded 
casks by air freight to radiopharmaceutical compani es. Approximately 20 
to 25 targets per week can meet all U.S. demand wit h proportionately 
fewer targets for the standby level of 10 to 30 per cent U.S. demand. The 
ACRR will have the capability to irradiate up to 37  targets continuously; 
however, this level would be used only under extrao rdinary conditions of 
national need and would place a greater burden on t he processing 
facility. 
WASTES  
The production program will generate low-level radi oactive waste 
primarily consisting of four types. The first type is a high-activity 
acidic liquid that will contain the bulk of fission  products and 
unfissioned uranium. The second type of low-level r adioactive waste is 
hardware process stream waste generated from isotop e separation and 
purification. This waste includes copper, stainless  steel, glass, 
plastic, and aluminum. Also generated is soft waste , such as personnel 
protective clothing and lay down material. The fina l type of waste is 
spent resins generated during the operation of the ACRR and GIF pool.  
The 99Mo isotope extraction process wastes would ac count for the majority 
of the low-level radioactive waste volume generated  by the proposed 
program. The extraction of isotopes from irradiated  targets involves a 
number of wet chemical processes. These production activity chemical 
processes are benchtop processes that are conducted  using small (< 500 
milliliter) laboratory containers and other equipme nt of various forms, 
typically glassware. Because the isotopes that woul d be produced are used 
as radiopharmaceuticals for human use, the extracti on process is closely 
controlled and monitored for contamination by chemi cal remnants and 
unwanted radioisotopes. Hence, all laboratory equip ment such as glass 
flasks, tubing, and the like would be replaced afte r a single use to 
prevent possible contamination of future batches. T his equipment would be 
placed in small containers (about the size of a one -gallon paint can) 
that, when full, would be placed in a waste contain er. 
The acidic liquid process solutions that remain aft er the radioisotopes 
are extracted contain uranium and other radioactive  elements called 
fission products. These liquid solutions would be n eutralized as a final 
process step, rendering the solution nonacidic, sol idified with an agent 
such as portland cement, and then placed in a waste  container. The 
uranium would not be recovered from the solution no r from the solidified 
waste because it is not economically feasible to re cover it at SNL or 
other DOE recovery facilities. 
The waste container used during storage and eventua l disposal for this 
solidified process waste would have a volume of abo ut 0.21 m3 (55 
gallons). The radioactive process equipment discuss ed above and the 
solidified process waste may be placed either in th e same container or in 
separate containers, based on operational and dispo sal considerations. 



The filled waste containers would be stored in a sh ielded area. The 
solidified process waste would be stored on site fo r approximately 6 to 
12 months, by which time the radioactivity of the w aste would have been 
reduced significantly as shown in Fig. 1. The proce ss hardware waste is 
expected to have a lower level of radioactivity and  thus could be 
transported to the selected waste disposal site aft er final packaging at 
a time that is being determined.  
Fig. 1 
The proposed program would generate between 24 and 180 containers 
(similar in size to a standard 55-gallon drum) of l ow-level waste (both 
process hardware and solidified process waste) from  the isotope 
extraction process each year. These waste container s would contain no 
more than 7.4E+13 Bq of radioactive waste when ship ped to the disposal 
site in B-3 waste transport packages. Fission produ cts would be 
responsible for nearly 99 percent of the activity l evel. The remaining 
activity would be mostly from the activation of the  stainless-steel 
target shell.Although solidified process waste ship ments could be made to 
the disposal site as soon as 6 months after generat ion, the HCF has 
sufficient shielded storage area to store waste gen erated by 2 years of 
maximum (100 percent of U.S. need) production. Tabl e I identifies most of 
the waste materials and quantities that are known t o be included in the 
extraction process waste stream. 
Table I 
Past assessments indicate that the wastes produced in the extraction 
process would not generate radioactive mixed wastes . This means that the 
radioactive waste would not contain nor be mixed wi th waste that is 
considered hazardous according to the Resource Cons ervation and Recovery 
Act. 
PRODUCT AND WASTE PACKAGING 
Table II shows the general characteristics of the t hree Type B packages 
that will be used in the Isotope Production Project . The DOT- and NRC-
certified Type B (3) package designated for use in transporting 99Mo and 
131I is the CI-20WC-2 or -2A (4). The primary diffe rence between the two 
models is the size and the amount of shielding. Bot h CI-20WC (Fig. 2) 
models are steel-encased with wooden outer protecti ve jackets, a  
depleted uranium shielded cask, and an inner steel containment vessel. 
The protective jackets are contained within an 18-g auge steel drum. The 
inner containment vessel is a 7-cm outer diameter b y 14.26-cm-long, 416 
stainless-steel, gasketed and threaded container. T he product packages 
are certified for 99Mo/99mTc in normal form as soli ds or liquids with a 
maximum quantity of material per package of 3.7E+13  Bq, and 131I in 
normal form or liquids with a maximum quantity of m aterial per package of 
7.4E+12 Bq. 
Table II 
Fig. 2 
The package designated for transportation of produc t waste is the NRC-
certified B-3 Type B package (5). The packaging (Fi g. 3) consists of a 
15.38-cm lead-shielded steel weldment in the shape of a right hollow 
cylinder with a bottom containing a drain assembly and a recessed, plug-
type gasketed and bolted lid. Packaging features in clude lifting and tie 
down devices and a drain to the central cavity. The  maximum weight of the 
loaded package is 13,636 kg. 
Fig. 3 



Spent nuclear fuel shipments are not expected to oc cur for several years. 
Such fuel will be stored until DOE designates a rep ository. When 
shipments are to be made, the BMI-1 package will li kely be used. The 
package assembly consists of five major components:  the stainless-steel 
enclosed lead-shielded cask, the stainless-steel en cased lead-shielded 
cover and gasket, the radioactive material, interna l canister or basket, 
and a custom matching skid on which the cask rests vertically. 
PRODUCT AND WASTE SHIPMENT  
Isotope 99Mo decays at the rate of about 1 percent per hour (half-life 66 
hr). Consequently, shipment of the product must be expedited to prevent 
needless decay of the product. Nordion, which is th e only North American 
company presently shipping bulk 99Mo, uses a combin ation of commercial 
and chartered air flights. 
SNL expects to ship up to 29.6E+12 Bq of 99Mo per p rocessed target and 
about 6 to 7 packages per week at the nominal 30 pe rcent production 
level. The 99Mo product will be pharmaceutical qual ity, and FDA-approved 
procedures will be used for its production. The 99M o is expected to be 
shipped initially on a daily basis to one of three different locations: 
St. Louis, Chicago, or Boston. Air freight express class of shipments are 
planned. If a stop is required, the shortest routin g time from 
Albuquerque to the customer city will be preferable . Product movement 
from the SNL reactor area to the airport transfer p oint using Kirtland 
Air Force Base and Albuquerque International Sunpor t access roads is the 
preferred route, avoiding public roads. Product qua lity assurance may 
occur during the time the product is in shipment. 
The primary waste disposal site designated for prod uction and laboratory 
wastes is the Nevada Test Site facilities north of Las Vegas, Nevada (6). 
The site is compatible for the classes of waste gen erated by the 
production processes, and the site is operational. Two alternative waste 
disposal facilities are located at the Hanford Site  near Richland, 
Washington. The 200-West Waste Generation Facility is quite extensive and 
has several current burial sites as well as some ol der burial grounds 
that are monitored. A second, alternate site is ope rated by U.S. Ecology 
as a commercial facility.  
If the waste containers were to be transported by t ruck, it is most 
likely that one truck would carry one B-3 package p er shipment, because 
of the weight of the B-3 package. Two packages per truck may be possible; 
however, depending on the exact payload weight, two  packages would likely 
exceed the maximum gross weight allowed for one tru ck. The shipments 
would go directly from the HCF to either the primar y site or to one of 
the alternative sites using the most direct route s elected by the motor 
transport company. Approximately 85 shipments per y ear will be required. 
All packaging used to store and transport waste gen erated by the isotope 
production processes will adhere to DOT requirement s as specified in the 
applicable parts of 49 CFR (7). 
FUTURE DEVELOPMENT 
Nuclear medicine is growing in importance and versa tility, leading to an 
expanding market both in the U.S. and worldwide. Th e need for nuclear 
medicine will continue to grow as populations incre ase. New 
radiopharmaceutical and medical substances are incr easing the spectrum of 
these items available to the medical community. Con currently, the number 
of countries acquiring such technologies is expecte d to increase, perhaps 
dramatically. A substantially increased demand for radiopharmaceuticals 
is likely to result. 



Future production, storage, loading, handling, and movement 
considerations of both isotope products and waste s hould focus on the 
need for modified or new containers and those that are suitable for 
automation. Significant benefits can accumulate by minimizing the human 
element in isotope production operations. Robotics Address As Low As 
Reasonably Achievable concerns and reduce the possi bility of human error. 
In addition, real-time cask identification survey a nd real-time radiation 
survey could be safely and quickly carried out mech anically. SNL's 
expertise in robotics and automated waste handling should be applied to 
the Isotope Production Project to increase producti on, safety, and waste 
management. 
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ABSTRACT 
Rust Federal Services, under contract to the United  States Department of 
Energy (DOE), Idaho Operations Office, performed a study to develop and 
evaluate the feasibility of a suggested private sec tor solution for the 
treatment of alpha-contaminated low-level mixed was te (ALLMW) stored or 
produced at the Idaho National Engineering Laborato ry (INEL). The 
feasibility study is an initial step in the potenti al procurement of 
privatized treatment services for these wastes. 



Rust's derived objective of the feasibility study w as to define an 
optimal treatment system and analyze the feasibilit y of that system for 
accomplishing the processing objectives specified b y DOE. All aspects of 
the selected treatment system were addressed in the  feasibility study, 
including technical, regulatory, public involvement , and financial 
considerations. Two central elements of the study w ere a technology 
screening task to select the optimal treatment syst em and an analysis of 
the institutional, business, financial, and contrac tual issues that are 
likely to accompany the privatization of treatment services for DOE.  
INTRODUCTION 
As a result of past nuclear defense program activit ies, a considerable 
volume of waste containing both radioactive and haz ardous contaminants 
("mixed waste") has been buried and/or stored at th e INEL. Much of this 
waste is contact-handled heterogeneous material suc h as paper, plastic 
(chlorinated and nonchlorinated), cloth, wood, slud ges, bulk metal, etc. 
This waste contains less than 100 nCi/g TRU and is therefore classified 
as low-level waste. The INEL has approximately 27,0 00 m3 of ALLMW. 
Approximately 95 percent of the waste is contaminat ed with Resource 
Conversation and Recovery Act (RCRA) hazardous mate rial, and some waste 
contains Toxic Substance Control Act (TSCA) polychl orinated biphenyls. 
However, EPA regulations prohibit the disposal of m aterial that contains 
RCRA constituents directly on or in the land withou t prior treatment to 
remove and/or destroy the hazardous constituents. T herefore, treatment of 
the ALLMW is required to remove or destroy the haza rdous constituents 
(i.e., those regulated under RCRA).  
This paper first describes the technical and instit utional issues that 
were considered in developing and evaluating the op timal system for 
treating the ALLMW. It then addresses the business,  financial, and 
contractual considerations involved in obtaining pr ivate sector 
participation in design, construction, and operatio n of the selected 
treatment facility.  
TECHNOLOGY SELECTION AND EVALUATION PROCESS 
The process used by the Rust team for selecting and  evaluating the 
optimal treatment solution for INEL ALLMW focused o n a technology 
screening and selection task to define the treatmen t technology system 
that could most cost-effectively meet all treatment  objectives defined in 
the Feasibility Study Statement of Work (SOW, Ref. 1) for the specified 
waste streams. This task was followed by an analysi s of the regulatory 
and other institutional requirements and constraint s that could affect 
the treatment facility and its operations. The step s in the technology 
screening and selection task are summarized below. 
Step 1. Identify types and quantities of waste medi a/contaminants 
requiring treatment. Approximately 27,000 m3 of was tes are stored at the 
INEL that meet the criteria for treatment in the de scribed facility. Five 
ALLMW streams (metals, combustibles, heterogeneous,  sludges, and 
concrete/bricks) account for approximately 94% of t he total waste volume. 
The remaining waste streams, which account for appr oximately 6% of the 
total waste volume, include glass, particulate matt er, plexiglass, non-
metal molds/crucibles, resins, evaporator salts, gl oves, scintillation 
cocktails, radioactive sources, and unknown wastes.  The data in Table I 
is provided to help summarize the volume of each AL LMW waste stream and 
the relative percent of the total volume that they represent. 
Table I 



As the first step in the technology screening and s election process, 
characteristics of these wastes were tentatively id entified from 
information contained in waste profile sheets. Many  of the waste profile 
sheets included only information about the radioact ive components of the 
waste, so information about the hazardous constitue nts was incomplete or 
inaccurate. As the project progressed, additional i nformation became 
available and was incorporated into decisions. 
Step 2. Define waste treatment objectives. The foll owing Rust waste 
treatment processing system objectives were specifi ed in the SOW: 
   Meet RCRA Land Disposal Restrictions for destruc tion or removal of 
hazardous constituents. 
   Meet waste acceptance criteria provided in the S OW for durability, 
compressive strength, leachability, resistance to i mmersion and 
biodegradation, and radiation stability. 
   Maximize final waste form durability. 
   Maximize options for treating a variety of conta minants and/or types 
of waste.  
Step 3. Establish screening criteria for candidate technologies. Two 
go/no go criteria were identified to immediately el iminate from 
consideration those treatment technologies that cou ld not support the 
overall waste treatment objectives. To be considere d, an ALLMW treatment 
technology had to have been successfully demonstrat ed on at least a 
pilot-scale basis and had to be applicable to at le ast 10% of the 
targeted waste streams. 
Subsequently, the Rust evaluation team produced a d efinitive list of 
ranking criteria against which to evaluate candidat e treatment 
technologies that passed the go/no go decision poin t. Each criterion was 
assigned a weighting factor consistent with the lev el of importance of 
that criterion to the overall technology selection process. The five 
ranking criteria and their respective weighting fac tors (wf) were: 
  Operability/Maintainability/Reliability wf - 5 
  Properties of Secondary Waste Streams Produced wf  - 4 
  Waste Feed Characterization and Pretreatment Requ irements wf - 4 
  Nuclear Criticality Issues wf - 3 
  Permitting Issues and Public Acceptability wf - 2  
These criteria were used for two purposes: first, t o identify 
technologies with the highest overall scores for fu rther consideration, 
and later (in Step 6) to establish relative ranking s for each criterion 
among the candidate technologies. 
Step 4. Identify candidate treatment technologies. Using the criteria 
developed in Step 3, the team identified a list of candidate technologies 
that met all ranking criteria. The candidate techno logies, identified for 
further consideration by type, are listed below. 
Thermal Processes  
 Plasma Hearth 
 Joule Melter 
 Controlled-Air Incinerator  
 Fluidized Bed  
 Metal Melter 
 Vortec Incinerator  
 Rotary Kiln  
Chemical Treatment Processes  
 SOIL*EXSM with Wet Air Oxidation 
Decontamination Processes 



 Acid Rinse 
 CO2 Blasting 
 Chemical Rinse 
Stabilization/Encapsulation Processes 
 Polyethylene Encapsulation 
 Sulfur Polymer Cement Stabilization. 
Step 5. Establish treatment system selection criter ia. Other criteria 
deemed important, as indicated by the SOW, were als o identified and used 
as factors for evaluating the candidate technologie s. These criteria 
were: 
   Versatility/robustness of system (number of wast e streams treated, 
pretreatment requirements) 
  Waste volume reduction  
  Operational safety risks (e.g., use of high-press ure systems, waste 
handling requirements) 
  Life cycle cost 
  Final waste form characteristics. 
Step 6. Evaluate and rank the treatment technologie s using the weighted 
selection criteria. In this step, applicable waste streams were 
identified for each candidate technology and each t echnology was 
evaluated against the selection criteria for the ap plicable waste 
streams. Within each waste stream, a numerical rank ing was assigned to 
each technology versus each selection criterion ref lecting the degree to 
which the technology satisfied the criterion for th at waste stream. The 
numerical values ranged from 3 (high) to 1 (low). T he numerical values 
for each waste treatment/waste stream combination w ere tallied and 
reported as a final score. The score represented th e applicability of 
each waste treatment technology to each target wast e stream. 
Step 7. Define potential treatment system implement ation scenarios. No 
single technology can effectively treat all of the ALLMW that is the 
subject of this study; a suite of treatment technol ogies is required. 
Therefore, from each of the five waste stream treat ment technology 
scoring matrices, the two highest-scoring waste tre atment technologies 
for each individual waste type were identified. Var ious combinations of 
the high-scoring technologies were evaluated to pre dict their 
effectiveness when used together to treat the total  INEL ALLMW inventory. 
In total, five waste treatment systems were evaluat ed. 
Step 8. Select the treatment system with the best c ombination of 
advantages considering all selection criteria, eval uation factors, and 
implementation scenarios. Using the waste treatment  objectives and 
evaluation criteria defined earlier, the five waste  treatment technology 
systems were evaluated to select the most advantage ous overall treatment 
system. The waste treatment system that was recomme nded consisted of a 
plasma hearth process, an evaporation system, a the rmal desorption and 
mercury amalgamation system, and a series of decont amination systems. 
This combination was selected because of its abilit y to handle the 
extremely heterogeneous assortment of waste materia ls to be treated, as 
well as the glass waste form produced and other adv antages of the plasma 
hearth technology. 
Regulatory Considerations. Because the feasibility study examined every 
aspect of siting, designing, constructing, and oper ating an ALLMW 
treatment facility, it was necessary to define the regulatory 
requirements and constraints that could impact the facility's cost, 



completion schedule, and operations. Plans were dev eloped for 
implementing: 
  A licensing and permitting strategy and schedule 
  A public acceptance program 
  Waste transportation 
  Safety Analysis Report requirements 
  Support for National Environmental Policy Act req uirements. 
In addition, a siting analysis was performed to ide ntify the most cost-
effective location for the facility. This analysis considered the public 
acceptance, licensing, permitting, waste transporta tion, and safety 
aspects of building the facility at an on-site (i.e ., INEL) location 
versus an off-site location. 
BUSINESS, FINANCIAL, AND CONTRACTING CONSIDERATIONS  
As part of the feasibility study, Rust prepared a b usiness plan for 
developing, constructing, and operating the ALLMW T reatment Facility 
under a prime contract with DOE. The business plan included a market 
assessment, an analysis of risks and liabilities, a  plan for providing 
treatment services, contractual performance terms a nd conditions, 
pricing, and other contractual considerations. 
Rust's ALLMW Treatment Facility would be planned as  a turnkey project, 
design through D&D, performed by a prime contractor . Regardless of 
whether the prime contractor enters into a joint ve nture, partnership, or 
teaming arrangement with other organizations, the r equirement for 
ensuring a reasonable return on investment will exi st. Since the majority 
of the waste that could be treated _s under DOE's j urisdiction, the prime 
contractor will need DOE's commitment to make a min imum quantity of waste 
available for processing. The contractor will then establish an equitable 
return on investment based on that minimum waste qu antity. Given this 
expectation, Rust examined various investment scena rios and concluded 
that three are most likely to meet the needs of DOE  and the contractor, 
as follows: 
Commercial Partnership Model. Rust examined a facil ity designed, 
constructed, and operated under commercial-type fix ed price contracts, 
but owned by the government. This investment scenar io provides for shared 
risk between DOE and the contractor, a reasonable r eturn on investment 
for the contractor, and, potentially, low overall c ost to the government.  
With this alternative, pre-operational costs would be reimbursed as 
incurred on a fixed-price basis, except permitting,  which would be 
performed on a cost-plus-incentive-fee basis. Opera ting costs would be 
recovered through fixed-unit-price processing reven ues. The government 
would own the treatment facility and would obtain t reatment services from 
the contractor on a fixed-unit-price basis under a multi-year 
performance-based contract.  
To maximize the benefits of this contracting arrang ement, the terms and 
conditions should be as definitive as possible to a void contingencies, 
the concept of pay-for-performance should be incorp orated wherever 
possible, and incentives should be considered where  appropriate. 
Privatized Model. Rust suggested that a "totally pr ivatized" investment 
scenario, where the contractor would pay all pre-op erational costs with 
the expectation of recovering those costs through o peration of the 
facility during the base period of performance, is the preferred 
approach. This approach would save the government t ime and money by 
optimizing contractor performance and requiring onl y a limited DOE staff 
(project manager and contract specialist) to overse e contractor 



activities. This investment scenario presents some risks that would be 
borne almost exclusively by the private contractor.  These risks would 
potentially consist of little to no cost recovery u ntil operational 
start-up, potential increases in the rate of intere st on borrowed money, 
and changes in strategy or objectives, either by DO E or the regulatory 
community, during the pre-operational period that m ay adversely affect 
the contractor's ability to recover pre-operational  costs.  
However, these risks could be mitigated by inflatio n adjustments, clear 
definition of DOE requirements in the contract, and  provision for unit 
price adjustments as necessary. For example, annual  reviews of unit 
prices in relation to interest/inflation rates and state taxes, with unit 
price adjustments to compensate for increases, woul d alleviate some 
risks. Clear definition of DOE requirements in the contract scope will 
aid in preparing accurate lump sum estimates, evalu ating them, and 
recognizing when changes are necessary and valid.  
Government Model. The "government model" would be a  conventional cost 
reimbursable contract with an incentive fee to inco rporate the pay-for-
performance concept. As in the other approaches, a performance bond would 
be required. This method would likely result in mor e competition (i.e., 
more bidders) due to the virtual elimination of ris k for the contractor; 
the lowest fee; and the lowest contractor-applied c ontingency. It would 
involve more oversight and administrative costs for  the DOE. It could 
result in additional contractor cost as additional DOE intervention 
potentially could occur. The contractor would not h ave to add substantial 
contingency for cost of money, regulatory delays, e tc. However, DOE would 
assume the majority of the risk with this approach.  
CONCLUSION 
Treatment of the ALLMW at INEL can be achieved in t he most cost-effective 
and timely manner by locating the treatment facilit y on the INEL site and 
using the plasma hearth process (PHP) technology as  the centerpiece of 
this facility. This facility will cost substantiall y less than is 
projected in current government estimates for an AL LMW treatment 
facility. The "totally privatized" investment scena rio would offer the 
most cost effective treatment services to the DOE b y allowing the private 
sector contractor to cover all pre-operational cost s and subsequently 
recover these costs through operation of the facili ty during the base 
period of performance. 
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ABSTRACT 
The Federal Facility Compliance Act (FFCA) required  that each site 
develop an inventory of its mixed waste volumes and  a plan for 
implementing treatment capacity. These plans identi fied available 
capacities of commercial facilities; however, they were unable to predict 
future commercial facilities since the private sect or was generally 



unwilling to invest in new facilities without a com mitted volume of 
waste. A review of the draft site treatment plans i ndicates that the DOE 
will need eighty-seven new treatment facilities to manage its mixed 
wastes. 
Many sites are now considering privatization as an alternative to meeting 
FFCA requirements. INEL, Oak Ridge and Hanford are expected to release 
privatization solicitations in late 1995 or early 1 996. These 
privatization initiatives represent the opportunity  to serve as a core 
for a national mixed waste strategy which can poten tially save the DOE 
millions of dollars. By expanding the treatment cap abilities and 
capacities of these three privatization initiatives , the DOE can avoid 
capital investments at multiple sites. It is expect ed that this concept 
could handle 90% of the DOE's mixed waste. The rema ining 10% could be 
managed by transportable equipment mobilized from s ite to site or to one 
or more of the privatized fixed facilities. 
This paper will expand on this proposed concept and  will include an 
update on the DOE's mixed waste privatization initi atives. It will also 
provide an industry perspective on how to structure  privatization 
initiatives that will attract industry. 
BACKGROUND 
The Federal Facility Compliance Act of 1992 establi shed requirements for 
U.S. Department of Energy (DOE) sites to achieve co mpliance with the 
Resource Conservation Recovery Act (RCRA) for mixed  wastes. Sovereign 
immunity was granted until October 1995 to allow th e DOE to devise a plan 
to ensure that adequate treatment capacity would be  available. Each site 
was required to inventory its stored waste and pred ict volumes for newly 
generated wastes. Furthermore, it required that eac h site evaluate 
treatment options and establish a schedule for trea ting mixed wastes. 
These requirements led to each site preparing a sit e treatment plan for 
submittal to their respective states or EPA for app roval. In general, 
these plans identified existing treatment capabilit ies or described 
technology development and treatment capacity activ ities needed to 
achieve compliance. Evaluations of existing treatme nt capabilities were 
limited to permitted or planned treatment facilitie s either operated at a 
DOE site or within the commercial sector. These act ivities generated the 
data required to quantify the volumes and character istics of mixed 
wastes. However, the data did not provide an evalua tion of private sector 
capabilities for adding mixed waste treatment capac ity. Nor did it 
provide the market demand information required for the private sector to 
invest in new treatment capacity. In traditional en vironmental markets, 
market demand is largely created by enforcement of regulations. Since DOE 
sites were operating under sovereign immunity, the incentive or market 
demand for creating commercial mixed waste treatmen t facilities was 
eliminated. Furthermore, since each site developed its own plan, it was 
impossible to determine the economies of scale that  could be achieved by 
combining waste streams from multiple sites with co mmon characteristics. 
To achieve compliance, the DOE identified numerous treatment systems at 
an estimated cost exceeding $7B. 
Realizing the need to "do more with less," the DOE began aggressively 
pursuing privatization for treatment of mixed waste s. Privatization will 
indeed save monies. However, if the DOE is to benef it from privatization, 
procurements must be devised that share risk to att ract the maximum 
number of competitors. In general, high risk will r esult in few 



competitors, and thus higher cost to the government . This relationship is 
depicted below. 
Fig. 1 
STATUS OF CURRENT PRIVATIZATION ACTIVITIES 
In 1995, the DOE moved forward with privatization p lans as evidenced by 
solicitations issued by INEL and Hanford. The follo wing is a summary of 
the terms and conditions and assessment of the asso ciated business risk: 
Table I 
RECOMMENDATIONS FOR IMPROVING PRIVATIZATION 
Private sector companies are not averse to assuming  risk if the risk can 
be quantified to allow a business decision. For exa mple, our parent 
company, WMX Technologies, Inc., is aggressively pu rsuing privatization 
of POTWs. These opportunities represent large capit al investments and 
risk. However, the main differences between the POT W market and the DOE 
mixed waste market is that in the former we are gua ranteed long term 
contracts. Liability is shared and rewards match ri sks. On the other 
hand, the DOE is priding itself on shifting risk to  the private sector. 
The following must be accomplished to maximize priv ate sector investment 
and participation in DOE mixed waste treatment oppo rtunities: 
  Provide adequate performance specifications 
  Guarantee minimum mixed waste volumes - combine w aste streams of common 
characteristics that can be treated by a single tre atment train 
  Fund initial technology demonstrations so that th e private sector can 
gain information on waste characteristics and treat ment technology 
efficiency 
  Change terms & conditions to avoid risk language such as "termination 
for convenience" 
  Allow waste to be treated by NRC & EPA regulation s and avoid transfer 
of DOE orders 
  Commit to schedule for delivery of waste 
  Shift control to private sector and avoid having cost plus award fee 
contractor overseeing fixed price contractor 
NATIONAL MIXED WASTE TREATMENT STRATEGY 
An innovative approach for privatizing mixed waste treatment has been 
proposed by Lockheed Martin's Center for Waste Mana gement at Oak Ridge. 
The core of this program is to establish national c ontracts for mixed 
waste treatment technologies. This approach offers the benefit of 
defining market demand for the private sector and a llowing the DOE to 
take advantage of economies of scale that would be realized by combining 
wastes from multiple sites. In order for this appro ach to be successful, 
the DOE must receive cooperation from multiple site s. Furthermore, it 
will be necessary for the sites to agree on contrac t terms and have 
funding available simultaneously. One alternative w ould be to pool waste 
management funds from multiple sites and establish a single national 
contract for treatment technologies. A roadmap must  be developed, clearly 
defining market demand, contract requirements and d elivery of waste 
volumes so that the private sector can quantify ris k and potential return 
on investment. Finally, this roadmap should include  a strategy depicting 
which waste streams will be managed at regionalized  treatment facilities 
and by mobile treatment systems. Regionalized priva tization facilities 
should be procured in a standard fashion. 
ALTERNATIVE TO NATIONAL PROCUREMENTS 
The DOE does not need a new national procurement in itiative to realize 
the benefits of privatization. Since procurements a re moving forward at 



INEL and Hanford, a new national procurement would be disruptive. 
Instead, to avoid redundancy the DOE should attempt  to coordinate 
privatization procurements to ensure inclusion of w astes treatable at 
other sites. Secondly, standard terms and condition s, performance 
specifications, and other contract requirements sho uld be structured to 
ensure adequate competition. By coordinating these large regional 
privatization initiatives (INEL, Hanford, Oak Ridge ), it is anticipated 
that 90% of mixed waste by volume could be managed.  The remaining 10% 
could be treated using the Oak Ridge model of combi ning like waste 
streams and procuring single vendors for each waste  type. These 
technologies could be offered as mobile services fo r treatment of wastes 
at individual DOE sites. The services could be mobi lized to one or more 
of the large privatization complexes or set up at a  vendor's own site. 
CONCLUSION 
Privatization of mixed waste treatment can reduce t he DOE's cost by at 
least half. If the DOE develops sensible contracts and defines market 
demand, private industry will, in the spirit of com petition, make 
treatment capacity available. A national strategy i s therefore 
recommended. The strategy should include privatizat ion of regionalized 
facilities encompassing the maximum number of waste  streams from multiple 
sites. It should also provide for procurement of ni che technologies and 
services for remaining wastes. If DOE mixed waste p rivatization efforts 
are not designed correctly, the DOE will end up wit h few competitors, 
thus negating the benefits of privatization. Furthe rmore, private firms 
that accept unrealistic risk will run the chance of  failure, possibly 
resulting in default or renegotiation of contract. 
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ABSTRACT 
The Environmental Protection Agency (EPA) has promu lgated regulations 
governing the creation and designation of Correctiv e Action Management 
Units (CAMUs) to add flexibility to the Resource Co nservation and 
Recovery Act (RCRA) corrective action process. In t he final rule, 



remediation waste is subject to land disposal restr ictions (LDRs) and 
minimum technology requirements (MTRs) in a less li miting way than has 
been the case under existing regulations. Is the CA MU concept useful? 
This paper will explore the use of the CAMU concept  and practical 
applications. The implementation of CAMUs will be d iscussed for each EPA 
Region and associated states. Currently, a few indu strial sites have 
obtained CAMUs through a Class III permit modificat ion. Details of these 
permits and discussions of permit applications bein g finalized will be 
presented. Draft Order modifications have been fina lized for several 
facilities, and these will also be discussed. Some sites have presented 
the CAMU as an applicable or relevant and appropria te requirement (ARAR), 
and the difficulties encountered will be described.  The possibility for 
application at the U.S. Department of Energy (DOE) sites will be 
detailed. Discussions will include the criterion fo r designation and 
"Keys for Success." Applications for CAMUs have bee n tracked for over two 
years, and specific projects, both commercial and g overnment, will be 
described. 
CAMU ISSUE PAPER 
The Environmental Protection Agency (EPA) has promu lgated regulations 
governing the creation and designation of Correctiv e Action Management 
Units (CAMUs) to add flexibility to the Resource Co nservation and 
Recovery Act (RCRA) corrective action process. The CAMU is similar to the 
Superfund concept of "the area of contamination," i n which broad areas of 
contamination, often including specific subunits, a re considered a single 
land disposal unit for remedial purposes. The CAMU provisions allow for 
corrective actions that may not be subjected to all  RCRA requirements. 
Rules for CAMUs achieved final status on February 1 6, 1993 (FR 8658), 
although the original corrective action rule has no t been finalized in 
its entirety. In the final rule, remediation waste is subject to land 
disposal restrictions (LDRs) and minimum technology  requirements (MTRs) 
in a less limiting way than has been the case under  existing regulations. 
A summary of the advantages of the CAMU rule are as  follows: 
  Remediation wastes, including hazardous wastes, m ay be placed in a CAMU 
without triggering LDRs. 
  Because of the flexibility in moving and placemen t of wastes, hazardous 
waste remediations may be completed in less time th an corrective actions 
subjected to all RCRA requirements. 
  Cost savings can be realized by avoiding the expe nse of off-site 
incineration. 
  More treatment of waste is expected, resulting in  remediation that is 
equally or more protective than current standards. 
  MTRs may not apply to CAMUs. 
KEYS TO SUCCESS 
Is it protective? 
Successful CAMU applications should include a clear  statement of how the 
CAMU will be more protective of health and the envi ronment. 
What is the timing? 
CAMU applications where corrective actions will be completed before March 
1997 have a better chance of success. 
Is the application complete? 
Failure to provide a complete response will cause d elays and may 
jeopardize the decision process. 
Fig. 1 
CAMU ISSUES 



A lawsuit was filed against EPA in May 1993 by the Environmental Defense 
Fund (EDF), Natural Resources Defense Council, and Hazardous Waste 
Treatment Council. The lawsuit alleges that the pro visions of the CAMU 
rule are not protective of human health and the env ironment and that 
process waste may be mixed with cleanup waste in a CAMU. A settlement is 
being sought through modifications of the Hazardous  Waste Identification 
Rule (HWIR). The first part of the proposed HWIR wa s signed November 13, 
1995. There will be separate rulemaking for HWIR me dia with final action 
anticipated by March 1997. The HWIR is expected to divide contaminated 
media into two categories: highly contaminated mate rial and less 
contaminated material. As defined under the rule, h ighly contaminated 
waste will be treated under Subtitle C, whereas les s contaminated wastes 
would be exempted from Subtitle C as long as they a re adequately managed 
under a state program. 
DISPOSAL OF CURRENTLY STORED WASTES 
While stored waste that is not remediation waste (i .e., process waste or 
other waste not generated as a result of corrective  action activities) 
cannot be disposed of in a CAMU, it is unclear whet her currently stored 
remediation waste could be disposed of in a CAMU. T he final rule does not 
address this issue. A discussion with EPA indicated  that it may be 
possible, although difficult, to obtain approval fo r the disposal of 
previously stored remediation wastes in a CAMU. The  primary obstacle to 
gaining approval for the placement of stored remedi ation wastes in a CAMU 
appears to be centered on EPA and public concerns r egarding the 
difficulty associated with ensuring that stored, no nremediation wastes 
are not unknowingly (or knowingly) placed in the CA MU. This concern 
appears to be strong enough that it is unlikely tha t facilities will be 
able to treat and/or dispose of previously stored r emediation wastes 
within a CAMU. 
IMPLEMENTATION POLICY 
The basis for implementing the CAMU provisions rest s in EPA's findings 
that RCRA Subtitle C requirements, when applied to existing contamination 
problems at a facility, can limit the flexibility o f the decision maker, 
act as a disincentive to more innovative remedies, and provide strong 
incentives for leaving wastes in place. The desire to expedite corrective 
action and achieve reasonable cleanup solutions led  EPA to develop the 
concept of CAMUs in the 1990 proposed corrective ac tion rule. Because 
corrective action at RCRA facilities often addresse s broad areas of 
contamination containing discrete waste management units, the 
consideration of a contaminated area as a whole and  selection of a remedy 
that best addresses the entire area of contaminatio n is appropriate. In 
these situations, EPA believes that the entire area  of contamination can 
properly be considered as a waste management unit. 
If the Regional Administrator determines that a CAM U designation should 
be made, the facility's permit or order must be mod ified to incorporate 
the CAMU. EPA intends to implement the CAMU rule in  all states in which 
the Agency currently administers the Hazardous Wast e Solid Amendment 
Sections 3004(u) and (v) corrective action authorit y. No formal CAMU 
guidance document exists, and the U.S. Department o f Energy Headquarters 
does not plan to issue amendments or interpretation s to the ruling. The 
tracking of CAMU requests is handled by the regiona l offices. The status 
is as follows: 
Region I 



Remington Arms (Connecticut) established a CAMU und er a modification to a 
consent Order signed by EPA on October 1994. This C AMU is for the soil 
washing residue. 
Region II 
The Region does not have a formalized Standardized Operating Procedure 
(SOP) for CAMU application. EPA has developed a pol icy that requires 
initial treatment, a waste collection system, biomo nitoring, and triple 
lining of the landfill. 
  American Cyanamid in New Jersey finalized a CAMU in December 1993. This 
was a Class III permit modification. The CAMU was a  consolidation of 
metal sludge from small landfills into a triple lin ed landfill. 
Region III 
The Region received the following CAMU applications . 
  Sci-Tech (formally American Cyanamid) has finaliz ed a Class III permit 
modification for the use of a CAMU at the Willow Is land, West Virginia 
facility. An existing basin was the designated CAMU  and will receive 
potentially contaminated soil from the Underground Storage Tank removal 
operations. 
  Standard Chlorine Superfund Site in New Castle, D elaware, is an 
operating RCRA facility. EPA, as the lead agency, g enerated a proposed 
plan for public comment. The facility commented tha t the CAMU provision 
should be considered as an applicable or relevant a nd appropriate 
requirement under the Comprehensive Environmental R esponse, Compensation, 
and Liability Act (CERCLA). The Record of Decision did not include the 
CAMU. It was reported that the facility had selecte d an inappropriate 
area. 
Region IV 
Several facilities within the Region have submitted  CAMU applications. 
  Air Products (Florida) submitted a proposal for a  Statement of Basis in 
which wastes from several areas contaminated with d initrotoluene would be 
consolidated into a CAMU and biotreated. This was f inalized August 8, 
1994. EPA signed this order September 19, 1995. 
  Southern Piedmont (Georgia) has submitted a propo sal for a Class III 
permit modification for a CAMU that would be used f or bioremediation of 
contaminated soils. 
  U.S. Electrical Motors (Mississippi) received a C AMU designation as 
part of the original Part B permit for the facility . The CAMU will be 
used to store soil excavated during construction of  interceptor trenches. 
  North Carolina granted a Class III permit modific ation to General 
Timber on June 5, 1995. 
  Caven Ham Forestry (Mississippi) has proposed a C AMU for inclusion in 
the reissuance of the permit. 
Region V 
  Ford Motor Company (Michigan) has a CAMU. Earlier  the Michigan 
authorities had discussed this facility, but EPA ha d been unwilling. EPA 
approved the CAMU application after the CAMU Rule. There are 
approximately five proposals for CAMUs in this regi on, including Ohio and 
Indiana. 
  In Ohio, an earlier petition for a facility in Ci ncinnati was not 
granted, but one application is close. A federal si te (Fernald) is in the 
"talking" stages at this writing. 
  A commercial site is being discussed in Indiana. 
Region VI 



The Region has adopted a formal SOP to maximize the  quality of review for 
CAMU requests. A regional CAMU Working Group review s applications at Peer 
Review meetings led by the applicant's EPA facility  manager. The 
following facilities have received or are pursuing CAMUs. 
  Louisiana will require consolidation waste to mee t a standard other 
than the best demonstrated available technology. 
  The W.J. Smith facility in Texas will employ a un ique technology. 
  EPA Region VI is issuing an executive order to WI TCO of Louisiana. 
Region VII 
All states in the Region have expressed favorable i nterest; however, 
there are no CAMUs or final applications in this Re gion. 
Region VIII 
Regional personnel identified as current policy the  expedient approval of 
CAMU applications where remediation and completion of the corrective 
action is likely by 1996. The time frames used in t his verbal directive 
coincide with the expected duration of the EDF laws uit. 
  The Flying J Petroleum Refinery (Williston, North  Dakota) has 
identified the location of a proposed CAMU in the C orrective Measures 
Work Plan for the Facility. These work plans have b een approved. Two 
CAMUs are designated at this facility. One CAMU wil l occupy three 
quarters of the property. The other CAMU is for lea d-contaminated soil 
being held for off-site shipment. 
  Union Pacific (Wyoming) had a CAMU designated in the work plans 
approved by EPA Region VIII on June 30, 1995. 
  For Rocky Flats (Colorado), there are early discu ssions concerning a 
CAMU. Details will be presented in a case study. 
Region IX 
California reported the following activities. 
  IT, Vinehill has requested a CAMU designation for  a landfill. This 
landfill has gone beyond the boundaries of the coun ty, and the facility 
proposes to consolidate the waste into a permanent landfill.  
  California has prepared an executive order for th is facility.California 
has a two-step process: (1) designation of a CAMU a nd (2) preparation of 
an enforceable document. 
Region X 
Except Alaska, state interest has been favorable. T he Region suggested 
those issues to be identified in the application ar e: (1) Is it 
justified? and (2) Will it facilitate treatment? 
The Hanford facility in Washington has considered a  CAMU application, but 
decided on a CERCLA designation. 
Envirosafe Services of Idaho had a CAMU designated in the RCRA permit. 
The CAMU is a Titan Missile silo. 
Table I 
With the exception of Region VI and California, the re is little formal 
guidance for CAMU applications. As demonstrated abo ve, activities vary 
from Region to Region. The informal applications ar e presented to 
indicate the variety in timing of CAMU applications  with respect to other 
corrective action activities.  
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ABSTRACT 
The Environmental Restoration (ER) Program at the R ichland Operations 
Office and the Office of Northwestern Area Programs  at Headquarters, EM-
44, have worked together successfully with regulato rs and stakeholders to 
establish a disposal facility at the Hanford site c apable of managing 
Hanford's environmental restoration waste. The Envi ronmental Restoration 
Disposal Facility (ERDF) is a technically sound, co st-effective, and 
"environmentally-friendly" disposal facility that i s the result of an 
innovative integration of CERCLA and RCRA requireme nts. Most importantly, 
in this instance, the integration of CERCLA and RCR A requirements 
represents a new paradigm in project management, on e that exemplifies the 
phrase "better, faster, cheaper". 
INTRODUCTION 
Successfully integrating the requirements of the Co mprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) and the 
Resource Conservation and Recovery Act (RCRA) has l ed to the 
establishment of an innovative disposal facility fo r managing remediation 
wastes at Hanford. Hanford's Environmental Restorat ion Disposal Facility 
(ERDF) is the result of a three to four-year effort  between the U.S. 
Department of Energy (DOE), the U.S. Environmental Protection Agency 
(EPA), and the Washington State Department of Ecolo gy to construct an on-
site facility for managing wastes from Hanford's en vironmental 
restoration program. During that time, the three pa rties considered 
several alternatives to determine which regulatory pathway would expedite 
the construction and ultimate operation of the ERDF .  
The ERDF is the primary disposal facility for waste s generated under 
Hanford's Environmental Restoration (ER) program. I t is a large-scale 
expanding landfill, authorized under the CERCLA. De signed and constructed 
to comply with the technical requirements of the RC RA, the ERDF occupies 
a 1.6 square mile area on the central plateau of th e Hanford site, 
approximately 200 feet above groundwater. The ERDF includes a double 
liner and leachate collection system. The initial t rench is composed of 
two cells, each 500 feet wide x 500 feet long and 7 0 feet deep, and is 
designed so that it can be expanded in two-cell inc rements, while still 
allowing disposal operations to continue. This "exp anding trench concept" 
allowed the DOE to significantly reduce overall pro ject costs by 
shrinking the initial facility footprint from 6 squ are miles to 1.6 
square miles, while still providing adequate dispos al capacity for the 
restoration program.(1) 
INTEGRATION OF CERCLA AND RCRA FOR THE ERDF 
The ERDF project is authorized for operation under CERCLA. The project 
was designated as the DOE pilot project to integrat e NEPA values into the 
CERCLA regulatory process. Authorization of a waste  disposal facility 
under CERCLA, and integration of NEPA values into t he CERCLA process, set 
this project apart from others at Hanford.(1) 
The first regulatory pathway considered for the ERD F, in late 1992, was 
to include the facility as a RCRA land disposal uni t in the overall 
Hanford site-wide RCRA permit, which at the time wa s undergoing review by 
the Washington State Department of Ecology. However , there was almost 
immediate concern among the three parties that this  option was 
unsatisfactory, because in addition to the lengthy RCRA permitting 



process, that by itself could take several years, m ost wastes being 
placed into the ERDF would likely be subject to the  land disposal 
restrictions (LDRs), and having to treat all of the m prior to disposal 
would be cost prohibitive. 
Shortly thereafter, in May 1993, the regulators inf ormed DOE that their 
preferred regulatory approach for ERDF was going to  be application of the 
newly-issued (April 1993) CAMU rule. The CAMU rule amounted to a more 
streamlined approach to RCRA landfill design and co nstruction, due to 
some regulatory relief from the LDRs and minimum te chnological 
requirements (MTRs). At this point, the DOE believe d that the CAMU Rule 
was a better alternative than the usual RCRA permit ting scheme because at 
least the CAMU Rule offered the DOE some regulatory  flexibility. The 
terms of NEPA and its state counterpart, the Washin gton State 
Environmental Policy Act, were to be addressed in t andem with those of 
the CAMU. CERCLA was to be addressed, but only to t he extent necessary to 
fulfill the requirements of NEPA. Thus, at that tim e, the ERDF regulatory 
package was to consist of a CERCLA Proposed Plan to  cover NEPA, a CAMU 
permit application, and a draft NEPA Environmental Impact Statement. 
This CAMU strategy was developed to take advantage of the teaming 
arrangement between the Washington State Department  of Ecology and the 
EPA. Under the arrangement, Ecology would regulate ERDF as a CAMU under 
the Hanford Site-Wide RCRA permit, and under the Wa shington State 
Environmental Protection Act (SEPA), via the State Environmental Impact 
Statement (SEIS) process. EPA would provide oversig ht and issue a Record 
of Decision (ROD).(1) 
However, by the spring of 1994, it became clear tha t even with the 
greater flexibility of the CAMU strategy, the appro ach could not overcome 
the time constraints associated with the ERDF sched ule. Since the CAMU 
process would still require the DOE to submit exten sive geotechnical data 
and design plans for the facility, similar to follo wing the full RCRA 
process, it would likely take several years before the ERDF could be 
approved. There was a very real prospect of missing  ERDF's TPA 
milestone.With Hanford's stakeholders voicing conce rns about the lengthy 
process and potential for a missed milestone, the t hree parties quickly 
came to recognize that the solution for getting the  ERDF constructed lay 
in CERCLA's advantages in terms of speed of impleme ntation over the 
RCRA/CAMU process. With the speedier CERCLA process  allowing for the 
technical requirements of both RCRA and CAMU to be integrated as ARARs, 
while also integrating NEPA values into CERCLA, the  state and the EPA 
decided that they wanted the ERDF to be designated as a CERCLA facility. 
The final CERCLA-only ERDF regulatory package was s ubmitted in September 
1994. It included the RI/FS, a Proposed Plan, a NEP A roadmap describing 
where in the regulatory package the NEPA values wer e captured, and the 
ROD, which was issued on January 20, 1995. The publ ic involvement 
schedule, beginning with the initial siting meeting s and finishing with 
the approval of the ROD, encompassed less then 15 m onths. This compares 
to a schedule that normally takes up to three years  to complete. 
LESSONS LEARNED 
The ERDF project is an excellent example of reinven ting government, or 
what the DOE-EM program refers to as "thinking out of the box". From the 
very start of the project, the major focus was to d epart from the 
conventional thinking that surrounds DOE projects. Changes to regulatory 
programs and their standards was not considered off -limits. Moreover, 
when accounting for the ERDF's tight project schedu le and impending TPA 



milestone, new ideas for expediting ERDF constructi on were encouraged. 
With the help and cooperation of the EPA and the St ate Department of 
Ecology, as well as Hanford stakeholders, normal re gulatory processes 
were streamlined. By integrating the technical requ irements of RCRA and 
NEPA with the regulatory flexibility of CERCLA, the  DOE was able to 
design and construct the most environmentally sound  and cost-effective 
facility for Hanford's remediation waste. In hindsi ght, the decision to 
depart from conventional project management thinkin g has proven to be a 
very wise one, especially in light of shrinking EM program budgets. 
Without this new approach to integrate CERCLA and R CRA requirements, the 
ERDF would not exist.  
At the present time, construction of the ERDF facil ity is well advanced. 
It is likely, weather-permitting, that the facility  will be completed 
several months early, and begin receiving waste in July 1996. In any 
case, the ERDF will be ready for operations on Sept ember 30, 1996, 
satisfying its Tri-Party Agreement (TPA) milestone.  
REFERENCES 
1. V.R. Dronen, "ERDF Project, ERC Team - Departure  from Business as 
Usual," Environmental Restoration '95, Denver, Colo rado, August 14-18, 
1995. 
 
55-4   
CAMU EQUALS FASTER, BETTER, CHEAPER REMEDIATION AT THE FERNALD 
ENVIRONMENTAL  
MANAGEMENT PROJECT 
Eva M. Dupuis-Nouill 
FERMCO* 
Fernald Environmental Management Project 
P.O. Box 538704 
Cincinnati, OH 45239-8704 
 
Lewis C. Goidell 
Jacobs Engineering Group of Ohio, Inc. 
1880 Waycross Road 
Cincinnati, OH 45240 
 
Kathleen A. Nickel  
U.S. Department of Energy 
Fernald 
P.O. Box 538705 
Cincinnati, OH 45253-8704 
 
Michael J. Strimbu 
Jacobs Engineering Group of Ohio, Inc. 
1880 Waycross Road 
Cincinnati, OH 45240 
ABSTRACT 
A 1,050 acre Corrective Action Management Unit (CAM U) was approved for 
the Fernald Environmental Management Project (FEMP)  by the U.S. 
Environmental Protection Agency (USEPA) to manage e nvironmental media 
remediation waste in the Operable Unit 5 Record of Decision, 1995. Debris 
is also proposed for management as remediation wast e under the CAMU Rule 
in the Operable Unit 3 Remedial Investigation/Feasi bility Study (RI/FS) 
Report, as of December 1995. Application of the CAM U Rule at the FEMP 



will allow consolidation of low-level mixed waste a nd hazardous waste 
that presents minimal threat from these two operabl e units in an on-
property engineered disposal facility without trigg ering land disposal 
restrictions (LDRs). The waste acceptance criteria for the on-property 
disposal facility are based on a combination of sit e-specific risk-based 
concentration standards, as opposed to non-site-spe cific requirements 
imposed by regulatory classifications. 
The designation of the CAMU was proposed because th e Department of Energy 
(DOE) will manage low-level radioactive waste, haza rdous substances, 
hazardous wastes and/or mixed wastes as remediation  wastes pursuant to 
Comprehensive Environmental Response, Compensation,  and Liability Act 
(CERCLA) response actions at this former uranium pr ocessing facility. 
Certain regulations promulgated under the Resource Conservation and 
Recovery Act (RCRA) were evaluated as applicable or  relevant and 
appropriate requirements (ARARs) for remediation of  the FEMP, including 
the CAMU Rule. Therefore, the CAMU will add a measu re of flexibility in 
order to expedite and improve FEMP remedial actions . Compliance with 
these ARARs would have increased the cost and time of the remedial 
projects without providing any additional protectiv e measures. 
Specific aspects of remediation will be expedited u nder the CAMU at the 
FEMP, based on negotiations with the Ohio Environme ntal Protection Agency 
(OEPA) and the USEPA, Region V. Environmental media  and other remediation 
waste that may contain listed hazardous wastes may be managed in the on-
property disposal facility that are below the site- specific waste 
acceptance criteria (WAC). The OEPA, in supporting this concept, has 
expressed a desire to limit placement of characteri stic waste in the on-
site disposal facility. Listed waste from any area will not invoke 
treatment standards because the regulatory status o f the waste will 
change from "listed" to "remediation" waste. For ex ample, if an area of 
concern is identified through field monitoring inst rumentation, then 
treatment will only be required if the media affect ed by a source of 
released contaminants exhibits toxicity characteris tic concentrations. 
Temporary units (TUs) and existing facilities will be designated under 
the CAMU in remedial action work plans when needed to facilitate 
remediation. These standards will allow for more fl exibility in using the 
minimum technology requirements (MTRs) so that exis ting structures may be 
used to facilitate remediation. 
WHY USE A CAMU? 
Historically, joint CERCLA-RCRA guidance dictated t hat hazardous waste 
could not be treated or moved out of the designated  area of contiguous 
contamination (AOC) without triggering LDRs or MTRs . The Corrective 
Action Management Unit (CAMU) Final Rule (58 FR 865 8, Vol. 58, No. 29), 
promulgated on February 16, 1993, provides faciliti es undergoing RCRA 
corrective action with greater flexibility to move,  treat, and dispose of 
wastes on site without triggering LDRs or MTRs, the reby encouraging 
application of innovative technologies and more pro tective remedies. 
If on-property disposal is selected as part of the preferred alternative 
for a CERCLA site, there are three possible options  for on-site 
management, treatment, and disposal:  
1) comply with LDRs and possibly request any combin ation of the 
following: a no migration petition, a treatability variance, a treatment 
and storage facility variance, or a delisting petit ion; or 
2) application of the "CAMU Rule"; or 
3) request an ARARs waiver under CERCLA.  



Management and treatment of low-level mixed waste ( LLMW) at the FEMP was 
proposed using the "CAMU Rule" because the soil and  debris containing 
hazardous waste are remediation wastes. In addition , the other options 
cited above under option 1 would prove to be more c ostly to meet 
treatment requirements and time-consuming to receiv e approval for 
variances, waivers, or petitions that do not improv e the degree of 
protection to human health or the environment. 
The "CAMU Rule" can be invoked only if the waste to  be managed is a 
remediation waste (i.e., not part of an "as generat ed" process). A 
"remediation waste" is defined in 40 CFR 260.10 [58  FR 8683] as:  
 "all solid and hazardous wastes, and all media (in cluding groundwater, 
surface water, soils, and sediments) and debris, wh ich contain listed 
hazardous wastes or which themselves exhibit a haza rdous waste 
characteristic, that are managed for the purpose of  implementing 
corrective action requirements under 264.101 and RC RA section 3008(h). 
For a given facility, remediation wastes may origin ate only from within 
the facility boundary, but may include waste manage d in implementing RCRA 
section 3004(v) or 3008(h) for releases beyond the facility boundary." 
Disposal of hazardous waste constituents during Sup erfund actions 
requires compliance with several potential ARARs un der RCRA. Once waste 
is picked up under the CERCLA area of contamination  (AOC), or from the 
RCRA unit, the requirements for waste disposal are triggered. The LDR 
treatment standards often cause increased cost and time for remediation. 
For this reason, many facility owners have historic ally opted to cap 
contaminated soil in place and avoid triggering was te placement 
standards. With the promulgation of the CAMU Rule r emediation waste can 
be managed based on protective site-specific standa rds and at a lower 
cost to the remediation project. 
Compliance with the LDRs presents the most stringen t potential waste 
placement RCRA ARARs. LDRs can be triggered as appl icable requirements by 
"placement" of restricted RCRA hazardous wastes in land-based units. 
Land-based units include landfills, surface impound ments, waste piles, 
and land treatment facilities. 
CAMU RULE CRITERIA 
EPA promulgated the "CAMU Rule" under RCRA to promo te the most efficient 
and cost-effective remediation possible. In the abs ence of the CAMU Rule, 
LDRs are triggered when "placement" occurs, as desc ribed above. In 
promulgating the "CAMU Rule", the EPA provided a se parate regulatory 
framework to manage remediation waste, judiciously expedite cleanups, and 
reduce costs. In this respect, CAMUs can only be us ed for management of 
remediation waste, not for "as generated" hazardous  wastes from ongoing 
production processes or other industrial activities . 
The CAMU designation criteria are related to the pr actical necessities of 
managing remediation wastes on site during cleanup,  rather than to the 
areal extent and the contiguousness of the contamin ation prior to 
cleanup. A CAMU can be designated to include the en tire facility, but 
cannot be extended beyond the facility property bou ndary even if the 
contamination release has migrated beyond the facil ity boundary. However, 
remediation wastes, especially environmental media,  can be managed within 
the CAMU even if they are associated with a release  that has migrated 
beyond the facility boundary. 
The "CAMU Rule" also created Temporary Unit (TU) pr ovisions [40 CFR 
264.553, 58 FR 8684] that can be applied to treatme nt or storage of 
remediation wastes during remedial activities. TUs can be located inside 



or outside the physical boundaries of a CAMU; howev er, like CAMUs they 
must be located at the facility. The EPA Regional A dministrator 
determines the requirements for siting, operating, monitoring and closing 
a TU. Like CAMUs, TUs are also not subject to LDRs and MTRs. There is a 
one-year time limit on the use of the TU which can only be extended an 
additional year if the wastes have to remain in the  unit due to 
"unforeseen, temporary, and uncontrollable" circums tances. 
According to 40 CFR 264.552(c), seven criteria are to be considered to 
designate and approve CAMUs for purposes of managin g remediation waste: 
1) Facilitate the implementation of reliable, effec tive, protective, and 
cost-effective remedies. 
2) Waste management activities will not create unac ceptable risks to 
humans or to the environment resulting from exposur e to hazardous wastes 
or hazardous constituents. 
3) Include uncontaminated areas of the facility, on ly if including such 
areas for the purpose of managing remediation waste  is more protective 
than management of such wastes at contaminated area s of the facility. 
4) Wastes that remain in place after "closure" of t he CAMU shall be 
managed and contained so as to minimize future rele ases, to the extent 
practicable. 
5) Expedite the timing of remedial activity impleme ntation when 
appropriate and practicable. 
6) Use treatment technologies (including innovative  technologies) to 
enhance the long-term effectiveness of remedial act ions by reducing the 
toxicity, mobility, or volume of wastes that will r emain in place after 
"closure" of the CAMU. 
7) To the extent practicable, minimize the land are a of the facility upon 
which wastes will remain in place after "closure" o f the CAMU. 
FEMP SITE BACKGROUND 
The Fernald Environmental Management Project (FEMP)  is a facility owned 
by the U. S. Department of Energy (DOE). The Fernal d facility occupies 
approximately 1050 acres in a rural area approximat ely 18 miles northwest 
of downtown Cincinnati, Ohio. The facility was oper ated for production of 
purified uranium metal from 1952 until 1989, when o perations were 
suspended. In July 1986, a Federal Facility Complia nce Agreement was 
jointly signed by the U.S. Environmental Protection  Agency (EPA) and the 
DOE to perform site characterization. In April 1990 , the EPA and DOE 
entered a Consent Agreement for cleanup of Fernald as a Superfund site 
under the Comprehensive Environmental Response, Com pensation, and 
Liability Act (CERCLA). This agreement has been rev ised several times, 
and is now referred to as the Amended Consent Agree ment (ACA). In 1988, a 
Consent Decree was jointly signed by the Ohio Envir onmental Protection 
Agency (OEPA) and the DOE, under Clean Water Act an d RCRA authorities, 
that provides for the management of water pollution  and hazardous wastes, 
including closure of hazardous waste management uni ts (HWMUs). This 
Consent Decree was amended in January 1993, and tog ether they are 
collectively referred to as the Stipulated Amendmen ts to the Consent 
Decree. 
Several RCRA-regulated hazardous wastes were genera ted during the 
production of uranium. Since the shutdown of produc tion operations at the 
facility, several HWMUs have been identified. Knowl edge of releases from 
the HWMUs will necessitate compliance with RCRA dur ing the remediation of 
building debris, and soil and groundwater impacted by these releases. All 
environmental media (soil, groundwater, and sedimen t) which contain 



hazardous waste constituents are anticipated to als o be low-level mixed 
waste (LLMW) due to pervasive low-level radioactive  contamination at the 
FEMP. These remediation wastes will be managed unde r the provisions set 
forth by DOE, EPA, and OEPA to designate the CAMU a t the FEMP. 
The ACA divided the site into the following five op erable units (OUs) 
based upon their location or the potential for simi lar response actions:  
    OU1  Waste Pit Area  Waste Pits 1 - 6, Burn Pit , Clearwell 
    OU2  Other Waste Units  Solid Waste Landfill, S outhfield Disposal 
   Areas, Flyash Piles, Lime Sludge Ponds 
    OU3  Former Production Area  production area an d    
  production-associated facilities and equipment 
    OU4  Silos 1 - 4 
    OU5  Environmental Media  soil, groundwater, su rface water and 
   sediments, flora and fauna 
In accordance with their signed Records of Decision  (RODs), OUs 1 and 2 
will ship their RCRA-regulated remediation wastes o ff-site, which will 
require complying with the RCRA LDRs for acceptance  at the off-site 
disposal facility. In contrast, OU5 will to dispose  of material 
containing hazardous waste constituents in an on-pr operty engineered 
waste disposal facility, and OU3, in its RI/FS Repo rt, is considering on-
site disposal for its material. 
IMPLEMENTATION OF THE CAMU AT THE FEMP 
The boundaries of the CAMU are designated in the OU 5 ROD to coincide with 
the 1,050 acres of land within the FEMP property bo undaries, such that 
remediation waste from the entire site (CERCLA's de finition of "site") 
can be managed within the CAMU. The CAMU is also de signated to include 
the on-property disposal facility, provided those w astes meet site-
specific waste acceptance criteria that are protect ive of human health 
and the environment. A map of the Fernald site (Fig . 1) shows the area of 
excavation, which was determined by the lateral ext ent of uranium that 
exceeds the site-specific, risk-based, cleanup leve l. The cleanup level 
is based on an 1 x 10-5 incremental lifetime cancer  risk for an 
undeveloped park, as described in the OU5 Proposed Plan and ROD. The 
Production Area on Fig. 1 represents the anticipate d areas containing 
potential hazardous wastes. The on-property disposa l facility will also 
function as part of the CAMU. Existing structures t o be closed during 
remediation, and TUs under the CAMU Rule, as needed  for on-property 
disposal, will be designated in the appropriate rem edial action work 
plans. 
Fig. 1 
The seven criteria described above will be met thro ugh the selected 
remedies described in the OU5 and OU3 RODs, respect ively. Each criterion 
above is referenced below in parentheses where each  one is addressed. The 
on-property disposal facility will serve as a relia ble method of 
containment, which will be designed to be effective  for 1,000 years [40 
CFR Part 192] (Criteria 1 and 4). In addition, the on-property disposal 
facility will minimize the land area for wastes tha t remain on-property 
(Criterion 7). The use of concentration-based WAC f or on-property 
disposal of LLMW constituents will ensure protectio n to the sole-source 
aquifer beneath the site, which are determined thro ugh site-specific 
extensive remedial investigations, risk-based calcu lations and modelling 
(Criterion 2). Therefore, on-property disposal will  be more cost-
effective than shipping large volumes of LLMW off-s ite for disposal 
(Criterion 1). In addition, the statutory preferenc e for treatment 



(Criterion 6) will be met through treatment of thos e excavated volumes 
that are statistically indicated to be characterist ically hazardous. 
The CAMU will expedite remediation by minimizing se gregation, analytical 
testing, and handling time that otherwise would be needed to meet the 
specific LDR treatment requirements for individual hazardous wastes 
(Criterion 1). 
The use of existing interim status HWMUs and TUs un der the "CAMU Rule" 
during remediation will also expedite remediation b ecause the need for 
construction of new storage or treatment facilities  will be minimized. In 
addition, the use of these existing facilities and TUs will not cause any 
additional impact on the environment where soil and  groundwater 
contamination already exist. Application of MTRs, i ntended to prevent 
contamination of soil and groundwater, would not be  logical for existing 
facilities/units since the very situation which the y are intended to 
prevent already exists at the site. If TUs are used  for the Fernald site, 
initial analysis within the OU5 Feasibility Study ( FS) indicates they 
might be needed for the duration for soil remediati on. 
Remediation costs will be considerably reduced by t he application of the 
"CAMU Rule" at the FEMP. OU5 contains an estimated minimum volume of 
28,000 cubic yards of soil containing RCRA-regulate d constituents. Most 
of this soil contains constituents that may be from  listed wastes, but 
which are not anticipated to exceed the WAC for the  on-property 
engineered disposal facility. Only small volumes of  soil may be 
statistically representative of characteristically hazardous waste. 
OU3 (the former production facilities) activities c urrently involve 
decontamination and dismantlement of the structures  under a Record of 
Decision for Interim Remedial Action (IROD); up to 10% of the material 
removed under the IROD can be disposed at an off-si te location. It is 
anticipated that this will typically consist of rad ioactively-
contaminated building materials which will be handl ed as low-level waste 
(LLW). Other wastes are currently being managed in accordance with 
approved removal actions. Final disposition of the material removed in 
building dismantling will be addressed in a combine d Remedial 
Investigation/ Feasibility Study (RI/FS) Report and  Proposed Plan 
currently in preparation, leading to a final ROD. T he OU3 RI/FS is 
analyzing three alternatives: 1) no further action (indefinite storage); 
2) disposal in an on-site engineered disposal facil ity; and 3) off-site 
disposal. 
Although some of the resultant OU3 remediation wast e material will likely 
be classified as mixed waste, the implementation of  the "CAMU Rule" will 
impact the level of treatment that will be required  for disposal in an 
on-site disposal facility. The constituents in the material are not 
expected to exceed the WAC for the on-site disposal  facility. If they do, 
however, the remediation waste material will either  have to be treated to 
meet the on-site WAC, or be treated in accordance w ith LDR requirements 
and be disposed of off-site at a permitted/licensed  mixed waste disposal 
facility at a significantly greater cost. 
IS THE CAMU FOR YOU? 
EPA's intent in promulgating the CAMU Rule was to a llow sensible cleanup 
solutions for existing contamination problems while  attaining the 
statutory standard to protect human health and the environment. 
Therefore, any site in the process of developing a cleanup strategy for 
existing contamination should consider using the CA MU Rule as a tool for 
implementing a potentially more cost-effective reme dy. Attributes of a 



site that might influence a decision to designate a  CAMU include the 
presence of contaminants at a site that would be re gulated under RCRA 
and/or CERCLA, and where corrective action or remed ial action is 
indicated. In addition, the use of a CAMU would be most appropriate for 
sites that plan to treat waste on-site so that stag ing areas, treatment 
units and existing facilities could be designated f or remediation 
purposes, and especially if the remediation waste m ay be managed 
permanently in an on-property disposal facility. 
SUMMARY 
The use of the CAMU at Fernald is approved by the r egulatory agencies via 
OEPA concurrence and EPA's signature of the OU5 ROD  (January 1996). A 
similar approach is anticipated for OU3's ROD (proj ected for EPA 
signature in late 1996). The CAMU Rule is the most appropriate method for 
compliance during remediation of soil and debris at  the FEMP because the 
substantive requirements under Subtitle C will be m et for providing long-
term, cost-effective, practical and protective reme diation. In this 
respect, application of the CAMU should be consider ed at other sites 
undergoing environmental restoration, regardless of  whether it is being 
conducted as a CERCLA response action (removal acti on or remedial action) 
or RCRA corrective action. 
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ABSTRACT 
Across the DOE complex, hundreds of above and below  ground storage tanks 
contain large amounts of high-level waste. The Fern ald Environmental 
Management Project, a site within the DOE complex, contains four, above-
ground, domed, concrete waste tanks. Some structura l deterioration has 
been noted in the walls and domes of the tanks, res ulting in concerns 
about leakage of their contents. Waste retrieval fo r final remediation 
must begin in 1997. 
RedZone Robotics, Inc. and Carnegie Mellon Universi ty (CMU) are 
developing a tethered mobile robot, Houdini, to wor k inside waste storage 
tanks in support of the Department of Energy's Envi ronmental Restoration 
and Waste Management (EM) Program. The development of Houdini is funded 
by the DOE's Office of Science and Technology throu gh the Morgantown 
Energy Technology Center. Houdini will first be dep loyed at Fernald in 
support of the waste retrieval for final remediatio n of the K-65 waste 
silos. Fernald personnel are active members of the development team. 
Houdini is a tethered, hydraulically powered, track  driven, teleoperated, 
work machine with an expandable frame chassis that allows it to fit 
through confined entries as small as 0.57 meters (2 2.5 in.) in diameter. 



The Houdini system performs heel removal, waste ret rieval, waste 
mobilization, waste size reduction, and other tank waste retrieval and 
decommissioning tasks. It is equipped with an artic ulated plowing blade 
and a manipulator with exchangeable end effector to oling. Tooling 
consists of a gripper, scoop, shear, vacuum suction  hose grip, and spray-
down nozzle. The system can locomote over and throu gh a variety of waste 
forms, and can operate fully submerged. An operatio ns trailer houses 
Houdini's primary operator interface console. Joyst icks, switches, and 
remote-viewing monitors allow the operator to contr ol the system from a 
remote location. A second, portable control station  provides the 
capability for local operations, on-site debugging,  system checkout, and 
emergency recovery. A navigation system developed a t Oak Ridge National 
Labs (ORNL) provides the operator with feedback on the vehicle's position 
and orientation inside the tank. 
Robotic systems are needed to work inside waste sto rage tanks in support 
of the DOE's EM activities. As a technology for sup porting the DOE's EM 
program and in comparison or collaboration with oth er competing 
technologies, Houdini provides many benefits. The H oudini system is 
designed to eliminate or reduce potential public an d operational health 
risks associated with work on DOE tanks. The system  provides fully-
contained remote operation, reducing the risk of sp reading contamination 
outside of the tanks. Because of Houdini's similari ty to bulldozers and 
backhoes from the construction industry, it provide s simple, intuitive, 
and efficient waste handling techniques. Houdini's transportation, 
installation, deployment, and removal operations ar e simple due to its 
compact size. Houdini's simplicity and operational capability lead to 
cost efficiency with respect to development, operat ion, and maintenance. 
The Houdini concept was developed specifically in r esponse to the needs 
at Fernald, but is useful at a number of other DOE sites where tank 
remediation projects are planned. Upon successful c ompletion of the 
development program, in late 1996, RedZone will mak e the results of this 
program commercially available. 
INTRODUCTION/NEEDS 
RedZone Robotics, Inc. and Carnegie Mellon Universi ty (CMU) are 
developing a tethered mobile robot, Houdini, to wor k inside waste storage 
tanks in support of the Department of Energy's Envi ronmental Restoration 
and Waste Management (EM) Program.a This project is  funded by the DOE's 
Environmental Management Office of Technology Devel opment through the 
Morgantown Energy Technology Center (METC). Our goa l is to develop 
technology that is useful for in-tank operations th roughout the DOE's EM 
program. The first application of the Houdini syste m is to support the 
waste retrieval action planned for the final remedi ation of the Fernald 
site's waste silos. RedZone and CMU have discussed potential applications 
for the system with personnel from several other DO E sites, and have 
found that the system would be widely useful in the  DOE complex for tasks 
both inside and outside of waste storage tanks. We are tailoring the 
first implementation of the Houdini system to the s pecific needs of the 
Fernald silo remediation. The Fernald application-s pecific design 
constraints are primarily interface issues and shou ld not interfere with 
the utility of the system at other sites. 
In addition, DOE personnel at the Oak Ridge Nationa l Laboratories (ORNL) 
have expressed a strong interest in the Houdini sys tem. They have a 
target application scheduled for mid-1996. This pro gram represents a 
unique opportunity to develop a new technology that  has immediate 



application in two CERCLA cleanup actions; the prop osed applications at 
Fernald and ORNL support Federal Facility complianc e agreements. 
 OBJECTIVES/PROBLEMS 
The primary application for the Houdini system is t o support the final 
remediation of Silos 1, 2, & 3 at the Fernald Site.  Houdini will perform 
essential missions in support of this final remedia tion effort that will 
retrieve waste from the tanks and vitrify it for lo ng term storage. 
The CRU4 area at the Fernald site contains 4 above- ground, concrete waste 
silos. All four domed waste silos are 24.4 meters ( 80 feet) in diameter, 
11 meters (36 feet) high at the center of the dome,  with 8.3 meter (27 
foot) high vertical walls. Four 0.51 meter (20 inch ) diameter manways are 
evenly distributed around each tank dome at 15 feet  from the side walls, 
at a slant of 17 degrees from horizontal. A fifth 2 0 inch manway near the 
center of the dome will be eliminated when a 6 foot  opening is created to 
support the remediation activity. 
Some structural deterioration has been noted in the  walls and domes of 
the silos, resulting in load restrictions. No detec table load is allowed 
on the 6.1 meter (20 foot) diameter center section of the dome. On other 
dome areas, the maximum live load is limited to 700  pounds including 
personnel and gear.  
Waste material in Silos 1 and 2 is described as K-6 5 material and has the 
consistency of toothpaste. The waste is covered wit h a 0.3 meter (12 
inch) thick layer of Bentonite clay to reduce radon  emissions from the 
waste. Material in Silo 3 is a light, dry metal oxi de powder similar in 
consistency to talcum powder. The Silo 3 waste may be compacted near the 
bottom of the silo. In addition, each silo contains  pipes, wrenches, 
sample bottles, gloves, and other debris that has f allen into the tanks 
over the years.  
The fourth silo is identical to the other three, bu t was never used for 
waste storage. It will be used as an uncontaminated  mock-up facility to 
fully test all procedures prior to remediation of o ther silos. Silo 4 may 
be partially filled with a surrogate waste material  to support these 
tests. 
To enable the waste retrieval operations in light o f the dome load 
restrictions, a superstructure has been constructed  over Silo 4. An 
equipment room situated over the center of the dome  is supported by the 
superstructure. Seals will be installed between the  equipment room and 
the silo dome and a six foot diameter opening will be made in the silo 
dome directly under the equipment room. Doors in th e equipment room floor 
will provide access to the tank. Controlled entry p oints, rails, winches, 
equipment carts, and other mechanisms in the equipm ent room will support 
the deployment and retrieval of equipment into the silo. 
The primary retrieval method for Silo 1 and 2 waste  will be hydraulic 
removal. A sluicing pump will be lowered into the t ank from the equipment 
room. Water will be added to the waste material and  the liquefied waste 
will be pumped out of the tank. In Silo 3, pneumati c conveyance will be 
used to retrieve the waste material. The methods wi ll remove the bulk of 
the waste materials from the tanks, leaving only de bris and a waste heel 
to be removed by other means. 
APPROACH/SOLUTION 
The Houdini system will be used for heel and debris  removal from the 
tanks, during and after the bulk material removal b y sluicing and 
pneumatic conveyance. In Silo 4, Houdini's capabili ties will be fully 
tested in an uncontaminated environment. The silo w ill be partially 



filled with surrogate waste material and debris tha t approximates the 
waste properties in Silos 1 and 2. During bulk mate rial removal, Houdini 
will be deployed to remove debris material that int erferes with the 
sluicing operation. Using a shearing tool and gripp er, Houdini would be 
deployed to gather debris, size reduce the debris a s necessary, and load 
the debris into a tram bucket for retrieval from th e tank. After the bulk 
waste removal action is complete, Houdini will be d eployed to perform 
waste heel removal and debris collection. To perfor m the heel removal, a 
small sluicing pump will be lowered into the tank. Houdini will use its 
gripper to deploy a water spray nozzle. Water spray  will be used to 
mobilize the heel material and wash it toward the s luicing pump for 
removal. The Houdini plow blade will be equipped wi th squeegees on the 
sides and bottom and will be used to push slurried waste material toward 
the sluicing pump. The edge of the plow blade can b e used to push waste 
material away from the side wall of the tank to cle an the edges of the 
tank floor. Houdini can also be used to wash down o r apply a spray 
coating to the tank side walls for decontamination.  
In Silos 1 and 2, Houdini will be used to support w aste retrieval for 
final remediation in the same modes as described ab ove for the Silo 4 
functional test. The radioactive waste in Silos 1 a nd 2 will be primarily 
retrieved by sluicing, after which, the waste will be vitrified for long 
term storage. 
In Silo 3, Houdini will support waste retrieval for  final remediation in 
conjunction with the bulk material removal by pneum atic conveyance. 
Specifically, Houdini will perform debris collectio n, size reduction, and 
removal during and after bulk pneumatic conveyance,  and perform heel 
removal by deploying a pneumatic vacuum hose. In ad dition, Houdini could 
be used to plow waste material to a central point f or pneumatic 
retrieval. Houdini could also deploy tools to assis t in removing 
compacted waste material from the tank floor. 
PROJECT DESCRIPTION/TECHNOLOGY 
System Overview 
The Houdini system consists of five main components  and their subsystems; 
the vehicle, deployment system, PDCU, control conso les, and tooling. 
Vehicle  
The vehicle is a hydraulically-powered, track-drive n, folding frame 
machine similar to a small bulldozer. The vehicle c an fold to fit through 
a 0.57 meter (22.5 inch) diameter opening for deplo yment, and is equipped 
with a plow blade and a manipulator arm. The plow b lade also folds for 
deployment and can be height-adjusted for plowing v arious materials at 
various rates. The manipulator is a Schilling Titan  class hydraulic 
dexterous manipulator, which can deploy a variety o f tooling for 
performing work inside a tank. The vehicle tether i s attached to the rear 
of the folding frame assembly. The tether terminati on will support the 
full weight of the vehicle and tooling to enable de ployment and 
retrieval. Two camera and light assemblies provide visual feedback for 
remote operation. One camera and light unit is moun ted on the forearm of 
the manipulator. The camera is aimed by orienting t he manipulator. The 
second camera unit includes a pan and tilt unit and  is mounted on a mast 
at the manipulator shoulder. A microphone will prov ide audio feedback to 
the operator. Navigation system sensors will be ins talled on the vehicle 
as part of the navigation system interface. 
Deployment System 



The deployment system is designed to interface with  the superstructure 
and equipment room above the Fernald waste silos. I t is an important part 
of the Houdini system. First, it provides a conveni ent way to remotely 
manage and store the 150 feet of tether that is the  lifeline of the 
Houdini vehicle. Second, it provides the lifting fo rce that is needed to 
lower and raise the vehicle into and from the tank.  Third, it provides a 
"docking area" where the vehicle can be secured dur ing storage or 
transport, and lastly, it provides an area where sp are parts or tools can 
be stored when not in use. 
Tether Reel 
The tether reel is a "spool" looking device that is  48 inches in diameter 
and 30 inches wide. A flange at each end contains t he tether on the drum. 
Payout of the tether is controlled by a mechanical level-wind system that 
ensure that the tether does not cross over on itsel f and tangle. The 
tether reel is driven by a hydraulic motor with a " power-off" brake in 
case of hydraulic power loss. The hydraulic motor i s sized to allow a 
pull force of 2000 lb tangent to the reel surface. A payout sensor is 
used to monitor the length of tether that has been reeled out. The sensor 
shall also indicate ends of travel (i.e., when the tether is completely 
in or out). A means of manual retrieval is necessar y in case of hydraulic 
power failure. This is accomplished with an externa l, battery powered, 
hydraulic supply and manually operated valve.  
Tether 
The tether is used to lower and raise the vehicle i n the tank and 
provides control signals and electric and hydraulic  power to the vehicle. 
The tether will be a custom fabrication that includ es: 
  Strain-relief termination 
  Hydraulic supply and return lines 
  Shielded-twisted pairs for control and feedback s ignals 
  Mini-coax lines for camera signals 
  Shielded-twisted pairs for navigation system sign als  Conductors for 
power to onboard valving 
  Kevlar braid for structural support (to carry the  weight of the 
vehicle) 
  Abrasion resistant coating 
Power Distribution and Control Unit 
An environmentally sealed and temperature controlle d power distribution 
and control unit (PDCU) will be installed on the su perstructure, outside 
the equipment room. The PDCU includes the electric transformers and 
distribution/conditioning equipment, the control sy stem, and tether and 
control system interface connectors. A separate enc losure will house the 
electrically-powered hydraulic power supply. 
Control Console 
The operator console provides the operator interfac e to the Houdini 
system. The console includes joysticks, switches, a  master manipulator, 
and video monitors for controlling system functions  and monitoring system 
operation. 
Navigation System Interface 
An interface will be provided to the Position and O rientation Tracking 
System (POTS) which has been developed at ORNL. ORN L has agreed to make 
POTS available to this program as Government-Furnis hed Equipment. POTS 
will provide accurate feedback on the vehicle's pos ition and orientation 
inside a tank to enable more efficient and robust c ontrols. 
Control Trailer 



A control trailer will house the operator control c onsole. The trailer 
will be a simple mobile, industrial trailer that pr ovides heated and air 
conditioned real estate for the operator. Tie downs  will be provided for 
securing the trailer against high wind. The trailer  will be structurally 
capable of being moved with the control console ins ide. The trailer will 
require 110 volt site power. 
Suitcase Controller 
A hard-wired suitcase controller will be available to perform system 
checkout, local operations and provide for emergenc y operations in the 
case of console/control computer or telemetry failu res between the 
control center and the deployment system. Switches,  buttons, and a single 
remote viewing monitor will provide for simple oper ations from the 
suitcase controller. 
Tooling 
Specialized tooling will be provided to enable the use of the Houdini 
system in support of the Fernald waste retrieval pl ans. The bottom and 
sides of the plow will be equipped with squeegee bl ades to provide 
efficient mobilization of the waste slurry on the f loor of the tank. A 
gripper, shear, and scoop will be provided for depl oyment from the 
manipulator. For sluicing operations, Fernald will provide a small pump 
for heel removal operations; RedZone will equip the  pump with a water 
line, hose reel, and spray nozzle that can be deplo yed by the Houdini 
manipulator to spray-wash waste material toward the  sluicing pump. For 
vacuum retrieval operations, Fernald has agreed to provide a hose grip 
that will attach to the manipulator and enable the deployment of a 
pneumatic vacuum hose. 
APPLICATION/BENEFITS 
As a technology for supporting the DOE's EM program  and in comparison or 
collaboration with other competing technologies, Ho udini provides many 
benefits. The Houdini system is designed to elimina te or reduce potential 
public and operational health risks associated with  work on DOE tanks. 
The system provides fully-contained remote operatio n, reducing the risk 
of spreading contamination outside of the tanks. Be cause of Houdini's 
similarity to bulldozers and backhoes from the cons truction industry, it 
provides simple, intuitive, and efficient waste han dling techniques. 
Houdini's transportation, installation, deployment,  and removal 
operations are simple due to its compact size. Houd ini's simplicity and 
operational capability lead to cost efficiency with  respect to 
development, operation, and maintenance. 
Evaluating the merits of the Houdini system for the se applications 
requires comparing it to competing technologies. In  comparison to mobile 
robot systems that are currently available, Houdini 's folding frame 
technology provides a substantially larger work pla tform which can fit 
through existing tank openings. As a larger platfor m, Houdini is more 
powerful, more efficient, and more capable than oth er, smaller mobile 
systems. 
Several non-robotic retrieval methods are being con sidered for use in DOE 
tanks. These technologies, such as sluicing, pumpin g, and pneumatic 
conveyance, are appropriate or preferred technologi es for some of the 
tanks in the complex. As it will at Fernald, Houdin i could assist in the 
application of these retrieval and conveyance metho ds. In addition, the 
current design could be applied for use in Oak Ridg e's north and south 
tank farms. 



Depending on specific work tasks and application si tes, Houdini can be 
deployed to either complement or replace a long-rea ch manipulator (LRM) 
system. Used in conjunction with LRMs, Houdini prov ides additional or 
enhanced capabilities inside a tank. In tasks where  Houdini is useful 
instead of LRMs, Houdini will be simpler and less e xpensive to deploy, 
operate, retrieve, and decontaminate than LRMs.  
FUTURE ACTIVITIES/APPLICATIONS 
In addition to the primary application at Fernald, other applications for 
Houdini have been identified in support of tank was te retrieval 
operations in the DOE and private sector. Also, sev eral tasks outside of 
tanks have been identified for which Houdini would be useful. 
Oak Ridge North and South Tank Farms 
The north and south tank farms at Oak Ridge Nationa l Laboratory have a 
total of 16 domed, cylindrical, single-shelled, und erground storage tanks 
made of Gunite (similar to concrete), ranging in di ameter from 20 to 50 
feet and equipped with 24 inch diameter manway pene trations. These tanks 
were used to store laboratory waste and are expecte d to contain a wide 
variety of materials, with estimated radiation leve ls of 1 to 100 R. 
During 1983-1984 the tanks were emptied through a s luicing method, 
leaving a heel of up to several feet thick at the b ottom. The heel waste 
must be removed to prevent the migration of waste m aterial out of the 
tanks. ORNL is under a Federal Facility Compliance Agreement to complete 
a CERCLA treatability study on the Gunite and assoc iated tanks. The 
baseline plan for this study includes the evaluatio n of both vehicle- and 
arm-based retrieval systems. The current plan at OR NL is to evaluate the 
Houdini vehicle during this study, and if successfu l, Houdini might be 
selected for the final remediation retrieval action .  
Other DOE Tank Applications 
The Houdini system is useful in a variety of other DOE tank waste 
retrieval operations. Houdini could be deployed in a tank prior to the 
major removal action to collect additional informat ion about the waste 
content and tank interior. 
In support of other in-tank work systems, such as l ong reach 
manipulators, Houdini could be used to deploy camer as, lights, and sensor 
systems. The mobile deployment of such monitoring e quipment will provide 
viewing and data gathering flexibility that cannot be achieved by 
mounting such equipment on fixed masts or on a long  reach manipulator. 
The long reach manipulator (LRM) systems that are b eing developed for 
tank waste retrieval will require a variety of tool s to accomplish their 
tasks. The Houdini crawler could serve as a mobile tool carrier for the 
LRM, carrying several tools and making them availab le at the most 
appropriate location inside the tank. 
In support of final tank decontamination and decomm issioning, Houdini 
could deploy tools to scarify internal tank surface s. 
Commercial Tank Applications 
Periodic cleaning and inspection of storage tanks i n petro-chemical 
industries are becoming common maintenance procedur es. It is likely that 
these procedures will be required by law in the US in the next few years. 
We have been in contact with several service provid ers in the petro-
chemical industry, who have expressed an interest i n the Houdini system 
in support of these operations. 
Non Tank Applications 
Alternate uses currently envisioned for this system  include indoor as 
well as outdoor tasks. In support of buried-waste e xcavation programs, 



Houdini could perform fine excavation and monitorin g to assist a larger 
remote excavator, perform fine excavation to isolat e and extract specific 
objects, and assist removing a drum in one piece. I n support of 
decontamination and dismantling programs, Houdini c ould be used as a 
small platform to gain access through tight areas f or selective equipment 
removal and could lend assistance to larger worksys tems as a tool-carrier 
platform, size-reduction system, or waste packaging  system. In support of 
surveillance and monitoring operations, it could pe rform such functions 
as monitoring drum storage areas and decommissioned  processing areas 
requiring access to tight corridors. Removal of the  tether is possible 
through the use of a gas-engine or batteries and th e interface of a radio 
telemetry system. 
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ABSTRACT 
This paper describes the design, manufacture, integ ration, testing, 
training, and commissioning of 2 Remote Controlled Material Handling 
System (RCMHS) for the retrieval of approximately 5 ,600 drums containing 
solid Thorium waste at DOE's Fernald site. The work  was performed by Spar 
Environmental Systems in partnership with RSI Resea rch under a contract 
from Fernald Environmental Remediation and Manageme nt Company (FERMCO). 
The RCMHS design and development program presented unique challenges to 
produce two remotely controlled vehicles capable of  inspecting, 
acquiring, retrieving, and disposing of drum contai ners containing solid 
thorium waste. A very aggressive schedule had to be  matched with meeting 
stringent safety requirements and developing system s capable of handling 
drums ranging in size from 35 to 110 gallons and we ighing up to 1300 lb 
each. The system also had to lift and transport a f ully loaded Thorium 
Overpacking Container (TOC), which is a 6 drum hold ing pallet and a lid, 
weighing up to 8,000 lbs when full. 
The design concepts were developed at the proposal stage and were adhered 
to with minimal changes on a fast track program to mitigate risk. The 
program required that detailed design be completed,  materials and parts 
be manufactured, software written, and the system i ntegrated and tested 
within 12 weeks from issue of the contract. The RCM HS system was designed 
around a standard Nissan "Box Car" fork lift truck which was heavily 
customized for remote control. The vehicle includes  a unique Drum and 
Plywood Handler (DPH) which is a specialized 4 degr ee of freedom 
attachment designed to manipulate either drums or p lywood sheets, see 
Fig. 1. In addition the RCMHS is capable of remotel y picking up loose 
material with special purpose clean-up tools. 
The two systems have been delivered and commissione d at the Fernald site 
and are ready for operations inside the drum storag e warehouse, Fernald 
Site Building 69. With 12 site operators fully trai ned and the system is 
now being put into service. 
Fig. 1 
RCMHS GENERAL DESCRIPTION 
The Remote Controlled Material Handling System (RCM HS) is a highly 
modified 8000 lb commercial fork lift truck which p rovides the capability 
of handling radioactive thorium waste stored in a w arehouse. The drums 
are stacked tightly together, three tiers high with  plywood sheets 
separating the tiers. To complete the remediation p roject the RCMHS 
undertakes the following 5 functional tasks:  
1) Normal drum retrieval, through grasping the drum s by their chimes; 
2) Corroded drum retrieval through grasping and sup porting the bottom of 
the drum or rotating of the drum so that the lid be comes the new base; 
3)  Plywood separator retrieval, by lifting and cla mping the plywood 
sheets and placing them in a stack; 



4)  Debris clean up, achieved by the DPH picking up  the spillage 
container and the debris sweeper; 
5)  Moving Thorium Overpacking Containers and remov ing / replacing the 
lid to these containers, achieved with standard for ks and sideshifter. 
REMOTE CONTROL BASE UNIT 
The Remote Control Base Unit (RCBU) consists of the  Base Fork Truck, the 
On Board Remote Controllers (3), the Visual Monitor ing System, Hydraulic 
control modules, hoses, and cables, see Fig. 2 for general overview 
layout. The Base Fork truck is an 8000 lb capacity,  2 wheel drive, liquid 
propane gas powered, "Box Car" Fork Lift Truck (Box  Car models are 
approximately 8 inches shorter which gives a tighte r turning radius). A 
three stage mast provides up to 151 inches of lift capability with 6925 
lbs at a 24 inch offset from the face of the forks.  With 8000 lbs at 24 
inches, the mast can be raised to a height of 41 in ches in free lift 
mode; where the carriage rises on the central cylin der but the mast 
stages remain collapsed. The mast can be tilted fro m 5 degrees forward 
and 5 degrees backwards.  
Fig. 2 
Permanently mounted to the RCBU lift carriage is a side shifter which 
provides +/- 4 inches of lateral movement and funct ions as a platform for 
the mounting of the DPH or Forks. The centre of gra vity of the cargo was 
offset by an additional 3 inches from the front axl e of the lift truck as 
a result of the thickness of the sideshifter being added to the carriage. 
This added to the weight of the side shifter, appro ximately 400 lbs, 
meant that the counter weight at the back of the ve hicle had to be 
supplemented with an additional 600 lbs to ensure t he handling 
characteristics with full load were maintained. The  On Board Remote 
Controller (OBRC) provides local vehicle control fo r the RCBU hydraulic 
actuators and camera/ Pan/Tilt Unit (PTU) functions . It also receives and 
transmits data to the Control console, and provides  system health 
monitoring. The RCBU includes the camera/PTU assemb lies and their support 
frame. The electrical system of the lift truck was modified to include an 
additional battery for the OBRC to ensure that the voltage levels were 
maintained during start up. The alternator was repl aced with a larger 
capacity unit to supply the needs for the electroni cs, lights, camera 
assemblies, and hydraulic valves. The gear pump tha t was supplied with 
the lift truck was replaced with a pressure compens ated hydraulic piston 
pump to reduce the heating effect on the hydraulic fluid.  
ON BOARD REMOTE CONTROLLERS (OBRC) 
The OBRC controls the RCBU and drum /plywood handle r functions through 
proportional valves, solenoid valves and, pressure and flow regulators. 
In case of an emergency, the parking brake is autom atically activated by 
the Controllers if the health monitoring system is triggered by a 
telemetry fault, loss of hydraulic pressure, or ele ctrical power 
disruption. The fail safe capability of the parking  brake is achieved 
through spring activation with the spring rate bein g set to provide a an 
acceptable stopping rate. The OBRC substitutes for the normally human 
controlled functions on the fork truck such as brak ing, throttle, gear 
shifting, parking brake release, mast lift and tilt , and steering. The 
manually controlled valves were removed and replace d with electrically 
actuated proportional control valves. The parking b rake has a manual 
release, to allow towing on the RCBU in case of a c omplete system 
failure. The main brake is integrated into a single  control which is 
proportionally released as the joystick on the cont rol panel is moved 



from the centre position. The brake will not releas e unless a motion 
enable trigger (dead man switch on the joystick) is  held closed. When 
mast or DPH functions are desired the RCBU is switc hed to handling mode. 
This causes the engine RPMs increase, providing add itional hydraulic 
power for lifting or handling drums. To ensure that  the resultant extra 
engine power is not transferred to the drive train,  thus creating an 
unsafe condition, forward and reverse motion is dis abled while in 
handling mode. 
Due consideration of the radiation environment in w hich the OBRC and RCBU 
are operating has been made in selecting the electr onics and CCD camera 
systems. In general, commercially available electro nic components and CCD 
devices are capable of sustaining total radiation d osages of the order of 
5 kilorad without sustaining damage or degradation in performance. This 
is roughly an order of magnitude higher than the to tal dosage expected 
throughout the operational life of the RCBU, thus a voiding the need for 
radiation hardened components. The major hazard in the Building 69 is 
airborne thorium particulate, which presents no haz ard to the RCBU 
components. 
Three controllers are utilized on the RCBU. Control ler 1 provides the 
base vehicle functions such as brakes, throttle, ge ar shifting, mast 
lift/lower, mast tilt, and sideshift. The second co ntroller operates the 
Drum and Plywood Handler's solenoid valves. The thi rd controller drives 
the camera functions (zoom and focus) and pan and t ilt motions. The Third 
unit also handles the communications between the OB RC and the Remote 
Operations Console controller. The complete Electri cal Block diagram for 
the RCMHS system is shown in Fig. 3.  
Fig. 3 
DRUM AND PLYWOOD HANDLER (DPH) 
The DPH is designed to handle normal drums, corrode d drums that could 
rupture, 4 by 8 foot plywood sheets used to separat e the tiers of drums, 
and with the help of remotely installed tools picku p loose material from 
the floor. The DPH attachment was based on a "Casca de" 3500 lb 
rotator/clamp that has been modified to better comp lete the tasks 
required of it. The DPH is capable of +/- 168 degre es of rotation. This 
allows a suspect drum to be carried on its side the n placed in its lid on 
the Thorium Overpacking Container. Hydraulic travel  stops limit the 
rotation so that the internal cable cassette is not  over stressed. 
The drums are held by two grippers which are mounte d on a set of arms. 
Each arm is driven by a hydraulic cylinder and thei r motion is 
synchronized with a hydraulic flow divider. The cla mp arms are capable of 
gripping drums from 20 to 30 inch in diameter,which  corresponds to drums 
of 35 to 110 gallon capacity. Travel stops on the c ylinders limit the 
minimum to maximum gripper openings from 18 to 35 i nches respectively. 
Gripper pressure is maintained on a drum even if th e RCBU is shut down by 
pilot operated check valves. The grippers have 3 pr essure settings for 
closing, low for empty drums (300 psi), medium for loaded 55 gallon drums 
(650 psi), and high for overpacking drums (800 psi) . The load settings 
can be adjusted to any pressure using the relief va lves.  
The barrels are held on either side with two large grippers. Each gripper 
has fifty-five rubber nipples which are pressed ont o the barrels to 
provide both grip and support of the drum chimes. T he grippers slide 
along linear bearings on the support arms to retrac t the drums over the 
support plate. The gripper Extend/Retract drive uti lizes 1 hydraulic 
motor on each arm which moves the grippers through a chain/ sprocket 



drive. The two grippers are synchronized using a pr essure compensating 
flow valve which keeps their rate within 4 percent of each other. If the 
gripper plates do get out of synchronization they w ill equalize at the 
end of travel hard stops. 
The Grippers present a narrow profile when approach ing drums, thus 
allowing the drums to be removed even when they are  placed chime to 
chime. The drums in the stacks are tight to one ano ther, so to remove 
them, the RCBU approaches the stack at a 60 degree angle to the face. The 
corner drum is removed first thus producing a wider  profile on the 
adjacent drum. This procedure is repeated along the  face of the stack 
until all the drums are removed. The second row is then removed in a 
similar manner. When all 8 drums are removed from a  plywood separator, 
the sheet can be taken away to expose the tier belo w. Limited pushing of 
the drums can be attempted with the grippers, howev er, if the drums are 
heavily corroded this action increases the risk of rupture.  
The drums are supported after they are retracted in to the DPH with a 
support plate. Two dual acting hydraulic cylinders provide the support 
plate with up to 8 inches of vertical travel. The L ift plate is hinged to 
prevent damage to itself or the tops of drums if th e mast is tilted 
forward during operations.  
For tasks of lifting the plywood separator sheets, the support plate is 
inserted under the edge of the plywood and the RCBU  is driven forward so 
that the plate slides under the sheet. The support plate is raised until 
it contacts 4 rubber nipples on the under side of t he grippers. The 
rubber securely holds the plywood so that it can be  manoeuvred by the 
RCBU.  
The DPH can be removed from the side shifter with q uick mechanical, 
electrical, and Hydraulic connections. The forks ca n then be installed on 
the carriage to allow the RCMHS to handle the TOC. The DPH to fork 
exchange task or the reverse operation can be perfo rmed single handedly 
in less than 5 minutes. 
SWEEPER PLATE AND SPILLAGE CONTAINER  
The sweeper plate and the spillage container are de signed to be remotely 
installed onto the DPH by driving the support plate  into a pocket at the 
back of the Spillage container. The Sweeper is clam ped with the grippers, 
then lifted out of a tool rack. The sweeper plate c an be retracted 
towards the spillage container using the gripper ex tend /retract drive. 
The sweeper preforms two functions, the first is to  pull debris into the 
spillage container and the second is to hold the sp illage container 
closed during transportation to the disposal contai ner. The scoop on the 
front of the spillage attachment is hinged and will  dump automatically 
due to the force of gravity, if the sweeper is exte nded away from it. 
REMOTE OPERATING STATION (ROC) 
The Remote Operating Station is installed into a tr ailer adjacent to 
Building 69. The ROC is an operator work station pr oviding two control 
consoles, the main console is used for RCBU control  functions and the 
other provides control of the cameras and PTUs. In addition, two color 
televisions provide the operators with the camera v iews from the RCBU. 
The operator console features a joystick for RCBU f orward, reverse, speed 
and steering control. A deadman trigger is incorpor ated in the joystick 
and if released it will apply the brakes and cut th e throttle. The 
command console features 2 key locks to enable the RCMHS and 10 status 
warning lights, Fig. 3 shows the warning sensors. I ndividual switches 
give the operator control of all the discrete funct ions in the RCMHS. An 



emergency stop button on the console provides the o perator with a method 
of shutting down the system if needed. 
A separate console with 2 joysticks is provided for  the camera pan and 
tilt, and zoom and focus controls. This console als o houses the 
supervisor emergency shutdown, for potential hazard ous conditions 
unobserved by the operator.  
Hardware safety features are backed up by software interlocks that 
automatically stop the RCBU if protocols, handshake s, and system 
parameter set points are violated. The RCBU is stop ped by an internal E-
Stop which functions similar to the RCMHS Halt. 
VISUAL MONITORING SYSTEMS 
The VMS is a critical subsystem for the successful operation of the RCMHS 
under remote teleoperation. The ability to remotely  navigate the RCBU 
within the confines of the building and to safely m anoeuvre the RCBU and 
operate the attachments to inspect, grapple, secure , transport and 
dispose of drums, separators and loose material, ar e totally dependent on 
the visual system. Wide angle lenses give the camer as approximately a 90 
degree field and give the operator the ability to s ee both the vehicle as 
a reference and work area. To increase the operator s efficiency, 
additional camera views are provided at the work si te to give an overall 
perspective to the operations. Reversing and manoeu vering in confined 
spaces with grappled payloads is a challenge. The V MS provides the 
operator with reverse and forward viewing by pannin g the cameras.  
The minimum focus distance required for handling th e drums is 
approximately 5 ft, which is compatible with the mi nimum focus of the 
10:1 zoom ratio lens selected. Each camera has its own quartz halogen 
flood light which is co-linearly mounted on the Pan  and Tilt Unit to 
provide direct illumination of the work site. The l ight from the floods 
is cast over an area which closely matches the came ras widest field. 
Since all operations require the operator to discer n the position of the 
RCBU and its tools from the surroundings, visual cu es on the mast, DPH, 
and tools are critical to successful completion of the tasks. The mast 
height, tilt, and side shift can be seen directly w hen the left side 
camera is tilted down. The camera is able to view f lat black markers 
against a bright yellow or orange background. The h eight of the carriage 
on the mast is directly shown in one foot increment s. For the DPH 
grippers the end of travel positions for extend/ re tract are given with a 
black stripe.  
CLPA MOUNTING ON THE RCBU 
The Cameras, Lights and Pan/tilt Assemblies (CLPA) are positioned on the 
top of the centre stage of the mast. The cameras ar e positioned 
approximately 2.5 m above ground level with the car riage operating in the 
free lift range. When the DPH is raised for third t ier drum operations 
the cameras rise with the centre stage thus maintai ning a perspective 
view. With the two cameras mounted on the same plan e, the operator is 
provided with a perspective to sense depth. The cam eras also give a clear 
sense of the position of the RCBU centre line which  is a critical step in 
alignment for drum handling. 
TELEMETRY AND VIDEO COMMUNICATIONS 
A hard wired telemetry, audio, and video system pro vides a total of 500 
feet of communications length between the ROC and t he RCBU. For 
operations within Building 69, a 9/32 inch steel ai rcraft cable is strung 
the length of the warehouse, approximately 250 feet . The telemetry and 
video cables are then hung on the aircraft cable wi th quick connection 



hangers spaced every 12 feet for a total length of 240 feet. The 
remaining cable is used to provide the run between the trailer and 
Building 69. 
To provide the vehicle with lateral movement capabi lity within the 
building, a cable pulley system is mounted on the r ight side of the RCBU. 
This allows up to 30 feet of movement to either sid e of the aircraft 
cable. The pulley system also provides some tension  to the cable for 
retrieval behind the RCBU as it moves along the len gth of Building 69. 
REDUNDANT EMERGENCY STOP 
The RCMHS is equipped with a Redundant Emergency st op which ensures that 
even if the primary telemetry link does not respond  to the command, a 
second path will safe the RCBU. The redundant emerg ency stop operates 
through a separate set of conductors and when the s ignal is tripped, a 
power relay is cut which shuts down the RCBU engine  and vehicle controls. 
When the Emergency Stop is commanded the following occurs: 
a) the engine is stopped,  
b) the parking brake is activated, by cutting power  to the solenoid, 
c) the transmission is shifted to neutral, 
d) all mast and attachment functions are stopped, 
e) the electronics and the video system put in stan dby. 
RCBU MANUAL OPERATIONS 
A pendant can be manually attached to the RCBU whic h allows limited local 
operations of the base vehicle, mast and sideshifte r. This pendant is 
used to assist the operator in the change out tasks  of the DPH to the 
fork and vice versa or in case of a control system failure. 
DESIGN AND MANUFACTURE 
Due to the extremely short schedule for the develop ment of the RCMHS it 
was critical that the design and manufacturing stag es be integrated, so 
that the critical components were fully detailed an d in the process of 
manufacture, while the less critical components wer e being designed. The 
design concepts, layouts and detailed drawings were  all performed using 
Autocad.  
The Drum and Plywood handler hydraulic hosing and t ubing layout had to be 
undertaken right on the vehicle due to their comple xity and short 
development schedule. The first vehicle became the prototype for the 
hydraulic arrangement and then this was duplicated onto the second 
vehicle. A detailed photographic record of the hydr aulic layout was kept 
as a reference for future builds. 
The DPH and scoop/sweeper had to be remotely stored  and installed with no 
manual intervention, this meant that each tool requ ired its own custom 
stand. The stands had to not only support the tools , they also had to 
provided alignment guides for the visual system. A combination of course 
visual cue and fine mechanical guides were used for  the removal and 
replacement operations. The visual cues were develo ped during the initial 
testing phase of the RCMHS. This process of tailori ng the RCMHS system to 
the actual tasks being performed, optimized the des ign and reduced the 
operators time to perform tasks by a factor of 2. 
OPERATIONAL PROCEDURES AND TESTING  
To reduce the risks that the RCMHS system would be unable to perform the 
tasks required of it, the operational procedures we re developed in 
conjunction with the layout design and the function al requirements. The 
control panels functions were defined from the requ irements generated in 
the operational procedures. This parallel design pr ocess meant that the 



hardware design, system requirements, and the opera tional procedures were 
developed and updated co-incidently.  
To reduce the risk that the RCMHS System may not fu nction correctly while 
performing its tasks, a step by step operational an alysis was under taken 
using the Autocad drawings. Each individual functio n (degree of freedom) 
for the RCBU was placed on a different layer on the  drawing. By selecting 
individual or groups of layers, specific functions could be checked and 
procedures verified. As an example, all the mast an d DPH layers could be 
selected and rotated with respect to the front axle  of the truck to 
simulate the tilt function of the mast. This type o f action was carried 
out in discrete steps for all the critical operatio ns for the tasks of 
picking up drums or the plywood. The drum handling operations were 
repeated for drums on the top, middle and bottoms t iers in the stacks. 
The viability of the operating scenarios was valida ted by this analysis. 
This analysis of the operating procedures proved to  be very useful in the 
training of the FERMCO site operators. The sketches  produced, gave the 
operators a much clearer visualization of the tasks  being undertaken then 
the written procedures did.  
The RCMHS specification called for the vehicle to b e able to position a 
drum within one inch of the desired position. The f irst time that this 
test was performed using the complete system, the d rum was placed within 
a half inch. The operator also found that the this was an easy tolerance 
to meet on repeated tests.  
For the drum removal task from the third tier, it w as found that the 
removal procedure could be accomplished within 10 m inutes of start. This 
included the time required to place the drum onto t he TOC. Corroded drums 
were found in the test program to present the opera tor with no additional 
challenge as compared to fully intact drums. The la rge grip area combined 
with the support plate, resulted in low stresses on  the drums so damage 
was minimized during handling. 
Waste pickup using the scoop and sweeper was a task  that required the DPH 
to be very close to the zero degree position. With the scoop level this 
tool was capable of picking up about 95% of the mat erial on the floor. 
For the test, the material used was of a fine grain  particulate. Since, 
the thorium waste is congealed, it should be even e asier to sweep up than 
the tests demonstrated.  
DELIVERY 
The two complete RCMHS systems were delivered to th e FERMCO site in 
September and October of 1995. At the site the vehi cles were given a 
functional test to verify their performance followi ng shipment from Spar. 
The RCMHS System has exceeded the performance requi rements originally set 
out for it. 
FURTHER APPLICATIONS 
The RCMHS is a versatile remote controlled platform  that can be outfitted 
with other attachments e.g. a manipulator, so that the system could 
undertake other types of operations in a hazardous environment. 
Modifications to the drum / plywood handler can be incorporated to allow 
grasping of much larger diameter, heavier, or odd s haped objects. 
The cable telemetry/video system can be replaced wi th a Radio Frequency 
system that would allow the RCMHS to have increased  freedom for 
operations. The base fork lift truck need not be li mited to propane 
power. The option exists to have the RCMHS controll ers and attachments 
placed on electric, diesel, or gasoline powered lif t trucks or tow 
motors.  
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ABSTRACT 
Throughout the Department of Energy (DOE), drums co ntaining mixed and low 
level stored waste are inspected, as mandated by th e Resource 
Conservation and Recovery Act (RCRA) and other regu lations. The 
inspections are intended to prevent leaks by findin g corrosion long 
before the drums are breached. The DOE office of Sc ience and Technology 
(OST) has sponsored efforts towards the development  of robotic drum 
inspectors. This emerging application for mobile an d remote sensing has 
broad applicability for DOE and commercial waste st orage areas. Three 
full scale robot prototypes have been under develop ment, and another 
project has prototyped a novel technique to analyze  robotically collected 
drum images. In general, the robots consist of a mo bile, self-navigating 
base vehicle, outfitted with sensor packages so tha t rust and other 
corrosion cues can be automatically identified. The y promise the 
potential to lower radiation dose and operator effo rt required, while 
improving diligence, consistency, and documentation .  
The Stored Waste Autonomous Mobile Inspector, or SW AMI, has been 
supported by the Robotics Technology Development Pr ogram (RTDP) and built 
by the Savannah River Technology Center (SRTC), wit h assistance from 
Lawrence Livermore National Laboratory (LLNL). Othe r systems have been 
administered by the Morgantown Energy Technology Ce nter (METC) as Program 
Research and Development Announcements (PRDA's) wit h OST support. These 
systems include the Autonomous Robotic Inspection E xperimental System, or 
ARIES, built under contract to SCUREF (South Caroli na Universities 
Research and Education Foundation) by a team from U niversity of South 
Carolina, Clemson University, and Cybermotion, Inc.  Additionally, the 
Intelligent Mobile Sensing System, or IMSS, was bui lt at Lockheed Martin 
Space Systems in Denver. Finally, a stand-alone ima ge analysis method 
entitled Automated Baseline Change Detection (ABCD)  system is being 
developed under a NETC PRDA with Lockheed Martin Mi ssiles and Space in 
Palo Alto, CA..  
The Fernald Environmental Management Project (FEMP)  has been an early 
testing site and has worked extensively with the de velopment teams in an 
effort to more closely link potential customers to the researchers. This 
work has included development of site specific insp ection procedures and 
standards, design of a test plan to evaluate the ro bot's performance, 
modification of facilities, and the operation and t est of the prototypes. 
To date, only SWAMI has been tested at Fernald, tho ugh the IMSS and ARIES 
are scheduled for testing in 1996. The systems will  ultimately be 
evaluated in a "bake-off", supported by the Mixed W aste Focus Area (MWFA) 
and organized by Fernald. The comparative test, to be held in about a 
year, will identify what systems may be ready for c ommercialization and 



which parts of others might best be incorporated in to a final commercial 
product. Early indications are that the application  is more challenging 
than first anticipated, due to variations in lighti ng, environment, 
facility and drum layout. These circumstances stren gthen the need for 
identification and integration of the best demonstr ated available 
technologies, accomplished through mutual developme nt and competition of 
alternate technical approaches.  
INTRODUCTION 
This paper describes the development of a new appli cation for robotics, 
waste drum and facility inspection, and the effort to evaluate its 
utility in the field. The work has been conducted a t the Department of 
Energy (DOE) Fernald Environmental Management Proje ct (FEMP), by the 
Technology Programs (TP) department of FERMCO, Fern ald's prime operating 
contractor. TP has been a technical facilitator, in tegrating the needs of 
end-users and efforts of robot developers. To descr ibe this process, the 
baseline manual practice and generic technology are  first outlined, 
followed by details of the systems that have been b uilt and the on-going 
program to test them. Experience to date and plans for completing the 
program are then presented. 
Inspection robots perform drum and facility inspect ions by visually 
assessing drum condition and other aspects of the f acility and inventory. 
They identify containers by their bar codes, captur e and store their 
images, and evaluate them for signs of damage throu gh machine vision 
techniques. Corrosion cues identified can include r ust spots, streaks, 
and blisters. Dents, bulges and tilted drums can al so be recognized if 
special purpose sensor suites are included. Other f acility inspections 
may also be performed, including checking the floor  for elevated 
radiation levels or puddles, measuring ambient gamm a radiation, or 
monitoring environmental factors such as temperatur e, humidity, and 
lighting. Inventory checking is another possible ap plication, if a 
materials database is maintained. By automating the  initial inspection of 
the containers, human inspectors only have to physi cally verify the small 
subset of containers reported as 'suspect', or poss ibly damaged, by the 
robot. The robot must be conservative in its judgem ents so that damaged 
containers are never passed as acceptable, even if this means that some 
containers that are actually satisfactory are added  to its suspect 
container report. Since the primary purpose of the inspections is leak 
prevention, and not leak identification, suspect dr ums are expected to be 
identified before they result in material releases.   
Drum inspection robots have the potential to reduce  worker exposure to 
radiological or chemical hazards present in the was te. Inspection quality 
will also improve through the use of these devices.  Consistent 
performance and diligence result from the robots un hurried, methodical 
inspections. For containers stacked four pallets hi gh in a facility, 
drums at the top and bottom of the stack receive th e same treatment as 
those at eye level. The devices eliminate the need for inspectors to 
stoop down to scrutinize lower level drums, or clim b ladders to properly 
inspect topmost containers. Demands on human inspec tors could then be 
reduced even as inventory increases. While people w ill always be required 
in RCRA inspections, robotics can lower the amount of labor required for 
the activity. The machines provide timestamped, una lterable documentation 
of inspection activities and drum condition by arch iving images and other 
findings. This improvement in documentation will be  a major attraction to 
RCRA regulators.  



TECHNOLOGY SPONSORS AND DEVELOPERS 
Assessment of the potential benefits of the applica tion and the maturity 
of component technologies led the DOE Office of Sci ence and Technology 
(OST) to support several efforts to develop drum in spection robots. Each 
system has similar functions, though they offer dif ferent technical 
approaches. The result is that teams from national laboratories, 
universities and the commercial sector have been ab le to participate in 
an exhaustive search for viable solutions. One such  robot is the Stored 
Waste Autonomous Mobile Inspector, or SWAMI, built by Savannah River 
Technology Center (SRTC), and funded by the DOE Rob otics Technology 
Development Program (RTDP). Image analysis and insp ection reporting were 
developed by Lawrence Livermore National Laboratory  (LLNL). Fernald 
developed SWAMI's archiving and database access rou tines. 
The Morgantown Energy Technology Center (METC) issu ed Program Research 
and Development Announcements (PRDA's) for two othe r full systems. The 
Intelligent Mobile Sensing System (IMSS) was built at Denver, Colorado, 
by Lockheed Martin Aerospace. A prototype demonstra tion was held in April 
1995. The Autonomous Robotic Inspection Experimenta l System (ARIES) robot 
has been built by University of South Carolina (USC ), Clemson University, 
and Cybermotion under a contract with SCUREF (South  Carolina Universities 
Research and Education Foundation). It was demonstr ated in November 1995. 
METC has also more recently issued a PRDA with Lock heed Martin Missiles 
and Space for the Automated Baseline Change Detecti on (ABCD) system, a 
novel approach to image analysis that compares subs equent inspection 
results to identify corrosion cues. The DOE Mixed W aste Focus Area (MWFA) 
recently launched a follow-on initiative to test sy stems and integrate 
the best elements into a final, commercial ready sy stem. This represents 
a renewed and more comprehensive approach towards a pplication development 
in this field. 
APPLICATION DEVELOPMENT PROGRAM 
It has been found that though drum deployment in fa cilities varies 
significantly across the DOE complex, the need to i nspect drums is very 
common and a growing challenge. At Fernald, the fac ilities are not highly 
contaminated, waste inventory has been plentiful an d ambient radiation 
levels are low. At some other sites, the waste emit s significant gamma 
radiation and thus renders the inspection task more  hazardous. This has 
made the Fernald facilities an appropriate initial test area. The goal of 
the application development and testing program has  been to discover the 
optimum level automation and functionality, in acco rdance with user 
desires, current technical capabilities, and common  sense.  
The full impact of a new technology is difficult fo r anybody to predict, 
including waste facility operators. End-users must learn technology 
limitations, and developers should appreciate the f ull range of 
environmental variability in the field. For the dru ms inspection robotics 
program, this started with a dialog between the two  groups. 
Specifications matching technology supply to demand  could then be 
generated. Contacts were made with regulators, a se t of tests was 
prepared, performance criteria for application acce ptability were 
outlined, and facility modifications were determine d. As projects 
progressed it became clear that the amount of varia bility in the field 
was greater than had previously been envisioned. Te ams then had to 
redesign to meet performance requirements, leading to modifications of 
testing program scope and schedule. Priorities for Fernald's waste 
facilities have since changed and its inventory is expected to be 



eliminated in a short time. Other sites have expres sed a strong interest, 
leading possibly to different application requireme nts. Thus, the testing 
program has required almost as many iterations at t he technical 
approaches to the application, demanding flexibilit y and adaptability.  
Identification of user needs was a first task for a ll the development 
teams, and they toured several DOE sites to investi gate the need and 
interest in drum inspection robots. In addition to Fernald, several other 
sites have expressed interest, including the Idaho National Engineering 
Laboratory (INEL) and Los Alamos National Laborator y (LANL). At the 
latter site, previously buried drums of transuranic  mixed waste are being 
excavated and will greatly increase inventory, as n o disposal has yet 
been envisioned. Additionally, Hanford had plans to  use automated 
inspections in a new waste processing facility, and  at one point was 
scheduled to demonstrate the IMSS in their RCRA sto rage areas. Based on 
the potential applicability on site and the willing ness of FEMP Waste 
Programs Management (WPM) to give SWAMI a chance to  show its potential, a 
demonstration at Fernald was planned early in the R TDP program. 
Ultimately a single demonstration site at Fernald w as selected. TS-4 is a 
translucent, 90 by 450 foot Tension Support (TS) bu ilding with a 12,000 
drum inventory in regularly spaced aisles. Fernald information has also 
been shared with the ARIES and IMSS teams. The ARIE S project team has 
since expressed an interest in tests at Fernald, an d the IMSS team 
followed suit after plans at Hanford fell through. 
Early activities were focussed on producing guideli nes for the 
development of the ultimate SWAMI system while an i nitial testbed, SWAMI 
I , was being developed at SRTC. Toward that end,a site use requirements 
document was written that outlined the technical re quirements for use at 
Fernald. This included a request for four-high stac k inspection of 
multiple drum sizes, an 'aisle abort' feature, and full accountability of 
all drums in the facility. It was noted that the ro bots must achieve a 
level of robustness in operation and inspection rel iability so as to give 
credence to its potential for daily usage. The docu ment also surveyed the 
drivers and practice of inspection at Fernald.  
A Work Plan was written to inform the local DOE fie ld office and RCRA 
regulators in Ohio about the intended demonstration  and proposed 
acceptability criteria. The goal was input from the  regulators on what 
tests would constitute a sufficiently strong case t hat robots were at 
least as good or better than human inspectors in ce rtain aspects of 
inspection. A set of tests to be used in the actual  demonstration was 
described. Success criteria were tuned to the ultim ate customer's needs 
and represented achievable though technically chall enging benchmarks. The 
response from the Ohio EPA was that they would have  no comment on 
acceptance criteria until the technology was more m ature. However, they 
did suggest that the accuracy of current inspection s should also be 
assessed.  
A Test Plan was then developed, detailing procedure s to systematically 
evaluate SWAMI for suitability of use in the field.  Many of these tests 
were focussed on production-quality machines that a re ready to be 
operated by site personnel. The original test plan subsequently was 
modified to match changes in technical scope and sc hedule. The revision 
focussed on checking a list of 'baseline' and 'plus ' performance goals. 
The attributes separated achievable near term goals  for core functions 
from desirable but nonessential 'plus' features. SW AMI was then brought 
to Fernald and tested. A demonstration showcasing S WAMI was held in 



December 1995. In the last year, the IMSS and ARIES  have also had major 
demonstrations, in mockup drum storage areas. The M WFA is now supporting 
an effort to consolidate the work that has been per formed to date in this 
research area and identify the best individual solu tions to the overall 
application. The centerpiece, dubbed the "bake-off" , is the comparative 
test of each robot, in the same facility and in sho rt succession. This 
will not necessarily be held at Fernald. In advance  of the bake-off, a 
new outreach effort is being made to develop a user 's group to supplement 
early Fernald application guidance to the developer s. The users will also 
be asked to help develop the a new test plan, in co njunction with input 
from the development teams. The bake-off will occur  in early 1997. Before 
the bake-off, IMSS and ARIES will be given the oppo rtunity to bring up 
their sensor suites for data collection and then te st their full systems 
at Fernald, as SWAMI has done, over the next six mo nths. The bake-off 
site will be selected based upon the highest level of commitment to end-
use, from the user's group. 
CURRENT INVENTORY AND INSPECTION PRACTICE 
Clearly an important element of the new application  is the environment in 
which the machine will operate and the baseline pra ctice that it is 
supplanting. Those issues are considered in this se ction. At many DOE 
sites, mixed waste has accumulated in part because of the difficulty in 
disposing of it. At Fernald, operations resulted in  the accumulation of 
over 100,000 drums of mixed and low level waste. Le gacy waste from 
previous operations is likely to have been original ly stored in drums. 
Newly generated waste is now often placed in B-25 c ontainers and larger 
boxes because of their better packing efficiency. A ll stored waste is 
subject to inspection requirements. The requirement  for inspection of 
Mixed Waste inventory and facilities is found in th e Resource 
Conservation and Recovery Act (RCRA). RCRA is enfor ced at the FEMP by the 
Ohio EPA. Low Level Waste (LLW) also is inspected r egularly. A consent 
decree with the State of Ohio drives the activity a t Fernald. The growth 
of inventory and inspection demands lead to the pro gram to develop drum 
inspection robots.  
The machines must operate in storage facilities tha t range from outdoor 
concrete pads, to former processing buildings, or u nheated temporary 
storage structures. 55-gallon drums are most preval ent, though other 
sizes are also used, including 85 and 110-gallon ov erpack containers. 
They are stored on pallets stacked up to four high,  though three-high is 
typical. Aisle widths of 36" are most common and en couraged by the 
Occupational Safety and Health Administration (OSHA ), though requirements 
vary amongst facilities and can be as low as 26 inc hes.  
The inspections are intended to prevent leaking by early identification 
of corroding drums (1). Presently, they are perform ed visually on a daily 
basis and on a formal weekly schedule to meet RCRA demands. Drums are 
always positioned so that the side seam and locking  screw for the ring 
that holds the top down are visible because corrosi on has been found to 
start most frequently along the side or bottom seam . Only the visible 
portions of the drum are inspected. This has been f ound to be sufficient 
and reasonable by facility operators and regulators . Suspect drums are 
categorized according to corrosion severity, with t he levels defined in 
Standard Operating Procedures (SOP's). The most lik ely cause of container 
degradation is rust. Dents in the containers can al so potentially breach 
the container or, more likely, act to raise the int ernal stress of the 
container in the dented area, thereby making corros ion more likely. 



Blisters usually start inside the drum, and very sm all defects can result 
in leaks. As a rule, containment ability is not aff ected by general 
external corrosion if only paint and/or minor metal  flaking is occurring. 
Certain drums are much more likely to leak because of corrosive material 
within them, and these should be checked more dilig ently. Freeze cycles 
and high humidity also accelerate container degrada tion. 
GENERIC TECHNOLOGY AND APPLICATION 
The three robots are very similar in the function t heir machines perform. 
However, each has a distinct technical approach. In deed, there are some 
differences in functionality, as well. The attribut es that they all share 
in common include the main subcomponents: Base vehi cle, Inspection sensor 
packages, Off-board operator controls, Data analysi s and presentation, 
and wireless Ethernet communications (between the h ost and the robot). 
Individual components and techniques needed to prod uce these systems have 
all been field proven, but the integration of the s ubsystems into a 
single machine has proven to be challenging. In ord er to emphasize the 
approach towards fair and equal consideration of ea ch system in the bake-
off, common elements in all three robots are descri bed here before their 
individual implementations are introduced. Some of the technical issues 
faced in application are also detailed. 
Self-navigating mobile robots used as the base vehi cle for these systems 
have been under development for over ten years and are commercially 
available, though the requirements for specific app lications often cannot 
be readily met by off-the-shelf equipment. Several commercial systems 
have been field-proven to not harm people, the envi ronment or themselves. 
The basic function of the vehicle in this applicati on is to position 
sensor packages near each drum in the facility so t hat it can be 
inspected, and to house the sensors and actuators t hat comprise the 
mission package. For this application, additional b attery power for the 
sensors, a reduced size to navigate in aisles and a ccess all drums, and 
tolerance to temperature extremes are required. 
The machines autonomously travel throughout the fac ility using an 
internal map of the environment that originates fro m the standard CAD 
files. Navigation techniques including dead reckoni ng, active or passive 
landmarks, and local features are used to constantl y improve the robot's 
estimate of its position on that map. Obstacle iden tification 
capabilities give the robot the ability to find and  then navigate around 
objects and are accomplished by a redundant set of tactile sensors 
(bumpers) and non-contact laser or ultrasound rangi ng systems. Most of 
the vehicles include autocharging systems so that t he robot returns to 
the base station to recharge when necessary. On-boa rd computers are 
provided as part of the base robot and the level at  which external 
computers interface with them vary amongst manufact urers. In some cases 
modifying or externally controlling the machine can  be hampered by the 
manufacturer's restriction of source code access. 
Variations in drum position, aisle location, lighti ng, and temperature 
are amongst some of the environment-driven challeng es for this 
application. Solutions are available but can compli cate system design. In 
real facilities, aisles are frequently created, rea rranged and relocated. 
They are not necessarily all the same length, or wi dth. Whole drum rows 
are dismantled to access drums at the far end, resu lting in changes in 
drum and pallet location. Multiple size drums are o ften stored in a 
single row, and the arrangement of the drums on a p allet varies from size 
differences and random placement error. Temperature  extremes must be 



tolerated, since most storage areas are unheated. S ome water and ice is 
also possible. Untended operation is desirable so t hat the robot can 
operate when there is less activity in the warehous e. For some machines, 
night operation is preferred because it reduces the  variation and 
intensity of background light. 
Inspection packages on the robots consist of color cameras, strobe light 
illumination and barcode readers at a minimum. Dent s and other 
topographic features can be inspected by using stru ctured lighting or 
other methods. With structured lighting, a light em itter such as a laser 
and a camera that captures the reflected light. The  surface can be then 
be reconstructed using geometric models of the ligh t source, receiver, 
and ideal drum surface, when the distance from the drum to the robot is 
known. Multiple sensor packages are used on all of the drum inspection 
robots to increase throughput since data collection  is time consuming. 
Multiple drum images may be taken to capture corros ion features on the 
edges of the visible drum surface. The number of im ages needed is also 
dependent on the drum size, which can vary in a fac ility. 
Drum center sensors are included in order to positi on the robot in front 
of a drum stack. Additional actuators are often use d to give the proper 
standoff for data capture, reposition the cameras f or multiple images per 
drum, and cover more than one level per sensor pod.  Supplemental on-board 
computers are used to control the added equipment a nd provide an 
interface to the base vehicle and host workstation.  Drums are not 
necessarily stacked evenly on each pallet, and some  systems include fine 
positioning capability to adjust for offsets either  across or along the 
length of the aisle. Designs must consider the need  to inspect all the 
drums at the far end of dead-ending or dog-legged a isles. 
A great deal of data is gathered during robotic ins pections. Currently, 
the robots typically process three or four-high sta cks of drums in 60-90 
seconds. Multiple images for each drum must be uplo aded to the host 
workstation and commands from the base computer mus t be received. 
Wireless Ethernet has been the solution selected by  all development 
teams. The transceivers do not require special freq uencies and they 
support the most common protocols. However, transmi ssion within the 
stacks of metal drums may be somewhat unreliable. I t can usually be 
improved by moving into direct line of sight with t he base antenna. The 
amount of data transmitted depends on whether image s are compressed, if 
analysis occurs on board, and whether images of non -suspect drums are 
also retained.  
Lighting has a strong effect on the success of imag e analysis used in the 
drum inspection application. Images can get overexp osed in bright light, 
sodium lights artificially increase the amount of r ed in the image, and 
strobes can create blind spots. Lasers used for den t detection, drum 
center finding or other purposes are susceptible to  wash-out and specular 
reflections on glossy black drums. Unfortunately, g lossy black is a very 
popular drum color at Fernald. Higher powered laser s can be used but they 
require special safety precautions that could imped e other facility 
operations. Streaks should not be confused with the  handwriting or 
stencils often found on drums. Red paint on labels or color coding on 
drum ribs should not be identified as rust. Straps securing top level 
drums should not be confused with dents.  
Special purpose hardware is needed for image analys is. Because of the 
large amount of data and the sophisticated machine vision techniques 
used, processing the drum images can be time consum ing. Inspection goals 



were developed for the SWAMI project and represent a reasonable match 
between technical capabilities and application requ irements. Through 
additional interviews with expert inspectors and in put from the new MWFA 
drum inspection robotics user's group, these values  will be revised prior 
to the bake-off. The current standards are for rust  spots greater than 
1/4 inch diameter, vertical discoloration streaks l arger than 1/4 inch 
wide and 6 inches long, and dents larger than 1 inc h depth, 1.5 inches 
wide and 2 inches long. A specification for blister s was not identified 
at that time. However, blisters as small as 1/8 inc h in height and 
diameter have been found to result in leaks. They a re also challenging to 
identify since they may have both discoloration and /or relief cues that 
must be successfully detected. For all defect featu res, false positives 
are somewhat undesirable but false negatives are mu ch less acceptable. 
Base stations for the machines consist of a chargin g area and one or more 
host workstations. The robot is operated through gr aphic-based controls 
that provide for facility set-up, task inception, m onitoring and control, 
results presentation and archiving of inspection re cords. To check 
inventory location records, as well as for mission planning and reports 
uploading, interfaces to site-wide material databas es are often provided. 
At Fernald, an ORACLE database called the Site Wast e Information 
Forecasting and Tracking System (SWIFTS) is used. S everal other sites 
store their waste inventory records in a similar fo rmat. Printers, 
additional mass storage, and high quality color mon itors are also 
supplied. Some of the development teams have envisi oned the development 
of features to reduce the occurrence of false posit ives. This would allow 
insignificant artifact or corrosion features to be ignored on subsequent 
inspections. For rust spots, if the size increases over a threshold 
between inspections, the feature would again be hig hlighted.  
SYSTEMS UNDER DEVELOPMENT 
Fig. 1 
SWAMI 
A first SWAMI prototype was demonstrated in a mocku p area at Savannah 
River Site in November 1993 (2). Figure 1 shows SWA MI II as it was 
demonstrated in December 1995 at Fernald's TS-4. It  is a modified 
HelpMate robot from Transitions Research Corporatio n. It has automated 
battery charger docking and sophisticated obstacle avoidance. It also has 
many enhancements including local aisle following, a system from the 
University of Michigan for backing out of dead-end aisles (3), a floor 
radiation survey system, image capture and processi ng, and wireless 
Ethernet. An off-board computer is used as the prim ary interface to the 
robot, and a separate VME card cage houses electron ics dedicated to image 
processing. The rad survey system uses scintillatio n counters instead of 
gas proportional detectors found in previous SRTC r obots. It was tested 
offline but not as part of the integrated system. T he on-board 
supervisory controller consists of three VME based microcomputers that 
utilize the GENISAS control software from the RTDP to dispatch tasks 
between a supervisory control system and various su bsystems. 
Two sensor pods are positioned by a vertical mast o n the robot high 
enough to cover four-high stacks of 85 gallon drums . The pods are offset 
by the height of two drums so that the first and th ird drums are 
inspected before the second and fourth. Each has ca meras and strobes for 
image capture, a barcode reader, and lasers with bl ack and white cameras 
for dent detection. Two image cameras cover the req uired field of view 
while three sets of two lasers and a camera are use d for dent detection. 



Drum centers in a stack are individually found by a  special purpose laser 
system which then adjusts the position of the senso r pod to achieve 
optimal height, reach, and lateral offset to the in spected surface by 
individual linear motions. The lasers are all rated  Class 2, which is 
essentially eyesafe. The pods are attached behind t he robot, inspecting 
only one side of the aisle per pass. They fold so t hat the robot can spin 
at aisle dead-ends and then inspect the other side on the return path. If 
end-of aisle clearance is less that 8 feet, the rob ot backs out of the 
aisle and then re-enters backwards so that the othe r row can be 
inspected. The data is compressed on-board and tran smitted to the base 
station.  
SWAMI off-board equipment includes base station and  vision processing 
computers, printers, and a charging station. The ma in operation interface 
for daily system users is called the SWAMI Operator  Interface (SOI). 
Drums to be inspected are selected from a map of th e warehouse updated 
with the latest information from the site's SWIFTS database. Simply by 
selecting one or more row halves, a mission profile  is automatically 
generated and downloaded to the robot. It also high lights suspect drums 
that have been found and identifies drums that are out of place as 
compared to the database. 
Images are uploaded and then analyzed on the vision  processing computer 
as they are collected and then uploaded from SWAMI over one of two 
wireless Ethernet channels. This process starts in the field and 
continues after the robot has returned to recharge,  because of the long 
time required per picture. The method of rust ident ification includes 
color recognition and thresholding, noise reduction  and region growing. 
Streaks are also found based upon their orientation  and shape. Structured 
light data is also uploaded and then analyzed for d ents and blisters. The 
inspection findings are presented through a separat e window that 
prioritizes the drums according to corrosion severi ty. By selecting a 
drum with the mouse, a representation of the drum i s shown to the 
operator, with the suspicious areas boxed by the pr ogram. Utilities are 
provided to print out results for physical verifica tion in the field. The 
images are ultimately stored in a data archive inde xed to the SWIFTS 
database. 
Fig. 2 
ARIES 
The ARIES robot, shown in Fig. 2, was first demonst rated as an integrated 
system November 1995 in a cold test area mocked-up to match Fernald 
specifications. Hot testing at Fernald early in the  summer of 1996 is 
planned after additional enhancements are completed . Drums of 55-, 85-, 
and 110-gallon capacity can be inspected in aisle s tacks up to four 
pallets high. ARIES is the first robot to demonstra te inspection of 
multiple drum sizes, and the only one to inspect 11 0 gallon drums (4). It 
has an autodocking station and is capable of backin g and turning around 
in a 36 inch aisle. Off-board control workstations provide mission 
planning and monitoring, while wireless Ethernet pr ovides links to on-
board computers used for real time mission control and analysis. A power 
management system, supplemental dexterity package, and a radiation 
hardening study have also been included. 
The machine base is the Cybermotion K3A, redesigned  by the vendor to 
accommodate 36-inch aisles. It navigates using dead  reckoning (measuring 
motion distance and heading changes) and position u pdates to passive 
landmarks. The landmarks appear as tennis ball can- sized cylinders 



covered with retroreflective tape. The reduced size  vehicle still has the 
synchro-drive system that permits six wheels on thr ee horizontal leg 
units to each be individually steered and/or driven . This improves 
accuracy of motion recording by maintaining constan t wheel contact with 
the floor. A Camera Positioning System (CPS) is ins talled on the robot 
top and moves four instrumentation packages, one fo r each level. Its 
stowed height is 10 feet and at maximum extension i t is 16 feet tall. The 
top three levels are positioned using an extending mast in which one 
linear motion controls the height of the mast and a nother controls the 
separation between pods. The lowest level pod is dr opped behind the robot 
using a mechanical linkage. Each image acquisition subsystem consists of 
a camera with a strobe lamp above and below it. Bot h strobes are fired in 
sequence so that reflections can be subtracted from  the image. A laser 
structured light source projecting five dots agains t drums is used to 
identify the drum size, drum center location, and t ilting. All the lasers 
used are eyesafe. 
Color processing, using specialized algorithms, inc orporates supplemental 
multi-strobe lighting and differential strobe based  structured lighting. 
The design goal was to detect rust larger than 1/2 by 1/2 inch. With wide 
angle lenses, this leads to a requirement for two i mages per 55 gallon 
drum. The images are stored in a Hue-Saturation-Int ensity color 
representation from which a range of values can be attributable to rust. 
Dent and streak detection are not currently support ed though a solution 
to blister identification is included. This is done  by modeling the 
blister as a conglomeration of small bubbles protru ding from the surface, 
and then performing a frequency analysis of the ima ge intensity. The 
images are matched and reconnected for clarity in p resenting results to 
the operator. This is achieved by blanking out all regions judged to not 
be on the surface of the drum, using the projected laser spots in the 
drum image to guide the cropping process (5). A sin gle drum is currently 
processed in six seconds, and the time required to inspect a single four 
high column and move on to the next is 1 minute. AR IES present throughput 
is about 2,500 drums per 24 hours. 
Robot operation is controlled from a Unix workstati on in a portable 
software environment that has been designed to be s calable to smaller 
systems for commercialization. However, path and fa cility simulations 
that have been developed work best on Silicon Graph ics systems. A series 
of menus guide users or site managers through the f acility setup, mission 
profile, dispatch and monitoring, all activated fro m the main program. 
The facility map is derived from an AutoCAD file. A  path assembler is 
used to generate the mission script with location a ttributes and 
procedures along a series of linear path segments. 
Fig. 3 
IMSS 
The IMSS was demonstrated at the Lockheed Martin De nver facility in April 
1995. Figure 3 shows the machine as it appeared dur ing the demonstration. 
Hot testing at Fernald in the spring of 1996 is als o planned. Unlike the 
other two robot development teams, Lockheed Martin built a custom 
designed robotic base (6). The welded frame, steel skinned vehicle is 
quite narrow and can thus enter aisles as small as 30 inches wide. It has 
special Mecanum wheels that allow it to move or rot ate in any direction 
including sideways. Obstacle sensors consist of ult rasound range sensors 
and miniature limit switches set behind the sheet m etal so that they trip 
upon contact. They are hard-wired directly into the  power distribution 



system. Aisles are expected to remain fairly consta nt in location and 
size, for the current system. The waste facility is  described as a main 
corridor and a series of evenly lined pallet stacks  that define the 
aisles between rows. The robot uses its side ultras ound sensors to align 
itself with aisle ends and to count aisle entrances . 4-5 hours battery 
life is the maximum obtainable over the full temper ature range specified, 
using a sophisticated set of sealed Nickel-Cadmium batteries that 
eliminate the explosion hazard from hydrogen off-ga s during recharge. At 
room temperatures, charge capacity is even greater.  
Three fixed sensor arrays are mounted on a vertical  mast to inspect up to 
three stacks of drums concurrently. Extensions to f our high stacks are 
also possible. Each sensor suite consists of two ul trasound sensors used 
to determine drum centers, a barcode reader, two co lor cameras and 
diffused halogen strobe for rust inspection, and a class 3A laser and B/W 
camera for dent and tilt detection. Two vertical pa rallel axes of motion 
move the sensor suites left or right so that the op timal standoff 
distance and angle is maintained. The mast can swin g to the front or rear 
of the vehicle to inspect drums at the end of an ai sle. Four camera shots 
are required on 55 gallon drums in order to meet de tectability goals. 
Tilt axes on the sensor suites allowed full coverag e of the drum from its 
center.  
Images are stored in uncompressed format, but only when defects are 
found. Multiple sensor arrays are used to improve i nspection time. 
Streaks and blisters were not addressed in the firs t prototype. Dents on 
the flat cylindrical surface of the drum, as well a s tilting and bulging, 
were detected using the structured lighting system.  Some difficulty was 
reported with glossy black drums in fluorescent lig hting, due to the 
reflectivity of the surface. 
The operator interface presupposes that there might  be multiple IMSS 
robots operating simultaneously. Aisles to be inspe cted are chosen by 
double clicking on the spreadsheet entry for that r ow. Rows are assumed 
to be all the same length presently. Post-mission, a newly compiled 
defects database is presented with each feature as a separate spreadsheet 
entry. The workstation communicates with the robot through a wireless 
Ethernet. They included the concept of a "baseline"  mission, in which a 
defect database is generated. This database can the n be consulted so as 
to reduce false positives by noting already present  defects that are not 
severe. Now the development team will be integratin g the ABCD image 
analysis system with the IMSS which uses a similar type of baseline 
inspection method. 
Automated Baseline Change Detection 
The Automated Baseline Change Detection (ABCD) proj ect seeks to develop 
enhanced analysis capability for autonomous inspect ion, that could be 
useful on any of the robotic vehicles described abo ve. The effort got 
under way in 1994 and will result in a prototype sy stem ready for 
demonstration in Fiscal Year 1996. The system compa res a current 
inspection image with an archived baseline image. A ny change is 
identified. If further interpretive analysis verifi es that the change is 
benign, then no action is required. If the change i s not benign or is not 
recognized, then human operators are notified. The key to this process is 
the use of a commercially available system to ident ify a target label 
affixed to all drums, compute sensor distance from the drum, and then 
rapidly and precisely reposition the sensor. Image transformations are 



used to match the pose of the newly acquired image to that of the 
archived baseline. 
OPERATIONAL TESTING AND QUALIFICATION 
The most important evaluation to be made, and the o ne that best 
summarizes robot's effectiveness as an inspector, i s the side-by-side 
comparison of the robot's inspection reports with t hose generated using 
existing methods. Thus, during field trials, the wa ste storage facilities 
are to be inspected by both the robotic and human i nspectors. 
Accountability for all drums in the warehouse, whet her checked by robots 
or people, is required to guarantee that every drum  has been inspected. 
Throughput and reliability are also very important.  All these tests 
require the machine to be evaluated over as long a time as possible so as 
to be able to compare machine results against manua lly generated weekly 
RCRA reports. 
Typically, end-users want to minimize facility chan ges and developers 
want to permit facility changes that reduce variabi lity. For SWAMI tests, 
a moderate set of facility modifications was agreed  upon, including the 
extension of aisle ends and the enlargement of barc ode labels. The first 
test plan, released July 1995, described the full e valuation of SWAMI, 
its supporting equipment, and the documentation, fr om the perspective of 
a DOE site end-user. Its intent was to evaluate a m achine nearing 
production-ready status, outlining ten test methods  to evaluate the 
system from a subcomponent and system level. It cal led for a Pre-Start 
Audit addressing basic safety concerns to be comple ted before other tests 
are run. A series of offline, or one-time tests wer e then described, 
including Safety and Diagnostics, Operator Interfac es, Vehicle Locomotion 
and Power, Navigation, Barcode Reading and Inventor y Checking. During 
Operator Interface tests, the usefulness and clarit y of the controls were 
to be evaluated as the procedures were simultaneous ly documented. 
It became apparent that intermediate data collectio n exercises would be 
necessary before production-quality testing. Other development teams also 
requested access to the facilities for development purposes. Image data 
from the warehouses up to that point consisted of v ideo footage and 
photographs of the drums. Two new types of tests we re identified: data 
collection using individual teams's hand-carried se nsor suites, and 
developmental testing of the robot in the facility,  allowing for 
technical iterations and improvements in the field.  The tests acknowledge 
the value of actual data to the developers. For ins tance, the design and 
optics of the camera system, as well as the positio ning accuracy of the 
sensor mast, have a great effect on inspection perf ormance. For the SWAMI 
project, sensors were brought to Fernald to get bet ter system training 
data, and this proved very useful in developing alg orithms at the 
laboratory. 
In the final SWAMI test plan, radiation detection s ystem tests were 
removed, others consolidated, and procedures were o utlined in greater 
detail. The final test plan describes two methods t o study robot 
performance over a substantial period of time. The Duration test method 
compares robotically and manually collected RCRA re ports and other key 
performance attributes, such as the incidence of fa lse positives and 
false negatives, throughput, and labor requirements  with automation. An 
identification exercise was also included, to compa re human and robotic 
attentiveness. Colored dots were to be randomly pla ced on visible drum 
surfaces and then both inspection methods would be compared for 
completeness of coverage. This test requires additi onal routines in the 



robot's image analysis modules, to separately tabul ate the count of dots. 
The other robot feature requested to support testin g is a reporting 
function to record and timestamp selected internal machine variables such 
as position, heading, or recent actions. 
The Inspection Data Capture and Analysis test metho d focusses on 
determining inspection accuracy for each corrosion feature type (rust, 
streaks, dents, blisters), detectability as a funct ion of feature size 
and location, and sensitivity to aisle placement or  drum color. This is 
accomplished through the addition of a test aisle i n the facility. The 
test aisle consists of a number of empty drums, som e of which, called 
'ringers', have intentionally placed defects whose description and 
location have been documented. These ringers are st ored, swapped and 
moved amongst the population of test aisle drums. F our 'Feature 
Standards' were also included, one for each corrosi on feature type. 
Graduated sizes of dents, rust, etcetera were creat ed on each, from below 
to above pre-agreed detection limits. The blister s tandard was made by 
initiating corrosion from the inside, using a stron g acid. Four 'Color 
Standards' were also created, with random corrosion  features placed on 
red, orange, white, and flat black drums. They were  to be used to 
investigate inspection accuracy as a function of dr um color. 
SWAMI was received at Fernald in September 1995 and  was released in late 
December, following its demonstration. A technical team from SRTC and 
LLNL completed system integration and operated the robot during the 
tests. Access requirements for workers were met wit h 24 hours of 
classroom safety training. Baseline functions met d uring the tests 
included navigation to straight aisles and through the facility, drum 
center finding, rotation at aisle ends, image acqui sition, barcode 
reading, and night operation. Data upload rates wer e determined to be 
1,000 drum records in 13.6 hours, and other user in terface control and 
reporting goals were achieved. SWAMI can accommodat e drum stacking error 
with its two linear motions per sensor pod. 
Image analysis and geometric (dent) inspection coul d not be demonstrated 
as part of an integrated SWAMI system but good resu lts were achieved 
using images collected during previous data collect ion exercises. Streak 
detection, imaging of dents, and rust detection wer e shown. Blister 
detection was considered a 'plus' item and has not been completed. 
Because the inspection software could not be integr ated with the robot in 
time, the two key duration tests could not be condu cted. However, SWAMI 
is expected to participate in the bake-off, at whic h time it will have an 
opportunity to be evaluated. 
The IMSS and ARIES have both been demonstrated in m ockup facilities 
within the last year and will complete their next d evelopmental phase by 
the end of 1996.They have not yet been tested at Fe rnald, and they will 
have that opportunity this coming year. The step fo llowing that is the 
MWFA bake-off, a side-by-side comparison of the dru m inspection robots. A 
new test plan, set of facility modifications, and s uccess criteria will 
be developed for the bake-off with fresh input from  the end-users, 
principle investigators, and project managers. The goal is to consolidate 
the best components from all development efforts in to a single robust and 
practical container inspection robot. A new User's Group is being formed 
and will be a key contributor to the project. The g roup will provide 
guidance as to what functionality should be targete d for demonstration by 
technologists and a new and revised set of requirem ents for use at a 
typical DOE site. They will also be asked to contri bute to the 



development of both the test plan and the criteria used to judge success. 
The bake-off site will be selected from this group based upon the level 
of interest and the availability and suitability of  facilities for the 
demonstration. Several sites have already expressed  an interest in 
hosting the bake-off and working these machines int o their long-term 
waste facility operations plans. 
CONCLUSIONS 
So far, each robot has presented unique capabilitie s and some 
shortcomings. Though developmental testing is not y et complete and 
projects are not at the exact same developmental ph ase, some comparison 
is possible based on early demonstrations. The IMSS  currently inspects 3-
high stacks and features dent detection. It is also  the narrowest 
vehicle, and thus can be used at a greater range of  facilities. 
Inspection results are expected to improve with the  addition of the ABCD 
system, which will be tested on the IMSS during the  bake-off. ARIES has 
done an excellent job in vision system development and is the only system 
currently inspecting 110-gallon drums and identifyi ng blisters, in stacks 
up to 4-high. They have not yet addressed streaks a nd dents, however. 
SWAMI is very tolerant of real-world aisle, pallet and drum position 
variations and has multiple redundant systems for o bstacle detection. It 
is also reporting the best results for inspection o f glossy black drums 
and identification of dents on drum rims. SWAMI can  only inspect 55 
gallon drums currently, however, and presently its laser based inspection 
and drum centering do not work in bright light cond itions.  
The need for improvements in inspection accuracy, c ompleteness and 
efficiency is still strong as is evidenced by inter est from various 
sites. However, the application has proven to be mo re challenging than 
originally anticipated. The fact that individual su bcomponents have been 
proven in the field does not imply that a machine f ull of them will work 
reliably and robustly in the first design iteration . Because of the 
diversity of the teams that have independently purs ued this problem, 
solutions to most of the challenges in the applicat ion have been 
demonstrated by at least one team. However, none of  them have yet 
progressed to pilot-scale level performance. With t he bake-off site 
undetermined at this time, an appropriate final tes ting location will now 
be sought so that the system is first optimized for  an end-use site. 
Flexibility and accommodation have been required to  foster this new 
application, and will remain important. The path to wards integration of 
system components and technical maturity will not b e easy, but the value 
and potential for drum inspection robotics remains strong. 
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ABSTRACT 
The Light Duty Utility Arm and Deployment System (L DUA) is being 
developed by Spar Aerospace Limited under contract to the Westinghouse 
Hanford company. This robotic system will be used f or the 
characterization and removal of nuclear waste store d in underground 
storage tanks (UST) at many of the U.S. Department of Energy (DOE) 
nuclear weapons facilities. It will also be used to  assess the structural 
integrity of the tank walls. 
The design and development aspects of the LDUA syst em are described. An 
overview of the integration of the various subsyste ms into a system is 
provided as well as the methodology used to verify system performance. 
Lessons learned and problems encountered are identi fied. 
INTRODUCTION 
The Light Duty Utility Arm System (LDUAS) will be u sed to perform 
surveillance, inspection and characterization activ ities in support of 
the remediation of underground storage tanks contai ning hazardous, 
radioactive wastes. It may also be used to perform light utility tasks 
and remediation. 
The Light Duty Utility Arm System (LDUAS) is illust rated in Fig. 1. It is 
a truck-mounted mobile system which is erected at a  tank site. A 
telescopic mast inserts the seven-degree-of-freedom  13.5 ft-long 
manipulator through the tank's 12 inch diameter ris er a distance of up to 
47 ft. into the UST. Before entering the tank, one of many different end 
effectors is attached to the end of the arm. The ar m is controlled from 
an operations trailer which can be located a distan ce of up to 950 ft. 
away. The system features automatic collision avoid ance and a graphical 
user interface permits off line path planning and t raining as well as on 
line graphical visualization to augment CCTV views.  
Fig. 1 
The design and development of the LDUAS involved a number of challenges 
due to the operational requirements, dimensional co nstraints and harsh 
environment. Some of these requirements are listed below: 
  To deploy into the tank through a 12 in. Schedule  40 riser and to 
provide a reach envelope 47 feet deep x 13.5 feet h orizontal radius (see 
Fig. 1).  



  To include dexterity and kinematic redundancy to reach around obstacles 
obstructing the reach envelope. 
  To provide good teleoperator/telerobotic operatin g characteristics, 
e.g., good resolved motion, minimal oscillation, sm ooth motion. 
  To supply a large number of utilities (power, sig nal, video, water, 
air) to a variety of user-supplied end effectors mo unted on the tip of 
the arm.All components including utility lines tobe  packaged within a 
sealed and purged enclosure to provide contaminatio n protection, 
tolerance of aggressive decontamination processes a nd for explosion-
proofing. 
  All in-tank components and materials to be radiat ion-resistant; all 
external components and materials to be corrosion r esistant (to both 
acidic and alkaline environments). 
  All components to be accessible for inspection an d maintenance. 
Some of these requirements are potentially contradi ctory, e.g., the small 
access riser and the large reach envelope, the full y enclosed packaging 
and the accessibility. This paper discusses some de sign challenges 
arising from these requirements and how they were m et. The integration 
and testing of the system is also described with em phasis on the main 
features of the test program. An important factor i n the successful 
resolution of many issues was the cooperative and i nteractive approach 
adopted by Spar and its customer in the early stage  of the project. This 
enabled problems to be solved quickly and efficient ly by a combination of 
relaxing specification requirements and concept mod ifications. 
DESIGN CAPABILITIES AND CHALLENGES 
In the paragraphs below some special capabilities a nd the associated 
design challenges are discussed with specific refer ence to: 
  Vertical Positioning Mast 
  Manipulator Elbow Joints 
  Packaging and Enclosure 
  Purge System 
  Operator Interface 
  Vertical Positioning Mast 
The Vertical Positioning Mast (VPM) is required to deploy through a riser 
which is nominally a 12-in-dia. Schedule 40 pipe x 10 feet long but in 
practice after deformations, intrusions and toleran ces the available I.D. 
is approximately 11.0 in. yielding a specified maxi mum O.D. for our 
equipment of 10.5 in. Since the stowed length of th e VPM with manipulator 
is limited to 35 feet, the vertical reach of 47 fee t, involving a 
deployment stroke of 60 ft., can only be achieved b y a telescopic mast 
(see Fig. 2). However, the annular space for a tele scopic mast is 
extremely limited and this is compounded by the nee d for rolling element 
bearings to achieve smooth motion and the use of CR ES 316 as the only 
available corrosion resistant tube material limits the contact stresses 
of rollers on the tube. 
Fig. 2 
The design solution is shown in Fig. 2. The use of large-diameter convex 
rollers with Verpel tires mounted to and penetratin g the inner tube 
reduce the contact stresses on the outer tube. Neit her of the contact 
surfaces (rollers or interior of outer tube) is exp osed to the 
contaminated in-tank environment. Because of the hi gh ratio of stroke to 
stowed length, a multi-tube configuration would nor mally be preferred but 
the annular space precludes the use of more than a total of two tubes. 
Fortunately the customer was able to extend the sto wed length requirement 



from 30 feet maximum to 35 feet maximum and this ma de a critical 
difference, allowing a reasonable tube overlap for a two-tube 
design.Nevertheless, the bearing stresses in the ou ter tube were high 
compared to the strength of the CRES 316 and carefu l optimization of the 
design was required. 
This rather involved evolution of the concept has p aid dividends because 
the result is a robust, free-moving, fully-sealed m ast with a smooth and 
regular external profile which is easy to decontami nate. 
Manipulator Elbow Joints 
The LDUA is a seven-jointed manipulator and was ill ustrated in Fig. 1. 
Its two adjacent elbow joints give it excellent dex terity in terms of its 
ability to articulate the end effector and reach ar ound obstructions, as 
illustrated in Fig. 3. Another advantage of the con figuration is the 
short link length compared with the overall reach w hich enables the 
manipulator to deploy into a constrained workspace,  e.g., within 6 feet 
headroom or less depending on the end effector size . 
Fig. 3 
The elbow joints are a special design which combine s: 
  High torque capacity (up to 38000 in.lb.) 
  Large angular travel ( 100 deg.) 
  Small diameter (8.62 in.) 
  Free internal volume for routing the large bundle  of end effector 
utility lines. 
The use of linear actuators (hydraulic cylinders) h oused inside the main 
structural boom provided the necessary torque capac ity, while an 
articulating linkage maintained a high torque throu gh the full range of 
travel. The novelty and high performance of this jo int required an early 
development effort to mitigate risk. Firstly, a the oretical optimization 
of the linage geometry and the pivot loads was cond ucted. Secondly, a 
Proof of Principle (POP) Elbow Joint was constructe d and tested. As a 
result of the testing the primary link and its moun ting were reinforced 
and a suitable joint servo control strategy was dev eloped. 
The benefits of this careful development approach w ere realized when the 
real elbow joints were found to be stiff, backlash- free and readily-
controllable. 
Packaging and Enclosure 
The LDUA packaging must accommodate the following r equirement: 
  Strength and stiffness require closed structural sections. 
  Enclosure of all components for contamination pro tection and explosion 
proofing means that they must be mounted inside the  structure. 
  Internal routing of the large utility harness whi ch comprises power, 
signal, video, hydraulic, water and air lines to su pport a variety of end 
effectors as well as to operate the arm itself. 
  Access to all components is required for maintain ability.  
  The outside diameter is limited to 9.0 in. 
These requirements are rather contradictory. The so lution is illustrated 
in Fig. 4 and includes the following important feat ures: 
Fig. 4 
  Fully-enclosed design with large, removable cover s.Covers are 
structural elements strongly connected to arm secti ons topreserve section 
properties. 
  High-strength corrosion-resistant material (CRES 17-4 PH) and fasteners 
accommodate concentrated loads at the structural co nnections. 



  Very careful internal packaging of components, ve rified by full-scale 
mock-up. 
Purge System 
The purge system renders the LDUAS in-tank componen ts explosion-proof and 
prevents the ingress of particulate or liquid conta mination into the 
interior of the LDUA and VPM. It achieves this by m aintaining a positive 
pressure within the LDUA body and VPM tubes relativ e to the tank 
atmosphere so that no explosive gases can migrate i nside and come into 
contact with electrical devices or hot components. The purge system is 
required to conform to ANSI/NFPA 496 for Class l, D ivision l, Group B 
components. 
The purge system schematic is shown in Fig. 5. The purge air or gas 
supply is connected to the purge air coupling on th e VPM housing. Inside 
the VPM the supply pressure and flow are regulated and routed through the 
VPM and LDUA utility harnesses to the TIP. When an end effector is 
attached to the LDUA the purge air or gas flows thr ough the TIP hose 
coupling into the end effector. The return flow is via the interior of 
the LDUA, through the VPM inner and outer tubes and  into the VPM housing. 
The VPM housing will be maintained at a pressure wh ich is positive 
relative to the tank atmosphere (to ensure positive  pressure in the LDUA 
and VPM tubes) and negative relative to the ambient  atmosphere (to ensure 
containment in the event of leaks). This is accompl ished by permitting 
the purge air to exhaust to the TRIC since the TRIC  pressure is 
controlled by the buyer's ventilation system to be positive relative to 
tank and negative relative to ambient. 
Fig. 5 
The LDUA and the VPM tubes are thus explosion-proof  both because they are 
maintained at a positive differential pressure rela tive to the tank 
atmosphere and because there is a significant purgi ng flow through them. 
The purge system ensures this by monitoring the int ernal pressure at the 
top of the VPM inner tube and the VPM housing relat ive to the tank. The 
differential pressure at each location is monitored  by two independent 
sensors connected to independent control functions in the control 
subsystem. One sensor is connected to a hard-wired switching circuit 
which cuts off all power to the LDUA if the differe ntial pressure falls 
below a certain threshold. The second sensor is mon itored by the system 
software which performs the same function and provi des an error signal to 
the operator. This arrangement ensures that no sing le or common-mode 
failures can prevent the de-energizing of the LDUA if it is not 
maintained at a positive differential pressure rela tive to the tank. 
Operator Interface 
Operation is normally from a Remote Control Trailer  located outside the 
Tank Farm fence. The Spar equipment includes two wo rkstations, which 
together with joysticks and video monitorsprovide f ull control of, and 
feedback from the system. The operator interface ha s been designed to be 
User Friendly so that operators can learn and becom e comfortable with the 
system as quickly as possible. 
The main control console uses a Sun Workstation wit h intuitive graphical 
point and click screens to guide the operator throu gh the start-up, 
deployment and shutdown phases. Telerobotic control  of the LDUA is via 
two 3-degree-of-freedom joysticks (one rotational; one translational) 
which allow either single joint or resolved motion commands. Visual 
feedback is provided from the LDUA shoulder camera,  one or more in-tank 
"overview" cameras, and various video or 3-D laser end effectors. 



A second (Silicon Graphics) workstation running Spa r's Supervisory 
Graphics Control Software (SGCS) and Deneb's IGRIP simulation package 
provides a 3-D kinematic model of the LDUA arm and VPM which can be moved 
around inside a "world model" of the tank interior derived from the 
customers' 3-D mapping of the tank. Complete inspec tion missions can be 
simulated and recorded, potential collisions betwee n the LDUA and tank 
obstacles can be detected and alternate paths chose n to avoid collisions, 
and optimize the inspection task. The planned missi on can then be 
implemented and the simulation observed in real tim e to supplement the 
visual information provided to the operator. 
INTEGRATION AND TEST 
The integration and test program provides a logical  and structured flow 
from assembly and subsystem through to final integr ated system testing. 
The main steps in this process are: 
  Manipulator Performance Test 
  LDUA System Acceptance Test 
  LDUA Inspection System Test and Evaluation at the  Hanford Cold Test 
Facility 
  Manipulator Performance Test 
After verifying that the manipulator has achieved i ts basic mechanical 
functionality, the manipulator and controller are c onnected and subjected 
to a series of tests designed to characterize and t une the manipulator 
performance. The test arrangement is illustrated in  Fig. 6 
Fig. 6 
The first step is to carry out joint servo loop tun ing to optimize 
individual joint performance. In the second step, t he arm is operated in 
its resolved motion modes to verify and optimize th e arm level control 
(ALC). This involves adjusting parameters such as w ashout spheres, 
transition and position hold spheres input command filter 
characteristics, joint position limits, self-collis ion avoidance, elbow 
and torque limit avoidance and LDUA deflection comp ensation. 
These tests also demonstrate that the arm can meet its specified reach 
envelope, velocity and payload requirements togethe r with its budgeted 
repeatability and resolution. 
Considerable care is required during these tests, p articularly in the 
early stages when full controllability is not estab lished, because loss 
of control or operator error can result in collisio n with the floor or 
the test fixture. 
System Acceptance Test 
The system-level testing requires a special facilit y because the total 
height of the fully-deployed system is nearly 100 f t. (See Fig. 1). The 
selected facility is a partially-completed and moth balled thermal 
generating electrical power station currently used primarily for storage. 
The main turbine-generator hall provides an indoor location where the 
system can be craned on to the upper level and the VPM-LDUA deployed down 
to ground level as shown in Fig. 7. The building it self is unheated but a 
heated office space is available on the mezzanine l evel where the remote 
control station (console subsystem) is set up. 
Fig. 7 
A sequence of tests is conducted which represent mo st of the operational 
situations of the system in use, including the foll owing: 
  Ability to deploy/retract through a tank riser.  
  Resolved motion including the VPM and its deflect ion compensation. 



  Payload capacity, velocity, and repeatability and  resolution at various 
locations within the reach envelope. 
  Smooth motion and minimal oscillations. 
  Purge system functions. 
  Failsafe braking, health monitoring, interlocks a nd other safety 
features. 
LDUA Inspection System Test and Evaluation at WHC 
After delivery to WHC, the LDUA System will be inst alled in their indoor 
Cold Test Facility which provides adequate headroom  and allows the VPM to 
be fully deployed into a vault containing simulated  waste and a partial 
tank mock-up. Here the Spar LDUA system will be int egrated with various 
customer supplied end effectors and a supervisory c ontrol and data 
acquisition system to verify the operation of the c omplete tank 
inspection and characterization system. 
This test set up will be used for ongoing sensor an d controls 
development, to develop operational procedures, and  to provide 
operational and maintenance training. 
CONCLUSIONS 
A number of design challenges and development probl ems have been 
experienced in the LDUA program. These were success fully resolved by a 
combination of innovative engineering, careful desi gn and development 
testing conducted on breadboard, proof-of-principle  and mock-up hardware. 
The patience and flexibility of the customer was al so a key factor in 
obtaining technically acceptable, cost-effective so lutions. The final 
verification of the solutions was obtained during s ubsystem and system 
testing with a test plan designed to be rigorous ye t cost-effective. 
The first LDUA system is expected to be delivered t o the Hanford site in 
February, 1996. After delivery to Hanford, the syst em will undergo 
testing at the site and end effectors will be integ rated in support of a 
deployment in an underground storage tank at Hanfor d in September, 1996. 
The versatility and dexterity of the LDUA are expec ted to assist DOE in 
obtaining vital waste characterization data regardi ng the chemical 
composition of thewaste in these tanks. 
Additional LDUA system will be delivered to the Han ford, Idaho and Oak 
Ridge sites during 1996 and are expected to be used  to characterize 
underground storage tanks at these sites in 1997. 
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ABSTRACT 
The U.S. Department of Energy (DOE) has significant  amounts of 
radioactive waste stored in underground single-shel l storage tanks. Many 
of these storage tanks have reached their design li fe and are 
deteriorating structurally. The wastes are chemical ly and radiologically 
hazardous with radiation levels ranging from slight ly above background to 
hundreds of rads/hr. The consistency of the waste r anges from pumpable 
liquids and slurries to thick sludges and large cry stalline masses. A 
priority mission of the DOE is to retrieve the wast e from its present 
storage and process it for final disposal. The Ligh t Duty Utility Arm 
(LDUA), a robotic system being developed by the DOE 's Office of Science 
and Technology, will be used to gather information about the waste and 
the tanks in which it is stored to better plan and execute the clean-up 
mission. The LDUA will become operational at the Ha nford Site in 1996, 
making it the first robotic system to be deployed i n a radioactive 
underground storage tank. 
Sandia National Laboratories is developing both a S upervisory Control 
System (SCS) and a Supervisory Data Acquisition Sys tem (SDAS) for use on 
the LDUA. The SCS is based on graphical programming  and model-based 
control which allow previewing of programmed robot motion by the operator 
before actual robot motion is performed; this advan ced capability is 
needed for robot safety in the hazardous environmen t. The SDAS is an 
integral part of the robotic system; it collects da ta from several end-
effectors and controls both video storage and end-e ffector operations. 
SDAS uses a client/server architecture which allows  multiple programs to 
receive data in real time including an operator int erface, an expert 
system, and a data logger. This paper discusses the  design and 
architecture of both the SCS and SDAS systems. 
INTRODUCTION 
The high-level radioactive wastes created as by-pro ducts of plutonium 
production and nuclear power generation have been s tored in underground 
storage tanks at various U.S. Department of Energy (DOE) sites for more 
than 40 years. For example, at DOE's Hanford site a pproximately 140,000 
m3 (37 Mgal) of waste material now resides in 149 s ingle-shell tanks 
which range in size from 208 m3 (55,000 gal) to 3,7 85 m3 (1 Mgal) in 
capacity (1). These tanks consist of a carbon steel  liner surrounded by a 
reinforced concrete shell. Many of these tanks have  exceeded their design 
life and some are leaking contaminants into the sur rounding environment. 
Characterization and remediation of these waste tan ks is a high priority 
for the DOE's environmental restoration program. Ra diation levels are too 
high for human workers to enter the tanks; therefor e, remote means of 
characterization and removal must be considered. In  support of this 



mission, the DOE's Office of Science and Technology  is sponsoring the 
development of the Light Duty Utility Arm (LDUA) sy stem. The LDUA is an 
integrated robotic deployment system which will per form inspection, 
surveillance, waste analysis, and small-scale retri eval tasks in 
underground storage tanks (2). Current characteriza tion methods used at 
tank sites are limited to positioning sensors and i nstruments directly 
below access risers. The advanced technologies bein g developed under the 
LDUA program will allow critical characterization a nd inspection 
throughout the tank, not just below the access rise rs. 
The Light Duty Utility Arm is a seven degree-of-fre edom articulated 
robotic arm on the end of a telescoping vertical po sitioning mast. The 
arm is designed to deploy a variety of tools (end e ffectors) into the 
underground tanks. Its redundant degrees of freedom  give the arm the 
ability to maneuver around obstacles in the tank. T he robotic arm and 
subsystem controller are being designed and develop ed by Spar Aerospace 
Ltd. Detailed information on the LDUA design can be  found in Ref. 3.  
Supervisory control and data acquisition for the LD UA will be implemented 
in stages. The initial deployment of the LDUA will be video and 
photographic surveys of the tank and waste (4). The  Supervisory Data 
Acquisition System (SDAS), developed by Sandia Nati onal Laboratories, 
will control and gather video from both overview an d end effector 
cameras. Control of the LDUA will be performed usin g joysticks in a 
teleoperated mode. The Supervisory Control System ( SCS) described in this 
paper will be implemented on the LDUA in later miss ions. The SCS will 
improve the operations efficiency and safety of the  LDUA system by adding 
graphical previewing and collision checking, automa ted path planning, and 
point-and-click motion to the control system. Furth er advances include 
task-level automatic sequencing and automatic traje ctory planning for 
collision free motion in the tank. 
MODEL BASED CONTROL & GRAPHICAL PROGRAMMING 
A world model is a three-dimensional computer model  of the robot and its 
operating environment. In an underground storage ta nk, the world model is 
developed with computer drawings of known aspects o f the tank as well as 
with sensor-developed models of the unknown aspects  of the tank (i.e. the 
waste surface.) The purpose of the world model is t o allow the operator 
to visualize the position and motion of the robot r elative to other 
objects in its environment. Motions are planned and  previewed within the 
world model to verify their correctness and freedom  from collisions 
before they are executed. This planning and safety checking in a preview 
mode is termed Graphical Programming. 
Graphical Programming uses three-dimensional animat ed graphics models as 
intuitive operator interfaces for the programming a nd control of complex 
robotic systems (5). In remote deployment of roboti c systems, such as the 
LDUA, the operator cannot directly interact with or  view the robot 
motions. In a purely teleoperated control mode, the  operator must guide 
the robot motions with input from cameras at discre te locations in the 
tank. The development of collision-free paths is co mpletely dependent on 
the ability of the operator and the viewing angles of the in-tank 
cameras. In an underground tank environment, collis ions (especially 
collisions with the tank wall) can have catastrophi c effects. Graphical 
programming and model-based control provide a means  for ensuring 
collision-free motion as well as reducing operator error and fatigue. 
In a graphical programming system, the graphic repr esentation of the 
robot, its environment, and controls allow an opera tor who is not an 



expert robot programmer to easily interact with the  robot and command 
safe robot motions. The user interface has pop-up m enus, displays, and 
the ability for "point-and-click" motion commands w hich intuitively guide 
the operator through robot control. Using these gra phic operator inputs, 
the robot's supervisory control software: 
  Translates commanded tasks into graphical robot m otions; 
  Simulates and analyzes robot motion to check for safety; 
  Commands the robot to execute motions that have b een determined to be 
safe; 
  Monitors the robot's motion to verify task compli ance; 
  Updates the graphics model as tasks are performed  by the robot. 
Simulation and monitoring are key functions of the graphical programming 
supervisor software. Robot tasks are simulated befo re they are performed 
and the simulation system's safety validation funct ions determine whether 
the tasks can be performed safely (5). For example,  motion previewing of 
this type is used to avoid collisions with tank wal ls and other obstacles 
within the tank. While the motion or task is being performed, the 
supervisory software slaves the simulation system t o the robot's actual 
motion and monitors to verify that the move was per formed as simulated. 
The supervisory software can also interrupt robot m otion that excessively 
deviates from previewed paths or results in entry i nto hazardous regions. 
Model-based control of robots as described above is  dependent on a model 
of the environment in which the robot is functionin g. On the LDUA system, 
creation of the world model will begin with the tan k structure and will 
be based on best existing knowledge of the tank (e. g., design drawings 
and external measurements) (6). A topographical map ping system will be 
used to map contours of the waste surface and any u nrecorded objects in 
the tank. Sandia has developed world model building  capabilities which 
will rapidly create models from these mapping subsy stems. As the world 
model is reasonably, but not completely accurate, a  minimum approach 
distance will be established for the world model ba sed on an analysis of 
all sources of error (6). In a more ideal graphical  programming system, 
the robot would be equipped with physical sensors t o compensate for any 
errors in the world model. For example, a pipe cutt ing end effector would 
be instrumented with proximity sensors to accuratel y dock the cutter at 
the correct location (7) or the entire arm would be  instrumented with 
proximately sensors to sense and avoid near collisi ons (8). These sensors 
could then be used to update and increase the accur acy of the world 
model. Ideally, in the future the LDUA will be inst rumented with these 
types of sensors, thus increasing both the safety a nd the accuracy of the 
robotic system. 
FLEXIBLE DATA ACQUISITION FOR ROBOTIC SYSTEMS 
A data acquisition system for use in robotic charac terization of 
underground storage tanks must be capable and robus t, as well as easily 
adaptable to changing requirements. Fundamentally, the system should 
provide a single point from which data from various  end effectors can be 
acquired, processed, displayed, and stored. An addi tional goal of the 
design of such a system is that it should provide a n open architecture 
that easily accommodates new end effectors and adap ts to new missions 
with little disruption to the existing system. Idea lly, the system design 
should allow for further development like the addit ion of neural networks 
and artificial intelligence which could provide dat a analysis concurrent 
with collection to give the operator guidance conce rning tank 
characterization.  



LDUA CONTROL AND DATA ACQUISITION DESIGN 
The LDUA system is designed to be run by two operat ors using workstations 
located in a remote trailer. One operator uses the graphical interface on 
the Supervisory Control System (SCS) to operate the  arm using path 
previewing and collision avoidance. The other opera tor uses the 
Supervisory Data Acquisition System (SDAS) to opera te end effectors and 
gather data. The two systems are linked by a robot position client and 
server which provide current arm positions from the  subsystem controller 
to the SDAS. Both the LDUA control and data acquisi tion systems are 
designed with an open architecture using the client /server model to 
achieve maximum flexibility. The designs of both sy stems are detailed 
below. 
Supervisory Control System 
The LDUA control architecture is based on the Gener ic Intelligent System 
Controller (GISC) approach developed at SNL (9). Th e GISC-based design of 
the SCS is illustrated in Fig. 1. This system is co mposed of four basic 
software components: a graphical supervisor (Sancho ), a commercial robot 
simulation package (IGRIPa), a device driver (LDUA Robot Server), and 
communication interfaces. Both the simulation packa ge and the supervisor 
are processes which run on a Silicon Graphics, Inc.  workstation. The 
device driver software executes on a separate CPU w hich is attached to a 
Versa Module Eurocard (VME) bus.Communication inter faces exist between 
the supervisor and the simulation package, between the supervisor and the 
device driver, and between the simulation package a nd the device driver. 
The supervisory program, Sancho, is written in the C programming 
language. Users interact with Sancho through a grap hical user interface 
(GUI) based on the XForms library for X-windows (10 ). Sancho drives the 
simulation package using IGRIP's Command Line Inter face (CLI) commands 
(11). Nettools, a Deneb Robotic's interface based o n TCP/IP 
communications, is used to pass CLI commands and va lues returned by CLI 
commands between the supervisor and the simulation package. Sancho 
commands and interrogates the LDUA Robot Server dev ice driver through a 
generic set of commands based on the Robot Independ ent Programming 
Environment/ Robot Independent Programming Language  (RIPE/RIPL) 
programming paradigm (12). The generic RIPL command  set includes commands 
such as: SetSpeed, SetToolLength, MoveTo, LoadPath,  and MoveAlongPath. In 
addition to issuing commands to the device driver, the supervisor can 
also respond to asynchronous events that are genera ted by the LDUA Robot 
Server. Examples of such subsystem events include t he completion of a 
commanded move and an externally-generated emergenc y stop. 
Communications between the supervisor process and t he device driver is 
accomplished through the GENeralized Interface for Supervisor and 
Subsystems (GENISAS) (9) communications library. GE NISAS provides a 
convenient way to link commands, queries, and data exchanges to the 
appropriate robot control functions and data transf er functions within 
the device driver. GENISAS also provides the mechan ism by which 
asynchronous events (E-stops, move complete, etc.) from the device driver 
are associated with the appropriate functions withi n Sancho. 
As shown in Fig. 1, two separate instances of the L DUA Robot Server are 
spawned on the VME CPU. These two servers are refer red to as the Real 
Robot Server and the Simulated Robot Server, respec tively. As their names 
suggest, one server controls and queries the state of the actual robot 
arm whereas the other server is used for generating  simulated motion for 
the IGRIP simulation package. GENISAS connections e xist between Sancho 



and the Real Robot Server and between IGRIP and the  Simulated Robot 
Server. 
Fig. 1 
Both of the robot servers communicate with the LDUA  Subsystem Control 
software developed by Spar Aerospace Ltd, the manuf acturer of the LDUA. 
This communication takes place through a set of lib rary functions 
referred to as the GISC interface. The Subsystem Co ntroller is 
responsible for servo control of the robot arm. In addition, it can be 
placed in state known as "simulation" mode. In simu lation mode, the 
Subsystem Controller accepts motion commands as usu al, but, instead of 
moving the arm, it simulates the move by generating  a sequence of joint 
positions. The Simulated Robot Server only interact s with the Subsystem 
Controller when simulation mode is enabled, and, li kewise, the Real Robot 
Server interacts with the Subsystem Controller when  simulation mode is 
disabled and motion is enabled. 
When an operator issues a motion command to the SCS , the motion is first 
previewed through IGRIP. During the preview phase, IGRIP uses Deneb's 
shared library functions to command the Simulated R obot Server which, in 
turn, issues commands to the Subsystem Controller. Collision checking is 
done inside of IGRIP. If a collision is detected, t he command is 
terminated. Following the preview phase, the SCS th en queries the 
operator to determine if the motion should be execu ted by the real robot 
arm. If the motion is to be repeated by the actual robot, the Sancho 
application sends commands to the Real Robot Server  to initiate, control, 
and monitor the move. Sancho displays the monitored  motion in the IGRIP 
simulation to provide real time feedback to the ope rator as the move is 
executed. 
The menu-driven user interface to Sancho overlayed on the IGRIP display 
is shown in Fig. 2. The interface allows the user t o command motion to a 
selected tag point or along a predetermined path. S cripts for more 
complex tasks, such as tool-exchange operations, ca n be executed and 
modified through the Sancho interface. A tool for g enerating paths and 
motions for scanning operations is also available. The user can easily 
change the view in the IGRIP workcell as well as en ter and leave IGRIP 
user mode. 
Fig. 2 
Supervisory Data Acquisition System 
The Supervisory Data Acquisition System (SDAS) for the Light Duty Utility 
Arm (LDUA) is a flexible data acquisition and contr ol system. SDAS 
operates independently of the Supervisory Control S ystem (SCS) and 
provides services that do not affect the robot cont roller. SDAS is a 
general system that allows quick changes in the ope rator interface and 
input/ouput (I/O) configuration.  
SDAS is composed of two parts: a real-time server a nd an operator 
interface. The server portion handles the real-time  aspects of data 
acquisition and control. The operator interface pro vides a graphical 
interface for the operator to view data and control  non-robotic LDUA 
subsystems. Both aspects of the SDAS are discussed in more detail below. 
The real-time server runs under the VxWorksb operat ing system on a VME 
bus architecture, supporting an extensible set of i nput and output (I/O) 
boards. The server is a collection of records in a database with each 
record holding a single real-time value. Records ob tain values from 
hardware inputs (i.e., analog to digital converters  (ADC), digital to 
analog converters (DAC), and digital output devices ), operator inputs, or 



from calculations. Records are "processed" whenever  a new value is 
received. Whenever a record value is updated, the c urrent time and robot 
position are stored with the record. 
The server schedules records to be processed at reg ular intervals, in 
response to events, or simply due to normal flow wi thin the database. 
When a record is processed, it may optionally sched ule additional records 
for processing. For example, an ADC record may read  a voltage in counts, 
this record would then cause a calculation record t o process which 
converts the ADC counts into engineering units. Two  types of records in 
the database control this flow of additional proces sing. The first type 
unconditionally schedules a list of records for pro cessing each time it 
is processed. The second conditionally schedules a single record for 
processing based on an input index. The configurati on of the server 
database is specified via a text file each time the  server is started. 
This allows considerable flexibility when changing the system and/or 
adding additional capability. 
The integration and addition of various input and o utput devices are 
handled with corresponding device drivers within th e data acquisition 
system. Device driver objects are independent of th e SDAS program and are 
liked and loaded at runtime. The text database conf iguration file 
discussed above allows records to be associated wit h device drivers at 
runtime. This allows system administrators to add d evices to an existing 
SDAS installation without modifying the SDAS code. The current SDAS 
contains drivers for support of the standard Indust rial Pack mezzanine, 
Opto-22, and RS-232 and RS-485 serial standards. Ho wever, the system is 
not limited to these I/O devices; new drivers can e asily be incorporated 
into the system. 
In the current data acquisition system, client appl ications to the server 
include the operator interface and an auxiliary int erface for viewing 
data. Again, the system is not limited; future clie nt applications may 
include historical log files, commercial databases,  or expert systems. 
These client applications connect to the server ove r ethernet using 
TCP/IP socket connections. After establishing a con nection, client 
applications open records for reading and writing o n an individual basis. 
Whenever a record is processed, all clients who hav e opened the processed 
record receive the new data along with the time and  position stamp. The 
client/server architecture allows several clients t o connect to the 
server at any given time and have access to the sam e records. At the same 
time, a record may be locked by a client, thus allo wing single point of 
control. 
The SDAS operator interface is a graphical user int erface based on 
National Instrument's LabVIEWc software. A copy of the highest level SDAS 
operator interface is shown in Fig. 3. The interfac e consists of a 
collection of LabVIEW Virtual Instruments (VIs) whi ch control and monitor 
LDUA subsystems. A LabVIEW VI is composed of a fron t panel and an 
associated wiring diagram. The front panel contains  buttons, graphs, 
charts, menus, and other user interface graphics. T he wiring diagram 
controls the front panel using a visual programming  paradigm. The 
operator interacts only with the front panel. In th e example shown, 
selecting any of the displayed buttons brings up th e control and data 
acquisition front panel for that particular subsyst em. SDAS provides a 
library of sub-VIs which send data to and receive d ata from the SDAS 
server. The interactive building of the front panel  and visual 



programming of the wiring diagram allow the operato r interface to be 
easily maintained and updated to reflect changes in  the system.  
Fig. 3 
For the first deployment of the LDUA system at Hanf ord, SDAS controls the 
pan and tilt camera systems and video system. This is accomplished for 
the camera systems by using a single Relay 16 Indus trial Pack by Systran 
Corporation and an RS-232 serial connection and for  the video system 
(composed of a video switcher, two VCRs, two video titlers, and a video 
printer) through multiple serial connections. In ad dition to the video 
and camera systems, future deployments of the LDUA will include the 
collection of data from various sensor end effector s including an SNL 
developed "minilab" multi-sensor end effector (13).   
FUTURE PLANS AND DEVELOPMENTS 
The first deployment of the LDUA in a radioactive w aste tank will be at 
the Hanford site in 1996. The Supervisory Data Acqu isition System 
described above will be used to control and store v ideo images from 
various end effector and overview cameras (4). The Supervisory Control 
System described in this paper will be implemented on later deployments 
of the LDUA arm. At that time, the graphical comman ds, path previewing, 
and collision checking capabilities within the SCS will be used to 
operate the LDUA in a telerobotic mode versus pure teleoperation. 
Automated path planning algorithms will also be imp lemented to allow the 
operator to easily perform a complete survey of a s urface with video, 
camera, and/or sensor end effectors. 
Future deployments of the LDUA will use end effecto rs that must operate 
in contact with or in close proximity to the surfac e of the waste or tank 
structures (6). To support this mode of operation, the SCS will be 
extended to read position and force feedback from s ensors on the LDUA end 
effectors and modify the motion of the arm for surf ace following, 
compliant motion, and docking-type operations (7). The ability of the arm 
and end effectors to be controlled from task-level automatic sequencing 
will be added to the SCS in later deployments. Furt her developments 
include advanced trajectory planning algorithms tha t calculate collision-
free paths in congested work spaces. 
SUMMARY 
This paper describes the development of both a Supe rvisory Control System 
(SCS) and a Supervisory Data Acquisition System (SD AS) that were designed 
specifically for use on robotic systems in waste st orage tanks. The two 
systems will be implemented on the Light Duty Utili ty Arm (LDUA) system, 
an integrated robotic deployment system which will perform inspection, 
surveillance,waste analysis, and small-scale retrie val tasks in 
underground storage tanks. SDAS will be implemented  on the LDUA in its 
first deployment at the Hanford site in 1996. SCS w ill be installed and 
used to control the arm in later deployments. 
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Session 57 -- PANEL - WASTE MANAGEMENT CHARGEBACK S YSTEMS IN THE DOE 
COMPLEX 
Co-chairs: R. Piscitella, INEL/LITCO; 
James Van Vliet, INEL 
57-1  
CHARGEBACK SYSTEMS IN THE DOE COMPLEX 
The workshop conducted during this session addresse d Chargeback Systems 
in the Department of Energy (DOE) Complex. The purp ose of this workshop 
was to present and discuss successes and problems t hat are currently 
being encountered with implementation of chargeback  systems for waste 



management activities in the DOE Complex. The works hop was introduced by 
the two chairmen of the session: J. A. Van Vliet, D irector of Waste 
Operations for Lockheed Idaho Technologies Company (LITCO) at the Idaho 
National Engineering Laboratory (INEL) and R. R. Pi scitella, Low-Level 
Waste Type Manager also with LITCO at the INEL. As part of the 
introduction, current reviews by the National Acade my of Science, the 
Environmental Management Advisory Board, and other reviewing 
organizations that suggest chargeback as a funding mechanism were 
discussed. A definition of chargeback was also pres ented as follows: 
A charging system where the waste generator is eith er partially or 
totally billed for waste management activities that  are directly related 
to the waste that the generator produces. 
Following this introduction, short presentations we re made. Questions 
from the audience were answered during the presenta tions. Abstracts of 
these presentations are given below in the order pr esented. 
Idaho National Engineering Laboratory, Waste Operat ions Chargeback System 
-- R. R. Piscitella, Telephone Number: (208) 526-11 37 
Chargeback systems are being considered for impleme ntation on the INEL 
for two primary reasons: To give the waste generato r a strong economic 
incentive to reduce the amount and/or hazard of the  waste generated, and 
to give INEL treatment, storage and disposal facili ties a strong 
incentive to be competitive with comparable private  business and other 
DOE laboratories. The current waste management syst em on the INEL does 
not support either of the objectives listed above. 
 The proposed system would continue to directly fun d Waste Management 
treatment, storage and disposal (TSD) facilities fo r activities such as 
legacy waste and post-closure activities. However, waste generators would 
pay for waste management activities that directly r elate to TSD 
activities for the wastes they produce. A chargebac k pilot programthat 
addresses only low-level waste (LLW) processing and  disposal is being 
completed in FY-96. This pilot program will modify waste tracking and 
accounting systems to allow "simulated" bills to be  sent to LLW 
generators. The pilot program will be evaluated at the end of this fiscal 
year and, based on the results, future chargeback a ctivities will be 
determined. 
Sandia National Laboratory, Operational P2 Chargeba ck and New Chargeback 
System Development -- S. A Schrader, Telephone Numb er: (505) 848-0381 
To support its Waste Minimization/Pollution Prevent ion Program, Sandia 
National Laboratories adds a surcharge to each unit  of hazardous waste 
that is managed by the EM-30 Waste Management Progr am. While providing 
funding for Waste Minimization/Pollution Prevention  activities, this also 
provides a financial incentive for organizations to  reduce waste 
generation. It is not a full cost recovery system, but exemplifies a 
method of recovering costs from specific customers.  The system relies on 
waste collection data to determine charges to custo mer organizations. 
Cost allocation is managed using a "Service Center"  mechanism provided by 
Sandia's Corporate Financial Information System. 
 This year, Sandia's Sample Management Office (SMO)  is implementing a 
full cost recovery system using the Service Center mechanism. Estimated 
budgets are used to predetermine cost allocations, which are adjusted 
each quarter to assure equitable distribution of ac tual costs among SMO 
customer organizations. 
USDOE Albuquerque, Reorganized (Re-Engineered) Wast e Management -- J. 
Orban, Telephone Number: (505) 845-4421 



Results of an independent technical review of Lawre nce Livermore National 
Laboratory, Los Alamos National Laboratory and Sand ia National Laboratory 
waste minimization and management programs pointed out the fact that 
program drivers are fundamentally different when co mpared to the private 
sector. The only focus of a commercial waste minimi zation and management 
program is compliant, cost-effective management of the minimum waste. In 
contrast, DOE and the Laboratories treat waste mini mization and 
managementas the commercial equivalent of a "profit  center" rather that a 
support service. The primary program focus is on mo ney management, not 
waste cost management. There is no Laboratory equiv alent to the 
commercial profit "bottom Line" incentive for contr olling waste streams, 
volumes, and program costs. 
 A DOE working group was established to take the re sult of this technical 
review and define alternatives for re-engineering D OE Waste Management. 
DOE Laboratory activities were divided into a Comme rcial Portion and 
Investment/Legacy Portion. The Commercial Portion w ould be a full cost 
recovery service center and would cover activities associated with 
treatment, storage and disposal of currently-genera ted waste. The 
Investment/Legacy portion would cover legacy storag e, legacy workoffs, 
etc., and would be individually estimated as separa te projects. Current 
implementation plans call for restructuring selecte d DOE sites into 
Commercial and Investment/Legacy in a pilot program  in FY-97 with "real" 
billing occurring in FY-98. Other DOE sites would f ollow with a one- year 
delay. 
Pacific Northwest National Laboratory, New Chargeba ck System Piloting and 
Implementation -- K. L. Peterson, Telephone Number:  (509) 372-4540 
 The DOE-EM funded Pacific Northwest National Labor atory Inventory and 
Waste Management Chargeback design project was disc ussed. This project is 
coordinated through the PNNL Waste Management Divis ion and is currently 
looking at a lab-wide chargeback system that would include: 1) Waste 
Management Chargeback, 2) Pollution Prevention Inve stment, 3) Inventory 
Control, and 4) Effluent Monitoring Costs. Chargeba ck costs would be 
divided into fixed costs that would be funded throu gh the Activity Data 
Sheet (ADS) process and variable costs that would b e funded by the waste 
generator. Implementation issues include: generator  planning for FY-97, 
year-end closeout carryover, accrual of costs, and notification of 
generators.  
Current schedule for implementation includes develo pment of the system 
this fiscal year, with a waste generator chargeback  system expected to be 
implemented in FY 1997. 
Chem-Nuclear Systems, Inc., Chargeback in the Priva te Sector,  
G.J. Antonucci, Telephone Number: (803) 758-1807 
Chem-Nuclear Systems, Inc., (CNSI) operates the com mercial LLW disposal 
facility at Barnwell, SC. CNSI conducted a study of  LLW disposal at the 
INEL from the perspective of operating like a priva te business. Steps 
that would be followed in the establishment and ope rations of "running 
INEL LLW disposal like a private business" were dis cussed. These steps 
included: 1) develop and agree upon the real costs for LLW disposal 
operations, 2) make generators aware of the chargeb ack system and get 
their buy-in to participate, 3) develop waste forec asts, 4) establish 
rates and surcharges that apply to forecast waste s treams, 5) treat, 
store, and dispose of waste at established rates, a nd 6) if disposed 
rates exceed forecasts by greater than 10%, either the generator stores 
the waste or a 30% increase in fee is applied. 
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ABSTRACT 
The goal of just-in-time characterization and certi fication, which is 
based on the just-in-time manufacturing process, is  to streamline the 
certification process by eliminating redundant laye rs of oversight and 
establishing pro-active waste management controls. Just-in-time 
characterization and certification would rely on a waste management 
system in which wastes are characterized at the poi nt of generation, 
precertified as they are generated (i.e., without i terative inspections 
and tests subsequent to generation and storage), an d certified at the 
point of shipment, ideally the loading dock of the building from which 
the wastes are generated. Waste storage would be li mited to accumulating 
containers for treatment, if necessary, or for cost -efficient offsite 
shipment only. 
Just-in-time characterization and certification wou ld be accomplished by 
establishing 1) a comprehensive waste management qu ality assurance (QA) 
program consisting of infrastructure controls and o n-going verification 
measures that provide the overall confidence in dat a validity and waste 
package integrity to allow certification upon deman d and 2) three 
essential functions of characterization at the poin t of generation, 
"precertification" (including necessary inspections , data validation, 
nonconformance control, and document compilation an d review), and final 
waste package certification (i.e., a document packa ge review ensuring 
that all applicable regulatory and disposal facilit y requirements are 
satisfied). 
Just-in-time characterization and certification is most applicable to 
wastes generated by decontamination and decommissio ning activities. 
However, implementation of the process can be phase d, using other waste 
categories (e.g., environmental restoration waste, rejected waste, legacy 
waste, newly generated waste) to introduce the conc ept at the facility 
and for use in employee training. 
INTRODUCTION 
Transportation and disposal of wastes generated by Department of Energy 
(DOE) activities, including weapons production and decontamination and 
decommissioning (D&D) of facilities,require that wa stes be certified as 
complying with various regulations and requirements . These certification 
requirements are typically summarized by disposal s ites under specific 
waste acceptance criteria (WAC). Although a large v olume of wastes has 
been generated by past activities and are presently  in storage awaiting 
disposal, a significant volume of wastes, particula rly from D&D projects, 



has not yet been generated. To prepare wastes for d isposal in an 
efficient manner, it is suggested that a program of  just-in-time 
characterization and certification be adopted. 
The concept of just-in-time characterization and ce rtification is based 
on established just-in-time manufacturing practices , in which goods are 
produced as needed to fill customers' orders; parts  and product 
inventories, and the storage needs for these invent ories, are minimized 
to reduce costs. The linchpin of just-in-time manuf acturing is a well-
developed infrastructure that allows quick and depe ndable response to 
customer needs. The key to successful just-in-time characterization and 
certification is confidence derived from an effecti ve characterization 
and waste management system, and the resultant abil ity to certify wastes 
as they are processed (i.e., without iterative insp ections, tests, and 
re-evaluations subsequent to generation and storage ). 
The following description of the just-in-time chara cterization and 
certification concept is based on an evaluation of the waste 
certification program at the Rocky Flats Environmen tal Technology Site 
(RFETS) and experience at other DOE facilities, inc luding the Los Alamos 
National Laboratory (LANL). 
REGULATORY DRIVERS AND THE NEED FOR JUST-IN-TIME CH ARACTERIZATION AND 
CERTIFICATION 
Requirements for waste certification are derived fr om DOE Order 5820.2A, 
10 CFR Part 71, 40 CFR Part 191, and 49 CFR Part 17 2 (1,2,3,4). These 
specifications require waste generators to assure w aste treatment, 
storage, and disposal facilities that the regulator y requirements for the 
waste are met. This assurance includes the implemen tation of the controls 
and measures necessary to ensure compliance with th e disposal facility 
WAC. Certification requirements are also present in  the WAC for various 
disposal facilities, as follows: 
  Envirocare of Utah, Material Acceptance Process M anual (5) 
  Hanford Site, Hanford Site Solid Waste Acceptance  Criteria (6) 
  Nevada Test Site, Nevada Test Site Defense Waste Acceptance Criteria, 
Certification, and Transfer Requirements (7) 
  Scientific Ecology Group (SEG), Waste Acceptance Criteria (8) 
  Waste Isolation Pilot Plant, Waste Acceptance Cri teria for the Waste 
Isolation Pilot Plant (9) 
The specific certification requirements of DOE, U.S . Environmental 
Protection Agency (EPA), U.S.Department of Transpor tation (DOT), and 
different treatment, storage, and disposal faciliti es can result in 
multiple layers of oversight (Fig. 1). In turn, the se multiple layers of 
oversight may increase the amount of bureaucracy, t ime and resources 
(i.e., personnel and budget) needed to get a waste shipment offsite, 
which reduces efficiency and increases costs. The g oal of just-in-time 
characterization and certification is to streamline  the waste 
characterization and certification processes. This can be accomplished by 
eliminating redundant levels of oversight and estab lishing pro-active 
controls rather than "final inspection quality" to achieve WAC 
compliance. The degree to which extended storage of  waste can be reduced 
or eliminated is also fundamental to streamlining t he waste disposal 
process. 
Fig. 1 
JUST-IN-TIME CONCEPT 
The basic concepts inherent to the just-in-time ope rational management 
philosophy have direct application at DOE facilitie s. The goals of just-



in-time manufacturing are to reduce costs, increase  efficiency, and 
increase the company's responsiveness to its custom ers. Eliminating 
overhead in the form of parts inventories, product inventories, and 
storage requirements associated with these inventor ies, reduces costs; in 
addition, process bottlenecks can be identified and  corrected. 
Manufacturing products at the rate of demand improv es the efficiency of 
the process. Because the products are manufactured at the same rate as 
demand, the time required for responding to shiftin g customer demands can 
be reduced. 
These concepts can be applied to waste characteriza tion and certification 
at DOE facilities. Rather than storing waste until it is ready to be 
shipped and incurring costs (e.g., inspections, uti lities, building floor 
space) associated with this storage, the just-in-ti me process would ship 
wastes immediately after generation. In addition to  reducing or 
eliminating storage costs, this process would enabl e DOE facilities to 
meet changing WAC as the wastes are generated, not as the packages are 
pulled from storage, which results in higher costs and delays in shipping 
because of the rework of the packages to meet the n ew acceptance 
criteria. 
JUST-IN-TIME CHARACTERIZATION AND CERTIFICATION 
Just-in-time characterization and certification at DOE facilities would 
allow wastes to be shipped from the generation loca tion and eliminate the 
need for long-term storage. Wastes would be stored only for the purpose 
of accumulating enough waste packages to make shipm ent economically 
viable. Both characterization and certification wou ld be required at or 
near the point of generation. 
For certification on demand (e.g., as needed) to be  a viable option, the 
entire process must be supported by a well-planned,  comprehensive, and 
rigorous waste management QA program. Such a progra m provides the 
procedural infrastructure necessary to achieve conf idence that all 
aspects of the waste management system are implemen ted in an effective 
manner. This procedural infrastructure includes the  basic elements of the 
existing QA standards (e.g., NQA-1, DOE 5700.6c, AS QC-E4); therefore, the 
infrastructure provides for operations control thro ugh personnel 
qualification, procedural control of activities, no nconformance control, 
and planning and provides assurance of program effe ctiveness through 
systematic verification activities (i.e., inspectio n, surveillance, 
audit, and corrective action). 
With such a program in place, demonstration of prog ram effectiveness for 
external oversight or regulatory agencies becomes a  relatively simple 
exercise. Also, confidence in the adequacy of waste  characterization, 
such as characterization data and package integrity , is sufficient to 
allow certification based on existing data and with out the intense 
scrutiny of individual packages commonly associated  with programs plagued 
by suspect data, continuous external inspection, an d audit findings. With 
such a program in place, a facility can concentrate  on strengthening and 
streamlining the important functions of waste chara cterization, data 
validation, and documentation review that allow jus t-in-time 
certification. Such a program is depicted in Fig. 2 . 
Fig. 2 
For characterization to support the just-in-time co ncept, the waste 
generated by an environmental restoration (ER) or D &D project must be 
characterized (i.e., sampled and analyzed as necess ary, with complete 
analytical results) before the wastes are placed in to containers. This 



requires the characterization personnel to particip ate during the 
planning stages of a project. As the responsible ma nager and engineers 
are planning the process for performing the project , the characterization 
personnel would be reviewing the planning documents , designing the 
sampling plan, and performing initial sampling of m aterials that would be 
generated as wastes during the project. Initial sam pling that is 
conducted during the planning stages of the project  could also be 
applicable to the validation of process knowledge f or future ER and D&D 
activities. The characterization plan should prescr ibe measures to be 
taken when anomalous results or unknown or unantici pated waste items are 
encountered. During the actual performance of the p roject, waste 
characterization personnel must be available, on an  on-call basis, to 
resolve such issues so that they are not pushed asi de to become 
uncharacterized backlog wastes that may cast aspers ions on the validity 
of overall characterization data. 
Wastes generated by the project would be certified at the point of 
shipment, similar to what currently occurs at many facilities. However, 
the wastes would be precertified at the point of ge neration. 
Precertification would entail verification of chara cterization and data 
validation completeness, waste package inspection, verification that 
characterization data is traceable to waste package s, and compilation of 
the documentation necessary to support certificatio n. Precertification 
would be performed before containers are sealed and  while the containers 
remain the responsibility of the generator, which a llows any problems to 
be corrected while the waste is still easily access ible and while the 
generator can be held accountable for, and learn fr om, such problems. 
Final certification would primarily be a review to verify that the waste 
package meets disposal facility and transportation requirements, as 
opposed to the detailed scrutiny of paperwork commo n to facilities that 
cannot rely on the viability of the overall waste m anagement system to 
produce a quality product. 
PERSONNEL REQUIREMENTS 
The adoption of just-in-time characterization and c ertification may 
require the realignment and refocus of waste manage ment organizations. In 
addition to waste generation, just-in-time characte rization and 
certification would require emphasis on three funct ions: characterization 
at the point of generation, waste precertification,  and waste shipment 
certification. 
Two requirements must be met for successful impleme ntation of just-in-
time characterization and certification. First, was te characterization 
and certification activities must be autonomous in terms of 
organizational structure and funding. The responsib le organizations must 
carry the authority to resolve problems identified during the waste 
generation, packaging, and certification process. 
Second, all personnel responsible for the character ization and 
certification process must be qualified in their di sciplines and must be 
knowledgeable of the overall project. A fundamental  precept of the 
International Atomic Energy Agency (IAEA) is applic able: personnel 
auditing, inspecting, or approving work must be at least as qualified as 
the personnel performing the work being overseen. A  root cause for many 
problems in existing waste management organizations  is deficiencies in 
personnel training and qualification. Such problems  must be eliminated 
for just-in-time characterization and certification  (or any waste 
management system) to function efficiently. 



Waste Characterization 
To provide for just-in-time characterization, the p ersonnel responsible 
for this characterization must be available to the personnel generating 
and precertifying the waste. These characterization  personnel must also 
be involved in the planning stages of the project. Waste characterization 
personnel would prepare characterization plans and procedures, implement 
and oversee sampling and analysis, ensure proper da ta validation, and 
prepare final characterization data packages, inclu ding regulatory 
justifications. The personnel would attest to the p roper characterization 
of the waste being placed into the container and be  available to provide 
guidance when sampling unknown or suspicious wastes  as they are 
encountered by the personnel performing the waste g enerating activity. 
Guidance on the proper packaging of individual or u nique wastes that are 
being generated would also be available from waste characterization 
personnel. 
Waste Precertification 
Under just-in-time certification, a detailed review  of the container 
documentation would need to be performed during the  process of waste 
generation. Although the waste precertification per sonnel's duties would 
be similar to that of a waste inspector performing in-process inspection 
of a waste package, the level of inspection detail is greater. This 
detailed review would be performed by waste precert ification. The waste 
precertification function would also include verifi cation that waste 
characterization data are complete and satisfactory , and compilation of 
all documentation required for the final certificat ion. 
Waste precertification would control access to the waste packages; ensure 
the proper setup of the container for the waste str eam being generated 
(e.g., number and type of liners, presence of a car bon filter); ensure 
that generators placing waste into the package have  current 
qualifications, and ensure that the wastes placed i n the package are of 
the same, or compatible, waste types. In position a nd responsibility, the 
waste precertifier would be analogous to the packag e certifier described 
in NVO-325, Nevada Test Site Defense Waste Acceptan ce Criteria, 
Certification, and Transfer Requirements (7). 
Waste Shipment Certification 
When D&D and ER activities are undertaken at DOE fa cilities, the volume 
of wastes generated will increase dramatically over  current generation 
rates. Consequently, the certification function wil l become important to 
managing waste and meeting overall project mileston es. It is probable 
that certification staffing levels will have to inc rease significantly at 
many facilities. 
In the just-in-time certification concept, final ce rtification becomes a 
matter of ensuring that waste packages meet disposa l facility and 
transportation requirements rather than a detailed scrutiny of all 
documentation on a package-by-package basis. The wa ste management QA 
program would control the accuracy and completeness  of the documentation. 
The precertification function would control oversig ht and review. Thus, 
the waste shipment certification official would be freed from the 
checking function and can devote efforts to resolvi ng larger issues. The 
waste shipment certification official would also ha ve better 
communication with disposal facility officials and regulators. 
Consequently, personnel in this capacity will need to be of a senior 
level and must be knowledgeable of all disciplines involved in the waste 
generation, treatment, and disposal process. If the  facility wishes to be 



successful in processing the volumes of waste antic ipated from the D&D 
and cleanup of DOE facilities, it will have to reco gnize the importance 
of this function, and staff and support it accordin gly. 
IMPLEMENTATION 
Implementation of the just-in-time concept into a m anufacturing operation 
typically involves five steps. Similarly, these jus t-in-time concepts can 
be adapted to waste management, characterization, a nd certification, as 
follows: 
  Cleaning up the Operations. Factors that prevent the certification and 
shipment of waste (e.g., procedural roadblocks, dup licative or competing 
activities) can be identified and eliminated or red uced by performing an 
evaluation of the existing process for waste genera tion and certification 
and a root cause analysis of problems diagnosed dur ing this process. 
  Establishing a Comprehensive Waste Management QA Program. If the 
facility does not presently have an effective QA pr ogram, which is 
essential to the viability of the just-in-time conc ept, establishing such 
a program is essential, but is not a trivial undert aking. The process can 
be briefly described as evaluating the facility to determine the 
activities that are important to safety and waste q uality, and then 
ensuring that all activities are proceduralized to ensure that they are 
performed adequately and that auditable documentati on to demonstrate 
satisfactory performance is provided. Development o f such a program must 
be the responsibility of senior, experienced person nel with the authority 
to institute necessary changes. 
  Effecting a Company-wide Culture Change. Because DOE facilities are in 
a period of transition from weapons manufacturing t o ER and D&D, a 
facility-wide culture change might be necessary, pa rticularly if a 
comprehensive waste management QA program is not cu rrently in place. This 
would be an ideal opportunity to introduce the conc ept of just-in-time 
waste characterization and certification. 
  It is worth noting that cross-cutting cultural ch anges have been 
successfully accomplished in many troubled industri es, both commercial 
and nuclear, over the last few decades. This proces s has been successful 
only where management was fully committed and where  the responsible 
individuals were given full authority to make neces sary changes. However, 
in those facilities that resisted such change, the process has in many 
cases been less than fruitful. 
  Preparing Logistics for Just-in-time. Procedures and processes for the 
certification of waste should be reviewed so that u nnecessary or 
redundant requirements are eliminated. It may also be necessary to 
upgrade existing facilities that are used to ship t he large amounts of 
waste expected to result from ER and D&D activities . Areas requiring 
logistical upgrades should be identified after a mo re detailed analysis 
of the facilities has been done. 
  Implementing the Program. Another aspect of prepa ring for just-in-time 
characterization and certification implementation i s training personnel 
to the revised procedures and processes. Characteri zation, certification, 
and their associated quality assurance requirements  should be pushed as 
far back in the waste generation process as possibl e, ideally to the 
point of generation. 
  Reviewing and Monitoring the System after Impleme ntation. Specific 
measurable performance objectives should be establi shed for each 
department or program that will be contributing to just-in-time 
characterization and certification. Ongoing verific ation of performance 



by an autonomous organization will be necessary to establish the validity 
of the overall system and to demonstrate system via bility to external 
oversight personnel. 
It is recommended that any just-in-time certificati on process first be 
established as a pilot program. The intent of this program would be to 
introduce and develop the concept of just-in-time c ertification and to 
provide training for the required personnel (i.e., waste shipment 
certifiers, waste precertifiers, and waste characte rizers). This training 
would be accomplished by rotating the personnel thr ough the pilot program 
and then placing them into other waste generating b uildings, at which 
time just-in-time characterization and certificatio n would be 
implemented. By having such a centralized, hands-on  training process, 
consistency in training could be achieved, personne l motivation enhanced, 
and lines of communication established. To ensure t he certifiability of 
wastes generated during this pilot program, it is r ecommended that the 
waste packages in-process be inspected and certifie d using the existing 
certification system on a temporary basis, in paral lel to the 
certification being performed under the just-in-tim e system. 
To further the transition from the current waste ge neration and 
certification process to the just-in-time process, and to simplify it, 
present waste packaging procedures should be review ed to identify those 
requirements absolutely necessary for the certifica tion of wastes to the 
disposal facility WAC. Requirements that are not ab solutely required 
should be eliminated. The procedures themselves sho uld be simplified, 
combined, and rewritten so that one procedure would  provide sufficient 
information for the proper packaging of waste. 
As these procedures are revised, and as the just-in -time process is 
developed, it is also recommended that the responsi bilities of the 
organizations involved in waste characterization an d certification be 
reviewed and, as necessary, combined so that only t hose organizations 
absolutely necessary to the certification process a re involved. 
Responsibilities of the retained organizations, and  the lines of 
communication among those organizations, should als o be defined as 
completely as possible to remove any ambiguity that  may confuse or slow 
the process. 
Finally, it should be recognized that no procedure or program should ever 
be implemented without clear specification of how e xisting waste will be 
viewed and addressed under the change and regulator  and disposal facility 
endorsement, where required or appropriate. 
SUMMARY 
Just-in-time manufacturing and supply concepts work  for many commercial 
enterprises. These concepts work where business pro grams and procedures 
are so well organized and reliable that the company  can respond at a 
moments notice to changing customer needs. At DOE f acilities, the 
customer is not only DOE (and, consequently, the pu blic), but also 
project commitments and schedules. Just-in-time cha racterization and 
certification programs can help meet the accelerate d disposal schedules 
anticipated for future D&D and ER activities. Our c ustomers deserve the 
well organized and reliable waste management progra m that makes just-in-
time concepts possible now. 
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ABSTRACT  
The Nevada Test Site (NTS) accepts low-level radioa ctive waste from 
generators across the United States. The program ut ilizes multi-
organizational concepts in the contracting of scien tists and specialists. 
Personnel are involved with all facets of the progr am including the 
development of the Waste Acceptance Criteria, revie w of generator 
documentation, and assessment of generator programs . The development of 
the NTS low-level radioactive waste acceptance prog ram has been through 
an evolution of regulatory drivers, policy, and exp ertise, resulting in a 
safe and effective waste management and disposal st rategy. 
HISTORY/OVERVIEW 
The Nevada Test Site (NTS) has historically been th e nuclear weapons test 
facility for the U.S. Department of Energy (DOE) an d its previous 
agencies such as the U. S. Atomic Energy Commission . The NTS is located 
approximately 65 miles northwest of Las Vegas, Neva da, and encompasses 
1,350 square miles. The NTS also serves as a major disposal facility for 
low-level radioactive waste (LLW) generated by DOE and other non-DOE 
installations throughout the United States. 
Once the test ban treaty prohibiting the testing of  atmospheric nuclear 
weapons was ratified, awareness for the need of cle an-up and remediation 
of the atmospheric test debris and areas of testing  at the NTS began to 
arise. As the process began, the research for dispo sal methods of low-
level radioactive waste were initiated. With concer ns for the safe and 
final disposal of LLW came the realization that cri teria which address 



geology, hydrology, and the climatic concerns of th e disposal area must 
be established. At the same time, it was realized t hat consideration must 
also be given to safety, shipment methods, identifi cation of waste 
content, Federal and state regulations, and radiolo gical parameters. As 
preparations began to select and utilize an existin g crater from a 
previous underground test, a plan was developed to address the subject 
criteria for the disposal of the LLW. Considered in  this plan was the 
arid climate, deep aquifer,alluvial soil, and isola tion from the public 
of the selected disposal site. This plan evolved in to the "Operational 
Radioactive Defense Waste Management Plan for the N evada Test Site," NVO-
185. 
In 1978, as waste disposal activities began, the de velopment of criteria 
paralleled the disposal operations. Lessons were le arned and the activity 
evolved. Researchers began to better understand the  ideal attributes of 
the area and continued to develop techniques for sa fe and permanent 
disposal options for DOE's overburdening amounts of  LLW. In January 1985, 
NVO-185 was revised for the fourth time to implemen t the technically 
evolving criteria for both on-site and off-site gen erators. 
With the onset of increased Federal regulations suc h as the Resource 
Conservation and Recovery Act (RCRA) and the inclus ive Land Disposal 
Restrictions (LDR), the DOE re-evaluated its progra m to manage the 
growing volumes of wastes being generated and store d at its various sites 
across the country. In September of 1988, DOE devel oped and implemented 
DOE Order 5820.2A, "Radioactive Waste Management." This order provided 
requirements and guidance to the operations and fie ld offices for the 
management and disposal of their wastes. 
Since the NTS was familiar with the regulatory issu es and in anticipation 
of the new DOE Order being issued, the NTS began to  utilize its NVO-185 
Plan to develop waste acceptance criteria (WAC) tha t would incorporate 
additional lessons learned, the new and evolving RC RA requirements, and 
the anticipated DOE Order 5820.2A. In October 1988,  NVO-325, "Nevada Test 
Site Defense Waste Acceptance Criteria, Certificati on, and Transfer 
Requirements," was formally issued, replacing NVO-1 85. The NTS was now 
disposing of waste in well-designed subsurface disp osal trenches as well 
as in bulk crater sites. Many strides had been made  in the utilization of 
disposal packaging, disposal techniques, waste char acterization, and 
shipment mechanisms. This information was included in the new WAC. 
As off-site DOE generators were attracted to the po tential for shipping 
their LLW to the NTS and began to submit applicatio ns as required by the 
new criteria, the DOE Nevada Operations Office (DOE /NV) realized that 
professionals needed to be assigned to review these  applications against 
the WAC and verify through assessment of the genera tor's site that the 
LLW met the NTS WAC.  
Through the appointment of a DOE/NV Program Manager  and the acquisition 
of additional needed technical expertise from the d isposal site 
Management and Operating Contractor (M&O) and other  contractors, DOE/NV 
developed a team of specialists that performed the needed functions. As 
the generator numbers and volumes increased, the NT S Program's team of 
specialists and scientists gained knowledge and exp erience. With the 
lessons learned and ever-evolving Federal and state  regulations 
(including a very concerned state of Nevada), it wa s realized that the 
WAC needed to be revised to address these issues an d to assure that the 
NTS, which is currently not permitted to dispose of  LLW with RCRA 
regulated hazardous components (low-level mixed was te [LLMW]) was 



complying with all applicable waste regulations. In  June 1992, NVO-325, 
Revision 1, was issued.  
This document describes the Acceptance Program resp onsible for 
developing, maintaining, and implementing the WAC. In addition it 
summarizes the current WAC being used by DOE/NV for  the disposal of LLW 
at the NTS Area 3 and Area 5 Radioactive Waste Mana gement Sites (RWMSs). 
Revision 2 to NVO-325 is currently being developed and is anticipated to 
be released in late 1996. 
NTS WASTE DISPOSAL VOLUMES-CURRENT STATUS 
In the first seventeen years of operation, the NTS Areas 3 and 5 RWMSs 
accepted and disposed approximately 17 million cubi c feet of LLW. The NTS 
safely disposed of 752,644 cubic feet of LLW in Fis cal Year 1994 and 
884,614 cubic feet in Fiscal Year 1995. 
The NTS disposed of 85 percent of the DOE complex o ff-site LLW in 1993 
and 1994. NTS disposal forecasts estimate receiving  1.1 million cubic 
feet of LLW in 1996 and 1 million cubic feet in 199 7. 
The NTS is the nation's largest volume LLW disposal  site (commercial or 
DOE) and has fifteen approved on-site and off-site generating facilities. 
These facilities are listed in Table I. Currently, 24 LLW generators have 
received waste designation for potential use of the  NTS disposal 
facilities. The NTS has two on-site LLW generators (contractors).  
Table I 
RADIOACTIVE WASTE ACCEPTANCE PROGRAM (RWAP) 
The NTS disposal program, through the guidance of a  single DOE Program 
Manager and the involvement of a team of M&O contra ctor personnel, 
continued to evolve. The synergy from active team p articipation in the 
program's development was quickly realized by DOE a nd the need for 
additional team expertise was recognized. As the pr ogram and generators 
evolved, a second Program Manager was assigned. The se Program Managers 
developed the team approach and began to utilize ex pertise from the M&O 
and other contractor specialists. A unique team app roach was implemented 
which allows active input and ideas, and encourages  participation. 
The RWAP program has developed a mission statement,  instructions that 
provide guidelines for its operations, and uses on the job training with 
discipline specific training for its members. These  DOE/NV instructions 
further detail the process followed in the RWAP pro gram. These 
instructions are controlled and issued to all RWAP support organizations. 
Training is required in the instructions, as well a s other areas, as 
applicable, to each team member's discipline. Devel opment of the 
instructions was performed by the RWAP team and is an example of this 
unique team approach. Quality performance and a cus tomer oriented 
approach are emphasized. 
The RWAP team of active DOE and varied contractor p ersonnel is encouraged 
to work and motivate as a single team unit and not as individual 
personnel or organizations. This unique approach ha s been very successful 
and currently allows multi-contractor personnel dir ect input into all 
operations and activities.  
NVO-325, Revision 1, provides DOE/NV with the neces sary waste management 
plans and policy guidelines regarding waste accepta nce and transfer. The 
RWAP team applies these plans and guidelines throug h basic RWAP program 
elements. 
The Program. As discussed above, the program utiliz es a multi-contractor 
organization team of specialists under the directio n of four DOE Program 
Managers who operate to finite, documented approach es and guidelines. The 



team consists of sub-teams that perform audits and surveillances, site 
visits to assist generators, and technical issues s uch as criteria 
revision and problem solving. Often, waste generato r organizations are 
invited to participate on the sub-teams, including audits of waste 
generator programs other than their own. 
The Generator Approval Process. The process begins with a waste 
designation by DOE Headquarters. The generator then  contacts DOE/NV WMD 
and requests to apply. If accepted, a current copy of NVO-325 is issued 
to the generator. In concert with the development o f the application, the 
generator also develops and implements a waste cert ification program and 
process which includes the development of character ization and 
certification plans and procedures. If the generato r is having difficulty 
with plan development or other portions of the prog ram, RWAP 
personnel(the actual DOE/NV auditors) may be sent t o assist the generator 
in understanding the program requirements. RWAP per sonnel will not set up 
the program but rather provide guidance and conduct  a "mock" audit. These 
mock audits can be beneficial as they allow a gener ator to understand 
what the audit team will be looking for and identif y deficiencies in the 
program without the need for formal corrective acti on and documentation. 
The generator then characterizes their waste and co mpletes their waste 
application. Once the generator has completed the a pplication to ship 
waste to the NTS, it is submitted to DOE/NV RWAP fo r review and comment. 
Upon completion of the application review and comme nt processes, DOE/NV 
schedules and conducts a programmatic and performan ce-based audit. Based 
on any deficiencies identified in the audit, the ge nerator completes the 
corrective actions, and a follow-up surveillance is  conducted to verify 
their accuracy and completion. Upon satisfactory cl osing of the 
corrective actions, the Manager of DOE/NV approves the generator for the 
waste streams reviewed, based on a recommendation f rom the responsible 
RWAP Program Manager.  
Generator Facility Audits The RWAP audit teams eval uate all aspects of 
the LLW generator's waste management program includ ing areas such as 
characterization, procurement, training, document c ontrol, traceability, 
and certification. The RWAP audit methods include c hecklists, document 
reviews, personnel interviews (large emphasis on fi eld personnel), and 
visual evaluations of field activities such as the packaging of the 
waste. Typical teams consist of three areas. These areas are quality 
assurance, characterization, and traceability. Subj ect matter experts are 
sometimes used as needed. The quality assurance tea m utilizes one or two 
auditors and the Lead Auditor is always one of thes e individuals. 
Characterization and traceability can be comprised of one to four 
individuals each. The teams work independently of e ach other during the 
daily audit activities and then meet in a team meet ing at the end of each 
day to compare conclusions and discuss discrepancie s. 
Generators are given as much guidance as possible; however, the human 
element of all programs result in mistakes, errors,  and misunderstanding. 
Therefore, follow-up evaluations (surveillances) ar e conducted to verify 
that all deficiencies resulting from the audit are corrected, or that 
corrective action is being adequately implemented, before waste is 
approved for shipment to the NTS. 
In the earlier years of the program, only one team of core audit 
personnel existed. Because of the high demand for a udits and 
surveillances and the rigorous travel required (in some cases up to seven 
weeks in a row), as well as an increase in the volu me of waste streams 



and number of generating facilities, concerns for t he team's ability to 
maintain performance at a acceptable technical leve l (individual burn-
out) became a serious concern. In 1992, the develop ment of two "core" 
teams, with additional matrix personnel that specia lize in the various 
disciplines, was initiated. The matrix personnel ar e utilized as dictated 
by work load and schedules. By March 1995 two addit ional DOE Program 
Managers had been added for a total of four and the  two RWAP audit and 
surveillance teams traveled to generator facilities  approximately every 
other week of the calendar year. This doubled the a mount of facilities 
that could be given RWAP attention at the same time  and reduced the 
concern for "burn-out." The 1996 schedule has been developed to schedule 
audit trips for every third week of the calendar ye ar based on available 
personnel and expertise. 
NVO-325, NEVADA TEST SITE DEFENSE WASTE ACCEPTANCE CRITERIA, 
CERTIFICATION, AND TRANSFER REQUIREMENTS 
NVO-325 provides waste acceptance guidelines for on -site and off-site 
generators for items such as characterization, cert ification, acquisition 
of analytical laboratories, and quality assurance a ctivities for the 
RWAP. The criteria have evolved into comprehensive quantitative and 
qualitative guidelines for DOE/NV to provide oversi ght of waste generator 
compliance to the waste acceptance requirements thr ough an application 
review and audit processes. 
Although most DOE operations for the treatment, sto rage, and disposal of 
LLW are performed by contractors; official contact for waste 
designations, applications to ship waste, and final  disposition of 
approvals and issues is between DOE/NV and each fac ility's DOE oversight 
office. All on- and off-site LLW generators are sub ject to the NVO-325 
approval process. NVO-325 does not currently apply to the storage of on-
site LLW, mixed waste, or transuranic (TRU) waste; all other criteria for 
disposal do apply. 
THE WASTE ACCEPTANCE CRITERIA (WAC) - NVO-325 
NVO-325 addresses the WAC and requires the LLW gene rator's application 
provide sufficient detail, as requested in Sections  3.0 through 8.0. NVO-
325 does provide a formatting example to stipulate the requirement for 
the presentation of the LLW generating site's detai led data reflecting 
conformance of their waste to the WAC in their appl ication. The following 
is a summary of the pertinent sections from NVO -32 5 (Rev.1): 
Introduction (1.0) This section is offered to the g enerator to discuss 
the RWAP and WAC Purpose, Scope, Policy, implementa tion plan, and 
responsibilities. 
Application Approval Process (2.0) Section 2.0 expl ains the defense 
designation requirements from DOE Headquarters, req uirements for the 
generator's application format, the generator appro val process (which 
includes the application review and comment), audit  and surveillance 
process, and the annual program review and approval . 
Generator Information and Application Requirements (3.0 - 9.0) Beginning 
with the following sections of NVO-325, the generat or must address the 
required criteria in their application. By followin g the guidance in 
these sections, the generator should be able to dev elop an application 
which can be easily evaluated by the RWAP reviewers . These sections 
contain the minimum criteria for: 
  application signatures and approvals, 
  radioactive and hazardous waste characterization,  



  waste stream information which includes specific criteria for waste 
types, prohibited materials, parameters, shipping, packaging, and 
radiological requirements; 
  waste certification program development, 
  exemption requests, 
  direction on procedures and documentation, and wa ste transfer 
requirements. 
Quality Assurance Requirements for Waste Certificat ion Programs (NVO-325, 
Appendix C) The waste generator is required to defi ne a management system 
to assure the quality of the desired results for wa ste certification 
activities. Appendix C provides specific interpreta tion of certain NQA-1 
requirements for application to LLW certification p rograms. This Appendix 
follows the 18 criteria in ANSI/ASME, NQA-1 and add s a 19th. These 
quality criteria are identified as "Basic Requireme nts" and are listed in 
Table II.  
Table II 
CONCLUSION 
The development of the NTS low-level WAC has been t he result of practical 
experience, the evolution of regulatory drivers;pol itical and scientific 
concerns from the State of Nevada and the local com munity; specific 
disposal site needs for operations, safety, and hea lth; DOE Orders; 
characterization and identification of the wastes; disposal site 
performance assessment conclusions; environmental i mpact assessments; and 
a need for a quality process assuring safe transpor t and disposal of LLW. 
A disposal site's criteria are only as good as its enforcement program. 
Concerned members of the community and state where the site is located 
can only be assured that accepted criteria are adeq uate if there is 
documented evidence of the enforcement of the crite ria. Through 
involvement in the development of the criteria and its enforcement, RWAP 
team members, under the direction of their respecti ve DOE RWAP Program 
Managers provide this crucial step. 
As the processes continue to evolve, so will the ne ed for the NTS WAC to 
be revised. Such is the case with the development o f NVO-325, Revision 2, 
to include all the elements necessary to continue t o safely and 
effectively manage and dispose of the nation's radi oactive low-level 
waste.  
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ABSTRACT 
Process Knowledge can be a viable method for waste characterization when 
barriers such as personnel exposure (As Low As Reas onably Achievable 
[ALARA]), analytical laboratory limitations, waste matrices, and costs 
limit or exclude the use of sampling and analysis ( 1, 2). However, due to 
the lack of definitive regulatory requirements and specific definitions 
relative to process knowledge, waste generators hav e little guidance as 
to what level of documentation is needed to objecti vely demonstrate 
acceptable process knowledge.  
Waste generators that ship waste to the Nevada Test  Site (NTS) must 
demonstrate that each waste stream meets the criter ia established in the 
"Nevada Test Site Defense Waste Acceptance Criteria , Certification and 



Transfer Requirements," NVO-325, Revision 1 (June 1 992). In order to 
demonstrate compliance with the criteria specific t o waste 
characterization, generators must objectively demon strate that methods 
and procedures have been developed and implemented that will ensure 
accurate determinations of the physical, chemical, and radiological 
properties of the waste (1, 3). Using a systematic approach for 
documenting process knowledge and incorporating pre - and postgeneration 
administrative controls can be effective in demonst rating adequate waste 
characterization. 
INTRODUCTION 
There are numerous activities involved in the gener ation and subsequent 
management of waste that have the potential to affe ct the physical, 
chemical, and radiological properties of the waste.  The obvious 
activities that impact the properties of the waste are the type of 
materials used in the process, and the fate of thos e materials during the 
actual process that generates the waste. These are the areas that 
generators have historically concentrated on for pr ocess knowledge. 
However, to effectively demonstrate adequate charac terization, especially 
the absence of hazardous wastes, other administrati ve controls and waste 
management activities must be utilized and document ed. In most cases, by 
the time a waste is packaged, certified, and ready for disposal, numerous 
organizations have had some type of involvement rel ated to the waste, 
either directly or indirectly. For the most part, d ocumenting each 
organization's activities related to the waste lend s itself to better 
demonstrating properties of the waste. 
For the purposes of demonstrating adequate process knowledge to meet the 
waste characterization requirements encompassed in NVO-325, there exists 
a hierarchy of activities and information that must  be documented. 
   Description of the characterization approach. 
   Description of the process generating the waste.  
   Identification of the procedures and/or other su pporting documentation 
used in the process, materials used in the process,  controls for 
segregation and handling of regulated materials, wa ste types (low-level, 
mixed, hazardous, etc.) to be generated, and method s used for determining 
constituent (chemical, radionuclide) concentrations  in the waste. 
Once the aforementioned aspects have been identifie d, a documented review 
of the information should be performed by personnel  of appropriate 
expertise to ensure that proper waste determination s have been 
accomplished and adequate controls are in place to maintain the status of 
the waste characterization (1). 
A good mechanism for developing a systematic approa ch for waste 
characterization via process knowledge is through t he use of Data Quality 
Objectives (DQOs). By initially establishing DQOs, all of the parameters, 
inputs, decision rules, and documentation necessary  to establish 
acceptable process knowledge can be identified (4).  By documenting this 
approach, the reviewer is provided with an explanat ion of the data, 
decisions, and logic that went into the characteriz ation of the waste. 
A primary data collection source for process knowle dge will be the actual 
person and/or organization that is responsible for the process that 
generates the waste. Depending on the specifics of the generator 
organization, and the regulatory requirements that must be met (Resource 
Conservation and Recovery Act [RCRA], Toxic Substan ces Control Act 
[TSCA], state regulations, Waste Acceptance Criteri a, etc.), the 
characterization process should involve other organ izational aspects such 



as compliance, waste management, quality assurance,  procurement, and 
training as necessary. 
GENERATOR ACTIVITIES 
For the purposes of this paper, the waste generator  is a person or 
persons within the organizational group that is dir ectly involved with 
the process that actually generates the waste. Beca use of its intimacy 
with the waste generating process, the waste genera tor can provide a 
wealth of information for establishing and document ing process knowledge. 
The generator can provide information relative to i dentifying and 
describing the actual process, procedures, logbooks , records, or other 
documentation used throughout the process. Dependin g upon the level of 
control involved in the process, the generator may also be able to 
provide detailed information about the identificati on of the actual waste 
components, any hazardous and/or other prohibited m aterials used in the 
process, associated concentrations, controls for se gregation and handling 
of these materials, isotopes present and associated  quantities, and the 
identification of all waste types that may be gener ated (low-level, 
hazardous, mixed waste). Other documentation that m ay not be directly 
related to the process, but that may provide good a dditional 
information,are things such as spill reports, occur rence reports, 
chemical inventories, abatement documentation, mate rial tracking 
information, and purchase orders. Once the necessar y information and 
documentation regarding the waste generation proces s has been obtained 
and the basis for waste characterization has been e stablished, the 
information should then undergo a documented review  by personnel of 
various expertise as appropriate (1). 
ENVIRONMENTAL REVIEW 
A documented review of information obtained from th e waste generation 
activities can serve several purposes. First, it pr ovides a mechanism for 
data verification; secondly, it strengthens the def ensibility of the 
process knowledge by involving specific expertise i n the waste 
characterization process. The unique aspects of ind ividual processes and 
associated waste streams will dictate what type of expertise should be 
involved in reviewing and verifying the information  supplied by the waste 
generator. For the purposes of demonstrating the ab sence of hazardous 
waste, personnel with expertise in RCRA, TSCA, the Comprehensive 
Environmental Response, Compensation, and Liability  Act (CERCLA), etc., 
should be involved in the review (1). Along the sam e line of reasoning, 
personnel with experience in health physics should be involved in 
evaluating and verifying the radiological aspects o f the waste stream 
such as radionuclide identification and activity de terminations. 
Environmental reviews should not be limited to docu mentation reviews. In 
addition to reviewing operating procedures, logbook s, etc., personnel 
should also evaluate the waste generating process(e s), examine facilities 
where the waste is generated, and evaluate the adeq uacy of controls that 
are in place for waste segregation, packaging, and handling (1). The 
outcome of this review should be the verification o f the waste types that 
will be generated, determination of the adequacy of  waste 
handling/segregation controls, and the acceptable i dentification of waste 
components for each waste type. Through the environ mental review, the 
determination will be made that either adequate inf ormation and 
documentation exists to meet the data needs defined  by the DQO process, 
or that areas with insufficient data will be identi fied and can be 
addressed as necessary (4). The review process can also be used in the 



evaluation of waste minimization practices that are  currently in use and 
can help determine whether or not any improvements can be implemented. 
A documented environmental review that includes rev iew of documents, 
evaluation of controls, verification of types of wa ste being generated, 
and identification of acceptable and unacceptable w aste components then 
becomes a major component of the final package for demonstrating adequate 
process knowledge. 
FINAL PRODUCT 
The final product with regard to using process know ledge for waste 
characterization must be able to demonstrate throug h objective evidence 
(documentation) that the waste has been adequately characterized to 
ensure proper treatment, storage, and disposal (1).  Using this approach, 
the final product can demonstrate acceptable proces s knowledge through a 
documented description of the waste generating proc ess; a documented 
characterization approach that identifies data inpu ts, parameters, and 
justification for decisions; the identification of data used in the 
characterization determination; a documented review  of the data used; 
identification of acceptable and unacceptable waste  components for each 
waste stream; and the identification and evaluation  of controls for waste 
handling (packaging, segregation, storage).  
Often, there is a substantial amount of documentati on that is used in the 
waste characterization process. Assimilating all of  this information into 
one area may not be feasible, so it is important th at some type of 
traceability is established between all of the asso ciated documentation 
such that the data can be presented in an auditable  fashion. The 
presentation of the characterization data can be as  simple as a 
documentation package that includes a summary of th e characterization 
approach, description of the waste stream and waste  generating process, 
and the identification (reference list) of the docu mentation that 
substantiates characterization of the waste. 
Under NVO-325, generators are required to maintain characterization 
information in waste stream-specific files. The bas ic format for these 
types of files includes an executive summary that d escribes the specific 
characterization approach used and references the d ocumentation that was 
used in the characterization process to demonstrate  the characteristics 
of the waste. Examples of documentation that should  be referenced are 
process procedures, operating procedures, waste pac kaging procedures, 
historical analytical data, laboratory logbooks, pu rchase orders, 
documented environmental reviews as described above , chemical inventory 
records, waste handling procedures, and post charac terization controls 
for maintaining characterization status. 
CONCLUSION 
The substance of acceptable process knowledge is th e ability to 
objectively demonstrate what the physical, chemical , and radiological 
properties of the waste are. Acceptable process kno wledge goes beyond 
statements like "solvents are not in this waste str eam because they are 
not used in the process." It is the procedure, purc hase order, inspection 
reports, etc., that identify solvents as being abse nt from the process 
that objectively demonstrates the absence of solven ts. 
Defining a systematic approach (DQOs) for character izing waste by process 
knowledge should be one of the first steps in the c haracterization 
process. The benefits of the this type of approach is that a great deal 
of information is documented at the beginning of th e characterization 
process. Information identified during this definit ion stage (what 



requirements have to met, what was initially known about the waste, what 
additional information needed to be obtained, decis ion rules, and 
decision errors) is, in itself, good process knowle dge documentation . 
Once this systematic approach has been defined, the  waste generators and 
generating process should be a primary source for d ata collection. All 
data defined as inputs to the characterization deci sion should then 
undergo a documented review by appropriate experts.  This review will 
verify that the information adequately supports the  waste determinations 
and demonstrates compliance with identified require ments. When the 
characterization process is complete, the informati on should be assembled 
and maintained in a manner that ensures document tr aceability, is readily 
retrievable and auditable, and can objectively demo nstrate the properties 
of the waste and the adequacy of the waste determin ation. 
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INTRODUCTION 
The Resource Conservation and Recovery Act (RCRA) w as passed into law in 
1976. This was the initial start of a nationwide mo vement to restrict the 
land disposal of hazardous wastes. These regulation s appear in Title 40 
of the Code of Federal Regulations (CFR), Parts 264  and 265. In 1984, 
Congress passed the Hazardous and Solid Waste Amend ments (HSWA). This 
mandated new land disposal limitations. HSWA requir ed the U. S. 
Environmental Protection Agency (EPA) to issue new regulations referred 
to as the land disposal restrictions (LDRs). 
The land disposal restrictions apply to waste manag ement activities 
controlled by two environmental laws, RCRA and the Safe Drinking Water 
Act (SDWA). SDWA controls waste injected in deep we lls. All other waste 
disposal activities are regulated by RCRA. The LDR program is designed to 
discourage placing untreated waste in or on the lan d when a better 
treatment or immobilization technology exists. 



The Rocky Flats Environmental Technology Site (RFET S) requires the 
following steps to be performed to characterize a w aste form for land 
disposal: 
1) Preliminary investigation and identification 
2) Sampling and analysis plan development 
3) Development of sampling methodology 
4) Administrative and technical preparations 
5) Sampling of waste 
6) Laboratory analysis 
7) Data validation 
8) Waste characterization report and wrap-up 
We are focusing on the cost associated with the 8 t asks listed above for 
characterizing specific RFETS waste forms. Currentl y, Saltcrete, Item 
Description Code (IDC) 804 is being shipped for dis posal at Envirocare of 
Utah, Inc. (Envirocare), having completed all of th e above steps. 
Saltcrete is cemented chloride, nitrate, and sulfat e salts generated from 
process water through an evaporation and subsequent  cementation. Four 
other low-level (LL) and low-level mixed (LLM) wast e forms have been 
proposed to be characterized for future disposal at  either the Nevada 
Test Site (NTS) or Envirocare (commercial disposal site). They are as 
follows: 
1) LLMW form Cemented Composite Chips, classified a s IDC 327. This waste 
form represents approximately 95 cubic meters of LL MW. The cemented 
composite chips waste form is a solid matrix consis ting of metal 
machining chips and Portland cement. 
2) LLMW form Pondcrete classified as IDC 805. This waste form represents 
approximately 5,700 cubic meters of LLMW; of this w e expect to qualify 
2,000 cubic meters without treatment for offsite di sposal. The Pondcrete 
is a cemented sludge. The sludge was collected from  the solar evaporation 
ponds. It was generated by mixing Portland cement, water and pond sludge. 
3) LLMW form Roaster Oxide classified as IDC 069. T his waste form 
represents approximately 66 cubic meters of LLMW. R oaster Oxide is 
generated from stabilizing Uranium turnings. The ur anium metal was 
roasted (converted into an oxide) to remove the pyr ophoric nature of 
uranium metal. 
4) LLMW form Blacktop, Concrete, Dirt and Soil clas sified as IDC 374. 
This waste form represents approximately 400 cubic meters of LLMW. This 
waste form was generated from various cleanup and c onstruction activities 
around site. 
CASE STUDY 
The Saltcrete waste form will be used for the case study, with the 
results being applied to the other four waste forms . 
Saltcrete carries a number of RCRA hazardous waste codes (F codes only). 
The codes that take precedence are D002 and F039. D 002 is applied to 
certain waste streams at the point of generation; F 039 is applied to the 
interceptor trench water that is included in the sa ltcrete process. D002 
and F039 waste codes invoke the underlying hazardou s constituent rule [40 
CFR-268.40(e)], which requires all underlying hazar dous constituents must 
meet the Universal Treatment Standards (UTS) found in 40 CFR-268.48, 
Table UTS, prior to land disposal. Invoking the und erlining hazardous 
constituent rule requires the waste generator to kn ow the concentration 
of over 219 constituents in the waste (many compoun d families are 
included as one constituent (e.g., polychlorinated biphenyls [PCBs] only 
count as one). However, the rule only requires that  the waste generator 



know the concentrations for constituents that may r easonably be expected 
to be present. The waste generator is not required to analyze for all of 
the compounds in the UTS list.a To date, RFETS has required all of the 
organic compounds found in the UTS list be determin ed. 
To reevaluate the waste forms, two data bases were reviewed: Wastren 
Chemical Data (a study performed by a contractor to  determine all the 
chemicals onsite); and the Plant Chemical Tracking Data. Analytical data 
from seven waste types were evaluated. All nine sou rces of information 
were summarized. The Wastren Chemical Data was cons idered to be out of 
date. The current plant chemical tracking data base  contains all of the 
compounds (over 10,000 entries) in active use on si te.b The analytical 
data from the 7 waste types reflects all of the che micals that have been 
used and disposed of in the past. This includes not  only saltcrete data, 
but also surface water plant discharge and intercep tor trench water. This 
data was mapped into the UTS List of Compounds. 
After evaluation of the listed data sources, 63 com pounds were determined 
to be probable compounds for analysis. These are li sted in Table I. 
Twenty-eight of these compounds were found in the l isted waste streams 
and waste types in Table I, the rest were from the Plant Chemical 
Tracking Data Base. Eight compounds were identified  from the analysis of 
the waste form that are not found in the Plant Chem ical Tracking Data 
Base. These compounds were probably used on the sit e in the past: the 
phthalates (3) as plasticizer, the cresols (2) as w ood preservative, and 
it has not been determined where the nitriles (2) a nd nitrophenol have 
been used in the past. 
Evaluating the amounts of material present on site,  20 of the 63 
compounds were eliminated from the concern list due  to the small amount 
of materials present on site. For these 20, we assu me a worst case 
contamination scenario; all of the material in any building being poured 
into the process line at the same time and ending u p in the brine 
solution for processing. Calculations show the leve ls of these materials 
in the saltcrete will still meet LDRs. (The brine s olution that is being 
processed at any given time represents approximatel y 3 million gallons of 
process water, making approximately 20,000 pounds o f saltcrete.) Three 
other compounds can be removed by regulation:  
Table I 
carbon disulfide, cyclohexanone and methanol.c  Of the 40 compounds 
remaining, all may be determined by requesting the "normal" SW-846; 8260 
and 8270 waste analytes suite of compounds. 
Saltcrete shows that by considering all the aspects  of the waste form, it 
is possible to reduce the cost of characterizing th e waste for land 
disposal. 
CONCLUSIONS 
From the case study, evaluation of the eight steps required to 
characterize waste for land disposal, we see Step 1  increasing in cost by 
using a strict regulatory approach. This is due to the additional time 
required to evaluate the waste form and processes t hat generate it. 
However, the other seven steps have decreased in co st. The overall 
savings range from 20% to 30%. This is a significan t decrease in costs. 
This is shown in Table II for saltcrete analytical cost. 
Table II 
The Base Line cost for pondcrete for six of the ste ps is shown in Table 
III. For these six steps, a decrease in costs of ov er 30% would be 
realized by following the regulatory approach. 



Table III 
Applying this to the four waste forms in the study (Table IV), we see a 
potential savings of $679,200. 
Table IV 
Although all 8 steps are required to be completed ( we have not removed 
any requirements), by changing the emphasis on each  step, a large cost 
savings can be realized. The overall results show a  projected savings of 
24% for these 4 projects. 
There are a number of factors that have not been co nsidered. These 
include faster completion of projects, reduced staf fing, improved worker 
morale, etc. These factors should lower the cost fu rther. 
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ABSTRACT 
The purpose of this paper is to propose a risk-base d approach that can be 
used to identify mixed-waste streams that can be de listed from regulation 
under the Resource Conservation and Recovery Act (R CRA). The goal of this 
paper is to describe both the technical and regulat ory foundations by 
which one can identify ostensibly mixed-waste strea ms for which the risk 
from the hazardous component of the waste stream is  minimal, so that it 
can be treated as low-level radioactive waste. In a ddition, the approach 
described here may also be applicable to defining d e minimis levels of 
purely hazardous or purely radioactive wastes.  
First, an approach developed by the U.S. Environmen tal Protection Agency 
(EPA) for identifying de minimis levels of hazardou s contamination in 
soils will be described. Second, it will be argued that an approach 
developed for unconfined soils can be used with gre at confidence at 
licensed low-level radioactive waste disposal facil ities. Third, this 
approach will be argued to be legally equivalent to  satisfying no-
migration variance requirements under RCRA. Fourth,  an approach will be 
proposed for establishing a formal procedure for ca rrying through 
analyses for delisting waste streams to be disposed  at particular sites. 
Since the approach is founded on EPA-generated appr oaches and 
information, regulatory issues should be eased. Fur thermore, the approach 
is consistent with an approach published by the U.S . Nuclear Regulatory 
Commission for defining acceptable levels of residu al radioactive 
contamination. This means that the potential exists  for developing a 
common framework for both minimally hazardous radio active and minimally 
radioactive hazardous mixed waste streams. 
INTRODUCTION 
The purpose of this paper is to provide an initial assessment of an 
approach that can be used to identify de minimis le vels of hazardous 
contamination in mixed waste streams. However, the approach described 
here is also applicable to waste that is only hazar dous. The approaches 
and principles described in this report draw on num erous ongoing efforts 
in the area of mixed waste management. The National  Council on Radiation 
Protection and Measurements (NCRP) has had a scient ific committee 
(Scientific Committee 87-2) studying issues related  to mixed waste risk 



assessment for several years. The International Ato mic Energy Agency 
(IAEA) has established an international program to study the issues 
associated with common risk assessments for the haz ardous and 
radiological components of mixed waste. IAEA has be en developing a first 
step toward developing a common risk assessment fra mework for assessing 
environmental impacts from different types of sourc es (1). This framework 
is intended to be a first small step toward address ing the mixed waste 
issue. The problems are recognized to be thorny, an d nobody expects quick 
resolutions. Note that this is at the international  level: the problems 
are not entirely rooted in regulatory differences b etween U.S. Government 
agencies. Nevertheless, it is generally recognized that a key component 
to resolving the mixed waste issue is to minimize t he volumes of mixed 
waste by defining mixed waste to only include waste s in which there is 
truly both radioactive and chemical risk.  
The goal of this paper is to identify ostensibly mi xed waste streams, and 
demonstrate that the hazardous component of the was te stream is 
sufficiently minimal that it can be treated as low- level radioactive 
waste. The structure of this memo is as follows. Fi rst, an EPA-developed 
approach for identifying de minimis levels of hazar dous contamination in 
soils will be described. Second, it will be shown h ow that approach can 
be used with confidence at low-level radioactive wa ste disposal 
facilities. Third, this approach will be shown to b e equivalent to 
satisfying no-migration variance requirements under  RCRA. Fourth, an 
approach is proposed that will establish a formal a pproach for carrying 
through analyses for delisting waste streams to be disposed at particular 
sites. Since the approach is founded on EPA-generat ed approaches and 
information, regulatory issues should be eased. Fur thermore, the approach 
is consistent with an NRC-developed approach for de fining acceptable 
levels of residual radioactive contamination. The m eans that the 
potential exists for developing a common framework for both minimally 
hazardous radioactive and minimally radioactive haz ardous mixed waste 
streams. 
DRAFT EPA SOIL SCREENING METHODOLOGY 
In December 1994, EPA issued a draft approach for d eveloping both generic 
and site specific Soil Screening Levels (SSLs) that  are intended to be 
Administrative Improvements to the Superfund progra m (2). The idea behind 
the SSL approach was to define generically de minim is levels of hazardous 
contamination for Superfund sites. More importantly , the draft position 
provides a framework for developing site-specific S SLs if the generic SSL 
is found to be overly restrictive for a particular site.  
A three-tiered approach is described in the SSL doc ument. The approaches 
begin with simple, arguably conservative analyses a nd progress to less 
conservative,yet more complicated, analyses as show n in Fig. 1. At the 
first tier, soil concentrations are derived from sc reening models, argued 
to be generally conservative, that link the soil co ncentration to a 
health risk by exposure pathway models. If soil con centrations are less 
than this level, no further action of any kind need  be taken. That is, 
they are effectively de minimis levels. At the seco nd level, easily 
gathered site-specific information is used to modif y parameters in the 
simple generic models to produce an alternative, le ss conservative, 
representation of the site. Concentration levels de rived in this way are 
still considered to be de minimis levels, but repre sent site-specific de 
minimis. At the third level, a more detailed modeli ng approach is used, 
based on a more extensive collection of site-specif ic data. At this 



stage, the level of effort needed for the analysis can be expected to 
approach the level of effort needed for low-level w aste site performance 
assessments. 
Fig. 1 
It is interesting to note the dramatic similarity o f this EPA approach 
with an independently developed approach from the N RC for the comparable 
soil-screening problem at decommissioning sites und er NRC jurisdiction 
(3). The only significant differences between the t wo approaches are in 
the details of the models used for generic screenin g. It is also 
interesting to note the similarities between this e volutionary approach 
to site risk assessment and current low-level waste  performance 
assessment guidance (see, e.g., Refs. 4, 5, and 6).  This commonality 
suggests that there is the potential to develop com mon approaches for 
eliminating both minimally hazardous and minimally radioactive waste 
streams from the mixed-waste spectrum. 
SOIL SCREENING LEVELS AND MIXED WASTE DISPOSAL 
Let us now consider the significance of this approa ch for evaluating the 
risk of hazardous materials in soil relative to mix ed-waste disposal. 
First, a variety of exposure pathways are considere d in the SSL approach. 
Low-level waste assessments are usually dominated b y the ground-water 
pathway, although ground water is not believed to b e an important pathway 
at either the proposed Texas Compact site (7) or th e Area 5 facility at 
the Nevada Test Site (8) because of low recharge, n or is it believed to 
be important at the Clive, Utah mixed-waste site be cause of high ground-
water salinity (9). In any case, the SSL approach c an be adapted for use 
in evaluating a low-level waste disposal facility, since it is a multiple 
pathway analysis. Nevertheless, for the majority of  low-level waste 
facilities, a subset of the SSL methodology (the po rtion relating to 
potential groundwater contamination) will be adequa te. Second, the SSLs 
relate to unconfined soils, not engineered disposal  facilities. It seems 
safe to make a general statement that for the same level of 
contamination, the risks associated with engineered  disposal facilities 
will be less than the risks associated with unconfi ned soil. Third, the 
provision exists in the methodology to make a more reasonable estimate of 
an acceptable soil concentration based on a more el aborate calculation. 
We can conclude from these arguments that the gener ic SSLs can be used to 
identify a de minimis level for the hazardous compo nent of mixed waste. 
If the hazardous concentration of a waste stream is  below the generic 
SSL, we need spend no more effort to delist the was te stream from RCRA, 
and can treat it solely as low-level radioactive wa ste. Furthermore, we 
can use the latter two stages of the SSL process to  justify, on a site-
specific basis, that higher levels of contamination  can be considered de 
minimis. Again, the result should be that wastes id entified in this way 
can be treated as strictly radioactive, and their h azardous component can 
be ignored from a risk basis. In its most extreme c ase, we might end up 
conducting calculations similar to the low-level wa ste performance 
assessments, which are rather detailed in scope, an d using those 
calculations to justify a de minimis claim for rela tively high 
concentrations of hazardous materials. 
SOIL SCREENING LEVELS AND NO MIGRATION 
RCRA contains the provision that "there will be `no  migration' of 
hazardous constituents from the disposal unit or in jection zone for as 
long as the waste remains hazardous." The demonstra tion that this is 
indeed the case for a particular disposal system is  known as the "no-



migration variance." In 40 CFR 268 and 271, "EPA in terprets this 
statutory language to require that petitioners demo nstrate that hazardous 
waste constituents will not migrate from the land d isposal unit in 
hazardous concentrations for as long as the wastes remain hazardous 
[emphasis added]." Davis et al. (10) noted that thi s means that "no 
migration" does not mean "zero release;" rather it says that releases are 
permissible as long as they do not exceed health-ba sed standards. Davis 
et al. also noted that EPA incorporated this interp retation into its 
final rule making on underground injection wells un der 40 CFR 148, and 
incorporated this interpretation into its reviews o f "no migration" 
variances submitted under 40 CFR 268.6. This interp retation was upheld in 
Natural Resources Defense Council vs. EPA litigatio n (11). Draft EPA 
guidance for determining compliance with 40 CFR 268 .6 also suggests that 
"model assumptions and input data should be conserv ative and tend toward 
overestimating rather than underestimating migratio n." (12). The SSL 
approach described above clearly follows this same philosophy.  
There are precedents for conducting performance ass essment analyses to 
demonstrate "no migration" under RCRA. Davis et al.  (10) described the 
basis for a unified assessment approach for 40 CFR 191, DOE order 
5820.2a, and RCRA no migration for the Greater Conf inement Disposal (GCD) 
facility at the Nevada Test Site. The GCD facility contains high-activity 
low-level waste, transuranic waste, and hazardous c omponents; 
consequently all three regulations needed to be add ressed. They were able 
to show that each of these regulatory structures ho ld common themes and 
approaches, and that demonstration of compliance wi th one can be shown to 
be equivalent to compliance with the others. In the  case of the GCD 
facility, they were able to show that demonstration  of compliance with 40 
CFR 191 would also show compliance with the other t wo regulations.  
Anderson et al. (13) have described an approach bei ng used to develop a 
no-migration variance for WIPP. The intent of this approach is to use the 
full probabilistic performance assessment model bei ng developed to 
demonstrate compliance with 40 CFR 191 to establish  (in a posterior 
sense) conservative parameter values. These are to be used in a 
deterministic analysis to attempt to demonstrate th at under ordinary 
operating conditions, waste can be expected to be c onfined to the 
facility boundary. 
Kincaid et al. (14) used their performance assessme nt to make a case that 
nitrate levels can be expected to be far below the MCL for nitrates as a 
result of disposal of liquid wastes in grout at the  Hanford site. As part 
of the Tri-Party agreement, this disposal technolog y was abandoned in 
favor of vitrification of the waste. As a result, t he approach proposed 
by Kincaid et al. has never undergone a full review . However, the 
approach is significant. The assessment is used to demonstrate that MCLs 
for groundwater are not exceeded now, nor can they be expected to be 
exceeded in the future. This is equivalent to estab lishing a risk limit 
for the chemical portion of the inventory. 
A similar approach was used in the performance asse ssment of the Z-area 
Saltstone facility at the Savannah River Site. This  performance 
assessment explicitly considered degradation of gro undwater by the 
release of nitrates (15). The reason for including nitrates in the 
analysis was a special agreement with the state aut horities, rather than 
any legal objective that had to be met. The Saltsto ne facility is used to 
dispose of a liquid waste high in 99Tc; the Tc is c hemically fixed in 



place by the nature of the Saltstone. Compliance wi th agreed standards 
for nitrates was the most stringent problem in this  assessment. 
Other performance assessments that are not consider ing chemical risks are 
(1) the Nebraska (Boyd County) commercial facility,  (2) Oak Ridge (16), 
(3) the SRS E-area vaults (17), (4) the Hanford 218 -W-5 disposal facility 
(18), and (5) the INEL radioactive waste management  complex (19). It 
should be noted that there are no requirements to i nclude chemical risks 
in these assessments, so this comment is not intend ed as a criticism of 
these assessments. There are serious issues related  to analyzing the 
chemical risk from ordinary low-level waste streams . In particular, there 
are usually insufficient data available on the chem ical inventory 
(developed from shipping manifests) to develop a sa tisfactory analysis. 
PROPOSED APPROACH 
The following tiered approach is proposed for subst antiating a delisting 
of a waste stream using risk-based no-migration arg uments. The first tier 
is to use the generic SSL concentrations for soil, and to apply them 
verbatim to mixed waste. Waste streams with concent rations below this 
level can be delisted and disposed of as purely rad ioactive waste with no 
further effort needed to justify the minimal import ance of the hazardous 
component of the waste. The argument for doing this  is that the 
engineered enhancements will lower the risk compare d to the risk from 
contaminated soil. The SSL levels "generally corres pond to a 10-6 risk 
level for carcinogens, and a hazard quotient (HQ) o f 1 for 
noncarcinogens" (2). Consequently, the risk of carc inogenesis is lower by 
far than the permissible radiological risk from the  same waste (Using 
current regulatory approaches, 15-25 mrem/yr is pre sumed to equate to 
about 5x10-4 risk of cancer fatalities. There is, o f course, considerable 
uncertainty in the actual relationship between risk  and dose.) The 
combination of improved packaging and extremely low  risk levels makes a 
strong case that there is no appreciable risk from hazardous waste 
streams that meet the soil screening levels. The ar gument here is that 
"minimal risk" is equivalent to "no migration." 
The second tier is to use the EPA models with some site-specific 
information to provide a less conservative estimate  of acceptable levels 
of contamination in a disposal facility. At this ti er, we are not taking 
credit for engineered barriers, containment, or imm obilization. As a 
result, the results are still extremely conservativ e, and will therefore 
be easily defensible when presented to regulatory a uthorities. 
Nevertheless, it may still be possible to delist mo re waste streams in 
this way than were delisted in the first tier. In p articular, if some 
site-specific information is introduced for the NTS  Area 5 waste 
management facility, it is clear that less stringen t concentrations can 
be shown to be acceptable, because of the extremely  favorable conditions 
at that site.  
The third tier is to conduct a more elaborate analy sis using more site-
specific information. At this tier, the analysis ca n include the 
influence of immobilization technologies, container s, vaults, covers, and 
other engineering enhancements of the facility. The  basis for this 
analysis can be the existing performance assessment s for the low-level 
waste sites at which the waste stream would be disp osed. It is expected 
that since the performance assessments exist, at le ast in draft form, for 
all DOE low-level waste disposal facilities, the am ount of effort that 
will need to be expended to conduct this analysis w ill be minimal. 
However, it should be understood that the difficult y of convincing the 



regulator will be proportional to the complexity of  the analysis. As more 
complexity is introduced, and as the analyst takes credit for more 
beneficial effects of the system, the regulator ten ds to scrutinize the 
analysis more. In the first two tiers, it should be  very easy to make the 
case that the risk posed from the hazardous materia l is minimal. 
We note in passing that Smith et al. (20) and Littl e et al. (21) have 
described a consistent framework for conducting hea lth risk assessments 
of mixed waste using performance assessment methods . This approach, known 
as SACO, is under development in Europe for worldwi de use. When 
completed, SACO may form a consistent basis for con ducting risk 
assessments for hazardous materials, radioactive ma terials, or mixed 
materials. 
SUMMARY 
There is a common thread of an approach that exists  in both CERCLA and 
RCRA for defining an acceptable risk level based on  pathway and transport 
modeling. The approach for CERCLA has been made exp licit in the draft 
Soil Screening Level (SSL) methodology. The approac h for RCRA has not 
been formalized, but EPA's clear interpretation of "no migration" is that 
it refers to no migration above health-based limits . It does not mean 
"zero release." The SSL methodology is identical in  concept both to the 
soil screening methodology developed independently by NRC for 
radionuclide contamination, and to the approaches u sed in performance 
assessments for low-level radioactive waste disposa l facilities. 
As a result, in this paper an approach is proposed for delisting the 
hazardous portion of mixed-waste streams that is id entical in concept to 
the SSL approach. The tiers progress from more cons ervative to less 
conservative, from less complex to more complex, fr om generic to site 
specific, and from easily defensible to more comple x to defend. 
One flaw to this proposed approach is that the Soil  Screening Limits are 
still only in draft form, and it is unclear when EP A will issue final 
guidance. However, while the specific concentration  limits may change, 
and the details of the screening models may change,  the general approach 
and philosophy is likely to remain the same. Conseq uently, the approach 
will be applicable to the level of detail that has been proposed here. 
One of the most interesting concepts is the commona lity of approaches 
between NRC's 10 CFR 20 Subpart I analyses to demon strate the soil 
contaminations are minimally contaminated with radi oactive materials, and 
the SSL approach, which does the same for hazardous  materials. This 
raises the possibility for developing a common appr oach for both ends of 
the mixed-waste spectrum: both minimally radioactiv e hazardous waste and 
minimally hazardous radioactive waste.  
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ABSTRACT 
Major national nuclear programs have resulted in a considerable number of 
storage facilities containing either highly active liquors or highly 
active solid wastes. The latter in many cases conta in inhomogeneous 
mixtures of fuel, metal scrap and debris. In the UK  major efforts are 
underway to retrieve these wastes for treatment and , ultimately, 
disposal. In order to conduct these operations safe ly, and to meet the 
inventory data requirements for ultimate disposal, it is essential to 
achieve a valid measurement of inventory in the ear ly stages of the waste 
routing process. BNFL Instruments Ltd are playing a n important role by 
providing this measurement capability to retrieval projects on the parent 
company's Sellafield site. Current measurement solu tions are based on 
many years of operational experience which the comp any has accumulated in 
delivering special purpose waste monitoring instrum entation for process 
control as well as for inventory measurements. In s pite of the 
difficulties of measuring the inventories of very v ariable retrieved 
wastes, in high dose rate environments, measurement  systems are being 
provided which satisfy the demands of both the repo sitory operators and 
national regulators. 
INTRODUCTION 
In common with the other nuclear powers, Britain ha s constructed and 
operated several generations of nuclear reprocessin g facilities since the 
early 1950's. The Sellafield site, now operated by British Nuclear Fuels 
plc (BNFL), has seen the construction and operation  of early fuel 
storage, reprocessing, product finishing and waste storage facilities 
which are now in varying stages of shutdown or deco mmissioning. Of 
particular concern are the very variable solid wast es which may be 
contaminated with a variety of fissile and radioact ive nuclides. Interim 
storage facilities within the site boundary have co ntained these highly 
active wastes safely and with minimum environmental  impact for several 
decades. Now as part of BNFL's overall waste manage ment strategy, major 
efforts are underway to empty these stores and repa ckage and encapsulate 



the waste prior to ultimate disposal. Once emptied the buildings 
themselves can be decommissioned. 
In this paper the issue of measurement is placed in  the context of the 
waste retrieval operations and the particular diffi culties of adequately 
monitoring the radionuclide inventory and fissile c ontent are 
highlighted. The solution to such problems can be s hown to lie in the 
experience gained by close involvement throughout m ore recent 
reprocessing and waste treatment operations. BNFL I nstruments Ltd, a 
wholly owned subsidiary company of BNFL plc, have s upported the parent 
company's engineers and designers by developing spe cialized 
instrumentation for all new plants at Sellafield fo r over 25 years. In 
the course of this support, techniques have been de veloped which, for 
highly active waste, will enable operators to perfo rm a non-destructive 
assay prior to encapsulation and to establish the d etailed 
characterization of waste required to satisfy the d isposal authority and 
the national regulator. 
WASTE STORAGE AND RETRIEVAL 
An overview of the material flow in reprocessing op erations and the 
routes by which wastes arise at Sellafield are show n in Fig. 1. 
Irradiated fuel has historically been stored in wat er filled ponds prior 
to reprocessing. Once sufficiently cooled for safe reprocessing, the fuel 
is taken for pre-treatment. For Magnox fuel, this c onsists of stripping 
off the outer cladding prior to dissolving the meta l fuel in nitric acid. 
The de-cladding debris (known as swarf) is treated as intermediate level 
waste (ILW). Current arisings of swarf are being se nt directly for cement 
encapsulation into 500 litre drums, at a plant comm issioned in 1990. A 
second plant commissioned in 1992 is used to deal w ith the cladding 
residue from oxide fuel reprocessing in a similar w ay.  
Fig. 1 
Storage 
Prior to the availability of the encapsulation plan ts, the cladding waste 
was sent to interim storage facilities. The first s uch facility was a dry 
silo, but from 1960 onwards new arisings were store d underwater. The 
silos were also often used to store scrap associate d with the de-cladding 
process. The contents of the silo compartments fill ed in the early years 
of operation have corroded to a mixture of sludges and solids. The 
original fuel storage ponds, which are now redundan t, also contain 
sludges, corroded fuel and fuel handling equipment.  
Retrieval 
As part of BNFL's overall waste management strategy , major efforts are 
underway to empty the redundant ponds and interim s torage facilities and 
repackage and encapsulate the waste (1). Once empti ed it will be possible 
to complete the decommissioning process by dismantl ing the building 
itself. 
Safety and dose minimization are important issues i n engineering a cost-
effective retrieval process. Major problems to be o vercome include: high 
dose environments, the need for containment to prev ent the spread of 
contamination, chemical hazards, fire risks and oth er safety issues. 
Significant development work and plant trials have been undertaken to 
find the safest and most cost-effective means of re trieval. Purpose built 
machinery is being designed and constructed to faci litate retrieval and 
subsequent treatment of the stored waste into a for m suitable for 
ultimate disposal. Several dedicated plants will be  built to receive this 
waste. Sorting, screening, settling, packaging and drying prior to 



encapsulation of the waste are all options either i n operation or under 
consideration. 
The retrieval of stored irradiated fuel bearing was tes has already begun 
on the Sellafield site and will continue well into the next century. 
Measurement and Characterization 
Detailed reviews including sampling, analysis and s crutiny of plant 
records have been carried out on the contents of th e redundant storage 
facilities. This has enabled sufficient information  on the stored 
materials to be determined for the selection of was te routing through to 
disposal. 
The waste retrieval, treatment and repackaging proc ess will generate 
waste packages which will require characterization on an individual 
basis. The sampling and plant records can often pro vide a good 
representation of the overall contents of the waste  stores, however, the 
characterization requirements for the final waste p roduct cannot be 
satisfied with this information alone. One of the m ajor requirements is 
the provision of radionuclide inventory and fissile  content information 
to satisfy disposal regulations and to ensure criti cality safety. 
Non-destructive assay (NDA) techniques can be used for measurement of 
each waste package prior to ultimate disposal. The requirements for NDA 
depend on the application. There are a number of ge neral driving forces 
including safety, dose minimization, regulatory req uirements, disposal 
authority requirements and process control. 
The major function of waste product monitoring is t he generation of an 
extensive radionuclide inventory including fission products, trans-uranic 
radionuclides and total fissile content of the wast e, where applicable. 
CHALLENGES FOR WASTE MEASUREMENT 
In determining the optimum monitoring solution, phy sicists, engineers and 
designers have co-operated to find the most suitabl e waste retrieval 
strategy incorporating the required measurements. T he technique used, 
location and physical arrangement of the system mus t fit in with the need 
to engineer a safe and cost-effective waste routing  process through to 
disposal, taking into account the suitability of me asurement at various 
possible locations.  
Typically, waste is retrieved in batches, which con tain a variable 
mixture of materials including highly active fuel r esidues, fuel cladding 
materials and miscellaneous operational scrap. Figu re 2 illustrates a 
mock-up of typical retrieved wastes undergoing a so rting process. 
Treatment, sorting and repackaging are often perfor med before the 
monitoring stage. The detailed inventories that hav e been prepared for 
the storage facilities themselves will generally pr ovide only limited 
information for the waste measurement system to use  (e.g. during 
calibration). These measurement conditions are also  often complicated by 
the bulk quantities of waste involved and the inhom ogeneous and variable 
nature of the materials. 
Fig. 2 
Further problems arise due to the high dose rates a nd potential for loose 
contamination associated with the waste treatment p rocesses. This often 
leads to shielding, handling and containment requir ements which makes the 
measurement more problematic. 
Quality Assurance plays a key role throughout the e ntire process of 
providing plant operators with the solution to thei r measurement needs. 
The instrumentation must be capable of generating f ully reproducible 



results and must operate reliably and be capable of  performing regular 
automated self checks.  
MEASUREMENT TECHNIQUES 
There are a variety of radiometric NDA techniques w hich can be used in 
waste monitoring. The basis of all such measurement s is the 
quantification of certain properties of the sample based on the detection 
of some form of radiation. Due to the bulk quantiti es of materials 
encountered, the most suitable NDA techniques are b ased on either gamma 
or neutron measurements. 
Gamma Ray Measurements 
In order to obtain the maximum amount of informatio n from a gamma ray 
measurement, High Resolution Gamma Spectrometry (HR GS), based on high 
purity germanium (HPGe) semiconductors, is preferre d to low resolution 
spectrometry based on scintillation detectors. With in irradiated fuel, 
there are many gamma emitting nuclides. Due to the attenuation effects 
within the waste container, only higher energy gamm a rays can be measured 
in large containers. In practice there are very few  photopeaks in the 
spectrum of historic irradiated fuel bearing waste.  This is mainly due to 
the long cooling times and Compton scatter interfer ence effects from 
several high energy, high intensity gamma rays (mai nly 137Cs and 60Co). 
Gamma ray detection can also be used by instrumenta tion at the retrieval 
facility and within the treatment and sorting facil ities. Gamma ray 
imaging techniques have been developed which allow operators to identify 
`hot spots' of gamma activity on a contaminated wal l, say, or at a 
sorting table. These instruments can include a coar se spectrometric 
capability which enables fuel to be discriminated f rom other items. This 
`gamma view' can be combined with the traditional o ptical image to assist 
in segregation of the waste and reduces operator do se uptake.  
Passive Neutron Measurements 
Passive neutron counting involves measuring the int rinsic fast neutron 
emission from the waste. This arises from two types  of event: spontaneous 
fission and (,n) reactions. Typically 2 or 3 coinci dent neutrons will be 
emitted from each spontaneous fission event, whilst  (,n) reactions 
(caused by the interactions of alpha particles with  light elements such 
as oxygen) result in the emission of a single neutr on. Maximum (,n) 
emission occurs when the alpha emitter is chemicall y linked to the light 
element as, for example, in corroded fuel. 
Assay systems can utilize the detection of the tota l or coincident 
neutron emission. The latter may involve the detect ion of two time 
correlated neutrons (referred to as Passive Neutron  Coincidence Counting 
PNCC) or multiple time correlated neutrons (Multipl icity Counting). 
Coincidence techniques allow the signal from sponta neous fission to be 
isolated from the (,n) signal. This is necessary wh en the chemical 
composition of the waste is poorly characterized su ch that the ratio of 
the (,n) to the total neutron emission can vary.  
Active Neutron Interrogation 
In contrast to passive methods, active neutron meas urements rely on the 
detection of induced radiation. Neutrons from an in terrogating source are 
introduced into a measurement chamber made up of mo derating and shielding 
materials. Fast neutrons quickly slow down in the c hamber by multiple 
elastic scattering in the moderating materials. In addition some 
moderation and absorption usually takes place in th e measurement sample; 
the magnitude of which will depend on the matrix co mposition. The 
neutrons induce fission events in any fissile mater ial present giving 



rise to the emission of secondary fast neutrons and  gamma rays. It is 
this secondary radiation that is detected to give a  measurement of the 
total amount of fissile material present. 
One method of active neutron interrogation is the d ifferential die-away 
(DDA) technique. Short pulses of fast neutrons from  a neutron generator 
are injected into the measurement chamber. This giv es rise to a thermal 
neutron flux which persists for a few milliseconds.  Fast neutrons arising 
from the induced fission events are then counted us ing fast neutron 
detector packages embedded in the chamber walls. Th ese detector packages 
have much shorter characteristic neutron lifetimes than the chamber and 
this large difference in the die-away time makes th e measurement 
possible. The measurement signal is used to quantif y the mass of fissile 
material present.  
EXPERIENCE IN WASTE MEASUREMENTS 
Over the last 25 years, many special purpose waste monitoring systems 
have been developed to meet a wide variety of diffi cult measurement 
problems in the Sellafield reprocessing and waste t reatment operations 
(2). As new generations of increasingly sophisticat ed plant have been 
commissioned and the demands of the regulators have  become more 
stringent, several generations of instrumentation h ave been developed 
from concept through to commissioning, calibration and fully automated 
operation. Several examples are given here of such systems. 
Swarf Tipping Monitors 
One of the earliest measurements of highly active w astes was performed 
during the process of transferring the Magnox decan ning waste to its 
interim store. A measurement of the uranium content  of the waste was 
required in order to quantify carry-over of fuel fr om the decanning 
plant. The chosen measurement technique was based o n detection of a 
distinctive high energy gamma ray from a short cool ed gamma emitter which 
is only associated with irradiated fuel (the 2.18 M eV gamma ray from 
144Pr was used). 
Two low resolution NaI(Tl) gamma spectrometers view ed a swarf bin which 
was scanned past the detectors before and after tip ping. Calibration was 
performed using fuel rods of known irradiation hist ory and cooling time, 
placed in a supporting frame, at known positions in  a bin full of water. 
The measurement enabled the reprocessing plant oper ators to gain 
confidence in the decanning process and was also of  sufficient quality to 
contribute to the materials accountancy for the pla nt. A great deal of 
performance assessment work was carried out during and after 
commissioning of the instrument. This work has prov ided confidence in the 
accuracy of the declared data and provided valuable  experience in the 
development of later generations of highly active w aste assay 
instrumentation. 
Swarf Inventory Monitor 
The next generation of monitoring instrumentation w as developed to 
improve on the original measurements carried out du ring swarf tipping. In 
1985, the first high technology system (designed to  quantify fuel carry-
over), was installed in a new fuel handling plant. Subsequently a system 
was developed to provide improved measurements in p arallel with the 
advent of swarf encapsulation. As previously noted,  since 1990 arisings 
of waste from the Magnox decanning process have bee n encapsulated into 
500 litre drums to await ultimate disposal. A requi rement of the 
licensing and regulatory bodies is that an extensiv e radionuclide 
inventory must be provided for this waste. In addit ion, there is a 



process control measurement requirement, to monitor  for excessive 
quantities of uranium in the swarf prior to export to the encapsulation 
plant. The most appropriate measurement technique i s HRGS, since the 
relatively short cooling time of this waste stream enables a wide variety 
of nuclides to be directly measured. This provides sufficient information 
to determine the irradiation history of the fuel fr om which it is 
possible to infer the uranium content as well as a variety of other non-
measurable radionuclides. 
Measurements on bulk quantities of swarf would be u ndesirable because of 
gamma absorption effects, so the swarf is measured in small batches. The 
Swarf Inventory Monitor (SIM), located in the decan ning cell, is 
illustrated in Fig. 3 (a neighboring instrument for  measuring the cooling 
time of the fuel is also shown here). For each batc h, a HPGe detector 
views the waste and acquires a gamma ray spectrum. The activity of the 
gamma emitters is calculated from analysis of the s pectrum. This 
calculation takes into account detection efficiency , background from the 
measurement tray and self-attenuation in pieces of uranium. The 
irradiation history of the fuel is derived from var ious ratios of the 
measurable gamma emitters. Uranium mass and the act ivity of other 
radionuclides can then be quantified using known re lationships derived 
from the fuel inventory code, FISPIN (3). 
Fig. 3 
The HPGe detector is mounted in the cell roof on a precisely engineered 
movable table. The detector views the waste tray th rough a gamma ray 
collimator. The positioning of the detector is care fully monitored with 
an infra-red proximity sensor in order to ensure th at the calibration 
arrangement remains valid during all subsequent mea surements. An ultra 
high count rate capability (handling an input of up  to 500,000 counts per 
second) is required to provide a wide dynamic range  to cope with the 
variation in activity of monitored swarf. Advanced electronics are used 
to process the signal from the detector with accura te dead-time 
correction. Based on experience gained in using HPG e detectors in process 
plants, special mounting and screening is used on t he detector and its 
electronics to overcome electrical and mechanical n oise. Considerable 
effort was made to provide high quality diagnostics  and to make the 
system `user friendly' for the plant operators and engineers. 
The monitor has been operating since July 1990 and provides a reliable 
determination of uranium mass and radionuclide inve ntory. Detailed 
assessment work was performed after commissioning o f the instrument in 
order to identify and eliminate potential biases. T his has enabled the 
system's process parameters to be finely tuned to t he actual measurement 
conditions that have been found to arise in the pla nt. 
Fissile Material Detector 
Current arisings of miscellaneous items of ILW from  the Sellafield plant 
are stored in 3m3 boxes at a purpose built facility , the Miscellaneous 
Beta Gamma Waste Store (MBGWS). For criticality saf ety, it is necessary 
to quantify the fissile content of this waste prior  to filling of the 
storage boxes. The technique employed for this meas urement is the active 
neutron interrogation technique, DDA. 
The Fissile Material Detector (FMD) is capable of m easuring the wide 
variety of wastes consigned to the store. Various c alibrations were 
performed for each type of waste classification dur ing commissioning. The 
waste consigned to the plant includes miscellaneous  mixtures of: steel, 
lead, concrete, graphite, cellulose and plastics. T he total fissile 



content is derived using the DDA measurement result , operator declared 
classification and the neutronic properties of the sample, determined 
during the measurement. 
The measurement chamber consists of polyethylene an d graphite, with 
neutron detectors and a pulsed neutron generator lo cated in the walls. 
Lead shielding is used to reduce the gamma flux to the detectors from the 
waste. Regular automated checks on the system perfo rmance are performed 
using a source transfer system. 
Hulls Monitor 
The reprocessing of oxide fuel at the THORP plant g enerates another ILW 
stream. This consists primarily of the residues of fuel assemblies 
(hulls") which are the waste product from the disso lver after the 
shear/leach process. The hulls are exported from TH ORP to an 
encapsulation plant where they grouted and stored p rior to ultimate 
disposal. Monitoring of the hulls (prior to export)  is necessary in order 
to:- 
  Ensure criticality safety in subsequent handling.  
  Ensure that fuel retention complies with limits f or interim storage and 
ultimate disposal or return to the customer. 
  Demonstrate that uneconomic fuel retention has no t occurred. 
  Derive inventory information for customers and re gulators. 
  Provide safeguards and materials accountancy data . 
The Hulls Monitor, illustrated in Fig. 4, has been developed to satisfy 
these measurement requirements using a combination of neutron 
interrogation (DDA), passive neutron totals countin g and HRGS. The 
application and development of these techniques to this measurement 
scenario represents a major measurement challenge. 
Fig. 4 
The residual fissile content of the leached hulls i s determined from the 
DDA measurement. Total uranium content is derived u sing the fissile 
content, the measurement of passive neutron emissio n and information on 
the initial enrichment of the fuel batch provided b y the reactor 
operators and from measurements (via a separate mon itor) on the fuel 
before shearing. Additional inventory information i s determined using 
HRGS, the passive neutron count, initial enrichment  and cooling time of 
the fuel and FISPIN derived correlations. 
The measurement is undertaken on a dissolver basket , 0.67m in diameter 
filled with hulls up to a depth of 2m. In addition to the hulls, the 
basket will contain additional fuel assembly hardwa re (such as end 
appendages) and a small amount of neutron poisoned dissolver liquor 
trapped within the hulls. During a measurement sequ ence, the basket is 
lowered into a re-entrant thimble in a monitoring c ell below the basket 
handling area. Fast neutron detectors and the neutr on generator are 
housed in a collar around the thimble. The collar i s constructed of 
moderating materials designed for the DDA measureme nt. Plant ruggedised 
electronics have been developed to provide the dete ction systems with 
noise immunity, high count rate capabilities and fa st recovery times 
essential for DDA measurements. The HRGS system is located outside the 
cell and views the basket through a collimator set into the cell wall 
above the neutron collar. 
Comprehensive self-checking and back-up facilities have been designed 
into the instrument. Functionality of the neutron a nd gamma detection 
systems, and of the neutron generator is confirmed by standardization 
checks that are initiated by the basket handling ca ve control system at 



regular intervals and before each measurement. Conf irmation of a 
satisfactory standardization must be provided befor e a measurement can be 
carried out. In addition, real-time checks are cont inually performed by 
the software to confirm the absence of fault condit ions.  
The hulls monitor neutron system is capable of meas uring residual fissile 
content with a lower limit of detection of 5-10 g 2 35U equivalent levels. 
Further work is underway to develop an advanced rad iometric instrument to 
deal with the more challenging measurement of hulls  from mixed oxide and 
higher burn-up uranium oxide fuels. 
THE MEASUREMENT SOLUTION 
Development work has been performed to adapt the ex isting waste 
measurement technologies to the challenge of monito ring highly active 
waste retrieved from interim storage facilities. On e area in particular 
where considerable development work has been applie d is in the 
application of neutron assay techniques. These meas urements are often 
needed for criticality control and as supporting in formation for 
radionuclide inventory of waste packages prior to u ltimate disposal. 
Technique Development 
The assay of trans-uranic elements in highly active  waste presents a 
major measurement challenge. Passive techniques, in  isolation, are of 
limited applicability. The gamma rays associated wi th the trans-uranic 
nuclides are often difficult to detect due to the l ow energy or low 
emission rates. For the measurement of irradiated f uel bearing wastes, 
there is usually no measurable gamma signal from an y trans-uranic nuclide 
because of the interference from the intense gamma rays from fission and 
activation products. Passive neutron counting can b e used on highly 
active wastes but this measurement can only quantif y the total 
spontaneous fission neutron emission rate (due to e missions from even 
mass nuclides such as 238U, 240Pu and 244Cm). In is olation, this 
measurement cannot be used to quantify specific tra ns-uranic nuclides. To 
do this, additional parameters relating to the tran s-uranic content of 
the waste need to be known or measured. 
Active neutron interrogation enables the total fiss ile content of the 
waste to be measured (comprising the fissile nuclid es 235U, 239Pu and 
241Pu). For waste measurements, one of the most sui table forms of this 
technique is DDA. In the UK, as elsewhere in the wo rld, the earliest 
applications of DDA have been the assay of low conc entrations of fissile 
material in wastes that have low overall inventorie s of radioactive 
materials. In addition the materials presented for assay and the 
geometrical arrangements have traditionally been we ll characterized. 
The adaptation of DDA to the highly active wastes r etrieved from interim 
storage is complicated due to the following aspects  of the measurement:- 
  Wastes can vary in composition. Materials that ha ve very different 
neutronic properties (absorbers and moderators) are  often found together. 
Examples include graphite, stainless steel, organic s and sludges. Waste 
is heterogeneous. Frequently a container will conta in voids and lumps of 
different materials. 
  Water is often present in the waste. For neutron measurements, the 
moderating effect of water is usually undesirable, particularly where the 
content is variable. Efforts can be made to design the waste retrieval 
process to present the waste in a dry state. Howeve r, safety or process 
limitations often lead to the presence of bound or free water in the 
waste stream. 



  Wastes can vary in density. Typical ranges that c an be encountered are 
0.5 to 5 g/cm3. 
  The wastes are poorly characterized. A methodolog y has been developed 
for measurements of mixed wastes, where the operato r cannot define 
distinct `streams'. 
  The measurement container is large. Process and e ngineering 
requirements often mean that the waste can only be presented for 
measurement in large containers. This is undesirabl e from a measurement 
point of view as it increases the uncertainty in th e measurement. 
Physicists have worked in close collaboration with plant designers to 
find the most appropriate measurement point in the process. 
System Description 
The conceptual measurement system for assay of high ly active waste 
comprises a custom built chamber made up of polyeth ylene and graphite, 
suitable for both active and passive measurements ( DDA and PNCC). Fast 
neutron detector packages are located in the walls of the chamber 
together with the pulsed neutron generator(s) for t he active assay. Due 
to the gamma emissions associated with highly activ e materials, the 
chamber is lined with several centimetres of lead s hielding to reduce the 
gamma flux to the detectors (which are sensitive to  both gamma rays and 
neutrons).  
Imaging and matrix corrections capabilities have be en developed which 
allow accurate determination of the fissile content  and spontaneous 
fission neutron emission rate of a variety of waste  streams. It is 
possible to use these parameters to quantify indivi dual trans-uranic 
nuclides (e.g. 239Pu) and fission products in the w aste container. 
Sensitivities at or below gram levels of fissile ma terial are achievable. 
CONCLUSIONS 
Characterizing a retrieved waste from an interim st ore which may have 
been operational thirty or more years ago represent s a challenge to the 
instrument supplier. For a site such as the BNFL Se llafield facility, 
many such retrieved waste streams will be encounter ed as redundant 
facilities are cleaned out in preparation for decom missioning, each 
posing its own distinct set of problems. To all of this can be added the 
challenge of meeting the increasingly detailed requ irements of the 
regulator and disposal site operator in terms of th e degree of 
characterization required. 
Detailed consideration of some of the needs for ret rieved waste 
monitoring at Sellafield has demonstrated the value  of utilizing 
instrumentation concepts and techniques originally developed in support 
of reprocessing and associated operations. 
BNFL Instruments Ltd with its considerable experien ce of providing 
instrumentation systems for the characterization of  spent fuel and 
freshly generated wastes, which have now been taken  through several 
generations of increasing sophistication and reliab ility, has provided 
the parent company with the confidence to move forw ard in its waste 
retrieval program with the knowledge that tractable  and economic 
solutions can be developed for all waste streams. 
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ABSTRACT 
This paper presents a human health risk assessment methodology for a 
large site that includes multiple facilities with s olid and liquid waste 
disposal sites, which contribute contamination thro ugh several media such 
as air, groundwater, soil, and surface water. Risk- based decision making 
is evaluated for agricultural, residential, industr ial, and recreational 
land uses. Also evaluated are risk-based decision m aking as it pertains 
to Native American land uses. The methodology inclu des a risk 
presentation that is useful for communicating with interested groups and 
valuable for decision makers. The human health risk  is presented in 
isopleths overlaid on the region of analysis. This region of analysis may 
be the region within the site boundary or the regio n outside of the site 
boundary as far as necessary. 
The risk assessment methodology is applied as a dec ision making tool. 
Decisions on whether to undertake a remedial action  are evaluated based 
on parameters such as the extent of remediation and  restoration achieved 
compared to target risk, the amount of risk reducti on at varying cost 
levels, and the risk from various land uses before and after remediation. 
Several examples of the human heath risk contours a re presented. The 
high-risk areas within an isopleth are traced back to the media, source, 
and the constituents that cause the high risk. Comp arisons of various 
alternatives versus cost are presented. Finally, th e feasibility of a 
single or multipurpose land-use strategy is evaluat ed based on human 
health risk and ecological risk for several remedia l alternatives. 
INTRODUCTION 
Increasingly, risk assessment is being applied to p ollution control and 
remediation decisions, particularly in the context of cost-benefit 
analysis and land-use planning. While there are man y advantages in using 
risk assessment to prioritize remedial actions and risk reduction 
strategies, there are several inherent limitations in their ability to 



addresses simultaneously the impact on human health , the ecosystem, and 
social culture. Some of the limitation are 1)numero us source terms and 
release patterns; 2) various constituents and envir onmental media; and 
3)endpoint receptors. 
Most risk assessments are limited to a single waste  site or a closely 
integrated site grouping, such as the Comprehensive  Environmental 
Response, Compensation, and Liability Act (CERCLA) operable units. Thus, 
most risk assessments can be modeled using a single  release term for each 
individual waste site to multiple receptors, such a s the maximally-
exposed individual (MEI), a member of the public, o r a land user. For a 
facility with 100 waste sites and a receptor, the r isk from each site to 
the same receptor has to be calculated individually  (100 times), then 
added to all the risk values to evaluate the overal l risk to the 
individual from the facility. A change in any param eters or components of 
the risk such as the source, location, or exposure pathway will require 
complete recalculation of risk. The methodology des cribed in this paper 
is based on the Modular Risk Assessment (MRA). The methodology allows 
overall risk from widely scattered release sites th roughout an 
installation with areas of thousand of km2 to be ca lculated and displayed 
graphically. The change in risk over time and antic ipated remediation and 
post-remediation land uses can be easily calculated  and displayed 
graphically. While the MRA methodology is applicabl e to human heath, 
ecological, and cultural risk, this paper discusses  only the human health 
risk. The application of MRA methodology to the eco logical risk is 
described in Duke et al. (1995). The application of  MRA to the cultural 
risk is reported in Harper (1995). 
Briefly, the methodology described in this paper br eaks the facility into 
smaller, more manageable sections or cells by super imposing a map of the 
facility with a grid. This methodology uses a discr ete and modular 
approach. This methodology has been discussed in se veral publications 
(Nazarali et al. 1994 and Whelan et al. 1994) and a pplied in two major 
Hanford Site Environmental Impact Statements (EIS).  The contaminations, 
as a module, are identified and quantified in each cell for each medium 
(i.e., groundwater, soil, surface water, and air) u sing existing 
databases and environmental surveillance data. Ther e lease and transport 
of a unit concentration, as a module, through diffe rent media to the 
receptor is modeled for several time periods rangin g from the present to 
10,000 years in the future. The unit risk factor, a s a module, is 
calculated by using a unit of concentration to calc ulate the risk for 
several land-use receptors. The overall risk is cal culated by multiplying 
the source term by the unit transport factor, at th e selected time, to 
obtain the concentration of the contaminants at the  selected time 
available to the receptor. The product of this conc entration and the unit 
risk factor results in the risk from the particular  constituent at the 
certain time to the receptor of concern. 
The most important part of this methodology is its ability to present the 
results and information for environmental restorati on and waste 
management decisions. The presentation is in contou r form, which provides 
a great deal of information in a graphic form that is easy to assimilate. 
This presentation assists in thorough decision maki ng due to the 
illustrated overall picture of the results. A thoro ugh decision requires 
incorporating all the variables that are the integr al part of the 
decision. The more typical tabular presentation of the risk based on 
single site and single receptor for a large facilit y with multiple sites 



will not display all the decision making variables in a manageable 
format. The relative risk from one or all of the so urces through one or 
all media to one or several receptors, which is ess ential to the decision 
makers, would be tedious and almost impossible if t he single site single 
risk evaluation method were applied. In addition, p resenting the results 
in tabular form would make the analysis much harder  because of the volume 
of the data. The estimated risk by the MRA methodol ogy can be 
communicated with the interest groups in a simple a nd clear manner. 
Decisions regarding the remediation of a site, the whole facility, or 
selected constituent based on the target risk, regu latory standard, or 
the stack holder cleanup goal can be analyzed and c ompared efficiently 
and easily. 
METHODOLOGY 
The methodology is divided into two primary section s, risk calculation 
and risk presentation. The risk calculation is base d on the MRA. The risk 
presentation is time and spacial dependent. The ris k results are 
presented in graphical form for a selected time and  specific location. 
The risk calculation and presentation are discussed  in the following 
sections.  
Risk Calculation Methodology 
Modular Risk Assessment Approach 
The multiple waste sites with different waste forms  at different 
locations that require assessment demand a more fle xible approach, which 
ensures that the important aspects of the assessmen t are not lost through 
gross aggregation. The MRA approach allows for eval uating regional risk 
by accounting for the effects of widely scattered w aste sites. The 
approach becomes powerful and relatively easy to ap ply because the system 
is automated. The MRA is based on the independent e valuation of each 
module that is the component of the risk. These ind ependent modules are 
source, transport, and exposure, which are shown in  Fig. 1 and discussed 
in the following sections. 
The first approach in applying the MRA is to establ ish a spacial 
configuration that addresses the location of the wa ste sites. The 
location of any object can be addressed by Cartesia n, cylindrical 
(polar), and spherical coordinates. In this paper, the Cartesian 
coordinates are used for the MRA approach. The x-ax is represents the 
east-west coordinates, and the y-axis represents th e south-north 
coordinates. The z-axis (perpendicular to the xy pl ane) represents the 
magnitude of the source, concentration, or risk. Th e size of the grid 
cells in xy- plane depends on the size and configur ation of the facility. 
For a large facility such as the Hanford Site, the 1.0-km by 1.0-km grid 
cell would be proportionate. Smaller facilities may  use as small as 100-m 
by 100-m or 10-m by 10-m grid cells. Figure 2 shows  the 1.0-km by 1.0-km 
grid cells superimposed over a map of the Hanford S ite.  
Fig. 1 
Fig. 2 
Source Module 
The source module represents the source term, which  refers to the 
inventory or concentration of the pollutants that a re available for 
release within the media such as the soil (surface and subsurface), 
groundwater, surface water, and air. Each cell cont ains a table for the 
source at the present time, as shown in Table I. Th e pollutants are 
divided into three groups of radionuclides, carcino genic chemicals, and 
non-carcinogenic chemicals. The groundwater column represents the 



inventory or concentration of each constituent with in the groundwater. 
The soil column displays the inventory or concentra tion of each 
constituents in the surface soil (Z1), subsurface s oil (Z2), and total 
soil (Z). The surface water and air columns represe nt the inventory or 
concentration of each constituents in surface water  and air, 
respectively. For cells that contain several waste forms, the aggregated 
source term or concentration is used. 
Table I 
Prior to collecting data that specifically describe s the waste at each 
site, the environmental setting and grid system mus t be determined. The 
installation is divided into regions where the geol ogy, hydrology, 
hydraulics, and meteorology are considered to be re presentative of the 
region. Data describing each environmental setting are collected and 
verified as being representative of the area by ins tallation engineers 
and scientists. 
Transport Module 
A unit of each constituent in each media is transpo rted into the 
environment using the transport code. The Multimedi a Environmental 
Pollutant Assessment System (MEPAS) was used for th e Draft Hanford 
Remedial Action EIS (HRA-EIS) risk assessment analy ses. MEPAS was chosen 
because it includes the following elements. MEPAS 1 ) addresses 
radioactive, organic, and inorganic wastes; 2) prov ides user flexibility 
in describing the geology, hydrology, hydraulic, an d meteorology at an 
installation by allowing the use of site-specific d ata; 3)performs 
calculations within the installation boundary and o ffsite; 4) is largely 
based on the solutions to the advective-dispersive equations for solute 
transfer; 5)includes atmospheric complex terrain, c hanneling of wind, 
fugitive dust emissions, wet and dry deposition, an d gaseous and 
particulate releases; 6) addresses both active and inactive sites and 
releases; 7)allows for user or code specific time-v arying (i.e., 
transient) source-term emission rates; and 8) addre sses contaminated 
soils, pond sites, liquid discharges, injection wel ls, and point, line, 
and area sources. 
The unit source term for each media from each cell that contains the 
source are transported to other cells using transpo rt code. The 
comprehensive methodology and application of unit e nvironmental transport 
assessment of contaminants is described in Whelan e t al. (1995). For 
example, in the groundwater transport the source fr om one cell in some 
cases was transported to several hundred cells. The refore, a fraction of 
the unit source from one cell may appear in one or several cells. The 
contribution of all the sources from one cell or se veral cells to a cell 
at a selected time are gathered in a file (table) a s the unit transport 
factor (UTF). The data have the same format as the source term, as shown 
in Table I. The values in this table are the fracti on of unit source or 
concentration of the constituent of concern within the media of concern 
at a selected time for the particular cell. Each ce ll contains its own 
table with the specific UTF.  
Exposure Module 
This module calculates and represents the risk to a  certain receptor 
(life style or land use) from a unit of concentrati on in groundwater, 
soil, surface water, and air for each constituents.  Four land-use 
receptors are analyzed in the Hanford Site Risk Ass essment Methodology 
(HSRAM) document (DOE 1995). Each of these receptor s' unit risk factor is 
calculated based on their activity and life style. The four receptors 



(agricultural, residential, industrial, and recreat ional) unit risk 
factors for radionuclides, carcinogenic chemical, a nd noncarcinogenic 
chemicals for all the media (groundwater, soil, sur face water, and air) 
are described and calculated (Strenge and Chamberla in 1995). For example, 
the agricultural receptor uses all the media. This receptor uses the 
groundwater for showering, drinking, watering the g arden, crops, and 
animals. This receptor uses the soil (surface and s ub-surface) for 
raising a garden, crops, and animals. The surface w ater and air are part 
of this receptor's pathway. The risk from a unit of  the concentration 
within each medium are gathered in a file (table) a s the unit risk factor 
(URF). The URF data have the same format as the sou rce term and UTF, as 
shown in Table I. The URF values have unit of risk (cancer incidence or 
fatalities) per concentration. 
Risk Result 
Each cell will have one risk table for every exposu re scenario and time. 
The product of the source term and the UTF results in the concentration 
of the pollutant in that medium. The product of thi s concentration and 
the URF results in the risk to the selected recepto rs at the selected 
time for the constituent of concern at the particul ar cell. The resultant 
data are gathered in a file (table) as risk. These data have the same 
format as the source term, UTF, and URF. An example  of the risk output is 
shown in Table II. The consistency in the source, U TF, URF, and risk 
tables format is for computation purposes. The sepa ration hazard 
categories (radionuclides, chemicals carcinogenic, and chemical 
noncarcinogenics) are for risk summation. The resul tant risk can be 
summed for each media, each constituents, and each hazard category. For 
each receptor (land user) at the Hanford Site, ther e are total of 2,700 
(53 km by 53 km) risk tables generated (a table per  cell). 
The mathematical risk calculation can be expressed by Eq. 1. 
Eq. 1 
Where R, S, U, and E represent the total risk, sour ce term, unit 
transport factor, and unit risk (exposure) factor, respectively. The 
subscripts i, j, k, and t represent the constituent , medium, receptor, 
and time. 
Risk Presentation Methodology 
In most analytical calculations, the computation re sults are presented in 
tables or some type of graphical form such as a pie  or bar chart. For the 
Hanford Site, a comprehensive risk assessment would  include 2,700 risk 
tables for a selected time. The analyses usually ev aluate the risk for 
several time frames, such as T0, T1, T2, and T3 for  each receptor, which 
results in 10,800 individual risk tables (2,700  4)  for each receptor and 
a total of 43,200 tables (10,8004) for all four rec eptors. 
In this methodology, the value of the risk for each  cell is plotted on 
the z-axis. Therefore, for the Hanford Site all the  2,700 risk tables for 
a selected receptor at a selected time can be prese nted on one graph. The 
four land-use receptors and the four time frames of  interest will result 
in a total of 16(4by4) contour maps. Figure 3 prese nts the risk to a 
residential farmer for 4 selected time frames (T0, T1, T2, and T3,) 
ANALYSES 
The methodology can be applied to the baseline, rem ediation, and post-
remediation human health and ecological risk analys es. The baseline risk 
represents the risk to a selected receptor from all  the sources prior to 
any remediation or restoration or for the no action  alternative for the 
National Environmental Policy Act (NEPA) EISs. The remediation risk 



refers to the risk that corresponds to the remedial  activities. The post-
remediation or residual risk refers to the risk fro m the pollutants that 
are left in the environment after completing the re mediation activities.  
The flexibility and capability of this methodology makes it possible to 
conduct analyses such as comparing the baseline, re mediation, and post-
remediation risk for a several land-use scenarios. By subtracting the 
post-remediation risk from the baseline risk, the r eduction in risk to 
the receptors can be analyzed. This reduction in ri sk can be compared 
against the risk from the remediation itself for fu rther analyses. The 
risk at different times may be reduced as the time goes by so that 
remediation may not be required at all or may be re quired only for a 
certain waste form or land-use scenario. The combin ation of several land 
uses over the region of interest is a process of an alyzing that is 
possible by using this methodology.  
Fig. 3 
Table II 
Target Risk Analysis 
The target risk mainly refers to the end point risk  that is desired after 
completing remediation. For a selected target risk,  a risk reduction 
factor (RRF) can be calculated by this methodology by comparing post-
remediation risk with the baseline risk. For exampl e, a typical tolerated 
exposure level for carcinogenic substance may incre ase the upper bound 
lifetime cancer risk from 1.0E-04 to 1.0E-06. This factor can be 
expressed as the ratio of the target risk to baseli ne risk as follows: 
Eq. 2 
The level of contamination remaining after remedial  actions compared to 
the baseline can be expressed mathematically as a c oncentration reduction 
factor (CRF). This factor can be evaluated using ta rget risk or target 
concentration. The RRF is directly proportional to the CRF, as follows: 
Eq. 3 
Decision Making 
This methodology is a powerful tool for risk-based decision making. There 
are several ways to use this methodology as decisio n making tool. First, 
the processes of radioactive decay and biological d egradation reduce the 
initial inventory of a contaminant over time. There fore, presenting risk 
for different times in the future can communicate t he need for 
remediation. Second, presenting the risk for the sa me time but different 
land uses such as unrestricted (agricultural and re sidential scenario), 
partially restricted (industrial scenario), and res tricted (recreational 
scenario), can give enough information to the decis ion maker for 
selecting the remediation and extent of remediation  that is necessary. 
Third, the combination of time and land use can ass ist the decision 
making processes, as this methodology demonstrates.   
APPLICATION 
This methodology has been applied in two major EISs  at the Hanford Site. 
Hanford Remedial Action Draft Environmental Impact Statement  
The Hanford Remedial Action EIS evaluated and analy zed several 
alternatives regarding the remediation of over 1,10 0 past practice waste 
sites at the Hanford Site. In this EIS, a comprehen sive baseline human 
health and ecological risk analysis was conducted. The risk assessment 
was performed using the methodology described in th is paper. However, the 
remediation risk and the post-remediation risk were  not the same as the 
methodology in this paper. The remediation assumed the complete removal 
of the all the sources and/or securing the waste si tes by mean of 



capping. This forced the analysis to assume that th e post-remediation 
risk was nominal. 
Tank Waste Remediation System Draft Environmental I mpact Statement 
The Tank Waste Remediation System EIS analyzed seve ral alternatives for 
remediating 177 single and double-shell tanks. Thes e tanks contain 
56,000,000 gallons of high-level waste with total a ctivity of 176,700,000 
curies that have been generated from nuclear defens e production 
activities. The post-remediation risk for this EIS uses this risk 
assessment methodology. The baseline risk was analy zed under the no 
action risk. This risk assessment methodology assis ted in selecting a 
combination of alternatives for the Tank Waste Reme diation System EIS.  
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ABSTRACT 
This paper outlines the various steps pursued in pe rforming a generic 
safety assessment of the various technologies consi dered for the low-
level mixed waste (LLMW) "No-Flame" option in the U .S. Department of 
Energy (DOE) Waste Management Programmatic Environm ental Impact Statement 
(WM PEIS). The treatment technologies for the "No-F lame" option differ 
from previous LLMW technologies analyzed in the WM PEIS in that the 
incineration and thermal desorption technologies ar e replaced by sludge 
washing, soil washing, debris washing, and organic destruction. A set of 
dominant waste treatment processes and accident sce narios were selected 
for analysis by means of a screening process. A sub set of results 
(release source terms) from this analysis is presen ted. 
INTRODUCTION 
This paper presents a preliminary assessment of pot ential accidents for 
the "No-Flame" option leading to airborne releases at U.S. Department of 
Energy (DOE) sites. The assessment is being develop ed in support of the 
Programmatic Environmental Impact Statement (PEIS) for management of low-
level mixed waste by the Environmental Management ( EM) Office of DOE. An 
important consideration in the WM PEIS is the risk to human health of 
potential radiological releases from facility accid ents. An evaluation of 
facility accidents is a necessary first step in eva luating the risk of 
accidents to the on-site and off-site populations a t each of the sites. 
This risk evaluation is part of the process of comp aring alternative 
management strategies in the WM PEIS. These strateg ies include 
decentralization, regionalization, and centralizati on of waste treatment 
activities. 
Low-level mixed waste contains both radioactive and  Resource Conservation 
and Recovery Act (RCRA)-controlled substances. LLMW  is generated, 
projected to be generated, or stored, at 37 DOE sit es as a result of 
research, development, and production of nuclear we apons. It is projected 
that waste management activities will require manag ement of an estimated 
226,000 m3 of LLMW over the next 20 years. 
A variety of treatment methods and processes for LL MW were considered in 
the WM PEIS. For difficult-to-treat LLMW containing  organic material, two 
thermal treatment methods were analyzed: incinerati on, which EPA 
considers the best demonstrated available technolog y for organic waste, 
and thermal desorption, which bakes the waste at te mperatures lower than 
those used in incineration. A "No-Flame" treatment process is being 
considered that replaces thermal treatment (inciner ation and thermal 
desorption) with sludge washing, soil washing, debr is washing, and 
organic destruction technologies.  
The safety documentation that exists for the washin g and organic 
destruction technologies were reviewed to establish  which technology may 
significantly contribute to the overall risk of was te treatment. The 
technologies were also examined to determine if one  or more of the 
following accident conditions could exist: 
1) Conditions which could result in large-scale dam age or 
overpressurization of the various pieces of equipme nt, tanks, or vessels 
for each technology; 
2) Ignition of flammable gases (including liquids a nd aerosols) that are 
always present or ignition after release of retaine d flammable 
gas/liquid/aerosol; 



3) Process equipment failures which could result in  an energetic release 
of radioactive material; 
4) Suspension of radioactive materials by sprays, e tc. 
Based on the above criterion, it was determined tha t the accident 
analysis would focus on Organic Destruction (ORD), due to the potential 
of overpressurization (point 1), combustibility of the input waste stream 
(point 2), and energetic releases upon reactor rupt ure (point 3). 
The organic destruction technology is similar to we t-air oxidation except 
that the organic concentration in the waste feed is  significantly higher 
(greater than 50 percent). Organic destruction is t he aqueous-phase 
oxidation of concentrated organic and inorganic was tes in the presence of 
oxygen at elevated temperature and pressure. Pressu re in the range of 300 
to 3,000 psi is used to maintain water in its liqui d state, which allows 
oxidation to progress at lower temperatures than wo uld be required for 
open-flame combustion. Water serves to moderate the  oxidation rate by 
absorbing excess heat of reaction. Reactor temperat ures typically range 
from 350o to 610oF (4,6). The layout of an ORD conc eptual facility is 
presented in Fig. 1, based on (6) 
Fig. 1 
OVERVIEW OF FACILITY ACCIDENT ANALYSIS 
The source term associated with an accident is the amount of radioactive 
material that is released to the immediate environm ent and is the product 
of four factors that vary for each radionuclide wit hin the inventory 
affected by the accident: 
Eq. 1 
The material-at-risk (MAR) is defined as the invent ory of waste impacted 
by an accident. The damage fraction is defined as t he volumetric fraction 
of the MAR actually susceptible to airborne release . The RARF is the 
fraction of the total available radioactive materia l that is released and 
rendered airborne from primary confinement in a rea dily dispersible form. 
The LPF accounts for the reduction of the amount of  airborne material due 
to containment, high-efficiency particulate air (HE PA) filtration, 
deposition, etc. 
Determination of the Material-at-Risk (MAR) 
The material-at-risk for the conceptual ORD facilit y is given by the 
summation of the major equipment and process piping : 
Eq. 2 
The various pieces of process equipment and their o perating conditions 
were reviewed to establish which accident condition s would result in the 
largest airborne release, based on the present stat e of knowledge 
concerning the operation of the technology, potenti al failure modes, and 
radionuclide quantity present at the presumed time of failure. The 
material-at-risk associated with the process lines,  heat exchangers, and 
other pieces of process equipment is neglected in t his analysis, due to 
the presumed low volume of material associated with  these items. The same 
argument is applied to the material-at-risk in the separator, due to the 
low-temperatures and pressures employed in this uni t, as well as low 
volatility of the treated wastes. 
The calculation of material-at-risk for the reactor  and feed mix tank 
takes the following form: 
Eq. 3 
where TR is the treatment throughput rate (m3/yr) o f the ORD facility, 
CONCi is the concentration of radionuclide "i" in t he feed (Ci/m3), and t 
is the space time (residence time) of the reactor a nd the feed mix tank. 



The treatment throughput rate and radionuclide conc entration of the feed 
are obtained from the WASTE_MGMT computational mode l (1) and are a 
function of DOE site, treatment technology, and alt ernative site 
configuration. 
LLNL (4) indicates that an organic destruction reac tor would require a 
capacity of 540 gallons for a throughput of 5,177 k g feed per week, 
resulting in a space time of 33 hours (treactor ~ 3 3 hour). The space 
time for the feed mix tank is estimated based on eq uipment size data for 
a similar wet-air oxidation system (3) which indica tes that comparable 
volumes of waste are contained within the reactor a nd feed mix tank. To 
assure a continuous flow of waste as feed to the re actor, the space time 
of the feed mix tank must be similar to that of the  reactor (tfeed mix 
tanks ~ 33 hour) and therefore the material-at-risk  for the feed mix tank 
is equivalent to that postulated for the reactor. T he material-at-risk 
for the ORD facility is given by: 
Eq. 4 
based on 4,032 hours of operation per year. 
DEVELOPMENT OF ACCIDENT SEQUENCES 
A spectrum of accidents that occur during treatment  were developed based 
on the waste's physical and radiological characteri stics in conjunction 
with the technology specifications. They range from  operational events 
(i.e., an overpressurization in the reactor chamber ) to facility fires to 
external events (i.e., natural phenomenon events an d airplane crashes). 
The accidents considered are discussed below. 
Rupture of a Single ORD Reactor (accident sequence WAX) 
Due to the similarity in processes between organic destruction and wet-
air oxidation (WAO), the limited safety literature for the WAO process 
was reviewed to determine which accident sequences have been postulated 
to be risk-dominant. The worst-case internally-gene rated accident 
generally involved the rupture of the WAO reactor r esulting from 
overpressurization and/or equipment failure (2). Th e ORD reactor operates 
at a pressure and temperature of approximately 250 psi and 260oC, 
respectively (4). If the reactor fails, the solutio n will flash to steam. 
The steam will be assumed to condense into particle s of less than 
respirable size (10 micron AED) and be transported out of the ORD 
facility. The release to the atmosphere will be lim ited as the release is 
not energetic enough to breach the facility contain ment. 
A review of the literature for tank and/or connecti ng pipe failures 
indicate that the failure rates depend primarily on  1) the design 
standard or basis when considering specific damage mechanisms, and 2) the 
inherent conservatism involved. As an example, larg e high-pressure 
vessels have a lower failure rate than low-pressure  storage tanks. 
Failure rates between 1 x 10-4 to 1.3 x 10-3 / yr h ave been reported for 
various pressure vessels with a median value of 1 x  10-3 / yr. In this 
analysis, it is assumed that a failure rate of 1 x 10-3 / yr applies to 
breaches of the ORD reactor that could result in si gnificant releases. 
The damage fraction for this sequence is based on t he contents of a 
single ORD reactor. The contents of the three ORD r eactors constitute 50% 
of the facility MAR, so that the contents of a sing le ORD reactor is 
about 16.7% of the facility MAR (one-third of 50%).  
The respirable airborne release fraction (RARF) is the product of the 
airborne release fraction (ARF) and the respirable fraction (RF). The 
RARF for free-fall spill of the superheated aqueous  solution in the ORD 
reactor is determined assuming isentropic expansion . The amount of the 



ORD reactor contents that will flash to steam upon release was determined 
from the following: 
Eq. 5 
where HL1 is the enthalpy of the feed stream (1,265  Btu/lb at 250 psi and 
260oC), HL2 is the enthalpy of the liquid (water) a fter release (180 
Btu/lb at 1 atm and 100oC) and DHvap is the heat of  vaporization at the 
release temperature and pressure (970 Btu/lb at 1 a tm and 100oC). The 
mole fraction of vapor flashed is estimated from th e above equation to be 
approximately 100%. Thus, all of the solution would  flash (evaporate) to 
steam. The release factor from pressurized releases  of superheated 
aqueous liquid solutions is given by (7): 
Eq. 6 
Based on a vapor mole fraction of 100%, the RARF is  estimated to be 0.33. 
It should however be noted that this relatively hig h release fraction 
would be mitigated by the presence of double banks of HEPA filtration and 
moisture-condensing systems such as demisters, cond ensers, etc. 
The characteristics of the WAX accident sequence ar e given in Table I. 
The value of the RARF shown in the above table only  applies to 
nonvolatile particulate solid radionuclides (such a s U-235, Pu-238 and 
other transuranics, etc.); a release fraction of un ity is applied to 
noble gases and halogens. 
Table I 
Facility Fire (accident sequence WAF) 
The ORD facility is designed to process organic and  inorganic semi-solid 
and adsorbed materials and to destroy soluble mater ials such as heavy 
organic oils and emulsions (including chlorosolvent s) produced during 
washing of sludges, soil, and debris. The high orga nic feed streams are 
diluted to 5 percent organic or less prior to injec tion into the reaction 
vessel. A low-order detonation of the organic waste  and oxidant has been 
postulated to occur; however, the reaction chamber would be designed to 
avoid detonation (4). In this analysis, it is postu lated that a fire 
occurs outside the ORD feed mix tank following leak age. A fire caused by 
ignition of combustible solvent would disperse radi oactive particulates 
in the immediate area of the fire and would last fo r a short period 
because the amount of combustible material is limit ed. Due to the high 
structural integrity of the ORD reactor as well as the dilute aqueous 
nature of its contents, it is assumed that its cont ents would be 
unaffected (i.e., not released in significant quant ities) by this 
accident sequence. (However it may be expected that  its continued 
operation would be impaired.) The accident is presu med to be initiated by 
failure of the feed mix tank resulting in a large p ool of organic liquid, 
fine particulates, etc. on the ground. This leakage  from the feed mix 
tank is ignited by an electrical short, etc. It is conservatively assumed 
that all of the tank contents are spilled and burn.  The release to the 
atmosphere will be limited due to the fire protecti on capabilities of the 
facility and the assumption that the release would not be energetic 
enough to breach the facility containment. 
A wide range of initiating fire frequencies has bee n reported in recent 
NEPA literature, ranging from 7 x 10-4 to 2.0 x 10- 2 / yr with a median 
value of 5 x 10-3 / yr. In this analysis, it is ass umed that an 
initiating frequency of 5 x 10-3 / yr applies to a fire in the ORD feed 
mix tanks that could result in significant releases . 



The damage fraction for this sequence is based on t he contents of a 
single ORD feed mix tank. The contents of the ORD f eed mix tank 
constitute 50% of the facility MAR, leading to a da mage fraction of 50%. 
The input feed to the ORD reactor is stated to be d iluted to 5 percent 
organic or less. The feed to the ORD facility has b een categorized in the 
WM PEIS as an Organic Combustible Solution in an Aq ueous Solution. 
Because a large percentage of the input liquid is a queous in nature, the 
behavior of the feed mix tank contents upon applica tion of a thermal 
stress was considered to be consistent with that of  a boiling Aqueous 
Solution with droplet formation, for a RARF of 1 x 10-2 (7). The 
characteristics of the WAF accident sequence are gi ven in Table II. 
Table II 
External Events  
External challenges to the ORD facility include air plane impacts and 
natural phenomenon. The representative natural phen omenon analyzed is a 
seismic event because of its potential to affect th e entire facility. A 
seismic event is postulated to rupture fittings/con nections to the ORD 
reactors, resulting in aerosol formation. It was ho wever not assumed that 
this would result in a small fire affecting the fac ility MAR. The 
contribution associated with the feed mix tank was neglected as a beyond-
design basis seismic event could fracture the concr ete footings under the 
holding tanks, allowing any spilled material to be absorbed by the soil, 
with negligible atmospheric releases. The accident frequency for seismic 
events is estimated on the performance goal for a M oderate Hazard 
facility, as defined in DOE guidelines.  
Aircraft impacts were also analyzed as potential ma n-made external 
events. Aircraft accident frequencies are site depe ndent and were 
obtained from aviation statistics and the locations  of DOE sites with 
respect to major airports and aviation routes. 
Functional event trees specific to the organic dest ruction technology 
were developed to track the progression of the exte rnal accident 
initiators out to the point of airborne release. In itiating accident 
frequencies and conditional probabilities of the va rious event tree 
branches were determined from applicable safety lit erature where 
possible. Further information on development of the  external event 
sequences is available in (5). The assumed characte ristics of the various 
external accident sequences are given in Table III.  
Table III 
RESULTS AND DISCUSSION 
The results of the accident analysis were obtained in the form of a 
detailed source term and an associated estimated an nual frequency. The 
accidents have been grouped into four categories on  the basis of their 
estimated frequency, with the categories ranging fr om anticipated 
(frequency higher than 10-2 per year) to extremely unlikely (frequency 
less than 10-6 per year) events. 
Table IV provides a sample results with detailed in formation about the 
risk-dominant accidents summed over all radionuclid es released, including 
the volume of the material-at-risk (VMAR., in m3), the material-at-risk 
(MAR, in Ci), total release fraction (TRF), source term (in Ci), accident 
frequency, and frequency class. The total release f raction is the product 
of the leak path factor(LPF), damage fraction (DF),  and the respirable 
airborne release fraction (RARF). Only one WM PEIS alternative, number 
36, which involves treatment at 12 sites, is shown because of space 
restrictions. 



Table IV 
The results in the table suggest that, in general, the risk of releases 
from the ORD facilities due to accidental causes wo uld be low. 
Preliminary screening estimates confirmed that the risks to human health 
involved in LLMW management for the "No-Flame" opti on would be relatively 
low. Generally, releases of large amounts of radioa ctivity are associated 
with a very low estimated frequency, while more fre quent events 
potentially result in small releases. The relativel y low health impacts 
are the result of a number of factors including les s severe operating 
conditions, absence of a fuel source such as natura l gas used in 
incineration, and dilution with water of the produc t stream from organic 
destruction. All these factors may be expected to c ontribute to a lower 
health impact in comparison with incineration. 
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ABSTRACT 
This paper describes the Waste Management Facility Accident Analysis 
(WASTE_ACC) software, which was developed at Argonn e National Laboratory 
(ANL) to support the U.S. Department of Energy's (D OE's) Waste Management 
(WM) Programmatic Environmental Impact Statement (P EIS). WASTE_ACC is a 
decision support and database system that is compat ible with Microsoft 
Windows. It assesses potential atmospheric releases  from accidents at 
waste management facilities. The software provides the user with an easy-
to-use tool to determine the risk-dominant accident  sequences for the 
many possible combinations of process technologies,  waste and facility 
types, and alternative cases described in the WM PE IS. In addition, its 
structure will allow additional alternative cases a nd assumptions to be 
tested as part of the future DOE programmatic decis ion-making process. 
The WASTE_ACC system demonstrates one approach to p erforming a generic, 
systemwide evaluation of accident risks at waste ma nagement facilities. 
The advantages of WASTE_ACC are threefold. First, t he software gets waste 
volume and radiological profile data that were used  to perform other WM 
PEIS-related analyses directly from the WASTE_MGMT system. Second, the 
system allows for a consistent analysis across all sites and waste 
streams, which enables decision makers to understan d more fully the 
trade-offs among various policy options and scenari os. Third, the system 
is easy to operate; even complex scenario runs are completed within 
minutes.  
INTRODUCTION 
This paper builds on earlier work that developed th e computational 
framework for identifying risk-dominant accident se quences (1,2). Only 
atmospheric releases are considered, and risk is as sessed in terms of the 
airborne source terms, measured in Ci, along with t he frequency of the 
associated accident sequence. The framework employs  a probabilistic 
analysis for potential radiological accidents at DO E facilities that 
manage low-level waste (LLW), low-level mixed waste  (LLMW), transuranic 
waste (TRUW), and high-level waste (HLW). The frame work considers both 
waste storage and waste treatment, as well as treat ment technology 
options including incineration, vitrification, and wet-air oxidation. In 
addition, it considers internally initiated industr ial-type accidents 
that may occur during waste management activities ( e.g., breaching a 
waste drum during handling and rendering a portion of the contents 
airborne) and externally initiated accidents (e.g.,  earthquakes or 
airplane strikes). The WASTE_ACC system implements this framework to 
provide policy analysts and researchers with an eas y-to-use tool. 
The WASTE_ACC system generates a consistent evaluat ion of accident risks 
across all 52 potential waste management sites with in the purview of the 
WM PEIS and across the various waste streams (i.e.,  LLW, LLMW, HLW, and 
TRUW). Many of the input and process parameters use d by WASTE_ACC were 
developed specifically for the WM PEIS, and these d ata reside in 
comprehensive generic databases that are an integra l part of the 
WASTE_ACC system. The WASTE_ACC software uses a sta te-of-the-art database 
that incorporates the latest accident information f rom DOE safety 
documents. To date, no other system can provide the  consistent analysis 
across sites and waste streams required in the WM P EIS. Furthermore, no 
other model utilizes site-specific waste volumes an d radiological 
profiles, as developed through ANL's WASTE_MGMT sys tem.  



Although WASTE_ACC was developed to support the WM PEIS, any site 
contemplating processing radioactively contaminated  waste could use the 
system to obtain at least a first-cut analysis. All  that would be 
required to perform site-specific analyses is furth er development of 
supplemental site-specific databases. Besides being  used for waste 
treatment facilities, WASTE_ACC's probabilistic app roach could be used 
for other types of facilities, such as hazardous wa ste incinerators or 
chemical processing plants, and for other types of facility accidents. 
WASTE_ACC CAPABILITIES 
WASTE_ACC can be used to: 
  Determine the risk-dominant accident sequence as a function of 
treatment site, waste management alternative, and w aste type; 
  Perform preliminary calculations of the health ef fects of the 
postulated accident sequence for four receptors: of f-site maximally 
exposed individual (MEI), off-site population, on-s ite MEI, and on-site 
population; 
  Develop the progression of accident sequences for  external initiators 
(such as seismic events or airplane crashes) and ca lculate the 
probabilities of accident progression along various  event tree branches; 
  Print records associated with the risk-dominant a ccident sequences to 
standard or laser printers; and 
  Generate ASCII text output files containing airbo rne release data by 
nuclide for risk-dominant accident sequences. 
The sections below describe the WASTE_ACC software.  
WASTE_ACC DEVELOPMENT 
The programming challenge was to construct an easy- to-use PC-based system 
with the capacity to process large amounts of data and the flexibility to 
accommodate various waste management alternatives, waste streams, and 
site-specific information. The solution implemented  an application shell 
(based on the Microsoft FoxPro for Windows database  system) around the 
framework that had been developed earlier. This sol ution has two main 
advantages. First, FoxPro provided the software too ls necessary to 
develop a Windows-compatible graphical user interfa ce, thereby enabling a 
user to manipulate the model by means of a familiar  metaphor. Second, the 
development of an application shell around the fram ework integrated 
several stand-alone modules that previously constit uted the accident 
analysis system into a single application. The syst em can now be run from 
a single screen with a few mouse clicks, and run-ti me has been reduced by 
more than 75%. 
WASTE_ACC REQUIREMENTS  
The system requires a DOS-compatible computer runni ng Microsoft Windows 
3.1, a microprocessor equivalent to a 33 MHz 486SX or greater, and at 
least 4 MB of RAM. The software itself requires abo ut 2 MB of disk space 
for installation (beyond that required for FoxPro).  The WASTE_MGMT input 
data files can take up to 500 MB for all alternativ es and waste types. 
Furthermore, the system can require as much as 300 MB of additional free 
disk space to run. Scenario runs generally take bet ween 1 and 10 minutes 
on a PC powered by a 90-MHz Pentium, depending on t he waste type and the 
complexity of the alternative being considered. Dec entralized cases 
require more computational time and disk space than  centralized 
alternatives because they have more sites to be ana lyzed. LLMW 
alternatives require longer execution times because  they have more waste 
subtypes. 
WASTE_ACC OPERATION 



Figure 1 presents WASTE_ACC's welcome screen. After  clicking on the 
Continue button, the system's main screen appears, as presented in Fig. 
2. These screens illustrate the latest improved use r interface. Buttons, 
list boxes, and text fields are conveniently and lo gically arranged on 
the screen. These input mechanisms address the info rmation requirements 
for running an alternative clearly and in the Engli sh language. All 
information is requested before a model run begins.  In contrast, earlier 
versions used menus that popped up on the screen wh ile the program was 
running. These menus required the user to have cons iderable knowledge of 
the executing module to select the correct option.  
Fig. 1 
Fig. 2 
Besides the user interface, the model's structure h as also been updated. 
The updated version of WASTE_ACC integrates numerou s stand-alone modules 
into a single application that runs to completion a t the click of a 
button. Stand-alone modules had been necessary to c ope with the extremely 
large data files and complex data manipulation step s inherent in the 
model. However, improved computer resources and str eamlined code enabled 
the system to be integrated into a single applicati on. The integration 
greatly reduced processing turn-around time and imp roved the system's 
integrity and reliability. A run that used to requi re four separate 
programs and some human intervention can now be com pleted with a few 
mouse clicks in a fraction of the time. The next fe w paragraphs describe 
the main screen in more detail, and discuss how to run WASTE_ACC. 
User Input 
The screen displayed in Fig. 2 is divided roughly i nto three parts  top, 
middle, and bottom. In the top part of the screen, the user selects which 
waste stream and alternative to run and the desired  output options. The 
middle of the screen contains an area that displays  which module is 
running so the user can monitor a run's progress. I t also contains 
buttons to start model execution or to exit the pro gram. A check box 
labeled "Batch" enables the user to set up a series  of runs all at once. 
In the bottom part of the screen, users can tell WA STE_ACC where to find 
input files and where to locate working (scratch) d isk space. The top 
part is described first. 
In the first field, under the phrase "Waste Stream: ," the user can select 
a waste stream to be analyzed from a list box. This  box provides a 
complete list of the possible choices, from which t he user selects one. 
The waste stream choices are: High Level Waste, Low  Level Waste, ER Low 
Level Waste, Low Level Mixed Waste, ER Low Level Mi xed Waste, Transuranic 
Waste, and ER Transuranic Waste. In the field below , labeled 
"Alternative:," the user selects from another list box containing the 
possible alternatives for the selected waste stream .  
After the alternative has been selected, the user c an choose output 
options. Regardless of the options selected, WASTE_ ACC always produces a 
summary data file that is sent to the output direct ory. If the "Summary 
Reports" check box is selected, as it is in Fig. 2,  the system sends a 
formatted summary report to the printer and to the screen, as shown in 
Fig. 3. If the "Site/Nuclide Reports" check box is selected, the program 
prints reports that detail source terms by site and  nuclide for each 
risk-dominant accident sequence. Finally, if the "S ource Term Files" 
check box is selected, a source terms data file is sent to the output 
directory.  
Fig. 3  



The user provides file location information by clic king on the 
appropriate button in the lower part of the screen.  When the user clicks 
on the "Data" button, a standard Windows file-open dialog box appears. 
The user selects a directory to tell WASTE_ACC wher e to find various 
support and input files, except for the WASTE_MGMT data (as of Version 
4.3 in October 1995). Similarly, by clicking on the  "Output" button, the 
user can tell the program where to put the output f iles. Files can be 
directed to any available drive, and not all the dr ives need to be the 
same. The user can select the "Scratch" or temporar y drive, where 
temporary files will be placed. In most cases, this  should be the user's 
own hard drive to minimize network traffic and incr ease processing speed, 
but the extremely large capacity needed to run the model (more than 300 
MB free space) may prevent this. As an added featur e, the user does not 
have to select a button to specify a drive but may instead type the 
directory name directly into the field. Finally, th e user tells the 
system where to find the WASTE_MGMT files by typing  a drive letter next 
to the phrase "Network Drive for WASTE_MGMT files:" . This drive may be 
the user's own hard drive (i.e., C), but because th e size of the 
WASTE_MGMT files needed by WASTE_ACC is so large (m ore than 500 MB), the 
drive is most likely to be that of a file server. 
Performing Scenario Runs 
WASTE_ACC can perform runs one at a time, sequentia lly, or grouped 
together in a batch. To run a single alternative, t he user simply makes 
the appropriate waste stream, alternative, and dire ctory choices and then 
clicks on the "Run" button. As the model runs, smal l message windows 
appear on the screen to indicate WASTE_ACC's progre ss. Besides messages, 
WASTE_ACC displays the name of the executing module  in the main screen 
next to the word "Module:" to tell the user exactly  which stage the model 
is executing. Then, when an alternative has finishe d processing, 
WASTE_ACC alerts the user with a beep and a message . The user has the 
option to either quit the program or make additiona l (sequential) model 
runs. 
When several alternatives must be run, the user may  elect to group them 
together in a "batch" run to significantly reduce p rocessing time. To 
initiate a batch run, the user clicks on the "Batch " check box, and a 
screen similar to that shown in Fig. 4 appears. The  user chooses which 
alternatives to run by typing a "T" in the "T/F" (l ast) column of the 
screen. Then, when the model runs, WASTE_ACC proces ses all of the 
designated alternatives and places the resulting so urce term files in the 
output directory as specified on the main screen. 
Fig. 4  
After the user has clicked on the Run button, WASTE _ACC sets up the work 
space, which in this context means it closes any fi les that may be open 
from earlier model runs. Next, the system locates n ecessary input files 
for the waste stream of the scenario being processe d. When all the files 
are located, the computations begin. First, the qua ntity and 
characteristics of the material at risk (MAR) are c alculated. After the 
MAR file is built, the system assigns unit dose con version factors 
(DCFs), provided by Oak Ridge National Laboratory, to the MAR on the 
basis of its characteristics. Next, the system deve lops the accident 
parameters (such as accident frequency,damage fract ion, and conditional 
probability) for each site, accident initiator, and  sequence. These 
accident parameters are then linked to the MAR, and  the model computes 
releases, doses, risks, and consequences for all of  the accident 



sequences. Finally, the system ranks accident seque nces by risk and then 
constructs a file to contain radiological source te rms for sequences with 
the largest impacts. The system writes this file to  the output directory, 
and the computations are complete.  
If the model is processing a single run, the system  displays the results 
in a series of report screens (see Fig. 3). After a ll of the results have 
been presented, the application returns to the main  screen so the user 
can choose the next action. For batch runs, the sys tem does not present 
results on the screen since this would interrupt th e program's operation. 
Instead, as the program loops though each of the de signated alternatives, 
it writes the results to the output file described above. When all of the 
alternatives are done, the main screen appears, and  the user regains 
control. 
Output 
The final outputs of WASTE_ACC are site-specific at mospheric source term 
results and accident summaries. One type of source term result is on the 
amount of radioactivity released to the atmosphere per radionuclide of 
each accident initiator's risk-dominant sequence. T he accident summaries 
(partially shown in Fig. 3) provide detailed inform ation about the risk-
dominant accidents, summed over all radionuclides r eleased, which include 
data on the: 
  Volume of material at risk (m3), 
  Material at risk (Ci), 
  Air-release source term (Ci), 
  Dose to the off-site MEI (person-rem), 
  Cancer risk of the off-site MEI (incidents/yr), 
  Risk to the off-site MEI (rem/yr), 
  Doses to off-site population (person-rem), 
  Number of excess latent cancer fatalities in the off-site population, 
  Accident frequency (incidents/yr), and 
  Frequency class. 
Future Development 
Although WASTE_ACC has come a long way toward becom ing an easy system to 
use, much work remains. The system focuses primaril y on DOE Waste 
Management issues and capabilities, but with some d ata development, it 
could perform accident analyses for other systems, such as hazardous 
waste incinerators or chemical processing plants. M oreover, the large and 
complex databases that support WASTE_ACC could have  tools, such as input 
screens and preprocessing routines, that would make  data collection and 
entry easier and less error-prone. The system could  be adapted to perform 
detailed analyses on sites by using even more site- specific data than are 
available or appropriate for a nationwide analysis.  Finally, the system 
could be adapted to quantify the uncertainty for th e computed risk 
values. The model would account for uncertainties i n the input data and 
process parameters, so instead of computing a point  estimate, the model 
would produce a probability distribution reflecting  the uncertainty of 
the system. 
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A PROPOSED ALTERNATIVE APPROACH FOR PROTECTION OF INADVERTENT HUMAN 
INTRUDERS FROM BURIED DEPARTMENT OF ENERGY LOW LEVEL RADIOACTIVE WASTES* 
John R. Cochran,  
Sandia National Laboratories 
ABSTRACT 
The burial of radioactive wastes creates a legacy. To limit the impact of 
this legacy on future generations, we establish and  comply with 
performance objectives. The most controversial of t hese performance 
objectives is the requirement to protect possible f uture inadvertent 
human intruders (IHIs). This paper summarizes the r egulatory approaches 
designed to protect future IHIs from buried radioac tive wastes and 
proposes an alternative approach for protecting the  IHI. 
Standard exposure scenarios for the burial of U.S. Department of Energy 
(DOE) low-level radioactive wastes (LLW) assume tha t inadvertent human 
intrusion will occur, i.e., the probability of intr usion is one. A number 
of events must proceed inadvertent exposure to buri ed waste, including 
loss of active site control, loss of knowledge of t he site, loss of site 
characteristics (the burial site must not resemble a burial site), loss 
of waste characteristics (the waste must not resemb le waste), and 
inadvertent intrusion must occur. 
Assuming that the probability of inadvertent intrus ion is one is 
conservative, but does not account for important si te characteristics. 
Site characteristics are included in the proposed a lternative approach 
which is based on the "expected dose" to the IHI. T he expected dose is 
the product of the consequence of intrusion and the  probability of 
intrusion. For example, if the consequence of intru sion is calculated to 
be 125 millirem per year chronic dose and the proba bility of intrusion is 
assessed at 0.65, the expected chronic dose to the IHI is 81 millirem per 
year. All aspects of calculating the consequence of  human intrusion are 
identical to calculating the consequence under DOE 5820.2A; the only new 
element is the derivation of the probability of int rusion. 
Consequence is calculated using the long-standing e xposure scenarios for 
intrusion. The probability of intrusion, where prob ability is a reasoned 
belief, can be assessed a number of ways and the ex pert elicitation 
process is recommended. A site-specific assessment of the probability of 
inadvertent intrusion allows credit to be taken for  favorable site 
characteristics, such as site aridity, depth to wat er, and past site use, 
that are not explicitly accountable when the probab ility of intrusion is 
assumed to be one.  
INTRODUCTION  
The burial of radioactive wastes creates a legacy. To limit the impact of 
this legacy on future generations, we establish and  comply with 
performance objectives. This paper reviews performa nce objectives for the 
long-term isolation of buried radioactive wastes; i dentifies regulatorly-
defined performance objectives for protecting the i nadvertent human 
intruder (IHI) from buried low-level radioactive wa ste (LLW); (3) 
discusses a shortcoming of the current approach; an d (4) offers an 
alternative approach for protecting the IHI. This a lternative approach is 
written specifically for the burial of U.S. Departm ent of Energy (DOE) 



wastes at the Nevada Test Site (NTS), although the approach might be 
applied at other DOE burial sites. 
PERFORMANCE OBJECTIVES FOR BURIAL OF LLW 
There are typically three performance objectives fo r the isolation of 
buried radioactive wastes: 
  the long-term protection of human health from was tes that might migrate 
from the disposal site; 
  the long-term protection of individuals that migh t inadvertently 
intrude into the disposal site (e.g., water well dr illers);  
  the long-term stability of the disposal site afte r closure to eliminate 
the need for active maintenance. 
A possible fourth objective, protection of delibera te intruders, is 
typically considered infeasible (15). 
In summary, performance objectives are defined to k eep the wastes from 
getting to people and keep people from inadvertentl y getting to the 
wastes. These goals are expressed as two types of p erformance objectives: 
protection of the Member of Public (MOP) and protec tion of the IHI. This 
paper addresses protection of the IHI. 
There are three categories of measures to protect t he IHI from buried 
LLW: 1) active institutional controls, such as fenc es and guards; 2) 
passive institutional controls, such as deed restri ctions, long-term 
government ownership, and long-lived markers; and 3 ) engineered barriers, 
such as special waste forms, burial depth, and spec ial materials 
incorporated into the site closure system (15).  
There are many who believe that DOE will maintain c ontrol of DOE disposal 
sites forever, thereby eliminating the possibility of an inadvertent 
human intrusion. The intent of the U.S. government is to maintain control 
of its high-level radioactive waste (HLW) burial si tes forever (35 FR 
17533) and there are formal discussions of maintain ing control of the LLW 
burial and cleanup sites in perpetuity. However, th ere is significant 
concern that over the next few thousand years, cont rol will be (at least 
temporarily) lost. For example: 
  The U.S. Environmental Protection Agency (EPA) ". .. believes that 
passive institutional controls can never be assumed  to eliminate the 
chance of inadvertent and intermittent human intrus ion ..." (40 CFR 191, 
Appendix B); 
  From guidance developed for the U.S. DOE "...surv ival of engineered 
systems may not be credible over time frames beyond  1 or 2 millennia." 
(15, p. 10); 
  The National Research Council stated in 1995 that : "... it is not 
reasonable to assume that institutional controls ca n be maintained for 
more than a few centuries, we also conclude that th ere is no scientific 
basis for assuming that human activity can be preve nted from occurring in 
an exclusion zone ..." (7, p. 122); 
  The U.S. Nuclear Regulatory Commission (NRC) stat ed that: "... 
inadvertent human intrusion into a closed disposal facility at some point 
after closure of the disposal facility is likely." (9, p. 4-53). 
With the failure of these protective mechanisms, th e future may include 
IHIs receiving high doses of radiation from buried radioactive wastes. If 
future conditions could be anticipated, it would be  possible to protect 
future generations. However, future conditions are uncertain. Despite 
this uncertainty, it is still possible to make inte lligent decisions to 
protect the IHI. Regulations governing the protecti on of IHI typically 
define a set of hypothetical conditions. As a socie ty (i.e., by 



rulemaking), this country has established that comp liance with these 
hypothetical conditions is protective of the IHI.  
REGULATORY BACKGROUND 
Several standards govern the disposal of radioactiv e waste in this 
country, and each of these standards establishes a different set of 
requirements that address the IHI. However, each st andard has the same 
underlying assumption; that future generations main tain current living 
habits. This assumption is probably incorrect for t he next 10,000 years; 
in just the last 60 years, our children have migrat ed from the yards and 
creeks to the video arcades and malls.  
In the U.S., three major standards set requirements  for the disposal of 
radioactive waste: 
  Commercial LLW is governed by 10 CFR 61; DOE-titl ed LLW, and other DOE 
radioactive wastes, are governed by DOE Order 5820. 2A; and 
  40 CFR 191 sets requirements for the disposal of transuranic (TRU) 
wastes, HLW, and spent nuclear fuel. 
The disposal of TRU wastes at the Waste Isolation P ilot Plant (WIPP) is 
governed by 40 CFR 191 with site-specific requireme nts set by 40 CFR 194. 
For the disposal of spent nuclear fuel and HLW, the  WIPP Land Withdrawal 
Act exempted Yucca Mountain from the requirements o f 40 CFR 191, and the 
Energy Policy Act of 1992 directed the U.S. EPA to establish site-
specific standards for Yucca Mountain. These site-s pecific standards will 
define a fourth major regulation and are currently under development (60 
FR 47172). These three standards (10 CFR 61, DOE Or der 5820.2A, and 40 
CFR 191) are briefly discussed as below.  
Standards for Commercial LLW Burial 
The NRC's 10 CFR 61 sets licensing requirements for  the shallow-land 
burial of commercial LLW. In developing 10 CFR 61, the NRC recognized 
that the greatest risk of inadvertent exposure to b uried LLW will be far 
in the future. If the nature of possible future exp osures were knowable, 
specific measures could be taken to protect future intruders. However, 
the nature of any future exposure is uncertain. To proceed in the face of 
this uncertainty, the NRC chose to define surrogate , or hypothetical, IHI 
exposure scenarios. Protection of the IHI under the  conditions defined in 
these hypothetical exposure scenarios would, by leg al definition, be 
protective of future IHIs. 
Defining the characteristics of the surrogate IHI e xposure scenarios 
cannot be accomplished by science alone and require s policy judgments. 
NRC formalized these policy judgments through the r ulemaking process. NRC 
held a series of four regional workshops, worked wi th the EPA and public 
input, developed draft and final Environmental Impa ct Statements (EIS) 
(9,10), and corresponding proposed rule (8) and fin al rule (10 CFR 61). 
Because the NRC was setting disposal standards for LLW burial sites not 
yet defined, it chose to protect the IHI by develop ing a generic set of 
waste classes. These classes are termed generic, be cause they were 
developed independent of disposal site characterist ics and are based on a 
standard set of exposure scenarios defined through the rulemaking 
process. A similar approach is currently being take n by the EPA to set 
cleanup standards for federally-owned sites contami nated with radioactive 
materials (13).  
The NRC's generic analysis was based on the followi ng set of beliefs or 
concerns: 
  The potential for inadvertent human intrusion is likely. Extensive 
intrusion activities (such as major apartment const ruction) are unlikely. 



  There is a limited time (e.g., 500 years) in whic h natural and 
engineered barriers can be expected to last. 
  As long as the waste is structurally stable (i.e. , is recognizable as 
waste), extensive inadvertent human intrusion is no t considered credible. 
Based on these beliefs, the NRC established perform ance objectives to 
protect the MOP from contaminated groundwater and t o protect the IHI. 
Establishment of these performance objectives was c omplicated and 
required consideration of five elements: 
  The length of institutional control; 
  The time at which the intrusion would occur; 
  An appropriate dose standard for the IHI; 
  The probability of the intrusion occurring; and 
  The specific exposure scenario(s) for the IHI. 
Performance objectives are an interrelated "package  deal." Altering one 
of the components may change the overall protective ness of the rule. A 
short summary of each of these five objectives is p rovided below. 
Length of Institutional ControlThe NRC selected 100  years. "...the 
Commission believes that it is not a question of ho w long the government 
can survive, but how long they should be expected t o provide custodial 
care." (10, vol. 1, p. 5-27) 
The Time at Which the Accidental Intrusion Would Oc curNRC made the 
conservative assumption that knowledge of the site would be lost when the 
cognizant government control was relinquished (100 years after closure). 
This loss of knowledge was assumed to be a temporar y, bureaucratic error.  
An Appropriate Dose Standard for the IHIThe NRC sel ected 25 millirem 
(mrem) per year as the dose standard for the MOP an d 500 mrem/year as the 
dose standard for the IHI. Setting an IHI standard 20 times greater the 
MOP dose standard was justified, because the MOP st andard assumes 
continuous exposure to radionuclides by populations , whereas the IHI 
would not be routine and would only involve a few p eople.  
The Probability of Intrusion OccurringIn the draft of 10 CFR 61, the NRC 
assumed that the probability of IHI is one (IHI wil l occur). The 
assumption was conservative (i.e., easy to defend) and not costly (i.e., 
the final 10 CFR 61 allows the shallow land burial of 99% of the 
commercial LLW (52 FR 5999)). 
In response to the draft rule, many reviewers were concerned that the 
probability of an intrusion occurring was too high (i.e., not reflective 
of what the future would probably bring), and that the probability of 
intrusion should be incorporated into the calculati on. The NRC had 
several responses. First, it is very difficult to s et a numerical value 
on the probability that an intrusion event will occ ur, and to estimate 
the extensiveness of the intrusion. Second, in the final EIS, the NRC 
responded by increasing (liberalizing) the concentr ation-based limits on 
Class C wastes by an order of magnitude (from 10 to  100 nanocuries per 
gram) to "eliminate unnecessarily conservative assu mptions." 
Additionally, the IHI is based on reasonably conser vative scenarios 
(discussed below), and finally, the dose standard f or the IHI is 20 times 
higher than that for the MOP. So, rather than attem pt to assign a 
probability to the IHI, the NRC "loosened" other co mponents of the 
regulatory package.  
Specific Exposure ScenariosThe NRC developed three generic waste classes, 
Classes A, B, and C. The NRC states "[t]he (IHI) ev ents are 
conservatively assumed to occur based on considerat ion of typical human 



activities. NRC has assumed reasonably conservative  (but not overly 
conservative) actions on the part of the intruder" (10, Vol. 1, p. 4-13). 
The exposure scenarios included the intruder-constr uction scenario and 
the intruder-agriculture scenario. The intruder-con struction scenario 
involves the hypothetical exposure of workman invol ved in the 
construction of a house, with a basement, directly on the disposal 
facility, contacting and dispersing the waste. The intruder-agriculture 
scenario involves individuals that live in the hous e constructed in the 
intruder-construction scenario, who consume food gr own in a small on-site 
garden which contains some of the soil from the bas ement excavation. 
These scenarios are described in great detail (cubi c yards 
excavated,percentage of excavated soil used in the garden, etc.) in the 
Draft EIS, Vol. 4, beginning on page G-57 (9). 
For each of the two intruder scenarios, for each of  the four 
hypothetical, regional disposal sites, three sets o f assumptions were 
made, corresponding to the three classes of wastes.  Analysis of these 
exposure scenarios does not consider site-specific factors that might 
reduce the probability of the intrusion occurring a nd/or might increase 
the probability of the waste being recognized as wa ste.  
In summary, 10 CFR 61 regulations apply to the buri al of commercial LLWs 
and define generic classes of wastes where the wast e classification is 
defined to protect the hypothetical IHI. The regula tions not take into 
consideration site-specific burial site characteris tics.  
DOE Order 5820. 2A 
DOE Order 5820.2A sets policy for DOE's management of radioactive wastes. 
Like the NRC's 10 CFR 61, DOE chose to establish se parate dose standards 
for protection of the MOP and the IHI from buried L LW.  
To protect the IHI, the original versions of 5820.2 A had a classification 
system similar to the NRC's Classes A, B, and C, wi th some exceptions. 
However, DOE did not adopt the NRC system, because 1) the DOE waste 
streams were different from the NRC's commercial LL W streams; 2) in some 
cases, the DOE standard would be inconsistent with the NRC standard; and 
3) the NRC standard was generic, not site-specific.  Because DOE already 
knew the locations of its active, LLW disposal site s, DOE chose to 
require site-specific performance assessments to de monstrate protection 
of the IHI, as well as the MOP.  
The boundary between standardized assumptions and s ite-specific 
considerations is not defined in DOE Order 5820.2A.  General guidance is 
provided by the DOE Performance Assessment Task Tea m (14,15) and the DOE 
Performance Assessment Peer Review Panel. The Perfo rmance Assessment Task 
team recommends that "standardized" DOE exposure sc enarios include (15): 
  An acute construction scenario and a chronic agri cultural (homesteader) 
scenario involving excavation into disposal units, mixing exhumed waste 
in an intruder's vegetable garden, and permanent re sidence in a home on 
top of disposal units; 
  An acute discovery scenario and a chronic residen tial scenario 
involving an attempted excavation into disposal uni ts, which is assumed 
to be precluded by the presence of intact engineere d barriers, and  
  An acute drilling scenario and a chronic post-dri lling scenario 
involving drilling a water well through a disposal units and mixing the 
drilling wastes in an intruder's vegetable garden. 
Like the NRC's generic scenarios, DOE Performance A ssessments (PAs) have 
not taken site-specific credit for the probability of IHI and have 
assumed the probability of intrusion is one. In sum mary, DOE's Order 



5820.2A governs the disposal of DOE radioactive was tes, and the specific 
performance objectives for disposal of LLW are simi lar to the NRC's 10 
CFR 61, with some important exceptions. 
Regulations for Disposal of Spent Nuclear Fuel, HLW , and TRU Wastes  
The EPA's 40 CFR 191 sets standards for the managem ent and disposal of 
spent nuclear fuel, HLW, and TRU radioactive wastes . Subpart B of 40 CFR 
191 contains one requirement (assurance) and three performance 
objectives: protection of the individual, protectio n of groundwater, and 
containment.  
Protection of the individual and protection of grou ndwater are both 
"undisturbed performance" standards and specificall y exclude the IHI. The 
containment standard (40 CFR 191.13) requires the a ssessment of all 
events and processes that may disturb the disposal system, including 
inadvertent human intrusion. 
The containment standard is a 10,000-year, probabil istic standard. The 
containment standard is based on an abstracted rati o between the original 
inventory of buried TRU radionuclides and the inven tory of radionuclides 
that might move beyond the controlled area (a legal ly defined term). The 
containment standard does not consider the dose to the IHI; only the 
abstracted ratio is important. A repository might p ass the containment 
standard even if the IHI hypothetically received a lethal dose from an 
"industrial accident." 
In a PA for TRU wastes, a "scenario" is a mutually exclusive combination 
of features, events, and processes, which is very d ifferent from an 
"exposure scenario" as used in an LLW PA. The EPA r equires the assessment 
of site-specific scenarios for disposal sites gover ned by 40 CFR 191. The 
EPA recognized there would be uncertainty in assess ing features, events, 
and processes for the next 10,000 years, and offere d significant guidance 
in Appendix B of 40 CFR 191. 
" ... inadvertent and intermittent intrusion by exp loratory drilling for 
resources ... can be the most severe intrusion scen ario assumed by the 
implementing agencies...the Agency assumes that the  likelihood of such 
inadvertent and intermittent human drilling need no t be taken to be 
greater than 30 boreholes per square kilometer of r epository area per 
10,000 years for geologic repositories in proximity  to sedimentary 
formations, or 3 boreholes per square kilometer in other geologic 
formations."  
In summary, 40 CFR 191: 1) applies to TRU, HLW, and  spent nuclear fuel 
wastes; 2) does not specifically attempt to protect  an intruder; 3) 
requires the assessment of the probabilities of all  future events and 
processes; and (4) offers significant EPA guidance concerning the 
probability of future inadvertent human intrusion.  
ALTERNATIVE APPROACH FOR PROTECTION OF INADVERTENT HUMAN INTRUDERS 
The previous sections of this paper highlighted the  development of the 
IHI standard. In this section, important assumption s are reviewed, 
consequences of these assumptions are discussed, an d an alternative 
approach is proposed.  
The NRC and the DOE make the generic assumption tha t inadvertent 
intrusion will occur. This assumption is predicated  on the simultaneous 
occurrence of at least five events:  
  institutional control is lost; 
  knowledge of the site's history is lost;  
  the disposal site is unrecognizable as a disposal  site;  
  the waste is indistinguishable from soil; and  



  the population and well drilling densities are hi gh enough to result in 
a random drilling into a burial cell.  
Despite the conservative nature of these generic as sumptions, most DOE 
LLW meet the IHI criteria. However, some long-lived  wastes (e.g., 
thorium) fail the IHI standard, independent of the location and the depth 
of burial. For example, for a given disposal config uration, burial of LLW 
in metropolitan Washington, DC and burial at the NT S result in the same 
(calculated) dose to the IHI, using the well drilli ng scenario. The 
calculated dose using the well drilling scenario is  also independent of 
the depth of burial. Burial under 3 m. of cover and  burial under 30 m. of 
cover results in the same calculated dose to the IH I. Clearly, the 
probability of intrusion is greater in a large metr opolitan area than at 
the NTS, and burial under 30 m. of soil, as opposed  to 3 m., should 
reduce the probability of intrusion. 
For DOE's LLWs that fail the existing IHI standard,  independent of the 
depth of burial, an alternative approach is propose d which assumes that 
the probability of IHI varies with disposal facilit y. This alternative 
approach is within the flexibility allowed by DOE O rder 5820.2A and takes 
credit for the NTS's arid environment and the fact that wastes will be 
recognizable for long time periods.  
Alternative Approach 
The alternative approach is based on several premis es. The first is that 
protection of the IHI is an appropriate goal for th e burial of LLW. The 
approach also accepts the IHI standard in DOE's 582 0.2A as appropriate 
for most LLW. It presumes that LLW with characteris tics of HLW (wastes 
that fail the IHI exposure scenarios, independent o f the depth of burial) 
require an alternative approach, and finally, that the probability of IHI 
is different for different locations. 
The alternative approach continues using the IHI st andard found in DOE 
Order 5820.2A, as interpreted by Wood et. al. (15) and the DOE Peer 
Review Panel. For wastes that fail the IHI standard , independent of the 
depth of burial, the "expected dose" should be calc ulated. The expected 
dose is the product of the consequence of the intru sion times the 
probability of the intrusion. For example, if the c onsequence of 
intrusion is calculated to be 125 mrem/year chronic  dose and the 
probability of intrusion is assessed at 0.65, the e xpected chronic dose 
to the IHI is 81 mrem/year. All aspects of calculat ing the consequence of 
human intrusion are identical to calculating the co nsequence under DOE 
5820.2A; the only new element is the derivation of the probability of 
intrusion.  
The expected dose could then be compared to (a) the  IHI dose standard 
(100 mrem/year chronic and 500 mrem acute), or to ( b) the MOP dose 
standard of 25 mrem/year. To compare the IHI expect ed dose to the 25 
mrem/year MOP standard would be inconsistent with t he existing DOE Order. 
However, there is concern that comparing the expect ed dose to the 100 
mrem/year standard may not be appropriate, because the 100 mrem standard 
was set higher than the 25 mrem/year standard to co mpensate for the 
intrusion being "...not...routine" and involving on ly a few people. The 
higher IHI standard was set to partially compensate  for the low 
probability of occurrence. With the formal inclusio n of the probability 
of inadvertent intrusion, the higher dose standard may not be 
appropriate. This portion of the alternative approa ch is not currently 
resolved.  



The proposed approach of assessing the expected dos e to the IHI will 
allow the inclusion of important, site-specific cha racteristics in the 
decision making process. For burial at Area 5 of th e NTS, these include: 
  Consideration of the very slow rate of waste deco mposition (the long 
time required for the wastes to become unrecognizab le as wastes) caused 
by the aridity of the site, which receives approxim ately 10 cm of 
precipitation annually; 
  Consideration of the depth to the water table, re quiring the drilling 
of water wells over 230 m. deep; 
  Consideration of the past use of the NTS for test ing nuclear weapons 
(knowledge of the past use of the NTS will be very difficult to lose 
because of the hundreds of large craters which will  probably survive tens 
of millennia), and 
  Consideration of the very low population densitie s (and possibly low 
future population densities). 
The question is how to derive a probability of intr usions which considers 
the site-specific characteristics of the disposal s ite. The NRC stated 
that it is very difficult to set a numerical value on the probability 
that an intrusion event will occur and to estimate the extensiveness of 
the intrusion. However, to develop 10 CFR 61, the N RC did estimate the 
extensiveness of intrusion by developing the standa rd exposure scenarios. 
This paper advocates using those same long-standing  exposure scenarios, 
coupled with the site-specific assessment of the pr obability of 
occurrence, which is addressed in the following sec tions.  
Probability 
The use of this alternative approach requires asses sing the site-specific 
probability of an individual inadvertently drilling  a water well through 
buried LLW. Of importance is the definition of prob ability. There are two 
schools of thought concerning the definition of pro bability (6). The 
frequentists believe that probability is the result  of repetitive 
experiments or observations. In this paper, we call  this frequency. 
Subjectivists believe that probability is a state o f knowledge or state 
of confidence. In this paper, we call this probabil ity. 
When there are insufficient data, the subjective pr obability is the only 
probability. Often, a numerical value can be assign ed to this state of 
belief, e.g., "there's a 75% probability that infla tion will return to 
double digits by the year 2000." Using this definit ion, probability is a 
"soft" number and may vary with the individual. 
The assessment of probability is a key component of  risk analysis, where 
risk is typically defined as RISK = PROBABILITY x C ONSEQUENCE. 
Mathematically, RISK can also be thought of as the "expected value." With 
this definition of probability, the next question i s how to derive a 
probability of inadvertently drilling at a specific  location at the NTS 
over the next 10,000 years.  
Determining the Probability of IHIs 
There are a number of ways to assess probability (w here probability is a 
state of knowledge or reasoned belief). A formal, d efensible approach is 
the expert elicitation process. The process typical ly requires a trained 
facilitator, panelists (experts and/or stakeholders ), some preliminary 
exchange of information, the formal elicitation pro cess, and follow up 
activities. Bonano et al. (2) discusses many of the  advantages and 
disadvantages of the formal elicitation process. Th e advantages include 
improved accuracy of judgment, well-thought-through  design of 
elicitation, consistency of procedures, scrutabilit y, communication, and 



fewer delays. The cited disadvantages can include h igh cost, time, and 
flexibility.  
There are seven standardized steps for a formal pro babilistic 
elicitation. They are: 
  Development of an issue statement (define the eve nt of concern); 
  Panel identification and selection; 
  Presentation of the issue statement and process d efinition; 
  Organization of the panel; 
  Review of literature pertinent to the elicitation ; 
  Elicitation; and 
  Documentation of elicitation. 
The event would be divided into components and the panelists would assign 
probabilities to each component. For example, the i ssue statement might 
be "What is the probability of an individual inadve rtently drilling a 
water well through a buried LLW cell at the NTS's A rea 5?" The event 
could be divided into components such as:  
  the probability that institutional control will b e lost; 
  the probability that knowledge of the past use of  the NTS will be lost; 
  the probability that wastes will become unrecogni zable as wastes; 
  the probability of drilling a water well in Area 5 of the NTS; and  
  the probability of drilling though a buried waste  cell. 
Panelists would be asked to provide the probability  of each component 
occurring and the reasoning for each numerical esti mation. 
The elicitation process is subjective. However, the  assessment of 
probability is used daily for decisions of far grea ter consequence than 
assessing the probability of an IHI. For example, m edical opinions 
typically employ probabilities, and U.S. economic p olicy (e.g., to raise 
or lower the prime interest rate) is based on indic es and subjective 
probability. 
SUMMARY 
For the burial of LLW, we want to keep the wastes f rom getting to people 
and we want to keep people from inadvertently getti ng to the wastes 
(i.e., to protect the IHI). This paper addresses pr otection of the IHI. 
If the future could be anticipated, current society  could define the 
specific measures to protect future intruders. Howe ver, the future is 
uncertain and society has established that demonstr ating compliance using 
specific exposure scenarios is, by definition, prot ective of the IHI. 
For buried LLW wastes, the probability of inadverte nt intrusion has been 
assumed to be one: intrusion will occur. This paper  proposes 
incorporation of the site-specific probability of i ntrusion. For burial 
of LLW at the NTS, incorporation of this probabilit y will allow the 
consideration of favorable site characteristics suc h as aridity, the slow 
decay of wastes, the great depth to water, and (pos sible) low future 
population densities. This proposed alternative is identical to the 
existing interpretation of DOE Order 5820.2A, excep t that the probability 
of intrusion is included as a site-specific charact eristic. 
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ABSTRACT 
The team of the Harry Reid Center for Environmental  Studies (HRC) at the 
University of Nevada Las Vegas and the firm of E. J . Bentz & Associates 
(EJB&A) of Springfield, VA are conducting a risk as sessment and risk 
management evaluation of environmental management a ctivities in Nevada. 
The NRAMP is part of a national effort by the DOE O ffice of Science and 
Technology Policy (EM-52) to develop new sources of  information and 
approaches with public involvement to risk assessme nt, risk management, 
risk communication and public outreach as these obj ectives relate to the 
ecological and human health effects of radioactive and hazardous waste 
management and site remediation activities. Impleme ntation of this 
process has not yet been demonstrated at any site. 
This program is currently eight months into a 21 mo nth schedule. 
Conclusions to date are primarily based on the deve lopment of a public 
working group, literature surveys, collection of DO E national and site-
specific data and a state-wide public opinion surve y. Members of the 
public have been successfully organized into a "wor king group" to augment 
public involvement in coordination with the NTS Com munity Advisory Board. 
The scope of NRAMP activities differs from past DOE  risk assessments in 
Nevada by integrating risks from all major contamin ants, consideration of 
geologic time periods and by incorporating the proj ect goal of "making a 
difference". 
INTRODUCTION 
The team of the Harry Reid Center for Environmental  Studies (HRC) at the 
University of Nevada Las Vegas and the firm of E. J . Bentz & Associates 
(EJB&A) of Springfield, VA was awarded in April 199 5 a cooperative 
agreement by the US Department of Energy Environmen tal Management Program 
Office of Science and Technology Policy (EM-52) to conduct a $2.8 
million, 21 month risk assessment and risk manageme nt evaluation of 
environmental management activities in Nevada and t o transfer this 
experience to other sites. The NRAMP is part of a n ational effort by the 
DOE to develop new sources of information and appro aches with public 
involvement to risk assessment, risk management, ri sk communication and 
public outreach as these objectives relate to the e cological and human 
health effects of radioactive and hazardous waste m anagement and site 
remediation activities. 
Specific objectives of the NRAMP are to be accompli shed by; 1) Working 
closely with stakeholders to develop credible indep endent assessments of 
risks at radioactive and hazardous waste sites in N evada and other 
states; 2) Evaluating and prioritizing options in N evada for waste site 
restoration and future land use from the perspectiv e of stakeholders, 
and; 3) Transferring risk assessment/management res ults and methods from 
Nevada to stakeholder groups in other states as wel l as utilizing, from 



other states, appropriate methods, tools and result s for the evaluation 
of Nevada sites. 
APPROACH 
Specific tasks of the NRAMP implement a risk assess ment process with 
public involvement as described in the National Res earch Council's 
report, Building Consensus Through Risk Assessment and Management of the 
Department of Energy's Environmental Remediation Pr ogram. Implementation 
of this process has not yet been demonstrated at an y site. This process, 
if successful, holds great promise to reaching clea rly defined, 
defendable and lasting agreements between the DOE, regulatory agencies 
and the general public on appropriate and sustainab le strategies for site 
restoration, future site operations and waste manag ement. 
DOE operations in Nevada are an appropriate place f or the development of 
risk analysis and risk management techniques becaus e of the timing of 
this program and ongoing DOE needs for the NTS. NRA MP is timely to EM 
activities in Nevada because: 
  The NRAMP activities will generate greater public  interest in ongoing 
NEPA activities in Nevada 
  The Community Advisory Board (EM's Site Specific Advisory Board in 
Nevada) is developing in Nevada and can benefit fro m access to the 
independent technical resources available through t he NRAMP 
  There has been limited public involvement in risk -related work 
conducted in Nevada to date 
  The NTS is a multi-program site. The Nevada Test Site will continue to 
play an important role for the US DOE in the comple tion of defense, 
environmental and alternative energy missions  
  The Congress and the DOE have advocated the devel opment and use of a 
risk-based programmatic approach to achieve human h ealth goals for EM 
activities in a cost effective manner. 
The NRAMP is demonstrating the application of risk assessment and risk 
management techniques with direct stakeholder invol vement. The methods to 
be applied under this program are graphical to faci litate direct active 
participation of stakeholders in the application of  the risk assessment 
model, assumptions and data. Value-impact assessmen t techniques developed 
by the US Nuclear Regulatory Commission will be use d in the NRAMP to 
systematically consider risk, cost and judgmental f actors in the 
stakeholder identification and prioritization of op tions for site 
restoration. 
Five principle means will be used to accomplish the  objectives of 
developing credible, broadly-accepted risk assessme nts and improving 
decision-making processes for Nevada and other stat es such that they 
reflect the priorities and concerns of all stakehol ders:  
  First, using the principles of consensus building , develop a Working 
Group consisting of stakeholders to work towards a consensual agreement.  
  Second, supplement the meetings of the Working Gr oup with systematic 
and extensive opportunities for stakeholder partici pation in developing a 
detailed scope of work and conducting the risk asse ssment/management 
evaluations. 
  Third, development of quality products through th e adaptation of risk 
management, value/impact processes and technical co mputer tools. 
  Fourth, include extensive independent technical r eviews. 
  Fifth, collaborate with other national sites to t ransfer results and 
include applicable results from other sites in the NRAMP. 
RESULTS TO DATE 



This program is currently ten months into an 21 mon th schedule. Task 1, 
Development of a working group has been completed. The NRAMP working 
group consists of 70 individuals who began meeting in May 1995 to learn 
about the Nevada Test Site and identify issues for the NRAMP team. The 
NRAMP team also established relationships with the NTS Community Advisory 
Board and the Nevada Operations Office. Results of these discussions and 
relationships included the development of a risk as sessment scoping 
matrix which is the basis for the development of th e technical portion of 
the NRAMP, a state-wide public opinion poll and a s ummary of risk related 
activities by site-specific advisory boards at all DOE sites. A work plan 
for the development of a preliminary risk assessmen t of DOE sites in 
Nevada is under development. 
NRAMP Working Group Development 
Primary methodologies used to develop the NRAMP wor king group included 
working closely with the Nevada Test Site Community  Advisory Board (CAB) 
- whose composition carefully mirrors public demogr aphics, local 
governments, and involved agencies - and forming a Working Group with 
much broader public involvement to ensure inclusion  of all stakeholders. 
The NRAMP Working Group has several responsibilitie s: providing a list of 
their priorities for future NTS land uses, reviewin g this Work Plan to 
ensure stakeholder issues have been appropriately i ncluded, providing 
input and reaction to Preliminary Risk Assessment d ata, and accepting or 
rejecting the conclusions of the Baseline Risk Asse ssment and 
prioritization of site restoration activities. By a nalyzing insights 
gained from interactions with this Working Group, t he NRAMP team will 
construct a stakeholder model for use at similar DO E sites across the 
nation. 
Stakeholder identification was Milestone I for the NRAMP and several 
methods were applied to reach it. The project was f irst presented to the 
NTS CAB. Although the CAB was initially concerned a bout duplication of 
effort, it was strongly swayed toward cooperation b y the concept that 
NRAMP provided an independent research team to acco mplish studies the CAB 
did not have resources to complete. As a result, tw o members were 
appointed to attend the Working Group meetings and to coordinate CAB and 
NRAMP activities. This kind of cooperation with exi sting groups is an 
important component of the developing interaction m odel. 
Using the CAB mailing list and a similar list from DOE/NV Environmental 
Management, letters of personal invitation were mai led to persons who had 
shown previous interest in the NTS. General public announcements were 
aired on local radio and television stations, and l arge advertisements 
were run in local newspapers. Everyone who responde d was included in the 
NRAMP Working Group, and no attempt was made at rep resentative 
demographic sampling. 
However, at the same time, a statewide telephone su rvey* was conducted to 
validate Working Group input by comparing it with g eneral Nevada 
interests and attitudes toward the NTS. The survey questions also 
provided insight into the general level of public k nowledge about the NTS 
and its possible future uses. By design, the survey  deliberately over 
sampled Nevada's rural areas. Four hundred miles se parate the state's two 
major population centers of Las Vegas and Reno/Cars on City. Nye County, 
which includes most of the NTS, lies between these two centers and is 
almost totally rural in nature. The NRAMP Survey co llected 400 opinions 
from the Las Vegas area, 400 from Reno/Carson City,  and 400 from rural 
Nevada. 



Survey results show that the public perceives very high risk from 
transportation of high-level radioactive waste (71. 9%), storage of 
radioactive waste (67.7%), transportation of hazard ous waste (60.8%), 
worker exposure to radioactivity (55.3%), groundwat er contamination 
(54.8%), ecosystem damage as a result of soil conta mination (53.3%), 
atmospheric releases of radioactive materials (53.0 %), and, in general, 
to their personal safety and well-being (52.1%). Th e same public supports 
the following future uses in descending order of po pularity: alternative 
energy research and development (79.6%), environmen tal restoration 
research (78.2%), nuclear emergency response and sa fety technology 
development (65.6%), weapons disassembly (52.9%), h azardous waste 
management (50.5%), nuclear materials management an d technology 
development (49.5%), open air nuclear age museum (4 8.5%), maintenance of 
current uses (33.4%), return to public land invento ry (29.1%), and 
nuclear fuel storage (21.3%). 
Initial surveys among the Working Group show genera lly similar results; 
however, survey issues are currently being studied by the group and 
interesting comparisons will be drawn at the conclu sion of the NRAMP 
education effort (see below). 
Working Group Interactions 
Because of the state's geography, two separate grou ps have been formed: 
the Las Vegas or Southern Working Group and the Ren o or Northern Working 
Group. (A third group, the Nye County Working Group , is still being 
organized.) The Southern Working Group met for the first time in May 1995 
and collected a good representation of 45 local cit izens, agency 
representatives, and pre-existing groups who appear ed willing to work 
together in learning and using the risk-based proce ss. Seven persons 
attended the first meeting of the Northern Working Group one week later 
in June. Attendees at both meetings were interested  in knowing why they 
should devote time and effort to still another publ ic meeting, questioned 
how their input would be used, and wondered whether  they could truly have 
a significant impact on DOE decisions. 
To answer these questions, the NRAMP team chose a m eeting model based on 
three focus areas: 1) response to recorded stakehol der issues from 
previous meetings, 2) educational presentations, an d 3) group input 
activities. As an example, the second meeting was p lanned to begin with 
an education segment, a presentation on plutonium c ontaminated soils. A 
response to stakeholders was prepared to address gr oup issues such as 
reasons for supporting the NRAMP and its opportunit ies for input. And, to 
close, an input activity, a group reading and revis ion of the public 
opinion survey, was conducted. 
Stakeholder issues identified in the June meetings included plutonium 
contamination inside and outside the NTS, the exten t of environmental 
damage, mutations in animals, the State's cancer ra tes, contaminated 
ground water, the Ruby Valley Treaty, and the DOE d ecision not to attempt 
clean-up of underground contamination. In addition,  both groups requested 
more information about the NRAMP, including its tim e line and its 
procedures. 
In an attempt to bring the two Working Groups toget her, the NRAMP team 
moved to videoconferencing for the third, or August , meeting. The 
technology proved very effective and provided a ven ue for presenting the 
NRAMP Risk Assessment Matrix, the near-term opportu nities for Working 
Group input to DOE, and a review of all issues rais ed by the group, as 
well as the NRAMP responses to those issues. 



The Risk Assessment Matrix identifies five general categories of hazards 
(underground contamination, surface contamination, industrial sites, 
waste disposal, and transportation-related issues),  maps them across 
their possible receptors based on land use, determi nes the time period 
under consideration, identifies subjects at risk, a nd explores the trade-
offs in costs and opportunities. The NRAMP will pro vide stakeholders with 
an in-depth look at the identified categories and, in the Baseline Risk 
Assessment, ask the Working Group to prioritize fut ure land uses based on 
what has been learned. 
At the same time, the Working Group will provide in put to DOE documents 
currently in preparation and on DOE actions in prog ress such as the 
Federal Facility Agreement and Consent Order, the N TS Resource Management 
Plan, the EM Risk Report, the Waste Management PEIS , the NTS EIS, and the 
Federal Facility Compliance Act. 
The NRAMP is carefully tracking and responding to a ll issues raised in 
Working Group meetings. Major issues include 
  Short- and long-term risks to the public and the environment from 
above-ground test residuals (Response: include in r isk assessment) 
  Describe the various forms of potential waste for  storage (Response: 
schedule for Working Group presentation) 
  Land ownership is an open dispute with Native Ame ricans (Response: 
acknowledge in NRAMP reports and document input) 
  The NTS is a potential museum to the atomic age ( Response: include in 
list of future land uses) 
  Cultural resources should be considered in the ri sk assessment 
(Response: develop maps of NTS locations and review  current status during 
risk assessment) 
  NRAMP should provide input to the NTS EIS, Resour ce Management Plan and 
Compliance Agreement (Response: include in risk ass essment, write letters 
requesting formal participation, invite presentatio ns by DOE officials, 
and develop group comments in writing) 
  A finding of "no risk" based on current low popul ation density is 
unacceptable (Response: include future potential po pulations and workers 
in the risk assessment) 
  Consider cumulative risks from storage, waste man agement, and past 
testing (Response: include in Matrix to extent poss ible) 
  The working group will decide about decision maki ng and facilitation 
processes(Response: allow groups to develop most ef fective process for 
individual circumstances) 
  Consider the effect of teleconferencing on group decision making 
(Response: encourage group to experiment with new t echnologies) 
  Include more rural and Native American representa tives (Response: hold 
Nye County meeting, create new press releases, pres ent Native American 
contributions included in NTS EIS) 
  Working Group should control of NRAMP agenda (Res ponse: agree) 
Several general problems remain to be overcome. Som e group members are 
still distrustful of NRAMP motivations and purposes  because of project 
links to DOE. Many are still struggling to grasp th e whole NRAMP concept 
and exactly how it can make a difference. Frictions  and differences in 
opinion and interest exist between working group me mbers. However, 
several NRAMP successes with group interactions can  be plainly seen even 
at this point. A dedicated group of stakeholders ha s been formed without 
resort to the lengthy and complicated "keystone" pr ocess. Interesting 
uses of technology have been applied: the telephone  poll has helped to 



compensate for the vast distances of a sparsely pop ulated state, and 
videoconferencing has begun to coordinate the effor ts of two 
geographically separated groups. In addition, the W orking Group has 
committed itself to an action-oriented approach whi ch appears more 
aggressive than that of site advisory boards in gen eral. The NRAMP 
Working Group is clearly geared toward making a dif ference. 
Working Group Education 
The NRAMP team believes that stakeholder input must  go hand-in-hand with 
education, and team efforts will include training i n group processes, 
instruction in basic scientific data collection and  analysis, and 
information about current risk management theory an d practice. 
In an effort to learn from experience with other st akeholders, the NRAMP 
Team Member, E. J. Bentz and Associates, Inc., cond ucted a study of 
existing DOE advisory boards. Their report, Risk-Re lated Activities 
Currently Being Performed by DOE Site Specific Citi zens' Advisory Boards, 
provides narrative profiles of advisory boards at F ernald, Hanford, Idaho 
National Engineering Laboratory, Monticello, Pantex , Rocky Flats, and 
Savannah River. Specifically, it addresses each sit e's tools for 
consensus building and communication, future land u se options, management 
and remediation options, risk approaches/methodolog ies, and perceived 
cost benefits. Data from the report are being used to suggest new 
policies and approaches for NRAMP participants. The  Working Group's most 
pressing need in the process area is decision-makin g, and the facilitator 
will develop several alternatives for selection by the group. 
The crucial point to be made above and beyond all o f these activities is 
that forging "groups" into "teams" appears to be th e pivotal component 
for success with stakeholders. The Working Group ne ed to develop enough 
confidence in themselves and in the NRAMP team to w ork through difficult, 
but necessary, decisions. They also need enough inf ormation about risk 
management to judge the efforts of the NRAMP team a nd to understand the 
basics of the scientific data which underlie the ri sk management process. 
One of many insights gleaned from the NRAMP process  is that formation of 
such stakeholder teams should begin long before att empting consensus on 
such complex choices as future land uses of the NTS . 
Working Group Participation 
Successful stakeholder participation is occurring t hrough the Working 
Group in several identifiable areas. Comments in be half of the group have 
been submitted to the EM-6 Risk Report to Congress and the group has 
requested information about or inclusion in NTS act ivities such as the 
NTS EIS, the Resource Management Plan, the Federal Facility Agreement and 
Consent Order, the Yucca Mountain Project, and the Nevada Department of 
Environmental Protection. Areas of study have been identified, and a 
matrix for understanding the risk process has been prepared. 
Although the Working Group have not yet fully formu lated their position 
on future land uses, they will review the general m odeling procedures 
described in this Work Plan. The NRAMP team intends  to continue consensus 
building while conducting the Preliminary Risk Asse ssment. The Working 
Group will study the issues being modeled, and it i s hoped that 
stakeholders will be ready to examine and state the ir priorities in 
relation to the models of both the Preliminary and the Baseline Risk 
Assessments. 
Specifically, then, stakeholders will be expected t o play the following 
important roles through participation in the Workin g Group: 
 1. input to major working documents 



 2. identification of future NTS land uses 3. accep tance or rejection of 
the preliminary integrated risk analysis 
 4. addition of specific areas of concern for conce ntrated modeling 
 5. evaluation of cost effectiveness of alternative s based on the 
Baseline Risk Assessment 
 6. endorsement of specific future land uses with f ull knowledge of risk 
and cost analysis. 
Preliminary Risk Assessment Work Plan 
The Preliminary Risk Assessment (PRA) that is curre ntly under development 
is intended to be a screening assessment of present  and future risks to 
the public, workers and the environment from existi ng, and anticipated 
environmental management program activities in Neva da. This plan is 
currently under review by the NRAMP Working Group a nd the NRAMP peer 
review team. The PRA has the primary objective to " identify the holes" in 
understanding the NTS relative to the scope of a ri sk assessment 
discussed with the working group, to facilitate fur ther discussions with 
the working group on acceptable risk levels and to obtain comment from 
the NRAMP peer review group on the general approach  to the assessment of 
NTS risks. The PRA will form the basis for evaluati ng the value of 
planned site remediation activities as part of the baseline risk 
assessment, development of additional risk manageme nt concepts during the 
risk management task, and the identification of dat a and model needs to 
better understand and manage risks from DOE activit ies in Nevada.  
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ABSTRACT 
The U.S. Environmental Protection Agency (EPA) issu ed the second phase of 
the organic air emission standards for hazardous wa ste treatment, 
storage, and disposal facilities (TSDFs) and hazard ous waste generators 
in December 1994. These standards (referred to as t he Subpart CC 
standards) are designed to further reduce organic a ir emissions from 
hazardous waste management activities. Lawrence Liv ermore National 
Laboratory (LLNL) is evaluating a modification of i ts existing Waste 
Water Treatment Tank Farm (hereafter called Tank Fa rm) with a volatile 
organic removal and destruction treatment train in order to comply with 
these new air standards.  
LLNL's Tank Farm consists of six, 7,000-L open-top tanks used to store 
and treat aqueous low-level radioactive, mixed, and  hazardous waste. The 



aqueous waste has elevated volatile organic constit uent (VOC) 
concentrations while stored and treated in the tank s. According to the 
Subpart CC standards, tanks handling waste with sim ilar VOC 
concentrations must be retrofitted with a cover and  an emission control 
device for cover openings; the installed emission c ontrol devices must 
achieve at least a 95% reduction in the total organ ic content of the 
vented gas stream. LLNL concluded that the removal and destruction of 
VOCs from waste before they enter the Tank Farm wou ld demonstrate 
compliance with the Subpart CC standards more effec tively and be more 
cost effective than the installation of air emissio n control devices on 
the Tank Farm. LLNL has designed this removal and d estruction technique 
to consist of an air stripper, high-efficiency part iculate air (HEPA) 
filter, catalytic oxidizer, scrubber, and mist elim inator. 
INTRODUCTION 
LLNL operates a waste water treatment tank farm for  the treatment of 
aqueous low-level radioactive, mixed and hazardous waste. Federal air 
emission standards promulgated under RCRA will rest rict LLNL from 
treating waste exceeding 100 mg/kg VOC concentratio n in the open-top 
design of the tank farm. LLNL has evaluated several  compliance options 
and selected a preferred option in order to continu e treating its aqueous 
waste streams.  
LEGAL REQUIREMENTS 
The Resource Conservation and Recovery Act (RCRA) d irects the EPA to 
promulgate regulations for monitoring and controlli ng air emissions from 
TSDFs as may be necessary to protect human health a nd the environment. 
Two phases of the congressional directive are compl ete. The first phase 
includes the promulgation of standards that control  organic emissions 
vented from certain hazardous waste treatment proce sses (i.e., 
distillation, fractionation, thin-film evaporation,  solvent extraction, 
steam stripping, and air stripping) as well as from  leaks in certain 
ancillary equipment used for hazardous waste manage ment processes. The 
second phase includes the promulgation of emission standards designed to 
further reduce organic emissions from hazardous was te management 
activities associated with tanks, surface impoundme nts, containers, and 
miscellaneous units operated at TSDFs. This second phase is referred to 
by EPA as the Subpart CC standards. 
In reference to tanks managing hazardous waste, the  Subpart CC standards 
apply when the waste exceeds a VOC concentration of  100 mg/kg; the VOC 
concentration of a waste is determined at the point  of waste origination. 
The blending of VOC-ladened wastes with other aqueo us wastes to lower the 
VOC concentration is not permitted as a means to av oid subjection to the 
standards. If a tank manages waste exceeding the re gulatory VOC 
concentration, the regulations require the installa tion and operation of 
one of the following air emission control systems o n the tank:  
  A cover that is connected through a closed-vent s ystem to a control 
device 
  A fixed-roof type cover with an internal floating  roof 
  An external floating roof 
  A pressure system that allows the tanks to operat e as a closed system. 
In specific cases, the Subpart CC standards allow t he use of a fixed-
roof-type cover without additional controls. The sp ecific cases include 
tanks which do none of the following: 
  Mix, stir, agitate, or circulate waste using a pr ocess that results in 
splashing, frothing, or visible turbulent flow on t he waste surface 



  Heat the waste except to prevent the waste from f reezing or to maintain 
adequate waste flow conditions 
  Treat waste using a waste stabilization process o r a process that 
produces an the exothermic reaction 
  Exceed a defined maximum organic vapor pressure. 
The type of air emission control device incorporate d into a tank design 
modification is not specified by the performance-ba sed standards of 
Subpart CC. TSDFs have the flexibility of choosing an air emission 
control device best suited for the characteristics of the organic 
emissions. However, the installed air emission cont rol device must 
achieve at least a 95% reduction in the total organ ic content of the 
vapor stream vented to the device or, in the case o f an enclosed 
combustion device, a reduction of the total organic  content of the vapor 
stream to a level less than or equal to 20 mg/kg on  a dry basis corrected 
to 3% oxygen. 
The Subpart CC standards provide an alternative to the installation and 
operation of air emission control systems. TSDFs ar e allowed to remove or 
destroy organics in the waste by a treatment proces s that significantly 
reduces the volatile organic concentration so that storage and treatment 
units operated downstream of the treatment process in the waste 
management sequence do not have to use air emission  controls. This 
alternative does not require the owner or operator to perform volatile 
organic concentration waste determinations for the hazardous wastes prior 
to treatment, yet still accommodates the blending o f wastes that have 
different volatile organic concentrations. 
The Subpart CC standards are temporarily deferred f or systems solely 
managing mixed wastes (waste that contains both haz ardous waste and 
source, special nuclear, or byproduct material subj ect to the Atomic 
Energy Act of 1954). EPA provided the deferral beca use the air emission 
control equipment required by the Subpart CC standa rds may conflict with 
certain radioactive waste management requirements u nder the Nuclear 
Regulatory Commission. The Subpart CC standards wil l be effective in 
December of 1995. 
TANK FARM 
LLNL's onsite activities generate a variety of aque ous hazardous and 
mixed waste. Many of the waste streams contain VOCs  such as 
tetrachloroethylene (PCE), methyl chloroform, and m ethylene chloride. The 
organic concentration of each waste stream ranges b etween 0 mg/kg and 
10,000 mg/kg. The VOC-containing waste streams are generated at a rate of 
approximately 586,000 L/y. 
The aqueous waste streams are initially accumulated  at the point of 
generation in various size containers ranging from 19 L carboys to 3785 L 
portable tanks. The containers are transported from  the onsite activities 
to the treatment facility and placed in storage as destined for 
treatment. Treatment of the waste begins with the t ransfer of waste from 
a select number of containers in a predetermined se quence to one of the 
tanks of the Tank Farm. The sequence of blending is  established to 
moderate reactions and dissipate heat of reactions.  The blended waste 
within a tank is subsequently treated using one or more of several 
different treatment techniques. The treatment techn iques are selected to 
achieve a desired treatment objective. The types of  treatments 
potentially performed on a batch of blended waste w ithin a tank include: 
  Neutralization/pH adjustment 
  Oxidation/reduction 



  Cyanide destruction 
  Precipitation 
  Chelation/flocculation 
  Ion exchange 
  Adsorption 
  Separation.  
Treated waste may be shipped offsite for disposal o r discharged to the 
City of Livermore Water Reclamation Plant via the s anitary sewer in 
accordance with established discharge limits. 
The Tank Farm consists of six, 7,000-L tanks with a ncillary equipment 
such as piping and pumps. Piping system of the six tanks allow for the 
transfer of wastes to and from each tank, to and fr om a filtration 
system, and to and from portable tanks and containe rs. Each tank is a 
vertical, open-top, cylindrical tank. A roof, const ructed of metal 
sheeting on steel supports, partially protects the tanks from 
precipitation and weathering. The tanks are equippe d with high-level 
alarms, high-level interlocks, pH probe, treatment reagent lines, and 
mixers. A diagram of a 7,000-L tank is presented in  Fig. 1. 
Prior to the blending process, wastes to be treated  in the Tank Farm have 
average volatile organic concentrations equal to or  greater than 100 
mg/kg. The treatment methods employed in LLNL's Tan k Farm create 
exothermic reactions and prevent LLNL from qualifyi ng for the special 
case variance. Consequently, the Subpart CC standar ds will require either 
the open-top design of the tanks in the Tank Farm t o be modified or a 
change in LLNL's hazardous waste management operati ons. 
The simplest and least costly modification of the T ank Farm design to 
comply with the Subpart CC standards is the install ation of a fixed-roof 
cover connected through a closed-vent system to an air emission control 
device. The organic emissions from the Tank Farm re sult from the 
evaporation of VOCs at the liquid surface of the wa ste and their 
dispersal into the atmosphere by displacement durin g tank filling, 
diffusion, or wind. The rate of the organic emissio ns depends on the 
physical and chemical characteristics of the waste,  temperature of the 
waste, tank design, tank condition, and operational  characteristics. 
Although mixing and exothermic reactions within the  tanks increase mass 
transfer rates, the blending of the waste reduces b oth the VOC 
concentrations and the overall organic emission rat e while the waste 
remains in the tank. The low organic emission rates  create difficulty in 
the identification of an air emission control devic e for LLNL's Tank Farm 
that achieves the Subpart CC performance-based stan dards. The Subpart CC 
standards suggest two air emission control systems to achieve the 
performance standards: adsorption systems and therm al destruction. 
Adsorption systems work best on air emissions that are below the economic 
threshold for thermal oxidation. Adsorption systems  include adsorbents 
that may be either polar or nonpolar. Polar sorbent s have a high affinity 
for water vapor and are ineffective in air streams that have any 
appreciable humidity, but most air streams associat ed with waste 
treatment are humid. Nonpolar adsorption, like acti vated carbon, is 
effective at removing all but the most volatile com pounds associated with 
waste treatment systems. Adsorption capacity of an adsorbent is directly 
proportional to the concentration of the adsorbate.  Thus, all else being 
equal, more adsorbent is required to remove a lower  concentration 
contaminant with equal efficiency than to remove th e same contaminant at 
higher concentrations. EPA suggests that the minimu m air stream VOC 



concentration for carbon adsorption to economically  achieve a 95% removal 
efficiency of VOCs is 1,000 mg/kg by volume.  
Fig. 1 
If LLNL were to use carbon adsorption technology on  a Tank Farm design 
modification to achieve the performance-based stand ards, the fixed-roof 
cover would require an actively vented system conne ction to the carbon 
adsorption air emission control device. A passively  vented system on the 
Tank Farm may maintain low organic emissions in the  air stream, but the 
amount of carbon necessary to meet the performance- based standard would 
be impractical. However even with an actively vente d system, it is 
difficult to achieve the 95% removal efficiency usi ng a carbon adsorption 
system. Adsorbers that operate periodically or wher e the concentration of 
the contaminate varies greatly, such as in batch op erations with varying 
waste streams, can be quickly impaired. In addition , an actively vented 
system on a tank containing aqueous waste will crea te a high humidity gas 
stream. Excessive humidity in the gas stream can re duce the effectiveness 
of adsorption systems. Gas streams close to saturat ion can cause 
capillary condensation, which occupies potential ad sorption sites and 
blocks access to the carbon pores. 
Thermal destruction of vented organics can achieve the Subpart CC 
performance standards using flares or other thermal  oxidation units. 
However, LLNL has had extreme difficulty in obtaini ng a permit with the 
State of California for direct-fire or flame techni ques. LLNL speculates 
that this difficulty is a result of poor public opi nion on these 
techniques. Use of other thermal oxidation units as  air emission control 
devices are economically impractical for the low or ganic emission rates 
associated with LLNL's Tank Farm operations. 
The difficulties in using available technologies fo r air control emission 
devices on the tank system forced LLNL to evaluate the alternative 
provided by the Subpart CC. In particular, LLNL inv estigated the removal 
of VOCs from the aqueous wastes before the wastes a re introduced into the 
Tank Farm. LLNL's preferred option to remove VOCs f rom the waste is air 
stripping, but the volatile organic removal or dest ruction method 
following the air stripping poses similar problems for an air emission 
control device installed with a fixed-roof cover. 
Using effective air stripping of LLNL's aqueous was tes, the worst case 
VOC concentrations (typically methyl chloroform, PC E, and methylene 
chloride) in the gas stream exiting the air strippe r will be 1-10% 
organics. Condensation following air stripping has potential rewards, and 
LLNL will evaluate them further; however, the conde nsed organics will 
require treatment prior to disposal. Because many o f the wastes have 
radionuclides, solvent recovery was not considered.  Carbon adsorption 
systems are prohibitively expensive for removal of VOCs in the gas stream 
from the air stripper because of the high organic c oncentrations. LLNL 
did not evaluate direct-fired or flame destruction techniques because of 
the difficulty in obtaining a permit with the State  of California these 
techniques.  
The methods LLNL investigated to destroy the VOCs i n the gas stream 
exiting the air stripper included ozonation and cat alytic oxidation. 
Ozonation uses ozone to oxidize organic contaminant s in two ways: 
  By direct oxidation with ozone gas 
  By the generation of free radical intermediates, such as hydroxyl 
radicals.  



Contaminants most amenable to direct oxidation by o zone include aromatics 
such as polycyclic aromatic hydrocarbons and chlori nated ethenes. The 
major concerns with using ozone are that it is not good with low-
molecular-weight chlorinated organics and the conce ntrations of the gas 
stream expected by LLNL are extremely high for cost -effective systems. 
Catalytic oxidation is well suited for the destruct ion of VOCs in vent 
gas streams, especially when the hydrocarbon concen trations are 25% or 
less of their lower explosive limit with flow rates  ranging from 14 
standard m3/min to over 2,800 m3/min. Catalytic oxi dation systems are 
normally designed for destruction efficiencies that  range from 90-98%. 
The destruction efficiency for chlorinated hydrocar bons is typically 
quite low; however, recent catalyst developments ha ve produced products 
that can effectively destroy chlorinated hydrocarbo ns. For example, in a 
joint venture of King, Buck & Associates Inc. (KBA)  in San Diego, 
California and Catalytic Combustion Corp. in Bloome r, Wisconsin, a 
catalytic oxidizer system demonstrated the capabili ty of treating 5.7 
m3/min of chlorinated VOCs at a concentration of mo re than 2,000 mg/kg. 
Proposed Modifications 
Based on the potential of catalytic oxidation, LLNL 's selected preferred 
option for compliance with the Subpart CC standards  includes an air 
stripper followed by nonflame catalytic oxidation u sing a halocarbon 
destruction catalyst as a removal and destruction s ystem. The specific 
design of the system consists of an air stripper fo llowed by a heat 
exchanger, preheater, catalytic oxidizer, and scrub ber. A diagram of the 
unit is provided in Fig. 2. 
The catalytic oxidizer system will be operated on a  batch basis as 
needed. Typical waste management activities will re quire the system to 
operate six hours per week. As waste streams are tr ansported from the 
onsite activities in various containers, the contai ners will be 
incorporated into a blending sequence. The blending  sequence will be 
developed to optimize the volatile content of a ble nded waste stream for 
air stripping. In addition, the blending sequence w ill be designed to 
limit reactions and dissipate reaction heat. 
According to the determined blending sequence, up t o four containers will 
be emptied using a vacuum pump. The pumped waste wi ll be blended via a 
pipe manifold system. The blended waste stream will  then be piped to an 
air stripper at controlled flow rates up to 57 L/mi n based on the 
volatile content of the blended waste stream. As co ntainers are emptied, 
they will be replaced manually with containers cont aining waste according 
to the blending sequence schedule. 
The air stripper will be designed to remove at leas t 95% of the VOC 
content from the blended waste streams. An air stre am of approximately 14 
m3/min will strip the VOCs from the blended waste s treams. The stripped 
aqueous waste stream will be pumped to a 4,200-L po rtable tank with a 
condenser installed on the vent line or to one of t he open-top tanks of 
the Tank Farm. The actual location to which the aqu eous waste stream will 
be pumped will depend on the precautions necessary to ascertain that the 
system has adequately stripped the blended aqueous waste stream. The 
stripped aqueous waste stream will have a concentra tion less than 50 
mg/kg in order to comply with the Subpart CC standa rds. 
Fig. 2 
The VOC concentration of the gas stream exiting the  air stripper will 
range between 300-50,000 mg/kg. The gas stream will  be directed to a duct 
heater to elevate the temperature of the air stream  from ambient 



temperature to 38C. The gas stream will then enter a blower followed by a 
HEPA filter to remove radionuclides associated with  the mixed wastes. 
After filtration, the gas stream will enter a hot c atalytic oxidizer to 
oxidize the organics. The catalytic oxidizer will c ontain approximately 
0.28 m3 (10 ft3) of a halogenated hydrocarbon destr uction catalyst 
capable of achieving greater than 99% destruction e fficiency. The air 
stream exiting the oxidizer, typically at a tempera ture between 370-540C, 
will then be quenched and neutralized using a sodiu m carbonate solution 
in a quench column. The quench column will scrub th e acid gas generated 
during oxidation. The neutralizing solution can be recycled or treated in 
LLNL's Tank Farm. The gas exiting the quench column  will be demisted and 
exhausted to the atmosphere. 
The capital cost of the system is approximately $35 0,000. Electrical 
power requirements are largely required for the pum ps, duct heater, and 
hot catalytic oxidizer. The power costs will be app roximately $15 per 
hour of operation. The catalyst will have to be rep laced, but since the 
system is only operated periodically, catalyst repl acement should only be 
necessary once every six years at an approximate co st of $85,000. 
STATUS AND PLANS 
The VOC removal and destruction system will require  permitting under RCRA 
and the Clean Air Act. Regulators from both the Bay  Area Air Quality 
Management District and California Department of To xic Substances Control 
support catalytic oxidizer systems which are not di rect fired. Based on 
preliminary discussions, the regulatory agencies su pport LLNL preferred 
option for compliance with the Subpart CC standards . 
LLNL is currently completing a specification packag e on the catalytic 
oxidizer system design. The system will not be on-l ine before December, 
1995; therefore, an implementation schedule for ins tallation of the 
equipment will be developed and placed in the facil ity operating records 
in order to comply with the Subpart CC standards.  
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ABSTRACT 
The Clean Air Act (CAA) and its associated regulato ry requirements 
represent one of the most complex environmental pro grams in the U.S. The 
program involves consideration not only of specific  pollutants and 
processes associated with the generation of those p ollutants, but also 
the application of mathematical modeling, periodic and possibly 
continuous emissions monitoring, analytical meteoro logy, source-receptor 
relationships, human health and ecological risk ass essments, control 
techniques and management plans, reporting, and rec ordkeeping. These 
considerations can be compounded by the complexity of facility processes 
and the geographic siting of a facility. Meeting th e applicable CAA 
requirements can be a complex task even for the mos t experienced DOE 
facility manager. 
Using Technical Area 53 (TA-53), the Los Alamos Neu tron Scattering Center 
(LANSCE), within the U.S. Department of Energy's (D OE) Los Alamos 
National Laboratory (LANL) as an example, this pape r summarizes steps 
that were successfully taken to bring a complex fac ility into compliance 
with the radioactive air emissions requirements of the Clean Air Act 
(CAA).  
Additionally, several other issues related to the R adionuclide NESHAP 
Memorandum of Understanding (MOU) between the USEPA  and DOE for complex-
wide application, as well as the USEPA's self-polic ing policy, will be 
covered briefly. 
OBJECTIVES AND APPROACH 
The primary objective of this paper is to examine h ow the LANSCE facility 
located at LANL successfully implemented new manage ment techniques to 
demonstrate compliance with radioactive air emissio ns requirements after 
receiving U.S. Environmental Protection Agency (USE PA) citations for 
nonattainment. Secondarily, it suggests several add itional air quality 
management program factors that might be considered  by DOE and other 
facilities in seeking to address issues and opportu nities associated with 
the management of facility air emissions. These rep resent factors that 
were not in place when the Notice of Noncompliance for radioactive air 
emissions was received. 
INTRODUCTION 
At the outset, it is important to recognize that th ree major portions of 
the Clean Air Act (CAA) Amendments of 1990 (P.L. 95 -95) are most 
applicable to facilities managed by DOE: Titles I, V, and VI. Title I 
contains requirements associated with Attainment an d Nonattainment Areas 
(107); National Ambient Air Quality Standards, or N AAQS (109); State 
Implementation Plans, or SIPs (110; Hazardous Air P ollutants, or HAPs 
(112); and the Prevention of Significant Deteriorat ion, or PSD (160-169). 
Title V contains requirements to fulfill the Operat ing Permit Program 
(501-507), and Title VI contains requirements assoc iated with 
Stratospheric Ozone Protection (601-618).Some of th e specific CAA 
regulatory drivers that relate to DOE sites include  the following 
recordkeeping and monitoring requirements:  
  Requirements applicable to stationary sources tha t emit air pollutants 
for which a NAAQS is in effect to maintain records concerning the nature 



and amount of these emission(s), along with air sam pling data and other 
information deemed necessary to determine complianc e with applicable 
emission limitations listed on the site's permit. T hese records must be 
kept a minimum of two years (40 CFR 51).  
  Requirements for stationary sources that emit HAP s involve the 
maintenance of monitoring data records, monitoring system calibration 
checks, and the occurrence and duration of any peri od during which the 
monitoring system is malfunctioning or inoperative;  records of emissions 
test results from stack sampling that are used to d etermine total 
emissions; and records of concentrations at all sam pling sites and other 
data needed to determine such concentrations. All t hese records must be 
held a minimum of two years (40 CFR 61). 
Historically, most States and the Air Quality Manag ement Districts 
(AQMDs) within them have issued air permits for ind ividual non-
radioactive emissions units under the applicable St ate Implementation 
Plan (SIP). Accurate and documented monitoring is t he key to 
accountability and compliance under this regulatory  approach. Continuous 
Emissions Monitoring (CEM) systems are referenced i n 504 under Title V of 
the CAA. The entire CEM system must be installed an d certified before it 
can be used for compliance, and a written quality a ssurance/quality 
control (QA/QC) plan must accompany the permit appl ication. The CEM 
system utilized by a particular site would be depen dent on the compounds 
of interest and the monitoring requirements based o n the CAA. 
DISCUSSION 
Los Alamos National Laboratory (LANL, or "Lab") is a nuclear research lab 
located in northern New Mexico, immediately adjacen t to Bandelier 
National Monument (Fig. 1) operated by the Board of  Regents of the 
University of California. The Laboratory must meet the requirements of 
over 20 major environmental laws. Under the CAA, LA NL is concerned with 
the National Emission Standards for Hazardous Air P ollutants (NESHAP) for 
radionuclides, asbestos, and beryllium; the NAAQS; and the New Mexico Air 
Quality Control Regulations. In addition, because B andelier National 
Monument is adjacent to LANL, the air quality requi rements associated 
with PSD also must be considered. The Air Quality a nd Meteorology Section 
of LANL's Environmental Protection Group (ESH-17) h as responsibility for 
air quality services to LANL, including monitoring,  surveillance, 
meteorology service, emergency response, and enviro nmental assessment for 
ambient and facility need. 
Fig. 1 
New Mexico State ambient air quality standards are more stringent than 
the National standard for all items, and the Labora tory has been in 
compliance with all nonradiological ambient air qua lity standards for the 
past several years. LANL has a site-wide Air Qualit y permit application 
for non-radioactive emissions submitted to the New Mexico Environmental 
Department (NMED) under the Title V program. There is no permit, as such, 
for radioactive emissions; however, these are cover ed specifically under 
40 CFR 61 Subpart H, which sets 10 mrem/year as the  dose limit for DOE 
facilities.  
TA-53, the Meson Physics Facility (Fig. 2) is used for physics research, 
and is the site for a linear particle accelerator f or research in areas 
of basic physics, materials studies, and isotope pr oduction, the Ground 
Test Accelerator, the Proton Storage Ring, and the Los Alamos Neutron 
Scattering Center (LANSCE), formerly known as the L os Alamos Meson 
Physics Facility (LAMPF). By accelerating protons t o an energy of 800 Mev 



into graphite and tungsten targets, this facility p roduces a variety of 
sub-atomic particles. Over 25 radioisotopes are cur rently produced at 
LANSCE, primarily for a variety of medical and rese arch procedures, and 
are distributed world-wide. A variety of radioactiv e materials are 
therefore generated at LANSCE by radioactivation, a mong them radioactive 
air emissions. The air that passes through the prot on beams, as well as 
material used in the beam stops and experimental ar ea, becomes activated 
while the beams are on. The radionuclides thus prod uced include Ar-41, 
Be-7, Br-82, C-10, C-11, N-13, N-16, O-14, O-15, Ta -182, and H-3. 
Fig. 2 
LANSCE operates approximately 3000 hrs/yr, or about  29% of the total 
number of available annual hours. Although LANSCE p ersonnel would like to 
operate 7000 hrs/yr (80%), the overriding concern i s that LANSCE 
contributes over 98% of the total allowed radionucl ide emissions for the 
entire Lab.  
As indicated earlier, accurate and effective monito ring is the primary 
method of assessing accountability and compliance, and CEMs are EPA's 
stated method of choice. At LANL, several systems a re in place, designed 
to monitor both point and non-point sources as well  as both radioactive 
and non-radioactive emissions. Radioactive air emis sions at the 
Laboratory are evaluated primarily against 40 CFR P art 61, Subpart H, 
National Emission Standards for Emissions of Radion uclides Other Than 
Radon From Department of Energy Facilities, as well  as DOE/EH-0173T, 
Environmental Regulatory Guide for Radiological Eff luent Monitoring and 
Environmental Surveillance.  
The Laboratory operates monitors to routinely measu re primary pollutants, 
beryllium, acid precipitation, and visibility.  
Radioactive Air Emissions. Based on self-reporting,  in 1991 DOE notified 
EPA that it could not demonstrate full compliance w ith certain 
requirements under 40 CFR 61. As a result, the USEP A Region VI issued two 
Notices of Noncompliance (NONs). The first NON docu mented deficiencies in 
LANL's identification and evaluation of release sou rces, lack of stack 
monitoring equipment on all point release sources, inadequate quality 
assurance programs, and incomplete reporting. The s econd NON was issued 
for using a method that was not approved by EPA for  calculating the 
emissions dose that resulted in exceeding the 10 mr em standard for 
calendar year 1990. The issuance of the NON immedia tely presented 
concerns to DOE and the University of California. D OE and EPA commenced 
negotiations for a Federal Facility Compliance Agre ement to establish the 
framework for demonstration of site-wide compliance  with NESHAPs 
requirements  
Working with the EPA Region VI office in Dallas, Te xas, DOE and the 
University of California-operated Lab made a concer ted effort to correct 
these air program deficiencies. Procedures to more closely monitor the 
stack emissions were implemented. Four additional a mbient air monitors 
co-located with LANL monitors in Los Alamos and nea rby White Rock are 
used to verify LANL measurements, and to help quant ify nonstack-type 
emissions. 
As indicated, LANSCE contributes in excess of 98% o f the Lab's total 
radioactive emission allowance. These products are very short-lived, as 
indicated in the isopleth (Fig. 3) which also illus trates the locations 
of LANSCE, monitoring sites, and the potentially Ma ximally Exposed 
Individuals (MEIs).  
Fig. 3 



Following receipt of the NON, measures were impleme nted at LANSCE to 
bring radioactive air emissions into compliance. In  May 1995, the "LANL 
Radioactive Air Emissions Management Plan for LAMPF , TA-53" modified a 
1993 plan ("LAMPF Compliance with Laboratory Radioa ctive Air Emissions 
Limits") in several ways. Two important changes of the new Air Emissions 
Management Plan: 1) although annual emissions repor ts to USEPA Region VI, 
as required by regulation, will continue, these rep orts will be filed 
internally monthly, making it easier to maintain ru nning 12-month mrem 
totals; and 2) graded frequencies of data analyses and reporting of 
environmental exposure were replaced by more real-t ime management 
decision making, increasing assurances and administ rative controls to 
achieve NESHAP compliance and providing more useful , defensible data. 
Other specified actions were also outlined in the n ew Air Emissions 
Management Plan. One of these, an Air Quality Group  procedure, the 
"Monthly Curie Limit Projection for LAMPF", was dev eloped to construct 
the monthly curie release limit used in tracking LA NSCE releases, using 
CAP-88 modeling. This limit is imposed for any mont h following a month in 
which the running 12-month dose-to-date from LANSCE  exceeds 7.0 mrem. 
This information is crucial, in that LANL needs to know the total of the 
previous 12 months' dose is as it approaches the 10  mrem/yr limit. A 
comparison of the total discharged Curies vs. the a llowed total is 
graphed, such as this actual example from the month  of November 1995 
(Fig. 4). 
Another change in the Air Emissions Management Plan  was that the original 
agreement had called for automatic cessation of rad ionuclide-emitting Lab 
operations at 8.5 mrem; now the LANL/DOE management  team meet when the 
accumulated total is 8.0 mrem, and agree on action to be taken when the 
total reach 8.5 mrem, dependent on current and pend ing conditions of 
activity. One other important change was the use of  meteorological data 
during actual operating period, rather than using a nnual average 
meteorology data, as allowed by NESHAP regulations (by implication). 
Monthly projections will be modeled, using realisti c but conservative 
meteorological data for the site. The intent is for  projections to be 
conservative. 
Fig. 4 
Table I illustrates the new process for managing an d reporting 
radioactive air emissions at LANSCE, from the incep tion of operations 
resulting in radioactive air emissions through acti ons to be taken should 
levels be projected to reach 8.5 mrem within the ne xt month. Table II 
enumerates the steps taken to estimate emissions fr om LANSCE. 
Table I 
Table II 
The appropriateness and accuracy of these procedure s has been confirmed 
through off-site environmental monitoring results a nd doses calculated 
from measured stack emissions, as off-site doses ha ve now been determined 
to be less than 10 mrem/yr, the Federal limit.  
Additional Air Program Considerations. The above su mmarizes how LANL 
successfully implemented a management strategy for demonstrating 
compliance with radioactive air emissions requireme nts. It indicates not 
only how radionuclide emissions can be estimated an d monitoring 
procedures implemented, but also how various operat ional, compliance, and 
management personnel can work together to demonstra te compliance at a 
complex facility. By nature, however, the steps tha t were summarized are 
retrospective. It is also useful to explore several  program 



considerations that have been put in place followin g issuance of the NON. 
These are summarized in the following with regard t o the DOE/EPA MOU 
concerning NESHAPs for radionuclide emissions at DO E sites across the 
country, and the final USEPA policy on self-policin g. In suggesting these 
approaches, the intent is to assist future complian ce efforts by offering 
for consideration additional elements for meeting r egulatory 
requirements. Not considered in the following are s uch approaches as the 
Risk Management Plan under 112(r) of the CAA, and t he Environmental 
Management System under the voluntary ISO 14000 sta ndard; while useful, 
they may be somewhat outside the scope of this pape r.  
Subsequent to the development of an air emissions m anagement plan for 
LANSCE, the USEPA and DOE finalized a Radionuclide NESHAP MOU. This MOU 
serves to clarify provisions of 40 CFR Part 61, Sub part H, I, Q and T as 
they apply to DOE facilities. The MOU notes that in  some instances where 
DOE facilities cannot demonstrate compliance that C EM requirements may 
present technical and procedural difficulties which  necessitate 
significant effort and resources to resolve. Faced with these 
circumstances, the DOE facility and appropriate USE PA Regional Office can 
determine the most efficient compliance measures in cluding consideration 
of alternative monitoring methods under 40 CFR 61.9 3(b)(3). 
In addition to alternative monitoring methods, the MOU also indicates 
that engineering calculations and/or representative  measurements may be 
used to comply with periodic confirmatory measureme nt requirements. This 
option may be applicable to those DOE facilities wh ich have large numbers 
of minor release points and that have similar emiss ions and controls. DOE 
facility managers can use their best professional j udgment, knowledge of 
the radionuclides and quantities being used in plan t operations, and 
their potential for release to determine when repre sentative measurements 
should be made and/or engineering calculations util ized.Under this MOU, 
DOE facilities (with prior USEPA approval) can also  implement continuous 
monitoring procedures that differ from 40 CFR 61.93 (b) reference methods; 
reasons for utilizing different reference methods i nclude site-specific 
conditions as well as engineering, economic, health  and safety 
considerations. In addition, the MOU allows for the  use of environmental 
monitoring as an alternative to air dispersion calc ulations at critical 
receptor locations in order to demonstrate complian ce with the 
radionuclide NESHAP; this assumes that the criteria  contained in 
6193(b)(5) are met and that the USEPA grants prior approval. 
In addition to the USEPA/DOE Radionuclide NESHAP MO U, the USEPA issued on 
22 December 1995 (60 FR 66706) a final self-policin g policy, "Incentives 
for Self-Policing: Discovery, Disclosure, Correctio n and Prevention of 
Violations", aimed at encouraging the adoption of a  voluntary approach to 
protecting the environment and public health. The p olicy which became 
effective on 22 January 1996 arose for several reas ons including the 
realization that government enforcement efforts alo ne cannot achieve 
environmental compliance.  
In implementing this self-policing policy, the USEP A has identified nine 
conditions that must be met in order to avoid gravi ty-based penalties 
(viz., the punitive portion of the penalty and not that portion which 
represents the economic gain from non-compliance). If all nine conditions 
are met, gravity-based penalties will not be sought . If all conditions 
are met except for the voluntary discovery of the v iolation through a 
formal environmental audit or due diligence, then t he USEPA will reduce 
the gravity penalty by 75%. 



The other conditions are: 
  Voluntary discovery other than through a legally mandated monitoring 
and sampling requirement that is required by law, r egulation, permit, 
judicial or administrative order, or consent agreem ent. For example, the 
policy does not apply to: 
-    Violations discovered through CEM where such m onitoring is required; 
-    Violations of NPDES discharge limits detected through sampling and 
monitoring; and 
-    Violations discovered through a compliance aud it required by a 
consent order or settlement agreement. 
  Prompt disclosure in writing to the USEPA within 10 days of the 
specific violation. 
  Discovery and disclosure independent of governmen t or third party 
plaintiff. 
  Correction of the violation with 60 days of discl osure. 
  Written agreement to prevent the future recurrenc e of the violation. 
The USEPA self-policing policy indicates that crite ria for determining 
due diligence can be met by a variety of compliance  management programs. 
According to the policy, due diligence can be demon strated through the 
systematic application of all of the following: 
  Identify how compliance policies, standards and p rocedures can meet the 
requirements of laws, regulations and permits. 
  Assignment of overall and specific responsibility  for overseeing 
compliance with policies, standards and procedures.  
  Mechanisms for systematically assuring that compl iance activities are 
being carried out. 
  Communication efforts with employees and others. 
  Compliance performance incentives for managers an d employees. 
  Procedures for prompt and appropriate correction of violations. 
The USEPA notes that this is a policy (not a regula tion) which they 
expect USEPA employees to follow; however, the agen cy reserves the option 
of issuing a rulemaking at some later date if great er consistency and 
predictability are needed. Finally, within three ye ars the USEPA will 
conduct a study to determine the effectiveness of t his self-policing 
policy. 
Both of these measures - the USEPA/DOE Radionuclide  NESHAP MOU and the 
USEPA self-policing policy - add important new cons iderations to the 
facility management of air emissions control. Throu gh these steps as well 
as others the complex and difficult task of achievi ng and maintaining 
facility compliance with the requirements of the CA A will be made more 
flexible and cost-effective. 
CONCLUSIONS 
The CAA is a very complex legal and regulatory fram ework, with 
interlocking and rigorous requirements. When LANL r eceived two NONs for 
radioactive air emissions in 1991 from USEPA, DOE a nd LANL reacted by 
implementing a management plan to gain control of t he Lab's radioactive 
air emissions program through a series of steps, in cluding increased 
monitoring and reporting and actions to be taken at  appropriate 
milestones. As the LANSCE facility within TA-53 con tributes over 98% of 
the Lab's total radioactive air emissions, the majo rity of these steps 
were aimed specifically at LANSCE's emissions. This  "Success Story" can 
serve as a guideline for other sites with similar p roblems, and other 
solutions/considerations that were not available at  the time of TA-53's 
solution were covered in brief. 
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ABSTRACT 
This paper presents a generalized approach to condu cting performance 
assessments for low-level radioactive waste disposa l facilities. It 
defines the components of the disposal system (the natural site, the 
engineered facility, and the waste disposed) and id entifies 
characteristics of the components that are importan t to performance 
assessments. It presents and explains the sequence of performance 
assessment activities and also discusses the applic ation of the 
performance assessment process in various stages of  disposal facility 
development. 
OVERVIEW 
The extent of radiological performance assessment u ndertaken in the 
development of a low-level radioactive waste (LLW) disposal facility 
depends heavily upon the regulatory framework withi n which the facility 
must be developed. Radiological performance assessm ent is prescribed by 
regulations that control LLW disposal facility lice nsing, namely Title 10 



of the Code of Federal Regulations, Part 61, (1,2) and compatible state 
regulations. 
Regulations for LLW disposal facilities state gener al performance 
objectives, list technical requirements, and requir e that members of the 
general public, potential inadvertent intruders, an d workers at the 
disposal facility be protected from radiation. Desi gn features and 
operating procedures must be prepared that support these general 
performance objectives and the more detailed techni cal requirements. 
However, advance assurance that potential radiation  exposures to members 
of the general public, inadvertent intruders, and f acility workers will 
meet the performance objectives can only be provide d through assessment 
of the facility's radiological performance. 
Performance assessment involves systematically eval uating a disposal 
system to determine the likely extent of compliance  with specific 
performance objectives.(3,4) The process consists o f a sequence of 
technical activities, shown in Fig. 1, that are coo rdinated to generate 
estimates of the potential impacts of the disposed waste on human health 
and safety. The following are the major steps invol ved in assessing the 
performance of an LLW disposal facility: 
  Characterize the disposal system (i.e., waste, na tural site, and 
disposal facility). 
  Identify potential radiation exposures (i.e., pot ential receptors and 
exposure scenarios). 
  Develop conceptual exposure models (i.e., contami nant release 
mechanisms, transport pathways, and uptake modes). 
  Develop calculational tools (i.e., mathematical m odels and computer 
codes). 
  Estimate and evaluate potential radiation exposur es (i.e., baseline 
results, sensitivity analyses, uncertainty analyses , and review of 
results). 
  Revise inputs, models, and assumptions as appropr iate. 
Fig. 1 
Radiological performance assessment should be an on going and iterative 
process, as depicted in Fig. 1. Early in the proces s, assumptions must be 
made about some characteristics that may not be kno wn with confidence. 
However, as the development process continues, reli ance on assumptions 
should decline while confidence in actual character istics should 
strengthen. Furthermore, as the process continues, the results of 
previous assessments should be reviewed to ascertai n whether key 
components of the assessment should be revised to r eflect the improved 
knowledge of the disposal system characteristics. T he six major steps in 
the performance assessment process are described be low. 
CHARACTERIZE THE DISPOSAL SYSTEM 
The principal elements of the disposal system (the waste to be disposed, 
natural site, and disposal facility) should be as f ully characterized as 
possible each time performance is assessed. Charact erizing the waste 
element of the disposal system involves describing the types and 
quantities of waste to be disposed of in the LLW di sposal 
facility.(2,4,5) Important components of this eleme nt include the annual 
disposal volume, radionuclide concentrations, physi cal and chemical 
characteristics, container characteristics, leachin g characteristics, gas 
generation characteristics, and external gamma radi ation levels. 
Actual waste stream characteristics will be availab le only after disposal 
facility operations begin. Prior to that time, info rmation must be 



collected from the expected waste generators to dev elop the best possible 
estimates of the types and quantities of waste that  will require 
disposal. These estimates should be updated as appr opriate to maintain an 
accurate understanding of the waste. Figure 2 shows  a sample format for 
presenting these data, although other formats may a lso be suitable. 
Fig. 2 
To characterize the natural site element, the abiot ic and biotic 
conditions in the region selected for development o f the LLW disposal 
facility must be described.(2,4,5) Key components o f the natural site 
include the following: 
  Prominent manmade and natural features in the are a. 
  Population distribution around the site. 
  Meteorological and climatological characteristics . 
  Geologic characteristics and resources. 
  Seismic characteristics. 
  Surface water and groundwater hydrologic characte ristics. 
  Geotechnical characteristics. 
  Geochemical characteristics. 
  Water resource utilization patterns. 
  Biotic features. 
Finally, characterizing the disposal facility eleme nt involves describing 
the disposal units, temporary holding facilities, b uildings, equipment, 
and other engineered features (2,4,5) within the di sposal (natural) site 
which are used for disposing of LLW. The descriptio ns of principal design 
features should include textual descriptions, engin eering drawings, 
design calculations, construction procedures, and o perating procedures. 
IDENTIFY POTENTIAL RADIATION EXPOSURES 
The next major step is the identification of potent ial receptors and 
definition of applicable exposure scenarios, as sho wn in Fig. 1. 
Potential receptors include 
  Persons residing or who may reside at or near the  boundary of the 
disposal facility during and following disposal ope rations. 
  Persons who may inadvertently intrude into the st abilized disposal 
facility (whether or not into the waste itself) fol lowing the assumed 
loss of institutional control, nominally 100 years after facility 
closure. 
Because of human persistence and creativity, protec ting against 
intentional intrusion through passive means is extr emely difficult if not 
impossible. Therefore, assessment of intentional in trusion should be 
considered optional. 
Once the potential receptors have been identified, situations in which 
persons may be exposed to the waste or to releases from the disposal 
facility should be characterized. These situations,  or exposure 
scenarios, should be broad enough in scope to provi de reasonable 
assurance that no individual will receive radiation  exposures greater 
than those received by the individuals posited in t he assessment. They 
should also address the potential for both acute an d chronic exposures. 
Exposure scenarios considered in a performance asse ssment should include 
offsite resident, intruder-drilling, intruder-const ruction, intruder-
discovery, and intruder-agriculture scenarios. 
The exposure scenarios developed should be internal ly consistent and 
reasonable, that is, their assumed events and activ ities should not 
involve conditions that could not logically occur. 
DEVELOP CONCEPTUAL EXPOSURE MODELS 



A conceptual model should be developed for each exp osure scenario. The 
conceptual models define the release mechanisms, tr ansport pathways, and 
modes of uptake that result in the postulated expos ures. 
All phenomena that control or influence the release  of radionuclides from 
the disposal unit should be identified, described, and characterized. 
These may include water infiltration, container deg radation, leaching, 
gas generation, and intrusion into the waste. 
The pathways by which contaminants released from th e disposal unit may be 
transported away from the disposal unit should be i dentified, described, 
and characterized.(2) These include groundwater, su rface water, 
atmospheric diffusion and dispersion, gaseous relea ses through cover 
system, and food chain transport. 
All phenomena that control or influence the exposur e of humans to 
external radiation or the uptake of contaminants by  humans should be 
identified, described, and characterized. These inc lude water ingestion, 
food ingestion, inhalation, external radiation, and  dermal absorption. 
DEVELOP CALCULATIONAL TOOLS 
Once a conceptual exposure model is developed, the Applicant should 
determine appropriate mathematical representations of each model 
component, as shown in Fig. 1. This process involve s identifying models 
available for each phenomenon, evaluating model cha racteristics and 
abilities, comparing model characteristics and abil ities to represent the 
most important aspects of the phenomena, and select ing the preferred 
model. 
In general, several mathematical representations or  models exist for each 
release mechanism, transport pathway, and uptake mo de. Some models of a 
given phenomenon are simpler than others, and each has its own data 
requirements. The ability of each model to represen t the actual 
phenomenon should be evaluated considering the limi tations and strengths 
of each. 
Most models of release mechanisms, transport pathwa ys, and uptake modes 
have been implemented as computer codes and are wid ely available. 
Existing codes may require modification to adequate ly represent the 
phenomena at the disposal facility. When such modif ications are necessary 
or preferable, care should be taken to ensure that the resulting code is 
properly implemented and documented. The code shoul d be benchmarked and 
validated to the extent practical. 
As a general rule, the model(s) used should not be more sophisticated 
than is necessary to adequately represent the actua l phenomenon. 
Furthermore, the sophistication of the model(s) use d in the performance 
assessment should be consistent with the level of d etail of data 
available for input. 
ESTIMATE AND EVALUATE POTENTIAL RADIATION EXPOSURES 
As depicted in Fig. 1, after the first four major s teps of the 
performance assessment have been completed, the per formance of the 
disposal facility can be assessed. The assessment w ill demonstrate the 
extent to which the disposal facility satisfies rad iological performance 
objectives, identify parameters significant to the analysis, and examine 
the effects of uncertainty on the projected results . Following the 
assessment, the results should be reviewed for reas onability and 
consistency with data collected during characteriza tion efforts. 
The base-case performance assessment indicates the extent of compliance 
with the performance objectives and technical requi rements using the 
actual or expected conditions at the facility. Unde r many circumstances, 



the actual conditions will be represented by making  simplifying 
assumptions. When simplifying assumptions are neces sary, they should be 
conservative (i.e., that the exposure results will not be understated), 
but also realistic. Extreme levels of conservatism may not be useful. 
A significant element of the performance assessment  is the analysis of 
sensitivities and uncertainties in the assessment.( 6,7) Sensitivity 
analyses are conducted to identify important elemen ts and parameters of 
the system, and involve estimates of changes in per formance measures 
produced by changes in the variables of the system.  Uncertainty analyses 
are conducted to identify uncertainties associated with the important 
elements and parameters of the system, and to under stand the impacts 
these uncertainties have on the conclusions drawn f rom the calculated 
performance measures. 
Sensitivity analyses typically involve perturbing e ach model parameter 
while keeping all other parameters at their nominal  values. The relative 
effect of the perturbation on the model prediction is quantified; the 
parameters having the greatest influence on the mod el projections are 
designated as the most sensitive parameters in the model. Sensitivity 
analyses, then, focus on identifying the model para meters of greatest 
consequence to the projected results. 
The need for uncertainty analyses arises from the f act that all 
environmental and dose assessment models are inhere ntly uncertain. 
Uncertainties have been categorized as a)uncertaint y in conceptual and 
mathematical models (model uncertainty); b)uncertai nty about the future 
state of the site (scenario uncertainty); and c)unc ertainty in the input 
data used in the models (parameter uncertainty).(7)  
The results of all performance assessment calculati ons should be reviewed 
to ensure that they are reasonable and internally c onsistent. The results 
should be compared with assumed conditions to ensur e that no logical 
contradiction exists. If calculated results infer a  condition that is 
different from an assumed condition, the contradict ion should be pursued 
to determine whether the assumed condition should b e revised, or whether 
more fundamental aspects of the modeling process sh ould be questioned. 
The process of judging the reasonability of calcula ted results requires 
knowledge of the sensitivities and uncertainties, a s well as the 
perspective they provide. 
REVISE INPUTS, MODELS, ASSUMPTIONS 
Upon reviewing the results of the performance asses sment, the need for 
revisions to the modeling process should be determi ned, as shown in Fig. 
1. The extent of revisions may be as superficial as  revising selected 
input values. However, the review of the results ma y also reveal that the 
entire performance assessment process should be rev ised. This may be the 
case, for example, if additional site-specific data  indicate that the 
site conceptual model used in the performance asses sment was 
inappropriate. 
The potential effects that any data revisions may h ave on performance 
assessment results should be considered. If the rev isions are expected to 
have important effects, the assessment should be re vised to make it 
consistent with the data revisions. The revised per formance assessment 
results should receive scrutiny similar to that rec eived by the original 
results to ensure it is reasonable and internally c onsistent. 
Revisions in the performance assessment process may  be made within a 
particular stage of the facility life or as the fac ility evolves from one 
stage to the next. If the revisions are made within  a single facility 



stage, they may be made to virtually any step in th e performance 
assessment process, as shown in Fig. 1. If the faci lity is progressing 
from one stage to the next, consideration should be  given to reviewing 
all steps in the process and evaluating previous de cisions according to 
the most recent and complete information available.  
CUSTOMIZING PERFORMANCE ASSESSMENT TO EVOLVING NEEDS 
The important stages of the disposal facility devel opment process during 
which the radiological performance should be assess ed are the following: 
  Site screening. 
  Site characterization and selection. 
  Facility design and licensing. 
  Facility operations. 
  Facility closure and decommissioning. 
  Facility postclosure and monitoring. 
  Long-term care and license termination. 
The objectives of assessing radiological performanc e and the nature of 
such assessments change significantly throughout th e facility life. Early 
on, the extent of knowledge about the waste, site, and facility is 
relatively limited and superficial compared to that  existing following 
facility closure. Differences in the extent of know ledge that exists over 
time should influence the methodology used to asses s radiological 
performance and the emphasis placed on the results of such assessments. 
In early stages of the facility development process , the results of 
performance assessments should be used to influence  (but not dictate) 
decision making. Later, performance assessments sho uld be used to confirm 
earlier projections of facility performance and to identify appropriate 
monitoring and management approaches. 
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WORKSHOP SUMMARY 
"HOW CLEAN IS CLEAN?" 
D&D AND RELEASE CRITERIA  
J. S. Devgun, Ph.D. 
1018 Rain Tree Dr. 
Bolingbrook, IL 60440 
 
This workshop was the fourth in the "How Clean is C lean?" series. The 
workshop focused on the important topic of release criteria for 
decontamination and decommissioning. The number of facilities and sites 
requiring D&D and cleanup runs into thousands, and the cleanup costs are 
projected to be in hundreds of billions of dollars.  In the DOE complex 
alone about 6,000 facilities have been declared sur plus and targeted for 
D&D. A number of nuclear power reactors have also b een decommissioned 
worldwide and many other projects are currently und erway. With D&D 
gaining momentum both in the federal and the privat e sector, the 
objective this year was to focus discussion specifi cally on the release 
criteria relevant to D&D projects. 
A panel of experts was convened to discuss and deba te the issues related 
to the theme of the workshop. The panel included re presentatives from the 
U.S. Department of Energy (DOE), U.S. Nuclear Regul atory Commission 
(NRC), Atomic Energy of Canada Limited (AECL), Los Alamos National 
Laboratory (LANL), Scientific Ecology Group (SEG), and the two workshop 
Co-Chairs. 
Workshop format included presentations by the panel ists followed by 
breaking out into two focus groups and then reconve ning for a general 
discussion. Each focus group was led by two discuss ion leaders. The 
topics for group discussion were: 
1) Risk-based criteria vs.generic concentration lim its (site-specific 
criteria, pathways modeling, ALARA) 
2) Criteria, cost and the need for BRC or de minimu s. 
 Jas Devgun provided an overview of the D&D in the nuclear power industry 
and in the federal sector along with a very brief s ummary of the 
international projects. He also summarized the rele vant national 
regulations and the international guides. NRC's pro posed D&D criteria of 
15 mrem/yr TEDE was also discussed.  
Anthony Kluk of DOE discussed the DOE Order 5400.5 which lists the 
release guidelines used by DOE for decontamination of equipment, 
structures, and sites, implementation of these guid elines presented in 
DOE/CH 8901 report, application of RESRAD, and fiel d examples from the 
Santa Susana Field Laboratory D&D project. Recent g uidance from DOE/EH is 
that limit for soil should be selected such that AL ARAis used and 
documented and that individual dose to a member of the public is less 
than 25 mrem/yr. Margaret Federline represented the  NRC and provided an 
overview of the existing NRC criteria and guidance.  Summary of the 
proposed rule was presented along with a detailed d iscussion of the 
public comments. The proposed rule provides a limit  of 15 mrem/yr plus 
ALARA for unrestricted release. 
The EPA representative or alternate were not able t o attend. Notes 
presented by the EPA representative at the second w orkshop (Anthony 
Wolbarst) were considered relevant to D&D and were made available to the 
participants. 
Robert Pollock of AECL presented the Canadian persp ective on D&D and the 
release criteria. Regulatory Guide R-85 provides th e policy statement. 



The document provides radiation protection prerequi sites for the 
exemption of certain radioactive materials from fur ther licensing upon 
transferral for disposal. 
Patrick LaFrate discussed the decontamination and d ecommissioning of 
surplus facilities at LANL. Lessons learned from th ese projects were 
discussed. The metal from D&D operations was recycl ed at SEG's facilities 
in Oak Ridge. James Nicolosi of SEG describes a pro cessor's perspective 
and discussed the metal recycle facilities now avai lable in Oak Ridge. 
David LeMone (UTEP) summarized the international de velopments in the D&D 
and the BRC area. Decommissioning plans recommended  by the International 
Atomic Energy Agency were discussed as were the act ivities categories for 
radioactive scrap metal. 
The discussion groups were led by Matthew Kozak, Ma hmoud Haghighi, and 
the two Co- Chairs. The panelists also participated  in the discussion 
groups. Each group presented their key points when all participants 
reconvened for a general discussion. Risk-based cle anup criteria were 
generally favored by the participants rather than t he generic limits. 
Release criteria remain in flux. There is a need on  the part of the 
federal agencies to come to a consensus on the acce ptable dose criteria. 
Two recent events in this area are significant. One  is the formation of 
Interagency Steering Committee on Radiation Standar ds (ISCORS) in April 
1995. The other is the Multi-Agency Radiological Si te Survey and 
Investigation Manual (MARSSIM) that is expected to be issued in mid-1996 
in the draft form. 
 Approximately 70 people participated in the worksh op. A package of 
papers, notes, and view graphs was provided to each  participant. In the 
evaluations, a majority of the participants rated t he workshop in the 
"good" to "very good" category.  
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Equinox Environmental, Inc. 
33 Juniper Swamp Rd. 
Shushan, NY 12873 
PH: 518/854-9815 
FAX: 518/854-9815 
EMAIL:  
 
Patty Baratti-Sallani 
US DOE 
101 W. Greene St. 
P.O. Box 3090 
Carlsbad, NM 88220 
PH: 505/234-7313 
FAX: 505/887-5419 
EMAIL:  
 
Steven M. Barnes 
West Valley Nuclear Serv. Co., Inc. 
P.O. Box 191 
10282 Rock Springs Rd. 
West Valley, NY 14171 
PH: 716/942-4480 
FAX: 716/942-4281 
EMAIL:  
 
Jodie Barr 
Analytical Technologies, Inc. 
225 Commerce Dr. 
Fort Collins, CO 80524 
PH: 970/490-1511 
FAX:  



EMAIL:  
 
James Barstow 
Canberra Nuclear 
800 Research Pkwy. 
Meriden, CT 06450 
PH:  
FAX:  
EMAIL:  
 
James M. Barthel 
Rocky Mountain Remediation Serv. 
18300 W. Hwy. 72 
Arvada, CO 80007 
PH: 303/420-5120 
FAX: 303/420-3926 
EMAIL:  
 
Bruce R. Bartlett 
Bartlett Nuclear, Inc. 
60 Industrial Park Rd. 
Plymouth, MA 02360 
PH:  
FAX:  
EMAIL:  
 
Cathy Bassett 
Norvell Protective Clothing Mfg. 
Hwy 53 
Alexandria, TN 37012 
PH: 615/529-2855 
FAX:  
EMAIL:  
 
Randy Bassett 
Univ. of Arizona 
Dept. of Hydrology 
Harshbarger Bldg., Rm. 122 
Tucson, AZ 85721 
PH: 520/621-6215 
FAX: 520/621-1422 
EMAIL:  
 
Dan M. Battleson 
MSE Technology Applications, Inc. 
P.O. Box 4078 
Butte, MT 59701 
PH: 406/494-7287 
FAX: 406/494-7230 
EMAIL:  
 
William E. Bayes 
MOTA Corp. 
826 Moss Creek Dr. 



Cayce, SC 29033 
PH: 803/794-1787 
FAX: 803/794-1787 
EMAIL:  
 
Greg Bayhurst 
Los Alamos National Lab. 
MS-H865 
Los Alamos, NM 87545 
PH: 505/667-0010 
FAX: 505/667-7977 
EMAIL: gbayhurst@lanl.gov 
 
Randy Beck 
IT Corp. 
312 Directors Dr. 
Knoxville, TN 37923 
PH:  
FAX: 615/693-7949 
EMAIL:  
 
Karen K. Beckley 
State of Nevada 
Div. of Environ. Protection 
333 W. Nye Ln. 
Carson City, NV 89710 
PH: 702/687-4670 
FAX: 702/885-0868 
EMAIL:  
 
Randall G. Beckmann 
Defense Nuclear Agency Field Command DNA 
Defense Nuclear Weapons Sch. 
1900 Wyoming Blvd., SE 
Kirtland, AFB, NM 87117 
PH: 505/846-5947 
FAX: 505/846-5560 
EMAIL:  
 
Ron Bedell 
Canberra Industries 
800 Research Pkwy. 
Meriden, CT 06450 
PH:  
FAX:  
EMAIL:  
 
Joseph L. Beer 
Consumers Power Co. 
Palisades Nuclear Plant 
27780 Blue Star Hwy. 
Covert, MI 49043 
PH: 616/764-8913 
FAX: 616/764-8735 



EMAIL:  
 
Karen Beeson 
S.M. Stoller Corp. 
1060 Commerce Park Dr. 
Suite 200 
Oak Ridge, TN 37830 
PH: 423/482-2120 
FAX: 423/483-0148 
EMAIL:  
 
Ted Behrens 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-7698 
FAX: 617/487-7870 
EMAIL: TBEHRENS@MMT.COM 
 
Dick Behrman 
Fluor Daniel, Inc. 
1100 Wilson Blvd., #800 
Rosslyn, VA 22209 
PH: 703/247-7722 
FAX: 703/247-7701 
EMAIL:  
 
Robert Beimer 
S-Cubed 
8808 Balboa Ave. 
San Diego, CA 92123 
PH: 619/637-7410 
FAX:  
EMAIL:  
 
Stephen J. Bell 
Commonwealth Edison Co. 
1400 Opus Pl. 
Suite 800 
Downers Grove, IL 60515 
PH: 708/663-3823 
FAX: 708/663-3855 
EMAIL:  
 
Walter G. Belter 
Consultant 
5290 N. Montezuma Tr. 
Tucson, AZ 85750 
PH: 520/529-1720 
FAX:  
EMAIL:  
 
Paul J. Bembia 
NY State Energy Res. & Dev. Auth. 



10282 Rock Springs Rd. 
Box 191 
West Valley, NY 14171 
PH: 716/942-4900 
FAX: 716/942-2148 
EMAIL:  
 
Gary Benda 
NUKEM Nuclear Technologies 
278 Harbor Court 
Normandy Beach, NJ 08739 
PH: 908/793-5800 
FAX: 908/793-2122 
EMAIL:  
 
David M. Bennert 
Envitco, Inc. 
3400 Executive Pkwy. 
Toledo, OH 43606 
PH: 419/539-7297 
FAX:  
EMAIL:  
 
Martin C. Bentley 
BNFL Inc. 
B548, Sellafield 
Seascale 
Cumbria CA2 01PG,         - 
United Kingdom 
PH:  
FAX:  
EMAIL:  
 
Carole B. Bentz 
E.J. Bentz & Assoc., Inc. 
7915 Richfield Rd. 
Springfield, VA 22153 
PH: 703/455-7469 
FAX: 703/912-6578 
EMAIL:  
 
Edward J. Bentz Jr. 
E.J. Bentz & Assoc., Inc. 
7915 Richfield Rd. 
Springfield, VA 22153 
PH: 703/455-7469 
FAX: 703/912-6578 
EMAIL:  
 
Nigel S. Beresford 
Magnox Electric plc 
Berkeley Ctr. 
Berkeley GL13 9PB, 
United Kingdom 



PH: 444/538-13097 
FAX: 444/538-13020 
EMAIL:  
 
Thomas A. Berg 
M4 Environmental L.P. 
1000 Clearview Ct. 
Oak Ridge, TN 37830 
PH: 423/220-5006 
FAX: 423/220-5047 
EMAIL:  
 
Curt Bergman 
Intl. Atomic Energy Agency 
Wagramerstrasse 5 
P.O. Box 100 
A-1400 Vienna, 
Austria 
PH: 431/206-022607 
FAX: 431/206-07 
EMAIL:  
 
Wilbur C. Bergquist 
Los Alamos National Lab. 
ESH-13 
MS J596 
Los Alamos, NM 87545 
PH: 505/665-7932 
FAX: 505/665-4849 
EMAIL: WBERGQUIST@LANL.GOV 
 
Richard T. Bernardi 
Bio-Imaging Research, Inc. 
425 Barclay Blvd. 
Lincolnshire, IL 60069 
PH: 708/634-6425 
FAX: 708/634-6440 
EMAIL:  
 
Chuck Bernhard 
Scientific Ecology Group, Inc. 
1560 Bear Creek Road 
Oak Ridge, TN 37830 
PH: 423/481-0222 
FAX: 423/482-7206 
EMAIL:  
 
Jill Besch 
Alternative Remedial Technologies, Inc. 
14497 N. Dale Mabry Hwy. 
Suite 140 
Tampa, FL 33618 
PH: 813/264-3506 
FAX: 813/962-0867 



EMAIL:  
 
Steve J. Best 
Nuclear Fuel Serv., Inc. 
1205 Banner Hill Rd. 
Erwin, TN 37650 
PH: 423/743-1704 
FAX: 423/743-1708 
EMAIL:  
 
Ron K. Bhada 
Waste-Management Ed. & Res. Cons. 
New Mexico State Univ. 
P.O. Box 30001 
Las Cruces, NM 88003-0001 
PH: 505/646-1510 
FAX: 505/646-4149 
EMAIL:  
 
Ned E. Bibler 
Westinghouse Savannah River Co. 
Savannah River Technology Ctr. 
Aiken, SC 29808 
PH: 803/725-2313 
FAX: 803/725-4704 
EMAIL: NED.BIBLER@SRS.GOV 
 
James Bickel 
Waste-Management Ed. & Res. Cons. 
5012 Calle de Tierra, NE 
Albuquerque, NM 87111 
PH: 505/292-0359 
FAX:  
EMAIL:  
 
Keith D. Biddle 
BNFL Inc. 
5655 S. Yosemite St. 
Englewood, CO 80126 
PH: 303/694-0700 
FAX: 303/694-1816 
EMAIL:  
 
Lindsey E. Bierer 
CDM Federal Programs Corp. 
3760 Convoy 
Suite 210 
San Diego, CA 92111 
PH: 619/268-3383 
FAX: 619/268-9677 
EMAIL:  
 
J. Mike Bieri 
Pajarito Scientific Corp. 



278 DP Rd. 
Los Alamos, NM 87544 
PH:  
FAX:  
EMAIL:  
 
Denise Bierley 
Roy F. Weston, Inc. 
6501 Americas Pkwy., NE 
Suite 800 
Albuquerque, NM 87110 
PH: 505/884-5050 
FAX: 505/837-6870 
EMAIL:  
 
Peter A. Bigg 
BNFL Inc. 
B548.4, Sellafield 
Seascale 
Cumbria CA2 0lPG,         - 
United Kingdom 
PH:  
FAX:  
EMAIL:  
 
Kevin W. Billings 
Westinghouse Electric Corp. 
Watergate 600, Suite 1200 
600 New Hampshire Blvd., NW 
Washington, DC 20037 
PH: 202/945-6422 
FAX: 202/945-6404 
EMAIL: kwbwx@aol.com 
 
Dick Blauvelt 
BDM Federal, Inc. 
1900 Founders Dr. 
Kettering, OH 45420 
PH: 513/259-4006 
FAX: 513/259-4545 
EMAIL:  
 
David C. Blee 
NAC Intl., Inc. 
655 Engineering Dr. 
Suite 200 
Norcross, GA 30092 
PH: 710/447-1144 
FAX: 770/447-0344 
EMAIL:  
 
Herr Blenski 
GNS mbH 
Holle Str. 7A 



Essen D-45127, 
Germany 
PH:  
FAX:  
EMAIL:  
 
Timothy A. Blythe 
Manufacturing Sciences Corp. 
3108 44th St. 
New Brighton, PA 15066 
PH: 412/846-7888 
FAX:  
EMAIL:  
 
Deirdre M. Boak 
Sandia National Labs. 
P.O. Box 5800 
Albuquerque, NM 87185 
PH: 505/848-0866 
FAX: 505/848-0881 
EMAIL: dmboak@sandia.gov 
 
Warren H. Bodily 
Westinghouse Electric Corp. 
P.O. Box 2078 
Carlsbad, NM 88221 
PH: 505/234-8990 
FAX: 505/885-4562 
EMAIL: BODILYW@WIPP.CARLSBAD.NM.US 
 
Francois Bodin 
COGEMA 
Etablissement De La Hague 
Beaumont 50444, 
France 
PH: 333/302-6793 
FAX: 333/302-6477 
EMAIL:  
 
Michael G. Bogre 
Safe Sites of Colorado 
Rocky Flats Environ. Tech. Site 
P.O. Box 464 
Golden, CO 80402-0464 
PH: 303/966-2557 
FAX: 303/966-7432 
EMAIL:  
 
Melissa Boltz 
Project Time & Cost, Inc. 
16th Floor, Lenox Tower South 
3390 P'tree Rd., NE 
Atlanta, GA 30326 
PH: 404/239-0220 



FAX: 404/239-0475 
EMAIL:  
 
Evaristo J. Bonano 
Beta Corporation Intl. 
6719-D Academy Rd., NE 
Albuquerque, NM 87109 
PH: 505/822-1968 
FAX: 505/822-1959 
EMAIL:  
 
Michael W. Bonem 
EET, Inc. 
4710 Bellaire Blvd. 
Suite 300 
Bellaire, TX 77401 
PH: 713/662-0727 
FAX: 713/662-2322 
EMAIL:  
 
Claude Bonnet 
SGN 
1 Rue Des Herons 
St. Quentin Yvelines,    78182 
France 
PH: 331/305-87698 
FAX: 331/305-87628 
EMAIL:  
 
Donald C. Booher 
Woodward-Clyde Federal Serv., Inc. 
4582 S. Ulster St. 
Suite 1200 
Denver, CO 80237 
PH: 303/740-3970 
FAX: 303/740-2705 
EMAIL:  
 
Cindy Boone 
Los Alamos National Lab. 
P.O. Box 1663 
MS C331 
Los Alamos, NM 87545 
PH: 505/667-1229 
FAX: 505/667-0603 
EMAIL:  
 
Susan E. Boone 
Matrix Environmental Mgmt. 
215 Ridgedale Ave. 
Floriaam Park, NJ 07932 
PH: 201/660-0400 
FAX: 201/660-0606 
EMAIL:  



 
Lee Booth 
Canberra Industries 
800 Research Pkwy. 
Meriden, CT 06450 
PH:  
FAX:  
EMAIL:  
 
Mary Booth 
Univ. of Arizona 
Radiation Control Off. 
1640 N. Vine 
Tucson, AZ 85724 
PH: 520/626-6850 
FAX: 520/626-2583 
EMAIL:  
 
Steven R. Booth 
Los Alamos National Lab. 
MS F604 
Los Alamos, NM 87545 
PH: 505/667-9422 
FAX: 505/665-5125 
EMAIL: sbooth@lanl.gov 
 
Leon C. Borduin 
Los Alamos National Lab. 
P.O. Box 1663 
MS K557 
Los Alamos, NM 87545 
PH: 505/667-3150 
FAX: 505/667-0649 
EMAIL: lborduin@lanl.gov 
 
John D. Borgman 
Univ. of Texas - Austin 
Robotics Research Group 
PRC/MERB R9925 
Austin, TX 78712-1100 
PH: 512/471-3039 
FAX: 512/471-3987 
EMAIL:  
 
George A. Borun 
HI-Q Environmental Products Co. 
P.O. Box 2847 
La Jolla, CA 92038-2847 
PH:  
FAX:  
EMAIL:  
 
Benadetto G. Bosco 
Frank W. Hake Assoc. 



1790 Dock St. 
Memphis, TN 38113 
PH: 901/774-2850 
FAX: 901/942-2207 
EMAIL:  
 
Bradley W. Bowan 
GTS Duratek 
8955 Guilford Rd. 
Suite 200 
Columbia, SC 21046 
PH: 410/312-5100 
FAX: 301/621-8211 
EMAIL:  
 
Cary R. Bowles 
Framatome Technologies, Inc. 
155 Mill Ridge Rd. 
Lynchburg, VA 24502 
PH: 804/832-3763 
FAX: 803/832-0604 
EMAIL:  
 
Sam Box 
Foster Wheeler Environmental Corp. 
1290 Wall St. W 
Lyndhurst, NJ 07071 
PH: 201/842-7100 
FAX: 201/842-7025 
EMAIL:  
 
Russ Boyd 
Kaiser-Hill Co. 
Rocky Flats 
P.O. Box 926 
Golden, CO      - 
PH: 303/966-8037 
FAX: 303/966-6406 
EMAIL:  
 
David J. Boyer 
BNFL plc. 
Fleming House, Risley 
Warrington WA36AS, 
United Kingdom 
PH: 441/925-832463 
FAX: 441/925-832026 
EMAIL:  
 
John C. Bradburne 
FERMCO 
P.O. Box 538704 
Cincinnati, OH 45253 
PH: 513/648-3311 



FAX: 513/648-3601 
EMAIL:  
 
Phillip Bradbury 
BNFL Inc. 
9302 Lee Hwy. 
Suite 950 
Fairfax, VA 22031-1207 
PH: 703/385-7100 
FAX: 703/385-7129 
EMAIL:  
 
Jeffrey W. Bramblett 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH:  
FAX:  
EMAIL:  
 
Elisabeth C. Brandt 
CA Dept. of Health Serv. 
714 P St., Rm. 1216 
Sacramento, CA 95814 
PH: 916/654-0589 
FAX: 916/657-3017 
EMAIL:  
 
James L. Braun 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH:  
FAX:  
EMAIL:  
 
Nathan F. Brewer 
RMI Environmental Serv. 
P.O. Box 579 
Ashtabula, OH 44005-0579 
PH: 216/993-1981 
FAX: 216/993-1995 
EMAIL:  
 
Shirley E. Brewer 
Helgeson Scientific Serv. 
1072 A Serpentine Lane 
Pleasanton, CA 94566 
PH: 510/846-3453 
FAX: 510/462-1157 
EMAIL:  
 
William L. Brigadier 
TRW Inc. 



213 Wynn Dr. 
Huntsville, AL 35805 
PH: 205/830-3353 
FAX: 205/830-3230 
EMAIL:  
 
Joe Brininstool 
Advanced Metal Processing 
P.O. Box 5182 
Carlsbad, NM 88221 
PH: 505/887-0891 
FAX: 505/887-3210 
EMAIL:  
 
Allen Britton 
Core Laboratories, Inc. 
3430 Unicorn 
Bakersfield, CA 93308 
PH: 805/392-8600 
FAX: 805/392-0824 
EMAIL:  
 
David A. Brockman 
US DOE 
Rocky Flats 
14547 W. 68th Pl. 
Arvada, CO 80004 
PH: 303/966-4504 
FAX: 303/966-8053 
EMAIL:  
 
Robert T. Broili 
Consultant 
P.O. Box 497 
Kitty Hawk, NC 27949 
PH: 919/435-4322 
FAX:  
EMAIL:  
 
Gene Brooks 
Project Time & Cost, Inc. 
16th Floor, Lenox Tower South 
3390 P'tree Rd., NE 
Atlanta, GA 30326 
PH: 404/239-0220 
FAX: 404/239-0475 
EMAIL:  
 
Jim Brown 
Frham Safety Products, Inc. 
P.O. Box 3491 
171 Grayson Rd. 
Rock Hill, SC 29732-3491 
PH: 803/366-5131 



FAX: 803/366-2005 
EMAIL:  
 
Marcus B. Brown 
Horne Engineering Serv. 
2330 Paseo Del Prado 
Suite C206 
Las Vegas, NV 89102 
PH: 702/873-3108 
FAX: 702/873-3230 
EMAIL: ENVIRONUT@AOL.COM 
 
Martin S. Brown 
Foster Wheeler Environmental Corp. 
1290 Wall St., W 
Lyndhurst, NJ 07071 
PH: 201/842-7365 
FAX: 201/842-7025 
EMAIL:  
 
Mary Lou Brown 
IT Corp. 
4330 S. Valley View 
Suite 114 
Las Vegas, NV 89103 
PH: 702/794-1561 
FAX: 702/794-1794 
EMAIL:  
 
Richard D. Brown 
US DOE 
101 W. Greene St. 
Carlsbad, NM 88220 
PH: 505/887-7484 
FAX: 505/887-0292 
EMAIL:  
 
Robert Brown 
Deneb Robotics Inc. 
P.O. Box 214687 
Auburn Hills, MI 48321 
PH: 810/377-6900 
FAX: 810/377-8125 
EMAIL:  
 
Steve D. Brown 
Horne Engineering Serv. 
599 Oak Ridge Tpk. 
Suite A 
Oak Ridge, TN 37830 
PH: 615/482-8949 
FAX: 615/482-8951 
EMAIL:  
 



Steve H. Brown 
IT Corp. 
5600 S. Quebec 
Suite 280D 
Englewood, CO 80111 
PH:  
FAX:  
EMAIL:  
 
Bud Browne 
MRD-ED 
13101 Preston Rd. 
Suite 560 
Dallas, TX 75240-5237 
PH: 214/788-1515 
FAX: 214/701-8242 
EMAIL:  
 
Ed Browning 
Quantrad Sensor 
2360 Owen St. 
Santa Clara, CA 95054 
PH: 408/727-7827 
FAX: 408/727-7828 
EMAIL:  
 
Charles M. Bryan 
Brown & Root Environmental 
900 Trail Ridge Rd. 
Aiken, SC 29803 
PH: 803/649-7963 
FAX: 803/642-8454 
EMAIL: CHUCK.BRYAN@SRS.GOV 
 
Hugh W. Bryant 
TX LLRW Disposal Auth. 
7701 N. Lamar Blvd. 
Suite 300 
Austin, TX 78752 
PH: 512/451-5292 
FAX: 512/451-5296 
EMAIL:  
 
Patrice M. Bubar 
US DOE 
12800 Middlebrook Rd. 
Germantown, MD 20874 
PH: 301/903-7130 
FAX: 301/903-9770 
EMAIL:  
 
Lawrence G. Buc 
Project Performance Corp. 
46030 Manekin Plaza 



Suite 180 
Sterling, VA 20166 
PH: 703/406-8971 
FAX: 703/406-8972 
EMAIL:  
 
James J. Buchanan 
Los Alamos Technical Assoc., Inc. 
2400 Louisiana Blvd., NE 
Albuquerque, NM 87110 
PH: 505/880-3448 
FAX: /   - 
EMAIL:  
 
David A. Buecker 
Ecology and Environment, Inc. 
999 Third Ave. 
Suite 1500 
Seattle, WA 98104 
PH: 206/624-9537 
FAX: 206/621-9832 
EMAIL:  
 
Todd Burchett 
Sanford Cohen & Assoc., Inc. 
1000 Monticello Ct. 
Montgomery, AL 36117 
PH: 334/272-2234 
FAX: 334/213-0407 
EMAIL: vhokiest@aol.com 
 
John Burge 
US DOE 
c/o Triodyne Inc. 
5950 W. Touhy Ave. 
Niles, IL 60714 
PH:  
FAX:  
EMAIL:  
 
Anson H. Burlingame 
Jacobs Engineering Group, Inc. 
251 South Lake Ave. 
Pasadena, CA 91101 
PH: 818/578-6832 
FAX: 818/578-6966 
EMAIL:  
 
Jack Burn 
Bechtel Environmental, Inc. 
151 Lafayette Dr. 
Oak Ridge, TN 37831-0350 
PH: 423/241-6378 
FAX: 423/576-4898 



EMAIL: JLBurn@BECHTEL.COM 
 
James R. Burnell 
Council of Energy Resource Tribes 
1999 Broadway 
Suite 2600 
Denver, CO 80202 
PH: 303/297-2378 
FAX: 303/296-5690 
EMAIL:  
 
Bob Burns 
Master-Lee Decon Serv. 
350 Miller Rd. 
Medford, NJ 08055 
PH: 609/654-6161 
FAX: 609/654-1404 
EMAIL:  
 
Daniel D. Burns 
Trinity Enviromental 
2260 Park Ave. 
Suite 407 
Cincinnati, OH 45206 
PH: 513/221-0100 
FAX: 513/221-4377 
EMAIL:  
 
Dee J. Burrie 
Shannon & Wilson, Inc. 
1354 N. Grandridge Blvd. 
Kennewick, WA 99336 
PH: 509/735-1280 
FAX: 509/735-6474 
EMAIL:  
 
Dan Button 
US DOE 
P.O. Box 550, K6-51 
Richland, WA 99352 
PH: 509/376-2645 
FAX: 509/373-0733 
EMAIL:  
 
Doug Button 
AFFTREX, Ltd. 
395 W. Hwy. 39 
Blackfoot, IO 83221 
PH: 208/785-7470 
FAX: 208/785-6308 
EMAIL:  
 
Mike Buvinghausen 
Thermo NUtech, Inc. 



5635 Jefferson St., NE 
Albuquerque, NM 87109 
PH: 505/345-9931 
FAX: 505/761-5410 
EMAIL:  
 
Joseph Byrne 
Wallac Inc. 
9238 Gaither Rd. 
Gaithersburg, MD 20877 
PH: 301/963-3200x221 
FAX: 301/869-5806 
EMAIL:  
 
Mike Byrne 
Manufacturing Sciences Corp. 
804 Kerr Hollow Rd. 
Oak Ridge, TN 37830 
PH: 423/481-0455 
FAX:  
EMAIL:  
 
Rick Cabrera 
American Ecology/U.S. Ecology 
109 Flint Rd. 
Oak Ridge, TN 37830-7033 
PH: 423/482-5532x221 
FAX:  
EMAIL:  
 
William J. Cahill 
US DOE 
105 Broadway 
IRC Bldg. 
Oak Ridge, TN 37923 
PH: 423/241-4830 
FAX: 423/576-6074 
EMAIL:  
 
David E. Caldwell 
Raytheon Engineers & Constructors 
5555 Greenwood Plaza Blvd. 
Englewood, CO 80111 
PH: 303/843-3579 
FAX: 303/843-2169 
EMAIL:  
 
John T. Caldwell 
PSC 
278-D DP Rd. 
Los Alamos, NM 87544 
PH: 505/662-4377 
FAX: 505/662-2286 
EMAIL:  



 
Connie Callan 
Univ. of New Mexico/WERC 
National Environ. Tech. Network 
2201 Buena Vista, SE, Suite 204 
Albuquerque, NM 87106 
PH: 505/277-7750 
FAX: 505/277-7833 
EMAIL:  
 
Milton H. Campbell 
MACTEC 
2119 Beech Ave. 
Richland, WA 99352 
PH: 509/946-1985 
FAX:  
EMAIL:  
 
Philip Campbell 
AECL Technologies, Inc. 
9210 Corporate Blvd. 
Suite #410 
Rockville, MD 20850 
PH: 301/417-0047 
FAX: 301/417-0746 
EMAIL:  
 
Richard E. Campbell 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH: 803/758-1808 
FAX:  
EMAIL:  
 
Ronald A. Campbell 
Hot Cell Services Corp. 
22626 85th Pl., S. 
Kent, WA 98031 
PH: 206/854-4945 
FAX: 206/854-4945 
EMAIL:  
 
Jeffrey J. Canil 
Pall Power Generation Group 
2200 Northern Blvd. 
East Hills, NY 11548 
PH: 516/484-5400 
FAX: 516/484-0364 
EMAIL:  
 
Denny Cannon 
Aptec Nuclear Inc. 
P.O. Box 36157 



Denver, CO 80236 
PH: 303/978-0786 
FAX: 303/978-0518 
EMAIL:  
 
Robert P. Cannon 
Applied Geosciences & Engineering 
405-A Parkway Dr. 
Greensboro, NC 27401 
PH: 910/274-9456 
FAX: 910/274-9486 
EMAIL:  
 
Peter Capin 
Univ. of Arizona 
Radiation Control Off. 
1640 N. Vine 
Tucson, AZ 85724 
PH: 520/626-6850 
FAX: 520/626-2583 
EMAIL:  
 
Jose Capote 
IDM Environmental Corp. 
P.O. Box 388 
South River, NJ 08882 
PH: 908/390-9550 
FAX: 908/390-9545 
EMAIL:  
 
Robert G. Card 
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Suite 200 
Columbia, SC 21046 
PH: 410/312-5100 
FAX: 301/621-8211 
EMAIL:  
 
David Demorest 
Core Laboratories, Inc. 
420 W. 1st St. 
Casper, WY 82601 
PH: 307/235-5741 
FAX: 307/266-1676 
EMAIL:  
 
P. Scott Den-Baars 
IT Corp. 
557 Oppenheimer Rd. 
Suite 200 
Los Alamos, NM 87544 
PH: 505/662-1200 
FAX: 505/662-1222 
EMAIL:  
 
R. Paul Denault 
VECTRA Waste Services 
One Harbison Way 
Suite 209 
Columbia, SC 29212-3408 
PH: 803/781-0426 
FAX:  
EMAIL:  
 
Vern L. Denio 
General Electric Co. 
7555 E. Collins Rd. 
Morris, IL 60450 
PH: 815/942-5590 
FAX: 815/942-5631 
EMAIL:  



 
Tim J. Denmeade 
Westinghouse Electro-Mechanical Div. 
1000 Cheswick Ave. 
Cheswick, PA 15024 
PH: 412/963-5168 
FAX: 412/963-5942 
EMAIL:  
 
Mark A. Denton 
Heritage Environmental Serv. 
2515 Caspian Dr. 
Knoxville, TN 37932 
PH: 423/531-3922 
FAX: 423/470-4411 
EMAIL:  
 
Frank J. Desilva 
Resintech Inc. 
615 Deer Rd. 
Cherry Hill, NJ 08034-1409 
PH: 609/354-1152 
FAX: 609/354-6165 
EMAIL:  
 
Art Desrosiers 
Bartlett Nuclear, Inc. 
P.O. Box 1800 
60 Industrial Park Rd. 
Plymouth, MA 02360 
PH:  
FAX:  
EMAIL:  
 
Jas Devgun 
Consultant 
1018 Raintree Dr. 
Bolingbrook, IL 60440 
PH: 708/985-9386 
FAX: 708/985-9386 
EMAIL:  
 
John T. Dewald 
S-Cubed 
8808 Balboa Ave. 
San Diego, CA 92123 
PH: 619/637-7412 
FAX:  
EMAIL:  
 
Patrick M. Dhooge 
Delphi Research, Inc. 
701 Haines Ave., NW 
Albuquerque, NM 87102 



PH: 505/243-3111 
FAX: 505/243-3188 
EMAIL:  
 
George E. Dials 
US DOE 
Carlsbad Area Off. 
101 W. Greene St. 
Carlsbad, NM 88220 
PH: 505/234-7300 
FAX: 505/887-1855 
EMAIL: dialsg@wipp.carlsbad.nm.us 
 
Richard C. Diess 
Fluor Daniel, Inc. 
17831 Sky Park Circle 
Suite K 
Irvine, CA 92714 
PH:  
FAX:  
EMAIL:  
 
Rose R. Dill 
Facilitating Responsible Siting Sol. 
7 Nicholas Ave. 
Rensselaer, NY 12144-9712 
PH: 518/283-2223 
FAX: 518/283-2223 
EMAIL:  
 
James A. Dilmore 
Westinghouse Electric Corp. 
1001 Brinton Rd. 
Pittsburgh, PA 15221 
PH: 412/244-2850 
FAX: 412/244-2041 
EMAIL:  
 
Nick J. Dimascio 
Bartlett Nuclear, Inc. 
60 Industrial Park Rd. 
Plymouth, MA 02360 
PH: 508/746-6464 
FAX: 508/746-6518 
EMAIL:  
 
Michele Dinucci 
V.J. Technologies, Inc. 
89 Carlough Rd. 
Bohemia, NY 11716 
PH: 516/589-8800 
FAX: 516/589-8992 
EMAIL:  
 



Thomas M. Disse 
Rod Rodriguez, Inc. 
255 S. Tulane Ave. 
Oak Ridge, TN 37830 
PH: 423/482-9024 
FAX: 423/483-9206 
EMAIL:  
 
Charles J. Divona 
Fluor Daniel, Inc. 
3333 Michelson Dr. 
Irvine, CA 92730 
PH: 714/975-2282 
FAX: 714/975-5297 
EMAIL:  
 
Earle C. Dixon 
Univ. of Nevada - Las Vegas 
Harry Reid Ctr. 
4505 Maryland Pkwy., Box 454009 
Las Vegas, NV 89154 
PH: 702/895-1453 
FAX: 702/895-3094 
EMAIL: dixon@hrc.nevad.edu 
 
Sinisa Djordjevic 
Benchmark Environmental Corp. 
4501 Indian School Rd. 
Suite 105 
Albuquerque, NM 87110 
PH: 505/262-2694 
FAX: 505/262-2698 
EMAIL:  
 
Irwin J. Dobrushin 
Westinghouse Electric Corp. 
P.O. Box 355 
Pittsburgh, PA 15230 
PH: 412/374-6094 
FAX: 412/374-3357 
EMAIL: dobrushin.ij.%owec@dialcom.tymne.com 
 
Ron Dokell 
Olshan Demolishing/NSC 
3575 West 12th Street 
Houston, TX 77008 
PH: 713/867-9200 
FAX: 713/867-9215 
EMAIL:  
 
Richard L. Doty 
PA Power & Light Co. 
2 N. Ninth St. 
Allentown, PA 18101 



PH: 610/774-7932 
FAX: 610/774-7205 
EMAIL: rldoty@papl.com 
 
Terence A. Douglas 
EET Corp. 
830 Corridor Park Blvd. 
Suite 400 
Knoxville, TN 37932-3722 
PH: 423/671-7800 
FAX: 423/671-7779 
EMAIL:  
 
Rick Doust 
AECL Technologies, Inc. 
2251 Speakerman Dr. 
Ontario 
Toronto 45K1B2,         - 
CANADA 
PH: 905/823-9060 
FAX: 905/855-1383 
EMAIL:  
 
Julie R. Doyel 
ADTECHS Corp. 
2411 Dulles Corner Pk. 
Suite 520 
Herndon, VA 22071 
PH: 703/713-9000 
FAX:  
EMAIL:  
 
James R. Doyle 
Atomic Energy of Canada Ltd. 
Chalk River Labs. 
Chalk River 
Ontario K0S 1S0, 
Canada 
PH: 613/584-3311 
FAX: 615/584-1438 
EMAIL:  
 
Robert A. Draughn 
Medical Univ. of SC 
Material Science Dental Bldg. 
171 Ashley Ave. 
Charleston, SC 29425-2641 
PH: 803/792-2826 
FAX: 803/792-0390 
EMAIL:  
 
Larry E. Draus 
Framatome Technologies, Inc. 
155 Mill Ridge Rd. 



Lynchburg, VA 24502 
PH: 804/832-3104 
FAX: 804/832-1161 
EMAIL:  
 
Michael J. Driver 
Patton, Boggs, L.L.P. 
1600 Lincoln St. 
Suite 1975 
Denver, CO 80264 
PH: 303/830-1776 
FAX: 303/894-9239 
EMAIL:  
 
Andrew E. Drom 
Envirocare of Utah, Inc. 
46 W. Broadway 
Suite 240 
Salt Lake City, UT 84118 
PH: 801/532-1330 
FAX: 801/537-7345 
EMAIL:  
 
Anthony Drypolcher 
Benchmark Environmental Corp. 
520 Indian School Rd. 
Albuquerque, NM 87505 
PH: 505/262-2694 
FAX: 505/262-2698 
EMAIL:  
 
Neil E. DuBry 
Commonwealth Edison Co. 
1411 Opus Pl. 
Suite 115 
Downers Grove, IL 60515 
PH: 708/663-5894 
FAX: 708/663-5905 
EMAIL:  
 
Thomas E. DuPlessis 
Westinghouse Electric Corp. 
11 Stanwix St. 
Rm. 2181 
Pittsburgh, PA 15222 
PH: 412/642-3990 
FAX: 412/642-3224 
EMAIL: DUPLESIS.t.e.%wec@dialcom.tymn 
 
Octave J. DuTemple 
American Nuclear Society 
14300 - 128th St. 
Kenosha, WI 53142 
PH: 847/395-3495 



FAX: 847/395-3496 
EMAIL:  
 
Thomas Duberville 
NUKEM Nuclear Technologies 
740 Pasquinelli Dr. 
Suite 124 
Westmont, IL 60559 
PH: 708/887-1705,450 
FAX: 708/850-5305 
EMAIL:  
 
Dennis O. Dumas 
Dupont Merck Pharmaceutical Co. 
331 Treble Cove Rd. 
North Billerica, MA 01862 
PH: 508/671-8669 
FAX: 508/671-8149 
EMAIL:  
 
Jana K. Dunaway 
Dunaway & Fletcher, Inc. 
524 Georgia Ave. 
Suite 3 
N. Augusta, SC 29841 
PH: 803/279-6363 
FAX: 803/279-9523 
EMAIL: jduna57398@aol.com 
 
Michael J. Dunn 
Selentec 
8601 Dunwoody Pl. 
Suite 302 
Atlanta, GA 30350 
PH: 770/640-7059 
FAX: 770/640-9305 
EMAIL:  
 
Raymond W. Durante 
Durante Assoc., Inc. 
7315 Wisconsin Ave. 
Suite 515E 
Bethesda, MD 20814 
PH: 301/916-9633 
FAX: 301/913-2896 
EMAIL:  
 
David C. Durham 
ERC, Inc. 
955 L'Enfant Plaza 
8th Fl. 
Washington, DC 20024 
PH: 202/646-6263 
FAX: 202/646-6265 



EMAIL:  
 
Carla C. Dwight 
Argonne National Lab. - West 
P.O. Box 2528 
Idaho Falls, ID 83403 
PH: 208/533-7651 
FAX: 208/533-7735 
EMAIL: carla.dwight@anlw.anl.gov 
 
Robert S. Dyer 
US EPA-OIA 
401 M St., SW 
Washington, DC 20460 
PH: 202/260-8704 
FAX: 202/260-8512 
EMAIL:  
Jacek J. Dziewinski 
Los Alamos National Lab. 
P.O. Box 1663 
Los Alamos, NM 87545 
PH: 505/667-9792 
FAX:  
EMAIL:  
 
Sherie Earle 
CACI/ASG, Inc. 
12850 Middlebrook Rd. 
Germantown, MD 20874 
PH: 301/903-1294 
FAX: 301/903-4749 
EMAIL:  
 
Susan J. Eberlein 
Westinghouse Hanford Co. 
P.O. Box 1970 
MSIN R2-12 
Richland, WA 99352 
PH: 509/376-5029 
FAX: 509/373-6955 
EMAIL: susan-j-eberlein@rl.gov 
 
F. Stanley Echols 
Winston & Strawn 
1400 L St., NW 
Washington, DC 20016 
PH: 202/371-5777 
FAX: 202/371-5950 
EMAIL:  
 
Renee Echols 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37831 



PH: 423/376-8015 
FAX: 423/376-8484 
EMAIL:  
 
William P. Eckel 
European Analytical Services Inc. 
1660 L St. NW 
Suite 510 
Washington, DC 20036 
PH: 202/293-7155 
FAX: 202/293-0169 
EMAIL:  
 
R. O. Eddins 
Dames & Moore 
667 A Emory Valley Rd. 
Oak Ridge, TN 37830 
PH: 423/483-3577 
FAX: 423/481-0738 
EMAIL:  
 
Joseph D. Eddlemon 
Pulcir, Inc. 
9209 Oak Ridge Hwy. 
Oak Ridge, TN 37830-3500 
PH: 423/927-6358 
FAX: 423/927-6866 
EMAIL:  
 
Arnold M. Edelman 
US DOE 
Off. of Energy Research 
19901 Germantown Rd. 
Germantown, MD 20874-1290 
PH: 301/903-5143 
FAX: 301/903-7047 
EMAIL: Arnold.Edelman@oer.doe.gov 
 
Don Edling 
Packaging Specialties, Inc. 
300 Lake Rd. 
Medina, OH 44256 
PH: 216/723-6000 
FAX: 216/725-8180 
EMAIL:  
 
Greg Ehle 
Univ. of Arizona 
Radiation Control Off. 
1640 N. Vine 
Tucson, AZ 85724 
PH: 520/626-6850 
FAX: 520/626-2583 
EMAIL:  



 
Peter Eifler 
Forschungszentrum Juelich GmbH (KFA) 
ISR-3 
Postfach 1913 
52425 Juelich, 
Germany 
PH: 492/461-612450 
FAX: 492/461-612450 
EMAIL:  
 
B. Michael Eisenhower 
Battelle - Oak Ridge 
151 Lafayette Dr. 
Suite 110 
Oak Ridge, TN 37830 
PH: 423/220-4036 
FAX: 423/482-7964 
EMAIL:  
 
Sohair El-Reefy 
Atomic Energy Authority 
Hot Labs. & Waste Mgmnt. Ctr. 
Cairo 13759, 
Egypt 
PH:  
FAX: 354/090-2 
EMAIL:  
 
David Elias 
Commonwealth Edison Co. 
1400 Opus Pl. 
Suite 900 
Downers Grove, IL 60515 
PH: 708/663-7360 
FAX: 708/663-7997+ 
EMAIL:  
 
Mike S. Eller 
Power Products & Services Co., Inc. 
P.O. Box 207 
Forest, VA 24551 
PH: 804/525-8120 
FAX: 804/525-8123 
EMAIL:  
 
Lane W. Elletson 
Bechtel Nevada Corp. 
P.O. Box 98521 
MS 448 
Las Vegas, NV 89193-8521 
PH: 702/295-4891 
FAX: 702/295-7764 
EMAIL:  



 
John W. Elliott 
Los Alamos National Lab. 
P.O. Box 1663 
MS C339 
Los Alamos, NM 87545 
PH: 505/665-7461 
FAX: 505/667-5286 
EMAIL:  
 
Mikel J. Elsen 
State of Washington 
Dept. of Health 
P.O. Box 47827 
Olympia, WA 98504-7827 
PH: 360/753-1116 
FAX: 360/753-1496 
EMAIL: MJE0303@HUB.DOH.WA.Gov 
 
David Emmery 
ONDRAF - NIRAS 
Place Madou 1 
Brussels 1030,        - 
Belgium 
PH: 322/212-1021 
FAX: 322/218-5165 
EMAIL:  
 
Dana L. Emmons 
Science Applications Intl. Corp. 
4161 Campus Point Ct. 
San Diego, CA 92121 
PH: 619/458-3830 
FAX: 619/458-5009 
EMAIL:  
 
John P. Englert 
Kirkpatrick & Lockhart LLP 
1500 Oliver Bldg. 
Pittsburgh, PA 15222 
PH: 412/355-8331 
FAX: 412/355-6501 
EMAIL: englert@k1.com 
 
Jordy Ensio 
Nuclear Shielding Supplies & Serv., Inc. 
4620 S. Coach Dr. 
Tucson, AZ 85714 
PH: 520/748-9362 
FAX: 520/748-9364 
EMAIL:  
 
Joseph L. Epstein 
Westinghouse Electric Corp. 



P.O. Box 2078 
Carlsbad, NM 88221 
PH: 505/234-8200 
FAX: 505/887-5783 
EMAIL:  
 
Donald L. Erich 
Clemson Univ. 
Environ. Systems Engineering Dept. 
342 Computer Ct. 
Anderson, SC 29625 
PH: 803/656-0792 
FAX: 864/656-0672 
EMAIL: derich@ese.clemson.edu 
 
Edward E. Erikson 
Westinghouse Electric Corp. 
Marine Div. 
401 E. Hendy Ave. MS 31-9 
Sunnyvale, CA 94088 
PH: 408/735-3030 
FAX: 408/735-4419 
EMAIL:  
 
Leif G. Eriksson 
Advanced Sciences, Inc. 
101 E. Mermod 
Carlsbad, NM 88220 
PH: 505/885-0085 
FAX: 505/887-5494 
EMAIL:  
 
Ken U. Erondu 
Environ. Science & Engineering, Inc. 
P.O. Box 1703 
Gainsville, FL 32602-1703 
PH: 352/333-1609 
FAX: 352/333-6622 
EMAIL:  
 
Richard C. Eschenbach 
Retech, Inc. 
P.O. Box 997 
100 Henry Station Rd. 
Ukiah, CA 95482 
PH: 707/467-1600 
FAX: 717/462-4103 
EMAIL:  
 
Lance S. Escue 
O'Brien & Gere Engineers, Inc. 
136 S. Illinois Ave. 
Suite 210 
Oak Ridge, TN 37830 



PH: 423/482-9430 
FAX: 423/482-8937 
EMAIL:  
 
Jacob M. Espinoza 
Los Alamos National Lab. 
MS E502 
P.O. Box 1663 
Los Alamos, NM 87545 
PH: 505/667-2370 
FAX: 505/665-4775 
EMAIL: jespinoza@lanl.gov 
 
Ersel A. Evans 
Consultant 
335-B Gage Blvd. 
Richland, WA 99352 
PH: 509/627-4125 
FAX: 509/627-4171 
EMAIL:  
 
Larry D. Evans 
Duke Engineering & Serv., Inc. 
13339 Hagens Ferry Rd. 
Huntersville, NC 28078 
PH: 704/875-5956 
FAX: 704/875-5974 
EMAIL:  
 
Erich Evered 
Jacobs Engineering Group, Inc. 
1991 Centennial Ave. 
Suite 200 
Aiken, SC 29803 
PH: 803/641-4400 
FAX: 803/641-4414 
EMAIL:  
 
Alison Everett 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH: 423/376-8148 
FAX: 423/376-8469 
EMAIL:  
 
Henry F. Faery 
Stone & Webster Engrg. Co. 
7677 E. Berry Ave. 
Englewood, CO 80111 
PH: 303/741-7283 
FAX: 303/741-7021 
EMAIL:  
 



Frank P. Falci 
Intl. Energy Consultants, Inc. 
8905 Copemhaver Dr. 
Potomac, MD 20854 
PH: 301/340-1047 
FAX: 301/340-2229 
EMAIL: iecfalci@interramp.com 
 
Kathleen L. Falconer 
Lockheed Martin Idaho Technologies Co. 
P.O. Box 1625 
Idaho Falls, ID 83404 
PH: 208/526-1559 
FAX:  
EMAIL:  
 
Robert T. Farley 
Nuclear Metals, Inc. 
2229 Main St. 
Concord, MA 01742 
PH:  
FAX: 508/287-0478 
EMAIL:  
 
Thomas G. Farmer 
Los Alamos National Lab. 
P.O. Box 1663 
MS J493 
Los Alamos, NM 87545 
PH: 505/665-2121 
FAX: 505/667-0154 
EMAIL: gfarmer@lanl.gov 
 
Richard F. Farrell 
US DOE 
P.O. Box 3090 
Carlsbad, NM 88221 
PH: 505/234-7459 
FAX: 505/887-0707 
EMAIL: farrelr@wipp.carlsbad.nm.us 
 
Thomas J. Farrell 
Dames & Moore 
1 Blue Hill Plaza 
Suite 530 
Pearl River, NY 10968 
PH: 914/735-1200 
FAX: 914/735-1406 
EMAIL:  
 
Jeff Fata 
Heritage Environmental Serv. 
1319 Marquette Dr. 
Romeoville, IL 60446 



PH: 708/378-1600 
FAX: 708/378-2200 
EMAIL:  
 
Rocco Fazzolari 
Univ. of Arizona 
College of Engineering & Mines 
Tucson, AZ 85721 
PH: 520/621-2551 
FAX: 520/621-8096 
EMAIL:  
 
Margaret J. Federline 
US NRC 
MST-7-J-9 
Washington, DC 20555-0002 
PH: 301/415-6708 
FAX: 301/415-5397 
EMAIL:  
 
Fred Feizollahi 
ATG, Inc. 
47375 Freemont Blvd. 
Fremont, CA 94538 
PH: 510/490-3008 
FAX: 510/651-3731 
EMAIL:  
 
Leslie J. Fekete 
Parsons Infrastructure & Technology 
25 Merchant Str. 
Springfield, OH 45246 
PH: 513/648-6736 
FAX: 513/648-6892 
EMAIL:  
 
Peter Feldhaus 
Forschungszentrum Juelich GmbH (KFA) 
ISR-3 
Postfach 1913 
52425 Juelich, 
Germany 
PH: 492/461-615869 
FAX: 492/461-612450 
EMAIL: p.feldhaus@kfa 
 
Dennis J. Fennelly 
UOP 
307 Fellowship Rd. 
Suite 207 
Mt. Laurel, NJ 08054 
PH: 609/727-9400 
FAX: 609/727-9545 
EMAIL: DJFENNEL@UOP.COM 



 
Audeen W. Fentiman 
OH State Univ. 
240 Hitchcock Hall 
2070 Neil Ave. 
Columbus, OH 43210 
PH: 614/292-7930 
FAX: 614/292-3780 
EMAIL: fentiman.1@OSU.edu 
 
James L. Ferguson 
Ferguson-Davis & Assoc. 
2533 N. Carson St. 
Suite 1164 
Carson City, NV 89706 
PH: 702/883-5015 
FAX: 702/883-4874 
EMAIL:  
 
Robert N. Ferguson 
State of Idaho 
900 N. Skyline Dr. 
Idaho Falls, ID 83402 
PH: 208/528-2600 
FAX: 208/528-2605 
EMAIL:  
 
Steven M. Ferguson 
ALARON Corp. 
440 Knox Abbott Dr. 
Suite 500 
Cayce, SC 29033 
PH: 803/791-9900 
FAX:  
EMAIL:  
 
Lee Fernandez 
Radwaste Magazine/ANS 
555 N. Kensington Ave. 
La Grange Park, IL 60526 
PH:  
FAX:  
EMAIL:  
 
Joseph J. Ferraiuolo 
Retech, Inc. 
P.O. Box 997 
100 Henry Station Rd. 
Ukiah, CA 95482 
PH: 707/462-6522 
FAX: 707/462-4103 
EMAIL:  
 
Joe Ferrell 



Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH:  
FAX:  
EMAIL:  
 
James J. Ferris 
CH2M Hill Federal Group Ltd. 
6060 S. Willow Dr. 
Englewood, CO 80111 
PH: 303/771-0900 
FAX: 308/741-0902 
EMAIL:  
 
Larry R. Field 
Los Alamos National Lab. 
P.O. Box 1663 
Los Alamos, NM 87545 
PH: 505/665-0919 
FAX: 505/667-8021 
EMAIL: field@lanl.gov 
 
Michelle V. Field 
American Operations Corp. 
1420 Spring Hill Rd. 
Suite 300 
McLean, VA 22102 
PH: 703/734-7766 
FAX:  
EMAIL:  
 
Angelos N. Findikakis 
Bechtel National, Inc. 
45 Fremont St. 
San Francisco, CA 94119-3465 
PH: 415/768-8550 
FAX: 415/768-4898 
EMAIL: ANDFINDIK@BECHTEL.COM 
 
Rudolf Finkbeiner 
GNS mbH 
Postfach 101253 
Essen,    45012 
Germany 
PH:  
FAX:  
EMAIL:  
 
Judith Fissel 
BNFL Inc. 
804 Kerr Hollow Rd. 
Oak Ridge, TN 37830 
PH: 423/481-0422 



FAX: 423/483-9276 
EMAIL:  
 
Bill Fitzgerald 
Skolnik Industries, Inc. 
4900 South Kilbourn Ave. 
Chicago, IL 60632-4593 
PH: 312/735-0700 
FAX: 312/735-7257 
EMAIL:  
 
Timothy C. Fitzgerald 
Horiba Crystal Products 
2520 S. Industrial Park Ave. 
Tempe, AZ 85282 
PH: 602/967-2283 
FAX: 602/967-0281 
EMAIL:  
 
Robert A. Fjeld 
Clemson Univ. 
ESE Dept. 
342 Computer Ct. 
Anderson, SC 29625 
PH: 864/656-5569 
FAX: 864/803-0672 
EMAIL: fjeld@ese.clemson.edu 
 
Howard Fleischmann 
Euclid Garment Mfg. Co. 
333 Martinel Dr. 
Kent, OH 44240 
PH: 216/673-7413 
FAX:  
EMAIL:  
 
Glenn A. Fleming 
Medical Univ. of SC 
Environ. Hazards Assessment Prog. 
156 Rutledge Ave. 
Charleston, SC 29403 
PH: 803/792-1669 
FAX: 803/792-1665 
EMAIL:  
 
Jim Floeckher 
Packard Instrument Co. 
800 Research Parkway 
Meriden, CT 06450 
PH:  
FAX:  
EMAIL:  
 
Dennis K. Floyd 



Manufacturing Sciences Corp. 
3000 Youngfield St. 
Suite 364 
Denver, CO 80215 
PH: 303/237-8576 
FAX: 303/233-2993 
EMAIL:  
 
Charles R. Flynn 
Chemrad Tennessee Corp. 
739 Emory Valley Rd. 
Oak Ridge, TN 37830 
PH: 615/481-2511 
FAX:  
EMAIL:  
 
Norman W. Flynn 
Roy F. Weston, Inc. 
208 Welsh Pool Rd. 
Lionville, PA 19341 
PH: 610/701-6100 
FAX: 610/701-6141 
EMAIL:  
 
Pamela Flynn 
Chemrad Tennessee Corp. 
739 Emory Valley Rd. 
Oak Ridge, TN 37830 
PH: 423/481-2511 
FAX:  
EMAIL:  
 
Stephen C. Foor 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH: 815/467-3000 
FAX: 815/467-4646 
EMAIL:  
 
Kent M. Forrester 
NUKEM Nuclear Technologies 
250 Berryhill Rd. 
Suite 500 
Columbia, SC 29210 
PH: 803/731-1588 
FAX: 803/731-8435 
EMAIL:  
 
Randy A. Forrester 
VECTRA Waste Services 
One Harbison Way 
Suite 209 
Columbia, SC 29212-3408 



PH: 803/781-0426 
FAX:  
EMAIL:  
 
Mary K. Forsyth 
Radioactive Exchange Publications 
985 Richard Ln. 
Danville, CA 94526 
PH: 510/743-0869 
FAX:  
EMAIL:  
 
Lisa C. Foster 
Battelle - Pantex 
P.O. Box 30020 
Amarillo, TX 79177 
PH: 806/477-6476 
FAX: 806/477-5954 
EMAIL:  
 
George R. Fountain 
Consultant 
23 Country Fair Ln. 
Scotia, NY 12302 
PH: 518/399-5615 
FAX: /   - 
EMAIL:  
 
Charles H. Fox, Jr. 
Teledyne Brown Engineering 
300 Sparkman Dr. 
Huntsville, AL 35805 
PH: 205/726-2248 
FAX: 205/726-2159 
EMAIL:  
 
Jordan Fox-Collis 
TTI Control Technologies, Inc. 
169801 Wine Country Rd. 
Prosser, WA 99350 
PH: 509/882-6391 
FAX: 509/882-6392 
EMAIL:  
 
Thomas Foxall 
BNFL Inc. 
Sellafield, Seascale 
Cumbria CA20 1PG, 
United Kingdom 
PH: 441/946-771908 
FAX: 441/946-774367 
EMAIL:  
 
Joe Franco 



Foster Wheeler Environmental Corp. 
611 Anton Blvd. 
Suite 800 
Costa Mesa, CA 92626 
PH: 714/444-5500 
FAX: 714/444-5560 
EMAIL:  
 
Steven A. Frank 
US DOE 
6215 Stoneham Rd. 
Bethesda, MD 20817 
PH: 202/586-7478 
FAX: 202/586-3806 
EMAIL:  
 
Deborah R. Franklin 
Mason & Hanger 
P.O. Box 30020 
Amarillo, TX 79177 
PH: 806/477-5787 
FAX: 806/477-6816 
EMAIL:  
 
James Fraser 
Interstate Nuclear Serv. Corp. 
P.O. Box 51957 
295 Parker St. 
Springfield, MA 01151 
PH:  
FAX:  
EMAIL:  
 
Howard Frederick 
Consultant 
6202 W. Ina Rd. 
Tucson, AZ 85743 
PH: 520/744-4471 
FAX: 602/744-4471 
EMAIL:  
 
Ronald L. Freemerman 
Bechtel Environmental, Inc. 
151 Lafayette Dr. 
Knoxville, TN 37831 
PH: 423/220-2233 
FAX: 423/220-2976 
EMAIL:  
 
Kathy Freeze 
IT Corp. 
312 Directors Dr. 
Knoxville, TN 37923 
PH:  



FAX:  
EMAIL:  
 
Albert A. Freitag 
Bechtel Hanford, Inc. 
3350 George Washington Wy. 
Richland, WA 99352 
PH: 509/375-9687 
FAX: 509/372-9447 
EMAIL:  
 
Michael P. French 
Lamb Associates, Inc. 
115 Englewood Rd. 
Aikens, SC 29801 
PH: 803/642-0735 
FAX: 803/644-1649 
EMAIL:  
 
David Fried 
Industrial Communications Systems 
861 Corporate Dr. 
Lexington, KY 40522-2716 
PH: 606/223-5480 
FAX: 606/224-4343 
EMAIL:  
 
Tom Frost 
Westinghouse Electro-Mechanical Div. 
1000 Cheswick Ave. 
Cheswick, PA 15024 
PH: 412/963-5418 
FAX: 412/963-5942 
EMAIL:  
 
Steven Fry 
Analytical Technologies, Inc. 
225 Commerce Dr. 
Ft. Collins, CO 80524 
PH: 970/490-1511 
FAX:  
EMAIL:  
 
John E. Fryer 
American Electric Power 
Cook Nuclear Power 
1 Cook Pl. 
Bridgman, MI 49106 
PH: 616/466-2533 
FAX: 616/465-6061 
EMAIL:  
 
Harry N. Fugate 
Jason Associates Corp. 



309 N. Acacia Ave. 
Solana Beach, CA 92075 
PH: 619/259-5666 
FAX: 619/259-4530 
EMAIL:  
 
Tomoyuki Fukushima 
JDC Corp. 
4-9-9, Akasaka, Minato-ku 
Tokyo 107,         - 
Japan 
PH: 813/541-05840 
FAX: 813/541-05808 
EMAIL:  
 
John S. Fukuya 
Morikawa Industries Corp. 
3910 Harper Hill Rd. 
Port Orchard, WA 98366 
PH: 360/871-3683 
FAX:  
EMAIL:  
 
Brian R. Fuller 
Spar Environmental Systems 
9445 Airport Rd. 
Brampton, Ontario, 
Canada 
PH: 905/790-4439 
FAX: 905/790-4506 
EMAIL: BFULLER@Spar.ca 
 
Kevin G. Fuller 
Envirocare of Utah, Inc. 
46 W. Broadway 
Suite 240 
Salt Lake City, UT 84101 
PH: 801/532-1330 
FAX: 801/537-7345 
EMAIL:  
 
Michael R. Fuller 
Interstate Nuclear Serv. Corp. 
295 Parker St. 
Springfield, IL 01151 
PH: 413/543-6911 
FAX: 413/543-6989 
EMAIL:  
 
John C. Fulton 
Westinghouse Hanford Co. 
P.O. Box 1970 
MSIN R3-85 
Richland, WA 99352 



PH: 509/373-5823 
FAX: 509/376-7215 
EMAIL:  
 
Peter T. Furlong 
US DOE 
825 Jadwin Ave. 
P.O. Box 550, MSIN K6-51 
Richland, WA 99336 
PH: 509/372-1738 
FAX: 509/373-0638 
EMAIL:  
 
Daniel S. Gabaldon 
Beta Corporation Intl. 
6719-D Academy Rd., NE 
Albuquerque, NM 87109 
PH: 505/822-1968 
FAX: 505/822-1959 
EMAIL:  
 
Donna T. Gaddy 
Framatome Technologies, Inc. 
155 Mill Ridge Rd. 
Lynchburg, VA 24502 
PH: 804/832-3702 
FAX: 804/832-1161 
EMAIL:  
 
Ted A. Gado 
Foster Wheeler Environmental Corp. 
1290 Wall St., W 
P.O. Box 661 
Lyndhurst, NJ 07071-0661 
PH: 201/842-7259 
FAX: 201/842-7025 
EMAIL:  
 
Carl Galbraith 
Morikawa Industries Corp. 
3910 Harper Hill Rd. 
Port Orchard, WA 98366 
PH: 360/871-3683 
FAX: 360/871-3683 
EMAIL:  
 
James L. Gallagher 
Westinghouse Electric Corp. 
P.O. Box 355 
Pittsburgh, PA 15230 
PH: 412/374-5000 
FAX: 412/374-5515 
EMAIL:  
 



Robert D. Gallagher 
NSSI 
P.O. Box 34042 
Houston, TX 77234 
PH: 713/641-0391 
FAX:  
EMAIL:  
 
William J. Gallagher 
NUMATEC, Inc. 
7401 Wisconsin Ave. 
Bethesda, MD 20814-3416 
PH: 301/986-8585 
FAX: 301/652-8479 
EMAIL:  
 
Dennis N. Galligan 
OHM Remediation Services Corp. 
16406 U.S. Rt. 224 E 
Findlay, OH 45840 
PH: 419/425-6105 
FAX: 419/424-4939 
EMAIL:  
 
Barry Ganapol 
Univ. of Arizona 
College of Engineering & Mines 
Tucson, AZ 85721 
PH: 520/621-2551 
FAX: 520/621-8096 
EMAIL:  
 
Sandra L. Garber 
World Computer Systems 
702 S. Ilinois Ave. 
Oak Ridge, TN 37830 
PH: 423/482-1944 
FAX: 423/482-7130 
EMAIL: GarberS@wcsor.com 
 
Marilyn S. Garcia 
US DOE 
Savannah River Site 
Darlington Dr. 
Aiken, SC 29803 
PH: 803/644-6974 
FAX:  
EMAIL:  
 
Donald A. Gardner 
Raytheon Engineers & Constructors 
1020 W. 31st St. 
Downers Grove, IL 60515 
PH: 708/829-2711 



FAX: 708/829-2321 
EMAIL:  
 
Fred Gardner 
American Ecology/U.S. Ecology 
109 Flint Rd. 
Oak Ridge, TN 37830-7033 
PH: 423/482-5532 
FAX: 423/485-5605 
EMAIL:  
 
Gene J. Gardner 
Virginia Tech 
1900 Kraft Dr. 
Blacksburg, VA 24060 
PH:  
FAX:  
EMAIL:  
 
Norman Gardner 
BNFL Instruments Ltd. 
Pelham House 
Calderbridge 
Cumbria, CA20 1DB, 
United Kingdom 
PH: 441/946-785039 
FAX: 441/946-785001 
EMAIL:  
 
Steven D. Garner 
ALARON Corp. 
440 Knox Abbott Dr. 
Suite 500 
Cayce, SC 29033 
PH: 803/791-9900 
FAX: 803/791-9911 
EMAIL:  
 
Richard H. Gates 
Consultant 
2709 107th Ave., SE 
Bellevue, WA 98004 
PH: 206/455-2134 
FAX: 206/455-1908 
EMAIL:  
 
Vic Gatto 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-7642 
FAX: 617/487-7670 
EMAIL:  
 



Rimbert Gatzweiler 
WISMUT GmbH 
Jagdschankenstr. 29 
Chemnitz 09117,         - 
Germany 
PH: 493/718-120110 
FAX: 493/718-120107 
EMAIL:  
 
Wayne C. Gaul 
OHM Remediation Services Corp. 
250 Berryhill Rd. 
Columbia, SC 29210 
PH: 803/214-2180 
FAX: 803/551-5830 
EMAIL:  
 
John Gay 
Brooks Support Systems, Inc. 
6546 Pound Road 
Williamson, NY 14589 
PH: 315/589-4000. 
FAX: 315/589-4089 
EMAIL:  
 
Ronald K. Gaynor 
Consultant 
7801 Wayland Rd. 
Loomis, CA 95650 
PH: 916/652-7176 
FAX: 916/652-9676 
EMAIL: 74001.402@COMPUSERVE.COM 
 
Bruce L. Geddes 
Toledo Edison Co. 
5501 N. State Rt. 2 
MS 1029 
Oak Harbor, OH 43449 
PH: 419/321-7388 
FAX: 419/249-2338 
EMAIL:  
 
Denise C. Gelston 
S.M. Stoller Corp. 
5700 Flatiron Pkwy. 
Boulder, CO 80301 
PH: 303/546-4381 
FAX: 303/443-1408 
EMAIL:  
 
Critz H. George 
Brown & Root Environmental 
1218 Countryside Ln., NW 
Albuquerque, NM 87114 



PH: 505/247-4933 
FAX: 505/247-8151 
EMAIL:  
 
Joanne A. Geroe 
US DOE 
1000 Independence Ave., SW 
Washington, DC 20585 
PH: 202/586-8397 
FAX: 202/586-7031 
EMAIL: Joanne.Geroe@HQ.DOE.GOV 
 
Carl P. Gertz 
US DOE 
2765 S. Highland Ave. 
Las Vegas, NV 89109 
PH: 702/295-0124 
FAX: 702/295-1153 
EMAIL:  
 
Gert Gestermann 
GNS mbH 
Hollestrasse 7A 
Essen 45127,         - 
Germany 
PH:  
FAX:  
EMAIL:  
 
Geoffrey J. Gettelfinger 
Princeton Univ. 
Plasma Physics Lab. 
P.O. Box 451 
Princeton, NJ 08543 
PH: 609/243-3519 
FAX: 609/243-3366 
EMAIL: krule@pppl.gov 
 
Abbas Ghassemi 
Waste-Management Ed. & Res. Cons. 
Box 30001, Dept. WERC 
Las Cruces, NM 88001 
PH: 505/646-1719 
FAX: 505/646-4149 
EMAIL: aghassem@nmsu.edu 
 
Harold K. Gibson 
Roy F. Weston, Inc. 
208 Welsh Pool Rd. 
Lionville, PA 19341 
PH: 423/475-6927 
FAX: 423/475-6931 
EMAIL:  
 



Jim Gibson 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
P.O. Box 2530 
Oak Ridge, TN 37831 
PH:  
FAX:  
EMAIL:  
 
Roger L. Gilchrist 
Westinghouse Hanford Co. 
MS L5-63 
PO BOX 1970 
Richland, WA 99352-0539 
PH:  
FAX:  
EMAIL:  
 
Bruce M. Gillespie 
Canberra Industries 
800 Research Pkwy. 
Meriden, CT 06473 
PH: 203/639-2415 
FAX: 203/235-1347 
EMAIL:  
 
Pierre Gillet 
COGEMA-SGN 
2 Rue Paul Dautier 
Velizy 
Villacougloy 78141,         - 
France 
PH: 305/865-84 
FAX: 305/864-37 
EMAIL:  
 
Tom Gilmore 
NSC Corp. 
49 Danton Dr. 
Methuen, MA . 
PH: 609/853-7722 
FAX: 609/853-1640 
EMAIL:  
 
Joseph M. Ginanni 
US DOE 
P.O. Box 98518 
Las Vegas, NV 89193 
PH: 702/295-0209 
FAX: 702/295-1153 
EMAIL: GINANNI@EM.NV.DOE.GOV 
 
Mark Gittleman 
Oceaneering Space Systems 



16665 Space Center Blvd. 
Houston, TX 77058 
PH:  
FAX:  
EMAIL:  
 
James A. Glasgow 
MORGAN, LEWIS & BOCKIUS, P.C. 
1800 M St., NW 
Washington, DC 20036 
PH: 202/467-7464 
FAX: 202/467-7176 
EMAIL:  
 
Eugene J. Gleason 
Envirocare of Utah, Inc. 
46 W. Broadway 
Suite 240 
Salt Lake City, UT 84118 
PH: 801/532-1330 
FAX:  
EMAIL:  
 
David W. Gleeson 
Reilly Industries, Inc. 
1500 S. Tibbs Ave. 
Indianapolis, IN 46242-0912 
PH: 317/248-6449 
FAX: 317/248-6402 
EMAIL:  
 
Joseph J. Glusic 
ATR, Inc. 
P.O. Box 50624 
Henderson, NV 89016-0624 
PH: 702/263-3244 
FAX: 702/263-3225 
EMAIL:  
 
Don Goebel 
IEA, Inc. 
3000 Weston Pkwy. 
Cary, NC 27513 
PH: 919/677-0090 
FAX: 919/677-8207 
EMAIL:  
 
Lewis C. Goidell 
FERMCO/Jacobs Engineering 
1880 Waycross Rd. 
Cincinnati, OH 45240 
PH: 513/648-4124 
FAX: 513/648-3956 
EMAIL:  



 
Will Goldberg 
MSE Technology Applications, Inc. 
P.O. Box 4078 
Butte, MT 59702 
PH: 406/723-8213 
FAX: 406/723-8328 
EMAIL:  
 
William Goldberg 
Teledyne Brown Engineering 
300 Sparkman Dr. 
P.O. Box 070007 
Huntsville, AL 35807-7007 
PH: 205/726-2248 
FAX: 205/726-2159 
EMAIL: bill_goldberg@pobox.tbe.com 
 
Bill Golden 
Molten Metal Technology, Inc. 
51 Sawyer Road 
Waltham, MA 02154 
PH:  
FAX:  
EMAIL:  
 
Jeffry Golden 
Clean Earth Technologies, LLC 
12612 Cedarbrook Ln. 
Laurel, MD 20708 
PH: 301/725-1146 
FAX: 301/725-1146 
EMAIL:  
 
W. T. Goldston 
Westinghouse Savannah River Co. 
P.O. Box 616 
Bldg. 705-3C 
Aiken, SC 29808 
PH: 803/557-6314 
FAX: 803/557-6306 
EMAIL:  
 
Bruce Goldwater 
QUEST Integrated, Inc. 
21414 68th Ave., S 
Kent, WA 98032 
PH: 206/872-1261 
FAX: 206/872-0690 
EMAIL:  
 
Charles L. Gonzales 
The Source, Inc. 
2810 Siler Lane 



Santa Fe, NM 87501 
PH:  
FAX:  
EMAIL:  
 
Valentin Gonzalez 
Consultant 
Emilio Vargas, 7 
28043 Madrid,         - 
Spain 
PH: 341/566-8100 
FAX: 341/566-8163 
EMAIL:  
 
Bruce G. Goodale 
NY State Public Service Comm. 
3 Empire State Plaza 
Albany, NY 12223 
PH: 518/486-5209 
FAX: 518/474-5026 
EMAIL:  
 
Ed Gooden 
EG&G ORTEC 
100 Midland Rd. 
Oak Ridge, TN 37830 
PH:  
FAX:  
EMAIL:  
 
Michael C. Gottlieb 
Resintech Inc. 
615 Deer Rd. 
Cherry Hill, NJ 08034-1409 
PH: 609/354-1152 
FAX:  
EMAIL:  
 
William D. Gowey 
Scientech, Inc. 
1776 Fowler 
Suite 25 
Richland, WA 99352 
PH: 509/936-6466 
FAX: 509/736-0530 
EMAIL:  
 
Kapil K. Goyal 
Los Alamos National Lab. 
P.O. Box 1663 
MS J593 
Los Alamos, NM 87545 
PH: 505/667-7579 
FAX: 505/665-3961 



EMAIL: kkg@lanl.gov 
 
Mark J. Gradkowski 
PRC Environmental Management, Inc. 
1099 18th St. 
Suite 1960 
Denver, CO 80202 
PH: 303/295-1101 
FAX: 303/295-2818 
EMAIL:  
 
Thomas J. Grant 
Midwest Research Inst. 
425 Volker Blvd. 
Kansas City, MO 64110 
PH: 816/753-7600 
FAX: 816/531-0315 
EMAIL: tgrant@mriresearch.org 
 
Jim Grantham 
Container Products Corp. 
112 N. College Rd. 
Wilmington, NC 28405 
PH: 910/392-6100 
FAX: 910/392-6778 
EMAIL:  
 
Teresa Grasso 
3M 
755 Burnett Ave., #4 
San Francisco, CA 94131 
PH: 800/833-7955 
FAX:  
EMAIL:  
 
Diane Gray 
Frham Safety Products, Inc. 
P.O. Box 3491 
171 Grayson Rd. 
Rock Hill, SC 29732 
PH: 803/366-5131 
FAX: 803/366-2005 
EMAIL:  
 
Roger Gray 
ANSTO 
PMB 1 
Menai NSW 2234,         - 
Australia 
PH: 612/717-3265 
FAX: 612/543-7179 
EMAIL:  
 
Thomas A. Gray 



Thomas Gray & Associates, Inc. 
1205 W. Barkley Ave. 
Orange, CA 92668-1214 
PH: 714/997-8090 
FAX:  
EMAIL:  
 
David B. Grayewski 
REMOTEC, Inc. 
107 Cheeskogili Way 
Lovdon, TN 37774 
PH: 423/458-0803 
FAX: 423/482-8935 
EMAIL:  
 
James D. Greaves 
Brainard Associates, Inc. 
5381 Brainard Rd. 
Solon, OH 44139 
PH: 216/498-9199 
FAX: 216/498-9141 
EMAIL:  
 
Charles W. Greene 
MSE-TA, Inc. 
P.O. Box 4028 
Butte, MT 59701 
PH: 406/494-7361 
FAX: 406/494-7230 
EMAIL:  
 
Daryl W. Greene 
Brown & Root Environmental 
900 Trail Ridge Rd. 
Aiken, SC 29803 
PH:  
FAX: 803/649-4808 
EMAIL:  
 
Marc A. Greenleaf 
NFS-RPS 
10 Vista Dr. 
Old Lyme, CT 06371 
PH: 203/434-0660 
FAX: 203/434-0668 
EMAIL:  
 
William G. Greenman 
GTS Duratek 
8955 Guilford Rd. 
Suite 200 
Columbia, MD 21046 
PH: 410/312-5100 
FAX: 301/621-8211 



EMAIL:  
 
William T. Gregory III 
Foster Wheeler Environmental Corp. 
143 Union Blvd. 
Suite 1010 
Lakewood, CO 80228-1824 
PH: 303/980-3727 
FAX: 303/980-3667 
EMAIL:  
 
Al W. Grella 
Grella Consulting Inc. 
HC 73 
Box 726 
Locust Grove, VA 22508 
PH: 540/972-2538 
FAX: 703/972-2538 
EMAIL:  
 
Michael J. Gresalfi 
Lockheed Martin Energy Res. Corp. 
12800 Middlebrook Rd. 
Suite 102, Trevion II 
Germantown, MD 20874 
PH: 301/916-1136 
FAX: 301/916-8699 
EMAIL: 131.ornl.gov 
 
Wendy A. Griffin 
US DOE 
Nevada Operations Off. 
Las Vegas, NV 89193 
PH: 702/295-5751 
FAX:  
EMAIL:  
 
Jane Griffith 
Project Time & Cost, Inc. 
3390 Peachtree Rd., NE 
16th Floor 
Atlanta, GA 30326 
PH: 404/239-0220 
FAX: 404/239-0475 
EMAIL:  
 
Bruce R. Grotefend 
Eichrom Industries, Inc. 
8205 S. Cass Ave. 
Suite 107 
Darien, IL 60561 
PH: 708/963-0320 
FAX: 708/963-0381 
EMAIL:  



 
Stephen F. Grover 
Studsvik, Inc. 
2209 B Lakeside Drive 
Bannockburn, IL 60015 
PH: 847/604-8018 
FAX: 847/604-8146 
EMAIL:  
 
Kathleen M. Gruetzmacher 
Los Alamos National Lab. 
MS E501 
Los Alamos, NM 87545 
PH: 505/665-4356 
FAX: 505/667-9201 
EMAIL: kgruetzmacher@lanl.gov 
 
Jean-Claude Guais 
NUSYS 
9 Rue Christophe Colomb 
Paris 75008, 
France 
PH: 331/406-97600 
FAX: 331/672-08596 
EMAIL:  
 
Kenneth P. Guay 
S.M. Stoller Corp. 
1060 Commerce Park Dr. 
Oak Ridge, TN 37830 
PH: 423/220-4118 
FAX: 423/483-0148 
EMAIL: kguay@stoller.com 
 
Richard F. Guay 
Jacobs Engineering Group, Inc. 
1300 N. 17th St. 
Suite 602 
Arlington, VA 22209 
PH: 703/358-8818 
FAX: 703/358-8821 
EMAIL:  
 
Peter Guglhoer 
TUV Bavern 
Westend Strasse 199 
Munich 80686, 
Germany 
PH: 004/929-57911533 
FAX: 004/989-57911142 
EMAIL:  
 
John E. Gunning 
Bechtel National, Inc. 



P.O. Box 350 
151 Lafayette Dr. 
Oak Ridge, TN 37831 
PH: 423/220-2372 
FAX: 423/220-2106 
EMAIL: jegunin@bechtel.com 
 
Bill Gunther 
Brookhaven National Lab. 
Off. of Environ. Restoration 
Bldg. 51 
Upton, NY 11973 
PH: 516/344-7961 
FAX: 516/344-7776 
EMAIL: Gunther@OERGISI.OER.BWL.GOV 
 
Suresh C. Gupta 
NC Div. of Radiation Protection 
3825 Barrett Dr. 
Raleigh, NC 27609 
PH: 919/571-4141 
FAX: 919/571-4148 
EMAIL:  
 
Wayde G. Gutzman 
Atomic Energy of Canada Ltd. 
Chalk River Labs. 
Chalk River 
Ontario K0J 1J0,         - 
Canada 
PH: 613/584-3311 
FAX: 613/584-4249 
EMAIL:  
 
Matthew J. Haass 
Geosafe Corp. 
2950 George Washington Way 
Richland, WA 99352 
PH: 509/375-0710 
FAX: 509/375-7721 
EMAIL:  
 
Melissa H. Hafrer 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH:  
FAX:  
EMAIL:  
 
John H. Hagan 
VECTRA Waste Services 
One Harbison Way 
Suite 209 



Columbia, SC 29212-3408 
PH: 803/781-0426 
FAX: 803/781-9316 
EMAIL:  
 
E. Chris Hagen 
Bechtel Nevada Corp. 
P.O. Box 98521 
MS NLV002 
Las Vegas, NV 89193-4134 
PH: 702/295-3175 
FAX: 702/295-0562 
EMAIL:  
 
Mahmoud H. Haghighi 
Bechtel Environmental, Inc. 
151 Lafayette Dr. 
P.O. Box 350 
Oak Ridge, TN 37830-0350 
PH: 423/220-2288 
FAX: 423/220-2111 
EMAIL: MHHAGHIG@BECHTEL.COM 
 
Masaki Hagiwara 
Japan Atomic Energy Res. Inst. 
Shirakta Shirane, Tokai-mura 
Ibaraki-ken 319-11,         - 
Japan 
PH: 812/825-688 
FAX: 812/855-998 
EMAIL:  
 
Ray E. Hahn 
Envirocare of Utah, Inc. 
46 W. Broadway 
Suite 240 
Salt Lake City, UT 84118 
PH: 801/532-1330 
FAX: 801/537-7345 
EMAIL:  
 
Frank J. Hahne 
NFS-RPS 
3945 Holcomb Bridge Rd. 
Suite 202 
Norcross, GA 30092 
PH: 770/662-8405 
FAX: 770/662-8415 
EMAIL:  
 
Stephan R. Halaszovich 
Forschungszentrum Juelich GmbH (KFA) 
52425 Juelich 
Juelich,         - 



Germany 
PH: 492/461-613207 
FAX: 492/461-612460 
EMAIL:  
 
Beth F. Hale 
Science Applications Intl. Corp. 
2109 Air Park Rd., SE 
Albuquerque, NM 87106 
PH: 505/842-7767 
FAX: 505/842-7878 
EMAIL:  
 
Gary F. Hall 
Black & Veatch 
6601 College Blvd. 
Overland Park, KS 66211 
PH: 913/338-6778 
FAX: 913/338-6633 
EMAIL:  
 
Thomas C. Halliday 
Battelle - Pantex 
Battelle Pantex ATO 12-6 
P.O. Box 30020 
Amarillo, TX 79177 
PH: 806/477-3484 
FAX: 806/477-5930 
EMAIL:  
 
Peter Hamby 
Commonwealth Edison Co. 
1400 Opus Pl. 
Suite 800 
Downers Grove, IL 60515 
PH:  
FAX:  
EMAIL:  
 
Alisson Hamesjton 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH:  
FAX:  
EMAIL:  
 
David E. Hamilton 
Frank W. Hake Assoc. 
12307 S. 88th E. Ave. 
Bixby, OK 74008 
PH: 918/369-2585 
FAX: 918/369-2586 
EMAIL:  



 
Edward A. Hamilton 
So. Carolina Univ. Res. & Ed. Foundation 
Strom Thurmond Inst. 
Clemson, SC 29634 
PH: 864/656-1564 
FAX: 864/656-0958 
EMAIL: HAMILTE@CLEMSON.EDU 
 
George T. Hamilton 
Frank W. Hake Assoc. 
1790 Dock St. 
Memphis, TN 38113 
PH: 901/774-2850 
FAX: 901/942-2207 
EMAIL:  
 
Philippe Hammer 
Commissariat a l'Energie Atomique 
BP 6 
Fontenay aux Roses,    92265 
France 
PH: 331/465-49997 
FAX: 331/455-47967 
EMAIL:  
 
William Haney III 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-7660 
FAX: 617/487-7870 
EMAIL: WHANEY@mmt.com 
 
Don Hanna 
Eberline Instruments 
P.O. Box 2108 
Santa Fe, NM 87504 
PH: 505/471-3232 
FAX: 505/493-6091 
EMAIL:  
 
Trent Hannah 
Advanced Systems Technology, Inc. 
3520 Peidmont Rd., NE 
Suite 300 
Atlanta, GA 30305 
PH: 404/240-2930 
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EMAIL:  
 
Takehiko Ishihara 
Japan Atomic Industrial Forum 
No. 1-1-13, Shimbashi 
Minato-ku 
Tokyo 105,         - 
Japan 
PH: 813/350-82411 
FAX: 813/350-82094 
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P.O. Box 808 
L-166 
Livermore, CA 94550 
PH: 510/423-5032 
FAX: 510/423-1989 
EMAIL: jardinel@llnl.gov 
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EMAIL:  
 
Jack E. Johnson 
Westinghouse 
WIPP Project 
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FAX: 803/366-2005 
EMAIL:  
 
Larry W. Jones 
Univ. of Tennessee 
Waste Management Inst. 
600 Henley, Suite 311 
Knoxville, TN 37996-4134 
PH: 423/974-3379 
FAX: 423/974-1838 
EMAIL:  
 
R. James Jones 
DataChem Labs. 
960 W. LeVoy Dr. 
Salt Lake City, UT 84123 
PH: 801/266-7700 



FAX:  
EMAIL:  
 
Roger W. Jones 
Iowa State Univ. 
Ames Lab. 
109 Spedding Hall 
Ames, IA 50011-3020 
PH: 515/294-3894 
FAX: 515/294-4748 
EMAIL: jonesrw@ameslab.gov 
 
Pat Jonker 
Univ. of Nevada - Las Vegas 
Harry Reid Ctr. for Envir. Studies 
4505 Maryland Pkwy. 
Las Vegas, NV 89154-4009 
PH: 702/895-1422 
FAX: 702/895-3094 
EMAIL: JONKER@NEVADA.EDU 
 
Bernie Jordahl 
3M 
3M Center/220-9E-10 
St. Paul, MN 55144-1000 
PH: 612/733-2652 
FAX:  
EMAIL:  
 
Ken Jordan 
Radwaste Magazine/ANS 
555 N. Kensington Ave. 
La Grange Park, IL 60526 
PH: 708/579-8225 
FAX: 708/352-6464 
EMAIL:  
 
Adam Jostsons 
ANSTO 
Private Mail Bag 1 
Menai, NSW 2234,         - 
Australia 
PH: 612/717-3265 
FAX: 612/543-7179 
EMAIL:  
 
Antoine Jouan 
Commissariat a l'Energie Atomique 
BP 171 
Bagnols sur Ceze,    30207 
France 
PH: 331/667-96376 
FAX: 336/679-6030 
EMAIL:  



 
Tom A. Jouvanis 
Tetra Tech, Inc. 
5203 Leesburg Pike 
Suite 900 
Falls Church, VA 22041 
PH: 703/931-9301 
FAX: 703/931-9222 
EMAIL:  
 
Michael Jump 
Advanced Systems Technology, Inc. 
3490 Piedmont Road, N.E. 
Suite 1410 
Atlanta, GA 30305-4810 
PH: 404/240-2930 
FAX: 404/240-2931 
EMAIL:  
Craig Junio 
HAZMED 
3351 S. Highland 
Suite 203 
Las Vegas, NV 89109 
PH: 702/892-0890 
FAX: 702/892-0519 
EMAIL:  
 
Clyde P. Jupiter 
Jupiter Corp. 
2730 University Blvd. 
Suite 900 
Wheaton, MD 20902 
PH: 301/946-8088 
FAX: 301/946-6539 
EMAIL: CLYDE_JUPITER@JupiterCorporation.Com 
 
Myron M. Kaczmarsky 
Raytheon Engineers & Constructors 
160 Chubb Ave. 
Lyndhurst, NJ 07071 
PH: 201/460-6272 
FAX: 201/460-6355 
EMAIL:  
 
Thomas M. Kafka 
3M 
New Products Dept. 
Bldg. 209-1W-24 
St. Paul, MN 55144 
PH: 612/733-8065 
FAX: 612/737-4538 
EMAIL:  
 
Tomoyoshi Kagawa 



JGC Corp. 
New Ohtemachi Bldg, 2-1 
Ohtemachi 2-chome, Chiyoda-ku 
Tokyo 100,         - 
Japan 
PH: 813/327-38004 
FAX: 813/327-38050 
EMAIL:  
 
Stephen W. Kahane 
ICF Kaiser 
10 Universal City Plaza 
Suite 2400 
Universal City, CA 91608 
PH: 818/509-3175 
FAX: 818/509-3132 
EMAIL:  
 
Keith G. Kahl 
American Technologies, Inc. 
101 N. Rutgers Ave. 
Suite 202 
Oak Ridge, TN 37830 
PH: 423/481-4844 
FAX: 423/481-4850 
EMAIL:  
 
Chris Kaiser 
Montana Tech 
823 10th St. 
Alamosa, CO 81101 
PH: 719/587-9068 
FAX:  
EMAIL:  
 
Robert Kaiser 
Barlett Nuclear 
P.O. Box 1800 
Plymouth, MA 02362 
PH: 508/746-6464 
FAX: 617/938-7589 
EMAIL:  
 
Thomas A. Kaiser 
Commonwealth Edison Co. 
Dresden Sta. 
6500 N. Dresden Rd. 
Morris, IL 60450 
PH: 815/942-29202784 
FAX: 815/942-29203745 
EMAIL:  
 
Brian J. Kalamanka 
Modec, Inc. 



4940 Oneida Street 
Commerce City, CO 80022 
PH: 303/286-8393 
FAX: 303/286-8377 
EMAIL:  
 
Charles D. Kalkwarf 
Hot Cell Services Corp. 
22626 85th Pl., S 
Kent, WA 98031 
PH: 206/854-4945 
FAX: 206/854-4947 
EMAIL:  
 
James R. Kannard 
Bechtel Nevada Corp. 
P.O. Box 98521 
M/S NLV022 
Las Vegas, NV 89193-8521 
PH: 702/295-2882 
FAX: 702/295-3069 
EMAIL:  
 
Yoshi Kanto 
NGK LOCKE, Inc. 
1000 Town Ctr. 
Suite 1850 
Southfield, MI 48075 
PH: 810/352-7210 
FAX: 810/352-1004 
EMAIL: yoshikan@cerfnet.com 
 
Ronald Kapaun 
Canberra Nuclear 
800 Research Pkwy. 
Meridan, CT 06450 
PH: 203/689-2699 
FAX:  
EMAIL:  
 
Greg S. Kasler 
Container Products Corp. 
14657 SW Teal Blvd. #136 
Beaverton, OR 97007 
PH: 503/524-8530 
FAX: 503/524-1167 
EMAIL:  
 
Masahide Kato 
JGC Corp. 
1800 M St., NW 
South Bldg., Suite 500 
Washington, DC 20036 
PH: 202/822-9495 



FAX: 202/775-0336 
EMAIL:  
 
Nick Kaufman 
Scientech, Inc. 
16100 W. 69th Pl. 
Arvada, CO 80007 
PH: 303/278-4338 
FAX: 208/523-9380 
EMAIL:  
 
Takeki Kawahito 
Radioactive Waste Management Ctr. 
No. 15 Mori Bldg. 
2-8-10, Toranomon, Minato-ku 
Tokyo 105,         - 
Japan 
PH: 813/350-41081 
FAX: 813/350-41297 
EMAIL:  
 
Koichi Kawakatsu 
American Morikawa Industries Corp. 
400 Wyndemere Wy., 103D 
Naples, FL 33999 
PH: 941/434-2518 
FAX:  
EMAIL:  
 
Takashi Kawashima 
JGC Corp. 
175 Curtner Ave. 
M/C 781 
San Jose, CA 95125 
PH: 408/925-4775 
FAX: 408/925-2700 
EMAIL:  
 
Dale L. Keairns 
Westinghouse Science & Technology Ctr. 
1310 Beulah Rd. 
Pittsburgh, PA 15235 
PH: 412/256-1954 
FAX: 412/256-1222 
EMAIL:  
 
Matthew J. Keegan 
Waste Business Magazine 
85 Somerset Ave. 
Toronto 
Ontario, 
Canada 
PH:  
FAX: 416/658-9708 



EMAIL:  
 
Edward S. Keen 
Consultant 
318 Greenbriar, E 
Richland, WA 99352 
PH: 509/627-6365 
FAX: 509/372-9051 
EMAIL:  
 
Joseph W. Keller 
LND Inc. 
3230 Lawson Blvd. 
Oceanside, NY 11572 
PH: 516/678-6141 
FAX: 516/678-6704 
EMAIL:  
 
Joyce A. Keller 
LND Inc. 
1010 Walnut Ave. 
Bohemia, NY 11716 
PH: 516/678-6141 
FAX:  
EMAIL:  
 
Ralph E. Keller 
Precision Components Corp. 
P.O. Box 15101 
500 Lincoln St. 
York, PA 17405-7101 
PH: 717/848-1126 
FAX: 717/843-5733 
EMAIL:  
 
Alec E. Kelley 
Consultant 
Williams Henry Apts. 
Maple 215, 1086 King Rd. 
Malvern, PA 19355 
PH: 610/695-9359 
FAX: 610/725-0875 
EMAIL:  
 
Clinton R. Kelley 
Westinghouse Electric Corp. 
P.O. Box 2078 
Carlsbad, NM 88220 
PH: 505/234-8737 
FAX: 505/234-8823 
EMAIL:  
 
Bernard T. Kelly 
BNFL Instruments Ltd. 



Pelham House 
Calderbridge 
Cumbria CA20 1DB, 
United Kingdom 
PH:  
FAX:  
EMAIL:  
 
Patrick J. Kelly 
Rust International Inc. 
601 Pennsylvania Ave., #300 
North Bldg. 
Washington, DC 20004 
PH: 202/737-1114 
FAX: 202/737-1117 
EMAIL: RUSTDC@ADL.COM 
 
Steve Kennedy 
Kindrick Trucking Co., Inc. 
2818 Roane State Hwy. 
Harriman, TN 37748 
PH: 423/882-0457 
FAX: 423/882-9715 
EMAIL:  
 
Jeffrey A. Kerridge 
US DOE 
P.O. Box 928 
Golden, CO 80402 
PH: 303/966-2866 
FAX: 303/966-4775 
EMAIL:  
 
Debbie Khan 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-5803 
FAX: 617/487-7800 
EMAIL: dkhan@mmt.com 
 
Thomas E. Kiess 
National Research Council 
2001 Wisconsin Ave., NW 
Washington, DC 20007 
PH: 202/334-3074 
FAX: 202/334-3077 
EMAIL: tkiess@nas.edu 
 
Kenzo Kiho 
Central Res. Inst. of Electr. Power Ind. 
c/o SKB Aspo Hard Rock Lab. 
Pl. 300 
Figeholm 572 95,         - 



Sweden 
PH: 464/918-2000 
FAX: 464/918-2005 
EMAIL: kiho@abiko.denken.or.jp 
 
Yoshio Kikuchi 
Marubeni Corp. 
4-2 Ohtemachi 1-chome 
Chiyoda-ku 
Tokyo 100,         - 
Japan 
PH: 332/823-355 
FAX: 332/827-365 
EMAIL:  
 
J I. Kim 
FZK 
INE 
Karlsruhe, 
Germany 
PH: 011/497-24782 
FAX:  
EMAIL:  
Timothy L. Kimball 
Perma-Fix, Inc. c/o FERMCO 
P.O. Box 538704 
MS 58 
Cincinnati, OH 45253 
PH: 513/648-4738 
FAX: 513/648-4740 
EMAIL:  
 
Gary A. Kindrick 
Kindrick Trucking Co., Inc. 
2818 Roane State Hwy. 
Harriman, TN 37748 
PH: 423/882-0457 
FAX: 423/882-9715 
EMAIL:  
 
Ginger King 
OCI, Inc. 
1235 Jefferson Davis Hwy. 
Suite 500 
Arlington, VA 22202 
PH: 703/616-5307 
FAX: 703/416-0007 
EMAIL:  
 
Jack E. King 
Teledyne Brown Engineering 
300 Sparkman Dr., NW 
Huntsville, AL 35758 
PH: 205/726-3620 



FAX: 205/726-2159 
EMAIL:  
 
Barry Kingwill 
Radwaste Magazine/ANS 
555 N. Kensington Ave. 
La Grange Park, IL 60526 
PH:  
FAX:  
EMAIL:  
 
Patricia A. Kirk 
Spintek Systems 
16421-A Gothard St. 
Huntington Beach, CA 92647 
PH: 714/848-3060 
FAX: 714/848-3034 
EMAIL:  
 
Robert L. Kirkland 
Mississippi State Univ. 
DIAL 
P.O. Drawer MM 
Mississippi State, MS 39762-5932 
PH: 601/325-2105 
FAX: 601/325-8465 
EMAIL:  
 
Mark H. Kirshe 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH:  
FAX:  
EMAIL:  
 
Hiroshi Kisaki 
Steering Committee on HLRW Proj. 
6-1, Ohtemachi 1-chome 
Chiyoda-ku 
Tokyo 100,         - 
Japan 
PH: 332/793-761 
FAX: 332/793-915 
EMAIL:  
 
Ryoji Kishida 
The Kansai Electric Power Co., Inc. 
2001 L St., NW 
Suite 801 
Washington, DC 20036 
PH: 202/659-1138 
FAX: 202/457-0272 
EMAIL:  



 
Thomas J. Kitchings 
STEP, Inc. 
13111 E. Briarwood 
Suite 250 
Englewood, CO 80112 
PH: 303/649-9092 
FAX: 303/790-2285 
EMAIL:  
 
Brian Klenk 
IT Corp. 
4330 S. Valley View 
Suite 114 
Las Vegas, NV 89103 
PH: 702/794-1700 
FAX: 702/794-1794 
EMAIL:  
 
Karl F. Klotz 
Commonwealth Edison Co. 
1411 Opus Pl. 
Suite 120 
Downers Grove, IL 60515 
PH: 708/663-5123 
FAX: 708/663-5186 
EMAIL:  
 
Anthony F. Kluk 
US DOE 
19901 Germantown Rd. 
Cloverleaf Bldg. EM-44 
Germantown, MD 20874 
PH: 301/903-3744 
FAX: 301/903-3675 
EMAIL:  
 
William M. Knauf 
Sandia National Labs. 
P.O. Box 5800 
Org. 5002, MS 0471 
Albuquerque, NM 87185-0471 
PH: 505/884-9967 
FAX: 505/844-6827 
EMAIL:  
 
Karen F. Knirsch 
OHM Remediation Services Corp. 
4897 Oakland St. 
Denver, CO 80239 
PH: 303/371-8252 
FAX: 303/371-8235 
EMAIL:  
 



Shawn D. Knowles 
Knolls Atomic Power Lab. 
P.O. Box 1072 
Schenectady, NY 12309 
PH: 518/395-5296 
FAX: 518/395-7592 
EMAIL:  
 
Isabel H. Knox 
Advanced Systems Technology, Inc. 
3520 Piedmont Road NE 
Suite 300 
Atlanta, GA 30305-1595 
PH:  
FAX:  
EMAIL:  
 
Wayne H. Knox 
Advanced Systems Technology, Inc. 
3520 Piedmont Rd., NE 
Suite 300 
Atlanta, GA 30305 
PH: 404/240-2930 
FAX: 404/240-2931 
EMAIL: wknox@ASTINC.COM 
 
Cathy Knudsen 
Quanterra Environmental Serv. 
719 Pinellas Bayway, #103 
Tierra Verde, FL 33715 
PH: 813/864-3118 
FAX: 813/864-3068 
EMAIL:  
 
Ikusa Kobayashi 
Power Reactor & Nuclear Fuel Dev. Corp. 
4-33 Muramatsu Tokai-Mura 
Naga-Gun 
Ibaraki-Ken 319-11, 
Japan 
PH: 810/292-821111 
FAX: 810/292-872374 
EMAIL:  
 
Rudy Koenig 
NUKEM Nuclear Technologies 
250 Berryhill Rd. 
Suite 500 
Columbia, SC 29210 
PH: 803/731-1588 
FAX: 803/731-8435 
EMAIL:  
 
Radovan Kohout 



R. Kohout & Assoc., Ltd. 
395 Keewatin Ave. 
Ontario 
Toronto M4P2A4, 
Canada 
PH: 416/488-9466 
FAX: 416/488-2007 
EMAIL:  
 
Alexandr V. Komarov 
Russian Res. Inst. of Chemical Tech. 
33, Kashirskoe Shosse 
Moscow 115230, 
Russia 
PH: 709/532-48743 
FAX: 709/532-45441 
EMAIL:  
 
Kenneth W. Korkia 
Rocky Flats Citizens Advisory Brd. 
9035 Wadsworth Pkwy. 
Suite 2250 
Westminster, CO 80021 
PH: 303/420-7855 
FAX: 303/420-7579 
EMAIL:  
 
Howard Korman 
TRW Environmental Systems 
1 Space Pk. 
Redondo Beach, CA 90278 
PH: 310/813-2450 
FAX: 310/813-5066 
EMAIL:  
 
George M. Kotch 
Consultant 
2025 Battelle Blvd. 
Benton City, WA 99320 
PH: 509/967-2048 
FAX: /   - 
EMAIL:  
 
J. Louis Kovach 
NUCON 
7000 Huntley Rd. 
Columbus, OH 43229-1022 
PH: 614/846-5710 
FAX: 614/431-0858 
EMAIL:  
 
Atsushi Kowata 
Morikawa Industries Corp. 
1-33-20 Kami Ikebukuro 



Toshima-KU 
Tokyo 170, 
Japan 
PH: 033/917-8901 
FAX: 033/917-8909 
EMAIL:  
 
Matthew W. Kozak 
QuantiSci, Inc. 
5900 S. Wodsworth Blvd. 
Suite 555 
Denver, CO 80235 
PH: 303/985-0005 
FAX: 303/980-5900 
EMAIL: mkozak@aol.com 
 
Irv Kraut 
ETSC 
711 W. Morse Ave. 
Schaumburg, IL 60193 
PH: 708/980-6452 
FAX: 708/980-3057 
EMAIL:  
 
Raymond C. Krehoff 
DynCorp 
7801 Academy Rd., NE 
Bldg. 2, Suite 104 
Albuquerque, NM 87109 
PH: 505/858-0686,255 
FAX: 505/858-0787 
EMAIL:  
 
Dennis L. Krenz 
Lamb Associates, Inc. 
6121 Indian School Rd., NE 
Suite 105 
Albuquerque, NM 87110 
PH: 505/884-3196 
FAX: 505/884-7689 
EMAIL:  
 
Reid Kress 
Oak Ridge National Lab. 
P.O. Box 2008 
Bldg. 7601, MS-6304 
Oak Ridge, TN 37831-6304 
PH: 423/574-2468 
FAX: 423/576-2081 
EMAIL:  
 
Bryant Kroutch 
International Technology Corp. 
1045 Jadwin Ave. 



Richland, WA 99352 
PH: 509/943-6728 
FAX: 509/943-8554 
EMAIL:  
 
John W. Krueger 
Roy F. Weston, Inc. 
1350 Central Ave. 
Suite 105 
Los Alamos, NM 87544 
PH: 505/662-6445 
FAX: 505/662-6635 
EMAIL:  
 
Mary U. Kruger 
US EPA 
401 M St., SW 
MS 6602-J 
Washington, DC 20460 
PH: 202/233-9310 
FAX: 202/233-9626 
EMAIL: KRUGER.MARY@EPAMAIL.EPA.GOV 
 
Mike Krupinski 
IT Corp. 
312 Directors Dr. 
Knoxville, TN 379234799 
PH: 423/690-3211 
FAX:  
EMAIL:  
 
Peter Kruse 
Spar Environmental Systems 
30 Tower Lane 
Avon Park South 
Avon, CT 06001 
PH: 860/674-1295 
FAX: 860/678-1862 
EMAIL: peterkruse@AOL.COM 
 
Lynn S. Kucharski 
McLaren/Hart 
1730 M St., NW 
Suite 801 
Washington, DC 20036 
PH: 202/833-3645 
FAX: 202/466-4213 
EMAIL:  
 
Steve Kuhns 
NewAge Industries, Inc. 
2300 Maryland Rd. 
Willow Grove, PA 19090 
PH:  



FAX:  
EMAIL:  
 
Yadunath Kulkarni 
Bhabha Atomic Res. Centre 
WM Div. WM Facilities 
P.O. Ghivali 401 
Tarapur 502, 
India 
PH: 912/525-72893 
FAX: 912/525-72866 
EMAIL:  
 
Fumio Kumamoto 
Nuclear Safety Technology Ctr. 
5-1-3-101, Hakusan 
Bunkyo-ku 
Tokyo 112, 
Japan 
PH: 813/381-47479 
FAX: 813/381-44617 
EMAIL:  
 
M. Siva Kumar 
TTX Associates, Inc. 
4 Park Ave. 
Apt. 12F 
New York, NY 10016 
PH: 212/684-7177 
FAX: 212/684-7177 
EMAIL:  
 
Bob Kurz 
American Ecology/U.S. Ecology 
1037 Manor Vue Dr. 
Delmonth, PA 15626 
PH: 412/468-6002 
FAX:  
EMAIL:  
 
Terry A. Kuykendall 
Parsons Engineering Science, Inc. 
1700 Broadway 
Suite 900 
Denver, CO 80290 
PH: 303/831-8100 
FAX: 303/831-8208 
EMAIL:  
 
Patrick J. LaFrate 
Los Alamos National Lab. 
P.O. Box 1663 
MS K487 
Los Alamos, NM 87545 



PH: 505/667-8366 
FAX: 505/667-6116 
EMAIL: LaFuate@LANL.GOV 
 
Laurene LaSasso 
Benchmark Environmental Corp. 
4501 Indian School Rd. 
Albuquerque, NM 87110 
PH: 505/262-2694 
FAX: 505/262-2698 
EMAIL:  
 
Steven J. LaZar 
Lockheed Analytical Serv. 
133 County Road 17 
Bldg. C#14 
Elizabeth, CO 80107 
PH:  
FAX: 303/646-4686 
EMAIL:  
 
Donna M. Lacombe 
PRC Environmental Management, Inc. 
1359 Silver Bluff Rd. 
Suite G-21 
Aiken, SC 29803 
PH: 803/642-8665 
FAX: 803/643-0647 
EMAIL:  
 
Jerome Lacquement 
Commissariat a l'Energie Atomique 
DCC/DRDD/SPHA, CE- Valrho 
BP 171 
Bagnols sur Ceze,    30207 
France 
PH: 331/667-96543 
FAX: 331/667-96567 
EMAIL: lacquement@muffin.cea.fr 
 
Christian Ladirat 
Commissariat a l'Energie Atomique 
BP 171 
Bagnols sur Ceze,    30207 
France 
PH: 331/667-96381 
FAX: 331/667-96603 
EMAIL:  
 
James J. Laidler 
Argonne National Lab. 
9700 S. Cass Ave. 
Argonne, IL 60439 
PH: 708/252-4479 



FAX: 708/252-5528 
EMAIL: laidler@cmt.anl.gov 
 
Robert Lallement 
Commissariat a l'Energie Atomique 
Centre d'Etudes Nucleaires 
BP 6 
Fontenay aux Roses,    92265 
France 
PH: 331/455-43662 
FAX: 331/465-47967 
EMAIL:  
 
Albert L. Lamarre 
Lawrence Livermore National Lab. 
P.O. Box 808 
L-619 
Livermore, CA 94550 
PH: 510/422-0757 
FAX: 510/422-9203 
EMAIL: Lamarre1@llnl.gov 
 
Scott Lamb 
Eberline Instruments 
504 Airport Rd. 
P.O. Box 2108 
Santa Fe, NM 87504-2108 
PH: 505/471-3232 
FAX:  
EMAIL:  
 
William M. Lamb 
Lamb Associates, Inc. 
2 Taft Ct. 
Suite 202 
Rockville, MD 20850 
PH: 301/424-3946 
FAX: 301/762-7348 
EMAIL:  
 
Edward R. Landa 
US Geological Survey 
430 National Ctr. 
Reston, VA 22092 
PH: 703/648-5898 
FAX: 703/648-5484 
EMAIL: erlanda@usgs.gov 
 
Robert R. Landolt 
Purdue Univ. 
Sch. of Health Sciences 
1338 Civil Engrg. Bldg. 
W. Lafayette, IN 47907 
PH: 317/494-1440 



FAX: 317/496-1377 
EMAIL: landolt@sage.cc.purdue.edu 
 
Louis Lanese 
GPU Nuclear Corp. 
1 Upper Pond Rd. 
Parsippany, NJ 07054 
PH: 201/316-7127 
FAX: 201/316-7543 
EMAIL:  
 
Rolland A. Langley 
BNFL Inc. 
1776 Eye St., NW 
Suite 750 
Washington, DC 20006-3700 
PH: 202/785-2635 
FAX: 202/785-4037 
EMAIL: rlangley@bnflinc.com 
 
Michel Laraia 
Intl. Atomic Energy Agency 
Wagramerstrasse 5 
P.O. Box 100 
A-1400 Vienna, 
Austria 
PH: 431/206-022607 
FAX: 431/206-07 
EMAIL:  
 
Dewey Large 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
P.O. Box 2530 
Oak Ridge, TN 37831 
PH: 423/376-8030 
FAX: 423/376-8030 
EMAIL:  
 
James K. Larsen 
Battelle - Pacific NW Labs. 
P.O. Box 999 
Battelle Blvd. 
Richland, WA 99352 
PH: 509/376-4176 
FAX: 509/376-5409 
EMAIL:  
 
Milo M. Larsen 
Science Applications Intl. Corp. 
545 Shoup Ave. 
Idaho Falls, ID 83402-3575 
PH: 208/528-2109 
FAX: 208/528-2194 



EMAIL:  
 
Anita M. Larson 
Harding Lawson Assoc. 
707 - 17th St. 
Suite 2400 
Denver, CO 80202 
PH: 303/293-6132 
FAX: 303/292-5411 
EMAIL:  
 
Howard J. Larson 
US NRC 
MS T-2-E26 
11555 Rockville Pike 
Rockville, MD 20852-2738 
PH: 301/415-6805 
FAX: 301/415-5422 
EMAIL: hjl@nrc.gov 
 
Karen E. Lavender 
EG&G ORTEC 
100 Midland Rd. 
Oak Ridge, TN 37830 
PH: 615/482-4411 
FAX:  
EMAIL:  
 
Robert E. Lawrence 
West Valley Nuclear Serv. Co., Inc. 
10282 Rock Springs Rd. 
P.O. Box 191 
West Valley, NY 14171 
PH: 716/942-4390 
FAX: 716/942-2106 
EMAIL:  
 
Sarah C. Lawson 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-5820 
FAX: 617/487-7870 
EMAIL:  
 
Mark Laxton 
Wallac Inc. 
9238 Gaither Road 
Gaithersburg, MD 20877 
PH: 301/963-3200 
FAX: 301/869-5806 
EMAIL:  
 
Paul LeBlanc 



IceSolv, Inc. 
22 Northeast Dr. 
Hershey, PA 17033 
PH: 717/533-5730 
FAX:  
EMAIL:  
 
Christian LeBreton 
Commissariat a l'Energie Atomique - FAR 
Centre d' Etudes 
Br50-BP6 
Fontenay aux Roses,         
France 
PH: 334/654-8288 
FAX: 334/654-9588 
EMAIL:  
 
David V. LeMone 
Univ. of Texas - El Paso 
P.O. Box 3 
El Paso, TX 79968 
PH: 915/747-5275 
FAX: 915/747-5073 
EMAIL:  
 
Donald B. Lebrun 
US DOE 
LAAO 
528 35th St. 
Los Alamos, NM 87544 
PH: 505/665-6348 
FAX: 505/665-4872 
EMAIL: BleBRUN@DOE.LANL.GOV 
 
James M. Ledbetter 
Los Alamos National Lab. 
P.O. Box 1663 
MS G742 
Los Alamos, NM 87545 
PH: 505/667-4653 
FAX: 505/667-2612 
EMAIL: ledbetter@lanl.gov 
 
Daniel J. Ledwig 
North Hand Protection 
2770 2nd Ave. 
#308 
San Diego, CA 92103 
PH: 619/338-9189 
FAX: 619/238-2706 
EMAIL:  
 
Marc Lefevre 
Eurisys Mesures 



4 Ave. des Frenes 
St. Quentin Yvelines Cedex 
78067, 
France 
PH: 331/301-45777 
FAX: 331/301-45780 
EMAIL:  
 
Al C. Lehmann 
General Electric Co. 
P.O. Box 780 
Castle Hayne Rd. 
Wilmington, NC 28401 
PH: 910/675-5624 
FAX: 910/675-5825 
EMAIL:  
 
Francisco Luiz Lemos 
Comissao Nacl. de Energie Nuclear 
Mario Werneck s/n 
BH 30161970, 
Brazil 
PH: 553/144-15143 
FAX: 553/144-15143 
EMAIL:  
 
Juergen P. Lempert 
DBE 
Erich-lindst-Hof 8 
Hannover 30457, 
Germany 
PH: 495/111-43208 
FAX: 495/171-43400 
EMAIL:  
 
Ronald E. Lerch 
Westinghouse Hanford Co. 
MSIN S7-85 
P.O. Box 1970 
Richland, WA 99352 
PH: 509/376-5107 
FAX:  
EMAIL:  
 
Barbara A. Lersch 
Brown & Root Environmental 
661 Anderson Dr. 
Pittsburg, PA 15220 
PH: 412/921-8688 
FAX: 412/921-7140 
EMAIL:  
 
Mel Lester 
Thermo Retec 



23 Old Town Square 
Suite 250 
Fort Collins, CO 80524 
PH: 970/493-3700 
FAX: 970/493-2328 
EMAIL:  
 
Helen M. Leung 
Ontario Hydro 
700 University Ave. 
H16 F26, Toronto 
Ontario M5G 1X7,         - 
Canada 
PH: 416/592-3157 
FAX: 416/592-4485 
EMAIL:  
 
Leon Leventhal 
Thermo NUtech, Inc. 
2030 Wright Ave. 
Richmond, CA 94804-0438 
PH: 510/848-1511 
FAX: 510/328-1305 
EMAIL:  
 
Mark S. Lewis 
Chem-Nuclear Systems, Inc. 
140 Stoneridge Dr. 
Columbia, SC 29210 
PH: 803/256-0450 
FAX: 803/252-9770 
EMAIL:  
 
Mike G. Lewis 
MSE-TA, Inc. 
P.O. Box 4078 
Butte, MT 59701 
PH: 406/494-7454 
FAX: 406/494-7230 
EMAIL:  
 
Nicholas D. Lewis 
OHM Remediation Services Corp. 
20015 72nd Ave. S. 
Kent, WA 98032 
PH: 206/395-0573 
FAX: 206/395-4480 
EMAIL:  
 
Sally M. Lewis 
Dames & Moore 
633 17th St. 
Suite 2500 
Denver, CO 80202 



PH: 303/299-7824 
FAX: 303/299-7901 
EMAIL:  
 
Patricia Leyba 
Environmental Management 
P.O. Box 1663, MS M769 
Los Alamos, NM 87545 
PH: 505/665-6048 
FAX: 505/667-9710 
EMAIL:  
 
Paul L. Libby 
Packaging Specialties, Inc. 
300 Lake Rd. 
Medina, OH 44256-2459 
PH: 800/344-9271 
FAX: 216/725-8180 
EMAIL:  
 
Alan L. Liby 
Manufacturing Sciences Corp. 
804 Kerr Hollow Rd. 
Oak Ridge, TN 37830 
PH: 423/481-0455 
FAX: 423/481-3142 
EMAIL:  
 
Marc P. Lieber 
DynCorp 
300 N. Lee St. 
Alexandria, VA 22314-2695 
PH: 703/519-1100 
FAX: 703/548-4766 
EMAIL:  
 
Robert B. Lienhart 
CORPEX Technologies Inc. 
P.O. Box 13486 
RTP, NC 27709-3486 
PH: 919/941-0847 
FAX: 919/941-0652 
EMAIL:  
 
Bob Lieto 
NSC Energy Services 
650 Grove Street 
P.O. Box 220 
Thorofare, NJ 08086 
PH: 518/395-6669 
FAX: 518/395-6574 
EMAIL:  
 
Martin Lietz 



TUEV - SW 
Abt. KS Dudenstrasse 28 
Mannheim 68167, 
Germany 
PH: 498/621-395470 
FAX: 496/213-95644 
EMAIL:  
 
Charles T. Lim 
Westinghouse Electric Corp. 
1000 Cheswick Ave. 
Cheswick, PA 15024-1300 
PH: 412/963-5030 
FAX: 412/963-5129 
EMAIL:  
 
Kent Linares 
AZ Public Service Co. 
Palo Verde Nuclear Gen. Sta. 
5801 S. Wintersburg Rd., Sta. 7397 
Tonopah, AZ 85354-7529 
PH:  
FAX: 602/393-1853 
EMAIL:  
 
Bernard Lindenberg 
GeoSyntec Consultants 
5902 Windy Cove 
San Antonio, TX 78239 
PH: 210/656-3549 
FAX: 210/653-5546 
EMAIL:  
 
Jeffrey S. Lindner 
MS State Univ. 
DIAL 
P.O. Box MM 
Mississippi State, MS 39762 
PH: 601/325-2105 
FAX: 601/325-8465 
EMAIL: linder@dial.msstate.edu 
 
Jan Lindqvist 
Swedish Nuclear Fuel & Waste Mgmnt. Co. 
SKB 
Box 5864 
Stockholm 10240, 
Sweden 
PH: 468/665-2800 
FAX: 468/665-2876 
EMAIL: skblg@skb.se 
 
Michael J. Lineberry 
Argonne National Lab. 



P.O. Box 2528 
Idaho Falls, ID 83403 
PH: 208/533-7434 
FAX: 208/533-7735 
EMAIL:  
 
Craig A. Little 
Oak Ridge National Lab. 
P.O. Box 2567 
Grand Junction, CO 81502-2567 
PH: 970/248-6201 
FAX: 970/248-6207 
EMAIL:  
 
Leo E. Little 
Science Applications Intl. Corp. 
32012 Alhambra Rd. 
Kennewick, WA 99337 
PH: 509/627-5493 
FAX: 509/627-5493 
EMAIL:  
 
Peter S. Littlefield 
Yankee Atomic Electric Co. 
75 Oak St. 
Holliston, MA 01746 
PH: 508/568-2752 
FAX: 508/568-3700 
EMAIL:  
 
Jessica L. Lloyd 
US DOE/WIPP 
P.O.Box 2078 
Carlsbad, NM 88220 
PH: 505/234-7227 
FAX: 505/887-2279 
EMAIL:  
 
John R. Lloyd 
Environ. Science & Engineering, Inc. 
P.O. Box 1703 
Gainesville, FL 32602-1703 
PH: 352/331-1603 
FAX: 352/333-6622 
EMAIL:  
 
Frazer R. Lockhart 
US DOE 
Rocky Flats Field off. 
P.O. Box 928 
Golden, CO 80402 
PH: 303/966-7846 
FAX: 303/966-4863 
EMAIL: frazer.lockhart@rfets.gov 



 
Andrew S. Loebl 
Lockheed Martin Energy Systems, Inc. 
P.O. Box 2003 
Oak Ridge, TN 37831-7173 
PH: 423/574-5966 
FAX: 423/574-5086 
EMAIL: asl@ornl.gov 
 
Cindy Loehr 
Benchmark Environmental Corp. 
4501 Indian School Rd. 
Suite 105 
Albuquerque, NM 87110 
PH: 505/262-2694 
FAX: 505/262-2698 
EMAIL:  
 
Stanley E. Logan 
S.E. Logan and Associates, Inc. 
640 Estrada Redonda 
Santa Fe, NM 87501 
PH: 505/988-2407 
FAX: 505/983-8119 
EMAIL:  
 
Valmore Loiselle 
American Technologies, Inc. 
142 Fairbanks Rd. 
Oak Ridge, TN 37830 
PH: 423/481-4844 
FAX: 422/348-4850 
EMAIL:  
 
Vladimir Lokner 
APO - Hazardous Waste Mgmnt. Agency 
Savska 41/1V 
10000 Zagreb, 
Croatia 
PH: 385/161-13764 
FAX: 385/153-6118 
EMAIL:  
 
Adrian Lombardo 
Bartlett Nuclear, Inc. 
60 Industrial Park Rd. 
Plymouth, MA 02360 
PH:  
FAX:  
EMAIL:  
 
Elmer F. Longnecker 
American Morikawa Industries Corp. 
400 Wyndemere Wy., 103D 



Naples, FL 33999 
PH: 941/434-2518 
FAX: 941/434-0147 
EMAIL:  
 
Guy G. Loomis 
Lockheed Martin Idaho Technologies Co. 
P.O. Box 1625 
MS 3710 
Idaho Falls, ID 83415 
PH: 208/526-9208 
FAX: 208/526-6802 
EMAIL: guy@inel.gov 
 
Steven M. Lorenz 
Commonwealth Edison Co. 
1400 Opus Pl. 
Suite 800 
Downers Grove, IL 60515 
PH: 708/663-3821 
FAX: 708/663-3855 
EMAIL:  
 
Paul Lovendale 
Bartlett Nuclear, Inc. 
60 Industrial Park Rd. 
Plymouth, MA 02563 
PH: 508/746-6464,305 
FAX: 508/830-3616 
EMAIL:  
 
Michael Luby 
Radioactive Waste Mgmnt. & ER 
Harwood Academic Publishers 
820 Town Center Dr. 
Langhorne, PA 19047 
PH: 215/750-2642 
FAX: 215/750-6343 
EMAIL:  
 
Ken K. Lucas 
NUMATEC, Inc. 
7401 Wisconsin Ave. 
Bethesda, MD 20814-3416 
PH: 301/986-8585 
FAX: 301/652-8479 
EMAIL:  
 
Joseph J. Lucerna 
Kaiser-Hill Co. 
P.O. Box 464 
Golden, CO 80402 
PH: 303/966-7229 
FAX: 303/966-5305 



EMAIL:  
 
Michael J. Lucey 
JGC Corp. 
New Ohtemachi Bldg. 
2-1 Ohtemachi 2-chome, Chiyoda-ku 
Tokyo 100, 
Japan 
PH: 813/327-38004 
FAX: 813/327-38050 
EMAIL:  
 
Mel Lundberg 
Manufacturing Sciences Corp. 
804 Kerr Hollow Road 
Oak Ridge, TN 37830 
PH: 423/481-0455 
FAX: 423/481-3142 
EMAIL:  
 
Werner Lutze 
Univ. of New Mexico 
Ctr. for Radioactive Waste Mgmt. 
151 Farris Eng. Ctr. 
Albuquerque, NM 87131 
PH: 505/277-7964 
FAX: 505/277-5433 
EMAIL: brbl@umn.edu 
 
Wayne MaGouirk 
Battelle - Pantex 
P.O. Box 30020 
Bldg. 9-061 
Amarillo, TX 79177 
PH: 806/477-5382 
FAX: 806/477-5954 
EMAIL:  
 
Larry W. Maassen 
Los Alamos National Lab. 
MS M992 
Los Alamos, NM 87545 
PH: 505/667-1691 
FAX: 505/665-4747 
EMAIL: lmaassen@lanl.gov 
 
Duncan W. MacArthur 
Los Alamos National Lab. 
MS J-561 
Los Alamos, NM 87545 
PH: 505/667-8943 
FAX: 505/665-9277 
EMAIL: dmacarthur@lanl.gov 
 



W. Craig MacDonald 
Battelle - Columbus 
505 King Ave. 
Columbus, OH 43201 
PH: 614/424-7960 
FAX: 614/424-3667 
EMAIL:  
 
Paul J. Macbeth 
Dames & Moore 
805 Cerda Rd. 
Kennewick, WA 99337 
PH: 509/372-2289 
FAX: 509/372-1926 
EMAIL:  
 
Richard Machanoff 
Lockheed Martin - HAZWRAP 
P.O. Box 20003 
MS 7606 
Oak Ridge, TN 37830 
PH: 423/435-3173 
FAX: 423/435-3269 
EMAIL:  
 
Thomas L. Mack 
Bechtel Nevada Corp. 
P.O. Box 98521 
MS NLV002 
Las Vegas, NV 89193-4134 
PH: 702/295-1851 
FAX: 702/295-0562 
EMAIL:  
 
Cal R. Macsween 
Ontario Hydro 
P.O. Box 4000 
Holt Rd. 
Bowmanville LIC 328, 
Canada 
PH: 908/623-6670 
FAX: 905/697-7552 
EMAIL:  
 
Jim Madigan 
Barlett Nuclear / SCE 
P.O. Box 128 
San Clemente, CA 
PH: 714/368-7780 
FAX: 714/368-9029 
EMAIL:  
 
Robin M. Madison 
Bechtel National, Inc. 



45 Fremont St. 
San Francisco, CA 94105 
PH: 415/768-0185 
FAX: 415/768-2939 
EMAIL:  
 
James H. Maes 
US DOE 
P.O. Box 3090 
Carlsbad, NM 88221 
PH: 505/234-7470 
FAX: 505/234-7430 
EMAIL:  
Alexander J. Mageski, Jr. 
VECTRA Technologies, Inc. 
5000 Executive Pkwy. 
5th Fl. 
San Ramon, CA 94583 
PH: 510/275-4636 
FAX: 510/275-0701 
EMAIL:  
 
Jeff Mahan 
Geraghty & Miller, Inc. 
1131 Benfield Blvd. 
Suite A 
Millersville, MD 21108 
PH: 410/987-0032 
FAX: 410/987-4392 
EMAIL:  
 
Lee Maher 
Spar Aerospace Ltd. 
9445 Airport Rd. 
Brampton, Ontario,    L6S 4J3 
Canada 
PH: 905/790-4524 
FAX: 905/790-4452 
EMAIL:  
 
James R. Mahoney 
IT Corp. 
23456 Hawthorne Blvd. 
Torrance, CA 90505-4738 
PH: 310/378-9933 
FAX:  
EMAIL:  
 
Benjamin G. Maiden 
Battelle - Columbus 
505 King Ave. 
Columbus, OH 43201 
PH: 614/424-4822 
FAX: 614/424-4725 



EMAIL:  
 
Daniel J. Malone 
Consumers Power Co. 
27780 Blue Star Memorial Hwy. 
Covert, MI 49043 
PH:  
FAX: 616/768-3258 
EMAIL:  
 
Al Mandelblatt 
Isotope Products Labs. 
1800 N. Keystone St. 
Burbank, CA 91504 
PH: 818/843-7000 
FAX: 818/843-6168 
EMAIL:  
 
Frank E. Mangold 
Aguirre Engineers, Inc. 
13276 E. Fremont Pl. 
Englewood, CO 80112 
PH: 303/799-8378 
FAX: 303/799-8392 
EMAIL:  
 
Vik Mani 
Kaiser-Hill Co. 
P.O. Box 464 
Golden, CO 80402 
PH: 303/966-5114 
FAX: 303/966-7183 
EMAIL:  
 
Ann Manion 
Nuclear Energy Serv. 
44 Shelter Rock Rd. 
Danbury, CT 06810-7089 
PH: 203/796-5273 
FAX: 203/743-2459 
EMAIL:  
 
William J. Manion 
Nuclear Energy Serv. 
44 Shelter Rock Rd. 
Danbury, CT 06810-7089 
PH: 203/796-5273 
FAX: 203/743-2459 
EMAIL:  
 
Marvin Mann 
Retired US NRC Administrative Judge 
Green Valley, AZ 
PH:  



FAX:  
EMAIL:  
 
Michael J. Mann 
Alternative Remedial Technologies, Inc. 
14497 North Dale Mabry Hwy. 
Suite 140 
Tampa, FL 33618 
PH: 813/264-3571 
FAX: 813/962-0867 
EMAIL: mimann@aol.com 
 
Steve Manuel 
Tri-State Services & Supply 
P.O. Box 25486 
Tempe, AZ 85285-5486 
PH: 602/837-9092 
FAX: 602/837-9072 
EMAIL:  
 
Steve Marchetti 
Parsons Infrastructure & Technology 
4701 Hedgemore Dr. 
Charlotte, NC 28209 
PH: 704/558-4030 
FAX: 704/558-4270 
EMAIL:  
 
Michael L. Marlo 
Reilly Industries, Inc. 
1500 S. Tibbs Ave. 
P.O. Box 42912 
Indianapolis, IN 46242-0912 
PH: 317/248-6537 
FAX: 317/248-6402 
EMAIL:  
 
Tony Marlow 
Pajarito Scientific Corp. 
278 DP Rd. 
Los Alamos, NM 87544 
PH: 505/662-4192 
FAX: 505/662-2286 
EMAIL:  
 
Andy Martin 
Norvell Protective Clothing Mfg. 
Hwy 53 
Alexandria, TN 37012 
PH: 615/529-2855 
FAX:  
EMAIL:  
 
David Martinez 



EG&G ORTEC 
100 Midland Rd. 
Oak Ridge, TN 37830 
PH: 615/482-4411 
FAX: 615/483-0396 
EMAIL:  
 
Oiwa Masanori 
Consultant 
23, Uji-Kozakura 
Uji, Kyoto 611,         - 
Japan 
PH: 817/742-52260 
FAX: 817/742-52755 
EMAIL:  
 
John Mathieson 
UK Nirex Ltd. 
Curie Ave. 
Harwell, Didcot 
Oxon OX11 ORH, 
United Kingdom 
PH: 442/358-25606 
FAX: 442/358-25459 
EMAIL:  
 
Joseph M. Mattice 
Omaha Public Power Distr. 
Ft. Calhoun Nuclear Sta. 
444 S. 16th St. Mall, MS FC-1-6 
Omaha, NE 68102-2247 
PH: 402/533-7195 
FAX: 402/533-7147 
EMAIL:  
 
Walter W. Matyskiela 
Gamma Engineeering 
11132 Flora Lee Dr. 
Fairfax Station, VA 22039 
PH: 703/250-0779 
FAX:  
EMAIL:  
 
Don Mausshardt 
DBM Consultants Inc. 
7705 Falstaff Rd. 
McLean, VA 22102-2722 
PH: 703/893-2921 
FAX: 703/893-9132 
EMAIL:  
 
Michael P. Mauzy 
Roy F. Weston, Inc. 
6501 Americas Pkwy., NE 



Albuquerque, NM 87110 
PH: 505/884-5050 
FAX: 505/837-6870 
EMAIL: mauzy@abqpost.rfweston.com 
 
Chris W. Maxwell 
Ludlum Measurements, Inc. 
P.O. Box 810 
501 Oak Street 
Sweetwater, TX 79556 
PH: 915/235-5494 
FAX: 915/235-4672 
EMAIL:  
 
John A. Mayer Jr. 
Worcester Polytechnic Inst. 
100 Institute Rd. 
Holdren, MA 01520 
PH: 508/831-5460 
FAX: 508/831-5680 
EMAIL: JAMAYER@WPI.WPI.EDU 
 
Ann McCall 
UK Nirex Ltd. 
Curie Ave, Harwell, Didcot 
Oxfordshire, 
England 
PH: 012/358-25302 
FAX:  
EMAIL:  
 
Kevin B. McCann 
SearchMasters 
500 Foothills Dr. 
Suite 2 
Sedona, AZ 86336 
PH: 602/944-1279 
FAX: 602/483-3765 
EMAIL:  
 
Daniel P. McCarthy 
Sandia National Labs. 
4713 Huntington, NE 
Albuquerque, NM 87111 
PH: 505/296-4490 
FAX: 505/844-1388 
EMAIL:  
 
James K. McCarthy 
American Operations Corp. 
1420 Spring Hill Rd. 
Suite 300 
McLean, VA 22102 
PH: 703/734-7766 



FAX: 703/734-1976 
EMAIL:  
 
John T. McCarthy 
Vermont Yankee Nuclear Power Corp. 
P.O. Box 157 
Vernon, VT 05354-0157 
PH: 802/258-5476 
FAX: 802/258-5489 
EMAIL:  
 
William J. McCarthy 
RMI Titanium Co. 
P.O. Box 269 
Niles, OH 44446-0269 
PH: 216/544-7608 
FAX: 216/544-7701 
EMAIL:  
 
Mildred McClain 
Westinghouse Savannah River Co. 
Citizens Advisory Bd. 
P.O. Box 1841 
Savannah, GA 31401 
PH: 912/233-0907 
FAX: 912/233-5105 
EMAIL:  
 
Cecelia McCloy 
Science Applications Intl. Corp. 
55 Ambleside Ct. 
Danville, CA 94526 
PH: 415/604-6324 
FAX: 415/604-2034 
EMAIL: CEILMCCLOY@QMGATE.ARC.NASA.GOV 
 
Lloyd W. McClure 
Lockheed Martin Idaho Technologies Co. 
P.O. Box 1625 
Idaho Falls, ID 83415-3710 
PH: 208/526-1170 
FAX: 208/526-5142 
EMAIL: lwm@inel.gov 
 
James G. McCray 
Univ. of Arizona 
Dept. of Nuclear & Energy Engr. 
Tucson, AZ 85721 
PH: 520/621-4985 
FAX: 520/621-8096 
EMAIL:  
 
Bruce McDonald 
IceSolv, Inc. 



22 Northeast Dr. 
Hershey, PA 17033 
PH: 717/533-5730 
FAX:  
EMAIL:  
 
Richard J. McDonald 
Univ. of California - Berkeley 
Lawrence Berkeley Natl. Lab. 
MS-72-150 
Berkeley, CA 94720 
PH: 510/486-6204 
FAX: 510/486-5888 
EMAIL: rjmcdonald@lbl.gov 
 
William R. McDonell 
Consultant 
1318 Evans Rd. 
Aiken, SC 29803 
PH: 803/648-5934 
FAX:  
EMAIL:  
 
Barry R. McElmurry 
Fluor Daniel, Inc. 
3333 Michelson Dr. 
Irvine, CA 92730-0001 
PH: 714/975-5950 
FAX: 714/975-5816 
EMAIL:  
 
Bob McElroy 
Canberra Industries 
800 Research Pkwy. 
Meriden, CT 06450 
PH:  
FAX:  
EMAIL:  
 
Jack L. McElroy 
Geosafe Corp. 
2590 George Washington Way 
Richland, WA 99352 
PH: 509/375-0710 
FAX: 509/375-7721 
EMAIL:  
 
John N. McFee 
IT Corp. 
Rocky Flats 
P.O. Box 464, MS 130 
Golden, CO 80402 
PH: 303/966-5909 
FAX: 303/966-4235 



EMAIL:  
 
Ham McGarity 
Frham Safety Products, Inc. 
P.O. Box 3491 
171 Grayson Rd. 
Rock Hill, SC 29732 
PH: 803/366-5131 
FAX: 803/366-2005 
EMAIL:  
 
W. Curt McGee 
Bechtel Nevada Corp. 
P.O. Box 98521 
MS NLV002 
Las Vegas, NV 89193-4134 
PH: 702/295-0143 
FAX: 702/295-0562 
EMAIL:  
 
Matthew C. McGehee 
Kindrick Trucking Co., Inc. 
2818 Roane State Hwy. 
Harriman, TN 37748 
PH: 423/882-8457 
FAX: 423/882-9715 
EMAIL:  
 
Christine P. McGivney 
Bartlett Nuclear, Inc. 
60 Industrial Park Rd. 
Plymouth, MA 02360 
PH: 508/746-6464 
FAX: 508/830-3616 
EMAIL:  
 
Peter E. McGrath 
Science Applications Intl. Corp. 
11251 Roger Bacon Dr. 
Reston, VA 22090 
PH: 703/318-4782 
FAX: 703/709-1045 
EMAIL:  
 
Henry E. McGuire 
Informatics Corp. 
1933 Jadwin Ave. 
Suite 210 
Richland, WA 99352 
PH: 509/946-9900 
FAX: 509/946-9800 
EMAIL:  
 
James A. McHugh 



Hilbert Associates, Inc. 
640 Maple Ave. 
Sarqatoga Springs, NY 12866 
PH: 518/584-0166 
FAX: 518/584-8529 
EMAIL: 73164.1725@COMPUSERVE.COM 
 
Dave McInroy 
Los Alamos National Lab. 
P.O. Box 1663 
MS M992 
Los Alamos, NM 87544 
PH: 505/667-0819 
FAX: 505/665-4747 
EMAIL: davidm@erproject.lanl.gov 
 
Lee A. McIntire 
Bechtel National, Inc. 
P.O. Box 193965 
San Francisco, CA 94119-3965 
PH: 415/768-6110 
FAX: 415/768-6786 
EMAIL:  
 
Theodore W. McIntosh 
US DOE 
19901 Germantown Rd. 
EM-32 
Germantown, MD 20874 
PH: 301/903-7189 
FAX: 301/903-8506 
EMAIL: theodore.mcintosh@em.doe.gov 
 
Timothy J. McKeown 
Rocky Mountain Remediation Serv. 
18300 W. Highway 72 
Arvada, CO 80007 
PH: 303/420-5120 
FAX: 303/420-3926 
EMAIL:  
 
Thomas J. McLaughlin 
Consultant 
660 Cherrywood Loop 
Richland, WA 99352 
PH: 509/375-1398 
FAX:  
EMAIL:  
 
Denice McMahon 
NSC Corp. 
9528 Dogwood Estates Dr. 
Memphis, TN 38139 
PH: 901/753-0094 



FAX: 901/753-0094 
EMAIL:  
 
Kathleen M. McMullin 
Equinox Environmental, Inc. 
10 Hallak Dr. 
Ballston Spa, NY 12020 
PH: 518/885-3430 
FAX: 518/885-3430 
EMAIL:  
 
David H. McNair 
General Engineering Labs., Inc. 
P.O. Box 30712 
Charleston, SC 29417 
PH: 803/556-8171 
FAX: 803/768-1178 
EMAIL:  
 
Gary W. McNair 
Battelle - Pacific NW Labs. 
P.O. Box 999 
MSIN P7-75 
Richland, WA 99352 
PH: 509/376-5192 
FAX: 509/376-8821 
EMAIL:  
 
James F. McNulty 
Parsons Infrastructure & Technology 
100 W. Walnut St. 
Pasadena, CA 91124 
PH: 818/440-3684 
FAX: 818/440-6195 
EMAIL:  
 
Donald W. McQuigg 
Reilly Industries, Inc. 
1500 S. Tibbs Ave. 
Indianapolis, IN 46241 
PH: 317/247-8141 
FAX: 317/248-6528 
EMAIL:  
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P.O. Box 1004 
230 S. Tryon St. 
Charlotte, NC 28201 
PH: 704/382-3408 
FAX: 704/382-8766 
EMAIL: JSMEDFOR@dpcmail.dulcepower.com 
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Buchanan Bldg., Lab. 308 
Moscow, ID 83844 
PH: 208/885-6580 
FAX: 208/885-6274 
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Sheldon Meyers 
Jacobs Engineering Group, Inc. 
1300 N 17th St. 
Suite 602 
Arlington, VA 22209 
PH: 703/358-8818 
FAX: 370/335-8822 
EMAIL:  
 
Lance J. Mezga 
Lockheed Martin Energy Systems, Inc. 
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Pasadena, CA 91101 
PH: 818/578-6808 



FAX: 818/578-6966 
EMAIL:  
 
Sue J. Mitchell 
NUMATEC, Inc. 
1777 Terminal Dr. 
Richland, WA 99352 
PH: 509/943-2155 
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EMAIL:  
 
Chris Nagel 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/487-7602 
FAX: 617/487-7870 
EMAIL: CNagel@mmt.com 
 
John C. Nagle 
(n,p) Energy, Inc. 
850 Mill Rd. 
Bryn Mawr, PA 19010 
PH: 610/527-0626 
FAX: 610/527-0626 
EMAIL: frsd48a@prodigy.com 
 
Takao Nakajima 
JGC Corp. 
2-1 Ohtemachi, 2-chome 
New Ohtemachi Bldg., Chiyoda-ku 
Tokyo 100,         - 
Japan 
PH: 813/327-38004 
FAX: 813/327-38050 
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Suite 350 
Golden, CO 80401 
PH: 303/274-3224 
FAX: 303/274-3201 
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EMAIL: novikov@liasa.ac.at 
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PH: 610/701-6107 
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EMAIL:  
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Albuquerque, NM 87131 
PH: 505/277-6112 
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EMAIL: nuttall@unm.edu 
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EMAIL: nylander@lanl.gov 
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PH: 301/415-6265 
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1420 King St. 
Suite 600 
Alexandria, VA 22314 
PH: 703/549-8728 
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EMAIL:  
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PH: 215/343-6095 
FAX: 215/343-6095 
EMAIL:  
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PH: 412/963-5120 
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Yokohama 235, 
Japan 
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PH:  
FAX: 203/235-1347 
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PH: 702/794-7297 
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PH: 505/667-8238 
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PH: 202/586-4596 
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EMAIL:  
 
Aaron Padgett 
State of NC 
Div. of Radiation Protection 
3825 Barrett Dr. 
Raleigh, NC 27609 
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EMAIL:  



 
Richard L. Palatine 
MGP Instruments 
5000 Highlands Pkwy. 
Suite 150 
Smyrna, GA 30082 
PH: 770/432-2744 
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EMAIL:  
 
Dennis R. Patton 
Lockheed Environ. Systems & Tech. Co. 
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Ontario K0J 1J0, 
Canada 
PH: 613/584-3311 
FAX: 613/584-1850 
EMAIL: philipk@crl.aecl.ca 
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FAX: 803/731-8435 
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Lawrence D. Ramspott 
TRW Environmental Safety Systems Inc. 
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EMAIL:  
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Suite C 
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Entergy Spatial Analysis Res. Lab. 
1430 Tulane Ave., (SL-1) 
New Orleans, LA 70112 
PH: 504/586-3824 
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EMAIL:  
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PH: 202/586-5027 
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PH: 303/899-5647 
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2220 Langhorne Rd. 
P.O. Box 10548 
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PH: 804/948-4615 
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PH: 702/295-1688 
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429 Holland Ave. 
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Ontario KIY 023, 
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PH: 613/231-2502 
FAX: 613/237-7666 
EMAIL:  
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Sanford Cohen & Assoc., Inc. 
1000 Monticello Ct. 
Montgomery, AL 36117 
PH: 334/272-2234 
FAX: 334/213-0407 
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4900 South Kilborn Ave. 
Chicago, IL 60632-4593 
PH: 312/735-0700 
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PH: 509/375-4788 
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Tucson, AZ 85745 
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PH: 207/439-0211 
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EMAIL:  
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707 Seventeeth St. 
Suite 2400 
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PH: 303/292-5365 
FAX: 303/292-5411 
EMAIL: sries@coprhql.harding.com 
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PH: 860/738-2440 
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FAX: 708/352-0499 
EMAIL:  
 
Kraig H. Scheyer 
TRW Environmental Systems 
One Space Park 
M/S: E2/4080 
Redondo Beach, CA 90278 
PH: 310/813-2718 
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EMAIL:  
 
Duane Schmoker 
Scientific Ecology Group, Inc. 
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EMAIL:  
 
Stephen M. Schutt 
NFS, Inc. 
3342 International Park Dr., SE 
Atlanta, GA 30316 
PH: 770/447-6956 
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Suite 410 
Rockville, MD 20850 
PH: 301/417-0047 
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P.U.B. 653 
Beer-Sheva 84105, 
Israel 
PH: 972/746-1296 
FAX: 972/747-2955 
EMAIL: gshani@bgumail.bgu-c.il 
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FAX:  
EMAIL:  
 
Alfred E. Sheil 
BNFL plc. 
B548, Sellafield 
Seascale 
Cumbria CA20 1P6, 



United Kingdom 
PH: 441/946-7748 
FAX: 441/946-771143 
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EMAIL:  
 
Bernadine K. Siemens 
SW Labs. of Oklahoma 
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Narendra P. Singh 
Raytheon Engineers & Constructors 
Two World Trade Center - 89FL 
New York, NY 10048 
PH: 212/839-4600 
FAX: 212/839-2694 
EMAIL:  
 
Ranjit D. Singh 
Atomic Energy of Canada Ltd. 
Chalk River Labs. 
Chalk River 
Ontario  K0J 1J0,         - 
Canada 
PH: 613/584-3311 
FAX: 613/584-1825 
EMAIL:  
 
James M. Singleton 
H & R Technical Associates, Inc. 



151 Lafayette Dr. 
Suite 220 
Oak Ridge, TN 37831-4159 
PH: 423/483-0248 
FAX: 423/483-8040 
EMAIL: MSingleton@ccmgate.HandRTech.com 
 
Joseph D. Skarupa 
GE Reuter-Stokes 
8499 Darrow Rd. 
Twinsburg, OH 44087 
PH: 216/963-2352 
FAX: 216/425-4045 
EMAIL:  
 
Basil A. Skelton 
STEP, Inc. 
1009 Commerce Park Dr. 
Suite 400 
Oak Ridge, TN 37830 
PH: 423/481-7837 
FAX: 423/481-0290 
EMAIL:  
 
Dennis Skrincosky 
ADTECHS Corp./JGC Corp. 
2411 Dulles Corner Pk. 
Suite 520 
Herndon, VA 22071 
PH: 703/713-9000 
FAX: 703/713-9101 
EMAIL:  
 
Roger A. Slavin 
Morrison Knudsen Corp. 
7100 E. Bellview Ave. 
Suite 300 
Englewood, CO 80111 
PH: 303/793-5084 
FAX: 303/290-0238 
EMAIL: roger-slavin@mk.com 
 
John P. Smalling 
Canberra Industries 
3324 Pine Timber Dr. 
Johnson City, TN 37604 
PH: 423/282-4621 
FAX: 423/282-3818 
EMAIL:  
 
Ernest T. Smerdon 
Univ. of Arizona 
College of Engineering & Mines 
Tucson, AZ 85721 



PH:  
FAX:  
EMAIL:  
 
Alvin Smith 
American Ecology/U.S. Ecology 
State Route 18, #1292 
Hookstown, PA 15050 
PH: 412/495-2602 
FAX: 412/495-3150 
EMAIL:  
 
Andy Smith 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH:  
FAX:  
EMAIL:  
 
Anette Smith 
Quanterra Environmental Serv. 
One DTC, 5251 DTC Pkwy. 
Suite 415 
Denver, CO 80111 
PH: 303/796-2222 
FAX:  
EMAIL:  
 
Brigette Smith 
Molten Metal Technology, Inc. 
51 Sawyer Rd. 
Waltham, MA 02154 
PH: 617/768-4537 
FAX: 617/487-7870 
EMAIL: BSMITH@mmt.com 
 
E. Lee Smith 
ELS Inc. 
550 Mealing Rd. 
N. Augusta, GA 29841 
PH: 803/278-3763 
FAX:  
EMAIL:  
 
Gary W. Smith 
B&W Nuclear Environmental Serv., Inc. 
P. O. Box 10548 
2220 Langhorne Rd. 
Lynchburg, VA 24506-0548 
PH: 804/948-4605 
FAX: 804/948-4846 
EMAIL:  
 



Kris A. Smith 
Thermo Hanford Inc. 
450 Hills St. 
MSIN XO-23 
Richland, WA 99352 
PH: 509/373-9702 
FAX: 509/372-9448 
EMAIL:  
 
Robert G. Smith 
Parsons Infrastructure & Technology 
100 W. Walnut St. 
Pasadena, CA 91124 
PH: 818/440-3370 
FAX: 818/440-6195 
EMAIL:  
 
Thomas H. Smith 
Lockheed Martin Idaho Technologies Co. 
P.O. Box 1625 
Idaho Falls, ID 83415 
PH: 208/526-0009 
FAX: 208/526-3612 
EMAIL:  
 
Jeffrey D. Smyth 
Project Performance Corp. 
5219 W. Clearwater 
Suite 8 
Kennewick, WA 99336 
PH: 509/735-0046 
FAX: 509/735-0625 
EMAIL:  
 
A. Lowell Snow 
Consultant 
8457 Lake Mist Way 
Fairfax Station, VA 22039 
PH: 703/690-3545 
FAX:  
EMAIL:  
 
Skip Snyder 
Euclid Garment Mfg. Co. 
333 Martinel 
P. O. Box 550 
Kent, OH 44240 
PH:  
FAX:  
EMAIL:  
 
Andrew I. Sobolev 
SIA RADON 
7 Rostovskii per. 2/14 



Moscow 119121,         - 
Russia 
PH: 095/248-1911 
FAX: 095/248-1941 
EMAIL:  
 
Alvin A. Solomon 
Purdue Univ. 
School of Nuclear Engrg. 
W. Lafayette, IN 47907 
PH: 317/494-5753 
FAX: 317/494-9570 
EMAIL: solomon@ecn.purdue.edu 
 
Gary J. Solovey 
Precision Components Corp. 
P.O. Box 15101 
500 Lincoln St. 
York, PA 17405 
PH: 717/848-1126 
FAX: 717/846-6282 
EMAIL:  
 
Alan J. Solow 
Roy F. Weston, Inc. 
6501 Americas Pkwy., NE 
Suite 800 
Albuquerque, NM 87110 
PH: 505/884-5050 
FAX: 505/884-5388 
EMAIL:  
 
Charles Sondhaus 
Univ. of Arizona 
Radiation Control Off. 
1640 N. Vine 
Tucson, AZ 85724 
PH: 520/626-6850 
FAX: 520/626-2583 
EMAIL:  
 
John Sonewald 
Oxford Instruments, Inc. 
601 Oak Ridge Turnpike 
P.O. Box 2560 
Oak Ridge, TN 37831-2560 
PH: 423/483-8405 
FAX: 423/483-5891 
EMAIL:  
 
Ted L. Sonntag 
NY State Energy Res. & Dev. Auth. 
10282 Rock Springs Rd. 
Box 191 



West Valley, NY 14171 
PH: 716/942-4319 
FAX: 716/942-2148 
EMAIL: tls@nyserda.org 
 
Carlton Soong 
Consultant 
8401 Honeywood Cr. 
Las Vegas, NV 89128 
PH: 702/254-4584 
FAX:  
EMAIL:  
 
Anita A. Sorlie 
Norwegian Radiation Protection Auth. 
P.O. Box 55 
Osteras,    1345 
Norway 
PH: 476/716-2528 
FAX: 476/714-7407 
EMAIL: Anita.Sorlie@nrpa.no 
 
Michael E. Spaeth 
Science Applications Intl. Corp. 
13226 Silver Saddle Ln. 
Poway, CA 92064 
PH: 619/592-9163 
FAX: 619/592-9163 
EMAIL:  
 
Chris Spraetz 
Performance Contracting Inc. 
Hwy 53 
Alexandria, TN 37012 
PH:  
FAX: 913/492-8723 
EMAIL:  
 
David J. Squires 
Battelle - Pacific NW Labs. 
2365 Michael Ave. 
Richland, WA 99352 
PH: 509/372-2944 
FAX: 509/376-2002 
EMAIL: SquiresDJ@AOL.Com 
 
Robert K. Stampley 
Raytheon Federal Engrs. & Constr. 
145 Technology Pk. 
Norcross, GA 30092 
PH: 770/662- 
FAX: 770/662-2091 
EMAIL:  
 



Phil Stark 
Aptec Nuclear Inc. 
908 Niagara Falls Blvd. St 524 
N. Tonawanda, NY 14120-2060 
PH: 716/754-7401 
FAX: 716/754-2389 
EMAIL:  
 
Greg Starkebaum 
A.T. Kearney, Inc. 
1200 17th 
Suite 950 
Denver, CO 80202 
PH: 303/572-6175 
FAX: 303/572-6181 
EMAIL:  
 
Robert J. Starmer 
ERM 
7926 Jones Branch Dr. 
Suite 210 
McLean, VA 22102 
PH: 703/734-9327 
FAX: 703/734-9394 
EMAIL:  
 
Angie State 
NES, Inc. 
44 Shelter Rock Rd. 
Danbury, CT 06810 
PH: 203/796-5273 
FAX: 203/743-2459 
EMAIL:  
 
Scott State 
NES, Inc. 
44 Shelter Rock Rd. 
Danbury, CT 06810 
PH: 203/746-5273 
FAX: 203/743-2459 
EMAIL:  
 
Sergey V. Stefanovsky 
SIA RADON 
7 Rostovskii per 2/14 
Moscow 119121,         - 
Russia 
PH: 095/248-1911 
FAX: 095/248-1941 
EMAIL:  
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Golder Federal Services, Inc. 
4 Research Pl. 



Rockville, MD 20850 
PH: 301/417-6705 
FAX: 301/417-0369 
EMAIL:  
 
Donald K. Steinman 
Lockheed Martin Specialty Components 
P.O. Box 2908 
Largo, FL 34649 
PH: 813/541-8385 
FAX: 813/541-8822 
EMAIL:  
 
Beverly K. Stephens 
US DOE 
1000 Independence Ave, SW 
Rm. 3G-092 
Washington, DC 20585 
PH: 202/586-5942 
FAX: 202/586-0955 
EMAIL: Beverly.Stephens@HQ.DOE.GOV 
 
Dale J. Stephenson 
Los Alamos National Lab. 
P.O. Box 4878 
Los Alamos, NM 87545 
PH: 505/665-4784 
FAX:  
EMAIL:  
 
Dwane Stevens 
Ludlum Measurements, Inc. 
P.O. Box 810 
Sweetwater, TX 79556 
PH: 915/235-5494 
FAX: 915/235-4672 
EMAIL:  
 
Roger A. Stigers 
PA Power & Light Co. 
2 N. Ninth St. 
Allentown, PA 18101 
PH: 610/774-7923 
FAX: 610/774-7205 
EMAIL:  
 
Jimmy Stiltner 
Frham Safety Products, Inc. 
P.O. Box 3491 
171 Grayson Rd. 
Rock Hill, SC 29732 
PH: 803/366-5131 
FAX: 803/366-2005 
EMAIL:  



 
Joel D. Stitzel 
Newport News Shipbuilding 
4101 Washington Ave. 
Newport News, VA 23607-2770 
PH: 804/380-3800 
FAX: 804/380-7000 
EMAIL:  
 
Sig L. Stockinger 
ATI Consultant 
1481 Touraine Pl. 
Knoxville, TN 37919 
PH: 423/588-2887 
FAX: 423/588-0471 
EMAIL:  
 
John M. Storton 
Babcock & Wilcox 
Naval Nuclear Fuel Div. 
P.O. Box 785 
Lynchburg, VA 24505 
PH: 804/522-6677 
FAX: 804/522-5922 
EMAIL:  
 
Jon Stouky 
Mega-Tech Serv., Inc. 
2804 Woodley Ct. 
Jamestown, NC 27282 
PH: 910/316-0707 
FAX: 910/316-0550 
EMAIL:  
 
Greta Stoutt 
Manufacturing Sciences Corp. 
804 Kerr Hollow Rd. 
Oak Ridge, TN 37830 
PH: 423/481-0455 
FAX: 423/481-3142 
EMAIL:  
 
Garry Strand 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH:  
FAX:  
EMAIL:  
 
Rodney H. Strand 
Life Cycle Environmental 
1 Poston Rd., Suite 300 
P.O. Box 300001 



Charleston, SC 29417-3000 
PH: 803/556-7110 
FAX: 803/556-2621 
EMAIL:  
 
Edward D. Strassman 
Pacific Gas & Electric Co. 
245 Market St., Rm. 871B 
M-N9B 
San Francisco, CA 94105 
PH: 415/973-0202 
FAX: 415/973-0798 
EMAIL: EDSI@PGE.COM 
 
Jim F. Stratton 
IL Dept. of Nuclear Safety 
RR4 Box 65 
Charleston, IL 61920-9115 
PH: 217/581-6376 
FAX: 217/581-6376 
EMAIL: cfjfs@eiu.edu 
 
Roger E. Streatfield 
Nuclear Electric plc. 
Berkeley Tech. Ctr. 
Berkeley, GL13 9PB 
Gloucestershire, 
United Kingdom 
PH: 014/538-12174 
FAX: 014/538-12050 
EMAIL:  
 
Anne Street 
DynCorp 
Energy Programs 
2000 Edmund Haley Dr. 
Reston, VA 22091 
PH: 703/264-9264 
FAX: 703/715-4450 
EMAIL:  
 
Fran Stricker 
NewAge Industries, Inc. 
2300 Maryland Rd. 
Willow Grove, PA 19090-1799 
PH: 215/657-3151 
FAX: 215/657-6594 
EMAIL:  
 
Stacey Strole 
Peak Technologies Group, Inc. 
315 Inverness Way S. 
Englewood, CO 80112 
PH: 303/754-5131 



FAX:  
EMAIL:  
 
Eric Su 
ATG, Inc. 
47375 Fremont Blvd. 
Fremont, CA 94538 
PH:  
FAX: 510/651-3731 
EMAIL:  
 
Carmela Succi 
Spar Aerospace Ltd. 
9445 Airport Rd. 
Brampton 
Ontario L6S 4J3,         - 
Canada 
PH: 905/790-4507 
FAX: 905/790-4506 
EMAIL:  
 
Rhonda G. Sullivan 
Rod Rodriguez, Inc. 
255 S. Tulane Ave. 
Oak Ridge, TN 37931 
PH: 423/482-9024 
FAX: 423/483-9206 
EMAIL:  
 
Amy Sumariwalla 
Maxim Technologies, Inc. 
1908 Innerbelt Business Ctr. Dr. 
St. Louis, MO 63114 
PH: 314/426-0880 
FAX: 314/426-4212 
EMAIL:  
 
Machelle M. Sumner 
Battelle - Pantex 
P.O. Box 30020 
Bldg. T9061 
Amarillo, TX 79177 
PH: 806/477-5255 
FAX: 806/477-5954 
EMAIL:  
 
Nancy Suski 
Lawrence Livermore National Lab. 
P.O. Box 808, L-638 
Livermore, CA 94551 
PH: 510/423-6046 
FAX: 510/423-2157 
EMAIL:  
 



Arthur A. Sutherland 
Rogers & Associates Engrg. Corp. 
515 E. 4500 S 
Salt Lake City, UT 84107 
PH: 801/263-1600 
FAX: 801/262-1527 
EMAIL: raecorp@xmission.com 
 
N.J.M. Swartjes 
Fontijne Holland BV 
Industrieweg 21 
P.O. Box 149, 3130 AC 
Vlaardingen,         - 
Netherlands 
PH: 311/043-48233 
FAX:  
EMAIL:  
 
Tim J. Sweeney 
US DOE 
P.O. Box 3090 
Carlsbad, NM 88221 
PH: 505/234-7350 
FAX: 505/887-1855 
EMAIL: sweenet@wipp.carlsbad.nm.us 
 
Geoffrey Swett 
Thermo Retec 
7011 N. Chaparral Ave. 
Tucson, AZ 85718-1209 
PH: 520/577-8323 
FAX:  
EMAIL:  
 
Erl Swierkowski 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH: 423/220-1294 
FAX:  
EMAIL:  
 
John Syme 
Packaging Specialties, Inc. 
300 Lake Road 
Medina, OH 44256 
PH: 216/723-6000 
FAX: 216/725-8180 
EMAIL:  
 
Robert P. Syme 
Packaging Specialties, Inc. 
300 Lake Rd. 
Medina, OH 44256-2459 



PH:  
FAX:  
EMAIL:  
 
Vance A. Syphers 
CORPEX Technologies Inc. 
P.O.  Box 13486 
RTP, NC 27709 
PH: 919/941-0847 
FAX:  
EMAIL:  
 
Whalun Szeto 
Retech, Inc. 
695 Delong Ave. 
Suite 240 
Novato, CA 94945 
PH: 415/892-0766 
FAX: 415/892-0767 
EMAIL:  
 
Nick Szluk 
Quantrad Sensor 
2360 Owen St. 
Santa Clara, CA 95054 
PH: 408/727-7827 
FAX:  
EMAIL:  
 
Michael Szukala 
Hansa Projekt Anlagentechnik GmbH 
Tarpenring 4 
Hamburg 22419, 
Germany 
PH: 494/052-70262 
FAX: 494/052-75664 
EMAIL:  
 
Carol D. Talbert 
Roy F. Weston, Inc. 
208 Welsh Pool Rd. 
Lionville, PA 19341 
PH: 610/701-6109 
FAX: 610/701-6141 
EMAIL:  
 
Yoshiaki Tanaka 
Kobe Steel, Ltd. 
1-6-14 Edobori Nishi-Ku 
Osakai-Shi 
Osaka 550, 
Japan 
PH: 810/644-47716 
FAX: 810/644-47781 



EMAIL:  
 
Jon M. Tanke 
Parsons Infrastructure & Technology 
1800 E. 21st St. 
Ashtabula, OH 44004 
PH: 216/993-2045 
FAX: 216/993-2046 
EMAIL:  
 
Mervyn L. Tano 
Council of Energy Resource Tribes 
1999 Broadway 
Suite 2600 
Denver, CO 80202 
PH: 303/297-2378 
FAX: 303/296-5690 
EMAIL:  
 
Edmund C. Tarnuzzer 
Consultant 
180 Hudson Rd. 
Stow, MA 01775 
PH: 508/897-8512 
FAX:  
EMAIL:  
 
Shingo Tashiro 
Radioactive Waste Management Ctr. 
No. 15 Mori Bldg. 
2-8-10 Toranomon, Minato-ku 
Tokyo 105, 
Japan 
PH: 813/350-41081 
FAX: 813/350-41297 
EMAIL:  
 
Christopher N. Taylor 
Atomic Energy Control Bd. 
P.O. Box 1046, Sta.B 
280 Slater St., Ottawa 
Ontario, KIP5S9, 
Canada 
PH: 613/947-3209 
FAX: 613/995-5086 
EMAIL:  
 
Edward R. Taylor 
Raytheon Engineers & Constructors 
1020 W. 31st St. 
Downers Grove, IL 60515 
PH: 708/829-2722 
FAX: 708/829-2321 
EMAIL:  



 
James Taylor 
ALARON Corp. 
440 Knox Abbott Dr. 
Suite 500 
Cayce, SC 29033 
PH: 803/791-9900 
FAX: 803/791-9911 
EMAIL:  
 
Rachel Taylor 
Univ. of New Mexico 
6501 Americas Pkwy. 
Albuquerque, NM 87110 
PH: 505/888-1996 
FAX:  
EMAIL:  
 
Lynn Tegeler 
Fluor Daniel, Inc. 
3333 Michelson Dr. 
Irvine, CA 92730 
PH: 714/975-3049 
FAX: 714/975-4793 
EMAIL:  
 
John Telford 
EG&G ORTEC 
100 Midland Rd. 
Oak Ridge, TN 37830 
PH: 800/231-5065 
FAX: 206/882-1808 
EMAIL:  
 
Charles Terhune 
Parsons Infrastructure & Technology 
100 W. Walnut St. 
Pasadena, CA 91124 
PH: 818/440-2221 
FAX: 818/440-2703 
EMAIL:  
 
Rolf Theenhaus 
Forschungszentrum Juelich GmbH (KFA) 
P.O. Box 1915 
Juelich 52425,         - 
Germany 
PH: 492/451-614671 
FAX: 492/461-612920 
EMAIL:  
 
Bill Thieben 
Rados Technology, Inc. 
6460 E. Dobbin Rd. 



Columbia, MD 21045 
PH: 410/740-1440 
FAX:  
EMAIL:  
 
Bill Thomas 
OHM Remediation Services Corp. 
P.O. Box 551 
Findlay, OH 45840 
PH: 419/424-4960 
FAX: 419/425-6042 
EMAIL:  
 
Larry S. Thomas 
VECTRA Waste Services 
One Harbison Way 
Suite 209 
Columbia, SC 29212-3408 
PH: 803/781-0426 
FAX: 803/781-9316 
EMAIL:  
 
Mark H. Thomas 
Brooks Support Systems, Inc. 
6546 Pound Rd. 
Williamson, NY 14589 
PH: 315/589-4000 
FAX: 315/589-4089 
EMAIL:  
 
Michael M. Thomas 
Tauran Engineering 
2119 Main St. 
Barnwell, SC 29812 
PH: 803/259-5766 
FAX: 803/259-2594 
EMAIL: tauran@aol.com 
 
Ross T. Thomas 
B&W Nuclear Environmental Serv., Inc. 
2220 Langhorne Rd. 
P.O. Box 10548 
Lynchburg, VA 24506-0548 
PH: 804/948-4850 
FAX: 804/948-4635 
EMAIL:  
 
Jon H. Thompson 
US DOE 
10548 Apple Ridge Rd. 
Gaitherburg, MD 20879 
PH: 301/903-7433 
FAX: 301/903-1431 
EMAIL:  



 
Leo E. Thompson 
Geosafe Corp. 
2950 George Washington Way 
Richland, WA 99352 
PH: 509/375-0710 
FAX: 509/375-7721 
EMAIL:  
 
Pablo Thorner 
ANDRA 
17 rue Jean Monnet 
Chatenay-Malabry,    92298 
France 
PH: 331/461-18271 
FAX: 331/461-18013 
EMAIL: pablo.thomas@andra.fr 
 
John W. Thorsen 
Roy F. Weston, Inc. 
1 Weston Wy. 
West Chester, PA 19380 
PH: 610/701-3665 
FAX: 610/701-5060 
EMAIL: Thorsenj@DATDpost.RFWeston.com 
 
Philip Thullen 
Los Alamos National Lab. 
MS K570 
PO BOX 1663 
Los Alamos, NM 87545 
PH: 505/665-6295 
FAX: 505/665-6318 
EMAIL: phil_thullen@lanl.gov 
 
Thomas J. Tilinski 
Nuclear Fuel Serv., Inc. 
1205 Banner Hill Rd. 
Erwin, TN 37605 
PH: 423/743-1756 
FAX:  
EMAIL:  
 
Robert E. Tiller 
ICF Kaiser Hanford Co. 
P.O. Box 888 
MSIN E6-61 
Richland, WA 99352 
PH: 509/376-1738 
FAX: 509/376-6698 
EMAIL:  
 
Richard Tinlin 
Inside Track 



P.O. Box 1327 
Camp Verde, AZ 38632-2 
PH: 520/567-5202 
FAX: 520/567-6577 
EMAIL:  
 
Joseph F. Tinney 
Science Applications Intl. Corp. 
14062 Denver West Pkwy. 
Bldg. 52, Suite 200 
Golden, CO 80401 
PH: 303/273-7559 
FAX: 303/278-8461 
EMAIL:  
 
Catherine Tissot-Colle 
Transnucleaire 
9 Rue Christophe Colomb 
Paris, 75008, 
France 
PH: 331/406-97600 
FAX: 331/672-08596 
EMAIL:  
 
Richard Toft 
Booz, Allen & Hamilton, Inc. 
8251 Greensboro Dr. 
McClean, VA 22102-3838 
PH: 703/917-2104 
FAX: 902/917-3555 
EMAIL:  
 
Harrison Tom 
McGraw-Hill Co. 
Nuclear Publications 
1200 G St., NW, Suite 1100 
Washington, DC 20005 
PH: 202/383-2165 
FAX: 202/383-2125 
EMAIL:  
 
Ludovit Tomik 
Nuclear Regulatory Auth. 
of the Slovak Rep. 
Okruzna 5 
Tmava 91864, 
PH: 428/056-05416 
FAX: 428/055-01530 
EMAIL:  
 
Kathryn M. Tominey 
Battelle - Pacific NW Labs. 
P.O. Box 999 
MSIN K7-97 



Richland, WA 99352 
PH: 509/375-6508 
FAX: 509/375-6417 
EMAIL:  
 
Edwin Tomlin 
American Ecology/U.S. Ecology 
11010 SW 69th St. 
Gainesville, FL 32608 
PH: 352/373-4337 
FAX: 352/373-8325 
EMAIL:  
 
Gary Tomosick 
Frham Safety Products, Inc. 
P.O. Box 3491 
171 Grayson Rd. 
Rock Hill, SC 29732 
PH: 803/366-5131 
FAX: 803/366-2005 
EMAIL:  
 
Carolyn Tonachio 
Scientific Ecology Group, Inc. 
1560 Bear Creek Rd. 
Oak Ridge, TN 37830 
PH: 423/376-8145 
FAX: 423/376-8469 
EMAIL:  
 
Jack Torbitt, Jr. 
Niagara Mohawk 
Nine Mile Pt., Nuclear Sta. 
P.O. Box 63 
Lycoming, NY 13093 
PH: 315/349-2543 
FAX:  
EMAIL:  
 
Borje Torstenfelt 
ABB Atom 
PA(SDA) 
Vasteras S-72163, 
Sweden 
PH: 462/134-7797 
FAX: 462/113-9138 
EMAIL:  
 
Jacques P. Toulgoat 
Commissariat a l'Energie Atomique 
Bat. Dam BP 12 
Bruyeres le Chatel,    91680 
France 
PH: 331/692-67523 



FAX: 331/692-67002 
EMAIL:  
 
Jim Travis 
Core Laboratories, Inc. 
10703 Bethany Dr. 
Aurora, CA 80014 
PH: 303/751-1785 
FAX: 303/751-1784 
EMAIL:  
 
A. LaMar Trego 
Westinghouse Hanford Co. 
P.O. Box 1970 
B3-01 
Richland, WA 99352 
PH: 509/376-7803 
FAX: 509/376-3440 
EMAIL:  
 
Francisco Trejo 
NES, Inc. 
44 Shelter Rock Rd. 
Danbury, CT 06877 
PH: 203/796-5273 
FAX: 203/743-2459 
EMAIL:  
 
Marina Trejo 
NES, Inc. 
44 Shelter Rock Rd. 
Danbury, CT 06810 
PH: 203/796-5273 
FAX: 203/743-2459 
EMAIL:  
 
Gerry Trimble 
GPU Nuclear Corp. 
1 Upper Pond Rd. 
Parsippany, NJ 07054 
PH: 201/316-7630 
FAX: 201/316-7920 
EMAIL:  
 
Divyesh P. Trivedi 
BNFL plc. 
R202, Rutherford House, Risley 
Cheshire 
Warrington WA3 6AS, 
United Kingdom 
PH: 440/192-5833405 
FAX: 440/192-5833267 
EMAIL:  
 



Kai Tscheschlok 
Hansa Projekt Anlagentechnik GmbH 
Tarpenring 4 
Hamburg 22419, 
Germany 
PH: 494/052-70262 
FAX: 494/052-75664 
EMAIL:  
 
Bill Tucker 
EG&G ORTEC 
100 Midland Road 
Oak Ridge, TN 37831-0895 
PH:  
FAX:  
EMAIL:  
Howard J. Tucker 
Spar Environmental Systems 
9445 Airport Rd. 
Brampton L6S 4J3, 
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IDM Environmental Corp. 
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Box 400 
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Matti O. Valkiainen 
VTT Chemical Technology 
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3520 Piedmont Road NE 
Suite 300 
Atlanta, GA 30305-1595 
PH:  
FAX:  
EMAIL:  
 
Bertrand Vieillard-Baron 
FRAMATOME 
1 Place de la Cowpole 
La Defense 
Paris 92484,         - 
France 
PH: 334/796-0941 
FAX: 334/796-0105 
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P.O. Box 37 
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FAX: 203/974-1459 
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EMAIL:  
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FAX: 410/312-6303 
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PH: 206/556-5590 
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Los Alamos, NM 87544 
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AECL Technologies, Inc. 
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Suite 140 
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PH: 505/299-1282 
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EMAIL:  
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777 108th Ave., NE 
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P.O. Box 2078 
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L-621 
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China 
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EMAIL:  
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United Kingdom 
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PH: 505/848-0788 
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Bldg. 1, Suite 400 
Albuquerque, NM 87110 
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EMAIL:  
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PH: 408/727-1567 
FAX: 408/727-1322 
EMAIL:  
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Suite 300 
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PH: 404/240-2930 
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EMAIL:  
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Suite 100 
Charlotte, NC 28210-7711 
PH: 704/543-4265 
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Brown & Root Environmental 
910 Clopper Rd. 
Gaithersburg, MD 20878-1399 
PH: 301/258-5842 
FAX: 301/258-2568 
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Brooks Support Systems, Inc. 
6546 Pound Rd. 
Williamson, NY 14589 
PH:  
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115-949 W. Third St. 
N. Vancouver, BC,    V7L 1G4 
Canada 
PH:  
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B&W Nuclear Environmental Serv., Inc. 
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P.O. Box 10548 
Lynchburg, VA 24506-0548 
PH: 804/948-4765 
FAX: 804/948-4635 
EMAIL:  
Richard K. Westfahl 
Raytheon Environmental Serv. Co. 
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Suite 200 
Houston, TX 77040 
PH: 713/510-8909 
FAX: 713/510-8983 
EMAIL:  
 
Gary R. Weston 
Barringer Laboratories, Inc. 
15000 W. 6th Ave. 
Suite 100 
Golden, CO 80401 
PH: 303/277-1687 
FAX: 303/277-1688 
EMAIL:  
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2414 Cranberry Sq. 
Morgantown, WV 26505 
PH: 304/524-1450 
FAX: 304/594-1485 
EMAIL: RWETZE@DOE.METC.GOV 
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Westinghouse Electric Corp. 
P.O. Box 2078 
Carlsbad, NM 88221 
PH: 505/234-8296 
FAX: 505/885-4562 
EMAIL:  
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Ctr. for Environmental Biotechnology 
10515 Research Dr. 
Suite 300 
Knoxville, TN 37932-2575 
PH: 423/974-8001 
FAX: 423/974-8027 
EMAIL: MILIPIDS@AOL.COM 
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Redzone Robotics, Inc. 
2425 Liberty Ave. 
Pittsburgh, PA 15222 
PH: 412/765-3064 
FAX: 412/765-3069 
EMAIL:  
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Univ. of Arizona 
Chemical Engineering 
College of Engineering & Mines 
Tucson, AZ 85721 
PH: 520/621-6045 
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EMAIL:  
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Versar Inc. 
6850 Versar Ctr. 
Springfield, VA 22151 
PH: 703/642-6802 
FAX: 703/642-6825 
EMAIL:  
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Meriden, CT 06450 
PH: 203/639-2363 
FAX: 203/235-1347 



EMAIL:  
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300 Sparkman Dr. 
P.O. Box 070007, MS30 
Huntsville, AL 35807-7007 
PH: 205/726-2978 
FAX: 205/726-2159 
EMAIL: reba_white@pobox.tbe.com 
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NUKEM Nuclear Technologies 
250 Berryhill Rd. 
Suite 500 
Columbia, SC 29210 
PH: 803/731-1588 
FAX: 803/731-8435 
EMAIL:  
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VECTRA Technologies, Inc. 
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Norcross, GA 29212-3408 
PH: 770/441-5245 
FAX:  
EMAIL:  
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165 S. Union Blvd. 
S-700 
Lakewood, CO 80228 
PH: 303/987-2020 
FAX: 303/987-2277 
EMAIL:  
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Directorate of Sfty., Health & Environ. 
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Health Physics Off., STEAP-SH-EH 
Aberdeen Prov. Grnd., MD 21078 
PH: 410/278-9025 
FAX: 410/278-7315 
EMAIL:  
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2411 Dulles Corner Pk. 
Suite 520 
Herndon, VA 22071 
PH: 703/713-9000 
FAX: 703/713-9101 
EMAIL:  
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ATG, Inc. 
47375 Fremont Blvd. 
Fremont, CA 94538 
PH: 510/490-3008 
FAX:  
EMAIL:  
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Kindrick Trucking Co., Inc. 
P.O. Box 769 
Woodstock, GA 30188 
PH: 770/592-2939 
FAX: 770/592-1633 
EMAIL:  
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Envitco, Inc. 
3400 Executive Pkwy. 
P.O. Box 2451 
Toledo, OH 43606-0451 
PH: 419/539-7297 
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EMAIL:  
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American Ecology/U.S. Ecology 
5227 Blossom 
Houston, TX 77007 
PH: 713/869-0018 
FAX:  
EMAIL:  
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GPU Nuclear Corp. 
Route 441 South 
P.O. Box 480 
Middletown, PA 17057 
PH: 717/948-8068 
FAX: 717/948-8133 
EMAIL:  
 
Robert F. Williams 
WTA, Inc. 
7039 Via Pradera 
San Jose, CA 95139 
PH: 408/225-4064 
FAX: 408/225-4062 
EMAIL:  
 
Robert L. Williams 
NUKEM Nuclear Technologies 
250 Berryhill Rd. 



Columbia, SC 29212 
PH: 803/731-1588 
FAX: 803/731-8435 
EMAIL:  
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BNFL Inc. 
B548 Sellafield 
Seascale 
Cumbria CA2 01PG,         - 
United Kingdom 
PH: 441/946-7749 
FAX: 441/946-773945 
EMAIL:  
 
Barry Wilson 
Eberline Instruments 
P.O. Box 2108 
Santa Fe, NM 87504-1208 
PH: 505/471-3232 
FAX:  
EMAIL:  
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ARD Environmental, Inc. 
Maulbertschgasse 12 
Vienna 1190, 
Austria 
PH: 431/440-3803 
FAX: 431/440-1581 
EMAIL:  
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Lockheed Martin Energy Systems, Inc. 
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701 SCA, MS-8240 
Oak Ridge, TN 37831 
PH: 423/574-7566 
FAX: 423/241-3433 
EMAIL:  
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Smyrna, GA 30082 
PH: 770/432-2744 
FAX: 770/432-9179 
EMAIL:  
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230 S. Washington 
Apt. 406 
Butte, MT 59701 



PH: 406/782-3555 
FAX: 406/496-4133 
EMAIL:  
 
Keith M. Wing 
B & W Federal Services, Inc. 
Mt. Athos Rd. 
St. Rt. 726 
Lynchburg, VA 24506 
PH: 804/522-5604 
FAX: 804/522-5450 
EMAIL:  
 
Clifford J. Winkler 
West Valley Nuclear Serv. Co., Inc. 
10282 Rock Springs Rd. 
P.O. Box 191 
West Valley, NY 14171 
PH: 716/942-4840 
FAX: 716/942-4246 
EMAIL:  
 
David Wise 
NFS, Inc. 
1205 Banner Hill Rd. 
Erwin, TN 37650 
PH: 423/743-9141 
FAX: 423/743-2315 
EMAIL:  
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Foster Wheeler Environmental Corp. 
1290 Wall St., W 
Lyndhurst, NJ 07071 
PH: 201/842-7028 
FAX: 201/842-7025 
EMAIL:  
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Advanced Sciences, Inc. 
6739 Academy Rd., NE 
Albuquerque, NM 87109 
PH: 505/823-6805 
FAX: 505/823-6827 
EMAIL:  
 
Bradley E. Wolfe 
Foster Wheeler Environmental Corp. 
10900 NE 8th St. 
Bellevue, WA 98004 
PH: 206/688-3918 
FAX: 206/688-3943 
EMAIL:  
 



Michael J. Wolters 
RUST Federal Services, Inc. 
1597 Cole Blvd. 
Suite 350 
Golden, CO 80401 
PH: 303/274-3229 
FAX: 303/274-3201 
EMAIL:  
 
Donald E. Wood 
GaeaTech Services 
114 Spengler Rd. 
Richland, WA 
PH: 509/376-7832 
FAX: 509/372-3766 
EMAIL:  
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STEP, Inc. 
1009 Commerce Park Dr. 
Suite 400 
Oak Ridge, TN 37830 
PH: 423/481-7837 
FAX: 423/481-0290 
EMAIL:  
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Univ. of Washington 
Box 351750 
Seattle, WA 98195 
PH: 206/543-2131 
FAX: 206/685-3451 
EMAIL: woodruff@u.washington.edu 
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1038 Trevino Ln. 
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PH:  
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Roy F. Weston, Inc. 
1395 Piccard Dr. 
Suite 200 
Rockville, MD 20850 
PH: 301/208-6870 
FAX: 301/208-6801 
EMAIL: wowakb@rupost.rFweston.com 
 
Judith V. Wright 
UFA Ventures 
2000 Logston Blvd. 



Richland, WA 99352 
PH: 509/375-3268 
FAX: 509/375-4838 
EMAIL:  
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TRW Environmental Systems 
P.O. Box 1310 
San Bernardino, CA 92402-1310 
PH: 909/383-3878 
FAX: 909/383-3880 
EMAIL:  
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804 Kerr Hollow Rd. 
Oak Ridge, TN 37830 
PH: 423/481-0455 
FAX: 423/481-3142 
EMAIL:  
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5000 Dominion Blvd. 
Glen Allen, VA 23060 
PH: 804/273-3621 
FAX: 804/273-2919 
EMAIL: william_wright@vapower.com 
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Westinghouse Electric Corp. 
P.O. Box 2078 
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Carlsbad, NM 88220 
PH: 505/234-8384 
FAX: 505/885-4562 
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208 Toqua Green Ln. 
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PH: 423/241-2333 
FAX: 423/576-1100 
EMAIL:  
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1, Shin-Nakahara-Cho, Isogo-Ku 
Yokohama, 235, 
Japan 
PH: 814/575-92592 
FAX: 814/575-92886 
EMAIL: NM1012@nupd.ye.ihi.co.jp 



 
Ali Yazdi 
Bechtel Environmental, Inc. 
151 Lafayette Dr. 
Oak Ridge, TN 37830 
PH: 423/220-2340 
FAX: 615/220-2103 
EMAIL: @AXYAZDI@ORN6 
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P.O. Box 1663 
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Los Alamos, NM 87545 
PH: 505/667-5397 
FAX: 505/665-7567 
EMAIL: dryeamans@lanl.gov 
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1640 W. Sam Houston Pkwy. N 
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PH: 713/468-5551 
FAX: 713/468-5553 
EMAIL:  
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US DOE 
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Hamilton, OH 45013 
PH: 513/648-3161 
FAX: 513/648-3176 
EMAIL:  
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P.O. Box 7909 
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PH: 919/515-1466 
FAX: 919/515-5115 
EMAIL: Yim@ncsu.edu 
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Mel Young 
Univ. of Arizona 
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Tucson, AZ 85724 
PH: 520/626-6850 
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GTS Duratek 
8955 Guilford Rd. 
Suite 200 
Columbia, MD 21046 
PH: 410/312-5100 
FAX: 301/621-8211 
EMAIL:  
 
Karen Yourish 
Exchange Monitor Publications Inc. 
1826 Jefferson Place, NW 
Washington, DC 20036 
PH: 202/296-2814 
FAX: 202/296-2805 
EMAIL:  
 
Barbara J. Zakheim 
Sanford Cohen & Assoc., Inc. 
1355 Beverly Rd. 
Suite 250 
McClean, VA 22101 
PH: 301/649-7703 
FAX: 301/649-7061 
EMAIL: barbara.zawheim@sca-soss.com 
 
Luis A. Zambrana 
Zambrana Engineering, Inc. 
710 N. Tucker Blvd. 
Suite 601 
St. Louis, MO 63101 
PH: 314/241-4744 
FAX: 314/241-5054 
EMAIL:  
 
Michael A. Zambrana 
Zambrana Engineering, Inc. 
710 N. Tucker Blvd. 
Suite 601 
St. Louis, MO 63101 
PH: 314/241-4744 
FAX: 314/241-5054 
EMAIL:  
 
Amy Zander 
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FAX:  
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FAX:  
EMAIL:  
 
Ming Zhu 
Dames & Moore 
1 Blue Mill Plaza 
Suite 530 
Pearl River, NY 10965 
PH: 914/735-1200 
FAX: 914/735-1406 
EMAIL: nykmz@dames.com 
 
Thomas M. Zidow 
Westinghouse Electric Corp. 
P.O. Box 355 
Pittsburgh, PA 15230 
PH: 412/374-4203 
FAX: 412/374-5515 
EMAIL:  
 
Robert J. Zimmerman 
EET Corp. 
830 Corridor Park Blvd. 
Suite 400 
Knoxville, TN 37932 
PH: 423/671-7800 
FAX: 423/671-7779 
EMAIL:  
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"HLW, LLW, Mixed Wastes and Environmental Restorati on-Working Towards a 
Cleaner Environment" 
 



WM'97, will be held March 2-7, 1997 at the Tucson C onvention Center, 
Tucson, Arizona. Organized by WM Symposia, Inc., an  Arizona non-profit 
corporation, the conference is hosted by the Univer sity of Arizona. 
Sponsoring organizations include the University of Arizona, the American 
Nuclear Society, the U.S. Department of Energy, New  Mexico State 
University with the Waste-management Education and Research Consortium 
(WERC), and the American Society of Mechanical Engi neers. The conference 
is organized in cooperation with the International Atomic Energy Agency. 
To assist international participation, we have adde d the names of contact 
people outside the US for as many topics as possibl e. The topics selected 
for WM'97 will have invited and contributed papers involving research, 
development and operational experience in nuclear w aste, mixed waste, 
mill tailings, environmental restoration, waste man agement, and 
decommissioning. Papers concerning national and int ernational agreements 
and regulations governing these topics as well as t he impact of these 
activities on the environment are also solicited. I nterested contributors 
to the meeting are invited to submit extended summa ries on a 3 1/2 inch 
diskette and three hard copies. A single copy by fa x will be accepted but 
the 3 1/2 diskette and three hard copies must follo w by overnight mail. 
The disk is necessary for publishing to the World W ide Web (WWW), which 
we are considering in order to make the abstracts a vailable to the 
Program Advisory Committee before the Paper Review.  The Program Advisory 
Committee will be provided with an access code so t hat only they will be 
able to access this information two weeks prior to the Paper Review. The 
authors will be required to approve placing their s ummary on the WWW. 
Such approval has no influence on acceptance of the  summary. 
The summaries must show clearly 1) Topic (what pape r is about), 2) Basis 
for originality, 3) or audience interest, 4) Conclu sions. Summaries not 
meeting the above criteria will not be considered b y the Program Advisory 
Committee (PAC).  The fully completed attached form  must accompany the 
extended summary for it to be considered. If you do  not receive an 
acknowledgment within 10 days of your mailing, call  (520) 624-8573. The 
approved papers will be assigned to either oral, po ster or workshop 
sessions by the Technical Program Chairman with the  advice of the PAC. 
The criteria for assignment is to assure that each paper is presented in 
the method of presentation best suited for its cont ent, format and 
anticipated interaction with its audience. The publ ication of both the 
poster and oral papers will be identical. 
The summaries will undergo critical technical revie w by the PAC to 
determine if they meet the criteria of technical co ntent, significance 
and subject. The summary should be long enough to c onvey to the committee 
the substance of your proposed paper and its meetin g of the stated 
criteria. Summaries submitted after due date may no t be considered. 
Concerns about the quality of some papers which cou ld be attributed to 
inadequate preparation led to our new policy of req uiring that full 
papers be written and reviewed before the presentat ion. This process will 
also permit much earlier publication. 
The full papers will be published on CD's and on th e WWW. We also plan to 
put each full paper on the WWW as it is completed. This will provide much 
earlier distribution of your work, limited only by your submission 
schedule. WM'95 was our first use of CD's and some special considerations 
were granted which will not be possible for WM'97. We expect that many 
papers will be on the net before the conference but  they will be 



available only to the early registrants who have pa id. Wouldn't you like 
for your paper to be one of the first available? 
Please follow the schedule listed below: 
 Summary due by August 16, 1996 
 Paper Review September 16, 1996 
 Draft Full Papers November 15, 1996 
 Reviewer Comments to Author December 15, 1996 
 Final Approved Papers Due February 3, 1997 
Please mail abstracts to: WM Symposia, Inc. 
  245 S. Plumer, Suite 19 
  Tucson, AZ  85719 
  V-(520) 624-8573, F-(520) 792-3993 
  E-mail: wmsym@basix.com    
  Internet: http://basix.com/~wmsym/ 
  (*After July, 1996-- E-mail: abstracts@wmsym.org 
    Internet: http://wmsym.org) 
Corporation Officers  WM'97 Committee 
Board Members  Board Member Emeritus 
PROGRAM ADVISORY COMMITTEE 
Morton E. Wacks, U of A Valentin Gonzalez, ENRESA G lenn Pierce, 
Lockheed Environ. 
  (Chairman) William T. Gregory III, Foster Allison  M. Platt, 
Consultant 
Nina Albert, (WMS Admin. Assist.)   Wheeler (ASME) Roy G. Post, WMS 
Marshall J. Anderson, BDM Stephan Halaszovich*, KFA  Lawrence 
Ramspott, TRW 
Federal, Inc. Lawrence Harmon, MACTEC Michael Raude nbush, Stoller 
Corp. 
Joe Angelo, Consultant Jorma Heinonen*, Lappeenrant a Michelle 
Rehmann, Energy Fuels 
Harry Babad, WHC   Univ.   Nuclear 
Joe Bader, Fluor Daniel Ed Helminski, Exchange Vern  Rogers, RAE 
W. Balz*, CEC   Publications Nancy Rothermich, LMES  
Pierre Barber*, ANDRA Jo-Ann Holst, S.M. Stoller Co rp. Serge Runge*, 
COGEMA JAPAN 
Gary Benda, Consultant William C. Hunkele, PSE&G Mi chael J. Ryan, 
Bechtel Environ. 
E. J. Bentz, Jr., E.J. Bentz & Assoc. Leslie J. Jar dine, LLNL
 Tracy Rychlyk, WPPSS 
Ron Bhada, New Mexico State U Antoine Jouan*, CEA W illiam A. 
Seddon, AECL 
Ned Bibler, WSRC Clyde Jupiter, JUPITER Corp.   Tec hnologies Inc. 
Richard Blauvelt, BDM Federal Myron Kaczmarsky, Ray theon Gary 
Semones, Kaiser-Hill 
Warren Bodily, WEC   Engrs. Thomas K. Shoemaker, En viron. 
Leon C. Borduin, LANL Paul Kalb, BNL   Bus. Strat. 
Kenneth Bracken, USDOE John Kennerly, LMES Steven C . Slate, PNL (ASME) 
John C. Bradburne, NUS Jeffrey A. Kerridge, USDOE T homas H. Smith, 
LITCO 
Jim Braun, Chem-Nuclear Dieter A. Knecht, LMIT A. L owell Snow, 
Consultant 
Steven H. Brown, IT Corp. Radovan Kohout*, Kohout &  Assoc. Thomas R. 
Stevens, BWFC 
Connie Callan, Univ. of NM   (ASME) David E. Stewar t, Bechtel-SR 



Albert Castagnacci, Duquesne Hiroshi Kuribayashi*, JGC Roger Stigers, 
PA Power & Light 
  Light Kun Jai Lee*, KAIST Ganesan Subbaraman, RI/ ETEC 
Candace Chan-Sands*, IAEA Jurgen P. Lempert*, DBE M ichael 
Szukala*, Hansa Projekt 
Donald E. Clark*, IAEA Sheila Little, Fluor Daniel Mervyn L. Tano, 
Energy Resource 
Hans Code*, COVRA Ellen Livingston-Behan, USDOE   T ribes 
Joseph A. Coleman, USDOE Werner Lutze, Univ. of NM Edmund C. 
Tarnuzzer, Consultant 
Ron F. Coley, ANL Paul Macbeth, Dames & Moore James  E. Testa, Consultant 
James R. Cook, WSRC John Mathieson*, UK Nirex Rolf Theenhaus*, KFA 
Seth Coplan, USNRC Michael P. Mauzy, Weston Jack M.  Tuohy, IDM 
(ASME) 
Thomas A. Cotton, JK Assoc. Lloyd McClure, LMIT Dal e Uhl, Wastren 
Stephen P. Cowan, USDOE Charles McCombie*, NAGRA Li nda Ulland, 
Minnesota Pollution 
A. Scott Dam, BNFL Inc. Earl McDaniel, Consultant   Control Agency 
J. Ed Day, ADTECHS Jack L. McElroy, Geosafe Mark Va ndale, Yankee 
Atomic 
Ramesh Dayal*, Ontario Hydro A. Rex Meeden, APS Ber nard Vigreux*, 
Consultant 
F. Decamps*, ONDRAF/NIRAS Lance J. Mezga, LMES Jim Voss, Golder 
Assoc. 
Jas S. Devgun, Consultant C. Clint Miller, PG&E Dav id A. Waite, CH2M 
Hill Federal 
David C. Durham, ERC, Inc. Sue Mitchell, NUMATEC   Group 
A. Elsden*, BNFL plc Paul Molina*, CEA Ray D. Walto n, Jr., ANL 
H-J Engelmann*, DBE Gerald P. Motl, SAIC Larry P. W illiams, 
Consultant 
B. Esteve*, EDF Bala Nair, WEC Robert F. Williams, WTA, Inc. 
J. Erich Evered, Jacobs Engr. Thomas L. Nauman, Com Ed Donald 
Wood, WHC 
  Group Inc. James D. Navratil, Rust Federal Michae l Yates, FERMCO 
Thecla R. Fabian, Nuclear Waste   Servcs. Ali Yazdi , Bechtel Environ. 
  News Neil A. Norman, Parsons H. Richard Yoshimura , SNL 
Albert A. Freitag, BHI Engineering Science Jesse L.  Yow, Jr., LLNL 
Critz George, Brown & Root Jean-Pierre Olivier*, NE A M. Bernard 
Zgola*, AECB 
  Environ. Margery H. Olson, Consultant David A. Zi gelman, WSRC 
Carl Gertz, USDOE Larry C. Oyen, Consultant  
Maurice Ginniff*, Consultant S.J.S. (Jack) Parry, P RC Environ.  
Jean-Pierre Ghysels*, EDF   Mgmt.  
 Alan Pasternak, CARMMF  
 Anthony Petito, BNFL Inc. * Member International C ommittee 
 
PLEASE PRINT THIS FORM AND ATTACH TO SUBMITTED SUMMARY 
WM'97 Paper Submittal Form 
TITLE OF PAPER: 
___________________________________________________ ______________________
___________________________________________________ ______________________
_________________________ 



AUTHORS: 
___________________________________________________ ______________________
_________________________________________ 
Contributed or  Stimulated Paper ( )   
Invited Paper ( ) Who Invited? ____________________ _____ 
TOPIC NUMBER (From TOPIC list-must be supplied for consideration): 
________________________________________________ 
Permission to publish on WWW  
(with access limited to PAC)  __ yes  __ no 
I understand that acceptance of this paper for pres entation requires a 
draft paper for review by November 15, 1996 and an author-provided 
manuscript (in prescribed format) by February 3, 19 97. 
CORRESPONDING AUTHOR: _____________________________ ____ 
Organization: _____________________________________ __________ 
Address:  
___________________________________________________ ______________________
_________________________________________ 
Phone: (__)___________ FAX: (__)__________ 
E-mail:______________________________ 
Signature: ____________________    Date: __________ ____ 
Note: If you do not receive an acknowledgment card by September 13, 1996, 
please call and verify that your abstract was recei ved. An abstract that 
has not been acknowledged will not be accepted afte r the paper review for 
late addition to the program. 
WM'97 Topics 
Topics are listed under "Tracks" designed to highli ght specific 
interests.  There is no longer a need for the words  US or International 
since all sessions are open to papers from all coun tries and are limited 
only by technical content and relevance.  In the ev ent that an entire 
session deals with a given International group then  we will identify the 
group doing the organization of the session.  All t opics include 
Regulatory, Standards, Technology, QA, Risk Assessm ent, Fate and 
Transport Modeling and Monitoring where appropriate . 
 
GENERAL SESSIONS 
 
1.0  Nuclear Waste Policies and Programs-Lawrence H armon, MACTEC, V-
(301)353-9444, F-(301)353-9447; Edward J. Bentz, Jr ., E.J. Bentz & 
Assoc., Inc., V-(703)455-7469,  F-(703)-912-6578  
 
1.1  Plenary-Roy G. Post, WM Symposia, Inc., V-(520 )624-8573, F-(520)792-
3993,  E-mail-wmsym@basix.com (*rgp@wmsym.org; Mort on E. Wacks, U of AZ,  
V-(520)624-8573, F-(520)792-3993, E-mail-wmsym@basi x.com (*mew@wmsym.org) 
*address will be changing soon 
 
1.2  Programs and Progress-Lawrence Harmon, MACTEC,  V-(301)353-9444,  F-
(301)353-9447; Pierre Barber, ANDRA, V-33-1-46-11-8 068, F-33-1-46-11-8268 
 
1.3  Regulatory Compliance-Edward J. Bentz, Jr.,  E .J. Bentz & Assoc., 
Inc., V-(703)455-7469, F-(703)-912-6578; Donald E. Wood, WHC, V-(509)376-
7832, F-(509)372-1033, E-mail-Donald_E_Wood@rl.gov 
 
1.4  Health and Safety Issues-Carol A. Peabody, USD OE, (202)586-0201, F-
(202)586-0916 



 
2.0  High-Level-(Including Spent Fuel), Transuranic - and Long-Lived-    
Waste-Marshall J. Anderson, BDM Federal, Inc., V-(3 01)601-5382,    F-
(301)601-5426, E-mail- manderso@bdm.com; Jim W. Vos s, Golder    
Associates International, V-(206)556-5590, F-(206)5 56-5595; Leif G.    
Erikkson, Advanced Sciences, Inc.,V-(505)887-1079,    F-(505)887-5494; 
Joachim Fleisch, WAK, V-49-7247-88-2230,    F-49-72 47-88-2144 
 
2.1  Status-Myron Kaczmarsky, Raytheon Engineers & Constructors,  V-
(212)839-3296, F-(212)839-3269; Warren Bodily, West inghouse Electric 
Corp., V-(505)234-8990, F-(505)887-2116; Leif G. Er ikkson, Advanced 
Sciences,  Inc., V-(505)887-1079, F-(505)887-5494; Jurg Schneider, NAGRA, 
V-011-41-56-4371111, F-011-56-4371207 
 
2.2  Concepts under Investigation (Including Enviro nmental Studies)-Harry 
Babad,  Westinghouse Hanford Co., V-(509)373-2897, F-(509)373-3198,  E-
mail-harry_babad@rl.gov; John Mathieson, UK Nirex, V-44-1235-825606,  F-
44-1235-825459, E-mail-100661.3164@compuserve.com 
 
2.3  High Level Tank Waste Remediation*-Harry Babad , Westinghouse Hanford 
Co., V-(509)373-2897, F-(509)373-3198, E-mail-harry _babad@rl.gov; Ray D. 
Walton, Jr., Argonne National Lab., V-(301)948-0698  x-24, F-(301)990-
1929; Ted McIntosh, USDOE, V-(301)903-7189, F-(301) 903-8506 
 
3.0  Low/Intermediate Level ( Including Very Low Le vel Waste) and Mixed 
Waste Treatment Stabilization & Disposal-Lloyd McCl ure, Lockheed-Martin 
IdahoTechnologies Co., V-(208)526-1170, F-(208)526- 5142; M. Jorda, ANDRA, 
V-33-1-46-118367, F-33-1-46-11-83-48; Leon C. Bordu in, LANL, V-(505)667-
3150, F-(505)665-2897; Radovan Kohout, Kohout & Ass ociates, V-(416)488-
9466, F-(416)488-2007 
 
3.1  Status-Gary Benda, Consultant, V-(803)345-2170 , F-Same; K.W. Han, 
IAEA, V-43-1-2060-22672, F-43-1-20607, E-mail-hank@ nepo1.iaea.or.at 
 
3.2  New Stabilization and Disposal Concepts under Investigation 
(Including Vitrification)-Paul Kalb, Brookhaven Nat ional Lab., V-
(516)344-7644, F-(516)344-4486, E-mail-kalb@bnl.gov ; A. Jouan, CEA, 
Marcoule, V-33-66-79-63-76, F-33-66-79-60-30, E-mai l-milhes@cea.fr 
 
3.3  State Compacts Status*-David E. Stewart, Becht el Savannah River, V-
(803)208-0541, F-(803)208-8117; Ali Yazdi, Bechtel Environmental Inc., V-
(423)220-2340, F-(423)220-2103, E-mail-axyazdi@am@o rnl; Holmes Brown, 
Afton Associates, V-(202)547-2620, F-(202)547-1668 
 
4.0  Transportation and Packaging (Including Contro l)-H. Richard 
Yoshimura, Sandia National Labs., V-(505)845-8181, F-(505)844-0244, E-
mail-hryoshi@ttd.sandia.gov; Carole B. Bentz,   
E. J. Bentz & Assoc., Inc., V-(703)455-7469, F-(703 )912-6578; B. 
Kirchner, Transnucleaire, V-33-1-4069-7678, F-33-1- 40-69-7701 
 
4.1  High Level and Transuranic Waste-Warren Bodily , Westinghouse 
Electric Corp., V-(505)234-8990, F-(505)887-2116; C .F. Wu, Westinghouse 
Electric Corp.,  V-(505)234-8384, F-(505)885-4562; Carole B. Bentz, E. J. 
Bentz & Associates, Inc.,  V-(703)455-7469, F-(703) 912-6578 



 
4.2  Low/Intermediate Level Waste-Al Grella, Grella  Consulting Inc., V-
540-972-2538, F-Same, E-mail-algrella@pc-central.co m; F. DeCamps, 
ONDRAF/NIRAS, V-32-2-2121060, F-32-22-185165 
 
4.3  New Concepts under Investigation-Richard Rawl,  IAEA, V-43-1-2060-
21260, F-43-1-20607; Lawrence Harmon, MACTEC, V-(30 1)353-9444, F-
(301)353-9447 
 
5.0  Environmental Restoration-Gary Benda, Consulta nt, V-(803)345-2170, 
F-Same; A. Freitag, Bechtel Hanford Inc., V-(509)37 5-9687, F-(509)372-
9117 
 
5.1  Status-A. Scott Dam, BNFL Inc., V-(703)385-710 0, F-(703)385-7128 
 
5.2  New Concepts Under Investigation-Edward L. Hel minski, Exchange 
Monitor Publications, V-(202)296-2814, F-(202)296-2 805; K. Komorowski, 
BMBF,V-49-228-57-3758 (or 3759), F-49-228-57-3605; Don Clark, IAEA, V-43-
1-2060-26102, F-43-1-20607, E-mail-Clarkd@NEP01.IAE A.OR.AT 
 
5.3  Decontamination and Decommissioning-A. Freitag , Bechtel Hanford, 
Inc., V-(509)375-9687, F-(509)372-9447; A. Sheil, B NFL UK Group, V-019467 
74830, F-019467 71193; S. Halaszovich, KFA, V-49-24 61-61-3207, F-49-2461-
61-2460 
 
6.0  Utility Waste Management-C. Clint Miller, Paci fic Gas & Electric 
Co., V-(805)545-4582, F-(805)545-3459 
 
6.1  At Reactor and Away From Reactor Fuel Storage- C. Bonnet, SGN, V-33-
1-30-587498,  F-33-1-30-587628; Ramesh Dayal, Ontar io Hydro, V-(416)207-
6049, F-(416)207-6094,  E-mail-dayalr@rd.hydro.on.c a 
 
6.2  Low/Intermediate Level Waste Processing-C. Cli nt Miller, Pacifc Gas 
& Electric Co., V-(805)545-4582, F-(805)545-3459; A . Scott Dam, BNFL 
Inc., V-(703)385-7100, F-(703)385-7128 
 
6.3  Low/Intermediate Level Waste Storage-Larry C. Oyen, Sargent & Lundy, 
V-(312)269-6750, E-mail-Larry.c.oyen@slchicago.info net.com A. Rex Meeden, 
APS, V-(602)393-6582, F-(602)393-5285 
 
6.4  New Concepts in Utility Waste Management under  Investigation-A. Rex 
Meeden, AZ Public Service, V-(602)393-6582, F-(602) 393-5285; Thomas L. 
Nauman, ComEd, V-(815)942-2920 ext. 2841, F-(815)94 2-0579 
 
6.5  Reactor Decontamination and Decommissioning-A.  Freitag, Bechtel 
Hanford, Inc., V-(509)375-9687, F-(509)372-9447; Ja s S. Devgun, 
Consultant, V-(708)985-9386,  F-Same; Michele Larai a, IAEA, V-43-1-2060-
26105, F-43-1-20607,  E-mail-Laraia@NEP01.IAEA.OR.A T 
 
6.6  NPP Waste Minimization Techniques-C. Clint Mil ler, Pacific Gas & 
Electric Co., V-(805)545-4582, F-(805)545-3459; Jas  S. Devgun, 
Consultant, V-(708)985-9386, F-Same; E. Tarnuzzer, Consultant, V-
(508)897-8512 
 



6.7  Toxic & Hazardous Waste Management AT NPP-Jas S. Devgun, Consultant, 
V-(708)985-9386, F-Same; M. Mauzy, Roy F. Weston, I nc., V-(505)884-5050, 
F-(505)837-6870 
 
7.0  Public Communication, Participation, Education  and Training-Linda 
Ulland, Minnesota Pollution Control Agency, V-(218) 828-6115, F-(218)828-
2594; Ginger King, OCI Inc., (703)616-5307, F-(703) 416-0007; Carol Worth, 
Words Worth Publishing & Communications, V-(703)742 -0017,  F-(703)742-
0059, E-mail-Carolworth@aol.com 
 
7.1 Impact of Information Technology on Community O utreach, Environmental 
Sciences and Public Acceptability-Ginger King, OCI Inc., V-(703)616-5307, 
F-(703)416-0007 
 
7.2  Indigenous People-Merv L. Tano, Council of Ene rgy Resource Tribes, 
V-(303)297-2378, F-(303)296-5690, E-mail-mervtano@i x.netcom.com;Michelle 
Rehmann, Energy Fuels Nuclear Inc., V-(303)899-5647 , F-(303)595-0930 
 
7.3  New Concepts under Investigation-Connie Callan , The University of 
New Mexico, V-(505)277-7750, F-(505)277-7833; Ron B hada, WERC, V-
(505)646-1510, F-(505)646-4149 
 
7.4  Spent Fuel Storage and MRS Concepts*- Merv. L.  Tano, Council of 
Energy Resource Tribes, V-(303)297-2378, F-(303)296 -5690, E-mail-
mervtano@ix.netcom.com 
 
8.0  Infrastructure in Waste Management-Lowell Snow , Consultant, V-
(703)690-3545, F-Same 
 
8.1  Cost Effectiveness (Cost/Benefit) Analysis-Llo yd McClure, LIMTCO, V-
(208)526-1170, F-(208)526-5142; John Mathieson, UK Nirex, V-44-1235-
825606, F-44-1235-825459, E-mail-100661.3164@compus erve.com 
 
8.2  Data Management-Jorma Heinonen, Lappeenranta U niv. Of Technology, V-
358-53-621-2602, F-358-53-621-2699; Marshall J. And erson, BDM Federal, V-
(301)601-5382, F-(301)601-5426; H-J. Engelmann, DBE , V-49-5171-917710, F-
49-5171-917740; Carlos Torres, IAEA, V-431-2060-214 28, F-431-20607 
 
8.3  Project Privatization and Outsourcing of Waste  Services-J. Ed Day, 
ADTECHS, V-(703)713-9000, F-(703)713-9101; William Greenman, GTS-Duratek, 
V-(410)290-7078, F-(301)621-8211; Edward L. Helmins ki, Exchange Monitor 
Publications, Inc., V-(202)296-2814, F-(202)296-280 5 
 
9.0  Other Waste Problems, e.g. Mill Tailings-Morto n E. Wacks, U of AZ, 
V-(520)624-8573, F-(520)792-3993, E-mail-wmsym@basi x.com 
(*mew@wmsym.org); Werner Lutze, The University of N ew Mexico,  
V -(505)277-7964, F-(505)277-5433 
 
WORKSHOPS 
1.  "HOW CLEAN IS CLEAN" --- JAS S. DEVGUN, CONSULT ANT, V-(708)985-9386, 
F-Same 
 
2.  "UTILITY ROUND TABLE" --- C. CLINT MILLER, PACI FIC GAS & ELECTRIC 
CO., V-(805)545-4582, F-(805)545-3459 



 
3.   "ADVANCES IN REMOTE SENSING AND ENVIRONMENTAL SURVEILLANCE" --- JOE 
ANGELO, JR., CONSULTANT, V-(407)779-1313, F-(407)77 3-5866 
 
4. "EFFECTIVE UTILIZATION OF NEWS MEDIA--HOW ARE WE  DOING??"---CAROL 
WORTH, WORDS WORTH PUBLISHING & COMMUNICATIONS, V-(703)742-0017, F-
(703)742-0059 
 
SPECIAL SESSIONS 
 
 1.  "MULTINATIONAL REPOSITORIES" --- JIM W. VOSS, GOLDER ASSOCIATES 
INTERNATIONAL, V-(206)556-5590, F-(206)556-5595; H.  FUCHS, GNS, V-49-201-
109-1502,  F-49-201-109-1135 
 
 2.  "MANAGEMENT OF PLUTONIUM" --- LLOYD MCCLURE, L OCKHEED-MARTIN IDAHO 
TECHNOLOGIES CO., V-(208)526-1170, F-(208)526-5142;  JEAN-CLAUDE GUAIS, 
NUSYS, V-33-1-40 69 7600, F-33-1-47 20 85 96; NOBOR U OI, IAEA, V-43-1-
2060-22766, F-43-1-20607, E-MAIL-Oi@NEP01.IAEA.OR.A T 
 
 3.  "METAL RECYCLE,  FACILITY REUSE, AND ASSET REC OVERY" --- JOHN 
KENNERLY, LOCKHEED MARTIN ENERGY SYSTEMS, V-(423)24 1-3939, F-(423-574-
9538; M. SAPPOK, SIEMPELKAMP, V-49-2151-894-205, F- 49-2151-894-455 
 
 4.  "POLLUTION PREVENTION/WASTE MINIMIZATION" --- DAVID A. ZIGELMAN, 
WESTINGHOUSE SAVANNAH RIVER CO., V-(803)557-6325, F -(803)557-6306; 
STEPHAN HALASZOVICH, KFA-JLICH, V-49-2461-61-3207, F-49-2461-61-2460 
 
 5.  "ON-SITE STORAGE/DISPOSAL OF REMEDIATION ILW/L LW" --- J. ERICH 
EVERED, JACOBS ENGINEERING GROUP INC., V-(803)641-4 400, F-(803)641-4414 
 
 6.  "TRANSURANIC WASTE - WILL WIPP END THE ISSUE?* " --- MICHAEL P. 
MAUZY, ROY F. WESTON INC., V-(505)884-5050, F-(505) 837-6870; LEIF G. 
ERIKKSON, ADVANCED SCIENCES, INC., V-(505)887-1079,  F-(505)887-5494 
 
 7.  "ENVIRONMENTAL JUSTICE IN MINORITY AND LOW-INC OME  POPULATIONS" 
(EXECUTIVE ORDER 12898)* --- MICHELLE REHMANN, ENER GY FUELS NUCLEAR INC., 
V-(303)899-5647,  F-(303)595-0930 
 
 8.  "ROBOTICS" --- JOSEPH A. ANGELO, JR., CONSULTA NT, V-(407)779-1313, 
F-(407)773-5866 
 
 9.  "MARKET DRIVEN RECYCLING" ---MICHAEL GRESALFI,  LOCKHEED-MARTIN, V-
(301)742-2566, F-(301)916-8699; JACK MCELROY, GEOSA FE CORP., V-(509)375-
0710, F-(509)375-7721 
 
10.  "WEST VALLEY AND SAVANNAH RIVER PLANT (DWPF) V ITRIFICATION*" --- 
MYRON KACZMARSKY, RAYTHEON ENGINEERS & CONSTRUCTORS, V-(212)839-3296, F-
(212)839-3269 
 
11.  "HYDROGEOLOGIC AND GEOCHEMICAL ASPECTS OF WASTE DISPOSAL" --- R.L. 
BASSETT, U OF AZ, V-(520)621-6215, F-(520)621-1422;  ADRIAN BATH, GOLDER 
ASSOCIATES, UK Ltd., V-44-115-945-6544, F-44-115-94 5-6540 
 



12.  "DEFENSIBILITY OF RISK ASSESSMENT IN THE LEGAL  SYSTEM" ---  EVARISTO 
J. BONANO, BETA CORPORATION INTL., V-(505)822-1968,  F-(505)822-1959; 
EDWARD J. BENTZ, JR., E.J. BENTZ & ASSOCIATES, INC. , V-(703)455-7469, F-
(703)912-6578 
 
13.  "END OF SEGREGATED MARKET FOR WASTE DISPOSAL*"  --- EDWARD L. 
HELMINSKI, EXCHANGE MONITOR PUBLICATIONS, INC., V-( 202)296-2814, F-
(202)296-2805 
 
14.  "ADVANCES IN NON-INTRUSIVE INSPECTION AND WAST E CHARACTERIZATION" --
- JOE ANGELO JR., CONSULTANT, V-(407)779-1313, F-(4 07)773-5866; R. ODOJ, 
KFA, V-49-2461 616190, F-49-2461 612450 
 
15.  "WASTE STREAMS ASSOCIATED WITH THE DISMANTLING  OF NUCLEAR  WEAPONS" 
--- JOE ANGELO JR., CONSULTANT, V-(407)779-1313, F- (407)773-5866 
 
16. "ADVANCED ENVIRONMENTAL EDUCATION BY DESIGN APPLICATION"---RON BHADA, 
WERC, V-(505)646-1510, F-(505)646-4149; ABBAS GHASS EMI, WERC, V-(505)646-
1719, F-(505)646-4149 
 
17. "BUILDING ON THE FFCA MODEL - A NEW WAY OF DOIN G BUSINESS IN THE 
DEPARTMENT OF ENERGY*"---LAWRENCE HARMON, MACTEC, V-(301)353-9444, F-
(301)353-9447 
 
18. "ISO 14000 ENVIRONMENTAL MANAGEMENT SYSTEMS STA NDARD*"---JO-ANN 
HOLST, THE S.M. STOLLER CORPORATION, V-(303)449-722 0, F-(303)443-1408; 
LARRY STIRLING, USDOE, V-(202)586-2417, F-(202)586- 0955 
 
* INDICATES A SESSION OF SPECIAL INTEREST TO THE UN ITED STATES OF 
AMERICA, PAPERS FROM OTHER COUNTRIES CONCERNING SIMILAR INTERESTS WILL BE 
CONSIDERED WITH THESE WHEN APPROPRIATE. 
 


