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PREFACE

The patrticipation this conference was significantly
with the US budget process. We are convinced that t
event and we will be back on track next year.

This year we made a major change in the processing
required the authors to send us a full paper for re
revisions. This change occurred as a result of reco
special quality improvement subcommittee of the Pro
Committee. The process worked better than we expec
the process for WM'97. Please advise us of your opi
are gaining improvements in the writing of the pape
We are moving rapidly to utilize the Internet and w

own web server. We are applying for the name WMSYM.

announcement on http://basix.com/~wmsym/ when this
Call for Papers on net for free access and will hav
proceedings on with authorization to each attendee
ROM version. We will put the preliminary program fo
will be able to register on the Internet. Note that
Master Card or Discover Card will still require a p
letter.
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HIGH NOON FOR NUCLEAR POWER

James L. Gallagher

Westinghouse Government and Environmental Services
Executive Vice President

ABSTRACT

Spent nuclear fuel management is mired in delay, mi
litigation. Unless the commercial nuclear industry
break the log jam, Mr. Gallagher, believes, nuclear
become too expensive to operate. He draws parallels
fuel debate and "High Noon," the classic 1952 Weste
Cooper plays a marshall struggling to persuade the
Texas town to unite and save the community from a g
save nuclear energy, the commercial and government
unite to resolve spent nuclear fuel problems. Mr. G
utilities and the DOE must take three steps to ensu
continued viability. First, they must reestablish o
Second, they must find common ground on spent fuel
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must reach consensus on a standard spent fuel canis
cost-effective spent fuel management solution. He d
Purpose Canister (MPC) and how it can resolve spent
to break the current deadlock is to go forward with
portion of the MPC system. This action, Mr. Gallagh
move the industry toward a standard canister design
competition. In a time of budgetary restraint, a li
could be completed with very little funding, Mr. Ga
Equally important, it would allow the industry to b
potentially sensitive spent fuel transportation iss
REMARKS

Good morning.

I'm here to discuss spent nuclear fuel management.

| know. It's a touchy subject. . . the cause of deb
division.

I'm not here to continue that debate. I'm here to e

Because whenever | hear endless arguments over spen

the clock ticking. . .

. . .ticking toward nuclear energy's high noon. Mak
power's high noon is near. And unless we can find w
America's nuclear power plants will shut down.

We can't let that happen. Time is running out. It's
High Noon. . . that classic 1952 western starring G
Will Kane, the courageous Marshall of Hadleyville,
somewhere in Texas. Kane must save Hadleyville from
desperadoes. Their leader, Frank Miller, is arrivin
And when he does, they aim to kill Kane and loot th
Fig. 1

Kane must convince the people of Hadleyville to ban
the gang. . .and save the town. He constantly check
mindful of the impending disaster at high noon.

The outlaws are armed and ready, impatiently waitin
High Noon train will bring their leader, and they!l
Hadleyville.

While the outlaws prepare for their assault, the go
Hadleyville argue. They argue over who's responsibl
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
And who saved him from hanging? The politicians up
Do you see the parallels between the citizens' stru
They want to blame the government. They think the g
problem, and the government ought to solve it. That
argument of some nuclear utilities in the spent fue
Here's another point of view. . .

Citizen #2: "Well, | say this. We been payin' good

a Marshall and deputies. Now the first time there's
supposed to take care of it ourselves. Well, what w
this time? | say we're not peace officers. This ain
That sounds mighty similar to payin' good money int
Trust Fund. Utilities, or more correctly, utility r
paying into the fund since it was established by th
Act of 1982. The fund pays for the government to ta
utilities' property beginning in 1998. It also pays
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permanently dispose of the fuel in a federal geolog
presumably at Yucca Mountain.

Yet DOE has fallen victim to declining budgets. The
repository has been delayed, initially from 1998 to
again. . .to 2010. As the delays appeared, DOE's co
spent fuel in 1998 began to slip. Its once firm com
firm "maybe."

The utilities feel betrayed. And DOE is sympathetic
prevents DOE from moving ahead on a specific interi
the law does not allow DOE to accept spent fuel at
the repository. . .

Citizen #3: "l can't believe I've heard some of the
said here. Y'all oughta be ashamed of yourselves! S
and he was the best Marshall this town ever had. It
it's ours. | tell you, if we don't do what's right,

plenty more trouble. . ."

DOE argues there will be plenty more trouble if it
interim storage. That could foster public oppositio
could sink Yucca Mountain.

Citizen #4: "I've been saying right along we need m
And I think everyone, except the politicians up Nor
said that we need to devote more resources to the s
program. After all, the money is there. Twelve bill
paid into the Waste Trust Fund. But because of Cong
on funding, the DOE doesn't have the authority or t
interim storage or to continue the Multi-Purpose Ca
And it's concerned that every dollar invested in th
divert scarce resources away from Yucca Mountain si
the ultimate goal of the program. . ..

| understand these arguments. They make sense. They

viewpoints in the debate. Unfortunately, the citize
never understood that words are a poor substitute f
While the citizens argued, the outlaws loaded their
to destroy Hadleyville. Their debate and delay gave
opening they needed.

We have to understand that our infighting and indec
to the anti-nuclear gunslingers. Our arguments give
weapons that they will surely use against us. Our d
them. Our court cases provide a public forum to pro
The spent fuel issue can shut down nuclear power.
As we continue to argue, time is running out for nu
viable energy option.

We can't let this happen.

To save the nuclear energy option, we must resolve
move forward, together, to solve the spent fuel pro
all. And we must do it now.

Let me suggest three steps we can take. Today.
First, we must reestablish open communications betw
the DOE on spent fuel management.

Until last year, communications were good. But that
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This is the heart of our spent fuel management diff
reason we're fighting among ourselves instead of so
problems.

We need to revitalize communication. Right now. Tod
absolutely right when he told The Washington Post.
"The only way we're going to get the public's trust

on the table. Face up. All the time. Even if it's p

We have to maintain full, open and honest communica
and with all our stakeholders.

Next, we should recognize the many areas where we a
will reinforce our common purpose. And it will fost
understanding, so we can work productively to resol
disagreement.

| think we can all agree that we should take care o
problems now. . . instead of leaving them for our g
inherit.

Another area of agreement. We all recognize the nee
permanent spent fuel repository. And until we get o
way of storing spent fuel in the interim.

And there's a final point we can all agree on. We n
storage system that's safe and cost-effective. Beca
budget the money goes through, it all comes from th
pockets. As ratepayers and taxpayers, we pay all th
Finally, we must reach consensus on a standard spen
system. This should be an industry standard. DOE sh
so that we get the benefits of competition and priv
manufacturing.

This is an urgent issue.

Seventeen plants already have spent fuel storage sy
order. Twelve more will need storage by the year 20
need it by 2010.

In the absence of a standard system, a variety of d
being used. There are single-purpose, storage-only
dual purpose systems - for storage and transportati
casks and concrete casks. There are large ones, sma
tall ones. There's everything except your choice of
next year's models.

Variety is great for the family car, but not for sa

spent fuel storage.

The DOE is worried about this proliferation of cani
figure out how to get the fuel out of all those dif

into one permanent repository. At a recent NRC hear
the commission that a situation could arise "where
utilities) could be so site-specific that it could
problem."

The NRC is also worried. At that same hearing, NRC

Jackson and Commissioner Rodgers expressed concerns

different transportation and storage canisters deve
industry would comply with repository requirements.
And we should be worried.

Because we, as ratepayers and taxpayers are going t
bill to close the cycle on many of these half-way s
That's why we need a standard solution. We need a s
accommodates fuel from all of our nuclear plants. W
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integrates all the elements of the spent fuel progr

Transportation. And permanent repository emplacemen

The solution exists.
It's the Multi-Purpose Canister.
| say this, of course, as head of the Westinghouse
responsibility for developing the MPC by DOE's M&O
high-level waste program.
But | also say it as a 30-year veteran of the nucle
person who cares deeply about keeping the nuclear o
A significant benefit of the Multi-Purpose Canister
accommodate 90 percent of the utility spent fuel in
storage and transportation canisters can accommodat
that fuel.
Fig. 2
In addition, today's canisters won't be accepted at
Once fuel is loaded into the MPC, it stays in the M
transport, and into the repository.
Radiation exposure is minimized, and so is low-leve
canisters must eventually be scrapped as their fuel
repository. That will create huge amounts of low-le
costs. Because we'll have to pay to re-handle the f
to dispose of the scrap canisters, and we'll have t
repository canisters.
Fig. 3
So without the MPC, we'll pay more for spent fuel m
That's what the obstructionists want. They'd like u
power out of business.
We can't let that happen.
And we don't have to. This spring, the MPC design w
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

A concrete storage unit, and

A transportation cask and rail car to transport t
Here's how its used. In the fuel pool, each spent n
fits into a guide tube constructed of 304 stainless
secure the guide tubes. The spacer plates are assem
and sleeves to form the basket, which ensures that
subcritical. The MPC basket is constructed of XM-19
resistant stainless steel used in sulfuric acid pro
The MPC shell is 316L stainless steel. A shield plu
uranium in a stainless steel shell to attenuate gam
inch thick 316L stainless steel inner closure plate
containment boundary, and a 1-3/4 inch 316L stainle
plate provides a redundant seal.
During loading, the MPC canister is enclosed inar
that provides neutron and gamma shielding, heat dis
structural protection. The MPC can then be transfer
storage unit for on-site vertical storage, or it ca
reusable transportation cask for shipment off site.
The transportation cask consists of four layers: Th
19, surrounded by a layer of depleted uranium which
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shielding. This feature also provides a margin of s

in physical testing, which would not be present in
steel or all-steel design. The third layer is an XM

The fourth layer consists of neutron shielding and
cast-in-place cementious material is used to attenu
through the cask wall. Boron, added to this neutron
reduces secondary gamma radiation from neutron abso
shielding is balanced with heat transfer requiremen
copper ribs, which dramatically improve the flow of

of the cask. A thin copper-lined stainless steel ja
cask.

For transportation off-site, the trunnions are remo
fitted with large polyurethane foam and honeycomb a
limiters and the personnel barrier. In this integra
storage, transfer and transportation casks are reus
We need the MPC. We need to get this standard spent
the computer and into the nuclear power plants wher
Let me suggest a path forward.

The most expedient, cost-effective way to do this i
transportation portion of the MPC program to go for
Let me explain the benefits.

First, it will move the industry toward a standard
infringing on competition.

Second, it will maintain the momentum of the MPC pr
standard spent fuel storage system available as soo
utilities that need it.

Third, it will only cost about $10 million to licen
transportation components. That's about one percent
Yucca Mountain expenditures through 2010. | think t
pay to help move the industry confidently ahead on
this time of budgetary restraint, it's the right th

Finally, a government-certified standard transporta
important weapon away from the obstructionists. Tra
potential to be one of the most contentious spent f
People worry about nuclear waste moving through the
though our transportation safety record is perfect.
That's why DOE and Westinghouse tackled transportat
the Waste Isolation Pilot Plant, near Carlsbad, New
the repository was ready to open, the TRUPACT Il tr
were designed, tested and certified. The transporta
established, and emergency response personnel were
transportation is not an issue as the repository cl
regulatory hurdles on the way to a 1998 opening.

By moving forward with the transportation portion o
resolve one of the most contentious issues in spent
The obstructionists, like the outlaws in High Noon,
transportation and other spent fuel issues to hold
And we are giving them the opportunity. Because we
and division to keep us from taking the responsible
solve these issues.

| believe we can learn a lot from this Hadleyville
Citizen #4: ". . .so if Miller comes back here toda

It's our problem, because it's our town. We made it
out of nothing. And if we want to keep it decent, k
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got to think mighty clear here today. And we've got

to do what we think is right, no matter how hard it

We have to do what's right, no matter how hard it i

it now. Time is running out. High Noon is nearly up

In the movie, the townspeople never did stop arguin
together and back Marshall Kane. He had to face the
he still saved the town. . . and got the girl.

But that's Hollywood, my friends. This . . . is the
America's great accomplishments don't come through
through cooperation, communication, and responsible
working together to solve tough problems.

Nuclear power can keep our country strong and secur
a happy ending, too, but only if we keep the spent

us hostage.

We must put our differences behind us. We must all
struggle to save nuclear power. Today.

Right now, we can end our unproductive arguing, eli
move forward on a standardized spent fuel storage s
Let's all become spent fuel action deputies. Let's

put our spent fuel problems behind us. And let's mo
still time.

Let's ride!
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THE GLOBAL IMPLICATIONS OF OPENING THE WASTE ISOLAT

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
waste management is the opening of the world's firs
for the safe disposal of long-lived radioactive was
radioactive waste (TRUW), and spent nuclear fuel an
radioactive wastes (HLW). Pursuant to current laws
both TRUW and HLW will be disposed of in deep geolo
at different locations. This paper provides our est

and the global impact of opening a TRUW repository
Pilot Plant (WIPP) site in the state of New Mexico.
The WIPP project began in 1974 and it has a long-st
excellent science and safety. In October 1993, the
Department of Energy established the Carlsbad Area
mission to review and integrate the safe management
USA. By April 1994, the CAO had conducted the revie
new mission which included an accelerated schedule
WIPP in 1998 rather than in 2001. Subsequently, the
precedents at the WIPP with early regulator and sta
in the regulatory process, and with the development
structured, and defensible decision-making basis fo
effective path to the timely opening of the WIPP in

At the end of August 1995, the WIPP is well into th
certification/permitting process and on schedule to
timely opening of the WIPP repository would reduce
protection of human health and the environment by r
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from surface-based and near-surface-based temporary
a repository located at a depth of approximately 65
land surface. Moreover, the opening of the WIPP rep
global first-of-a-kind operational facility, and it
operation in compliance with one of the strictest e
protection standards in the world should enhance pu
safety of deep geological disposal of TRUW and HLW
abroad.

INTRODUCTION

A missing global link in the nuclear fuel cycle and
waste management is the opening of the world's firs
for the safe disposal of long-lived radioactive was
radioactive waste (TRUW), and spent nuclear fuel an
radioactive wastes (HLW). Pursuant to current laws
both TRUW and HLW will be disposed of in deep geolo
at different locations. This presentation provides
situation and the global impact of opening a TRUW r
Isolation Pilot Plant (WIPP) site in the state of N

THE SITUATION

The WIPP site was selected in 1974 as a potential s
development of a facility for disposal of defense-r
since the 1970 decision by the Atomic Energy Commis
agency to the DOE) to begin above ground interim st
waste rather than shallow burial. In 1992, the WIPP
from public use by the US Congress for completion o
the nation's TRUW repository.

The DOE established the Carlsbad Area Office (CAQO)
1. Integrate the characterization and preparation/

and future TRUW at ten main TRUW generator/storage
National TRU Program (NTP); and to

2. Open and operate the nation's first deep geolog
(repository) (Fig. 1) for TRUW at the WIPP site.

Fig. 1

THE PROBLEM

It is estimated that 144,000 cubic meters of TRUW e
Approximately 63,000 cubic meters is already packag
a variety of metal drums and wooden and metal boxes
waste has been placed in retrievable storage. They
covered mounds, concrete culverts, and other types
70% of the drums are over 10 years old and 20-30% o
mounds contain corrosion pinholes or are beginning
waste is dispersed across the country with five maj
96% of the waste. Remediation and decommissioning o
expected to package another 81,000 cubic meters of
people live within a 50 mile radius of TRUW. Taxpay
budget that spends approximately $400 million a yea
waste in temporary storage.

THE SOLUTION

As early as 1957, a National Academy of Sciences (N
Atomic Energy Commission recommended the burial of
geological formations. A 1992 report from the NAS n
countries have concluded that "the best means of lo
deep geological emplacement...."
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The WIPP site was identified in 1974 as a potential
TRUW repository, and an extensive site characteriza
initiated. The 6.4 by 6.4 Kilometer (Km) WIPP Site
Southeast of Carlshad, New Mexico in an arid and sp
desert area. Based on the results from the site cha
(including laboratory testing, model developments,
construction of an underground test facility at an

650 meters below the surface in the center of the ¢
the Salado Formation, commenced in 1982. The Salado
250-million-years-old, regionally extensive, 600-me
sedimentary evaporitic sequence of rocks dominated
halite). The construction and testing of the underg

as all facilities and equipment required to commenc
handling, transporting, and emplacement of TRUW wer
completed in 1988.

THE APPROACH

Since the inception of the CAO, a preliminary waste
compiled, the experimental program has been streaml|
permit/certification applications have been submitt

the schedule for opening the WIPP repository has be
three years to April 1998, and the estimated cost t
repository has been reduced by more than 300,000,00
The NTP has periodically inventoried and updated av
TRUW at some 20 generator/storage sites and project
generation. The most current estimated stockpile of

m3 of Contact Handled-TRUW and 4,000 m3 of Remote H

During 1994 and 1995, the CAO evaluated the experim
terms of contributions to regulatory compliance by
Prioritization Method (SPM) to establish the most p
combination(s) of activities to meet the final disp
TRUW, i.e., Code of Federal Regulations, Title 40,
Based on the SPM results, the Manager of CAO decide
reduce the experimental programs from 116 activitie
sets. The SPM initiative also pioneered early and i
stakeholder involvement in the process of regulator
After a thorough evaluation of the WIPP experimenta
inventory (both existing and projected), and the en

Carlsbad Area Office announced a new TRUW managemen

1994. This strategy accelerates the opening of the
three years, i.e., from 2001 to 1998, and the key m
Fig. 2, the WIPP Disposal Decision Plan. The main o
strategy are to:
resolve regulatory compliance and technical issue
characterize the waste;
address transportation and safety issues; and
involve stakeholders in the regulatory compliance
Fig. 2
In 1995, the WIPP entered the permitting phase. The
applications to receive and dispose of TRUW and mix
site were submitted to the cognizant regulator:
1. The Draft Compliance Certification Application
TRUW will be safely received and disposed at the WI
to the Environmental Protection Agency (EPA) on Mar
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2. The draft No-Migration Variance Petition (NMVP)
hazardous constituents will not migrate from the Wi
concentrations harmful to human health and the envi
years, was submitted to the EPA on May 31, 1995; an
3. The Resource Conservation and Recovery Act (RCR
describing the site, its facilities, and how the ha

at the WIPP site will be safely handled on a daily

to the New Mexico Environment Department on May 31,
of the Disposal Decision Plan schedule.

Regulator comments on these applications were recei
1995. Additional regulator, oversight groups, and s
are expected in 1996. These comments will be consid
prior to the submittal of the Final Compliance Cert

to the EPA in October 1996.
TRANSPORTATION/SAFETY ISSUES

Since the beginning of this country's nuclear progr
more than 2,500 shipments of spent fuel and many mo
level waste. The safety record to date is very good
nuclear waste is of particular concern to states an
tribes along the main transportation routes to WIPP
tribal governments, and several national and region
organizations are actively preparing for potential
transuranic waste to the facility. These preparatio
development of policy and procedures for preventing
to emergencies and bad road and weather conditions,
inspections, and providing equipment.

Packaging provides the primary barrier to the relea
contents during shipment. The Transuranic Package T
II) containers have been especially designed to shi
This system meets or exceeds every Department of Tr
Nuclear Regulatory Commission regulation and is the
devised for transporting any hazardous material in
IMPEDIMENTS

The CAO works with 16 federal agencies, 23 states,
The CAO is committed to increased interaction with
regarding major decisions. The CAO is involving sta
its decision making process in a visible and access

to finish. That is, stakeholders are advised early
opportunities, comments will be encouraged, and sta
provided with responses and program updates. Our ai
resolve concerns before they become more difficult
Trying to satisfy all these customers is about as e

or actually "herding turtles" in the often-bureaucr
work. Besides trying to align all these disparate p
have to overcome all the misconceptions held by sta
example, some people along the transportation corri
will suffer harmful radiation effects during the sh

the often over-stated, emotional attacks by those s
opposed to nuclear activities and supported by non-
about the hazards or risks from low-level radiation

In the regulatory arena, which will be covered in g

at Session 19, we are required to predict the perfo
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the most sophisticated state-of-the-art performance
process currently in use; we will try and predict t
needed thousands of years into the future, predict
changes in the earth, and then defend the soundness
repository to the EPA, New Mexico Environmental Dep
stakeholders. Compared with these requirements, per
with a shrinking budget, is easy.

IMPACT

The opening of the WIPP repository will drastically
health and the environment by facilitating the remo
from surface-based and near-surface-based storage f
contaminated sites, to a TRUW repository located in
uninhabited desert area at a depth of approximately
surface in the center of a stable and virtually imp
formation. Several of the TRUW storage sites are lo

of sizable population centers. If there is any risk

the environment from the alpha radiation emitted by
magnitude greater where the waste is than where we
650 meters deep in a 250 million year old salt form
Moreover, the WIPP will be a world-class first-of-a
safe disposal of long-lived TRUW. It will be the fi
repository licensed under a rigorous, ultra-conserv
program requiring a risk-based performance assessme
compliance with the environmental standards for 10,
continued safe operation in compliance with several
regulations and one of the strictest environmental
standards in the world will enhance public confiden
deep geological repositories both in the USA and ab
As part of our compliance program efforts, the CAO

of the WIPP performance assessment effort by the Or
Economic Cooperation and Development/Nuclear Energy
the International Atomic Energy Agency (IAEA). Thes
agencies have had long and effective involvement in
throughout the world. The eminent engineers and sci
and IAEA team who are renowned; world wide budget m
prepare an independent review of the WIPP's program
compliance that will serve as a model for other ass
efforts. Our approach to engaging the regulator ear
discussions in the licensing process and to includi
early stages of the effort will serve as a model th

in other nations licensing efforts. As we have in t
prepared to share our lessons-learned with the inte
through our involvement with the IAEA and/or OECD/N
nation-to-nation basis. Many of our foreign colleag
who attend this meeting, have already toured the WI
extensive technical and regulatory briefings about

the status of the scientific, operational and regul

CAO program for operating the WIPP.

CONCLUSION

Whether or not you live near a nuclear TRUW site, t
will have significant effects on public health and
environment in which you and future generations wil
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individual who is interested in solving this nation
management, should become a champion for the WIPP.
For those who haven't visited the WIPP yet, | want
presentation by issuing you a personal invitation f
detailed briefing about WIPP. It will meet your hig
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
Reactor (EBWR) was well planned and professionally
experienced contractor. In the process, two particu
incidents occurred that were outside of the plannin
involved trace Pu-241 that had decayed to Am-241 an
during size reduction. The second involved microsph
steel that were produced in condensation of plasma-
While neither resulted in significant exposure, the
clearly an "unreviewed safety question,” and both d
lessons learned.

BACKGROUND

The Experimental Boiling Water Reactor (EBWR) was b
experimental facility to demonstrate the practicali
control, etc.) of a boiling water reactor. As with
facilities built in that period, a wide variety of
configurations and fuels were used. It is reported

fuel failures during the operation of EBWR. The fin
included plutonium fueling for the central nine ass

In 1967, the reactor was shut down, defueled, and p
interim condition." Little was done at the facility

1980 time period, the containment structure was use
of contaminated glove boxes. In 1979, NUS did a sur
planning for decontamination and decommissioning of
Significantly, NUS surveys concluded that there wou
hazard in the D&D of this facility. Further prelimi
planning were done in 1989-1990, confirming (or mor
repeating) the assessment that there was no alpha h
identified radiological hazard was from activation
cobalt-60. When waste management funding was obtain
facility, there was some question as to DOE's requi
analyses for D&D projects and planning proceeded ba
as to the required analyses. A contract was placed
worked as subcontractor on many nuclear D&D project
the lead contractor. ALARON was advised that there
anticipated alpha concern, but the contract terms ¢

a characterization survey. That survey also confirm
alpha contamination. Health Physics (HP) coverage w
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by the contract with oversight by ANL Health Physic
bioassays for all subcontract radiation workers wer
ANL providing the bioassay support (ANL employees a
periodic assay program based on their exposure pote
protection was required (and used) by all workers u
that there was no significant airborne cobalt-60 co
DOE later ruled that all D&D projects were to be co
projects and subject to the full DOE Order 5480 set
Based on this, a contract was placed with NES, an e
the preparation of SAR's, to prepare an SAR in acco
5480.23. The EBWR SAR states that there is no alpha
hazard, and analyzed, as potential accidents, a cra
heavy contaminated objects and a tornado causing re
contamination. Since the source term is limited, ne
accidents is found to be a significant public hazar

THE AMERICIUM INCIDENT

The first phase of the project was the removal of s

the workers who did that work completed their assig
site, they submitted the normal urinalysis samples.
analyzed (in August 1994), clearly measurable level
noted. As there was no expected tritium (or identif
tritium), a more thorough analysis was performed (s
late August and urinalysis samples were analyzed by
second phase of the D&D was already underway with t
core internals, vessel and vessel-pit lead removal,
concrete. The workers involved in these operations
bioassay review. Among this latter group, measurabl
noted in seven urinalyses and confirmed by fecal an
americium-241. Estimates are that the most highly e
could have obtained a lifetime Cumulative Estimated
(CEDE) of no more than 300 mrem (Table I). Bioassay
complete, and seven individuals show alpha levels i
twelve detectable in fecal analysis. Each of these

but not radiologically significant, uptake of triti
cobalt-60.

Upon confirmation of biological uptake via analysis
(September 9), all work on the project was suspende
analysis of the situation.

Various ANL "old-timers" suggested a variety of pot
americium, but no specific recollection of a concen
was identified. The potential sources included fuel
followers and intentional failed-fuel experiments.

and failed-fuel experiments were documented in EBWR
performed well before the plutonium fueled operatio
experiments involved the use of U-235 and U/Th fuel
were documented as having been removed from the rea
nature of the fuel, it was unlikely that these were

241, although the failed-fuel experiment would have
product release to the reactor system. There was no
followers had been used in control rods during the
Program. A careful review and analysis of the radio
measured from the control rods demonstrated that no
involved in the D&D cutting operation.

Table |
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Since Am-241 is a daughter of Pu-241, the committee
Plutonium Recycle Program activities that were cond
last experimental program before the facility was s

dry lay-up. A committee member reviewed monthly Rea

Progress Reports generated during this time period.
highlight the various reactor programs in operation
review identified references to an experiment for t
epithermal capture-to-fission ratios of Pu-239 and
operation in EBWR. This experiment involved the pla
Pu-241 foils in the EBWR reactor core. Further revi
Physics Division annual reports found a notation th
"lost in EBWR" (ANL-7310, page 42). This was confir
final report (ANL-7795). The existence of this "los
identified in pre-job characterization.

Although the Pu-241/Am-241 foil has not been found,
bioassay data appear to be consistent with the esti
activity level. A "reverse” calculation of the sour

maximum measured internal dose resulted in an Am-24

order magnitude of activity as the lost foil.

The sample measurements indicate that the Am-241 ac

the fuel pool, and that particular work associated
such as underwater plasma arc cutting and pool wate
causes dispersion of airborne Am-241. Since Am-241
samples over many different days, it appears that t
source. If an intact foil had been contacted with t
likely there would have been a very large release o
which is not indicated in the air sample data. The
vapor deposition onto a Zr carrier, which was then
sealed. It is likely then that the americium, as ge

the Pu-241, would be released as a colloid, deposit
reactor internals.

Fig. 1.

Plasma-arc cutting of the internals vaporizes the m
cutting path. The underwater plasma arc uses an ine
transports vapors to the surface of the pool as air
The original foil contained only about 200 microgra
only small fractions of this could have been releas
are not inconsistent with the observed uptakes. Exc
and a reasonable direct inhalation pathway, the qua
significant.

The one parameter that does not fit this hypothesis
isotopic mix. If the Pu-241 foil were the sole sour
essentially no Pu-239 or Pu-240, whereas the Pu-239
equally present.

A second candidate source is tramp uranium. In the
power, some tramp uranium on the exterior of the fu
normal. The system contamination from fuel failures
large, and small amounts of tramp uranium would be
It is unlikely that the core contained sufficient u

all of the americium, but it is considered likely t

fuel) is responsible for the Cs-137 encountered, an
for a significant part of the plutonium found in th
irradiation products from several tens of grams of
the foil described above, provides a credible sourc
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radionuclides. This plutonium would be almost total
broadly comparable contributions from the lost foil
uranium. The dose, however, is almost totally from
the foil.

The possible effect of tramp uranium was not consid
evaluations.

The assumption that there were no transuranic sourc
D&D project resulted in the implementation of an in
monitoring and air sampling program and inappropria
These practices included discontinuation of respira
confirmation of no significant gamma (Co-60) airbor
the majority of plasma arc cutting work respiratory
used, nor was there a local capture exhaust around
levels identified, radiation detection was not set
minimum detection levels to allow detection of alph
be of concern. Further, the alpha contamination fre
20 dpm/100 sg. cm., even though permitted by the DO
Manual, was not sensitive enough to flag that a pro
by unprotected plasma arc cutting.

Smears of the EBWR shell area by ESH-HP following t
did find alpha contamination but at levels far belo
criteria. This fact is probably attributable to the
contamination that were generated along with the re
housekeeping that was required to remove beta/gamma
as that required to clean up dust that infiltrated
outside.

Tritium Sources

There are a variety of methods by which tritium cou
during EBWR operation including activation of natur
deuterium, as a product of fission and as a product
for reactivity control. The latter reaction occurs
neutrons (> 1 Mev). In commercial reactors, tritium
approximately two orders of magnitude higher in PWR
of the use of soluble boron for reactivity control
published liquid effluent data. In contrast to curr

was used to reactivity control in EBWR. There were
other components that contained boron, including co
thermal shield. There is no evident conclusion as t
source is or why the tritium (tritiated water) woul

in the fuel pool. Although the tritium levels are a

the production of tritium during operation would ha
residual amounts should have been expected.
Lessons Learned: Americium Incident

1. Reactor internals, piping, and components must b
generally contaminated with very small amounts of u
fission products, and tritium, in addition to cobal
activation products.

2. The source of these contaminants includes:

a) Tramp uranium and incidental fuel failures that
during operation of all but the most modern reactor
b) Tritium from boron control rods and soluble bor

3. The levels of contamination may be below the thr
identification by many traditional survey technique

a hazard to D&D workers.
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4. Plasma-arc cutting has become a common tool for
contaminated materials will necessarily produce air
This project did not adequately assess plasma-arc ¢
radiological inhalation hazard.

5. A generally knowledgeable and cautious overall a

health and safety, plus some degree of redundancy i
protection, is required to provide an adequate marg
Conclusions - Americium Incident
1. In old light water cooled reactors (LWRS), the r
piping and components are likely to be generally co
amounts of americium, plutonium, fission products a
addition to the cobalt-60 and secondary activation
analyzed in the SAR as potential radiological hazar

a) The levels may be below the threshold for ident
traditional survey techniques.

b) The contamination may well qualify as "fixed,"
techniques such as plasma arc cutting can serve to
contamination.

2. The sources of all contaminants are unlikely to
identifiable.

a) The source of the fission products can be reaso
tramp uranium and incidental fuel failures that und
during EBWR operation. These sources are likely to
reactors.

b) No specific source of the tritium has been iden
does not appear to be a significant radiological ha
no further effort was made to identify the origin.
tritium is likely to be a property of any old (or n
3. Prior evaluations and assessments must not be ac

adequate questioning. Evidence of inadequate docume

working conclusions should be taken as a clear basi
In the EBWR case, there were repeated assurances th
radiological hazard was from activation products (d
60). Several surveys had been used to confirm this
was written, and the contractor was led to believe
against cobalt-60 was all that was required.

4. Hazards associated with specific D&D techniques
cutting) must be explicitly included in safety anal
planning.

5. Literal compliance with all applicable DOE order
safety analysis performed in accordance with best ¢
no protection against surprises of this sort. The p
hazards associated with "other contaminants” such a
plutonium, tritium, and fission products are not li
during the even very careful project planning. Ther
surveillance planning and surveillance execution mu
6. The bioassay program should be designed to confi
exposure occurred during the project as evidenced b
project and post-project sampling regime but by app
sampling. The role of the bioassay program in ident
unanticipated hazard should be considered solely fo
detection.

7. Given that a major concern in D&D must be the pr
when they encounter unanticipated sources of radion
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that excessive protective gear is highly counterpro
that an extensive retrospective sampling and assay
credible contaminants and all potentially exposed i
essential. Confirmation of negative findings should
planning as scheduled hold points commensurate with
exposure.

8. A generally knowledgeable and cautious overall a
health and safety, plus some degree of redundancy i
protection, can provide the margin of safety.

THE MICROSPHERE INCIDENT

In an unrelated incident, Health Physics surveys di

in a small pile of floor sweepings. The ANL Health
duty was conducting "direct surveys" and discovered
approximate activity level of 107,000 dpm Beta-Gamm
floor sweepings that were within the controlled are
an area designated as a contaminated area. At that
direct surveys in the same general area found an am
reading of fixed contamination on a small spot unde
surveys were continued due to the fact that routine
surveys of the area had failed to turn up this cont
This contamination has been determined to be small
produced by plasma arc cutting operations. This mat
of very small hollow spheres ranging in size from a
diameter to pin-head size. These spheres are not de
that the activity of any one or few spheres is belo
The primary radioisotope in the spheres is Co-60 wi
indicating activated stainless steel.

Material transfers during the D&D operation are acc
establishing a work area; the floor is covered with
the area is posted. After packaging is completed, t
and smeared for loose contamination. The plastic is
discarded. It is likely that the small spheres were
plastic by the mopping. Since they are not detectab
remain on the floor undetected. The background radi
complicates finding the spheres by routine direct s

In this incident, the pile of floor sweepings had a
collection of material in a low background radiatio
detection.

The entire area that had been used as a work area w
vacuumed with a HEPA filtered vacuum and sources of
moved to allow for direct survey of all floor surfa
Vacuuming and using duct tape have been very effect
these slag spheres.

Conclusions and Lessons Learned

In a high background area, there can be significant
not detected by smear techniques, and other techniq
sampling, detection, and analysis.

Plasma arc cutting is an accepted size reduction te
applications, including work on contaminated and ac
Detailed procedures must be put in place and implem
contamination resulting from such cutting. It has n
recognized that the plasma vapors can result in con
that roll freely (including rolling off plastic mat
removed). The microspheres are not effectively coll

ductive, it is clear
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microspheres from activated steels may be low enoug
undetectable by normal radiological surveys when di
Searches for this type of loose contamination in hi
can be carried out using vacuuming through HEPA fil
measurement of the filters in a low background area
This is another in a series of lessons learned from
project. While the radiological consequences were m
actions readily identifiable, the implications for
significant due to the broad application of plasma
FINAL COMMENTS

In both of these instances, plasma arc cutting has
pathways that were not identified and that were bey
range of empirical identification. Given that D&D s
efficiently, modern tools such as plasma arc cuttin
consequence, such surprises must be expected. To en
involved are minimal, defense in depth is essential
procedures are of limited value in that D&D will al
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WHO IS LIABLE FOR WORKER HEALTH & SAFETY? LESSONS L EARNED FROM THE
MILWAUKEE TUNNEL EXPLOSION: THE ENGINEER'S PERSPECTVE

David W. Miller

CH2M Hill

ABSTRACT

Determining responsibility for worker health and sa
site is an increasingly difficult task. A methane e

in November 1988 killed three employees of the cons
The engineer on the project, CH2M HILL, subsequentl
five separate legal proceedings arising out of its
providing services to the owner during construction
contract language which placed sole responsibility
safety on the contractor, CH2M HILL spent hundreds
dollars in legal defense costs, including dismissal

the Administrative Law Judge.

The paper describes the background of the project,
resulting legal proceedings, and the lessons CH2M H
experiences. Of critical importance, the author emp
the perspectives are of those involved; the owner,
engineer, and the enforcement agencies.
INTRODUCTION

On the early morning of November 10, 1988, an explo
underground tunnel being constructed as part of the
Water Pollution Abatement Program (the Program). Th
tunneling contractor, S.A. Healy, were killed insta
tunnel was postponed for the next several months.
Immediately following the explosion, there were an
investigations to determine the cause of the explos
blame for the deaths of the three workers. CH2M HIL
on behalf of the Milwaukee Metropolitan Sewerage Di
embroiled in five separate legal proceedings, spend
thousands of dollars to defend its activitiesdespit
language which placed sole responsibility for the h
construction workers on S.A.Healy and its personnel
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The purpose of this paper is to explore lessons lea
explosion, outlining how health and safety responsi
allocated on the Program, and discussing CH2M HILL'
and safety issues, as impacted by the lessons learn
THE PROGRAM

In the early 1970's, the City of Chicago sued the C
alleging that Milwaukee's sewage was polluting Lake
of that lawsuit, the City of Milwaukee undertook a
improvement program. The Program took 18 years, use
construction work, cost $2.29 billion, and included

at two wastewater treatment plants, the development
interceptor system, and deep tunnels to handle comb
sewage and rain water. Utilizing 324 construction ¢

its Program Manager, CH2M HILL, oversaw total const
billion dollars. The Program was completed on time
fall of 1995.

A major portion of the Program involved underground
including approximately $900 million in constructio
result was over 20 miles of tunnels 300 feet below
ranging in diameter from 17 feet to 32 feet; 24 dro
channels; and over 62 miles of near surface collect
from 5 feet to 12 feet in diameter, at a depth of 3
below the ground surface.

CH2M HILL managed a consortium of five engineering
planning and design of the entire sewage system upg
construction, cost and schedule control, and claims
peak of the Program, CH2M HILL managed a work force
engineering and technical firms. During this same p
construction work force peaked at 1,200 people unde
construction contracts. CH2M HILL's contractual res
carefully spelled out in its contract with the MMSD

the contract relationship between CH2M HILL and the
contractual relationship between the MMSD and its ¢
traditional one.

Fig. 1.

Because of the magnitude of construction and the ha
construction in particular, safety responsibilities
spelled out in both CH2M HILL's contract and in eac
between the MMSD and the contractor. The contracts
HILL's responsibilities included properly training

of and adherence to the contractors' safety program
safety concerns to the MMSD and the various contrac
disclaimer, however, CH2M HILL was precluded from t
against a contractor and had no authority to stop t
The contractors' contracts, by contrast, expressly

for safety on the contractor. Each contractor was g
responsibility for the means and methods of constru
health and safety. In addition, the contractor was
visits by the engineer were for the MMSD's benefit,
would not diminish in any way the contractor's resp
and safety.

THE HEALY CONTRACT

In 1988, S. A. Healy was hired to construct a two-d
tunnel, two miles long, for a lump sum of $12 milli
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other construction contracts let by the MMSD, Healy
responsibility for the means and methods of constru
health and safety of its workers and any personnel
site.

Earlier in 1988, another contractor had encountered
underground construction approximately one mile fro
was to begin its work. As a result of CH2M HILL's s
investigation, a contract modification was issued t
1988. In anticipation of potential methane in Healy
modification required Healy to ventilate the tunnel
install particular fans for the main ventilation sy
continuous monitoring for methane. Under applicable
for underground construction, Healy's monitoring eq
provide a warning if the methane levels reached 10
Explosive Limit (LEL), and shut down Healy's tunnel
if methane reached 20 percent LEL. The TBM had to m
requirements, and Healy had to use explosion proof
in various places in the tunnel. Finally, Healy was

an extensive evacuation and recovery plan to protec
event of encountering methane.

Healy and two other underground contractors were pa
implementing the April 5, 1988 modification. CH2M H
was to ensure that the contractors implemented the
the contractors were paid for the required changes.
THE ACCIDENT

In early November 1988, Healy encountered methane d
All of the monitoring equipment worked exactly as p
able to successfully evacuate and reenter the tunne
Shortly after 7:00 a.m. on November 10, the methane
and the tunnel boring machine shut down. According
investigations, the tunnel was successfully evacuat
are still not clear, however, three of Healy's empl
tunnel in less than the one hour required by the co
employees were Healy's top three people with safety
including Healy's safety director. Shortly after re
occurred killing all three employees. CH2M HILL was
time of the explosion, nor had CH2M HILL been notif
sensors sounded.

THE LEGAL PROCEEDINGS

The explosion triggered five legal proceedings invo
HILL. First, the local District Attorney began a cr
under state law. After reviewing the contractual te
Healy and CH2M HILL personnel, and investigating th
explosion, the District Attorney's office decided t

not CH2M HILL. Healy was found liable for two count
negligence, each carrying a $10,000 fine. Healy was
follow its own evacuation and reentry plan, and its
the tunnel in accordance with the health and safety
Second, the U.S. Attorney's office began its invest

of federal criminal law. Again, after investigation

U.S. Attorney's office declined to prosecute CH2M H
prosecuted Healy for its misconduct. Healy was foun
counts of violating Federal safety regulations, eac
fine. Healy was cited for failure to use explosion
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failure to shut off the power after methane was det
properly train its workers.

Third, the estates of the three deceased Healy empl
death actions against Healy and CH2M HILL. Because
required it to indemnify and defend CH2M HILL for H
CH2M HILL successfully tendered the defense of the
general liability insurance carrier. The three case

trial for over $750,000.

Fourth, the Occupational Safety and Health Administ
citations to both Healy and CH2M HILL for willful m
issued 67 citations, each carrying a potential $10,
Healy was found liable for 49 violations, resulting
$318,500 ($6,500 per violation).

CH2M HILL was issued 47 citations, each carrying a
fine. Trial was held before an Administrative Law J
1992. All citations against CH2M HILL were dismisse
August 25, 1993. The ALJ's 23 page decision reviewe
with the MMSD, how CH2M HILL carried out its contra
responsibilities, and the facts of the methane expl
concluded that CH2M HILL had not engaged in "constr
defined under the Occupational Safety and Health Ac
did not have health and safety responsibilities at
Therefore, the ALJ concluded that the construction
CH2M HILL had been cited were inapplicable and that
be vacated.

Fifth, Healy sued the MMSD and CH2M HILL to recover
reentering and completing the tunnel. Despite the p
liabilities, Healy alleged that the explosion and i

OSHA to reclassify the tunnel and treat it as a gre
Healy to incur additional costs. The case was settl

The costs to CH2M HILL of these five legal proceedi
accurately estimated. In addition to the attorney's
witness costs (in the hundreds of thousands of doll
substantial amounts of internal time defending thes
extensive adverse publicity both in Milwaukee and a
suffered lost opportunity costs.

Legal Issues (From the Engineer's perspective)Two |
fundamental to an understanding of the lessons CH2M
the OSHA case. The key to determining liability on
revolves around the issue of who "controls" the con
Resolving this issue depends on applicable legal pr
governing contractual language, and the facts of ea
The first issue is whether the firm is "engaged in
defined under 29 C.F.R., Part 1926. In general, the
established that a firm is not engaged in construct

is physical labor that is actual construction work
modification, or repair of a structure) or physical
integral and necessary part of construction work; o
substantially supervises the physical work of const
detailed discussion of applicable legal precedents
companion cases: Simpson, Gumpertz & Heger, Inc., 1
CCH OSHD 29,828 (No. 89-1300, 1992) and Kulka Cons
Co., 15 BNA OSHC 1870, 1992 CCH OSHD 28,829 (No. 88
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The second issue, of particular importance to CH2MH
OSHA citations, is whether a design professional's
contractor constitutes construction work. The semin

is Skidmore, Owings & Merrill, 5 BNA OSHC 1762, 197
101 (No. 2165, 1977). The key issue is the authorit
contractor's work, including the authority to stop

stop payments, and the authority to reject non-conf
authority may be express authority (authorized spec
contract), or apparent authority (when employees of
which demonstrate control over the contractor).
Those who work in the construction arena must under
potential exposure to OSHA regulation in four disti

Your firm is in control of a construction site, a
exposed to a hazard.

Your firm is in control and another firm's employ
hazard.

Another firm is in control of the site, but your
to hazards as a result of their duties.

Other employees or visitors to the site are expos
your firm's failure to comply with safety standards
Although contract language is critical (and was piv
defense of the OSHA citations), contract language i
determinative. Employees on a site may act contrary
language of a contract (e.g., ordering the contract
employees may be exposed to a hazard when they do n
contractor's health and safety plan. Even with cont
(e.g., an indemnification clause running from the ¢
firm), there may be protection from civil exposure,
protection from criminal conduct or OSHA regulation
LESSONS LEARNED
The following are 10 lessons CH2MHILL learned from
proceedings, primarily defense of the OSHA citation
from the engineer's perspective on a construction s
on health and safety issues is applicable to any fi
construction.

Lesson 1: The Language In All Contracts Is Critical
Before undertaking construction work , all applicab

be carefully reviewed. This includes not only your
other contracts which may directly or indirectly de

to be performed. As noted above, the key is who has
construction site. The roles and responsibilities o

work on the site must be carefully defined, and oth
should be reviewed to avoid inconsistencies.

For example, in the Milwaukee OSHA case, there was
the contract CH2M HILL had with the MMSD and the co
Healy and the MMSD. In both cases, the contract lan
CH2M HILL's periodic visits to the construction sit
contractor's responsibility for health and safety.

various internal CH2M HILL documents used terms lik
manager" to define CH2M HILL's role during construc
language suggested (at least to OSHA) that CH2M HIL
included control of the contractor in some aspects.
Lesson 2: Conduct On The Site Must Be Consistent Wi
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No matter how carefully drafted the contract docume
each employee must act consistent with the contract
As noted above, an engineer's employee may not have
granted in the contract, but if the engineer's empl
contractor to stop work, the contractor may act in
directive, giving the engineer apparent authority o
work.

For example, an engineer's employee may notice that
acting in accordance with its own health and safety
tendency would be to point out the problem and perh
until the situation is remedied. Therein lies a pot

the one hand, there is potential OSHA exposure if t
stopped, and a hazard exposes your employees to pot
other hand, interfering with a contractor's work wi

do so can incur other legal liabilities for acting
contract.

Normally, the engineer's contract addresses this si
engineer to bring any deficiencies to the owner's a
owner can stop the contractor's work if necessary.

to be a somewhat cumbersome procedure, it clearly f
roles in the contract among the owner, the contract
Lesson 3: Contemporaneous Documentation Is Imperati
Whenever there is a potential safety hazard, the co
should be carefully documented at the time of the i
success is making the documents objective (i.e., st

in a clear manner, including who was there, what ha
etc.) rather than subjective (i.e., attempting to a

or who was to blame). The best guideline to follow
document on a construction site is to assume that a
public, either on the front page of the local newsp
exhibit during trial.

In the Milwaukee case, CH2M HILL faced both of thes
of the documents marked by CH2M HILL was reproduced
the local Milwaukee paper. On its face, the documen
that CH2M HILL had directed the contractor on which
should be placed in the tunnel. In addition, numero

by CH2M HILL both before and after the explosion we
exhibits in the trial. Fortunately, these documents
drafted and, in many cases, reviewed by attorneys t
not expose CH2M HILL to legal liability.

A further caution is important here. One should not
document will remain private, even if marked "Confi
documents which are generally safe from exposure ar
subject to the attorney-client privilege, i.e., tho

seek or provide legal advice.

Lesson 4: Control Must Be Given To The Party With T
Education, Training , And Experience

Because the legal precedents establish that the per
the site has health and safety responsibilities, th
control is critical in the contract documents (see
conduct of all parties on the construction site (se

In the traditional construction relationship, the e
historically not had the requisite education, train

make the necessary health and safety determinations
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site. That role has been given exclusively to the ¢
contractor. On the Milwaukee tunneling program, S.A
the tunneling contractor because of its prior exper
and the contract language was consistent with that
by contrast, had limited experience in health and s
construction sites, except in an observer capacity
Lesson 5: Even If Not In Control, All Those On Site
And Safety Training

Because of the extended nature of the Milwaukee Wat
Program, CH2M HILL employees with roles during cons
general health and safety training course. In the t
emphasized that the contractor's contract controlle
construction sites and that CH2M HILL's role was to
behalf of our client, the MMSD. Employees were advi
contractor's health and safety plan on each constru
follow the contractor's guidance on health and safe
addition, employees were advised that, except in ex
(e.g., a case of imminent danger with immediate exp
injury or death), CH2M HILL employees were not to i
contractor's work. If a hazard was noticed, the app

to notify the MMSD in writing, with a copy to the i

In the circumstances surrounding the methane explos
CH2M HILL's prior conduct (in particular, the contr
April 1988) gave CH2M HILL control over the site. T
tenuous, however, because CH2M HILL was not present
explosion, nor did CH2M HILL have any involvement i
reenter the tunnel after the methane sensors sounde
Lesson 6: Everyone Has A Different Perspective Of R
Responsibilities On A Site

As noted above, responsibilities of all parties mus

out in the contract documents (Lesson 1) and adhere
a site (Lesson 2). The perspectives of who had what
however, will change if something serious goes wron
relies heavily on the engineer as an educated, expe
"professional,” as the "eyes and ears" of the owner
"ensures" that the contractor will adhere to the pl
specifications. Following the methane explosion, th
investigation to determine whether CH2M HILL could
anything to prevent the explosion. One of their cri
whether CH2M HILL had properly inspected to ensure
installed explosion proof equipment and then monito
equipment. The ALJ's decision, however, clearly rec
HILL's responsibilities did not go so far. Rather,

to ensure that the constructed project generally co
and specifications, not to oversee all of Healy's a
Second, the contractor's perspective is that the en
clear of the means and methods of construction (inc
serious claim arises, however, it is not uncommon f
attorney to name the engineer as a defendant, alleg
had responsibility to prevent the accident from hap
for CH2M HILL, Healy's attorneys did not take such
personnel testified that CH2M HILL had carried out

in an appropriate manner, and that the responsibili
safety was solely Healy's.
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Finally, OSHA perspective is the most troublesome.
language in both CH2M HILL's and Healy's contract,
argued throughout the legal proceedings that CH2M H
role in health and safety issues long before the ex

on various documents CH2M HILL had produced in gene

contract modification to argue that CH2MHILL was in
construction work." OSHA alleged that the activitie
methane sensing equipment, for example, required CH
"substantially supervise" Healy's work. Again, howe
OSHA's arguments.

Lesson 7: Construction Projects Are Inherently Risk
System May Not Mitigate Those Risks

Owners on public works projects (especially governm
often required to select the contractor with the lo

may not be the most qualified or have the past expe
circumstances, there are inherent risks to all part
construction project, including the engineer. In fa
expect that the engineer take a more visible role i
contractor's activities, precisely because of conce

In addition, contractors, stuck with low bids, have
costs whenever possible, and unscrupulous contracto
costs in the safety arena in order to maximize prof
owner's perspective may be that the engineer should
activities to ensure that the contractor does not t
Finally, the worker's compensation laws are current
injured employees certain remedies without proof of
laws allow employees to seek additional relief from
owner and the engineer). In the Milwaukee case, thi
allowed the estate of the deceased employees to sue
recovering the statutory amount allowed by the work
from Healy, the attorneys then sued CH2M HILL in or
additional sums.

Especially in circumstances of severe injury or dea

is not inclined to leave injured employees without
remedy. If a judge or jury determines that the inju
receive "fair" compensation under the worker's comp
a greater tendency to assess blame to other parties
Lesson 8: There Are No Clear GuidelinesHire Compete
Necessary, Lawyers

Design professionals and others involved with healt
are increasingly being asked to walk a fine line. C
adamant that the design professional should not int
and methods of construction, including safety; owne
want to ensure that the construction project goes s
design professional take a more active role in over
contractor's activities. When the responsibility fo

in this manner, there are no clear guidelines as to
OSHA will do. Accordingly, seeking competent legal
imperative.

In the months following the methane explosion, ther
statements by OSHA officials to the effect that des
should have an increasing responsibility for constr
From CH2M HILL's perspective, this meant that the O
something of a test case for the OSHA administratio

Despite the clear
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throughout the legal proceedings that general legal
design professionals and contractors were simply no
they argued that prior OSHA cases demonstrated that
responsibilities included oversight of Healy.
Subsequent to the methane explosion, the Occupation
itself was amended to increase substantially the fi
such circumstances, the need for competent legal an
more important.

Lesson 9: The Greater The Injury, The Higher The Pr
The Exposure

Accidents involving serious injury or death are hig
intensive, legally risky events. Following the meth
was extensive coverage in local newspapers, radio,
including editorials about CH2M HILL's role in the
explosion.

The best advice is to get competent help early in t
such problems. This may require internal management
project, independent technical consultants with spe
(e.g., tunneling regulations, standard of care for

in construction, OSHA regulations), or lawyers who
knowledgeable.

Lesson 10: There Are Ambiguities In The Osh Act, Th

And The Applicable Case Law Which May Result In Gre

Those engaged in work which is subject to the OSH A
the ambiguities in the act itself, the applicable O

the OSHA regulations (part 1926). Throughout the le
HILL was consistently faced with these inconsistenc
despite what we believed were clear contractual res
CH2M HILL, S.A. Healy, and the MMSD.
CONCLUSION

Firms involved in construction must recognize that
industry in general is changing. More and more owne
are seeking firms who can provide design-build expe
procure-construct (EPC) experience, or what is loos
stop shopping.” The traditional consulting work whi
main stay of firms like CH2M HILL is diminishing, r
forms of contracting.

Along with these changes, there will be significant

of health and safety as well. The lines of demarcat
traditional design professional's responsibilities
responsibilities with regard to health and safety a
more blurred. Those who continue to pursue construc
necessarily be required to have a higher degree of
and safety issues to continue to meet their clients
CH2M HILL has learned a great deal about health and
painful aftermath of the Milwaukee methane explosio
from our outside lawyers and expert witnesses; we h
court proceedings on the OSHA citations; we have le
what their expectations are with regard to our role
sites; and we have learned from our project manager
personnel how difficult it is to separate roles and
regard to site health and safety during the course

In order to continue to meet our clients' needs, we
engage in improvement of our health and safety prog
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educate our employees about the importance of under
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
opportunity to monitor employee heat strain on John
Employees worked 12-16 hour days performing heavy ¢
during the September 1994 restoration, including wo
clothing and respirators, and in confined spaces. F
contractor's perspective, hurricane restoration act
worst-case scenario for employee heat exposure. Pub
rest regimens were highly restrictive and not feasi
(S&H) staff collected environmental temperature ind
determine environmental conditions, and biological
temperature, urine specific gravity, heart rate) to

heat strain. A customized work-rest regimen was the
workforce. Education and awareness training was an
heat stress program, with the goal that individuals

of how they are felt (heart rate, sweat rate, dizzi
thirst), and of their need to drink plenty of water
breaks. Training was informal, most information was
staff visited the worksite to collect samples. The
program provided the following benefits: sensible w
made in accordance with the heat tolerance of the w
illness did not occur; work was accomplished inar
employees perceived they were cared for.
INTRODUCTION

Heat stress is a potential health hazard for DOE co
many different working conditions and circumstances
the aftermath of the August 1994 Hurricane John, pr
opportunity to monitor employee heat strain on John
small Pacific island group located 800 miles southw
operated by DOE/DNA/DOD. From a maintenance contrac
hurricane clean-up and restoration work, which occu
through mid-October 1994, presented a worst-case sc
exposure in general maintenance and construction.
JA's climate is generally hot and humid, with stead
and September traditionally are months with the hig
of the year, and are times when tradewinds die down
restoration, Safety and Health (S&H) personnel moni
conditions using a wet-globe thermometer (botsball)
biological measurements on employees (oral temperat
specific gravity) to determine heat strain. These d
formulate a customized work/rest regimen that had t
preventing heat-related illness, and, accomplishing
timely manner.

WORK ACTIVITIES AND CONDITIONS

Work activities performed during the restoration in
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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 ¢ 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 | - lll 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 |

TABLE I

TABLE I

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-Ill, 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

electrolyte drinks were available at all times in t

staff conducted environmental and biological monito

employee heat tolerance, and to establish a feasibl

for the JA workforce, one that would meet both the
and with employee acceptance.

Individuals were monitored for internal (oral) temp

temperature (patch), heart rate, and urine specific

Environmental temperature indices (botsball) were a

were collected on 17 different days, in a variety o

different employees, at different times throughout

data).

Employees were counseled on the effects of heat str

the body's warning signs (sweating, prickly heat, h

cramps, etc). They were allowed to take additional

felt the need to rest, cool off, and replenish flui

DESCRIPTION OF MEASUREMENTS

BOTSBALL THERMOMETER A direct reading wet globe the

combines air temperature, humidity, wind, and therm

single index value (degrees F) that reflects enviro

ORAL THERMOMETER A direct reading internal body tem

indicator (degrees F). In general, an oral
temperature > 100 F may indicate heat
strain.

TEMPERATURE PATCHA direct reading external body te
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
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

68-78. A working heart rate greater than 100 for me

indicate heat strain.

HEAT STRESS SURVEY FINDINGS

During the survey period, most employee core body t

normal (98.6 F +/- 1). When a high oral temperature

measured, the individual was removed from the work
time to recover. If/when an employee developed a he
advised to shower/change clothes several times per

that wet-wiping of their head/upper body was also a

measure.

Temperature patch readings did not provide useful d

There was not good correlation between the patch te

temperature, so their use was discontinued.

When high USG's were encountered, individuals were

water or electrolyte drinks, even if they did not f

old water and
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mperature and the oral
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encouraged to get proper rest. They were advised th
rehydrate if they continued drinking water througho
evening, and avoided substances containing alcohol
A common premise in heat stress programs is that pe
need to take a break. During the survey, it was fou

so focused in their work that they did not take eno
fluids. Over the course of sampling, employees were
dehydrating, even though they said they felt fine.
employees and opened the door to discussion, a valu
training.

The data showed there was an initial period when em
to JA show higher oral temperatures, USG's, and hea
acclimatized workers. This is consistent with findi
literature (1,2). This means that newcomers/returni
acclimatization time, about 10 days. During the acc
there needs to be a more restrictive work/rest regi
need to be counseled on heat stress awareness.

The survey indicated that employee awareness and ed
paramount role in a practical and effective heat st

of a practical heat stress program is to make emplo
hazards, aware of the warning properties, aware of
telling them, and aware that rest and water intake
stresses they are subject to in the workplace. Info
stress awareness program was provided during inform
conversations, which was a good way to reinforce th
Based on the data, the regimen used in this survey
heat tolerance of JA's acclimatized workforce, and
preventing heat-related illness.

DISCUSSION

Sampling instruments used in this survey were inexp
provided instantaneous direct readings. Botsball th
$100. Oral thermometers and urine check strips can
drug stores for a nominal fee. Heart rate can be me
pulse and using a wristwatch with a second hand.

In the process of collecting heat stress data, S&H

on the worksite talking with employees about their
results, how they felt, etc. This fostered an atmos
workplace. The measurements provided instantaneous
that was meaningful to them, letting them know how
responding to their environment and what they neede
of themselves.

Employees were encouraged to be self-regulating wit
breaks/fluids. Some employees felt empowered when a
regulating. Malingering complaints were not a probl
employees had to be reminded to take more breaks.
When botsball or WBGT indices reach the low 80's, |
informed of the need to implement a regimen that in
and to provide cold water/electrolyte drink at the
evaluated qualitatively for energy expenditure dema
Line operations can then present heat stress awaren
their regularly scheduled safety meetings, and S&H
worksite and talk with employees about the key poin
awareness program and/or collect biological measure
performing tasks with significant energy expenditur

at they could better
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potential for heat strain, can be individually coun
symptoms and preventive measures.

Using the biological monitoring approach and measur
strain, the workforce tolerance to environmental co
determined, and feasible work-rest regimens can be
other environmental indicators can be used qualitat
mechanism for conducting biological monitoring, imp
training and establishing work/rest schedules.

This data applies to maintenance and construction a
biological monitoring to establish a feasible worki
potential for other applications. For example, S&H
formula to monitor non-typical operations, such as
employees have to wear protective clothing that inc
(tyvek, anti-C's, etc).

CONCLUSIONS

1. The most valuable data to assess employee heat s
oral temperature, USG, and heatrt rate.

2. It was found that employees need a few weeks to
in their physical environment, even if they have on
environment for a few weeks, such as during vacatio
3. Employee education and awareness is important in
stress program; informal workplace conversations ar
information exchange.

4. A regimen for continuous work with hourly breaks
tested with biological monitoring. Biological monit
when they needed to rest/replenish fluids, and was
preventing heat-related illness. Environmental temp
used to indicate when a biological monitoring progr
5. Temperature patch readings did not provide usefu
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ABSTRACT

At present, an excess of plutonium exists worldwide
of spent commercial LWR fuel and to Pu arising from
nuclear warheads, while the construction of fast re
the reprocessing capacity available after 2000 is f

of Pu from civilian spent fuel could reach 20 t Pu/
increase of the inventory from dismantled warheads
discussed is 10 t Pu/yr from 1996 to 2005 thus maki
of fissile Pu. The decision of how to store or how
mainly a matter of politics. In the present paper,
aspects of three options are discussed: going MOX,
vitrification. Work in the materials research of th

been performed at the European Institute for Transu
more than two decades.

Going MOX: present and near-future MOX fabrication
Europe and Japan are sufficient to accommodate betw
limit) and near to 25 t Pu/yr (upper limit). MOX fu
recycling are becoming a mature industrial activity
irradiation experience with MOX fuel is positive. T
hence UO2-based) MOX fuel more attractive and to ac
disposition rate, the fuel cycle costs should be re
loadings should be achieved. This asks for high bur
cycle with automated or dust-free fuel fabrication,
process.

Alternative fuels: An inert matrix completely free
MgAI204, CeO2 or others) containing e.g. 5 % Pu all
a large extent. These inert matrices can also be us

of the minor actinides (Np, Am, Cm), provided they
criteria: their thermal conductivity and their mech
should be similar or better than those of UO2, they
with clad and coolant, fabrication procedures must
importantly, they must show an acceptable behavior
Based on measurements of these properties, suitable
selected.

Vitrification: A large series of actinide-containin
glasses was produced in the European Institute for

in the past 20 years. Solubilities of actinides, re
thermal and chemical properties were measured and t
radiation damage due to a-decay of the actinides wa
curium-doped glasses thus simulating the behavior o
yrs storage, or of glasses containing 7 wt% Pu for
storage. This large data base is discussed, as is t
incorporating Pu in suitable ceramics instead of gl
INTRODUCTION

The presently existing excess of plutonium can a pr
adopting one - or a combination of - three options:
alternative fuels, e.g. in an inert matrix, or vitr
decision on any of these options will have to be ma
should be based on engineering, neutron physics and
aspects as well. It is this latter aspect the prese

with.

Current reprocessing commitments represent arisings
spent fuel (reactor plutonium, R-Pu in the followin

per year up to 2000 and on average of 12.5 tons per

, due to reprocessing
dismantling of
actors is delayed. If
ully used the amount
yrin 2005. The
presently being

ng available 100 tons
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onwards. However, if full use is made of the reproc
existing after the year 2000, this amount might inc
2005. This R-Pu contains typically only about 65% P
when reprocessing PWR UO2-fuel with a burnup of 33
isotopic composition is ~ 1.3 % Pu-238, 62.8% Pu-23
Pu-241 and 4.1% Pu-242 or, at increased burnup in a
reactor, the composition is 2.6% Pu-238, 54% Pu-239
241 and 7.4% Pu-242. To the above amount of R-Pu, t
warheads might add ex-weapons Pu (W-Pu in the follo
t Pu/yr from 1996 to 2005. W-Pu contains typically
240 and 1 % Pu-241. Its critical mass is therefore
R-Pu, the spontaneous neutron emission rate and the
significantly smaller and it therefore deserves par
guarantee proliferation resistance, as well as an e

the strategy of its dispositioning. Given the prese

fast reactors and of accelerator-driven reactors, t

two ways to effectively prevent W-Pu from being use
production: 1) use it as MOX fuel in civilian power

the level of spent fuel, hence converting it to R-P
same time, mixing it with fission products and keep

of direct disposal in a repository as spent fuel or

of the spent fuel for later reprocessing. Using ine
than UO2-based MOX fuel can increase the dispositio
dispose of W-Pu without producing electricity by ap
causes the material to be inaccessible for diversio
the Pu with fission products, to vitrify the mixtur

high level liquid waste from reprocessing, or to so
matrix and to dispose of the product in a safe, dee
repository. To increase the proliferation resistanc
storage for option I) and to reduce the storage cos
mixed with R-Pu. The blend has a higher heat produc
of spontaneous neutron emission than W-Pu due to th
238 and of Pu-242, and the higher content of Pu-240
higher content of Pu-241 decaying into Am-241 leads
activity and thus to an easier detectability in cas

The emphasis of the present paper is placed on mate
of these options rather than on such strategies the
fabrication and materials property studies in the a
inert matrices, vitrification and solidification in

been performed in the European Institute for Transu
more than two decades. In the following, we will co
particular on fabrication and R&D for inert matrice
realizing that other aspects such as nuclear safety
economic viability are of large importance as well.
neutronic considerations, the non-fissile, non-fert

as inert to the extent that its materials propertie

at all. This is particularly true for its radiation

therefore be treated in more detail in this paper.
UO2-BASED MOX FUEL

Fabrication and irradiation experience of Pu-recycl
oxide (MOX) fuel, i.e. UO2 with 3 - 5% PuO2 exist n
For instance, in Germany, Pu-recycling started in B

in PWRs (Obrigheim) in 1972. In Belgium, it started
The fabrication experience covers rather different

essing capacities
rease to 20 t Pul/yrin
u-239. For instance,
GWwd/tonne, the
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pressurized water

, 24% Pu-240, 12% Pu-
he dismantling of
wing) at a rate of 10
93 % Pu-239, 6 % Pu-
smaller than that of
heat production are
ticular attention to
xpeditious decision on
nt unavailability of
here are essentially

d for warheads

plants to bring it to

u grade while, at the
ing open the options
intermediate storage
rt matrices rather

n rate. Or: ii)

plying a process which
n, e.g. by blending

e, as it is done for
lidify it in a ceramic

p geological

e for intermediate

ts, W-Pu could be

tion and a higher rate
e introduction of Pu-

. In addition, the

to an increase in g-

e of illicit traffic.

rials science aspects
mselves. Research on
reas of MOX-fuel,
ceramic matrices has
ranium Elements for
ncentrate in

s and vitrification,

, licensability and
Frequently, e.g. in

ile matrix is treated

s are not considered
stability, which will

ing as UO2-based mixed
ow for about 30 years.
WRs (Kahl) in 1966 and
even earlier in 1961.
Pu-compositions, from



Pu from reprocessing MAGNOX fuel with a high conten
mentioned above from reprocessing of LWR fuel. Thro
fabrication techniques were optimized to improve th
blend MOX fuel, in order to reduce hot spot problem
inclusions in the fuel and to achieve a better solu
reprocessing is to be done. As examples, the ammoni
carbonate (AUPUC) process of powder preparation and
milling (OCOM) process were developed and tested by
micromized masterblend (MIMAS) process was develope
Belgonuclaire. Satisfactory Pu-solubility (>99%) al
unirradiated pellets was achieved and a good irradi
could be proven (1, 2). The existing and projected
facilities are summarized in Table |. They are all

in Japan. The plants at Hanau are mentioned without
the known political problems. Facilities originally

for fast reactors can be included in this considera
modifications to change from FBR MOX (typically 20
can be introduced, and dual purpose production line
The table shows that the MOX fuel fabrication capac
catch up with Pu-arisings when considered globally,
will temporarily increase if W-Pu becomes available
t/yr for 10 years, the amounts depending also on th

the MOX fuel. The equilibrium between production an
would probably be achieved around 2015 rather than
Table |

To achieve a good homogeneity, i.e. a solid solutio

the MOX fuel, coprecipitation could be used, or the
could be modified, e.g. by varying the oxygen poten
sintering process. Increasing the oxygen potential
interdiffusion rates (3, 4). A subsequent reduction
temperatures can be used to bring the material back
composition, since oxygen diffusion in UO2 and in M

U and Pu (inter)diffusion, e.g. DO/DM 108 at 1200C,
make MOX fuel more attractive, fabrication costs ha
and, for R-Pu, the increasing concentration of the
formed by decay of Pu-241 with a half-life of 14.9

care of. If Am-241 is not separated from R-Pu store
dust-free fabrication process is advantageous. Such
has been demonstrated: the sol-gel process, or the
precipitation process (5).

The irradiation performance of MOX fuel is also ver
satisfactory (1, 2, 4). Experience exists from expe

and from many MOX fuel assemblies loaded in thermal
Germany, France, Belgium, Switzerland and USA. Some
extended burnups. These assemblies and transient-te
dimensional behavior comparable to that of UO2 fuel
defects have occurred, and these were neither speci
did they have their origin in the use of MOX fuel.
performance deserve further study, e.g. the fission

rich MOX inclusions, the behavior of such MOX agglo
surface if they are not fully surrounded by the UO2
though there is no significant difference between M
fission gas release at comparable power densities a

to 40 GWd/tM, the MOX fuel has a greater power at h
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e early mechanical
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the change in reactivity with burnup is less than f
rod design should allow for the space needed to app
the larger amounts of released fission gas at exten
As of today, about 35 LWRs are licensed for MOX fue
western Europe. For another 25 power stations licen
usually for reloads with 1/3 MOX fuel. Many more (a
stations are potential candidates to operate MOX fu
fundamental technical problems for licensing. By ad
suitable distribution of the MOX fuel elements in t
adverse effects result on reactor control and opera
option. The higher inventory of Pu and actinides do
safety. 100 % MOX cores are also possible when adju
core design and equipment for reactor control are m
Going MOX is thus an existing option to significant
of either W-Pu or R-Pu, and to reach equilibrium be
dispositioning to the spent fuel standard. To make
economically attractive the fuel cycle costs should
automated, or dust-free fabrication (sol-gel), high
core loadings are the aims to achieve a high Pu-dis
Comparatively like R&D in materials research is nec
advanced state of fabricating and irradiating MOX f
already today.

ALTERNATIVE FUELS, INERT MATRICES

An inert matrix is a material which replaces conven
not form Pu or other actinides, but otherwise have
superior to those of UO2. Hence, it should have a h
good thermal conductivity and mechanical properties
compatible with the cladding and the coolant. Also
neutron capture cross section to achieve a good neu
importantly - but often not considered to the appro
should be resistant against radiation (fission, neu
Pu.). To avoid actinide buildup, all the components
should have atomic numbers significantly smaller th
Since no new actinides are formed, a large degree o
achieved if irradiation is carried out for a long e
possibility and the advantage of inert matrices are
novel proposal (6) to destroy up to 95% of the W-Pu
same time increasing the proliferation resistance o
matrix) fuel by forming high levels of Pu-238 in th
remaining Pu. As shown in Fig. 1 (left and middle p
inert matrix and with 2.5% each of W-Pu and W-U (..
U-235), irradiated for approximately 2000 d togethe
of 900 days lifetime in a PWR shows a burnout of 99
originally added 25 kg W-Pul/t (23.5 kg Pu-239), onl
Pu-remain. Of this small amount, 28% are Pu-238, 57
6% (or 100 g) are Pu-239. The isotopic composition
separated from the inert matrix - is very prolifera

of the large content of Pu-238, mainly originating
added W-U, and of Pu-242, yielding very high heatin
150 W/kg Pu and a neutron emission rate which is a
than that of W-Pu, respectively (6). The W-U is als
proliferation resistant form since the U-235 conten
remaining U-mass is only 17%, hence below the 20% |
proliferation-safe. Furthermore, as shown in the ri

or UO2 fuel. The fuel
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similar irradiation of the inert matrix with 10% R-
large burnout (7). An LWR with 1/5 of the assemblie
fuel - the remaining part being standard UO2 fuel,
balance between Pu-production and Pu burning (7).
Fig. 1

In such kind of calculations, materials properties
itself are usually not considered. Significant R&D
select suitable matrices for given irradiation sche

or unconventional clad materials have to be selecte
achieve the desired high burnups. Significant work
presently ongoing in the related field of transmuta
nuclear reactors. If these minor actinides are part
reprocessing HLW, they can be transmuted by fast ne
reactors or accelerator-driven reactors, or - usual

in thermal reactors. Inert matrices are considered
well, e.g. in the large international project EFTTR
Feasibility of Targets for Transmutation) (8), prov
data base of use for Pu-dispositioning as well.
Materials suggested and fabricated as inert matrice
oxides (e.g. Al203, MgO, Ce02, ZrO2), ternary oxide
Zircon ZrSiO4 or monazite CeP0O4), complex oxides (e
Zr0O2-Al203-MgO or a two-phased mixture of a fluorit
Pu02-Zr02) with Al203 (9), and binary carbides and
Si3N4, ZrN etc.).

Basically, two types of matrices exist, a homogeneo
which forms a solid solution with Pu, e.g. CeQ2, zi

If Pu is not soluble, as in Al203 or MgO, a heterog
with PuO2 precipitates as a second phase. This rese
the conditions of the early MOX fuel. For a final s
matrices, their properties (thermal diffusivity, sp
conductivity, mechanical properties, hardness, frac
absence of chemical reactions with clad and coolant
not only on the matrix alone, but also on the fabri

Pu. This leads to exclude some of the candidates fo

e.g. MgO for LWR and CeO2 for FBRs because of react

respectively, or to concerns as for stabilized ZrO2
thermal conductivity. Furthermore, the solubility i

if reprocessing is foreseen, whereas very low leach
are asked for if a once-through option is selected.
sufficient since information on the above propertie

for the Pu-matrices subjected to radiation damage.
available for neutron damage, e.g. for MgO, for Al2
MgAI204. Stability against neutron damage alone is
the inert matrices will also be subjected to a-deca
particles and 88 keV U-235 daughter recoil atom in
and fission damage (fission products of 70 to 90 Me
following fabrication during storage before and aft
essentially at room temperature when damage recover
example: (Pu-239)0O2 shows a decrease in thermal con
one year of storage. Fission damage occurs at react
temperatures. Some potential matrices can be shown
unstable or to swell to a large extent. An example

by about 30% under fission fragment impact and whic
rather short irradiations 10. As another example, s

Pu leads also to a
s being made from such
can be shown to have a
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to be very stable under neutron irradiation, the re
stability being understood, swells also under fissi
undergoes polygonization, i.e. a state with very sm
if irradiation is performed at ambient temperature.
however, more benign at elevated temperatures, e.g.
Work in this field is ongoing and will lead to a se
matrices.
VITRIFICATION
Work on incorporation of actinides (Th, U, Np, Pu,
borosilicate waste glasses and property measurement
been performed in the European Institute for Transu
1975 (11). This work was done in the frame of R&D s
level waste from reprocessing of spent LWR fuel. In
actinide content is small, i.e. the sum of UO2, NpO
is <1 wt.% and can safely be assumed to be in solu
number of different waste glasses was used, includi
(simulated) product GP 98/12 and its precursor (see
Table Il
To determine the solubility and/or to observe possi
PuO2 at higher Pu-contents, the precursor product G
to 10 wt.% PuO2 by mixing the proper quantity of th
without denitrated waste solution and with Pu (or a
was performed in Pt-crucibles. The resultant glass
molten again in graphite crucibles at 1150C. Discs
glass cylinders produced in this way. Alpha-autorad
visible segregation for the highest AmO2 content us
AmO2, whereas very obvious segregation (spots very
seen when 10 wt.% PuO2 were added. Additionally, a
and the glass with very high HLW loadings, i.e. eit
%HLW with additionally 10 wt.% Gd203, were produced
5wt.% PuO2, respectively. 80 mm long cylinders were
in Pt-crucibles for 25 h. Subsequently, discs were
the middle and the top section of these rods and an
probe microanalysis, epma. These analyses showed th
sedimentation of actinides. In contrast, the noble
enriched in the bottom section.
Glasses doped with 5 wt.% AmO2 or 3 at% UO2 were st
crystalline phase being present. In contrast, the g
wt.% PuO2 consisted all of two phases, the major vi
minor crystalline phase. In detall

the base glass contained 4.6 wt.% PuO2 in solutio
was PuO2

the glass with 20% HLW contained less PuO2 in sol
the crystalline phase being again PuO2

the glass with 20% HLW and 10 % of the neutron po
very small solubility of only 1.2 wt.% PuO2 and con
crystalline phases of an (average) composition of (
These solubility values are large compared with the
HLW solutions, but they may be of concern for the f
containing glasses, if fission products (in particu
added to these glasses.
Thermal and physicochemical properties and leaching
waste glasses have been measured extensively and th
decay damage including He-accumulation and release

asons for this

on product impact and
all grains is formed,
The behavior is,
T>500C.

lection of good

Am, Cm) into

s of such glasses have
ranium Elements since
tudies to vitrify high
this HLW, the

2, PuO2, AmO2 and CmO2

tion. For this work, a
ng the German
Table 11).

ble segregation of

P was produced with up
e glass frit with or

Iso Am) (12). Melting
was pulverized and
were cut from the
iographs showed no

ed, i.e. 4.9 wt.%

rich in PuO2) were
base glass without HLW
her 20 wt.% HLW, or 20
with 5wt.% UO?2 or
kept molten (1175C)
cut from the bottom,
alyzed by electron

e absence of

metal particles were

ill vitreous with no
lasses containing 5
treous phase and a

n. The second phase
ution, i.e. 4.4 wt.%,

ison Gd203 showed a
tained segregated
Pu0.68Ce0.2Gd0.12)02.
actinide contents in
abrication of Pu-

lar rare earths) are

of these and other
e behavior against a-
have been measured



(13, 14). Figure 2 shows the relation between the a
damage (a-decays/m3) and the storage time for

the test glass containing 1.5 wt.% Cm-244 (lower

the same glass containing 7 wt.% Pu-239 (upper ab

typical HLW from reprocessing vitrified in the sa
abscissa).
Fig. 2
The damage studies were terminated at damage levels
decay/m3. A damage level of 15x1024 a-decays/m3 wil
glass with 7% Pu-239 in about 1000 years.
Damage due to a-decay is caused by a-particles and
particles loose 99% of their energy of 5.15 MeV (fo
ionization, have a range of ~20 mm in glass and pro
defects, mainly at the end of their range. The reco
decay of Pu-239) have an energy of ~90 keV. About 9
used to produce 1200 to 1500 displaced atoms thus f
collision cascade along their range of ~25 nm. This
simulated with ion implantation techniques. This wa
ITU, in addition to the work with the Cm-glasses. T
were: swelling, leaching, hardness, fracture toughn
Poisson ratio, damage recovery, recrystallization a
ingrowth could be fitted with equations of the type
where p = property, A = change at damage saturation
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
Leaching: Figure 3 shows that the leach rate does n
damage level, it is even indicated to decrease (lea
static test, demineralized H20, 14 d, 150C), thus o
small difference between the glasses without Cm and
no or very small damage levels. Figure 4 confirms t
results for 4 elements (Si, B, Ca, Mo) of a total o
analyzed, all confirming the absence of observable
Fig. 3
Fig. 4
Mechanical properties: a rather fast decrease in ha
with saturation at ~3x1024 a-decays/m3 was observed
crack probabilities were significantly reduced and
Klc increased by up to 100%. Youngs modulus decreas
net result of damage formation was thus reduced bri
resistance against crack formation, i.e. technologi
effects.
He-release: glasses with 1.5 wt.% Cm-244 which accu
of the a-decay for about 9 years showed no swelling
h at 300C. He-release was measured in a Knudsen-cel
420C, release was compatible with thermally activat
He-atoms, above 420C and up to 550C, most gas was r
compatible with gas bubble diffusion. Some He remai
~ 1000C. Note that glass with 7 wt.% Pu-239 would a
level only after ~ 2500 years.
These results cover many of the questions to be ans
actinides. One should, however, keep in mind that v
change the isotopic composition of Pu, and that som
have to be answered. The main areas are: while Pu i

ccumulation of a-decay

abscissa)
scissa)
me glass (upper

of 15 to 25x1024 a-
| be reached in the

by recoil atoms. a-

r Pu-239) by

duce only ~200 atomic
il atoms (U-235 in the
0% of this energy is
orming a dense

type of damage can be
s done extensively at
he properties measured
ess, Youngs modulus,
nd He-release. Damage
Dp = A(1-exp{-BD})

, B = fraction of

very small (~0.5%)

ot increase with
ching conditions:
vercompensating the
the ones with Cm for
his trend showing

f 30 elements
damage effects.

rdness by about 30%

. At the same time,
the fracture toughness
ed also by ~30%. The
ttleness and better
cally positive

mulated He as product
when annealed for 10
I: between 300 and

ed diffusion of single
eleased with kinetics
ned in the glass up to
ccumulate such a He-

wered when vitrifying
itrification does not

e further questions

s relatively insoluble



in water, boron is known to show high leaching rate
depleted relatively deep in the glasses. B, as a ne

to prevent criticality problems, and should not bec
g-emitters are added to the glass to increase the p
resistance, the still open question of the effect o
creating (oxygen) bubbles and the possible conseque
of the glass should be answered.

Ceramic matrices for direct storage: a large number
including SYNROC, which accumulated a-damage due to
Cm-244, have been studied in ITU. Typically, signif

to 9%), with the related risk of cracking was found
metamictization (loss of crystallinity and formatio

was often observed at high damage levels (correspon
years of storage for a 7% Pu-ceramic) with a parall
rates. Careful study of damage effects is therefore
additional new ceramics are suggested. Some of the
discussed above could also be used for solidificati

e.g. Ce02, CeP0O4 and, in particular, zircon (ZrSiO4
good resistance against corrosion in water. For zir
exists on a-damage effects due to investigations of
occurring zircon minerals with a certain content of
zircon with ~ 10 wt.% Pu substituting for Zr (15).

also needed to define the occupied lattice sites in

need having been shown for Pu in SYNROC before (16)
SUMMARY

For expeditious dispositioning of Pu, going MOX is
technically proven possibility. Comparatively littl

science is necessary given the advanced state of fa
irradiation MOX fuel in thermal reactors.

The use of inert matrices promises a higher destruc
Suitable candidate materials exist and are being te
research, however, is needed before a final selecti

in the field of radiation damage.

Some of the inert matrices could be used for solidi
alternative to vitrification. A large data base for

ceramics exists at ITU, and in the literature, to s

loading levels with Pu. For a fully optimized, tail

more research is necessary.
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ABSTRACT

The overriding objective of U.S. and Russian disarm
to dispose of nuclear weapons in such a way that th
reconfigured in the country of origin, or sold to o
purposes.

Significant progress has been made in achieving thi
enriched uranium from nuclear weapons. Unfortunatel
options now under serious consideration for plutoni
burial, immobilization, or MOX fuel conversion), ac

if implemented in the country of origin. For the MO
U.S. and Russia, as nuclear weapons states, have th
physical resources to extract residual plutonium in
PUREX reprocessing, should future Governments so de
alternative of immobilized plutonium in solid waste
plutonium, the two countries also have both physica
resources for later extraction and use of the pluto
One approach towards eliminating this potential fut
reconversion in the country of origin is to impleme
conversion option in a non-weapons state, one with
political environment to give the world assurance t
not be reclaimed for use in nuclear weapons. The Ca
utilization of excess weapons plutonium as MOX fuel
currently the only option on the table which accomp
Atomic Energy of Canada and Ontario Hydro have stud
up to 100 tonnes of weapons plutonium resulting fro
disarmament programs in Russia and the U.S. by util
in the Bruce A Reactors, four 825 MWe (gross) CANDU
the shores of Lake Huron in the Canadian Province o
to the reactor designs are required, the fuel is pr
within the existing licensed performance envelope,
begin within four to five years.

Fabrication of the relatively simple CANDU MOX fuel
accomplished by modifying existing nuclear material
facilities in Russia and the United States. Enginee
typical U.S. facilities such as the FMEF at Hanford
BNFP in Barnwell, South Carolina, indicate that suc
can be completed, including licensing by the NRC, w
5 years, and at relatively modest costs. Further st
facilities are underway; engineering studies of exi
facilities which could be used for fabricating CAND
begun.

Subject to agreement amongst the Governments of Can
United States, the entire program, including storag

ament initiatives is
ey cannot be reused or
thers, for military

s objective for high
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hieves this objective
X option, both the

e technical and

the spent fuel via
cide. For the

s and deeply buried

| and technical

nium.

ure threat of

nt the MOX Fuel

a sufficiently stable
hat the plutonium will
nadian option for

in CANDU reactors is
lishes this objective.
ied the consumption of
m projected

izing it as MOX fuel
reactors operating on
f Ontario. No changes
edicted to operate
and the project can

bundles can be

S processing

ring studies of

, Washington, and the
h facility conversion
ithin a period of 4 to
udies of other U.S.
sting Russian

U MOX fuel have just

ada, Russian and the
e of plutonium oxide,



fabrication of MOX fuel, transportation, irradiatio
spent fuel, would be subjected to independent third
CANDU MOX IN BRUCE - THE BASIC TECHNOLOGY
Figure 1 presents the material flow for our referen
utilizes the same standard 37 pin fuel bundle desig
operating in most CANDU reactors. As indicated in t
of 9,700 MWDI/T is slightly higher than the 8,300 MW
natural uranium, thus leading to a slight reduction
produced.

Fig. 1

As shown in Fig. 2, the plutonium concentration is
outer 18 fuel pins, and about 2% in the next row of
the central 7 pins containing only depleted uranium
oxide burnable poison. Preliminary analysis indicat
performance of this MOX fuel bundle during normal a
will be well within the current AECB licensing enve
Fig. 2

A multiphase program is planned, including a first
production of up to 50 CANDU MOX bundles for testin
facilities at Chalk River. Results will provide con
mechanical, and thermal design of the MOX fuel and
be used to support safety analyses and licensing by
"pilot scale" phase, consuming up to 1 tonne of wea
produce larger quantities of CANDU MOX bundles for
And finally, a program of full MOX production, util

of U.S. plutonium per year, in two Bruce reactors w
similar program in the Russian Federation is now be
joint Canadian - Russian technical team, with resul
summer, 1996.

An advanced design CANDU fuel bundle, called CANFLE

development. The design uses 43 fuel pins instead o
reference design. Commercial validation of the CANF
natural uranium is expected by around 2000, and if
be adapted to MOX application via additional fuel q

When applied to MOX fuel, CANFLEX would allow highe

and would achieve a burnup of about 15,500 MWD/T, t
increase in plutonium consumption rate utilizing th
production rate as in the reference case. Figure 3
deployment option which will be considered for this
Fig. 3

MOX FUEL SUPPLY IN THE U.S; OPTIONS BEING EVALUATED
Atomic Energy of Canada and Ontario Hydro have been

DOE's Material Disposition program, which includes
Environmental Impact Statement (PEIS), separate tec
evaluations, and a Record of Decision currently sch
1996. Because of the unique flexibility of the CAND
itself to many different fuel cycles, preliminary c

that MOX fuel can be incorporated in the design wit
reactor hardware, and within the current licensing
Ontario Hydro's Bruce A Station contains four 825 M
is capable of utilizing all of the U.S. and Russian
station, thus simplifying the logistics, including
compared with other options which require multiple
reasons, we anticipate that DOE's draft Environment

n, and disposal of the
party inspection.

ce case, which

n as is currently

his figure, the burnup
D/T achieved with

in spent fuel

about 1.2 % in the

12 fuel pins, with
oxide and dysprosium
es that the thermal

nd accident situations
lope at Bruce.

phase involving

g at the ZED and NRU
firmation of nuclear,
core design, and would
the AECB. A second
pons plutonium, would
irradiation in Bruce.
izing up to 2.1 tonnes
ould begin by 2002. A
ing evaluated by a

ts anticipated by

X, is now under

f the 37 pins in the
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successful, could then
ualification efforts.

r plutonium loadings
hus permitting an

e same MOX fuel
presents one
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a Programmatic
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onclusions indicate

h no changes to the
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to be issued shortly, will select the CANDU option
evaluated in the final stage of DOE's decision maki
Atomic Energy of Canada and Ontario Hydro recognize
criteria for final selection will focus on economic
options which meet the safety, technical viability,
security will have survived the prior screening pro
driven primarily by the incremental cost of MOX fue
We concluded that a major cost savings could be rea
U.S. facility could be converted for MOX fuel fabri
addition to the obvious cost savings as compared to
facility, use of an existing facility allows an ear
program, and in some cases has the advantage of an
support, as compared to potential difficulties of s
facility. The facility mission for MOX fuel from we
require as little as 15 years followed by a short D
Decommissioning period. Therefore, long lifetime st
components, such as used in European MOX facilities
required. The entire program could thus be treated
independently from other, often divisive, issues su
disposition of plutonium in civilian spent fuel.

Figure 4 shows the Bruce Reactor site, along with f
facilities which are being examined for possible co
facilities: the Fuels Materials Examination Facilit
Washington, the Barnwell Nuclear Fuel Plant at Barn
the P Reactor Fuel Building at Savannah River, Sout
DAF at the Nevada Test Site.

Fig. 4

Another deployment option being considered is to de
fabrication facilities in the U.S. so they can late
produce LWR MOX fuel, thus further accelerating the

U.S. weapons plutonium. The LWR phase would begin a

approval of a U.S. utility application for MOX fuel

MOX FUEL SUPPLY IN RUSSIA; OPTIONS BEING EVALUATED

Under the sponsorship of the Canadian Government, A

Canada, Ontario Hydro and Minatom have begun a feas

evaluating the production of CANDU MOX fuel in Russ
plutonium, for consumption in the Bruce Reactors. S
have already taken place, and the study is due to b
summer. The study is similar to the one sponsored b
Russian - Canadian feasibility study has three main
Supply, 2) Safeguards, Security and Transportation;
Evaluations. The economic evaluations, which will p
the MOX option with other options being considered
obviously critical to a final decision on dispositi
plutonium. A key element in this evaluation will be
fabrication, including the cost of facility convers
transportation.

There are three pilot installations in Russia to pr

the MAYAK association in Osersk, and one at RIAR in
current capacity of the "Paket" installation at MAY

of 10 to 12 breeder sized assemblies per year for u
reactors. Each assembly contains about 300 KG of MO
plutonium. A modified "Packet” installation at MAYA
about 40 breeder fuel assemblies per year (1 tonne

as an option to be
ng process.

d early on that the

s, since only those
safeguards and
cess. Economics are
l.
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cation purposes. In
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elements: 1) MOX Fuel
and 3) Economic

ermit a comparison of
in Russia, are

on of Russian

the cost of MOX fuel
ion, and the cost of

oduce MOX fuel: two at
Dmitrovgrad. The

AK allows production
se in BN-600/350

X fuel containing 20%
K has a capacity of

of MOX fuel per year).



And the "Granat" installation at RIAR in Dmitrovgra
MOX fuel per year.

In addition to these pilot scale facilities, an ind

facility was erected at the "Complex 300" plant at
construction was stopped at about the 50% completio
of near term demand. This facility was to have a ca

fuel assemblies per year, or about 60 tonnes of MOX
CONCLUSIONS - FIVE REASONS WHY THE U.S. AND RUSSIA
CANDU OPTION.

In summary, the authors believe it is in the best i

US and Russian Governments to select the Bruce A CA
disposition of their excess weapons plutonium for t

It is the only option which affords both countrie
demilitarize their excess plutonium weapons in a th
weapons state.

It affords the international community assurance
weapons plutonium will be under full IAEA safeguard
plutonium pit is converted to oxide feed material u
safe geologic storage.

It can be initiated in a short period of time, le
and can be completed within 15 to 25 years thereaft

Costs for the disposition program are moderate, a
alternatives for plutonium disposition, and especia
prior costs of military readiness.

It requires only one site for MOX utilization, th
safeguards and security and simplifying the transpo
compared with using multiple sites for plutonium di
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ABSTRACT

We describe a potential strategy for the dispositio
plutonium in a way that minimizes 1) technological
implementation costs and completion schedules, and
constructing and operating new or duplicative Pu di
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This is accomplished by an optimized combination of
nuclear power reactors to "burn” relatively pure ex
mixed oxide (MOX) fuel and 2) using the same MOX fu
facilities to fabricate contaminated or impure exce

an "off-spec” MOX solid ceramic waste form for geol
key to the combination approach is the use of a sin
form (SCWF) consisting of a UO2 encapsulating matri
inventories. The SCWF will have a high probability
for geologic disposition because it is similar to a

fuel matrix without fission products. Because it ca

the same basic technologies, processing equipment,
fabricate the MOX fuel for reactors, there is no ne
operate specialized and duplicative facilities usin
technologies such as vitrification.

Diversion protection for the SCWF to meet the "spen
introduced by the National Academy of Sciences (1,2
at least three ways. 1) One can utilize the radiati
high-level nuclear waste by first packaging the SCW
cans that are subsequently encapsulated in radioact
Defense Waste Processing Facility (DWPF) glass cani
canister" approach). 2) One can add 137Cs (recovere
at Hanford and currently stored as CsCl in capsules
matrix such as cement for the SCWF pellets in a sma
and thus fabricate large monolithic forms. 3) The S
into reactor fuel-like pellets and placed in tubes
assemblies, which can then be mixed in sealed repos
irradiated spent nuclear fuel for geologic disposit
INTRODUCTION

With the end of the cold war, major planning effort
management of the excess fissile materials that wou
reduction of U.S. and Russian nuclear stockpiles.Th
the fear that such a large inventory of weapon-qual
posed a worldwide risk of nuclear terrorism or nucl
United States and Russia are seeking cost-effective
management and ultimate disposition of these materi
emphasis on plutonium, that achieve each country's
and that can be implemented in a timely manner. The
position strongly favors burning the excess Puin n
United States is evaluating options that include, b
burning excess Pu in existing reactors or immobiliz
radionuclides in glass or ceramic matrices; in eith
product is buried in a geologic repository. Deep-bo

of Pu in an immobilized form is also being evaluate
have advantages and drawbacks. This paper outlines
for disposition of excess Pu in two streams: burnin
MOX) in existing reactors, and disposing of contami
a sintered ceramic waste form (SCWF) containing 2-1
matrix, similar in form and concentration to either
MOX fuel. This alternative approach may minimize ca
repository acceptability issues, and implementation
DISPOSITION CRITERIA

Disposition of excess Pu must satisfy three key obj
overall safety and nonproliferation goals:
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This objective was one of the principal outcomes of
of Sciences study, (1) which recommended placing th
that is roughly as inaccessible for weapons use as
worldwide stockpiles of Pu contained in spent comme
(SNF). To achieve this degree of inaccessibility re
would make it difficult for a terrorist group, a no

even the United States or Russia themselves to use
any kind of nuclear explosive device. The National
that greater protection than this for excess Pu wou
expensive, and that less protection would be danger
generally interpreted as meeting the "spent fuel st
Access to SNF for weapons use is made difficult by
high radiation-field barrier, by its having Pu isot
different than that of weapons-grade Pu, by dilutio
ceramic or glass matrix that requires significant ¢
processing for recovery, and by containment of the
accounted and controlled unit item sealed forms. Th
considered by the DOE in developing a spent fuel st
judging the acceptability of any proposed final dis
the implementation of any disposition technology ap
2. Conducting disposition operations so that their
environmental impacts are acceptable

Any processing activity or final disposition materi
adversely affect the environment after geologic dis
environmental, health, and safety regulations. Pu p
geologic repository operations, and final dispositi
affect worker or public radiation doses or exposure
chemicals must meet or exceed the regulative requir
3. Achieving timely, cost-effective disposition

If a given strategy is to achieve timely, cost-effe
excess Pu, all necessary operations must be technol
that R&D schedule times can be minimized. That viab
existence (or ready construction) of appropriate fa
and technologies. Pu disposition options requiring
(e.qg., for construction of new facilities or proces
supporting R&D) will not be regarded as desirable b
budget-minded Congress. Life-cycle costs (which inc
expenses and decommissioning), which are usually di
immediate, but still non-negligible, impacts and mu
OVERVIEW OF DISPOSITION STRATEGIES

Many disposition strategies were considered in the
including space launch and sea dilution. Three of t
disposition strategies are under evaluation by the
Materials Disposition (3,4): 1) nuclear burning in
immobilization with radionuclides in solid matrices
fuel standard, and 3) burial in deep (2-4km) boreho
The Russians favor nuclear burning as a way of usin
of the fissile Pu. Many in the United States, on th

the Pu as "waste" to be disposed of by the most exp
effective method. The draft Preliminary Environment
(3) assumed the use of a single strategy for all ex
inventoriesthat is, for both relatively pure Pu inv
from weapon components and other, less pure Pu in s
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processing residues or scraps at various U.S. DOE s
advantages and disadvantages of the three strategie
1. Nuclear Reactor Burning. This approach achieves
MOX fuel containing the Pu in a nuclear reactor and
spent MOX fuel, without reprocessing, in a geologic
advantages of this approach are its technical matur
Europe), its partial favoring by the Russians (who
and recycle of the Pu in the spent fuel), and the a
spent fuel standard by the irradiated product form.
and recycle approaches reduce the overall weapons P
the plutonium isotopic mixture. The primary disadva
possible opposition by opponents of nuclear power,
impure Pu before MOX fabrication, and reliance on a
repository that is not yet operational. The aqueous
purification of Pu are expensive and generate signi
secondary low-level and transuranic (TRU) wastes.
2. Immobilization with Radionuclides. This approach
fuel standard by incorporating the Pu in a stable,
containing radionuclides (high-level radioactive de
whose radiation field, in conjunction with the chem
sizes, and safeguards and security, acts as a deter
reuse. (5) The immobilized form is eventually disca
repository in a manner similar to SNF. Immobilizati
simpler, and cheaper way to achieve the spent fuel
burning. The technology is less mature than reactor
shares the same concerns over the lack of a geologi
3. Deep Borehole Burial. This approach depends on t
geological isolation, rather than on a radiation "s

and chemical characteristics, as in the first two a

the nonproliferation objectives. Its chief advantag
perceived permanence, neither of which is offered b
immobilization approaches until a geologic reposito
filled, and sealed. Significant licensing and sitin
resolved before implementation, however. (3,4)

ites. The relative

s are discussed below.
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DEVELOPMENT OF SINTERED CERAMIC WASTE FORM STRATEGY

None of the three technology approaches just descri
an optimum disposition strategy. We therefore propo
not yet evaluated by DOE, that combines the advanta
technologies to achieve cost-effective, timely disp
Because both the United States and Russia possess r
burning excess Pu, we take reactor burning as a mai
hybrid strategy. And because U.S. Pu policy discour
of breeder reactor technology, we assume the use of
reactors in the United States (or possibly Canada).
ascertained that there is sufficient reactor capaci
available and that this approach is politically and
Reactor burning alone has the disadvantages already
includes the need to purify much of the feedstock e
impurities incompatible with reactor fuel specifica
value of Pu as a reactor fuel in the U. S. is negat

cost of low enriched uranium fuel, so the United St
incentive to recover impure Pu. We suggest instead
would be to discard any excess Pu that would requir
purification by fabricating an acceptable geologic

bed can alone provide
se a hybrid strategy,
ges of two of the
osition.

eactors capable of

n constituent of our
ages the development
existing thermal
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This would reduce the Pu inventories requiring reac
shorten the completion schedule (by reducing time-c
operations); it would probably also reduce the numb
For this approach to be attractive, however, there
existing technology for discard of the impure Pu no
burning option that meets existing environmental la
repository requirements, and nonproliferation objec
DOE is considering two discard approaches (3,4): de
disposition and immobilization with radionuclides f
disposition. Deep-borehole disposition would requir
to modify existing laws, complete the licensing pro
characterize a potential site. This preparatory eff

for any borehole disposition strategy, essentially
quantity of Pu to be discarded. New facilities woul
borehole operations, increasing up-front costs and
implementation time delays. It is unlikely that thi
cost- or time-effective for the smaller quantities
destined for burning as MOX in a reactor as part of
disposition strategy. Thus, deep-borehole dispositi
particularly advantageous as part of this strategy.
The immobilization approaches under consideration i
variety of matrix forms for Pu entrainment, includi

or possibly a glass-bonded zeolite. (3,4) Any waste
repository emplacement must qualify for long-term g
qualification is a lengthy process and would add to
and time for any new waste forms.

Glasses are being developed for disposition of high
Defense Waste Processing Facility (DWPF). Since gla
high-level waste immobilization were not developed
there are technical problems involving Pu solubilit
problems regarding repository acceptability of exis
containing high concentrations of fissile materials
Ceramic or other waste forms under consideration ha
probably greater concerns.

For a multitude of technical reasons, existing glas
facilities (such as DWPF) cannot be used directly f
glass. In the case of DWPF, for example, criticalit
require new melter designs and extensive feed prepa
modifications and new supporting technology develop
issues of delaying the current DWPF mission schedul
vitrification, this would require major front-end i

and (eventually) in facility construction and modif
exceed the cost and time penalties of simply purify
current Pu processing technologies for reactor burn
The acceptability of the Pu disposition waste form
must also be considered. Two waste forms have recei
attention in the United States: DWPF glass and spen
light water reactor (LWR) fuel. DWPF glass, while a
containment of defense high-level waste at the Sava
not likely to be directly suitable for Pu containme

the development of alternative glass compositions t
containment systems. Spent LWR fuel is of particula
context, because U.S. policy contemplates direct di

a geological repository, without reprocessing. In t
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barriers to Pu release to the geologic environment
any other engineered barriers used to emplace the s
repository, the spent fuel assembly structural mate
UO2 matrix form encapsulating the PuO2 and fission
fuel.

To achieve waste form acceptability for the reposit
facility construction or new process development, a
and schedule, we suggest a hybrid strategy that pro
material form. The proposed waste form is a UO2/PuO
10 wt% PuO2. Such a matrix is prepared and sintered
reactor fuel fabrication and has a chemistry and mo
MOX reactor fuel. Figure 1 shows the proposed strat
light water reactor (LWR) to burn the relatively pu
using the MOX fabrication technology to fabricate a
Pu as a sintered ceramic waste form (SCWF). The pri
such a waste form include likely repository accepta
additional qualification testing for the SCWF and ¢
processing and facility requirements with those rou
for MOX fuel fabrication. If a permanent discard so
geologic repository for the spent LWR nuclear fuel
solution would also apply to the discard SCWF waste
Disposition of 10 to 20t of impure Pu in any of the
would result in a MOX fuel-like component of reposi
less than 1% of the projected U.S. SNF inventory (a
Fig. 1

The first step in fabricating such a compatible was

Pu would be to make a compressed PuO2/UO2 mixture a

the starting form for MOX fuel, as indicated in Fig
dimensional tolerances and feed Pu purity requireme
destined for a LWR. Impurities introduced with the

in most cases probably be contained in the waste fo
not decrease repository acceptability any more than
normally contained in spent LWR fuel. Such a compre
then be sintered in a reducing atmosphere to increa
intergranular bonding to form a sintered matrix, wh
the final Pu containment waste form. This sintered
(SCWF) pellet would then be encapsulated in one of
container, as suggested in Fig. 1: 1) relatively sm
which would then be sealed and installed in the gla
configuration for addition of a radiation barrier s
containing defense HLW, or 2) relatively large DWPF
0.d. - 3m long), to which would be added an encapsu
containing 137Cs. A third, hypothetical approach co
canisters of SCWF pellets in geometries like fuel a
these canisters with irradiated SNF in the multipur
like repository container (6) for final emplacement
calculated for mixing five fuel-like SCWF assemblie
assemblies from pressurized water reactors (PWRs) a
rem/hr at 1m from the centerline 30yr after MPC con
is similar to the radiation fields for the PWR spen
alone.(5) Such fuel-like SCWF assemblies would requ
protection similar to MOX assemblies until they wer
fuel, at which time the essence of the spent fuel s
achieved.
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Clearly, such an approach has the advantage that th
would be produced with the same technology used for
production. If integration of the private and gover
accomplished, it may be possible to utilize the sam
processes, as indicated in Fig. 1. If such integrat

and SCWEF fabrication is hot economically or politic
duplication of the MOX fuel fabrication technology
facility for SCWF fabrication would very likely be

than development of a new immobilization technology
capability.

FEASIBILITY OF THE SINTERED CERAMIC WASTE FORM (SCW
The feasibility of the approach shown in Fig. 1 was
that the 50t of projected excess Pu feed material ¢
relatively pure Pu suitable for reactor burning and

be discarded in the SCWF. The number of reactors re
relatively clean Pu would depend on the reactor typ
MOX Pu loadings, but should be within the range of
reactors. The 10t of impure Pu would be blended and
depleted UO2 to form the SCWF pelletsessentially, "
MOX pellets.

Figure 2 indicates the number of DWPF cans that wou
the 2- to 4-L SCWF cans in the DWPF can-in-canister
of average Pu loading in the SCWF matrix. Since 500
canisters are projected for completion of the defen
immobilization mission, discard of the impure Pu wi
with only a modest increase in the total of DWPF ca
can-in-canister approach is possible with average P
or higher in the SCWF. This loading is substantiall
new MOX fuel and is comparable to that in normal sp
Pu loadings (up to 5wt%) would substantially reduce
4-L cans that would have to be handled in the can-i
would reduce the disposition cost. Plutonium loadin
cent should not have a significant repository impac
assemblies from the standpoint of criticality conce
during the post-closure period. In fact, the use of
matrix material virtually eliminates long-term crit

the 239Pu decays to 235U. If the 239Pu were contain
matrix, the possibility may occur for 235U geologic

a result of long-term migration and waste form degr
not occur after the 239Pu decays with the use of a
Fig. 2

Figure 2 also indicates the number of containers si
multipurpose containers (MPCs) (6) that would be re
of impure Pu if the SCWF pellet products are mixed
grout in a DWPF-like container or fabricated as can
MOX fuel assemblies and loaded five at a time into
more than a few hundred MPC-like containers would b
loadings of a few weight per cent. This is consiste
loadings in both spent MOX fuel and normal SNF. Eve
as 0.5wt%, fewer than 1000 MPC-like containers woul
CONCLUSIONS

Using the hybrid strategy of existing thermal react
excess Pu and fabricating a sintered ceramic waste
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of depleted UO2, for discard of impure excess Pu ha
advantages:

1. The SCWF mimics the chemical and morphological
MOX LWR fuel and should have similar repository imp
times. The SCWF should be as acceptable for reposit
MOX LWR fuel, or even spent commercial low enriched
2. The proposed SCWF pellet fabrication for impure
and technologies virtually identical to those routi
fabricate mixed oxide (MOX) fuel, thus minimizing n

or new technology development and demonstrations.

3. The proposed use of SCWF pellets to dispose of i
eliminates the need to purify it, as would be requi
reactor-based disposition strategy.

4. The SCWEF provides a direct avenue for dispositio
impure Pu generated during the recovery of Pu from
residues from MOX fuel fabrication. This avoids the
processing facilities or operations for recovery an

of these Pu-containing residues.

5. Radiation barriers and the achievement of the sp

be readily implemented by 1) using the can-in-canis

as the source of a glass containing a high-level wa

2) encapsulating the SCWF pellets in a grout matrix
DWPF type can in a small hot-cell facility, or 3) b
pellets, packaged as a fuel-like assembly (or simil

with SNF from normal power reactor operations.

6. Use of a single waste form and fabrication proce
unirradiated MOX for impure excess Pu and for MOX f
Pu for burning in existing reactors would reduce up
capital construction, research, development, and de

7. Because existing reactor capacity in the United
Canada) would be utilized, and because no new techn
required, this strategy would minimize the time req
spent fuel standard for excess Pu.

8. Adoption of the reactor burning approach may ass
effective linkages with reactor disposition approac
currently favored by the Russians.

9. MOX fuel fabrication and reactor burning can be
production of the SCWF fabrication to best utilize

to optimize schedules. Multiple-line MOX plants cou
simultaneous processing and fabrication of pure and
forms.
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ABSTRACT

The manufacture and burning of Mixed Oxide (MOX) fu
mature industry in Europe, having developed as a na
the closed fuel cycle infrastructure in the United
elsewhere in Europe. This paper discusses the relev
MOX fuel experience to the US excess weapons pluton
identifies unresolved technical issues, and present
progression towards utilization of MOX fuel in Nort
utilizing the capabilities and expertise of the Eur

cycle industry.

BACKGROUND

The end of the Cold War has dramatically altered th
Department of Energy (DOE) from one of nuclear mate
that of nuclear materials disposition. The National

has conducted detailed studies on the preferred app
disposition of excess weapons plutonium and conclud
programs on (1) reactor use as Mixed Oxide (MOX) fu
immobilization in vitrified High-Level Waste (HLW)

as the best, most timely approaches to plutonium di
The DOE Office of Fissile Materials Disposition is
options, among others, as the subject of a Programm
Impact Statement (PEIS), which will serve as the ve
the options down to one or more finalists, expected
the fall of 1996.

Meanwhile, DOE has enlisted the help of its laborat
private sector, in determining the path forward for

use program, should the decision be made to proceed

The DOE program for MOX use assumes that consumptio

maximized by using full-core loads. This will neces
introduction of burnable poisons in the fuel to con
contrast, the commercial MOX fuel experience is bas
loadings of MOX fuel without any added burnable poi
Lawrence Livermore and Los Alamos Labs are developi
chemical processes to convert the plutonium metal "
suitable as feed material for a MOX plant; Los Alam

for MOX fuel manufacturing facilities and technolog
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the "lead lab" for MOX use in North American reacto
are reaching out to the commercial fuel cycle indus
experience, and expertise to insure that a MOX prog
succeed. Additionally, Oak Ridge and DOE-Headquarte
dialogue with utilities, reactor vendors, and fuel

the nature and extent of domestic interest in a MOX
America.

EUROPEAN MOX EXPERIENCE

While it is fair to acknowledge that the US once ha
program underway (including six reactors that burne
U.S)), itis likewise fair to say that the program
premature death in the 1970's when reprocessing, an
was abandoned in the US as a matter of policy. Mean
program continued to evolve to the point that, toda
provides a wealth of knowledge directly applicable
and, for that matter, the Former Soviet Union progr
their excess weapons plutonium inventories.

MOX Fuel Production and Irradiation

Belgonucleaire, Siemens, Cogema, and BNFL have prov
back as 1963 for irradiation in research reactors a
power plants in Switzerland, Germany, France, Italy
Belgonucleaire and Siemens pioneered the MOX manufa
having produced over 1000 MOX fuel assemblies over
in their respective facilities sized at 30-35 tons/
capacity. Cogema and BNFL will soon eclipse the Bel
Siemens production capabilities with their respecti
(120MT/yr each) that are presently either under con
on-line to provide MOX fuel to their customers worl
While specific fuel performance data on MOX fuel is
available in the open literature, in general, the p
excellent, with burnups reaching as high as 30-40 G
response to reactor transients. No data is availabl
damage behavior, but there is little indication tha
different than the behavior of urania fuel.

MOX Fuel Manufacturing Technology

The basic technology for manufacture of MOX fuel in
the uranium and plutonium oxides to obtain a homoge
pressing (with or without binders), pellet sinterin

and loading of the pellets into pins for fuel assem
Recent advancements in the MOX manufacturing proces
streamlined production and improved MOX fuel perfor
Belgians have developed a process called MIMAS (Mic
in which a "master blend" mixture of 20-30% plutoni
(micronized) and then blended with uranium oxide to
mixture (nominally 4-6% Pu). Use of this "master bl
reduces the milling time required in the process. A
called "Optimized Co-Milling" (OCOM) has been devel
BNFL's advanced process is referred to as the "Shor
(SBR), which utilizes a high-energy Attritor Mill t

oxide and plutonium oxide feed materials

within a relatively short cycle time, to achieve ex
homogeneity. Following the mixing step, the powder
spheroidiser which allows the mixture to flow freel
press.
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All the advanced MOX fuel manufacturing processes o
improvements over traditional co-milling in terms o
fission gas retention, and high burn-up.

ffer significant
f fuel homogeneity,

THE POTENTIAL FOR DISPOSING OF US WEAPONS PLUTONIUMAS MOX

The Technical "Show-Stoppers"

Assuming MOX is chosen as a disposal route for US e
plutonium, there are several technical uncertaintie
identified by the various technical experts involve

of these technical uncertainties are true "show sto
some demonstration work will be required to deal wi
are summarized as follows:

1. Acceptability of the feed PuO2 material for use
fabrication process. LLNL and LASL, who are develop
processes, will need to interface with the commerci
fabricators to determine the suitability of their f

of morphology and other specifications.

2. Presence and behavior of gallium. Gallium is use

in the manufacture of plutonium pits. Studies need
determine the behavior of the gallium during the pi
and then during the pellet sintering process. If th
during either of these processes (as is expected ba
findings), then this needs to be taken into conside
impact on the processing design and performance. If
in the MOX pellets, then a determination needs to b
effect on fuel performance.

3. Use of burnable poisons. At core loadings above
excess reactivity of the core needs to be controlle

of burnable poisons (gadolinium, erbium, dysprosium
the US MOX program assumes 100% core loadings to ma
consumption, burnable poisons will need to be incor
design. No data exists on MOX doped with burnable p
is some experience with the use of burnable poisons
may be directly applicable. Further demonstration w
and irradiation of MOX fuel with burnable poisons i

for licensing of the fuel.

4. Applicability of the existing database (from Eur
experience) to the US program. There are of course
isotopic mix of weapons-grade plutonium as compared
plutonium. These differences stem from the higher p
heavier isotopes of plutonium present in the commer
which results in higher radiation exposure. Dose to
commercial-grade plutonium has been controlled in t
plants that utilize commercial-grade material (remo
additional shielding). Thus, existing experience in
commercial-grade plutonium represents the "worst ca
which the "cleaner”, weapons-grade material will fa
expected in dealing with the purer, weapons-grade m
difference will be in the criticality design aspect
manufacturing plant, which are easily accommodated.
Jump-Starting the US Program for MOX Utilization

A driver in the US Excess Weapons Plutonium Disposi
the rate at which progress is made in disposing of
program that is cluttered with endless R&D and hamp
uncertainties is Dead-On-Arrival. For this program
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early demonstration and rapid deployment are the ke

technical, and programmatic success.

Thus, the program should be designed to begin with

can be achieved with technical certainty, while oth

gradually and systematically addressed for full dep

program. Such a step-wise program could be jump-sta
existing facilities, expertise, and experience base

MOX community. One example of such a step-wise prog

though other permutations are certainly possible.

Step 1: Fabricate MOX fuel pellets utilizing pure a
Gallium-contaminated plutonium feed material from
Excess Weapons Plutonium inventory. Pellet fabrica
be undertaken at a number of existing MOX fabricat
"demonstration” labs in Europe, such as the BNFL M
Demonstration Facility at Sellafield.

The importance of using commercial fabrication tec
cannot be overemphasized. Any pellet fabrication t
NOT use commercial technology are worthless in the
the NRC for licensing purposes and would have to b
The information gained from these simple pellet fa
tests would demonstrate (a) the acceptability of t
material for the pellet fabrication process, and (

of the gallium during the pellet manufacturing pro
These tests could be performed during 1996, i.e.,
pre-Record-of-Decision (ROD) on the Programmatic
Environmental Impact Statement, thereby advancing
program by an entire year compared to waiting unti

Step 2: Manufacture MOX Demonstration Assemblies (M
assemblies per reactor, for irradiation in candida
American reactors selected for MOX use. These MDA
manufactured at existing demonstration-scale facil
Europe, thereby utilizing known, commercial manufa
processes. For BNFL, capacity could be made availa
such use at BNF's Sellafield site before the turn
For simplicity, these MDA's would not contain burn
poisons, so as not to complicate the NRC licensing
certification processes. Once approved, core loads
MOX could proceed immediately, and meanwhile, test
irradiations and MDA's for full-core loads of MOX
burnable poisons could proceed on a separate and s
track. If, for whatever reason, the burnable poiso
unsurmountable certification and licensing problem
least the program can proceed using the partial co
MOX without poisons. Burn rate can be achieved by
more reactors in the disposition program.

It is assumed here that existing data from Europea
irradiation trials of commercial MOX will suffice

US MDA's and that no separate irradiation trials o

derived

from this weapons plutonium material will be requi

Step 3: Begin full-scale production of MOX assembli
available excess production capacity in Europe whi
plant is designed and constructed on US soil. Util
excess capacity in Europe will bridge the gap betw

ys to economic,
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er unknowns are
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of a new, US-based MOX plant project and the compl

licensing of that project, which could take as lon

Utilizing available European production capacity d
any US fuel manufactured would be poison-free, so
contaminate the otherwise "clean" European facilit

Likewise, utilizing this available excess capacity

that the gallium would have to be removed as well,
on the effect that gallium would have on the opera

facilities.

Transportation aspects of the European option woul
be taken into consideration. Based on US and Europ
experience in moving both plutonium and MOX fuel,
not be an unsurmountable obstacle to the use of Eu

facilities in the early stages of the US MOX progr
Step 4: A full-scale US program on MOX utilization
out

as dictated by the results of the earlier steps.

etion and

g as 8 years.
ictates that
as not to

ies.

might mean
depending
tion of these

d have to
ean
this should
ropean
am.
would be carried

ASSISTING THE RUSSIAN PLUTONIUM DISPOSITION PROGRAM

European fuel fabricators are actively involved in
assistance to the Former Soviet Union for the timel
inventory of excess weapons plutonium. In addition,
fabricators have been in dialogue their governments
lateral mechanisms to assist the Former Soviet Unio
an appropriate plutonium disposition strategy.
Political Will and Political Winds

The single most threatening show stopper to this pr
opinion, is the US political will and stamina to ge
DOE's track record for completing any large underta
years is miserable at best. Yet it is heartening to
instance a keen desire on the part of the DOE labs
headquarters program managers to go beyond the "Plu
study phase into an action-oriented phase involving
the private sector.

Political winds tend to shift every election cycle,
assurance of continuity of any long-term commitment
plutonium disposition program. Thus, the best means
political uncertainty is to place the MOX program f
the private sector as much and as soon as possible.
A report prepared by Oak Ridge National Laboratory
wide MOX experience emphasizes the significance of
base that will enable the US to leapfrog over an ex
consuming R&D phase and go directly to a demonstrat
phase. Hopefully, the ability to leapfrog ahead int
driven program will be just the driving force that

the potentially detrimental effects that politics w

this important program.

CONCLUSIONS

A proven, mature MOX industry exists to assist the
of excess weapons plutonium. That industry is alive
and willing to provide expertise and capabilities t
deployment of a US MOX program.
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ABSTRACT

The primary responsibility of the Environmental Man
address the most immediate, urgent risks to human h
environment from the nuclear weapons complex, while
contamination and safety threats. Environmental Man
this responsibility unless it integrates the best r
practices into its decision making processes. In re

and guidance from Congress, the National Academy of
organizations, the Environmental Management program
risk-based approach to decision making, successfull
evaluation process to inform decisions in the fisca
budget cycles. Risk information will be used even m
more in-depth for the fiscal year 1998 budget devel
beyond. The process of using risk information to es
will improve as the Department improves data qualit
review, defines the future of its sites, and keeps
informed and involved.

INTRODUCTION

In the United States, the nuclear arms race resulte

of a vast research, production, and testing network
the "nuclear weapons complex.” The complex consiste
of land and 120 million square feet of buildings an
from a vast tract of land in the deserts of Nevada
downtown New York City that once stored uranium.
The Department of Energy created the Office of Envi
in 1989 to manage the legacy of fifty years of nucl

and research at 137 sites in more than thirty state
Environmental Management program's responsibility i
immediate, urgent risks to human health and the env
managing long-term contamination and safety threats
manages wastes currently being produced during nucl
and development, basic science research, and ongoin

utonium: Reactor-
ional Academy Press,

AND RISK ASSESSMENT
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The Environmental Management program is currently f
budget while still having to deal with competing re

to workers, public, and environment. The Department
credible risk assessment and the best risk manageme
meet its primary mission of protecting human health
The decisions involved in managing these problems i
environmental and public safety concerns, national

as nuclear proliferation, and federal budget limita
course of the Environmental Management program will
fundamental technical and policy choices, many of w
made.

THE CHALLENGES OF USING A RISK-BASED DECISION MAKIN

Many concerns have been raised regarding risk asses
define what the risks are on a site-by-site basis a

way; the fact that it matters "who" performs the ri

the many methodology issues about identifying and a
as uncertainty, data gaps, and concerns over the qu
Knowing these controversies surrounding risk and th
approach for environmental management, two years ag
the National Academy of Sciences to decide whether
based decisions could be incorporated into the Envi
program. The study resulted in the January 1994 rep

through Risk Assessment and Management of the Depar

Environmental Remediation Program. In the report, t
the major obstacles, issues and barriers to impleme
management approach. The report concluded that the
approach could help compare outcomes, build consens
public involvement to include cultural, socioeconom
religious values, if its purposes and limitations a

The Academy also noted that to be effective and use
and institutions adopted for risk assessment satisf

They must be credible to stakeholders and the gen

They must operate expeditiously without threateni
validity.

They should consider the full range of risks of ¢
stakeholders in the light of social, religious, his
values, future land uses, and cultural values and n

They should be efficient and cost effective and p
contribute to identification of remedies and priori
themselves efficient and cost effective.

Based on the findings of the report from the Nation
Sciences, that risk-based decision-making was both

for the Environmental Management program, the Depar
adopted a set of principles for using risk analysis
(developed by an interagency working group) are des
cut at defining risk analysis, its purposes, and th
followed by the Department of Energy if it is to be
credibly. These principles include four major categ

Risk Assessment. Use the best available informati
all judgements and assumptions should be explicitly

Risk Management. Analyze the distribution of risk
potential risk management strategies, using the bes
techniques.
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Risk Communication. State risk management goals,
uncertainties and comparisons clearly, accurately,
provide public access in a timely manner.

Priority-Setting. Compare risks by grouping them
of concern (e.g., high, medium, low) and identifyin
risk; include as broad a range of views as possible
consensus.

"THE FIRST STEP" TO LINKING RISK WITH THE BUDGET

Since its formation six years ago, the Environmenta
has been beset by public and Congressional concerns
the pace of cleanup versus total program costs. The
Energy's Office of Environmental Management's overa
approximately $2.3 billion in 1990 to approximately
Concerned about this rapid budget increase, yet sen
concerns about the risks posed by the department's
urged the Department to begin to develop a risk-bas
sequencing or prioritizing its activities. Specific

Report of the Energy and Water Development Appropri
for Fiscal Year 1994, said that the Department "...
mechanism for establishing priorities among competi
requirements.” Furthermore, the Department was dire
June 30, 1995 a report...evaluating the risk to pub
posed by the conditions at weapons complex faciliti

by compliance agreement requirements.” The committe
did "not intend [for] the Department to perform an
assessment, as that term is frequently used, of the
activities required by compliance agreements. Inste
[was] directed to estimate the risk addressed by cl

the basis of the best scientific evidence available

In response to the Congressional request, the Depar
major effort to define its risks on a site-by-site

In reevaluating the Environmental Management progra
Department announced its intent to establish more ¢
methods of conducting risk assessments at its sites

In the current climate of decreasing budgets, the p
concerned about ensuring that funds are being spent
effectively. There are demands to achieve the highe
reduction possible for every taxpayer dollar spent.
achieved by fully understanding all the risks that
address, understanding the costs associated with ad
and making decisions based upon that comprehensive
Information about risks is generally collected and
facility or site, or for a particular contaminant o
information has not been available for decision mak
establishing priorities. Many risk-related reports
requirements specific to a regulation or a complian

not allow for comparisons of risks, or for an integ
analysis of risk. A primary objective of the draft

and the Risk Debate: Searching for Common Ground "T
now on called the "Draft Risk Report"), submitted t
1995, was to develop a process that provides an int
evaluating the risks to human health, worker safety
posed by conditions at the Department's sites and f
those risks to compliance requirements and the budg
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The Environmental Management program's Office of In
Management adopted a qualitative evaluation matrix
Report. The process was not designed to replace exi
approaches, but to increase the understanding of al
Management activities, particularly as related to r
worker health, the environment, compliance requirem
allocations across the EM programs. Department of E
managers with expertise about these activities at t

the activities in six areas. The intent of the qual

to describe all Environmental Management activities
consistent, Environmental Management-wide framework
communicating the information from all Environmenta
facilities.

CURRENT STATUS

The Draft Risk Report to Congress provides the firs
compliance requirements, and risk reduction/polluti
activities. The process used for the report provide

to capture the spectrum of risks (public, health, w
environment) associated with planned Environmental
and to link these risks to compliance requirements
qualitatively.

The information provided a baseline from which both
stakeholders can use to engage in dialogue about th
associated with the various Environmental Managemen
site. This baseline information was successfully us

1996 and 1997 budget processes, as one tool in the
process that determined how Environmental Managemen
funding, establish priorities, and sequence its wor

The Environmental Management Advisory Board, an adv
under the Federal Advisory Committee Act, was asked
Risk Report and the qualitative evaluation process
information linking risk, compliance, and budget fo
Management activities. The Board recognized the pro
the Draft Risk Report as an important first step in
compliance and budget information. They endorsed th
and endorsed the recommendations made to improve th
assure consistent application and interpretation of
recommendations to the Department were to:

Improve Data Credibility and Quality by clearly i
communicating the assumptions, implementing public
using corporate training and workshops. In addition
of activities needs to be consistent across sites,
and meaningful.

Implement a "three-tiered approach” to improve th
assessment/management process further, in developin
conducting qualitative evaluations, and in evaluati
process.

Improve stakeholder involvement through a variety
approaches to engage stakeholders in the qualitativ
meaningfully. Better information and communication
this complex subject if the program is to be effect
and land use assumptions are critical components of
each site needs specific future land use criteria.

tegrated Risk
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Pay close attention to "timing" issues. For examp
activity can result in much higher risk later if wa
leaking. In addition, effects can occur due to the
activity, and should be considered in the decision

Fully integrate the entire process with the budge
projections, future land use planning, and stakehol
As Environmental Management goes forward to use thi
framework in the fiscal year 1998 budget and planni
carrying out these recommendations. The information
process will change as policy decisions such as lan
determined for each site, as new regulations and co
are made, as risk information improves, and as more
available. The Department believes that having this
consistently implemented and understood will take m
that the lessons learned each year will be incorpor
framework. The Department will continue to work on
evaluation methods throughout the year. To enhance
that captures the spectrum of risks associated with

Management's programs across the weapons complex, H

working with the Field Offices to develop detailed
developing the fiscal year 1998 Environmental Manag
Personnel representing all EM sites and programs an
experts from outside the Department of Energy will
risk data and process quality at the EM-wide level
assessment/management process. Peer review will be
the following "three tiered approach:

The first tier consists of a central group of exp
regulators to develop the guidance for the comparat
process. (Complete for the Fiscal Year 1998 budget

The second tier consists of risk assessment profe
environmental experts, former Department of Energy
Department of Energy field office representatives t
comparative risk assessment. This method will ensur
thereby reducing bias, promoting consistency and bu
the process. This review will take place on a local
The local review processes will be defined and mana
and will take place in the November to April time f
review process will be coordinated by Headquarters
organizations and is taking place in the January to

The third tier will consist of a group to evaluat
group will consist of some of those in the first an
other independent experts. The review group will be
reviewing the process and providing guidance on car
group will perform its review in the April through
In addition to peer review, the Department recogniz
involvement is important to both the quality of inf
credibility and validity of the decision making pro
Environmental Management program is using a variety
approaches to engage stakeholders in the risk and b
meaningfully so that stakeholders have access to ac
understandable, and timely information. The goal of
to allow stakeholders sufficient time to be able to
information and an opportunity to be heard during t
process.
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In collecting information to inform its decision ma
Department has begun to account for the various att
community activities that could be affected or disr

not performing an activity. The Department will col
regarding the potentially negative social, cultural

of activities and the environmental situations they
temporary or permanent cessation of important commu
disruption of traditions or ceremonies practiced by

or groups). Such information will be considered wit
information used to inform priority setting.

Improved stakeholder involvement is dependent on th

Environmental Management program to communicate ris

effectively and to identify meaningful and timely o
public participation. It is vital that EM be clear
opportunities for public input on environmental dec
clear about how the public input will be used. For
Department is helping stakeholders to participate i
process by preparing a guide entitled Public Partic
Year 1998 Office of Environmental Management Budget
identifies the decisions to be made, the key docume
decision-makers, and the opportunities for stakehol
Assumptions regarding the future use of land at the
directly affect estimates of risks to the public, t
environment. To conduct meaningful risk assessments
appropriate remedial methods, sites must first defi
with significant public input. To date, several sit
formulated stakeholder-preferred land uses as a res
initiative to develop site land use plans; these la

will serve as a basic input into site risk assessme
Additionally, Environmental Management is supportin
agreements with independent institutions to work to
Department further define and implement approaches
assessment and risk management practices. These inc
comprehensive, innovative methods to assess and com
and human health risks; research programs to foster
understanding of the ecological and human health ef
remediation activities at specific sites; and devel

for ecological risk analysis. Specific activities w

with Field elements and their local stakeholders to
communication between these groups; providing peer
Field generated risk information; involving public
evaluation; and developing tools for communicating
audiences.

CONCLUSIONS

As the Office of Environmental Management attempts
primary mission, protecting human health and the en
facing a decreasing budget and competing regulatory
requirements, it is developing and using a framewor
of the risk information collected on a site and fac

for a consistent approach to evaluating risks throu
weapons complex.
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across the Environmental Management program. Across
of activities will be made consistent, clear, recog
meaningful.

The "three-tiered approach" to peer review being im
risk assessment and risk management processes in: d
conducting qualitative evaluations, and evaluating
process.

Values of stakeholders, including Native Americans

be considered and solicited actively, meaningfully,
Sites should clearly explain the basis for their la
particularly to identify the degree to which area c
governments, regulatory agencies, and other interes
these assumptions. Cleanup decisions must be tailor
future land use plans.

Environmental Management successfully used a qualit
process to inform decisions in the fiscal year 1996
cycles. Risk information will be used even more rig
depth for the fiscal year 1998 budget development ¢
process of informing priorities with risk informati
Department improves data quality, incorporates peer
future of its sites, and keeps its stakeholders ful
involved.
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Federal Advisory Committee on External Regulation o
ABSTRACT

The Federal Advisory Committee on External Regulati
of Energy Nuclear Safety recently issued its Final
unanimously recommended full external regulation of
worker protection, and environmental protection of
nuclear facilities. A great majority of the Committ

the regulators be existing agencies, but the Commit
between the U.S. Nuclear Regulatory Commission and
Nuclear Safety Board, concluding that either one wo
significantly before it could carry out the respons
regulator of facility safety at the DOE nuclear com
believes that external regulation will increase the

at DOE, help restore the credibility of the Departm
and increase the efficiency of its operations. The
number of other recommendations designed to bring a
effective, and efficient external regulation of saf
facilities. The recommendations cover such issues a
regulating DOE, public participation, the jurisdict
regulators, and the use of a variety of ways to reg
also recommended that DOE maintain a strong "corpor
to provide assurance that the Department will confo
requirements, and that any transition to external r
carefully, so that commendable efforts the Departme
of nuclear safety are not disrupted. The Department
internal group to evaluate the Committee's recommen
INTRODUCTION

The aim of this paper is to give readers a brief ov

the Advisory Committee on External Regulation of De
Nuclear Safety. The Committee was established in Ja
Secretary of Energy Hazel O'Leary. Its Charter assi
advising the Department, the Office of Management a
the White House Council on Environmental Quality (C
so, how, the Department's nuclear facilities should
regulated. On January 19 of this year, the Committe

were made public. The fundamental recommendations w

all DOE nuclear activities be externally regulated

and that DOE retain a strong internal safety manage
HOW THE COMMITTEE CAME TO BE

The Committee grows out of a long history of concer
lack of external regulation of nuclear safety at DO
predecessors. From the "Manhattan Project" on, nucl
Department and, before that, the Energy Research an
Administration and the Atomic Energy Commission has
of self-regulation. In the beginning, it could have
because almost all the expertise was in the Atomic

its contractors. Various federal statutes have long
Department and its predecessors from much of the ex
which other federal nuclear facilities and private
subject. Only since the late 1970's has the DOE nuc
subject to environmental regulation by the Environm
Agency (EPA) and the States, and even now some envi
exempt certain nuclear materials at DOE from extern
since 1989, when the Defense Nuclear Facilities Saf

f DOE Nuclear Safety
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established by Federal statute, has there been any
degree of external oversight of what the Committee
safety" at nuclear facilities, namely design, const
modification, and decommissioning. However, the Def
investigates and recommends; it does not write or e
(The Nuclear Regulatory Commission (NRC) has had a
facility safety at a limited number of DOE sites.)
Safety and Health Administration (OSHA) has no regu
protection of workers at DOE nuclear facilities, th

now studying the possibility of having OSHA regulat
DOE has a great many nuclear facilities to self-reg
3500 nuclear facilities at 34 individual sites in 1

these sites cover hundreds of thousands of acres. T
include uranium separation facilities, chemical pro
fuel fabrication facilities, nuclear production and

fuel reprocessing facilities, nuclear weapons assem
facilities, tritium recovery facilities, nuclear ma

vaults, some of the world's largest high energy par
fusion laboratory, and a variety of large and small
defense research laboratories. DOE also manages ver
radioactive materials, including more than 430 metr
non-fissile radioactive materials and isotopes and
tons of spent reactor fuel. There are also contamin
among other things, roughly 800 million cubic meter
60 million cubic meters of contaminated soil.
Self-regulation of such a large and variegated nucl
been the subject of criticism by outside persons an
excellent summary of these criticisms was compiled
Research Service of the Library of Congress. Two of
fundamental: 1) No organization should be permitted
regulation” because this inevitably places safety i
primary mission objectives, and 2) self-regulation
ineffective when conducted under a cloak of secrecy
number of Secretaries of Energy, including John Her
Watkins, and now Hazel O'Leary, have worked hard to
internal management of safety at nuclear facilities
associated with self-regulation -- particularly the
inherent in self-regulation -- have remained.

In early 1994, the House Subcommittee on Energy and
held hearings on proposed legislation to establish
new DOE nuclear facilities and explore the options
regulation of existing facilities. At those hearing

then Under Secretary of DOE, proposed that DOE init
examination of whether and how the Department's nuc
be externally regulated. In January 1995, DOE estab
on External Regulation to conduct that examination.
O'Leary's urging, the Committee took a broad view o
that it should look at all aspects of safety at DOE
facility safety, worker protection, and environment
Committee believed that safety requires a coordinat
encompassing not only radiological protection, but
against all hazards at DOE facilities, especially a
emphasis shifts from weapons production to cleanup
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and chemical and physical hazards to workers come i
prominence.

THE COMMITTEE'S COMPOSITION AND WORKING METHODS

The membership of the Committee was extraordinarily

capable. Represented among the 24 members were Fede

regulatory agencies, national and local citizens' a
groups, the nuclear power industry, Native American
Among the members were the head of OSHA, the Lt. Go
the acting Provost of the University of California
Chairman of the Chemehuevi Tribe in California. The
Committee were John Ahearne, a former Chairman of t
Scannell, a former head of OSHA.

The Committee's work was supported by a small staff

DOE, EPA, and NRC, and by a DOE Internal Working Gr

from most DOE offices. These support efforts were m
Isaacs, the Committee's Executive Director.

The Committee conducted its deliberations completel
eight two-day meetings at sites across the country,

to the Hanford site in the State of Washington. The
about 4500 pages of transcript, 400 of which were ¢
of the general public. Before each meeting, a team
members met with citizens and organizations near th
their participation. The meetings were advertised i
over the DOE system. The Committee set up an 800 nu
Web site to distribute information about the Commit
Committee also asked each DOE program office, opera
laboratory to tell the Committee what that office o
major regulatory problems were, and what the soluti
Even before the Committee's first meeting, the Depa
Working Group completed several major reports for t
including a compendium of all DOE nuclear facilitie
nuclear safety at the Department, an account of the
applicable to DOE nuclear facilities, a description
laudable initiatives to improve health and safety a
facilities, and an account of how nuclear safety at

in other countries is regulated.

The Committee itself formed active subcommittees on
problems with the current system of regulating DOE,
regulation can and cannot accomplish, worker safety
and options for regulatory models and the distribut
responsibility. At the Committee's request, the sta
several subjects, including enforcement against fed
regulatory models and options, criteria for judging
reform, the role of the public in regulation, and t

The reports by the Committee, the subcommittees, th
Internal Working Group are all available from sever
the World Wide Web (as of February 2, there had bee
accesses to the Committee's Web material). The tran
meetings are also available on the Web.

PROBLEMS AND THEIR CAUSES

The Committee found these symptoms of problems in t
nuclear facilities is now being regulated: frequent
practices, which have resulted in costly cleanups a
exposures; distrust of DOE, in the public, in Congr
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governmental agencies; frustration throughout DOE's
regulatory morass that often impedes efforts to do
well; numerous cases of non-compliance with establi
requirements; and failure to address hazards by the
importance.

In the Committee's view, these symptoms have fundam

DOE's approach over the years to safety, and in its
Although the Department has made substantial progre
the Committee concluded that most of the root cause
remain. In the Committee's view, these causes are:
of interest in self-regulation; the legacy of secre
historically shielded DOE's activities from outside
many cases to safety practices less sound than thos
sector; lack of stability in safety management and

the fact that DOE's leaders are of necessity politi
tenures are short; lack of management accountabilit
coordinated regulatory and oversight functions; red
safety requirements (the Department is working hard
out); and a lack of balance in addressing hazards,
physical hazards to workers sometimes receiving ins
and hazards covered by enforceable sanctions receiv
than risk and cost/benefit considerations can justi
WHY EXTERNAL REGULATION, AND HOW?

The Committee concluded that "it is sound public po
external regulation that DOE is regulated to standa
requirements comparable to those to which the priva
regulated." More particularly, external regulation
conflict of interest inherent in self-regulation an
safety will receive consistent and adequate conside
regulation can thereby help restore the Department'
bring increased insulation from political change, a
stability of safety policy in the Department; it ca
efficiency of the Department by eliminating the red
self-regulation and allowing the Department to focu

it can make clearer just who the regulator is, and
clearer lines of accountability in the Department.

The Committee considered several possible distribut
responsibility among external agencies. It spent so
an option in which DOE would be regulated by a new
jurisdiction over all aspects of safety at all DOE

the power to choose the best from existing safety s
processes, focusing particularly on risk-informed p
hazards, and, where possible, performance-based sta
of the Committee hoped that such an agency might be
regulatory reform in the private sector. In the end
majority of the members decided that it would be le
existing external regulation of the Department, and
aggravate the wide-spread perception that DOE is ge
treatment, if DOE were regulated by existing agenci
recommended the following distribution of regulator
An existing agency -- either the NRC or a restructu
regulate facility safety at DOE nuclear facilities.

view, neither the NRC nor the DNFSB was at present
safety regulator the Committee thought would be bes
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OSHA would regulate all protection of workers at DO
unless regulation of worker risks at a given facili
interfere with maintenance of facility safety (for
criticality is possible), in which case the regulat

would regulate all protection of workers at the fac
EPA would continue to regulate environmental protec
nuclear facilities.

States with programs authorized by the Federal regu
roles in environmental protection, worker protectio
comparable to the roles the States now exercise in
private nuclear facilities. States would have the a
stringent standards as long as those standards did
DOE's performance of its missions (the Committee to
analogous standard in the Occupational Safety and H
This framework would apply to defense facilities al
limited exceptions. Following the lead of a subcomm
was almost as diverse as the full Committee's, the
concluded that it was possible and highly desirable
national security at the same time. The essential e
preserve national security interests is a legislati
effective and prompt method of invoking Presidentia
rare case of a conflict that the Department and an
cannot resolve. The Committee made two exceptions t
regulation of defense facilities. First, to protect
design information, the Committee recommended that
regulate "nuclear explosive safety”, namely the for
designed to prevent the accidental or unauthorized
explosives in proximity to special nuclear material
the early stages of a fully external regime, safegu
should be left to DOE, to avoid diluting the new ex
focus.

In the Committee's recommended framework, the agenc
the same jurisdictions over hazards that they have

In private sector regulation, the NRC sets some sta
environmental protection and worker protection. In
by the Commiittee, the facility safety regulator wou
facility safety, except in a limited number of case
protection. The Committee took this approach for fu
reasons: to avoid disrupting existing external regu
environmental protection at DOE, and to help assure
hazards to the environment and workers are consider
all hazards to the environment and workers.

Of course, the framework just described would requi
the Committee's final Report contains a list of the
implications of these and other recommendations of
OTHER RECOMMENDATIONS

The Committee made several other recommendations, s
whether increased external regulation of the Depart
not. The chief of these other recommendations are d
below.

"Corporate" Safety Function

The ultimate responsibility for safety lies with th
Therefore, even under external regulation, DOE must
resources to assure that it implements policies and

E nuclear facilities,
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consistent with external requirements. This is part

the area of worker protection, because OSHA's resou
limited. However, if the practice of large, multi-s

any guide, those resources can be modest. Departmen
devoted to regulatory functions -- standard-setting
enforcement -- could be moved to the new external r
DOE the Regulated Party

To help assure that the highest level of management
is in step with regulatory requirements, the Commit
DOE be a regulated party -- for example, the "licen
"permittee” -- at every site, and that contractors
regulated parties.

Lead Agency

The Committee urged the complex-wide adoption of a
approach, in which DOE would have to deal with only
given matter at a given site. The Committee recomme
approach be "facilitated" by legislation.

Citizens' Roles

The Committee strongly supported giving citizens ef
stages of the regulatory process, from setting stan
them in approval actions like licensing, to enforce

the trial-type hearings conducted by the NRC in nuc
licensing proceedings consume a disproportionate am
Committee recommended that legislation provide for
formal, hearing process for use at DOE nuclear faci
was particularly concerned that federal enforcement
effective as federal enforcement against private en
the Committee recommended that citizens be able to
not complying with external safety rules, and that

sue the external regulators for not performing thei
One Size Does Not Fit All

The Committee strongly recommended the use of a var
models, ranging all the way from "audited self-regu
now employed by OSHA in its Voluntary Protection Pr
licensing proceeding of the sort employed by the NR
power plants. DOE's nuclear facilities and missions
subjected to the same regulatory model. The Committ
of performance-based criteria wherever possible, to
party with the flexibility to achieve cost-

effective solutions to safety problems.

WHAT WILL THIS COST?

Given its limited resources, and the unpredictable
possible costs, the Committee was not able to estim
putting in place the regulatory framework it recomm
cataloging of DOE's nuclear facilities, and a compa
the NRC to regulate whatever comparable facilities
private sector, the NRC estimated that it would nee
and $160 million to $200 million annually to regula
recommends be assigned to the facility safety regul
of facilities to be externally regulated, and the s

and workforce, these estimates do not seem unreason
not give the Committee any estimate. DOE was unable
spends on self-regulation.
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However, the Committee did make some general observ
likely costs of implementing its recommendations wo
Department spends on internal oversight should decr
transition costs; the cost of complying with extern

up in the short term. Each regulator should be ensu
needs to carry out additional responsibilities; reg
adequate resources are only paper tigers, and a tra
funded regulatory framework will only weaken the as
reduce credibility. Nonetheless, the cost of regula

small part of the total cost of meeting any set of

and there is a real potential for savings through g
productivity in DOE's performance of its missions,
straight-forward, credible, accountable, external r

the Committee is put in place.

TRANSITION

The Department has underway a number of laudable sa
Committee urged that these be continued. The Commit
that, pending transfer of regulatory authority from
regulators, all internal regulatory functions in th
consolidated in the Office of Environment, Safety,
example, at the present time, program offices must
standards; the Committee believes that OESH should
authority to establish standards independently of t

The Committee also recommended that the transition
the Department's nuclear facilities, which the Depa
sought, be expedited. To the DNFSB, the Committee r
Board make its processes more open, for instance by
Recommendations in draft form for public comment.
The Final Report contains several cautions about th
external regulation. It will be difficult; it will

not become the victim of inattention while everyone
regulator to take charge. However, there have been
the past, and much can be learned from these.

DOE RESPONSE

Secretary O'Leary has formed a DOE working group to
March 20 what response the Department should make t
recommendations. The group is head by Acting Under
Grumbly. Members of the group will include represen
Department of Justice and the other two agencies to
Final Report was directed, namely, OMB and CEQ. The
directed the Department's working group, in coordin
external regulators, to come up with an implementat
CONCLUSION

When the Committee's Co-Chairs transmitted the Comm
to DOE, OMB, and CEQ, the Co-Chairs said that they
this distinguished and diverse Committee, which rep
range of interests involved in regulation of DOE, h
conclusions on the difficult issues it has had to ¢
Committee believes that the external regulatory fra

will clear the path to greater productivity and eff
Department by removing regulatory redundances and o
ensuring a regulatory framework that remains stable
and officials change. The flexibility the Committee
regulatory approach through, for example, relying w
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performance standards rather than rigid prescriptio
cost-effective approach to ensuring safety. Externa
improve public confidence in DOE and provide increa
future record of nuclear safety will be free of the

The full title of the Committee's Report is Improvi
Safety at DOE Nuclear Facilities, and it is availab
Environment, Safety and Health Information Center b
4375. The Report and related material can be found
at http://www.em.doe.gov/acd/index.html.
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ENVIRONMENTAL RADIATION STANDARDS

FOR YUCCA MOUNTAIN

Raymond L. Clark

U.S. Environmental Protection Agency

Office of Radiation and Indoor Air (6602J)
Washington, D.C. 20460-0001

ABSTRACT

The Environmental Protection Agency (EPA) has been
responsibility of setting site-specific health and

the potential repository at Yucca Mountain, Nevada.
that gave the Agency that responsibility, mandated
National Academy of Sciences (NAS) to provide input
the EPA standards. The NAS has completed and presen
Agency; this paper summarizes the report's recommen
conclusions. Following receipt of the report, the A
period and held public meetings to gather comments;
the comments are summarized. Based upon the report
public comments, EPA has started formulating propos
will be known as 40CFR Part 197. It is planned for
Part 197 to occur in the Spring of 1996.

HISTORY

In 1985, the Environmental Protection Agency (EPA),
of the Atomic Energy Act, issued 40 CFR Part 191, E
Protection Standards for the Management and Disposa
Fuel, High-Level and Transuranic Radioactive Waste
standards and, as such, apply to all pertinent faci
Yucca Mountain (which has since been exempted by le
the Waste Isolation Pilot Plant (WIPP), and the Gre
Disposal Facility. With regard to Yucca Mountain, t
seven year later.

In October 1992, two Federal laws were enacted, the
Plant Land Withdrawal Act (WIPP LWA) (2) and the En
(3). While the WIPP LWA dealt mainly with WIPP, a p
in New Mexico, for transuranic radioactive waste, i
Mountain from coverage under 40CFR Part 191. At the
directed EPA "to set generally applicable standards
Mountain site...for protection of the public from r
radioactive materials stored or disposed of in the
Yucca Mountain site." It also directed EPA to contr
Academy of Sciences (NAS) to "conduct a study to pr
recommendations on reasonable standards for protect
health and safety.” In Section 801 of the EnPA, Con
responses to three inquiries:
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"(A) whether a health-based standard based upon do
members of the public from releases to the accessib
that term is defined in the regulations contained i
191 of title 40, Code of Federal Regulations, as in
18, 1985) will provide a reasonable standard for pr
and safety of the general public;

(B) whether it is reasonable to assume that a syst
oversight of the repository can be developed, based
institutional controls, that will prevent an unreas
breaching the repository's engineered or geologic b
the exposure of individual members of the public to
allowable limits; and

(C) whether it is possible to make scientifically
predictions of the probability that the repository'
geologic barriers will be breached as a result of h
period of 10,000 years."

THE NATIONAL ACADEMY OF SCIENCES REPORT

In early 1993, the Agency established a contract wi
the study required by the EnPA. The Agency received
Technical Bases for Yucca Mountain Standards (herea
Report), on August 1, 1995 (4). The NAS divided the
into two categories, recommendations and conclusion
this section summarizes the recommendations and con
interested reader is urged to obtain the entire NAS
entire rationale.

Recommendations
In the Executive Summary of their report, the NAS r

(a) the use of a standard that sets a limit on the
of adverse health effects from releases from the re

(b) that compliance with the standard be measured
risk, whenever it occurs within the limits imposed
stability of the geologic environment (which NAS ju
million years);

(c) against a risk-based calculation of the advers
intrusion into the repository since it is not possi
frequency of human intrusion far into the future; (
consequences of an intrusion be calculated to asses
the repository to human intrusion;

(e) that in those instances where science cannot p
necessary to resolve an issue, policy questions sho
through a rule making process that allows opportuni
input from all interested parties;

(f) that the critical-group approach for assessing
used; and,

(g) that EPA require that the estimated risk calcu
specified, assumed intrusion scenario be no greater
adopted for the undisturbed-repository case because
suitable for safe disposal should be able to contin
acceptable waste isolation after the specified intr
CONCLUSIONS
Also in the Executive Summary, the NAS concluded th

(a) an individual-risk standard would protect publ
particular characteristics of the site, provided th

ses to individual
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the public are prepared to accept that very low rad
negligibly small risk;

(b) the physical and geologic processes are suffic
and the related uncertainties sufficiently boundabl
be assessed over time frames during which the geolo
relatively stable or varies in a boundable manner;

(c) itis not possible to predict, on the basis of
the societal factors for an exposure scenario. Spec
scenarios, therefore, requires a policy decision th
made in an EPA rule making process;

(d) with respect to the second question of Section
reasonable to assume that a system for post-closure
repository can be developed, based upon active inst
that will prevent an unreasonable risk of breaching
engineered barriers or increasing the exposure of i
the public to radiation beyond allowable limits;

(e) with respect to the third question in Section
possible to make scientifically supportable predict
probability that a repository's engineered or geolo
breached as a result of human intrusion over a peri
and,

(f) there is no scientific basis for incorporating
reasonable achievable) principle into the EPA stand
Regulatory Commission (NRC) licensing regulations f
PUBLIC COMMENTS
Shortly after receiving the NAS Report, the Agency
period and held public meetings to receive comments
rule making process. The public meetings were held
Nye County) and Las Vegas, Nevada and Washington, D
letters, including about 30 copies of a form letter
was no transcript of the public meetings; the only
oral comments that was made is in an EPA summary do
for no transcript was that these were not hearings
the free interchange of ideas and questions would b
formal atmosphere. The majority of comments and que
private citizens. However, there were also comments
Federal agencies, the State of Nevada, Native Ameri
counties, industry groups, environmental organizati
interest groups, The major themes of those comments

agreed with the NAS that no system of active inst
preclude human intrusion;

agreed with the NAS that scientific predictions o
cannot be made;

there was a split in opinion on whether a critica
limit would adequately protect the general populati
also pointed out that the final decision must be ma
policy making process such as the EPA rule making a
should be set at approximately one chance in a mill
fatal cancer. Those who disagreed had three reasons
limits, as was done in 40 CFR Part 191, would avoid
limit on maximum-individual and population doses si
enforceable quantity; and 3) standards should not b
Part 191;
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regarding the definition of the critical populati
considerations were suggested, e.g., base the size
ground-water pathway and assume the high end of pot
the group could be located in either Nevada or Cali
wherever the ground water exits the ground or is cl
the probability-based critical population group is
the subsistence-farmer group;

disagreed with NAS on use of the negligible incre
i.e., do not use it in the standards;

there was a split on the NAS suggestion to elimin
requirements. Some thought they were useful and ess
that there were potentially counterproductive and s

respect the ideology of native people;

how to deal with uncertainty was not sufficiently

calculate risk until the peak is reached; one com
with being able to show reasonable expectation of ¢
hundreds of thousands of years and suggested that t
shorter, e.g., 10,000 years;

base the standards on health protection not on th
containment capability of Yucca Mountain;

the NAS did not give a sufficient justification f
concept;

include doses from the Nevada Test Site and the |
disposal systems in the area;

work closely with the NRC to make standards amena

establish an information center closer to Amargos
AGENCY ACTIONS AND DIRECTION
The Agency has taken a number of actions to keep th
about the Yucca Mountain rule making. It has establ
hour recording for the rule making which can be rea
331-9477. There is also EPA's Technology Transfer N
bulletin board which can be reached by calling 919-
ttnbbs.rtpnc.epa.gov. The Agency is also working to
on the World Wide Web.
Also, the Agency has taken definitive action on two
comments -- the final two listed above. In line wit
Agency and the NRC have each named a technical liai
interchange of technical data and issue resolution.
that the time limits placed upon it by the EnPA all
independent, technical analyses and that the NRC ha
Mountain for many years. Therefore, the Agency anti
be a significant source of technical data. To date,
has proven to be very useful and successful.
As for the final comment, in September, the Agency
of the public library in Amargosa Valley to establi
center. While the intent is to place the same infor
be placed into the formal dockets in Washington, DC
Nevada, the designation of information center relie
library staff from the necessity of keeping a forma
The other comments are the heart of the decisions t
made as a result of the rule making. The Agency has
many of the comments as it formulates the proposed
is premature to report at this time on the outcome
issue since the Agency has not reached any definiti
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However, the Agency has two goals. One goal isto s
assure both that Yucca Mountain will not open unles
it will be able to open if it is safe. The Nation ¢
emplace the wastes into a site that is not safe, no
abandon a safe site. Another goal is to set standar

of public health and the environment and that are i
Only standards that meet both of these goals will b
public. Public acceptance is crucial, without it, n
programs will fail. The public's perception of the
Yucca Mountain evaluation could impact all nuclear
CURRENT STATUS AND THE NEXT STEPS

The Agency has received the NAS Report, held public
comments, and is formulating proposed standards, to
Part 197. It is anticipated that the proposal will
Federal Register in the Spring of 1996. The next st

a proposed set of standards and a set of draft back
There will then be a public-comment period and publ
proposed standards. This will be followed by final
documents, and a response-to-comments document. The
as expeditiously as prudently possible.
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optimize protection of the public health and safety
while minimizing the burden on licensees from the r

all in the face of a declining budget. Based on thi

staff has revised its regulatory strategies in the
recovery (UR), high-level waste (HLW), and decommis

Decommissioning Management Plan (SDMP) sites.

In May 1993, the staff identified four areas in the
which could be revised to reduce the regulatory bur
while ensuring the same level of protection to the
environment. DWM is now implementing a program whic
licensing process by: 1) using more flexible licens
incorporate license criteria rather than prescripti
conditions; 2) implementing a performance based lic
approach that allows licensees to make changes to t
certain conditions, without NRC approval; 3) elimin
of in-situ leach well fields by relying on State re
on reviews by States concerning cultural artifacts.

In 1995, DWM revised its HLW prelicensing program
to budget reductions and the U.S. Department of Ene
program approach for streamlining site characteriza
determination, and licensing. DWM's revised HLW pro
based on the Overall Review Strategy (ORS) develope
implementation has been modified by using a "vertic
provide more focused and timely feedback to DOE. Th
approach builds on the strategies in the ORS for co
reviews and for developing review capability that a
limited to, key technical issues most important to
technical issue is addressed with one or more sharp
vertical slice) encompassing an appropriate range o
capability development activities.

DWM recently streamlined decommissioning procedure
as part of the annual update of the SDMP. This mana
directed at accelerating remediation of SDMP sites
regulatory burden imposed on licensees and other re
plan calls for revising current procedures to reduc
effort invested in site characterization and confir
surveys. Revised procedures will require, under mos
staff to review site characterization information a
plans concurrently. NRC is also revising the proced
greater emphasis on the termination radiological su
licensee or responsible party, with a corresponding
extent of NRC confirmatory surveys.

This paper will describe in detail the revised regu

being implemented by DWM in the areas of UR, HLW an
SDMP sites. Further, the rationale for the program
advantages and disadvantages of these changes will

INTRODUCTION
In an effort to optimize protection of the public h
the environment and minimize the burden on licensee
declining budgets, NRC has initiated efforts to str
process in high-level waste, uranium recovery, and
program areas. In each of these areas the staff has
regulatory approach and identified improvements dir
public protection, improving public participation i
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process, facilitating communication with licensees
timeliness of regulatory actions.

URANIUM RECOVERY PROGRAM

In May 1993, NRC committed to explore ways to reduc
burden of uranium recovery licensees withoutcomprom
health and safety and the environment (NRC, 1994).
that there were four areas in which the regulatory
reduced. First, licensees could decrease the number
by using more flexible "criteria based" license con
extremely specific conditions, such as conditions t
individuals or organizational structures. Second, |
implement a performance based license condition tha
to their facilities, under certain conditions, with

Third, NRC staff can rely on State reviews, thereby
regulation of in-situ leach facility well fields pr

is comparable to current NRC requirements. Fourth,
review of Cultural Artifacts to avoid dual regulati
areas is described in more detail below.

More Flexible License Conditions

The staff believes it is possible to reduce the reg
licensees by implementing more flexible license con
of several license amendments, the staff found that
resulted from extremely specific license conditions
license conditions specified licensee facilities, o
some cases individuals, with the effect that licens
these condition specifications without submitting a
The staff has determined that a number of license ¢
changed to more flexible “criteria based conditions
could identify criteria for specific staff position

safety officer) rather than identify specific indiv
organizational criteria could be included in the li

than specific organizational structures. However, s
conditions must be specific to individual licenses,
generic changes that NRC can make industry-wide, by
Even if criteria based conditions are implemented,
condition changes that could not be made without pr
Examples include a change in facility ownership, an
of the license. However, in general the staff belie
based license conditions that would allow licensees
without prior NRC approval, are acceptable.
Performance-Based License Conditions

A second area where the staff found regulatory redu
achieved was in the preparation of a performance-ba
The staff developed a performance-based license con
consistent with the Commission's regulations and li
facilities. The performance-based license condition
provisions of 10 CFR 50.59, which allow 10 CFR Part
changes to, or conduct tests and experiments at, th
prior NRC approval unless the change, test, or expe
change in the technical specifications incorporated
unreviewed safety question. The performance-based |
structured such that uranium recovery licensees are
applications for all license amendments, unless it
that the provisions specified in the performance-ba

and improving the
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ising protection of
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ditions rather than

hat specify particular
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have been satisfied. In addition, the performance-b
requires that a summary of all changes made under t
provided to NRC in an annual report. Therefore, the
license condition provides the same degree of flexi
the regulations and licenses for other nuclear faci
consistent with established NRC policy.

If licensees decide to incorporate the performance
condition into their licenses, they would have the
proper implementation of the condition. Summaries r
condition coupled with information gained from insp
the staff to determine if a licensee had properly i
condition. Improper implementation would result in
license and the licensee would be subject to possib
action.

NRC's Regulatory Role Over In-Situ Leach Facility W
The staff also believes a reduction in the regulato
recovery licensees can be realized by eliminating d
groundwater in in-situ leach well fields. Well fiel
operations are also regulated by the U.S Environmen
(EPA) and State agencies in non-Agreement States. B
evaluations, it is acceptable for NRC to rely on th
regulatory program provided the program is comparab
approach would allow the staff to ensure that neces
being achieved while eliminating dual regulation.

The staff is currently meeting with the States that
situ leach facilities to determine whether the Stat
provide such oversight and whether the States' prog
the NRC's.

Archeological Surveys

The fourth and final way the staff proposes to stre
process is by relying on State reviews of licensee
thereby eliminating dual regulation. NRCis required

Historic Preservation Act of 1966 and the National
Act of 1969 to evaluate the effects of a licensee's
cultural resources. However, NRC need not conduct t
independently, provided the staff can use reviews ¢
the State Historic Preservation Officers.
HIGH-LEVEL WASTE PROGRAM
NRC's revised HLW program strategy for the prelicen

on the ORS (NRC, 1994). The ORS was prepared in 199

principal policy guidance to the staff for conducti
program and license application review. Using the g
established in the ORS, the staff will conduct more
using independent assessment methods and results of
investigations for those technical areas most impor
performance. Therefore, these key technical issues
link together the staff's work, in all parts of the

most important to licensing.

The new program strategy, termed "vertical slice" a
strategies in ORS for conducting prelicensing revie
review capability for the 10 KTIs most important to
performance and licensing (NRC, 1995). To implement
approach, the staff will develop a review capabilit
reviewing DOE's program in selected areas, on an au
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approach is efficient in times of reduced budgets,

of its emphasis on resolution of KTls important to
performance. Further, additional efficiency is gain
staff work schedules based on providing DOE feedbac
DOE's major milestone schedules.

To date, the staff has identified the following 10

. Unsaturated and Saturated Flow Under Isothermal
. Igneous Activity

. Radionuclide Transport

. Structural Deformation and Seismicity

. Thermal Effects on Flow

. Repository Design and Thermal-Mechanical Effects
. Evolution of the Near-Field Environment

. Container Life and Source Term

. Total System Performance Assessment and Technica
10. Support Revision of EPA Standard and NRC Rule.
In addition, technical needs have been identified f
needs are the work activities the staff feel must b

the KTls. Based on the results of these work activi
comment on the sufficiency of DOE's site characteri
evaluate the effectiveness of DOE's overall program
acceptable license application. Consistent with NRC
agreements, issue resolution will be achieved durin
NRC agrees with the DOE, at the staff level, on the
sufficiency of the information for eventual licensi
Numerous advantages are associated with the vertic
First, the HLW program is focused by giving priorit
activities related to the most important licensing
timely feedback to DOE. Second, integration of the
improved by coordinating the necessary activities a
disciplines needed to prepare for and conduct revie
audit approach will also efficiently evaluate a wid
activities and how well they are integrated for use
Finally, in a time of declining resources, this app

use of limited resources.

As with any program approach, the vertical slice a
inherent weaknesses. By focusing all the staff's pr
KTIs, many parts of DOE's program and associated se
documents will not be reviewed by the staff before
license application. Therefore, the license applica
incomplete, resulting in delays for the staff's acc
docketing the license application and for the compl
weakness is that by focusing on KTl's, the staff ma
potential licensing vulnerabilities in its reviews.
Despite its weaknesses, the staff believes the vert

an effective and efficient way to streamline NRC's

in response to declining budgets and changes to DOE
DECOMMISSIONING PROGRAM

NRC staff is currently streamlining the decommissio
program, while ensuring effective oversight of deco
listed in the SDMP and other significant decommissi
nuclear materials facilities (NRC, 1995). Regulator
focused on revising existing procedures to reduce N
site characterization reviews and confirmatory radi
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Site characterization

Under existing policies and procedures, NRC staff t
characterization plans and site characterization re
licensees have established the extent and type of r
contamination present before developing decommissio
plans to change the existing procedures for most si
review of site characterization information until a
decommissioning plan is developed and submitted for
promotes a more coordinated and focused review of s
information because reviewers will be compelled to
affect the selection and implementation of a decomm
most cases, reviewing the characterization data and
plan concurrently will allow NRC staff to initiate

plan review earlier and allow for parallel resoluti

and decommissioning issues which, in many cases, ar
Confirmatory Surveys

Currently, at the conclusion of remedial actions, a
owner conducts a termination radiological survey to
residual radioactivity levels have been sufficientl
accordance with NRC criteria. NRC then conducts a c
verify, on an audit basis, the results of the licen
survey. These confirmatory surveys are discretionar
regulations do not require confirmatory surveys. Ho
confirmatory surveys have become routine for SDMP s
In the future, the staff intends to reduce the numb
surveys by placing greater emphasis on the quality
termination radiological surveys. Some level of con
continue to be performed at each site. The extent o
surveys will be based on past licensee performance,
inspections of the licensee's survey while in progr
results of the licensee's quality assurance/quality
reported in the termination survey report and as ob
inspections.

The staff is working with the EPA, DOE and Departme
develop comprehensive guidance on performing termin
guidance should provide users with a method of perf
termination surveys that will result in higher qual
termination survey data. The staff believes that hi
termination surveys will reduce the need for NRC co
CONCLUSIONS

In a period of constrained resources in both the pu
sectors, NRC staff is making every effort to optimi
public and the environment while streamlining regul
minimizing unnecessary burdens on licensees. The st
significant flexibility available to uranium recove
licensees choose to file amendments that make their
criteria-based. These changes are specific to indiv
not constitute generic changes that NRC could make
addition, the staff has developed a generic perform
condition that can be added to existing licenses, s

an application for amendment to include this condit
pursuing the potential of eliminating dual regulati
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achieved in States where the staff finds that State
facilities is at least equivalent to that of NRC.

In HLW, a vertical slice approach has been develop
repository program in response to declining budgets
program. The vertical slice approach focuses on res
prioritizing staff activities based on issue resolu
integration of all activities, and simplifying and
DOE products toward what is needed for an acceptabl
Prelicensing activities will focus on resolving KTl
staff level. The staff will then evaluate the overa
DOE's program for preparation of an acceptable lice
NRC staff efforts to streamline the regulatory proc
the decommissioning of SDMP sites is focused on rev
procedures for reviewing site characterization and
radiological surveys. These revisions will reduce N
applied to SDMP site regulation, while ensuring pub
protection.
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ABSTRACT

At The C.E.A., ceramic type materials are subject o

to improve the conditioning of radioactive wastes.

low or medium-level activity wastes is based on the
concept. NaNO3 rich evaporator concentrates would b
nepheline NaAISiO4; BaSO4 rich precipitation sludge
structure BaTiO3. The conditioning of selectively e
radionuclides is envisaged in phosphate matrices; m
iodine in apatite structures, plutonium in monazite
INTRODUCTION

Conditioning of radioactive wastes in ceramic type
subject of extensive R&D programs between '75-'85 (

f active R&D programs
The conditioning of
tailored ceramics

e conditioned in

s, in the perovskite
xtracted long-life

inor actinides and

one.

materials formed
1). Nevertheless,



these efforts were brought to a halt afterwards. In
December 1991 has since instigated new interest in
conditioning (2). Indeed, its guideline 3 encourage
activity radioactive wastes to be scrutinised by lo
storage and conditioning procedures. The C.E.A. (Co
Atomique, French Atomic Energy Commission), D.E.S.D
d'Entreposage et de Stockage des Dchets), is develo
within this framework. These efforts are carried ou
recent C.N.E. guidelines (Commission Nationale d'Ev
program aims to propose mineral matrices with perfo
those of traditional ones (bitumen, cement, polymer
conditioning or medium-level activity wastes (B was
classification), on the one hand. On the other hand
evaluating the feasibility and performances of crys
designed to condition selectively extracted long-li
shall discuss of "ceramisation" in the first case,

the second one. Low-level activity wastes (A wastes
concerned by ceramisation.

RESULTS

Ceramisation

Ceramisation primarily concerns B wastes (low therm
>3.7 GBq.t-1) destined for geological disposal. The
few radioelements; their mass being essentially mad
radioactive additives. High activity wastes (C wast
satisfactorily conditioned in glass, however cerami
promising procedure for the conditioning of forthco
wastes.

Ceramisation is based on the "tailored ceramics" co
the 1980's by Harker et al. (4). The idea is to add

the waste in order to form a "customized" crystalli
consolidation, resembles a natural mineral of prove
geological periods ("natural analogue" concept). Th
thus a matrix of high chemical stability, with impr
behavior. Furthermore, a judicious choice of the mi

to be formed allows optimal use of the waste's chem
minimization of the quantity of additives, and thus
having a high waste incorporation rate, and a signi
the conditioned waste's volume. As B wastes should
of deeply disposed wastes in the future, this secon
economic and safety concerns as well as the concern
optimize the management of geological disposal. Fin
ceramisation procedures included a high temperature
step, the products considered downstream from this
chemically inert products; hence the increased safe
conditioning procedure.

The advantages of the ceramisation procedure previo
fact conclusive advantages, when choosing a B waste
procedure. Nevertheless, they also merit to be take
choosing a conditioning procedure for A wastes; was
disposed for 300 years in a surface facility. We sh
examples where ceramisation can be applied, one con
evaporation concentrates from a STEL (Station de Tr
Liquides, liquid waste processing facility); and th
precipitation sludges derived from decontamination
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effluents from a reprocessing plant. Emphasis is pl
technical results obtained.

Ceramisation of evaporator concentrates originating
The purpose of the work undertaken is to substitute
STEL evaporator concentrates by bitumen encapsulati
packaging. In reality, this entails the design of a
facility ensuring a highly stable conditioning proc
addition to manufacturing safety, a reduction in th
intended for surface disposal. This concentrate tak
very concentrated solution containing approximately
salts; its activity level is in the order of 0.15 G
radionuclides being 137Cs and 60Co.

The average composition of the dry extract of this

NaNO3 81%
Na3PO4, 12H20 6%
K3PO4, 2H20 6%
NaCl 2%

Na2S0O4 2%
In reality, the observed anion concentrations fluct
batches rich in sulphate and phosphate are sometime
contrary, the cationic load of the concentrate, ess
alkalines, is relatively constant; alkaline-earths

minor compounds. Therefore, we have chosen the neph

NaAISiO4. This is a natural mineral which was exten
framework of the conditioning of sodium rich radioa
particular for certain Synroc formulations (1). Thi
resistance to water leaching that is perfectly comp
year surface disposal period, as well as a capacity
significant amount of sodium (21% Na20). Furthermor
allows sodium to be substituted with caesium.

In order to ceramise the nepheline waste, the essen
needs to be solved is the quantitative elimination
anions (5). Obviously, this operation must be carri
radioelements. The direct calcination of the waste

as it leads to pronounced volatilization of the sod
and especially of the radioactive caesium. One solu
treating the waste with oxalic acid H2C204, in the
SiO2 additives. Drying of the transformed waste res
elimination of nitrates, in HNO3 form, leading to a
essentially made up of alkaline oxalates. Heat trea
leads to the formation of carbonates, near 400C, th
these carbonates with silica and alumina, up to app
producing alkaline aluminosilicate. The tests perfo
samples, according to the preceding composition, an
radioactive cobalt and caesium, show that all the s
present in the waste is found in the final compound
residual nitrates is in the order of 1% of the init

all of the caesium and cobalt is confined in the fi

The consolidation step is carried out after the pow
pressed to 100 MPa. Sintering takes place towards 1
study by X-ray diffraction of the ceramic obtained,
composition concentrate, only allows the nepheline
However, tests conducted on simulated wastes, highl
and phosphate, show that the pre-treatment does not
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quantitative elimination of these anions. The prese
particular, leads to secondary phases during sinter
Na8AIl6Si6024S04. Studies are underway to evaluate t
characteristics of this particular phase.

Various batches of real radioactive concentrates, s
storage tanks, were ceramized according to the refe
These tests showed that the quasi-whole of radioele
waste were confined in the final ceramic: 100% yiel
90Sr (6). Furthermore, the resistance to water leac
was tested according to the protocol in use for the
wastes (static test, 23C, variable duration). These

to those for a waste conditioned in bitumen. The le
at 90 days is between 0.6 and 2.2 10-3 g.m-2.d-1; i
times lower than that observed for conditioning in
elements or radioelements, the improvement is even
factor 150 for 90Sr, 3,000 for 60Co and 80,000 for
(6).

Finally, the mean factor of observed volume reducti
with regards to bituminization, is in the order of
ceramic densification should allow reduction factor
the order of 5.3 (6).

Ceramisation of reprocessing precipitation sludges
During the reprocessing of irradiated fuel, high ac
(which contain fission products) are generated, tog
medium activity effluents. In France, at La Hague,
decontaminated by a coprecipitation procedure and r
obtained (B waste). 137Cs, 90Sr, 106Ru and 125Sb ar
radionuclides present in the waste which also conta
gquantities of a emitters. This sludge was still ver

in bitumen. Ceramisation of this waste was examined
route for its conditioning, and work has been condu
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
decomposition of all products into oxides, except B
to BaO at approximately 1,500C. Moreover, BaSO4 doe
leaching resisting characteristics.

Therefore, the main problem that needs to be solved
concerns elimination of sulphates which must be obt
temperature, compatible with the confinement of rad
final material. This problem, and that concerning t
conditioning, were solved according to the "tailore
adding TiO2 to the waste. Indeed, adding this compo
during its calcination in air led, from BaSO4, to t

of perovskite type structure. This structure is tha
Synroc's essential constituents: CaTiO3; it is capa
the main radionuclides present in the waste and cor
"natural analogue" approach discussed previously (1
reaction can lead to the total conversion of BaSO4
near 100%). Its precise mechanism, which implies th

nce of sulphate in
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intermediate reaction product BaTi409, was clarifie
of this reaction (near 1,200C), nevertheless remain
capable of leading to:

volatilization of radioactive species or sodium o

pronounced pre-sintering of the precursor powder.
So, the reaction of BaSO4 with TiO2 was studied in
environment (Ar/H2 5%). In these conditions, the fo
obtained near 850C; however, this reaction is hinde
of BaSO4 to BaS. The formation yield of BaTiO3 is n
extremely sensitive to leaching by water, its prese
solution consists in working in a humid atmosphere.
BaS can be guantitatively transformed into BaO, whi
with TiO2 giving BaTiO3. The corresponding yield is
results are obtained from the simulated sludge for

secondary phase obtained is Na2Ti307. The powder ob

and sintered directly without crushing.

The sintering of this powder can by conducted advan
atmosphere (Ar), at low temperature (1,100C), resul
dense ceramic (open porosity 4%). Sintering in air
leads to a less dense material (open porosity 10%),
temperature, and with the appearance of new crystal
The ceramic's resistance to water leaching, resulti
transformation of pure BaSO4, was tested according
protocol (static test, deionized water, 28 days, 90

of barium is 0.2 g.m-2.d-1 for a pellet of 10% open
only 0.05 g.m-2.d-1 for a pellet of 1% open porosit
higher quality powder. These performances can be co
nuclear glass (9) and are, in fact, much better tha

a conditioning matrix of bitumen type.

The preliminary results presented above allow us to
process for making a ceramic of high confinement ca
reprocessing plant waste, at a low temperature comp
confinement of radioelements in final conditioning.
radioactive wastes would now be planned.

Insertion

The separation of long-life radioelements, from hig

is studied within the framework of guideline 1 of t
december 1991, that indicates that work must be con
for solutions allowing the separation and transmuta
elements present in high activity and long-life was
studies are performed at the C.E.A. within the larg
SPIN program (Sparation-Incinration, separation-inc
aim at diminishing the radiological hazards that th
represent, in the long-term. However, this kind of

be obtained by improving the confinement of these w
studies conducted at the D.E.S.D. reside in this se
encouraged by the C.N.E. (3). They aim at developin
conditioning matrices, having a very high confineme
life radionuclides, after separation. The radioelem
concerned by these studies, are the minor actinides
long-life fission products, mainly 135Cs, 99Tc, 129
10). Some of these products, such as iodine and nep
or could be separated by the PUREX process.

d (8). The temperature
s too high; itis

xide,
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red by the reduction
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The materials studied at the D.E.S.D. are phosphate
matrices of apatite or monazite type (11). The apat
compounds having the general formula Mel10(X04)6Y2,
divalent cation, XO4 a trivalent anion, and Y a mon
most well-known representative of this family of co
phosphocalcic fluorapatite Cal0(PO4)6F2. The monazi
(Ln) phosphate: LnPO4, where Ln is mainly La and Ce
In general, these compounds are characterized as ha
solubility in water, retrograde in temperature, hig
stability, and a strong capacity for self-healing o

In this respect, certain natural or synthetic apati
remarkable, even unique, capacity to have their irr
annealed at a temperature as low as 100C (i.e., the
of fission tracks) (for comparison, the “closing" t
sphene, and 300C for zircon) (12, 13).

These minerals, monazites in particular, formed the
studies on the conditioning of high activity wastes
matrices that are particularly well adapted to the
Earths and actinides (1, 14). Furthermore, extensiv
possibilities exist within the apatite structure wh
envisage wider usage of these materials for the con
radioelements.

Monazites and britholites (silicated apatites resul
substitution (Ca2+,P043-=Ln3+,Si044-)) exist in the
minerals which can contain significant amounts of R
uranium/thorium (1, 13). The age of some of these m
evaluated at several millions of years. The studies
natural reactor site of Oklo, Gabon showed the exis
apatites that crystallized during nuclear reaction

(15, 16). Furthermore, it can be proven that these
respect to certain elements such as plutonium, Rare
fission halogens, as stable trapping and confinemen
geological time periods and in conditions of partic
irradiation. Thus, at present, these apatites make
analogue" example of a waste conditioning material.
product formulated in an identical manner, such an
provides a serious guarantee concerning its long te
a substantial argument in the choice of such compou
Here, we present the state of study progress on the
iodine 129 and minor actinides Am and Cm. Furthermo
conditioning plutonium will be briefly discussed. P
recyclable material, and the best use that can be m
recycle it to produce energy. However, its conditio
alternative allowing for more flexible management o
be created following disarmament agreements.
Conditioning of minor actinides

The conditioning of minor trivalent actinides, Am a
envisaged in silicated apatites of the same type as
found at Oklo (17). As with lanthanides, trivalent
incorporated into the apatite network, thanks to th
phosphates with silicates. Experiments are presentl
using Nd3+ or La3+, classic inactive simulating of
(11, 18).

(or vanadate)

ites form a family of
where Me represents a
ovalent anion. The
mpounds is

te is a lanthanide

ving very low

h chemical and thermal
f irradiation defects.
tes show a quite
adiation defects
"closing" temperature
emperature is 250C for

subject of advanced
and proved to be
conditioning of Rare
e substitution

ich allow us to
ditioning of long-life

ting from coupled
form of natural

are Earths and
inerals can be
conducted at the
tence of silicated

2 billion years ago
minerals behaved, with
Earths or certain

t structures, over
ularly intense

up the most "natural
For a synthetic
established fact

rm behavior and forms
nds.

conditioning of

re, the problem of
lutonium is a

ade of it is to

ning could be an

f stocks, which could

nd Cm, is presently
those which can be
actinides can be

e substitution of

y being conducted
trivalent actinides



The introduction of silicates into phosphocalcic fl
was accomplished through a solid-solid reaction at
(between 1,100 and 1,400C, temperature being all th
quantity of silicates to be incorporated is high).

out from a mixture La203/CaF2/Si02/Ca2P207/CaCO3, a

reaction:
x/2 La203 + CaF2 + 3 CaCO3 + x SiO2 + (6-x)/2 Ca2P2
Cal0-xLax(SiO4)x(P0O4)6-xF2 + 4 CO2

with x =1,2,3,4,5,6.
Characterizations by X-ray diffraction and infrared
that the total substitution of phosphates with sili
that a solid solution exists (pure apatite phase) b
Cal0(PO4)6F2 and Ca4La6(SiO4)6F2. Similar results w
neodymium. Moreover, the synthesis of oxyapatite Ca
xO was equally accomplished. The tests currently be
evaluating and quantifying the resistance to water
irradiation self-healing capacity of these syntheti
Conditioning of Plutonium
The conditioning of plutonium presents a specific p
envisioned must provide guarantees, not only concer
stability, but also concerning non proliferation. P
incorporation tests were conducted with uranium (+I
satisfactorily simulates plutonium (+ IV). Monazite
has interesting characteristics (1):

difficulty of recovering plutonium by chemical so

possibility to incorporate actinides in large pro

possibility to easily incorporate gadolinium to d
problems.
Uranium doped monazites were made through a humid r
by calcination in a reducing atmosphere Ar/H2 5%. C
obtained by substitution (Ce3+,Ce3+=Ca2+,U4+), and
that a solid solution exists from CePO4 to U0.5Ca0.
resistance to water leaching of these materials was
Soxhlet test (dynamic test, deionized water, 58 day
release rate was in order of 0.01 g.m-2.d-1, regard
uranium content. This dissolution is incongruent.
Systematic investigations of the synthesis via humi
to correlate the precipitation conditions to the qu
chemical composition) of the powders obtained, as w
densification of the final ceramic (19, 20). These
very delicate and led us to develop an original dry
This is based on the use of an intermediate compoun
metaphosphate La(PO3)3, as a reaction product to sy
The global solid-solid reaction can be expressed:

for a tetravalent actinide (Ac):

La(PO3)3 + 3x AcO2 + 3x CaO + (1-3x) La203
3 La(1-2x)AcxCaxP0O4
for a trivalent actinide (Ac):
La(PO3)3 + x Ac203 + (1-x) La203
3 La(1-2x/3)Ac2x/3P0O4

This synthesis is performed without a by-product, i
by-products. According to our first experimental re
implemented, after pressing, by reactive sintering
quality ceramics (95% of the theoretical density).
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minimizes the active steps; only 3 steps: mixing/cr
pressing and sintering.
Conditioning of lodine
The fission iodine (essentially 129I) is separated
in the reprocessing plant. Only a small fraction of
trapped on a solid support, the rest being discharg
to sea being presently permitted, studies concernin
find their justification in the zero discharge obje
reprocessing plants. This conditioning procedure sh
implemented downstream from a iodine trapping proce
C.E.A., which leads to a lead iodide precipitate. T
from natural iodine, considering an apatite matrix
The choice of the apatitic compound is dictated by
in particular, the significant size of the I- ion,
the iodated waste to be conditioned will very likel
chosen is vanadium-lead iodoapatite: Pb10(VO4)612,
through solid-solid reaction (700C for 3h) in a clo

3 Pb3(V0O4)2 + Pbl2 Pb10(VO4)612
Unfortunately, this product decomposes in air start
to the opposite of the preceding reaction, and cann
densified by natural sintering.
The technological solution which was tested and ret
sintering under pressure (24). The Pbl2 pelletis p
a mould containing Pb3(V04)2 in excess. Then, the a
700C under 25 MPa. The product obtained is a dense
mechanical strength, composed of a core-formed iodo

sintered Pb3(V04)2. These compound ceramics were ma

loss. The tests currently being conducted aim at op
pressing procedure with respect to the mechanical s
obtained composites, and quantifying the resistance
the conditioning (measurement of the iodoapatite so
particular).

CONCLUSION

The conditioning of radioactive wastes in crystalli
present-day topic at the C.E.A.. These tests are be
framework of the act dated 30 December 1991. For B
objectives relate to an improvement of conditioning
properties, on the one hand, and to a reduction of
waste's volume, on the other hand. For separated lo
the objective is essentially to significantly impro
properties of the final conditioning. In the first
developed is of the "tailored ceramics" type; in th
choice of the matrices is dictated by the "natural

the accent being placed on the recently obtained re
minerals formed at the Oklo site. Extensive progres
these two fields. Along these same lines, experimen
the "Btiment Moyenne Activit" (medium activity buil
to actinide conditioning experiments, are installed
modelling studies on new conditioning matrices are
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ABSTRACT
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A major and most critical unit in the vitrification
glass melter. The melter operates at high temperatu
it has a large hold-up of material thus requiring |
down times in the range of 3-4 weeks; it releases v
gases and the homogeneity of the glass it produces
questionable. The melter has to be replaced every t
average which is a disturbance to the process as we

In this paper an alternative unit to the glass melt
melter is proposed. This unit is a modified plastic
would produce a complete mixing, melting and homoge
would eliminate most of the inconveniences mentione
melter as well as would reduce the cost of investme
Based on the inherent properties of the extruder-me
conditions as the temperature of the melt, the hold
unit, the start-up and shut-down times and the vola
melt could be significantly reduced. Also, the prod
homogeneous due to good mixing of the melt in the e
application would require the development of an ext
would operate at high temperatures needed for the v
but would be lower than those used in a glass melte
melters could be operated in tandem so that particu
evaporation could occur in the first extruder, nitr
released in the second extruder and the glass could
third extruder. Twin-screw extruders, tapered extru
commercially available extruders should be evaluate
process.

The extruder-melter process could be tested first b
compound in the range of temperatures that existing
At a later stage, when an extruder-melter at high t

is developed, experiments could be made with non-ra
order to test the applicability of the unit to the
process.

Model compounds could also be used to determine th
extruder-melter for the elimination of water and ni
aqueous slurries and the nitrates before real syste
reduction of the volatile Cesium oxide is expected
operating temperatures for the melt and the higher
developed by the extruder-melter.

INTRODUCTION
During this last decade, the problem of high level
received much attention and a number of plants are
considered for construction for processing the high
materials. The immobilization method pursued by the
from Defense Sites is the vitrification process. Th
present in the nuclear waste are dissolved or dispe
unleachable borosilicate glass, which in turn is en
stainless steel canisters and stored in repositorie
is being considered for all US Defense nuclear wast
even though the waste compositions are not the same
other countries are using or considering using this
their high-level nuclear wastes. Vitrification plan
States include two which have been built, and other
design or construction stage. The first plant is th
Demonstration Plant (WVDP) at the Western New York
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at West Valley, New York which has operated for fiv
temperature needed to produce the glass. The Defens
Facility (DWPF) has been constructed at the DOE Sav
Aiken, South Carolina. Cold startup was scheduled t
1991 (Weisman et al., 1988). Conceptual designs hav
Hanford Waste Vitrification Plant (HWVP) at Hanford
Operation is not expected until the end of this cen
France has been leading the world in full industria
vitrification technology. They completed their seco
operation in 1990. The melters are designed to oper
replacement time of 48 hours. (Maillet and Sombret
1995). The British built a plant of the French desi
started operation in 1990. (Eldsen and Woodal 1988)
Italy followed the same approach for the vitrificat

and Tsumoba 1988 and 13). The concept of incorporat
stirrer in the glass melter is being developed (3).
vitrification process is considered today as the so
waste material problem and shall probably be the ac
foreseeable future. In fact the vitrification proce
preferred option for treating lower levels of nucle
other types of hazardous waste (3).

For the vitrification processes considered by the v
extruder-melter could be utilized instead of the gl

the potential of making significant improvements ov
the areas of operating temperatures, material hold-
up/shut-down times and economics.
TECHNOLOGICAL BACKGROUND

Vitrification in the U.S.A.

Several plants for vitrification of high level nucl

tested, constructed, or in the development stage in
before. Also, a pilot scale radioactive liquid-fed

was operated by Pacific Northwest Laboratory (PNL).
Processing Facility (DWPF) at the Savannah River Pl
a prototype plant for testing the process and equip
used for testing under the Integrated Cold Run Prog
radioactive material, including the testing of mixi
melter (Gentilucci 1989). The West Valley Demonstra
using a process similar to the DWPF for the vitrifi
commercial nuclear waste stored at the Western New
Center (WNYNSC) (7,8). Although the waste compositi
principle for vitrification is the same. However, s
made for the determination of the proper waste comp
and the characterization of the glass produced (Fen
Details on the facility and the demonstration proje
The Hanford Waste Vitrification Plant (HWVP) took a

knowledge and experience gained from the DWPF and t

from German and Japanese projects were also incorpo
Chemical Processing Plant (ICPP) for high-level rad
located at the Idaho National Engineering Laborator
Falls, is developing an alternative process to the

A waste immobilization plant is being considered fo
sometime in the year 2011. The new technology that
the Hot Isostatic Press (HIP) where calcinated wast
isostatic compactor along with the glass frit (12).
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For the vitrification project, the Department of En
construction and operation of a pilot-scale radioac
ceramic melter operated by Pacific Northwest Labora
Radiochemical engineering facility at Hanford (4).
pilot plant for the various vitrification plants un

the U.S.A. and Germany and has the major components
WVDP and HWVP, such as a liquid-fed ceramic melter
turntable. Various radioactive compositions of feed
production of the borosilicate waste glass. The ope

in 1987 (10).

Vitrification In Other Countries

The vitrification process for treatment of high lev
applied or is being considered in many other countr
well, among them France, England, Germany, Japan an
developments are documented elsewhere and are not r
Nuclear Wastes, Frit and Waste Glass Compositions
Nuclear wastes vary in their compositions and there
frit compositions are necessary in order to obtain
glass compositions. The variations in the frit and
compositions affect the waste glass properties such
densities, leachability, etc. In the glass making p

is determined by the viscosity necessary for produc
to achieve satisfactory homogeneity. In the joule-h
temperatures are high at around 1150C. We believe t
melter can handle materials of much higher viscosit
operational temperatures, in the range of 900C, can
required for the chemical reactions forming good gl
than the residence times that are obtained in prese

In fact, most of the local homogenization occurs at
850C which confirms that the

temperature in the melter of 1150C is needed more f
convective flow than for the glassification process
The Glass Melter

The melter operates at a high temperature of about
material hold-up. Because of the harsh conditions i
this unit must be remotely replaced about every two
to the high inventory (hold-up) in the melter and t
temperatures, the start-up time is very long, norma

4 weeks. The mixing in the melter is obtained by th
internal mixers), thus the homogeneity of the produ
The main reason for the high temperatures prevailin
is the need for lower viscosities to promote good ¢
high temperatures are the cause for a higher rate o
which strongly contaminates the off-gas system of t
Recently the idea of introducing a mechanical mixer
better quality glass, a higher production rate and

the melter of only 1050C was reported by Bickford e
problems encountered with large melters were given
FUNDAMENTALS OF EXTRUDER-GLASS MELTER
Extruder Characteristics

Extruders are remarkable machines. They are rugged
reliable in performance. Single screw extruders are
displacement pumps but instead have open, tapered ¢
to generate high outlet pressures is due to drag fl
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dependent upon screw geometry and the viscosity of
pumped.

The single screw extruder can be designed for multi
melting, mixing, grinding, and high-pressure pumpin
maintain near-plug flow and low residence time (low
while accomplishing the above functions.

A short description of the extruder characteristics

to the proposed project is in order. The extruder h
pump very viscous materials and at the same time he
desired temperatures. The higher the viscosity, the
dissipation is obtained through internal heating ca
friction. Additional heat is added through the wall
barrel. An extruder schematic is shown in Fig. 1.
The classical use for the extruder is in polymer ex
University of Arizona has used extruders extensivel
years not only for plastics but also in a biomass |
where highly concentrated cellulosic slurries were
operating at 3,000 psi and around 400C (White et al
plug flow condition in the extruder and its good mi
already been determined analytically and experiment
recirculation flow and the high shear between the f
which are tightly fitted are the main factors in th
occurring in the extruder and for the homogeneous p
the channel depths in the mixing section are small,
inch, which also assists in developing high shear r
The start-ups and shut downs are very simple and ea
to exchange the small amount of hold-up with inert
necessary.

Fig. 1

Basic Plasticating Extruder Concept

An extruder consists of a helical screw that convey
barrel and towards a die. The depth of the screw ch
the feed section to the mixing section to compress
on extrusion theory and extruder performance can be
(14,18). Solid materials in the form of powders, pe
granular regrind, and highly-concentrated liquids o
to the extruder. The material is subjected to the n
cooling and develops sufficient pressure to force t
through the die at the desired flow rate.

The helical geometry of the screw results in a "plu
down the channel, and the flow pattern is composed
tangential components which can be expressed as a f
torque balance, respectively. It is the fact that t

be satisfied that the screw of the extruder is an e
solids. It has also been proven by Wolf and White (
flow exists in solid screw conveying units.
Plasticating Extruder Operating Correlations

The basic equation found in the literature for calc
rate is as follows:

Eq.1

Where: Q = net flow rate, Qd = drag flow rate, Qp =
Q1 = leakage flow rate, N = rotational speed of scr
DP = P2 - P1 = pressure drop, m = viscosity of melt
B = constant, C = constant.
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The transverse flow is not included in Eq. (1) sinc
contribute to the net flow output. For the very sma
between the barrel and screw that normally exist in
higher clearances developed due to wear and for the
that we deal with in extrusion, leakage flow over t
neglected in Eq. (1), (22).

The more fundamental equation for the melting secti
leakage flow and flight width but takes into accoun
parameters and operational conditions is:

Eqg. 2

Where: Vbz = pDNcosq, W = Dcosq, DZ = L/sing, L =/
M = number of flights, D = barrel diameter, H = dep
helix angle, Fd = drag coefficient, Fp = pressure ¢
To obtain the pressure flow term in Eq. (2) itis n
pressure drop across the metering section and the v
The viscosity is a function of both shear rate and
must, therefore, be determined for each experimenta
separately. For the extruder, the shear rate is ob
Eqg. 3

From the shear stress versus shear rate plots for s
the apparent viscosities are calculated and plotted
constant temperature or versus temperature for a se
materials that has been compiled.

The Proposed Vitrification Process

The proposed process and operation for high level n
vitrification would use an extruder-melter instead

An extruder 4-5 ft. long and with a screw diameter
already considered a commercial unit. The hold-up o
would be around one liter. One could consider sever
or a single long extruder with several sections.

The input to the first stage could be a sludge or a
solution of the high level radioactive waste and th
the glass. This unit would operate at a temperature
causing the water and other volatile compounds to e
stage would operate at temperatures of above 500C a
the decomposition of nitrates, carbonates and other
materials. The separation of the water vapor from t
reduce corrosion problems. Yet another stage would
for the final stage of glassification. The correct

be determined so as to achieve pumpability and good
in the extruder-melter. The important point is that
slurries and achieve good mixing at much higher vis
lower temperatures) than other mixing devices. An e
develop high pressures as needed for the pumping of
canisters reducing Cs20 evaporation and reducing th
gases that may be formed from the system.

The potential advantages of this extruder-melter vi
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
the extruder-melter.

c. The low material hold-up of the extruder-melter
disposal problems in the event of a failure.
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very high viscosities
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2. The operating temperature for the glass formatio
there is mechanical mixing in the extruder-melter a
could be permissible, unlike in the Joule-heated gl
temperatures are needed to enhance mixing by melt ¢
temperatures are beneficial from the corrosion and
view and for reducing the vapor pressure of volatil

3. The high pressure in the extruder-melter would r
of the Cs20 and keep it in the melt. Also, a recycl
between the outlet of the extruder-melter and the |
the feed material, thus eliminating the possibility

4. Less corrosive gases will be produced since H20,
drawn off separately.

5. Due to the plug flow characteristics of the extr
good mixing due to high shear, recirculation flow a
between flights of the screw, the product will be w
homogeneous.

6. No problems related to idling would exist in thi
operation. In fact a starved extruder-melter would

of material. Thus, no problem of refractory metal p
metal precipitates which accumulate in the conventi
exist in an extruder-melter (1).

7. The costs of investment and maintenance should b
8. The decontamination process will be simpler due
of the unit operation and its plug flow characteris
simple flash out of the system by non-radioactive m

a starved extruder the hold-up is practically zero.
Details on the Model Glass

In order to test the ideas presented in this paper

of high-level nuclear waste by the extruder-melter
could use boric acid (H3BO3) as a model glass. This
viscosities similar to that of glass compositions b
temperatures and therefore can simulate all three s
real vitrification process namely dehydration (evap
decomposition (calcination), melting, and off-gas t
compound decomposes in two steps:

1. H3BO3 ---> HBO2 + H20 (at 190C)12)

2. 2HBO2 ---> B203 + H20 (240C)  (13)

The viscosity of the B203 depends on the temperatur
following table (15,19):

Table |

A sludge of H3BO3 as feed in the first step at temp
could be used to simulate the evaporation of water.
second step at temperatures of above 190C that woul
decomposition of the boric acid to boron oxide and
with the following viscosities: 108.6 Poise at 350C
106 Poise at 420C. These viscosities are in the ran
of the borosilicate glass in the range of 550C-700C
process we would expel gases in the form of H20 vap
steps of evaporation and decomposition, similar to

in the real vitrification process.

Materials of Construction for Extruder-Melters
Extruders to be considered for use in vitrification

high temperatures. Such extruders would need specia
accommodate the strength and corrosion resistance n
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nd higher viscosities
ass melter, where high
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es.
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ower pressure inlet of
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reatment. This

e as given in the

eratures above 100C,
Then, obtain the

d involve the

then produce glass
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temperatures. However, with the advancement in the
alloys for gas turbines, it is practical to select

could provide the strength, corrosion resistance an

limits required. Metals of the molybdenum alloy cla
appropriate choice for this purpose. Also Inconel 6

high temperatures and could possibly be a candidate

of the extruder-melter.

CONCLUSIONS

The scope of this paper was to present the concept
extruder-melter for the high level nuclear waste vi

which could replace the presently used glass melter
suggested in order to prove this concept would firs
vitrification of a model compound suitable to be op
temperatures in the 500C range. The low temperature
enable the use of presently available plasticating

would prove the operability of the extruder melter

steps involved, i.e. a) evaporation, b) decompositi

next stage would be the development of an extruder-
operate at around 900C. After such an extruder-melt
radioactive elements that would simulate the real n

tested in the 900C range. Operability and homogenei
established. When this experimental work is success
proof of concept is achieved. For optimal design of
theoretical analysis should be made in parallel to
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Because of the issues related to disposal cost, lon
environmental regulations, and public perceptions o
new treatment technologies are needed for processin
hazardous, and mixed wastes. In this paper, three s
briefly reviewed. These technologies are being appl
processing facility of Scientific Ecology Group Inc
Ridge, TN. The Quantum-CEP, a proprietary technolog
Technologies Inc., is an innovative technology that
effective processing of higher activity wastes such
nuclear power plants.

DRIVERS FOR NEW TECHNOLOGIES

New technologies are needed for processing of radio
wastes because of a number of factors. The primary
1. Escalating disposal cost;

2. More stringent regulations and the need for env
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
generators of radioactive, hazardous, and mixed was
disposal facility that accepted most of the country
level radioactive waste closed to generators outsid
January 1995. Even though, the facility started acc
mid-1995, the uncertainty of access to a disposal s
to many nuclear utilities. The state compacts that
developing low level radioactive waste disposal fac
sufficient progress. After 15 years, most programs
cumbersome siting issues and public opposition to t
disposal facilities. No new disposal sites are expe
soon, and it is now evident that disposal facility
complex, time-consuming, and controversial than ori
The disposal of high level radioactive waste and sp
awaits the opening of a federal facility at Yucca M
which may be two or more decades away. In the meant
sits in wet or dry storage and high level waste is

of Energy's (DOE) tank storage facilities at Hanfor
sites.

The U.S. nuclear power industry, with 112 operating
about half of the low level radioactive waste (LLW)
disposal sites and faces uncertain access to waste
escalating waste management costs. The other small
industries, government (except the defense related
production waste), academic and medical institution
remaining half of the commercial LLW - face the sam
and cost uncertainties. The disposal cost for LLW h
approximately $5/ft3 in 1980 to over $300/ft3 today
government (primarily DOE and DoD), which is by far
of radioactive and mixed wastes, faces new challeng
waste minimization, volume reduction, and waste sta
analysis report (1), Argonne National Laboratory ha
disposal costs for low level waste could range as h
figures in 1994 dollars) depending on the disposal
waste the costs are specific to the contaminant. Fo
the costs can range from $950 to over $1,700/ton of
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a landfill operation. The mixed waste disposal cost
$600/ ft3 .

For nuclear utilities, the disposal cost has become
for waste minimization and application of volume re
During the last ten years, the volume of commercial
decreased by two-thirds. In 1984, the total volume
was approximately 2,600,000 ft3 ; by 1993 it had de
However, the total activity of the waste disposed h
during that same period. The higher activity may be
increased age of several nuclear power plants and t
equipment and components that have high activity le
The human health and safety criteria and the enviro
standards have become more stringent. For radiation
uses a whole body dose of 100 mrem/y for the protec
member of the public. Nuclear Regulatory Commission
for the land disposal of low level radioactive wast
dose criterion of 25 mrem/y. The Environmental Prot
191 specifies a criterion of 25 mrem/y whole body d
specifies a groundwater protection criterion (from

of 4 mrem/y. The MCL's specified for various hazard
also stringent.

For mixed wastes, the regulatory issues have not be
no facility in the country accepts mixed waste exce

in Utah which currently accepts only certain types
radioactivity is in the form of NORM or NARM materi
The public apprehension about the risks of radioact
wastes has meant longer and contentious siting proc
facilities.

Above factors have led to a realization of the fact
wastes is a necessity for producers of radioactive
Above factors have also meant that innovative techn
of wastes are needed to save disposal costs and to
environmentally stable waste forms that reduce the
and safety.

MAJOR ISSUES FOR THE UTILITIES

In a limited recent study, we looked at the waste t
management experiences at some representative utili
included Duke Power Company's McGuire Plant, Boston
Station, and Northern States Power's Monticello and
Plants. The practices at these sites are generally
nuclear utility industry. Most utilities do not fin

invest in or operate major waste treatment systems
or conditioning. Generally, utilities put more emph
reduction through worker training, clean housekeepi
maintenance of active systems, and effective waste
use limited waste processing on-site but for most p
services of contractors such as the Scientific Ecol

to volume reduce or condition their waste. The SEG
commercial waste treatment company in the country.
It has become clear that new methods are needed to
contaminated materials like resins, sludges, cartri
solutions from nuclear power plants, and biological
and research establishments. Processing technologie
and solidification do not volume reduce the resins
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produce a waste form that can be safely stored for
Similarly, while incineration can reduce waste volu
facilities employing incinerators were designed to
mR/h. The medium activity resins (1-10 R/h) can not
facilities. Resins are the second largest waste str
nuclear power plants after the Dry Active Waste (DA
TECHNOLOGY DESCRIPTIONS
At the SEG facilities located in Oak Ridge, TN, a nu
reduction technologies are being employed. For inst
ultracompactor has a force of ten million pounds an
volume reduction factors possible for compactable w
spring back characteristics of the waste will affec
reduction. In the past three years, SEG has identif
technologies that will augment the existing technol
Volume Reduction Facility (CVRF) in Oak Ridge, TN.
are: Vitrification, Steam Reforming, and Quantum Ca
Processing (Quantum- CEP). Most of the low level or
continue to be processed via incineration. One of t
technologies will be selectively applied to medium
wastes or to the wastes that can not be incinerated
for these technologies are described below.
Vitrification: low level incinerator ash, glas
Steam Reforming:moderate activity waste, cartridg
sewage/sump sludges, EDTA/Decon solutions,
hazardous waste, biological waste, paint/solvents,
charcoal filters.
Quantum C.E.P.high activity waste, bead resins,
A description of the new technologies and their app
facilities (2), along with a description of the inc
(because it is still one of the widely applicable t
Incineration
Incineration is the most economical and efficient t
processing most of the low level organic materials
wood, and rubber. It is also the most developed tec
of uses and the designs on the market include: agit
controlled air, excess air cyclone, fluidized bed,
slagging pyrolysis, among others. Incineration prov
volume reduction, generally of the order of 100 : 1
The first commercial incinerator for low level radi
United States began operation in November 1989 at S
Ridge, TN. The system operates at temperatures up t
assures complete combustion of volatile materials.
capacity of the system is 1,600 lbs/h. The emission
consists of carefully chosen technologies consistin
boiler for off gas temperature control, a baghouse
bank for particulate control, a wet scrubber for ac
exhaust reheat system for stack plume suppression.
has been added at the CVRF in 1995. The combined in
the CVRF is now approximately 14 million Ibs per ye
Vitrification
As a subsidiary of Westinghouse, the SEG resources
experience of Westinghouse Nuclear Technology Group
years. Vitrification experience includes design, fa
operation of several different vitrification system
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other clients in U.S.A. and Japan. Vitrification sy
operate but they are well suited for processing of

that are difficult to process. Contaminated soils a
prime candidate waste forms for vitrification. Sinc
uncertain as to their ability to dispose of the inc
vitrification provides them the means to stabilize

final form that will be acceptable to all future di

A 150 Ib/h electric resistance heated vitrification

at the CVRF in late 1994. This system is operationa
vitrifying all the incinerator ash that results fro
incinerators at the CVRF. Thus, the capacity for vi
million Ibs of DAW per year is in place at the faci
application of technologies - incineration followed
makes it cost-effective for the processing of low |
waste.

Steam Reforming

Steam Reforming is often called "Steam Detoxificati
or renders pathological or hazardous materials nonh
Reforming is a new thermal process where organic ma
decomposed. The process was originally intended for
and hazardous wastes. A Steam Reforming system is g
closed loop system which produces a final waste for
incinerator ash. However, the processing methodolog
different and the system is not classified by EPA a
Unlike incinerators, Steam Reforming systems do not
an oxygen atmosphere. Instead, the system employs s
chemistry (at 600-25000F), which volatilizes and re
CO, H2, CO2, H20, and CH4.

Waste is charged into the system in a variety of wa
waste form. The aromatic organic wastes can be load
loading the waste drum into the system autoclave, t
Evaporator (DFE) unit. Higher throughput efficiency
solvent or liquid organics deposited on solid mater
fed into the Waste Feed Evaporator (WFE). Liquid wa
atomized into the reaction vessel, which is general
inside the autoclave. Small containers, such as pai
opened and placed on special rack inserts in the au
On startup, syngas and excess steam are injected in
vaporize organic constituents which exhaust to a de
in the main processing unit. At this location, the
excess steam and electrically heated to high temper
organic molecule destruction. The high temperature
into CO, H2, CO2, and H20. This syngas then flows t
closed loop where various parameters of destruction
monitored. The loop also contains a regenerative he
allow cooling of the gas before it enters an absorb
removal. After it exits the absorber, the gas is re
either recycled to the WFE or slipstream discharged
system. The discharge removes excess gas (water vap
radioactive gaseous and particulate activity throug

is also possible to employ an optional catalytic co

the HEPA filters to oxidize CO to CO2.

The high temperature exothermic reaction destroys t
pathological wastes. Organic material is reduced to

stems are expensive to
some organic wastes
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e some generators are
inerator ash,
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sposal site operators.
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which is retained in the drum used to charge the wa
This drum can later be supercompacted. Typical volu
as 100 : 1 can be obtained for some organic materia
The closed loop system releases only water vapor an
treatment is generally not required for most type o
Radioactive particles are collected in the HEPA fil
Detoxifier, the main processing unit, incorporates
reactor, heat exchanger, steam boiler, adsorber bed
computerized process controller and extensive self
System size is small, generally requiring less than
space. The remote operation and shielding of the sy
accommodated, thus permitting operation with higher
waste can be charged into the system in a closed dr
the system after processing, still inside the close
contamination risks are minimized.

The SEG has a process which is licensed from the pa
technology, Synthetica Technologies, Inc., of Richm
proof-of-concept testing on a variety of organic ma
over the past year. The Synthetica Steam Detoxifier
effective in volume reducing many types of organic
cartridge filters, sludges, EDTA solutions, paints
other aqueous waste. It was also very effective in

for reuse. Two steam reforming units are currently
Quantum Catalytic Extraction Processing

Catalytic Extraction Processing (CEP) technology em
metal to render waste to its smallest elemental for
developed (and patented) by Molten Metal Technologi
Waltham, MA. Over 250 million dollars have been spe
refinement of this technology over the past five ye
commercial markets. Even though it was originally i
processing/destruction of hazardous and toxic waste
an innovative technology of high potential for the
types of wastes including radioactive and mixed was
In 1993, a bench-scale test system was jointly cons
and MMT. The purpose was to investigate the effecti
technology in processing radioactive waste, mixed w
specifically, the high activity organic resins. The
conclusion that a variation of the CEP, which incor
partitioning was the best choice for processing hig
resins. This new technique for processing radioacti
Quantum-CEP.

Quantum-CEP molten metal bath operates at temperatu

3,0000F. This allows significantly higher energy tr
material than the other thermal processing techniqu
incineration or vitrification. The process is coupl
Processing Unit (CPU) to destroy organic components
the partitioning of metallic ions (radionuclides) a

into three separate phases - gas, ceramic matrix, m
effectively controls the deposition of many radionu
137, and chemical elements such as sulphur into pre
The resins are dried and injected into the CPU's mo
is contained in a disposable ceramic lined crucible
ft3 in size, and operating at 3,5000F, instantly va
and amalgams all metallic ions captured on resin in

ste into the system.
me reduction as high
Is.
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The destruction process permits very high volume re
complex organic materials placed in the molten meta
material is converted into CO, H2, CO2, and H20. Fo
reduction of 30:1 may be feasible, which is much hi
obtained by the vitrification process. Quantum-CEP
metal waste form which has superior strength and sh
characteristics as compared to the glass waste form
vitrification.

A 15 million dollar joint-venture (SEG and MMT) Qua
designed to process 80,000 ft3 of resins each year
stage in Oak Ridge, TN. This shielded facility will
resins up to 10 R/h. These high activity resins are
Integrity containers (HICs). Because of the high do
transfers and waste processing must be performed vi
equipment.

CONCLUSIONS

Three innovative technologies discussed in this pap
effective waste processing techniques for radioacti
mixed wastes. All three are commercially viable and
application. For medium activity wastes, such as th
power plants, Quantum-CEP technology can provide a
processing technique, while also producing an envir
final waste form. It is expected that it will permi
disposal of the resins at a cost significantly less
Barnwell disposal charges of $500/ft3 for medium ac
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How many of you have been a part of the nuclear com
20? 30?7 40? 507 Longer? | started in the West Stand
Chicago 52 years ago this past January. Let's jump

of the nuclear age begining with the first controll
reaction in December 1942. This was just 13 months
introduction to the project.

December 1942 - the first controlled chain reaction

- graphite moderated, no cooling. It became known a
1. Security concerns were extreme:

An example: Fermi and the other nuclear scientists
graphite and heavy water were sufficiently efficien
moderators to permit a chain reaction with natural
graphite we could buy absorbed too many neutrons. W
vendor what the contaminants were, just that greate
Even though the scientists did know the offending e
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tell the vendor because it could reveal that there
neutron absorbers, which in turn could mean we were
something nuclear.

From the auspicious beginning of that first pile, t
foundation of the nuclear age was formed in only 30

Development of nuclear reactor theory - including
formula.

The scientists measured critical nuclear paramete
the Germans had made a serious error in measuring t
neutrons in graphite. If this were true, it could h
wrong path.

Critical Pile 1 (CP 1) was designed and built. Da
order to

Design and build the Oak Ridge gas cooled graphit
This reactor was operated to make plutonium in gram
The plutonium was used to develop the chemical proc
purify and reduce plutonium.

Metallic plutonium was made so we could measure its
properties. When our measurements couldn't be confi
that plutonium was such a new element it hadn't set

With the data from the operating reactors, Dupont
and built the Hanford reactor systems. These were ¢
engineers with no nuclear background or experience.
any nuclear experience we had to learn as we went.
communication between the engineers and the scienti
discussion of my work was to an audience of about t
three Nobel Laurets,

you guys today are a pushover.

The Hanford reactors generated a million kilowatts
carrying heat loads that would melt them in seconds
cooling.

Not only the four reactors, but fuel manufacturin
processing plantswere built, tested and operated lo
separate, purify and reduce kilograms of plutonium.
Ten to twelve major steps were begun and completed
1942 and the middle of 1945, only two and a half ye
chain reaction.

Of course, we were highly focussed on the military
would, in lighter moments, let our imaginations dwe
after the war when we would have the opportunities
wonderful and powerful new nuclear energy. Soon, ve
over due in large part to the product of our effort

could consider other problems and opportunities.
1946, what a year that was. Those of us working on
becoming more and more excited about the opportunit
done. We had a vision and a mission but we had no m
efforts. We needed a unique political action which
safe commercial development of peaceful benefits fr
could easily see ways to generate electrical energy
isotopes to measure processes. We knew that radiati
enhance the properties of plastics, glasses and gem
could pinpoint radiation sources in the body for di

of a host of human and animal ailments..
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1946, we were ready to move on, some of us returned
to teach or to pursue graduate studies. Many would
later. Most of us we wanted to continue and explore
was a time of great expectations, unbridled enthusi
hopes. It was a year of great events for me too, Be
knot and Ruth Jean was born into our little family.

| would like to share some of the euphoria and atti

| remember them. My viewpoint is that of a twenty t
engineer with only two years of research experience
war when almost all of our thoughts were concentrat
war", the prevailing mood, after the great victory,
time controls so we could get on with our lives in
There were three dominant concerns in the newly for
to which | belonged.

First the benefits from the nuclear technology we w
included a source of huge amounts of energy that wo
potential benefit to the war-ravaged world. We also
were many uses for radioisotopes to be developed.
Second, with our years of indoctrination, we were ¢
dangers of excessive exposure to radiation and spre
were real. Nonetheless, we also knew that the metho
so sensitive and the biological effects so well und
public health could be well protected. We were conc
implementation of the necessary regulations were no
radiation protection procedures would be required f
applications.

Third, we were concerned that proper legislation wo
control from the military to the civilian and to de
potential.

Let us reflect on our hopes for the legislation by
benefits, health physics concerns in detail and our
political and social world in 1945 and 1946.
BENEFITS

As nuclear engineers, we were excited about partici
development of a technology so powerful that it wou
ways we could not even imagine. In order to underst
development of nuclear energy for civilian uses, in

to weapons, we held meetings and had extended discu

possibilities. During this time almost all of the r
conceived. These included the gas cooled, graphite
pressurized water reactor, the boiling water reacto
fast reactor and others that didn't make it, such a
reactor. Almost every combination of moderator, fue
examined. The potential uses of isotopes in medicin
agriculture, plastics and other industrial processe
analyzed.

We felt secure and the future was bright. The US no
but the only industrial complex untouched by the wa
endless opportunities dwarfed the problems overall,
the budding nuclear community.

RADIATION CONCERNS

Before 1942, a few curies of radium were available.
reactors were producing megacuries of radioisotopes
that our proven methods of working safely with thes
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rejoin the crusade
the opportunities. It
asm and idealistic
cky and | tied the

tudes at that time, as
hree year old chemical

. After four years of

ed on "winning the

was to remove the war
peace.

med nuclear community

ere developing
uld have immense
recognized that there

onvinced that the
ad of radioisotopes
ds of detection were
erstood that the
erned that the

tin place. Proper

or all nuclear

uld be written to move
velop the great

considering the
standing with the

pating in the

Id change our world in
and and explore the
stead of limiting it
ssions of the

eactor types were
moderated reactor, the
r, the sodium cooled
s the molten salt

| and coolant was

e, well logging,

s were proposed and

t only had the "bomb"
r. It seemed that the
and even more so for

Now, the Hanford
. We were concerned
e dangers should be



followed. Data on the biological effects of radiati
those using x-rays, accelerators and radium. The re
develop designs for the Hanford reactors, the proce
plutonium and produce the metal had been paralleled
programs studying the biochemistry of radioisotopes
living systems.

In the West Stands at the University of Chicago, go
various radioisotopes. Sometimes they would escape
come up the stairs to visit us while we were runnin
columns on the graveyard shift. Seeing a goat, know
climbing the stairs to our operating position was a
experience. Nonetheless, it was proof of the active
the biological effects of radiation. Confinement of
perfected.

At Oak Ridge and at Hanford, the research with labo
aquatic and terrestrial plants, and the soil was we
carried out by the best scientists in the world.

The effects of radiation were correlated with the b
doses and dose rates from the time of the discovery
to the beginning of the project. Based on these dat
assure that all those working with radiation receiv

of the dose producing clinically observable effects
You may not know that when the medical use of x-ray
but before the dangers of high exposures were recog
identify a pediatrician by the radiation damage to
such as scarring and loss of fingers from holding i
The lessons were learned so that now, fifty years |
observable health effects have been found at or bel
established in the early forties.

From the very beginning, research programs, safety
extensive biological testing of those of us working
radioisotopes was a standard daily routine.

Back in the early 40's, there was the almost parano
Field and throughout the project that the nuclear w
discovered. In spite of that, the concern for the p
outweighed the security concerns and when the rods
first chain reaction, a technician was stationed ou
West Stands to measure radiation levels and protect
passing on the sidewalk.

One of the first actions the new nuclear community
their public concern was to eliminate the use of x-
was not aware of any widespread health effects from
we knew that they were many times higher than we wo
work. We also promoted the monitoring and regular ¢
and industrial x-ray machines.

We recognized and understood the hazards of nuclear
developed the knowledge to control it and had assum
to do so.

LEGISLATION

Nonetheless, we were determined to do all we could
exploitation of nuclear energy that could result in
radioactive contamination. We also believed that ev
extended to prevent the proliferation of nuclear we
and engineers engaged in this work agreed that legi
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assure the public health, to promote the developmen
and to keep it from those that would miss use it. L
know how much we influenced the Congress at that ti
any of us here do now, but the results were what we
be. Looking back from today's perspective, we might
somewhat different.

The first attempt at enabling legislation was the M
failed because of concern that the military would r
control. Senator Brien McMahon ofConnecticut introd
which established the United States Atomic Energy C
civilian members, a general advisory committee and
committee. This, the most important single piece le
development and use of nuclear energy, was enacted
1946. This act recognized and confirmed the respons
States not only to develop nuclear energy for the g
regulate its use to protect the health of all the p
decades of cooperation among the Congress, through
Atomic Energy, the Atomic Energy Commission and the
States.

There were some interesting aspects in the law many
changed. For example, mining of uranium was exclude
control, hence there was no federal responsibility

mill tailings. There have been maodifications of thi
structure was discarded in 1974.

The McMahon Act emphasized the concerns of the nucl
public health. Standards to limit exposure were ext
for those working in the field and they were reduce
for the general public. This may have been a disser
these levels were much lower than those required fo
they have been reduced even further. Often the redu
because the lower levels were readily measured and
easily developed and used without high costs. No on
costs of lost electrical production and costs from
schedules to implement lower limits and the hearing
public reactions to a perceived need to meet such |
From the end of WW Il until Rachel Carson's "The Si
did not address nuclear radiation, nuclear operatio

be well within politically and socially acceptable
Almost all of the public recognized the benefits of

had confidence in the competence and responsibility
community. It's a bitter irony is that this was los

to live up to promised performance, but to a revolu
political views, social values and expectations.

After these fifty years since the McMahon Act beca
nothing that would change my belief that nuclear te
the best promise for the energy needed to bring all
levels of living. Since nuclear reactors generate n
sulfur dioxide or nitrogen oxides, displacing fossi
generating plants will actually decrease carbon dio
pollutant emissions and improve the atmosphere we b
electrical energy, produced by nuclear reactors can
of many of the less privileged peoples and begin to
relations among nations. People that are well fed a
wars and breed terrorism.

t of this technology
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me, | expect more than
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want things to be
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people of the United
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d by a factor of ten
vice, in that even

r safety, and now,
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procedures could be
e anticipated the
extending construction
s held in response to
ow levels.

lent Spring", which

ns were considered to
standards or values.
nuclear energy and
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t, not through failure
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ABSTRACT

The Small Scale Seal Performance Tests (SSSPT) were
tests designed to evaluate the feasibility of vario
sealing purposes. Testing was initiated in 1985 and
Materials selected for the SSSPT included salt-satu
50%/50% mixture of crushed salt and bentonite, bent
salt. This paper presents a summary of the SSSPT fi
of the in situ testing, and a discussion of post-te
studies of salt-saturated concrete. Results of the

of salt-saturated concrete, compacted bentonite cla
crushed salt as sealing materials for the WIPP.
BACKGROUND

The Waste Isolation Pilot Plant (WIPP), located in
Mexico, is being developed by the U. S. Department
potential disposal site for transuranic wastes. The
located approximately 650 meters below ground surfa
repository mined in a bedded salt deposit. Disposal
considered advantageous because over time the salt
around the waste and thereby encapsulating and isol
constituents from the accessible environment. Prior
disposal site and initiation of disposal activities
demonstrate that the WIPP will meet all regulatory

of this demonstration, Sandia National Laboratories
the DOE to develop a sealing system design for the
provide access to the repository.

This paper discusses the Small Scale Seal Performan
series of in situ tests designed by SNL and conduct
Westinghouse Electric Corporation, Waste Isolation
the feasibility of various materials for sealing pu

is focused on the results of the field program, wit

the post-test laboratory analysis of concrete seal
positive results of the SSSPTs support the inclusio
concrete, compacted crushed salt, and compacted ben
current WIPP shaft sealing system design.

The system design (1) is based on the use of effect
the reduction of uncertainty through functional red
components must maintain structural integrity and a
fluid flow throughout their design life. Redundancy
the use of multiple components and materials. Salt-

a series of in situ

us materials for
concluded in 1995.
rated concrete, a

onite, and crushed

eld program, results
sting laboratory
SSSPT support the use
y, and compacted

southeastern New

of Energy (DOE) as a
disposal site is

ce and consists of a
of wastes in salt is
will creep, closing
ating hazardous

to certification as a

, the DOE must
requirements. As part
(SNL) is working with
four shafts that

ce Tests (SSSPTs), a
ed by SNL and
Division to evaluate
rposes. The discussion
h a brief summary of
materials. The

n of salt-saturated
tonite clay in the

ive seal materials and
undancy. Seal

ct as barriers to

is obtained through
saturated concrete,



asphalt, and compacted bentonite clay components wi
to fluid flow for several hundred years following s
construction, allowing time for the primary long-te

to become fully effective. Crushed salt and compact
materials comprise the long-term components for the
These components are expected to remain functional
years. A conceptualization of the proposed WIPP sha
design is depicted in Fig. 1.

Fig. 1

Il serve as barriers
haft seal

rm crushed salt seal
ed bentonite clay
shaft seal system.
for thousands of

ft sealing system

SMALL SCALE SEAL PERFORMANCE TESTS: PROGRAM GOALSND DESCRIPTION

To assess the performance of candidate seal materia
were initiated several years before the current WIP
design. Five series of tests were conducted on seal
diameter. Essential SSSPT goals were to 1) use seal
technologies that are compatible with standard indu
demonstrate reduction in fluid flows, and 3) verify
remain structurally sound. Test results were used t

in terms of the sealing program goals. The small sc

(hence the name) allowed performance of numerous te

conditions and configurations.

A series of five SSSPT tests (A-D and F) was initia
guidance of the original Test Plan. Series F consis
demonstration and is not discussed in this paper. (
later expanded into two phases.) Details on the dev
construction, and proposed testing sequence for eac
documented as addenda to the original Test Plan. Ea
evaluated a different seal material and/or seal con
materials were emplaced in either horizontal or ver
repository horizon. Figure 2 presents a schematic o
the emplacement borehole, seal structure, and fluid
configuration. Many of the emplaced seals were equi
stress and strain gages.

Fig. 2

Table | lists the seal material, configurations, an

of SSSPT Series A-D. A brief description of the sea
presented in Table II.

Table |

Table Il

The SSSPT field program verified that the candidate
emplaced using standard industrial equipment and pr
fluid flow and structural behavior of the seal mate
assessed. In addition to the field test program, sa
saturated concrete seal (emplaced in 1985) and the
were extracted from the field configuration for lab
1994. The analysis included visual observation of t
interface, quantitative evaluation of the gas perme
material, and petrographic analysis of the seal mat
surrounding host rock.

EMPLACEMENT TECHNIQUES

A primary goal of the SSSPT program was to use or a
technology to the construction of repository seals.
construct seals for SSSPT Series A-D were all direc
widely used construction practices. Emplacement con
series are summarized.

Is in situ, the SSSPTs
P sealing system
suptolmin
emplacement

strial practices, 2)
that seal components
0 evaluate materials
ale of the field tests
sts under a range of

ted in 1985 under the
ted of a grating

The fourth test was
elopment,

h series were

ch test series
figuration. Seal

tical boreholes at the
f a typical SSSPT for
flow test apparatus
pped with internal

d construction dates
| materials is

materials could be
actices. The in situ
rials were also

mples from a salt-
surrounding host rock
oratory analysis in

he seal/rock

ability of the seal

erial and the

dapt existing
Methods used to

t applications of
figurations for each



Test Series A consisted of concrete seals emplaced
boreholes. Salt-saturated concrete was emplaced in
intervals using gravity flow. No forms were used. |
vibration was used to promote even concrete distrib
structural performance gages (2).

Series B seals were also comprised of concrete, but
horizontal boreholes. Construction of these seals e
to fill pre-formed intervals with concrete. Vibrati

3.

Series C seals consisted of precompacted salt and s
structures that were constructed to plug horizontal
intervals of the round boreholes were enlarged to ¢
into which the blocks were emplaced. The blocks wer
modified pressed-earth adobe block machine and empl
structure with minimal void spaces. No mortar was u
(4).

Series D seals were also constructed of precompacte
salt/bentonite, and pure bentonite blocks, but the
built to plug vertical-down boreholes. Phase 1 seal
blocks. Phase 2 seals consisted of a 100% bentonite
50%/50% crushed salt/bentonite and/or 100% crushed
the core. Emplacement techniques were essentially t
C except that blocks were trimmed to conform to the
Portions of blocks were excavated as necessary to a
placed for monitoring structural performance (5). |
salt was compacted directly into the seal interval
tamper to achieve densities approximating those ach
precompacted blocks.

FLUID FLOW PERFORMANCE

Seal system permeabilities for the SSSPTSs, derived
situ fluid flow measurements, are presented in Tabl
seals have been subjected to the most extensive flu
All seals were either gas- or brine-flow tested imm
seal construction in 1985 to 1987, and a selected s
from 1993 to mid-1995. Fluid injection pressures of
used in the field testing program. Tracer-gas testi
gas- and brine-flow testing, and constant-volume br
conducted on the concrete seal systems. The seal sy
seal material, the seal/host rock interface, the zo
surrounding the seal, and the far-field host rock.
provide information regarding the flow paths of the
Therefore, the calculated system permeability repre
fluid barrier presented by the seal system. From an
perspective, these tests provide an excellent means
entire seal system.

Table I

Seal system permeabilities for the concrete SSSPT w
numerical computer simulations of brine- and gas-fl
injection was simulated for a conceptualized model
Estimated ranges for the formation and seal permeab
storativity, and seal porosity were used to generat
mass-flow-rate curves. The generated curves were th
field data. Hundreds of computer simulations were u
and a best fit to the field data was obtained using

in vertical-down
selected seal

n some cases,
ution around

were emplaced to plug
mployed a small pump
on was not applied

alt/bentonite block
boreholes. One-meter
reate square chambers
e manufactured using a
aced to form a seal

sed between blocks

d salt,

seal structures were

s consisted of salt
core with layers of
salt above and below
he same as for Series
cylindrical geometry.
ccommodate gages

n some cases, crushed
using a hand-operated
ieved using

from a series of in

e lll. The concrete

id testing program.
ediately following
ubset was retested
up to 2.3 MPa were
ng, constant-pressure
ine-flow testing were
stem consists of the
ne of rock immediately
These tests do not
test fluid.

sents a composite
engineering

for evaluating the

ere derived through
ow behavior. Fluid

of the seal system.
ilities, formation

e pressure-decay and
en compared to the
sed in the analysis,
an optimization



routine. This technique produced a best estimate of
each seal system. Details of the analysis tool and

be found in Pickens et al. (6) and Beauheim et al.

To improve confidence in the data interpretation, a
conducted to characterize the actual flow paths. Se
drilled in the formation surrounding a Series A sea
was conducted in these boreholes to assess the exte
the disturbed rock zone in the test area. The perme
disturbed zone was found to be approximately 10-20
consistent with the permeability of the complete se

Brine flow testing was conducted on 50%/50% crushed

A high rate of brine injection led to failure of th

brine injection rate was reduced for the second and
An average pressure differential of less than 0.013
throughout the testing period. The steady-state flo
the test interval was monitored for approximately 8
seeped through the front of the seal was recirculat
(8). Assuming that all flow occurred through the se
dimensional Darcy flow approximations are valid, th
50%/50% salt/bentonite seal material was derived fr
Attempts to conduct gas flow testing were unsuccess
separation at the seal/host rock interface. The bri
50%/50% salt/bentonite seal material was two orders
than laboratory values of similar materials.

The crushed salt seals constructed for Series D, Ph
expected to present a barrier to flow until the sal

to at least 90% of the density of intact halite. At
termination in mid-1995, the seal material was dete
porosity of at least 12% (i.e., a fractional densit
density of intact halite compared to 82% at the sta
Attempts to develop gas pressure in the seal test i
the permeability of the crushed salt was too high t
effective fluid barrier. This finding was consisten
behavior of reconsolidating crushed salt.

Brine injection testing was conducted on the two ve
bentonite core seals. Testing was initiated in 1990
1994 for the second seal. Throughout the testing pe
differentials across the seals were maintained at a
0.32 MPa, respectively. During the test period, no
the top of either seal. A conservative estimate for
permeability was made by assuming that 1) the seal
saturated; 2) test conditions were at steady state;
the seal material; and 4) formation brine contribut
The permeability was then derived from Darcy's Law
that used for the 50%/50% crushed salt/bentonite se
Table III.

Gas flow testing was conducted on one of the benton
evaluate the gas threshold pressure of the seal mat
interval was pressurized in 0.67-MPa intervals. Aft
pressure, the interval was shut in to allow the sys
equilibrium. As shown in Fig. 3, the seal exhibited
until the test interval pressure exceeded 4 MPa. Th
to provide qualitative information on the behavior
subjected to high gas pressure.

the permeability for
conceptual model may
(7).

dditional testing was
veral boreholes were
I. Gas flow testing

nt and permeability of
ability of the

m2, which was

al system.
salt/bentonite seals.
e first seal, so the
third test sequences.
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w rate of brine into
00 days. Brine that
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al and that one-

e permeability of the
om Darcy's Law.

ful because of a small
ne permeability of the
of magnitude higher

ase 1 were not

t had reconsolidated
the time of test
rmined to have a

y of 88% of the

rt of the test).

nterval confirmed that
0 constitute an

t with the expected

rtically emplaced

for one seal and in
riod, the pressure
pproximately 0.72 and
brine was observed at
the seal system
material was

3) all flow was into
ions were negligible.
in a manner similar to
als, and is listed in

ite core seals to

erial. The test

er each increase in
tem to come to
negligible gas flow

is test was conducted
of bentonite seals



Fig. 3.

STRUCTURAL PERFORMANCE

Many of the SSSPTs were equipped with internal stre
Measurements taken from these gages were used to mo
structural performance. Structural failure of a sea
detected through seal stress- and strain-state moni
measurements, and visual observation. The creep beh
would also influence the structural response of a s
Quantification of the salt creep was derived from b
measurements, which were made in both open and clos
type, orientation, and location are specified in th
addendum. A representative sampling of the SSSPT ga
here.

The structural response of the concrete seals can b
inspection of radial and circumferential strain (Fi
stress (Fig. 6), and borehole closure measurements
strain gage trend depicts a compressive strain rate
rapid after seal emplacement but that monotonically
continued to increase, but at ever slower rates. Th
the concrete strains under the compressive loading
surrounding salt. The stress gage data showed that
stresses rose rapidly immediately following seal co
steady-state after 100 to 200 days. Creep closure o
inhibited by the presence of the concrete seal, as

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Visual observations of the concrete seals revealed
external evidence of structural degradation. The re

of stress and strain gage data, coupled with the re
testing, visual observations, and laboratory analys
next section) corroborate the conclusion that the s
maintained structural integrity throughout the test
unconfined compressive strength of the salt-saturat
predicted formation in situ stresses by more than a
The constitutive model for reconsolidation of crush
very little resistance to porosity reduction for po

10%. Borehole closure measurements from the 100% cr
8) support this prediction. These seals were emplac
porosity of approximately 18%. Seven years later, ¢
indicate that the porosity may have been reduced to
These internal closure measurements differ only sli
an empty borehole. Measures of stresses internal to
nominally between 0.1 and 0.2 MPa, as shown in Fig.
also consistent with model predictions that the cru
little resistance to closure when the material poro
10%.

Fig. 8

Fig. 9

Nominal internal stresses for the 100% bentonite co
Figs. 10 and 11. The increasing trend shown in Fig.
result of compression resulting from borehole closu
pressure, or a combination of the two processes. Th

ss and strain gages.
nitor the seal

| material would be
toring, fluid flow
avior of the host rock
eal material.

orehole closure

ed boreholes. Gage
e applicable test plan
ge data is presented

e evaluated from

g. 4 and 5), radial
(Fig. 7). The general
that was relatively
decayed with time and
is behavior reflects
applied by the

seal compressive
nstruction, attaining
f the borehole was
illustrated in Fig. 7.

no spalling or other
latively smooth trend
sults of fluid flow

is (presented in the
alt-saturated concrete
ing period. The

ed concrete exceeds
factor of three (9).

ed salt (10) predicts
rosities greater than
ushed salt seals (Fig.
ed with an initial
losure measurements
approximately 12%.
ghtly from closure in
these seals are

9. This finding is
shed salt will offer
sity is greater than

re seals are shown in
10 could be the

re, bentonite swell

e reduction in stress



at approximately 1400 days, shown in Fig. 11, may b
exchange with permeant brines in the bentonite fabr
currently being addressed by a separate laboratory
Fig. 10

Fig. 11

Structural performance data (as derived from stress
closure data) were consistent with current understa
of the respective seal materials. To the extent nec
demonstrating sealing design adequacy, these data w
into the material models used to evaluate the shaft
LABORATORY TESTING OF SSSPT CONCRETE
In late 1994, approximately nine years following co
vertically-emplaced concrete seals, a "post-mortem"
sealing system was conducted. Cores of intact host
the concrete seal material and seal/host rock inter
from the test region. Petrographic studies of the p
the concrete seal material and the microstructure o
conducted. Gas permeability testing was conducted o
samples.

Preliminary results of the laboratory tests indicat
concrete seal was exposed to native brines during t
material experienced no deterioration in performanc
assemblage analysis of the concrete showed minimal
seal material. This result is consistent with a mor

of concrete specimens extracted from the WIPP under
The gas permeability of the concrete core samples w
approximately 10-20 m2, which is consistent with th
The seal/host rock interface was visually inspected
migration and deterioration along the interface zon
degradation or separation were found. In addition t
the interface, field observations of the retrieval
extraction of the seal/host rock interface material
preferentially through the seal material rather tha
This observation was consistent with direct shear t
specimens extracted from the WIPP underground in 19
Microstructural analysis of the intact rock showed
salt grain boundaries for specimens taken from the
an open borehole. Specimens taken in the immediate
concrete seal, as well as those from a far-field lo
dilation. The calculated gas permeability for these
that, in the immediate vicinity of the concrete sea

did not exist. The absence of a disturbed zone in t
that either the seal prevented the formation of a d
through the process of creep closure, any disturbed
formed around the seal was subsequently eliminated.
testing sequence provided additional confidence in
saturated concrete to retain fluid flow and structu
capabilities in WIPP salt.

SUMMARY AND CONCLUSIONS

The goals of the SSSPT series to use standard indus
seal emplacement and to evaluate seal materials for
retard fluid migration and remain structurally soun
technologies were developed for the emplacement of
testing of the sealing systems provided strong evid

e related to ion-
ic. These issues are
program.

, Strain, and borehole
nding and expectations
essary for

ill be incorporated
sealing design.

nstruction of the
analysis of the

rock and samples of
face were extracted
hase assemblages of
f the intact rock were
n concrete core

e that, although the
he testing period, the
e capabilities. Phase
degradation of the

e extensive analysis
ground in 1991 (11).
as found to be

e field measurements.
for signs of brine

e. No signs of

o visual inspection of
were recorded. During
, breakage occurred
n along the interface.
esting of concrete

91 (12).

dilation along the
immediate vicinity of
vicinity of the

cation, showed no
regions also showed
I, a disturbed zone
his vicinity indicates
isturbed zone or that,
rock zone that had
The post-mortem
the ability of salt-

ral performance

trial practices for

their ability to

d were met. No new
the SSSPTs. Fluid flow
ence that both salt-



saturated concrete and bentonite would function eff

to fluid flow. The testing also supported model pre

behavior of a crushed salt seal and resulted in eli

crushed salt/bentonite as a viable seal material. S

borehole closure data, when coupled to visual obser

test results, demonstrated that all seal materials

integrity throughout the testing period. A post-mor

concrete sealing system provided additional confide

this material to function effectively at the WIPP h
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TEST REACTOR FUEL ELEMENTS
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ABSTRACT

The direct final disposal of spent material test re
(MTR-FE) is being discussed in the Federal Republic
alternative to reprocessing (1). A possible reposit
consideration is a salt mine and the accident scena
safety analysis is a hypothetical water ingress.

A water ingress involves the formation of highly co
which first come into contact with the storage cask
ensures a lifetime of 500 years in Q brine.

After this period, the brine may penetrate into the
MTR-FE so that a radionuclide release would be conc
It is therefore of interest to know whether the MTR
materials (high-purity aluminum, AlIMg1 and AlMg2) h
with respect to radionuclide release when exposed t
brines. Relevant corrosion experiments have been ca
Institute for Safety Research and Reactor Technolog
a first test series, the above materials were expos
concentrated repository-relevant brines. Interestin
found, in particular, by varying the test temperatu
different metallic alloys. The results were incorpo
calculations in order to obtain a first picture of
involved.

Furthermore, electrochemical studies were carried o
insight into the mechanical processes of corrosion.
On the basis of these studies, it may be concluded
that the cladding materials of high-purity aluminum
not exercise a barrier function for radionuclide re
investigations on the release of radionuclides from
sections in brines will serve to determine the sour
calculations.

INTRODUCTION

After a decision has been made against the construc
reprocessing plant, the direct final disposal of sp
being discussed in the Federal Republic of Germany
reprocessing abroad. In order to protect man and na
effects of radioactive waste, final disposal is to
underground stable geological formations ensuring s
radionuclides involved. Possible repository formati
northern Germany (Wendland), which have remained al
their formation approx. 200 million years ago becau
from water-bearing strata. Safety analyses for such
have already been carried out for the emplacement o
waste from reprocessing, and they demonstrated the
salt mine for final disposal.In these long-term ana
into the repository was assumed as a hypothetical a
fuel elements greatly differ in their chemical and

from vitrified reprocessing waste, the effect of su

fuel elements must be examined. These investigation
out at the Research Centre Karlsruhe for fuel eleme

actor fuel elements
of Germany as an
ory under

rio for long-term

ncentrated brines
s. The cask design

cask and act on the
eivable.

fuel element cladding
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rried out at the

y of KFA Jlich (2). In
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and at the Institute for Safety Research and Reacto
Jlich for fuel elements from research and high-temp
experiments on the long-term safety of HTR-FE are n
The problems of a direct final storage of spent fue
material test reactors (MTR) have been dealt with s
elements consist of a metallic uranium-aluminum all
enveloped in aluminum. An ingress of water leads to
highly concentrated extremely corrosive brines. The
"Pollux" type are designed for a lifetime of 500 ye
After this time, the brine may penetrate into the c
fuel elements so that radionuclide release would be
salt mine. Since the fuel kernel is enclosed in an
question arises whether this cladding has a barrier
to release. In a first investigation series, the co
was therefore studied under repository-relevant con
EXPERIMENTAL
The chemicals used in the present study were of ana
The following equipment was used for the determinat

drying cupboard from Heraeus

ultrasonic cleaning device from Bandelin GmbH & C
The following equipment was used for electrochemica

recorder "DIGICASS 600" from Laumann, Selb

potentiostat, Wenking model LB 81 M, from Intelli
Clausthal-Zellerfeld

voltage scanner, Wenking MVS 87, from Intelligent

DC measuring amplifier, type 72 WC, from Knick.
The relevant MTR-FE cladding materials used were hi
99.5; material n0.3.0255 from Honsel AG) as well as
(material no. 3.3315.10 from Honsel AG) and AIMg2 (
from Honsel AG). After pickling with nitric acid an
neutralization, these materials had the same surfac
material of the MTR fuel elements. Test strips of t
mm*40mm*2.4mm were used to determine the mass loss
material samples were cleaned with acetone prior to
exposed to the respective brines in laboratory flas
test parameters. At fixed intervals, the samples we
from adhering corrosion products, dried, weighed an
brine. Corrosion products were removed with 5% nitr
ultrasonic bath.
High-purity aluminum (Al 99.5) was used for the ele
investigations. The metal test strip was screwed in
manufactured electrochemical measuring cell. The re
a calomel electrode (Hg/Hg2CI2/Cl) with saturated p
solution (4.2 mol/l) as the electrolyte solution. T
calomel reference electrode relative to the standar
was +242 mV at 25C. The electrolyte solution of the
was continuously added through a needle to compensa
changes of the electrolyte at the interface. For me
calomel electrode was brought to a temperature of 2
functionability. In order to determine the potentia
areas, the reference electrode was provided with a
which had to be brought close to the sample surface
reduces the ohmic drop in voltage in the electrolyt
the rest potential, the electrode potential was mea
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the reference electrode using a voltmeter of very h
resistance (>1012 ohm) to ensure that no current fl
the circuit.

The corrosion behavior of the materials was examine
repository-relevant salt solutions:

Table |

Table Il

The reference solution for all experiments was bidi
RESULTS AND DISCUSSION

In order to determine the mass loss, the aluminum m
to the three different repository-relevant brines i

at a temperature of 90C.

Fig. 1

Figure 1 shows the percentage mass decrease of the
2 plotted against the time of exposure. It can be ¢
99.5 significantly differs from AIMg1 and AIMg2. Wh
between 1.5 and 2.5% of their mass after 120 days,
aluminum 99.5 exceeds 25%. The same trend can be se
although less pronounced. For solution 3 the percen
the materials amount to less than 1% after 120 days
the same as for distilled water. The high mass loss
attributed to the extremely high magnesium chloride
hydrolysis of magnesium chloride increasingly leads
hydrogen protons lowering the pH value. The increas
concentration now has an essential influence on the
pair. In comparison to the normal hydrogen electrod
aluminum is at more negative values. This means tha
and hydrogen protons are reduced. The increased pro
shifts the equilibrium of the redox pair towards ox
This leads to an increased release of aluminum cati
corrosion. Moreover, the chloride ions can penetrat
of the metal causing structural changes of this pro
contribute towards accelerating corrosion.

The second test series served to examine the influe
the corrosion rate. The corrosion behavior of Al 99
was studied in solution 1 at room temperature and a
It can be seen from Fig. 2 that the temperature inc
accelerating effect on the corrosion rate of Al 99.

for Al 99.5 increases by about 109-fold. A similar
AIMg1l, whereas even a 390-fold increase was observe
increase of the reaction temperature changes the pr
Thus, for example, a pH value of 4.52 is found for

pH value of 3.61 was measured at 90 degrees. The in
may also be explained here by the increase in proto
equilibrium is shifted in favor of metal oxidation

ion reselease. Moreover, kinetically induced proces
out, which are accelerated by the temperature incre
turn, increasingly contribute towards corrosion.

Fig. 2

Furthermore, the influence of metallic additives wa
metal alloys (Hasteloy C4; stainless steel 1,4541 a
as cask materials.

The time-dependent variation of percentage mass dec
Fig. 3. On the whole, the corrosion resistance of t

igh internal
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significantly decreases in the presence of metallic

of Al 99.5 decreased by 98% within less than 30 day
added both to solution 1 and solution 2 at 90 degre
corrosion behavior of the cladding materials was on
influenced by the addition of GGG 40 in distilled w
3. In the presence of stainless steel 1,4541 and Ha

percentage mass decrease of Al 99.5 was 72% and 84%

solution 1 after 50 days. The increase of the corro
attributed here to local element formation. Thus, f
aggressive solutions 1 and 2 lead to the release of
cask materials in the first phase, which then react
second phase. The iron cations on the aluminum surf
involving simultaneous oxidation of the aluminum me
aluminum cations. The formation of such local eleme
very rapid material corrosion.

Fig. 3

Additional experiments were carried out to study th
concentration and irradiation on the corrosion rate
Experiments in an argon atmosphere did not show any
to the reference sample in air. No unambiguous resu
materials exposed to gamma irradiation (8.7*103 rad
experiment.

For the electrochemical studies the potential/time
99.5 cladding material was examined in various brin
temperatures. The time-dependent variation is shown
solution 1.

Fig. 4

The potentials initially decreased towards more neg
elevated temperatures. The rapid decrease may be ex
that the thin surface scale of the metal was not st
elevated temperatures leading to deterioration. The
of the potential values means that the surface scal
the medium establishing a more stable equilibrium,
constant potential values. It is interesting to not
potential values are lower for solutions 1 and 2 th
which implies the presence of a thinner protective
metal surface in these media. In the absence of suf
a stable oxide scale, corrosion can then proceed mu
solutions 1 and 2.

CONCLUSION

In summary, it may be derived from the mass loss ex
increase in reaction temperature and the addition o
aggressive repository-relevant brines 1 and 2 cause
of the corrosion rate especially for the material A
AlIMg2 did not show any corrosion resistance either.
The electrochemical experiments made it possible to
describe the different behavior of the oxide scales
experimental conditions by recording potential-time
correlation between the corrosion reaction, i.e. me
the oxide scale as the decisive electrochemical par
was established. The more stable the oxide scale on
the slower is the corrosion rate. This result is in
results from mass loss experiments, and it confirms

additives. The mass
s when GGG 40 was
es Celsius. The

ly insignificantly

ater and in solution
steloy C4, the
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tal and dissolution of
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materials tested do not have a sufficient barrier
radionuclide release.

In the further course of experiments, spent fuel el
exposed to the brines. The aim is to determine the
release calculations can be established for the res
These studies were supported by the Federal Ministr
Science, Research and Technology under reference nu
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ABSTRACT

Power Reactor and Nuclear Fuel Development Corporat
developing radionuclides removal technique to get h

for the low level liquid waste from the Tokai Repro
Experiments were done using actual concentrated liq
TRP. Radionuclides removal process mainly consists
with ultrafiltration and ion exchange. Results of d
obtained from this experiment are as follows;

1) Decontamination factor >1E+6 for alpha nuclides

2) Decontamination factor for ruthenium and total

1E+2

INTRODUCTION

Power Reactor and Nuclear Fuel Development Corporat
developing radionuclides removal technique to get h

for the low level liquid waste from the reprocessin
Experiments were done using liquid waste from the T

of the liquid waste is about 1E+4Bg/ml. Dominant ra
plutonium, uranium, ruthenium and cesium. This liqu
amount of salt as sodium nitrate and sodium carbona
removal process mainly consists of coprecipitation

and ion exchange. This report focuses on the result
about the characteristics of coprecipitation.

WASTE COMPOSITION AND SELECTION OF THE PROCESS

Waste Composition

unction to avoid

ement sections will be
source term so that
pective radionuclides.
y of Education,

mber 02E86547.

lagerung in der
1990), 193-198.
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g plant since 1986.(1)
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Two types of low level liquid waste were used in th
low level liquid waste (LAW), which is generated fr
refinement process, the analysis for quality contro
concentrated liquid waste (MAW). Typical MAW contai
nuclides (plutonium, uranium, americium, etc.) and
(iodine, cerium, ruthenium, cesium, etc) in order o
test solutions also contain many kinds of salt at h

a lot of impurities such as calcium, magnesium.
Selection of the Process

It is important that the process is composed of few
plant and reduce the secondary waste. However, the
many kinds of alpha nuclides (plutonium, uranium, a
beta gamma nuclides (iodine, cerium, ruthenium, ces
so that it is necessary to combine some unit proces
chemical characteristics of each radionuclide. Afte
removal techniques were investigated, the following
selected.3) This process are shown in Fig. 1.

1) lodine is precipitated as Agl by adding AQNO3 an
ultrafilter.

2) Alpha nuclides and most of the beta gamma nuclid
with Fe(OH)3 and filtrated by ultrafilter.

3) Strontium and cesium are adsorbed by sodium tita
potassium cobalt ferrocyanide resin, respectively.
Fig. 1

OUTLINE OF THE PROCESS

lodine Removal

After adding sodium sulfite to prevent volatilizati

is adjusted to 7 by nitric acid. At pH7, sodium sul
convert iodate into iodide ion. After then, silver
precipitate iodine as silver iodade, which is filtr
Decarbonation

Liquid temperature is kept at 80C with aeration aft

to adjust pH to 1, so that carbonate ion and nitrit
off-gas as CO2 and NOX gas. This process prevents p
from formation of carbonate complex at the next cop
Coprecipitation |

Ferric nitrate is added to the liquid waste and pH
flocks of Fe(OH)3 generated are filtrated by ultraf
and most of the beta gamma nuclides are removed wit
Coprecipitation I

Ferric nitrate is added to the liquid waste and pH
flocks of Fe(OH)3 generated are filtrated by ultraf
nuclides, such as antimony, are removed with iron f
lon Exchange

After the coprecipitation, strontium is adsorbed by
and cesium is adsorbed by potassium cobalt ferrocya
calcium and magnesium are also adsorbed, sodium tit
not only for strontium but also for calcium and mag
EXPERIMENTAL RESULTS

Optimization of the Amount of Coprecipitant

The experiments were carried out to optimize the am
coprecipitant. The results are shown in Fig. 2. The
coprecipitant is added, the bigger the decontaminat
nuclides becomes. The coprecipitation effect for tw

e experiments; (2) the
om the separation-

l, etc., and the

ns many kinds of alpha
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f 1IE+4Bg/ml. These
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anate resin is needed
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effective than for one time, but the second copreci
much smaller than the first one. For the case of ru
of the coprecipitant makes decontamination factor s
effect of repeating the coprecipitation are hardly
large volume reduction ratio, the amount of copreci
small as possible to get enough decontamination fac
concentration limit by ultrafilter is 15,000mg/I fo
decontamination factor and 1/100 volume reduction b
amount of coprecipitant is determined as 150mg/l fo
of coprecipitation process is determined as one tim
reasons; 1) small effect of the second coprecipitat
the volume reduction ratio, and 3) avoid the increa
Axis of abscissas shows the amount of the coprecipi
the iron concentration. Axis of ordinates shows dec
get by the coprecipitation and the ultrafiltration.

the data of the coprecipitation for two times, whil
show the data for one time.

Fig. 2

Effect on Alpha Nuclide Removal

Decarbonation process

Carbonate ion in the liquid waste is considered to

complexes with plutonium and uranium, which are har

with Fe(OH)3, so it must be removed before the copr
experiments using MAW were carried out to confirm t
removal of carbonate ion on the coprecipitation of
results are shown in Table I. Decontamination facto
coprecipitation after the decarbonation is more tha
while decontamination factor is nearly equal to 1 w
The decarbonation process is necessary for effectiv
alpha nuclides.

Table |

Phosphate ion

The experiments using the liquid waste which had hi
(max.8g/l) were carried out. The results are shown
with the results of the experiments using MAW, whic
concentration (<90mg/l), phosphate ion affects on t
nuclides by coprecipitation.

Table Il

Effect on Ruthenium Removal (6,7,8,9)

Addition of non-radioactive ruthenium

The experiments were carried out to confirm the eff
non-radioactive ruthenium. Before the experiment of
the radioactive nuclide, 135mg/l of non-radioactive
Ru(NO3)3. The results are shown in Table Ill. As it
of non-radioactive ruthenium is not so effective to
the liquid waste.

Table I

Coprecipitation with CoS

Ruthenium removal by coprecipitation with CoS was a

which already treated in the process shown in Fig.
of cobalt nitrate, pH is adjusted to 9.5 and 4% thi
60C with stirring to generate CoS flock. After cool
filtrated by the ultrafilter. The results are shown

pitation effect is
thenium, the increase
lightly large, but the
observed. To obtain a
pitant should be as
tor. Moreover, the
riron. To get enough
y ultrafilter, the

riron. The frequency
e for the following

ion, 2) not disturb

se of equipment.
tatant converted into
ontamination factor
The white points show
e the black points

form stable carbonate
d to coprecipitate
ecipitation. The

he effect of the

alpha nuclides. The

r of the

n the order of 1E+2,
ithout decarbonation.
e coprecipitation of

ghly phosphate content
in Table 1. Compared
h has low phosphate
he removal of alpha

ects of addition of
coprecipitation for
ruthenium is added as
shows, the addition
remove ruthenium in

ttempted by using LAW,
1.(10) After addition
oacetamide is added at
ing, CoS flock is

in Table IV.



Ruthenium is still detected after the coprecipitati
treatment is not so effective, too.

Table IV

Adsorption by the zinc electrode posited charcoal
Ruthenium removal by adsorption by the zinc electro

(Zn-C) was attempted using treated LAW same as the

the section 4.3.2. The liquid waste passed through
results are shown in Table V. The concentration of
detection limit and more than 1E+3 of decontaminati
the whole process are obtained in all the experimen
posited charcoal is effective for removal of ruthen
necessary to confirm the continuation of effective
According to the literature,11) 12) such good condi
long. It is also necessary to obtain the optimized
condition to minimize the yield of secondary wastes
Table V

TOTAL RADIONUCLIDE REMOVAL EFFICIENCY
Finally, the MAW was treated through the nuclide re
following conditions; the 150mg/I of coprecipitant
mixture of highly phosphate ion content liquid wast
the coprecipitant are the same as the condition des
4.1.-4.3. The results are shown in Table VI. Good d
were obtained about almost all the radionuclides, e
radionuclides, however decontamination factor of ru
1E+2.

Table VI

CONCLUSION

By using coprecipitants with ultrafilter and ion ex
decontamination factor over 1E+6 for total alpha nu
for the low level liquid waste from the TRP. And fr
development for higher volume reduction, less secon

improvement of the beta gamma radionuclides removal

for ruthenium will be executed.
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K BASINS SPENT NUCLEAR FUEL REMOVAL AND CONDITIONING
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ABSTRACT

In February 1995, the U.S. Department of Energy (DO
relocate more than 100,000 individual spent nuclear
from wet storage facilities on the Hanford Site in
State, to a dry storage facility. The scheduled sta
retrieval operations is December 1997, and completi
December 1999. Parsons Infrastructure & Technology
was tasked by Westinghouse Hanford Company (WHC) to
that compared alternatives for SNF retrieval from w
conditioning prior to dry storage. The results of t

used by WHC to support selection of the alternative
SNF relocation operations in the safest and most co
Each alternative focused on two major functions: Th
Operations and SNF Conditioning. The SNF Retrieval
of evaluating four distinct alternatives for fuel h
cleaning, and fuel packaging. The three SNF Conditi
included vacuum drying the fuel at ambient temperat
fuel using the decay heat of the fuel, and vacuum d
applying supplemental heat to the fuel at a tempera
Conceptual designs of the equipment required to per
were developed. The quantity and types of equipment
to support a schedule for placement of the SNF in d
two-year period. Time-motion studies were performed
impacts and expected radiation dose to workers. A |
estimate was developed, and included construction a
each of the alternatives evaluated.

After all data was fully developed, a summary evalu
compare the fuel retrieval and conditioning alterna
cost, dose, schedule, and complexity. The evaluatio
tradeoffs were such that three of the four retrieva

with SNF drying using the supplemental heating alte
equivalent. These three retrieval alternatives are
intact in their present storage canisters, modifyin

E) committed to

fuel (SNF) assemblies
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st-efficient manner.

e SNF Retrieval
Operations consisted
andling, fuel
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rying the fuel by

ture of 3500C.

form various functions
selected was expected
ry storage within a

to evaluate schedule
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nd operating costs for

ation was performed to
tives in terms of

n showed that

| concepts, coupled
rnative, were nearly
leaving the fuel

g their present



storage canisters to allow limited fuel flushing, a

from their canisters for cleaning. The trade study
recommendations were used by WHC to support the sel
recommended "Path Forward," which is the strategy f
SNF in dry storage.

The Path Forward recommendations made by WHC, subse
trade study, were to remove the SNF from their cani
clean the SNF, remove the water from the fuel using
process, and then remove the residual and bound wat
supplemental heat vacuum drying process.
INTRODUCTION

In February 1995, the DOE approved the Spent Nuclea
Forward recommendation for resolution of the safety
concerns associated with the deteriorating SNF stor
Site's K Basins. The K Basins consist of fuel pools
Reactor buildings near the Columbia River. The Path
recommendation described the facilities and process
retrieve, package, transport, condition, and dry st

In addition to approval of the Path Forward, the DO
accelerated schedule to begin fuel removal from the
1997, and complete it by December 1999.

In response to DOE's goals, WHC initiated a project
the technical baseline for the Spent Nuclear Fuel R
Conditioning Project. Parsons was tasked to develop
the spent nuclear fuel from the K Basins, condition
storage, and evaluating and documenting the results
Report. The study goal was to delineate the systems
required to perform those functions, and to evaluat
costs, personnel exposure levels, schedule for fuel
uncertainties, and impacts of these interfacing sys
Approximately 2,100 metric tons of uranium in the f
100,000 individual SNF assemblies are presently sto
the K Basins. Most of the SNF originated in the N R
low-enriched, metallic uranium, clad in Zircaloy. A

is approximately 26 in. Long and 2.4 in. In dia. A

up of on inner SNF element with cladding, and an ou
cladding. The inner SNF element has a small-diamete
and is held in place with springs; however, many of
corroded and may not be in place. There are four ty
the K Basins. Each canister has two barrels made of
steel or aluminum, and holds up to 14 fuel assembli
of the canisters are full and some of the SNF eleme
significant fraction of this fuel has become degrad
breaches during reactor discharge and subsequent co
underwater storage.

Both of the K Basins are constructed of reinforced
placed in service in the early 1950s. They are loca

of the Columbia River. K West Basin was cleaned, re
coated in 1981. The SNF in K West Basin is stored i
steel or aluminum canisters. Visually, these canist
good condition.

K East Basin was not refurbished or epoxy-coated; i
store N Reactor fuel since 1975. Fuel is stored the
steel or aluminum canisters. Degradation of the alu

nd removing the fuel
results and

ection of the

or placement of the

guent to issuing the
sters, thoroughly

a vacuum drying
er using the

r Fuel Project Path

and environmental

ed in the Hanford
within two Production
Forward

es required to safely
ore the K Basin Fuel.
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K Basins by December

to further develop
emoval and
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and processes

e the life-cycle
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tems.
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breached fuel appears to be substantial. The water
radioactively contaminated, and area dose rates nea
relatively high. Significant quantities of sludge t

ft. are visible in some pool locations.

ALTERNATIVE CONCEPTS DEVELOPED

The Trade Study addressed many aspects of the fuel
conditioning operations outlined in the original Sp
Project Path Forward. The concept scope included de
that would safely retrieve and handle the fuel bear
racks at the bottom of the fuel pools. Equipment wa
would clean the sludge and corrosion products from
Variations in the equipment configurations allowed
while it remained in the canisters, or after remova
Systems were designed to minimize the amount of slu
fuel pools during the fuel retrieval and cleaning o
handling equipment and methods were developed for |
the primary containment vessel called the Multi-Can
The MCO is a 24-in.-dia., 160-in.-tall, stainless-s

fuel is loaded into the MCO, the MCO is welded clos
removed. Residual water left in the MCO will be rem
vacuum conditioning processes. The basic functions
study are shown in Fig. 1.

SNF Retrieval Concepts

The alternative methods for SNF and canister retrie
loading required developing methods for performing,
machining operations in an underwater environment.
concepts evaluated were as follows:

Concept 1A, As-Is, Direct loading of the SNF cani

Concept 1, Limited Cleaning, Limited flushing of
canisters prior to MCO loading;

Concept 2, Slotting and Flushing, Canister machin
flushing in the canister prior to MCO loading; and

Concept 3, Separate Fuel from Canister, Removal o
canisters, and rigorous SNF and canister cleaning p
and fuel reracking in baskets.

Fig. 1
Spent Nuclear Fuel Conditioning Concepts

S-1, Dewatering and Drying, The S-1 conditioning
initial conditioning step required for all scenario
accomplished by draining/pumping the free water fro
low-temperature "cold" vacuum drying.

S-2, Cold Vacuum Conditioning, This step was one
drying" steps to further dry the contents of the MC
accomplished by using only the fuel decay heat over
the fuel.

S-3, Hot Vacuum Conditioning, This step was the s
drying" steps to further dry the contents of the MC
would be accomplished by using supplemental heating
approximately 3000C), and holding the fuel at this
vacuum to remove nearly all retained moisture from
products within the MCO.

Figure 2 shows the three alternatives for dewaterin
the fuel in the MCO, and includes the calculated nu
required to condition all fuel within a two-year pe
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Trade Study Development

Equipment concepts were developed that could perfor
functions of the process, from fuel retrieval throu
Equipment layouts were made showing equipment in th
and in new facilities. Figure 3 shows a typical pro

in a K Basin pool. With the time restriction of two

fuel retrieval, some of the systems required redund
All fuel retrieval alternatives will be performed i
Facilities. The current process logic for fuel cond
conditioning steps to be performed at one or more o
different facilities in different locations. These

the K Basin(s), the K Basin Annex(es), the Canister
(CSB), and the conditioning facility. The CSB Annex
facility, and although considered a separate altern
actually be a part of the CSB. Depending on a numbe
(including facility space available to perform cond
shipment conditions of the MCOs, location of the fa
relation to Hanford Site boundaries, MCO transporta
etc.), a given conditioning step may not be amenabl
given facility, or may be done much more efficientl
facility, versus another.

Figure 4 shows option paths evaluated. These were b
plus 6, S-1 at the CSB Annex) feasible processing p
one of two choices for MCO loadout. These consist o
loading or water-shield loading, which brings the t

to 48.

After the equipment concepts and layouts were produ
studies were performed for all operations, from fue
basins through final placement of the MCOs containi
CSB. Activities were defined and the crew sizes req
each activity were established. These studies revea
Availability in each of the K Basins was the limiti

the two year fuel removal schedule. The results of
studies were then used as input to define the appro
dose received by workers during the fuel removal op
calculated using the computer dose modeling code Mi
A cost estimate for each of the alternatives was de
for the cost estimates included in the trade study,
construction and modifications to facilities would
onsite construction contractor, ICF Kaiser Hanford,
facilities and equipment would be performed by WHC
drawings and descriptions were used to establish qu
required, building areas, configurations, and const

as installation complexity. Because the level of de
documents lacked the final design detail, a conting
applied to the estimates.

Fig. 2

Fig. 3

Fig. 4

EVALUATION CRITERIA

The fuel removal and conditioning concepts develope
compared to ascertain their potentials for meeting
technical, and other requirements. The evaluation u
engineering approach for assessing the fuel removal
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alternatives. It facilitated a side-by-side compari
requirements of the fuel handling and processing al
criteria were established and used to perform the e
consisted of: 1) Cost--Total of both acquisition an
dollars; 2) Exposure risk--(dose) in person-rem; 3)
criterion included the potential for leaving residu

after drying; and operability and maintainability ¢
including operations steps, special handling, and o
The rankings were based on the professional judgeme
and ranged from 1 (least potential) to 4 (most pote
alternative was included in an option description w
then plotted and compared by concept to show the op
cost, dose complexity, and schedule. (Table I).

Table |

TRADE STUDY EVALUATION RESULTS
Comparisons between the various alternatives (Table
of cost, schedule, dose to workers, and operational
results of the evaluation showed that Concept 2 wit
conditioning was not a favorable option because of
schedule, and dose to workers than any other option
results also show that the tradeoffs of cost, sched
complexity in Concepts 1, 1A, and 3 with S-1/S-3 co
that these concepts are nearly equivalent.

Concept 1A, As-Is

Concept 1A operations consist of essentially three
the canisters; 2) Removing the canister lids; and 3
1/S-3 conditioning at the new conditioning facility
efficient method of conditioning, with the least am
equipment required per MCO. Based on the evaluation
scored favorably in both cost and dose received by
conditioning Step S-3 was used. Concept 1A required
equipment and the minimum number of operations to p
operations in the K Basin. The capital and operatin
alternative with S-3 conditioning are relatively lo
absence of complex equipment for fuel retrieval. Fu
by remote or underwater methods limit direct exposu
minimization of fuel handling activities in the K B
translates into less worker dose.

The estimated time it takes to perform fuel removal
moderate in relation to the other concepts. The pri
fuel removal schedule is the availability of the cr
functions during MCO loadout, shield plug welding,
operations. A disadvantage to Concept 1A is the unk
and sludge after the MCO is sealed. Concept 1A fuel
conditioning shows a substantial increase in acquis
the increased operations and equipment costs of the
Concept 1, Limited Cleaning

Concept 1 operations consisted of essentially four
the canisters; 2) Removing the canister lids; 3) Fl
canister/fuel; and 4) Loading the MCO. Compared to
S-2 or S-3 conditioning, the major difference in th
evaluation table is that this concept has generally
and dose to workers. The higher costs and higher pe
attributed to additional equipment costs and additi

son of functions and
ternatives. Key
valuation. They
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onsiderations,
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respectively, to perform the flushing activities. S
score relatively the same as Concept 1A.

Concept 2, Slotting and Flushing

Concept 2 operations consist of five steps: 1) Retr
2) Removing the canister lids; 3) Machining the can
canister/fuel; and 5) Loading the MCO. This concept
generally not a favorable option. Total costs are r

of the increased complexity of canister and fuel ha
required for machining the canisters, and the incre
perform all fuel removal operations. Dose rates are
reflect the doses operators would received while pe
operations for greater than 100 weeks. This concept
3 conditioning has generally the worst scores in al
criteria evaluated. An advantage to this concept is
sludge and corrosion presently in the canisters and
removed, and will provide improved conditioning pro
Concept 3, Separate Fuel from Canister

Concept 3 with either S-1/S-2 or S-1/S-3 conditioni
locations was evaluated. Concept 3 operations consi
Retrieving the canisters; 2) Removing the canister
fuel from the canisters; 4) Cleaning the fuel; 5) R
baskets; and 6) Loading the MCO (this doubles the f
Concept 1A, 1 and 2). Dose rates encountered in thi
approximately 30% higher than the doses calculated
The reason for the increased doses for the concept
increased number of manhours actually spent in the
repacking. The schedule for fuel removal is improve
weeks or approximately one-half of Concept 1A and 1
concurrent processing of "good" and "bad" fuel, and
the number of MCOs needed for complete fuel removal
Costs for the option using Concept 3 are generally
options because of lower acquisition costs for MCOs
costs for MCO and cask handling activities. The sch
this concept seems to present an attractive alterna
knowledge of sludge and corrosion product inventori
fuel rod cleaning will prove advantageous during th
operations. This knowledge will also improve confid
determination of the fuel condition future years, w
processed for final disposal.

CONCLUSION

Subsequent to the trade study completion, WHC refin
reflect Parsons recommended approach for fuel retri
That approach shows repacking the bare fuel in stor
3) and applying a two-step fuel drying and conditio
3).
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ABSTRACT

Transuranic (TRU) radioactive wastes have been retr
waste drums at Department of Energy (DOE) sites sin
Ultimately, these waste drums are destined for fina
Waste Isolation Pilot Plant (WIPP). Current require

of waste into the WIPP dictate that a representativ
sample be acquired and analyzed prior to the transp
waste in the WIPP. Analysis results of the headspac
used for waste characterization, verification of pr
assigning Environmental Protection Agency (EPA) haz
determining the potential for flammability, and as
generation and transport models. Because of the ver
waste drums and the rate at which they will need to
rapid, simple and reliable analysis method for wast
can be performed "at-line" is necessary. Fourier tr
(FTIR) spectroscopy was selected because the analys
operation of the instrumentation is simple and reli
systems are rugged and can be easily configured to
analysis. Drum headspace samples are pulled directl
on an FTIR spectrometer and a spectrum recorded. Fr
spectrum, 29 volatile organic compounds, the C1-C3
interferences are identified and quantitated. To ev
performance of the FTIR system and methodology on r
gaseous samples of actual TRU waste drum headspace
other inner layers of confinement within the waste
analyzed by an "at-line" FTIR system. Analytical re
within 5-6 minutes of sample collection. The FTIR a
compared to the results from duplicate samples that
SUMMA canisters and analyzed by the standard labora
chromatographic (GC) methods. The FTIR analysis res
the chromatographic analyses and will meet the prog
for accuracy and precision for the analytes of inte
results indicate that FTIR spectroscopy is a viable
alternative to the laboratory based GC methods curr
the analysis of TRU waste drum headspace.
INTRODUCTION

Transuranic (TRU) wastes have been retrievably stor
Energy (DOE) facilities since the 1970s. In 1980, t
Pilot Plant (WIPP) was authorized and funded to pro
development facility focused upon demonstrating the
radioactive wastes. Because of the wide variety of
generated DOE's TRU waste, some of the waste also ¢
that are regulated by the Resource Conservation and
To ensure that the waste to be admitted to the WIPP
compliance programs, including RCRA, the TRU Waste
Program (TWCP) was initiated. Waste characterizatio
will be, and currently are being used, to support t
repository performance, the application for permits

ievably stored in

ce the 1970's.
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by regulatory agencies, and necessary revisions to
restrictions.

The EPA in its conditional no-migration determinati
indicated that before DOE submits a petition for th
phase at the WIPP, real sampling and analytical dat
characterize the waste. Among the chemical analyses
determination of volatile organic compounds (VOCSs)
the waste drums and all additional layers of confin
waste drum. The VOC data are necessary to evaluate
migration of these compounds beyond the WIPP bounda
determined health based risk limits (2) and to conf
drum headspace is representative of the drum conten
requiring quantitative data for the flammable VOCs,
prior to disposal at the WIPP. Due to the potential
mixtures in waste drum headspace, EPA has currently
concentration limit for total flammable VOCs in the
containers to be sent to the WIPP during the test p

A list of 29 VOCs was compiled from examination of
associated with the descriptions of the activities
generated waste within the DOE complex and from act
the stored wastes. Exposure and lower explosion lim
are indicators of what concentrations might be of r
waste handling and storage. Some characterization o
which included some headspace analysis has been per
reported.(3) Generally, fewer then 5 of the identif

any particular sample.

At the Idaho National Engineering Laboratory (INEL)
many as 140,000 containers of TRU waste. Most of th
gallon drums with sealed lids. Due to the potential
gases in these drums from radiolysis, these drums a
appropriate filters installed in the lid to allow t

At the time of filter insertion, it is desirable to

sample of the headspace for characterization and cl
Because of the number of drums that need to be vent
designed and built an automated Drum Venting Facili
vent drums at the rate of one every 5-10 minutes. A
facility it is desirable to have a rapid VOC analys
provide near-real time feedback of analysis results
immediate storage and handling requirements for eac
Characterization Area (WCA) located at Argonne Nati
(ANL-W), waste drums are opened for detailed charac
examination. A rapid VOC analysis technique is also
since all layers of confinement within each drum ne
VOCs, CH4 and H2 analysis.

The currently accepted methods for the analysis of
components are gas chromatography with thermal cond
(GC/TCD), gas chromatography with flame ionization
gas chromatography with mass spectrometric detectio
typical sampling and analysis of waste drum headspa
collecting the gaseous sample in a SUMMA canister,
radioactive contamination, transporting it to the |
dilution, screening via GC/FID analysis, the final
analysis for VOCs, GC/TCD analysis for H2 and CH4,
in data packages. The total cost for each analysis

transportation

on for the WIPP,(2)

e actual disposal
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turnaround time is as much 1 month, primarily becau
reduction and reporting requirements. Minimum actua
be 15-45 minutes per chromatogram once the sample i
laboratory.

Because of the time necessary to develop a typical
chromatography is not a preferred technique for the
outlined above. This is particularly true if diluti

the sample into the working analytical range. Some
chromatography applications exist; however, they su
reproducibility problems without special sample inl
sacrifice chromatographic resolution for analysis t

than one column/chromatographic system must be used
multiple analytes.(5,6) Separate columns are also n
analysis of permanent gases such as H2, CH4, and CO
A reasonable alternative to at-line GC instrumentat

of waste drum headspace is Fourier transform infrar
(FTIRS). Rugged FTIRS instrumentation is commercial
been used for several on-line applications.(7,8) D
instrument/detector used, analysis times using FTIR
second, however, analysis times of 1-5 minutes are
and permanent gases can be analyzed with infrared s
Exceptions include diatomic molecules without dipol
Because of the nature of absorption spectroscopy,
calibrations/standardizations can be universal with
limitations, i.e once a calibration/standardization
possible to transfer this calibration from instrume
provided that the data are collected under similar

The goal of the work outlined in this paper was to

if FTIRS is a suitable alternative to GC methods fo
analysis of waste drum headspace in order to suppor
about whether the waste drums meet TWCP requirement
Waste Acceptance Criteria. The basic questions lie
FTIRS produces statistically equivalent results as
and/or whether it meets other TWCP criteria for pre
accuracy (30%).(4)

EXPERIMENTAL

Bomem furnished the FTIR based VOC system as specif
Because the "turn-key" FTIR system is located in a
contamination zone" near where the waste drums are
into the waste characterization hot cell at the WCA
housed in a NEMA 12 enclosure (48 in. tall x 36 in.

for protection from damage and from contamination b
is a schematic of the components comprising the FTI
system. In the NEMA 12 enclosure, a Bomem MB 100 se
vertically mounted and equipped with a specially de
optical bench is purged with hydrocarbon and CO2 fr
vented into the NEMA 12 enclosure to help maintain
pressure within the enclosure. A 20 cm gas cell wit
windows with an antireflection coating to reduce th

a DTGS detector are mounted on the top plate. All s
and the sample cell are maintained at 110C. Transdu
the cell to record the temperature and pressure of

of the heat load supplied by the instrumentation an
components, the NEMA 12 enclosure is cooled and mai

se of the data
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closed cycle air conditioner. Operation of the valv
controlled via RS422 from a 486 based PC located >6
control center.

Fig. 1

Sampling and analysis is initiated when the start s

the GSS computer. At this point, the three way valv
the sample line, and the cell and lines are evacuat
opening V4. The cell and lines are backfilled to ~6
hydrocarbon and CO2 free dry air by closing V4 and
and lines are reevacuated by closing V3 and opening
<2.5 Torr, V4 is closed and the "ready evacuated"
GSS computer, which then opens VO, and the lines an
with the sample. When the pressure has stabilized,

is initiated. Each spectrum is the result of 10 coa
spectrum of a "diluted” sample can be acquired by r
air line and then opening V2 until the desired lowe
obtained, then the cell is backfilled to 640 Torr w

CO2 free dry air.

Because quantitative IR spectra of several of the V
not available at all or not available at the condit
sample spectra were to be recorded, it was decided
quantitative spectra at the sampling conditions, i.
nominal pressure of 640 Torr (near ambient pressure
Bomem assembled a second system at their facilities
manifold that included a cold finger to trap VOCs a
Fourier transform infrared spectrophotometer with a
to that provided the INEL. To collect a pure compon
particular VOC, a sample of the neat analyte was pu
and then the finger was attached to the manifold an
frozen with liquid nitrogen. The space over the fro
finger, manifold, and heated gas cell were evacuate
and a turbo pump in series. Once a stable vacuum wa
finger containing the sample was isolated by closin
liquid nitrogen was removed, and the sample heated
The valve to the sample was then opened and the sam
"evaporate" into the evacuated manifold and cell un
partial pressure of the analyte was reached (usuall
total pressure was then brought to 640 Torr with ni
ppmv) and the spectrum was acquired with 50 coadded
resolution. Many of the more polar and less volatil
problems that were likely due to adsorption of the

of the cell and manifold. The addition of nitrogen

it to 640 Torr seemed to enhance the instability of
pressure. For these cases, additional nitrogen was
total pressure to 640 Torr. There were no apparent
spectral features of the analyte spectra recorded a
pressure. Linearity of the samples created in this
verified by using carbon tetrachloride to construct
from O to 1000 ppmv. Carbon tetrachloride was selec
very high absorbtivity coefficient.

Examination of IR spectra of actual waste drum head
interferences that were not included in the origina
often encountered. These interferences included NH3
>C6 hydrocarbons and very wide concentration ranges
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as much as possible for very wide ranging CO2 conce
six CO2 standards were prepared that when combined
and 25000 ppmv CO2 spectra covered the range from 2
Certified 1000 ppmv standards of N20 and NH3 were p
Specialty Gases (Plumsteadville, PA). A certified 1
trimethylamine was purchased from SO-CAL Airgas (Lo
hydrocarbon standard was prepared at 955 ppmv from
undecane (322 ppmv) and dodecane (300 ppmv). Spectr
standards were collected on the "turn-key" system i

an identical system intended for installation at th
Quantitative analysis of the VOC's from the infrare

the "turn-key" FTIRS system was performed using PLS
methods on the "turn-key" FTIRS system were generat
Industries PLSplus add-on package to Grams/386. Bec
limitations and the cumbersome calibration sets req
method that would quantitate all 29 target VOC's an
hydrocarbons, individual PLS methods were used for
optimally selected region of the spectrum for that

sets consisted of the original calibration set supp
supplemental interference spectra collected at the
spectra in the set were background corrected to avo
that might affect quantitation of an analyte. Artif
containing offsets and sloping lines were added to
background factor definition. Frequency regions for
selected after evaluating the correlation spectra f
calculated by a development aid in the PLSplus pack
spectrum of the analyte. An optimum number of facto
method were selected from the evaluation of the pre
sum of squares (PRESS) values determined using the
procedure included in the PLSplus package. A summar
regions and factors used in these methods is given

of an unknown spectrum for the 29 VOC analytes and
propane using 32 separate PLS methods takes ~10 sec
analysis and report are provided to the operator wi
sample introduction to the system.

Table |

RESULTS AND DISCUSSION

The suitability of using FTIRS for the at-line dete

waste drum headspace was evaluated by several means
analysis of a check standard was used to assess lon
accuracy and determine subsequent working detection
comparisons were made between the FTIRS results and
"identical" samples collected in SUMMATM canisters.
of accuracy, precision and error rates were accompl

in the TWCP Performance Demonstration Program.(11)
During operations at the WCA, prior to any sample ¢

on a given day, a check standard was analyzed by th
occasionally sampled into a SUMMATM canister for la
methods. A summary of the results from the analysis
standards is presented in Table Il. Two separate st

a period of ~6 months, each for ~3 months. The curr
design at the WCA requires that the check standards
through ~25 feet of unheated tubing prior to reachi

the manifold. Polar VOCs tend to interact with the

ntrations, a series of
with the existing 2500
500-50,000 ppmv.
urchased from Scott
000 ppmv standard of
s Angeles, CA). A
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and are not efficiently transported without heat or
more polar compound to displace it from the active
This problem is clearly reflected in the recovery a
analysis of methanol by both the FTIRS and GC analy
standard which was dry. Addition of water to a low
containing polar VOCs which was then sampled throug
demonstrated that methanol could be quantitatively
this tubing if a more polar compound was present to
sites. A second standard was ordered that contained
methanol was still no efficiently reaching the mani
some of the water apparently condensed in the cylin
methanol was lost in the condensation.

Table Il

Examination of Table Il indicates that aside from t
methanol transport, the FTIRS method performed well
TWCP requirements for 30% accuracy and 25% precisio
for the FTIRS method is most typically <10%. Accura
Table Il, except methanol, is within the TWCP requi
appear to be 5-15% negatively biased. The GC analys
also appear to be biased, but in a positive directi
dichloroethane and 11-dichloroethene.

Because FTIRS spectra of headspace VOC samples are
direct analysis of the spectrum is difficult at bes
processing like PLS is required to simplify the ana

has a unique IR spectrum, which is the fact that al

to easily extract the necessary qualitative and qua
from a highly overlapped spectrum. The results can

by the number and identity of the analytes present
spectrum. Because of this, the determination of app
limits is not necessarily obvious. The components i
were selected primarily because of how frequently t
actual waste drum headspace samples. The were secon
represent classes of compounds. Rarely are more tha
given headspace sample. The analysis of the check s
of interest should therefore be representative of t

long term precision should be representative of the
analysis. Because of the representativeness of this
analysis, the precision times 3 is also an appropri

limit for the FTIRS analysis. The detection limits
calculated from the repeated analysis of these chec
detection limits compare well with and are only sli
published detection limits(12), as expected sine th
limits were obtained under optimum conditions.

During operations at the WCA, headspace samples fro
layers of confinement within the waste drums were s
SUMMA canisters for later analysis by standard GC m
headspace volume was deemed sufficient, a second sa
directly into the at-line FTIRS system for immediat

231 samples were collected and analyzed by both the
Of these 231 samples, 15 represent direct compariso
GC/GC-MS for the two reference standards. In the ac
samples, 111-trichloroethane was found in nearly al
Trichloroethene, 11-dichloroethene, acetone, toluen
tetrachloride were also found in some samples. Only

the presence of a
sites on the surface.
nd precision for the
ses of the first
pressure gas standard
h the same tubing
transferred through
compete for binding
water, however
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ghtly higher than

e published detection

m waste drums and all
ampled in to 250 mL
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and trichloroethene were found at significant conce
samples.

Overall, for the samples that were above the detect
GC/GC-MS and FTIRS the correlation line for 111-tri
FTIRS=(0.9960.014)*GC-(217) with an R2 of 0.958. Th
a negative offset of ~20 ppmv. For trichloroethene,
when both techniques were above the detection limit
FTIRS=(0.880.03)*GC-(910) with an R2 of 0.934. The
noted in the slope is consistent with the accuracy
analysis of the reference standard (see Table II).

the two analysis techniques track each other quite
trichloroethane and trichloroethene. Correlation fo
does not appear be good; however, if one considers
for the GC-MS method (see Table 5-2) and the ~10% b
this result is not surprising.

The regression line for acetone when results for bo
techniques are above their detection limits is FTIR
with an R2 of 0.900. Examination of the overall dat
indicates a large number of false negatives for FTI

to the GC. Most alarming were the false negatives w
at 70-100 ppmv. Examination of the data one of thes
interesting. For this sample, the GC indicated a co
ppmv acetone and 1900 ppmv 111-trichloroethane. The
indicated that acetone was <18 ppmv, however 1-buta
ether and 111-trichloroethane were at 101, 413, 95,
respectively. Because of the complexity of the samp
examination after 111-trichloroethane had been subt
out the presence of acetone or, confirm the presenc
butanone, or ethyl ether because the presence of an
present that has spectral characteristics similar t
ketones. As many as four other compounds were known
acetone in the GC-FID method. The compounds that ar
with acetone are freon 113, ethanol, carbon disulfi
dimethoxymethane. Because of the high concentration
trichloroethane, a very large dilution was required
analysis by GC-MS which raised the detection limits
of the stored GC-MS data confirmed acetone. To dete
dilution factor for the GC-MS analysis, a screening
~3.5x dilution of the sample. This analysis indicat

that were not identified. The FTIRS analysis was pe
dilution of the sample.

Correlation between the FTIRS and GC analyses for t
significant number of false or severely positively
FTIRS method. The main absorption band for toluene
severely by 111-trichloroethane and CO2. The magnit
residuals for the toluene method could be directly
positively biased toluene results and the presence
concentrations. Because the CO2 concentration was s
absorption of light affected this region of the spe

is also found in nearly all of the actual headspace
concentrations, toluene was likely positively ident
gquantitation was likely biased because the calibrat
linear, however the absorbance is now nonlinear due
and spectral residual resulted. The CO2 was likely

ntrations in the

ion limits for both
chloroethane was

e y-intercept implies
the regression line
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for since the series of CO2 spectra in the calibrat

to identify the nonlinear behavior associated with

The overall analysis results of the FTIRS compared
shown qualitatively in Table Ill as the number of t
identifications are given along with the calculated
((false positives + false negatives)/total analyses
selectivities. The overall total error rate is gene

range with only 1% of these errors being false nega
indicates that the FTIRS will discriminate against

not present ~92% of the time. Likewise, the FTIRS m
the presence of the components ~90% of the time. Th
better when the methane, trimethylamine and hydroca
dropped. Trimethylamine and hydrocarbons are tentat
compounds in the GC/GC-MS methods and may not have
concentrations were low. Methane was only seen in t
and the GC method failed to identify it even though
above the detection limit. The sensitivities listed
caution, since the results may be biased by the low
positive for most analytes.

Table Il

Examination of Table Il indicates a large number o
dichloroethene analysis results were false positive
limits for cis-12-dichloroethene in the samples was
ppmv. Of the false positives, 91% were <20 ppmv and
27. Most compounds, false positives could be simila
major exceptions have been noted in the previous di
example, many of the false positives for ethyl ethe

be due to the interferences which caused the aceton
negative as described above. At two times the detec
practical quantitation limit, the total error rates
sensitivities are ~95% and selectivities are ~98%.
Among of the quality assurance objectives for the a
for the TWCP is the analysis of blind audit samples
(11) These blind samples are distributed, analyzed,
263 weeks. Performance is evaluated with blanks whe
exceeding 50% of the PRQL, precision within 25%, ac
qualitative identification of non target analytes.

series of PDP samples, the FTIRS scored a 93% for t
compounds and 81% overall for the target compounds.
considered a pass and the critical target compound
conditional pass as a score of 95% is considered op
problem that may have caused this somewhat low scor
the samples, the target concentrations were at or n
detection limit and therefore may have slightly mis
precision requirement. The only exception to this w
dichloroethane which was ~35% negatively biased. Th
error that caused the score for the critical target
CONCLUSIONS

Based upon the work presented in this paper, the an
headspace for VOCs with FTIRS appears to be quite f
and quantitative determinations of VOCs with FTIRS
within the requirements of the TWCP program, i.e. 3
precision. Long term precision of the technique and
very good as it is generally <10%. The technique do

ion set were designed
high concentrations.

to the GC methods is
rue and false

total error rates

), sensitivities and

rally in the 8-9%

tives. The specificity
the analytes that are
ethod will identify
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ively identified

been reported if their
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slightly negatively biased however. The reason for
positively identified; but, maybe, in part, be due

factors necessary for the calibration to adequately

of interest. In any case, the present systems with

cell and DTGS detector appear to be quite capable o
analysis of the 29 target VOCs, the C1-C3 hydrocarb
interferences in 3-6 minutes. The concentration ran

upon the analyte, is from low ppmv to several perce
pathlengths and more sensitive MCT detectors will r
limits and speed the analysis; however, there may b
increased interference from low concentration unkno
samples and in the concentration range that can be
calibration sets have been used on at least three d
appear and they do appear to be "universal”, provid
accuracy of the instrument is within tolerance.
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ABSTRACT

The Safety Analysis Report for the TRUPACT-II Shipp
(Transuranic Package Transporter-1l (TRUPACT-II) SA
generation rates, wattage limits, and flammable vol
(VOC) concentrations in transuranic (TRU) waste con
shipped to the Waste Isolation Pilot Plant (WIPP).
headspace gas data for drums stored at the Idaho Na
Laboratory (INEL) and the Rocky Flats Environmental
(RFETS), over 30 percent of the contact-handled TRU
flammable VOC concentrations greater than the limit
requirement(s) may be imposed for emplacement of wa
facility. The conditional no-migration determinatio
phase of the facility required that flame tests be
significant levels of flammable VOCs were present i
containers. This paper describes an approach for in
potential flammability of TRU waste drums, which ma
allowable concentrations of flammable VOCs. A flamm
methodology is presented that could allow more drum
WIPP without treatment or repackaging and reduce th
testing on drums. The approach includes experimenta
mixture lower explosive limits (MLEL) for the types
observed in TRU waste, a model for predicting the M
VOCs, hydrogen, and methane, and revised screening
flammable VOC concentrations and concentrations of
using existing drum headspace gas data and the mode
INTRODUCTION

The U. S. Department of Energy (DOE) intends to beg
Waste Isolation Pilot Plant (WIPP) beginning in 199
characterization requirements for shipping transura
DOE sites to the WIPP facility are set forth in the
Report for the TRUPACT-II Shipping Package (Transur
Transporter-Il (TRUPACT-Il) SARP) (NRC 1994). The T
evaluating gas generation rates and potential flamm
requires that gas phase concentrations of flammable
compounds (VOCs) not exceed 500 ppmv and the hydrog
concentration not exceed 5 percent. Additional requ
imposed for emplacement of waste in the WIPP facili
no-migration determination (NMD) for the test phase
the U.S. Environmental Protection Agency (EPA) requ
container emplaced underground at the WIPP facility
confinement containing either flammable mixtures of
gases that could become flammable when mixed with a

ing Package

RP) set limits for gas
atile organic compound
tainers that would be
Based on existing
tional Engineering
Technology Site
waste drums contain
. Additional

ste in the WIPP
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NMD required that flame tests be performed if signi
flammable VOCs (500 ppmv) were present in TRU waste
Based on existing drum headspace gas data for over
the Idaho National Engineering Laboratory (INEL) an
Environmental Technology Site (RFETS), over 30 perc
handled TRU waste drums contain greater than 500 pp
flammable VOCs. Under current requirements, these d
shipped. Moreover, the volume of drums that are in
that can be shipped will be significantly reduced u
requirements and near-term shipment schedules will
based on the existing drum data and preliminary cal
anticipated that only 10 percent of the drums are p

and 90 percent are safely shippable without treatme
Costs associated with treatment or repackaging the
will be substantial and flame testing, if required,
impacts. Preparing the waste for shipment and flame
impact the scheduling of shipments to the WIPP faci
assessment methodology given in this paper is inten
allowable concentrations of potentially flammable V
more drums to be shipped without treatment or repac
number of drums requiring flame testing, reduce cos
delays in waste shipments.

This paper describes an approach that includes inve
potential flammability of TRU waste drums, increasi
concentrations of flammable VOCs, and performing fl
on drums. Estimates based on existing drum data ind
proposed methodology is implemented, the number of
shipped without treatment or repackaging would be s
increased. Because the methodology incorporates exp
validated predictive modeling of mixture lower expl

for the drums, and conservative screening of flamma
concentrations, it is technically defensible and ap
methodology takes into account the presence of all
wastes in determining acceptable screening limits f
concentrations in drums. Specifically, hydrogen and
considered in addition to VOCs.

Both empirical and theoretical models for predictin
considered. A model will be selected for use in fla

that performs well relative to experimental data, a

gas mixture compositions in drums, and demonstrates
of conservatism. Screening limits are based on popu
flammable gas concentrations in the innermost layer
the drums, including the model-based maximum permis
methane concentration (MPHMC). The methodology for
involves comparisons with screening limits, compari
conservative drum-specific limits as necessary, and
drums that exceed these limits.

The MPHMC will be used to establish maximum allowab
for hydrogen and methane gas. These rates, which wi
the TRUPACT-II SARP methodology, must be determined
concentrations of flammable VOCs may exceed the lim
previously used in determining gas generation rates
support preparation of an application to the Nuclea
Commission (NRC) to modify the current restrictive

ficant levels of
containers.
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ultimately allow more waste to be shipped to the WI
repackaging or treatment.

This paper provides the technical basis for and des
flammability assessment methodology as developed to
description of the testing to determine MLELs of TR
mixtures is provided. Models that have been identif
mixture flammability are described next. Following

the approach for determining the screening levels b
analyses is presented. Finally, the steps of the fl
methodology are given.

FLAMMABILITY TESTING PROGRAM

Considerable experimental data exist on the flammab
found in industrial and mining applications, such a

of hydrogen, methane, carbon monoxide, carbon dioxi
oxygen. However, no experimental data are available
mixtures observed in TRU waste containers. The obje
flammability testing is to experimentally determine

limit (LEL) for various TRU waste container gas mix
The gas mixtures to be evaluated are composed of fl
nonflammable VOCs listed in the Transuranic Waste C

Quality Assurance Program Plan (DOE 1995a) and hydr

the experimental design, the flammable VOCs have be
functional and LEL groups. Functional groups for fl
groups of VOCs with similar chemical structural cha
groups for flammable VOCs are groups of VOCs with L
prescribed range of LEL values. The functional grou
functional group numbers (FGN) to be considered are
ketones (FGN = 2), alcohols (FGN = 3), and alkanes/

LEL ranges and associated LEL group numbers (LGN) t
0.9%-1.3% (LGN = 1), 1.4%-2.6% (LGN = 2), and 5.6%-

is a general correlation between functional groups
LEL. That is, VOCs of a functional group tend to ha
particular range. Table | summarizes flammable VOCs
groups.

Table |

The flammability testing will be done in two phases

a factorial experimental design that utilizes the L
factors are the presence or absence of each of thre
groups in the mixture, the presence or absence of h
mixture, and the presence or absence of nonflammabl
The objective of the first phase is to provide the
develop an empirical equation that expresses the fl
function of the concentration of each of the factor
concentrations of each of the three flammable VOC L
concentration of hydrogen, and the concentration of
The first phase will involve the testing of approxi
ambient room temperatures (i.e., approximately 70F)
be composed of varying ratios of 1,1-dichloroethane
toluene, hydrogen, and carbon tetrachloride.

The objective of the second phase is to investigate
substitution within a group and to evaluate the eff

on the predicted LEL. The second phase will involve
additional 30 mixtures, half of which would be test
temperature of 146F. The second phase will also inv
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chemicals, possibly acetone, benzene, cyclohexane,
cis-1,2-dichloroethene, methanol, or methane, depen
the first phase.

The results of the flammability testing will provid
needed to develop an empirical model for predicting
mixtures of flammable gases in TRU waste containers
also be used to evaluate the performance and adequa
models.

MODELS FOR ASSESSING MIXTURE FLAMMABILITY

Four models for assessing mixture flammability have
through literature searches and discussions with fl
The literature search identified documents that per
limits and predictive methods. The search identifie
models that are applicable to the problem. An empir
modeling MLELSs that would directly utilize experime
identified. The four models being considered are an
Le Chatelier rule, the group contribution method, a
temperature method.

Empirical Model

The data obtained from the flammability testing wil
an empirical model for predicting lower flammabile |

VOCs and flammable inorganic gases in TRU waste con

model is an equation that expresses the flammable g
of the concentrations of each compound tested. The
equation are obtained through standard least-square
techniques and can be tested for their significant
predicting the MLEL. Experimental errors can be use
confidence limits for the predictions.

Le Chatelier's Rule

The Le Chatelier rule is an empirical equation deve

in the late 19th century that enables the flammabil
mixture to be calculated if the flammability limits
components of a mixture are known. The effects of a
nonflammable compounds (i.e., carbon dioxide and ni
can be evaluated using a graphical method. The Le C
tested for many mixtures that are important in tran
applications, and mining.

Group Contribution Method

The group contribution method provides an estimate
limits of a mixture based on knowledge of the chemi
flammable compound in the mixture. The method does
presence of inert (i.e., nonflammable) compounds th
the mixture. Several group contribution methods hav
various researchers (Shebeko et al. 1983; Season 19
1994) for estimating the LEL of individual compound
contribution method has been proposed for mixtures
Based on an extension of the method for estimating
compounds (Procedure B) of the American Institute o
(AIChE) Data Prediction Manual (AIChE 1994), the LE
each of the gas mixtures and compared with the corr
estimated using the Le Chatelier rule. The absolute
the two methods was approximately 2 percent, with t
method predicting a higher LEL in almost all cases.
Adiabatic Flame Temperature Method
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The adiabatic flame temperature method is based on
comparing the adiabatic flame temperature of a pote
mixture with the critical or limiting adiabatic fla

event of an explosion, energy is released by the co
flammable compounds. Initially, the energy is absor
reactants, (2) the combustion products, and (3) ine
gases. Eventually, however, the energy will be diss

by various heat transfer processes. If a flammable

in an adiabatic system (one in which there is no tr

from the system), then it is possible to calculate
temperature that corresponds to the temperature of
explosion. The minimum temperature at which a flame
referred to as the critical or limiting adiabatic f

A number of computer codes are available to perform
thermodynamic chemical equilibrium calculations, in
Society of Testing and Materials (ASTM) CHEETAH cod
National Aeronautic and Space Administration (NASA)
CET93/CETPC code (McBride et al. 1994), the Lawrenc
Laboratory (LLNL) CHEETAH code (Fried 1995), the Un

CHEMEQ code (Wendt 1993), and the NASA CET93/CETPC

the adiabatic flame temperature of a potentially fl
calculated by the code is above the critical or lim
temperature, then the mixture is flammable.

DETERMINING SCREENING LIMITS FOR FLAMMABLE GASES

A predictive model that performs well relative to e
adequately accounts for gas mixture compositions in
demonstrates an acceptable level of conservatism wi
in determining drum-specific MLELs. The model will
models previously discussed. The MLELSs predicted us
account for the presence of flammable VOCs, hydroge
drums. Because all flammable gases are included in
concentration of hydrogen and methane that can be t
gas phase mixture becoming potentially flammable is
between the MLEL and the total concentration of fla
difference is the MPHMC.

To date, over 500 drums stored at the INEL and the
sampled and analyzed for a specific suite of VOCs,
under the existing Transuranic Waste Characterizati
samples were obtained from headspace gases under th
rigid drum liner punctured. Additional drum sample
currently being gathered under the TWCP will be use
flammability assessment methodology. The analyses w
determining screening limits for flammable gases.

The process for determining the screening limits fo
summarized in Fig. 1. First, the experimental and m
completed. The results will be used to choose a met
MLELs. The chosen method will be used to obtain dru
predicted innermost confinement layer headspace con
existing drum data. The MLELs and the sums of flamm
confinement layer concentrations will be used to co
MPHMCs for existing drum data. Finally, screening v
statistically determined for the sum of flammable V
Fig. 1
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METHODOLOGY FOR ASSESSING FLAMMABILITY OF GAS MIXTBES IN TRU WASTE



Flammability assessments for individual drums are ¢
evaluations, as necessary. The methodology consists
steps in evaluating individual waste drums for flam

1. Analyze drum headspace gas.

2. Predict innermost-layer headspace concentration
hydrogen, and methane.

3. Sum innermost-layer concentrations of flammable
innermost-layer concentrations of hydrogen and meth
4. Compare the flammable VOC sum with the flammabl
and the hydrogen and methane sum to the MPHMC scree
both sums are below their associated limits, the dr

not, then go to step 5.

5. Compute the drum-specific MLEL, drum-specific M
innermost concentrations of flammable VOCs, hydroge
6. Compare the flammable VOC, hydrogen, and methan
specific MLEL and compare the hydrogen and methane
specific MPHMC. If both sums are below the drum-spe
may be shipped.

7. If at least one of the sums exceeds the respect
flame test that simulates the gas mixture. If the f

that the mixture is not flammable, the drum may be

the waste must be either repackaged and reevaluated
must be taken, such as waste treatment.

Fig. 2

SUMMARY

The methodology may substantially increase permissi
flammable VOCs and consequently, the number of drum
to the WIPP facility without treatment or repackagi
would alleviate schedule impacts associated with ne
drums in accessible storage. The increase would als
cost impacts associated with waste repackaging or t
because the methodology incorporates experimental d
predictive modeling of actual drum lower explosive
conservative screening of flammable gas concentrati
defensible and appropriate.

This work will be integrated with several other ong
Specifically, the results of the drum headspace gas
being performed by the INEL and the RFETS under the
develop the flammability screening limits. The resu

Gas Generation Testing Program and the TRUPACT-II M
Program will be used to establish new wattage limit
TRUPACT-II compliance documentation will have to be
the revised container wattage limits. Based on the

and the new methodology for determining flammabilit
an amendment to the TRUPACT-II Certificate of Compl
submitted to the NRC for approval.
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TRANSFORMATION OF SOLID PHASES DURING THE STORAGE PRADIOACTIVE PULPS IN
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ABSTRACT

One of the aspects of the problem connected with th
heterogeneous wastes accumulated over the period of
radiochemical plutonium-producing enterprise is con
goal of the work is the evacuation of radioactive w
tanks and the decontamination of the wastes by remo
radionuclides from the solid phase. The assessment
composition of the precipitates is made using an X-
analysis. The results obtained indicate that during
several decades, the wastes have undergone signific
INTRODUCTION

At present, the amount of various radioactive waste
decontamination or treatment technologies have been
is very large. As a rule, radioactive pulps were di

a temporary storage. These tanks have a limited ser
addition, the problems of treatment of the radioact
residue) formed in surface storage reservoirs for |
pools for the storage and handling of fuel elements
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The development of the strategy of treatment of the
both technological and ecological aspects, because
sludges contain a large amount of long-lived radion
\7a\l-emitters. In addition, any method of treatmen
allow for the technological capabilities of any spe
economic characteristics of the process, and accept
The determination of the most efficient method of t
possible, if true information about the state of th

is available. For the pulps, the data on the phase
macrocomponents and the chemical forms of the exist
by the time of the beginning of waste treatment are
information obtained thus far indicates that the pr
the pulps and sludges undergo structural transforma
macro- and microcomponents.

This work is one of the stages of the development o
technology of treatment of heterogeneous wastes and
of the compositions of the phases formed during a |
precipitates in tanks.

TECHNICAL DISCUSSION

Table | shows the results of the chemical analysis
taken from different tanks with a volume of 3000 m3
ferroconcrete and having the form of cylinders with
height 30 m. These tanks are clad with 4-mm thick s
installed in a rocky soil. Over 30 years, the first
used for the storage of mainly ferrocyanide precipi
(sample 2) was used for the storage of hydroxide pr
hydroxides, aluminum, silica gel, etc.). Prior to a
were compacted by a 3-day setting.

Table |

The sludge samples (200 cm3) were taken through the
part of the tank, using a special sample-taking dev
As follows from the results of Table I, the solid p
characterized by a comparatively large concentratio
elements (uranium and plutonium) and a significant
activity.

The samples of the precipitates designed for X-ray
studies were washed 8 - 10 times with hot distilled
were centrifuged, and the liquid phase containing w
impurities was decanted. The solid phase was dried
result of this washing, virtually all uranium was r
phase, which was confirmed by the spectral analysis
concentration of water-soluble impurities in the sa
using an X-ray diffraction analysis. For this purpo
diffraction patterns of the precipitates formed aft

the decantates were recorded. These X-ray diffracti
compared with the X-ray diffraction patterns of the
samples. The latter did not show reflections charac
soluble compounds.

Table Il shows the sets of interplane distances for
investigated. The X-ray diffraction patterns of the
complicated character and indicate the presence of
phases in the precipitate. All X-ray diffraction pa
halo in the low-angle range, which is characteristi
Table Il
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The X-ray diffraction pattern of sample 1 indicates
crystalline ferrocyanide phases in the precipitates

On the basis of the chemical composition of the sol
conditions of their storage (long-term action of hi
fields of ionizing radiation), a phase possessing t
distances characteristic of the hematite mineral (a
(1). Note that this phase is present in the sludge
different tanks. The color of natural hematite chan
black. The color of real sludges also changes in th
Theoretically, the composition of the hematite mine
the formula Fe203 powever, natural hematite always
The presence of impurities in the hematite structur
the crystal lattice parameters, which is observed i

In addition, the X-ray diffraction pattern also sho
interplane distances consistent with the crystal st
takovite mineral (2). This mineral belongs to the g
and has composition Ni5AI402(0OH)10'6H20. The takovi
after the treatment of sample 1 with a solution of

The set of interplane distances characteristic of h

for sample 2 after the subtraction of the reflectio

the kyanite or disthene mineral (3). This mineral (
the class of silicates. The reflection intensities
prevalence of the hematite phase in the precipitate
Table I

The X-ray powder diffraction, IR spectroscopic, che
analyses that the sludges do not contain the phases
disposed into the storage tanks. As a result of a |
fields of ionizing radiation and, as a consequence,
temperatures, the chemical forms found in this hete
underwent transformations. This was accompanied by
M and M-O-M bonds, the decomposition of the initial
and the formation of new crystalline phases.

The processes of the transformation of the solid ph
certain extent, similar to those that take place du
hydrogeneous-mineral deposits in a geological mediu
The transformation of the macrophase was accompanie
transformation of the chemical forms of long-lived

is particularly important for plutonium present in
colloidal forms. Thus, the formation of mixed phase
macrocomponents of the precipitate and an increase
of the plutonium hydroxide species were observed. T
that similar processes do take place are the result
on the solvent extraction of plutonium with nitric
hydroquinone (4). In the presence of hydroquinone,
increase in the silicon and plutonium concentration
was observed. Experiments on model systems were car
refine the character of the process and to determin
(1) ions.

The results of the study of the system composed of
gel and plutonium hydroxide after heating for 200 h
the assumption about a possible interaction between
the formation of a common phase, in the course of a
subsequent treatment of the resulting precipitate w

the absence of

id phases and the

gh temperatures and
he set of interplane
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solution of hydroquinone, Pu(IV) was reduced to Pu(
compounds with silicon decomposed, and these elemen
The redox processes, which took place in the pulps,
of new phases with crystal structures of minerals s
kyanite etc. The properties of these phases in thes
systems somewhat differ from those of pure phases o
identified. The chemical stabilities of these phase
methods for the selective dissolution of individual
developed.

CONCLUSIONS

The experiments on modeling the processes occurring
storage of sludges in tanks allowed us to determine
plutonium fission products and various valent forms
including colloidal species, during the transformat
phases of the macrocomponents in these heterogeneou
Based on these data, we developed a technology of t
decontamination of the sludges. With a minimal diss
macrophase, this technology allows a high-efficienc
lived radionuclides from the sludges. As a result,
secondary radwastes, both liquid and solid, decreas
about the structures of the precipitates at differe
treatment helps to optimize the process of the subs

of these phases.
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PRIMARY STUDY OF SEPARATION OF CESIUM FROM WASTE SQUTION OF SPENT FUEL
IN CHEMICAL PREDISPOSAL WITH CRYSTAL AMMONIUM MOLYBPHOSPHATE (AMP)

BEFORE VITRIFICATION
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Beijing Normal University
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Beijing 100875 China

ABSTRACT

Ammonium Molybdphosphate(AMP) is one of significant
for separation of cesium from high level acid liqui

but the formerly prepared AMP were microcrystals, w
difficult to apply in a column test. For the first

granular crystal of AMP by taking advantage of equi
and P2074- in acid solution. The static ion exchang
was 0.63mmol/g and the distribution coefficient Kd
HNO3. The dynamic ion exchange capacity for cesium
simulated HLLW. After absorbing 2106 Gy dose from 6
properties did not change.The results of experiment

inorganic exchangers
d waste (HLLW) (1,2),
hich was very

time, we obtained
librium between PO43-
e capacity for cesium
was 350ml/g in 1 mol/l
was 0.55mmol/g in
0Co, the ion exchange
s indicated granular



AMP was one of the best chemical pretreatment mater
HLLW.
INTRODUCTION
In reprocessing a large amount of HLLW was produced
which came from Purex process is a concentrated aci
contains fission products and has a very high salt
nonradioactive nuclides such as Na, Al, Fe, Ni, and
time in storage, the short lived nuclides decayed.
comes from the long half-life nuclides in which the
90Sris 1.31012 and 9.31011 Bg/L. Table I gives the
Chinese HLLW in a typical storage tank.
There are two ways for disposing of this type of HL
and vitrification. Chemical treatment could be divi
The first step is separating cesium and strontium.
extracting transuranics from HLLW (3). After chemic
activity of the HLLW will be reduced 103 or more. T
lower level radioactive waste stream that could be
and disposed of in near surface with an engineered
elements and 99Tc, which is only about 1% of salt c
Chinese HLLW, can be transmuted to either stable or
nuclides. They can also be incorporated into a glas
into a deep geologic repository. The separated 137C
beneficially used or encapsulated for near surface
Table |
The characteristic of chemical treatment are:
the radioactive nuclides can be recovered and reu
disposal processes such as ion exchange and extra
the disposal cost is lower
The research work of inorganic ion exchanger for se
and strontium-90 was very extensive and mature. Som
exchangers have good selectivity. When the waste so
through the column, only cesium or strontium are ab
inorganic ion exchanger is an ideal material for re
strontium, applying them is very difficult in a col
have some drawbacks and most of them are microcryst
granular crystals of AMP for recovering cesium, whi
successfully. The preparation and behavior of granu
in this paper.
EXPERIMENT
Synthesis of AMP
Potassium pyrophosphate solution (0.025 mol/l in 1
ammonium molybdate solution(0.2 mol/l in 1 mol/LHNO
temperature, in a volume ratio of 1:1. Aging about
crystal precipitated and were separated with filter
temperature. After crushing up and sifting this cry
AMP was obtained.
Analysis Composition and Structure of AMP
The content of NH4+ in sample was determined by dec
with 10% Sodium hydroxide solution and changing NH4
absorbed by standard sulfuric acid, then titrating
with standard alkali. The content of phosphor and m
determined by spectrophotometric method.

ial before vitrifying

. The Chinese HLLW
d solution which
content, especially
Cr. After a period of
The radioactivity
activity of 137Cs and
main composition of

LW, chemical treatment
ded into two steps.
The second step is

al treatment, the

he waste becomes a
solidified in cement
barrier. The TRU
ontent of original
short half-life

s matrix and disposed
s and 90Sr could be
storage.

sed
ction is easier

parating cesium-137

e inorganic ion

lution is passed
sorbed. Although
covering cesium and
umn test because they
als. We synthesized
ch solved the problem
lar AMP is described

mol/LHNO3) and

3) are mixed at room
two weeks, yellow
and dried at room
stal, the sample of

omposing NH4+ from AMP

+ to NH3, which was
this acid solution
olybdenum was



The structure analysis of AMP was determined by FT-
(Nicolet 170SX U.S.A)), X-ray diffraction (Rigacu D
Electron-microscope (T-605 Japan).

Determination of lon Exchange Behavior of AMP Cryst
Took 0.1 g AMP and 20 ml 0.005 mol/l cesium or vari
mol/l HNO3) in small bottle, and shaked in thermost
the concentration of cesium in the solution at diff

the equilibrium curve and distribution coefficient
exchange capacity Q. The Kd and Q value are calcula
formula:

Eq.1

Eqg. 2

Co, C: concentration of original and equilibrium so
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
temperature was 20C, flow rate was 1BV/hr. The feed
simulated Chinese HLLW.

RESULTS AND DISCUSSION

Composition of AMP Sample

The analytical results of sample were compared with
(NH4)3PM0120404H20 as Table Il shows.

Table Il

The composition of AMP sample was in accordance wit

composition of (NH4)3PM0120404H20 within an accepta

Structure Analysis of AMP Sample

The IR and X-ray diffraction analysis of samples we
standard literature illustrations of (NH4)3PM012040
omitted in this paper.

Composition analysis and structure analysis confirm

(NH4)3PM0120404H20. From the electron microscope ph

sample was cubic crystal.
Fig. 1
The lon Exchange Behavior of AMP Crystal
The equilibrium curve of cesium was measured by sta
sampling at different times as shown in Fig. 2.
Fig. 2
From the curve the ion exchange equilibrium time of
hours. The static ion exchange capacity Q was 0.63
coefficient Kd was 350 ml/g. The Q and Kd of variou
by static method. The concentration of these ion wa
instrument. The results as following Table .
Table Il
In dynamic tests of AMP sample with simulated Chine
concentration in the effluent vs effluent volume V(
breakthrough curve as in Fig. 3. From the curve, th
capacity was 0.51 mmol/g, 50% breakthrough capacity
Fig. 3
The radiolytic stability of the sample was tested w
significant change in exchange properties occurred
2106 Gy was absorbed.
CONCLUSION AND APPLICATION

Both the crystal AMP and microcrystal AMP have sa
exchange.

IR Spectrometry
MAX-2000 Japan), and

al

ous ion nitrate (in 1
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erent time obtained
Kd and static ion

ted by the following

lution.

is 4), operating
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theoretical value of
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ble error.
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Crystal AMP is a good material for column testing
AMP column removal of cesium-137 from HLLW could
for vitrification.

be a predisposal step

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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THE NEPTUNIUM-PROBLEM: CORRELATION OF NP(1V), NP(V)  AND NP(VI) WITH HNO2

IN NITRIC ACID SOLUTIONS - POSSIBLE ADJUSTMENT OF T HE NEPTUNIUM-VALENCE-
STATE IN AN ADVANCED PUREX-PROCESS FOR PARTITIONING AND TRANSMUTATION
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ABSTRACT

One of the mostly striking problems of modern repro
PUREX-Process is the uncontrolled spread of neptuni
product streams of a reprocessing plant, which is d
complicated redox chemistry of this actinide in nit
According to the ideas of P&T, a strategy has been
quantitatively directing the neptunium into the fis
stream from which it can be isolated together with
order to provide them for future transmutation. Rea
the neptunium must be prevented from being coextrac
uranium and plutonium in the first extraction cycle
For that purpose the feasibility of a complete redo
element to unextractable Np(V) has been theoretical
investigated. As a first approach the behavior of n
acid systems of different acidities has been studie
more information about the initial valence-state di
element after the dissolution of spent nuclear fuel
results of these studies the major part of neptuniu
present as Np(V) at the end of the dissolution proc
obvious influence of nitrous acid on the neptunium
equilibrium, a complete redox conversion of the act
possible by controlling the concentration of nitrou
solutions. First attempts started with a valence st
estimated for the feed solution of the PUREX-Proces
Np(V)-conversion rates of more than 94%. Thereby a

- Quality Assurance

cessing based on the
um over the different
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ric acid solutions.
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controlling the concentration of nitrous acid has b
advantage of excluding the production of any second
avoid a later rearrangement of the neptunium-valenc
several reducing reagents have been tested for thei
stabilizing Np(V). Some rather promising results ha
employing urea and hydrazine. In the presence of th
Np(V)-percentage could be enhanced to nearly 100%.
All chemicals used to treat the aqueous waste solut
CHNO-principle. According to that an increase in se
avoided by the use of reagents that are completely
only non-toxic gases and solutions such as CO2, N2
INTRODUCTION

Several years ago the idea of Partitioning and Tran
born, with the purpose of minimizing the long term
by a selective separation of long lived isotopes,ac
products, and their later destruction by irradiatio

the supporters of this vision wanted to achieve a d
the radiotoxicity of HLW having in mind the reduced
its long term storage. Due to the restricted possib
techniques as well as irradiation technologies in t
P&T seemed to fail. Thanks to the rapid development
e.g. new accelerator driven neutron sources attaini
flux densities, P&T has gained new importance in re

new P&T-programs have been launched in several coun

community in order to investigate either the necess
separation techniques or suitable irradiation assem
the problem of Partitioning, many flow sheets have
sometimes tested in cold or hot runs proposing diff
methods for actinides and fission products (3). Mos
conventional reprocessing suggesting a combined iso
elements after a complete removal of uranium and pl
fuel. As far as these proposals for the waste handl
liquid-extraction as a separation means, they norma
PUREX-Process. Until today this process has been su
in many countries in order to recover uranium and p
nuclear fuel and to make them available for further
The extracting reagent used is Tri-n-butyl-phosphat
organophosphorous reagent that exhibits good extrac
towards tetra- and hexavalent actinides in nitric a
nearly quantitative recovery of uranium and plutoni
Unfortunately there is one other actinide - neptuni
similar redox chemistry and therefore is also accum
decontamination cycle (4).

Neptunium is mainly generated from U-238 by neutron
irradiation of fuel elements in nuclear reactors. O

fuel in nitric acid at the head end of the reproces
neptunium, initially present as NpO2, is partly oxi
equilibrium of three valence states is established
Np(V) and Np(VI) (5). The extraction behavior of th
states is quite different. With respect to the extr

TBP as described above, Np(IV) and Np(VI) are remov
uranium and plutonium from the feed solution of the
contrast to that hardly any reagent exists which ca
aqueous solutions. As a result the neptunium spread

een applied having the
ary waste. In order to
e-state-equilibrium

r ability of

ve been obtained on
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PUREX-process being finally contained in the uraniu
fraction as well as in the fission product waste st
Fig. 1

Regarding the radiotoxicological long term risk cau
uncontrolled spread is unacceptable. According to t
safe nuclear waste management and meeting the idea
the objective of any basic research work aiming at
of actinides and fission products from spent nuclea
strategy of advanced reprocessing which will includ
for neptunium during the process. This defined rout
coextraction of the element together with uranium a
first extraction cycle of the PUREX-process or its
waste from which it could then be isolated together
transuranium elements providing them for further tr
to the process-handling as well as the production o
latter proposal seems to be more favorable and thus
the objective of our research work since about two
Due to the fact that the extraction behavior of nep
fundamentally depends on the valence-state in which
present in the feed solution of the PUREX-process,
had to be found that allows to control the redox-ch

in nitric acid solutions. Thus a strategy was inves
total transfer of neptunium to Np(V) and thus hinde
extracted by TBP in the first extraction cycle of t

In order to realize this idea, the composition of t
state distribution as well as its dependence on sev
factors in nitric acid solutions were determined.
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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
neptunium in the feed solution of the PUREX-Process
actinide in the end of the dissolution of spent nuc

acid was studied. For simplifying the first theoret
presence of plutonium and iron in the spent fuel wa
At the head-end of a reprocessing plant the irradia
dissambled, shorn and subsequently dissolved in nit
molarities (6-2M) under slightly boiling conditions

this procedure the uranium, initially present as ur

is oxidized to uranyl (U(VI1)), which forms a water
complex:

2 UO2 + 6 HNO3 2 UO2(NO3)2 + NO2

As it can be seen from Eg. 1, nitric oxide and nitr
formed in the course of this reaction. In spite of

being released from the solution, the gas will be p
nitric acid leading to the formation of nitrous aci

the neptunium will also be oxidized during the diss
following a reaction (see Eq. 2) quite similar to E

2 NpO2 + 6 HNO3 2 NpO2(NO3)2 + NO2 + NO
In contrast to the quite stable uranyl the analogou
subjected to a steady reduction mainly depending on
as the amount of nitrous acid in the aqueous soluti
state equilibrium of Np(1V), Np(V) and Np(VI) is es

2 NpO2+ + NO3- + 3H+ 2 NpO22+ + HNO2 + H20
2 NpO2+ + 4 H+ Np4+ + NpO22+ + 2 H2

3

-state equilibrium of
the behavior of the
lear fuel in nitric

ical approach the

s omitted.

ted fuel elements are
ric acid of varying

. In the course of
anium dioxide (U(1V)),
soluble nitrate-

+ NO + 3H20 (@8]
ogen dioxide are

the major part of NOx
artly dissolved in the
d. Like the uranium,
olution process

g. 1.

+ 3 H20 (2)

S neptunyl is

the acidity as well
on. Thus a valence-
tablished.

O (4)



According to literature (5) equation (3) summarizes
oxidation-reduction-mechanism, in which the nitrous
of a catalyst. The overall redox reaction is known
the disproportionation of Np(V) (see Eqg. 4), which
only at higher acidities and elevated temperatures
Thus, the scale of the Np(V)/Np(VI)-ratio at the en

of the spent fuel can be estimated by focussing on
purpose the quantitative development of nitrous aci
dissolution of uranium dioxide was recorded in some
experiments. It was found to shift from about 5E-4
to about 3E-3 mol/l at the end of the process. Afte
concentration of nitrous acid was reduced again yie
5E-5 mol/l. This last figure is estimated to corres

in the feed solution of the liquid-liquid extractio
adjusted to about 2 mol/l. Derived from the equilib
the Np(V)/Np(VI)-ratio was calculated. According to
oxidation state distribution of neptunium at the en
process should reveal a clear excess of Np(V).

In order to compare the theoretical approach with e
experiments were carried out under the same conditi
end of the dissolution process. Thus the concentrat
adjusted to 2 mol/l. At the same time the amount of
aqueous solution was controlled by the introduction
neptunium added to the reaction vessel initially co
as expected to be contained in the nuclear fuel (Np
taken after certain periods of time and were analyz
valence state composition.

Table |

The results of these determinations are depicted in
them a relatively quick development of a valence st
observed which could not be surveyed within the tim
the off-line determination of the neptunium oxidati
this equilibrium revealed a maximum in Np(V) wherea
was drastically reduced. With respect to the obtain
state distribution seemed to depend on the nitrous
well as on the temperature. This became evident on
distribution of oxidation states determined in the

and without heating. At elevated temperatures the o
disproportionation of Np(V) was obviously accelerat
increased percentage of Np(IV) and Np(VI) (see Eq.
In the Presence of Plutonium

With plutonium and iron present in the real nuclear
chemistry of neptunium in the dissolver as well as

of the PUREX-Process might be basically influenced.
investigate this influence the experiments as descr
repeated in the presence of iron which was used to
presence of plutonium due to their similar redox po
seen from Table | the Np(V)-percentage increased ob
92% after cooling. Simultaneously the amount of Np(

reduced to 1,05% and 7,2% respectively. This unexpe

comproportionation may be explained as follows:
In high molar nitric acid solutions plutonium and i
oxidized to higher oxidation states (Pu(lV) and Fe(
(7, 8) these ions will oxidize Np(lV) yielding Np(V

a rather complicated
acid reveals the role
to be much faster than
will be significant
(5,7).
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Np4+ + Pu4+ + 2H20 NpO2+ + Pu3+ +4H+ (5
Np4+ + Fe3+ + 2 H20 NpO2+ + Fe2+ + 4H+  (
On the other hand the reduced species Pu(lll) and F
reduction of Np(VI) (see Eq. 8).

NpO22+ + Fe2+ + 2 H20 NpO2+ + Fe3+ @)
Thus, finally the presence of plutonium and iron le
comproportionation and further increase in Np(V) in
NEPTUNIUM VALENCE STATE COMPROPORTIONATION
As it has been shown, the valence state equilibrium
nitric acid solutions strongly depends on the amoun
present. In solutions with an acidity of not more t
Np(V) is to be expected. This excess is even enhanc
iron and plutonium. Thus, the idea of a complete co
the neptunium valence states to Np(V) seems to be r
temporal limited control of the concentration of ni
Once a complete comproportionation has been achieve
the neptunium valence state equilibrium has to be e
be realized by the application of a reducing reagen
any Np(V) from being reoxidized to Np(VI). Therefor
followed two different objectives.

Np Valence State Comproportionation by Controlling
The comproportionation experiments were carried out
conditions as the studies of the neptunium redox-be
dissolution of spent fuel. Therefore a certain amou
dissolved in 2M nitric acid. The valence state comp
solution was adjusted to the distribution estimated

of the solvent extraction according to our precedin
Nitric oxide was bubbled through the reaction vesse
nitrous acid. The concentration of nitrous acid was
temperature as determined in some preceding cold ru
from the solution in certain time-intervals and wer
composition of the neptunium valence state distribu
Table Il

Generally speaking the valence state conversion of
successful even though the obtained Np(V)-percentag
satisfying as yet. As depicted in Table Il the meas
were in a range of 80-94% in Np(V) depending on bot
(amount of nitrous acid) and the reaction time. A d
percentage with increasing temperature was obvious.
one hand to the lower molarity of nitrous acid in t

on the other hand to the kinetics of the disproport

5. Referring to the valence state distribution as o
different periods of time a maximum of Np(V)-compro
be attained after 1h. With proceeding reaction time
was reduced. This reduction was mainly caused by a
acid in the reaction vessel with a continued introd
oxide.

2NO+02 2NO2 (8)

2 NO2 N204 DH>O

N204 + H20 HNO2 + HNO3  (10)

As can be seen from the Eqg. 8-10 the immediate oxid
in the oxygen-containing aqueous solution forms nit
8) which will partly dimerize to dinitrogen tetraox

the presence of water, the dimer itself disproporti

)
6)
e(Il) might cause a

adsto a
the aqueous solution.
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as well as nitric acid (see Eq. 10) and thus leads
Caused by this rise in acidity the oxidation (see E
disproportionation of Np(V) also increase (see Eq.
resulting in the formation of more Np(VI). If highe
neptunium shall be obtained the increase in acidity
This could be achieved either on working at lower ¢
nitric acid or on reducing the hydrolysis of dinitr
controlling the reaction temperature.

Np Valence State Stabilization After the Valence-St
With respect to the preceding results the neptunium
equilibrium is probably to be rearranged even if a
the actinide has been achieved. To exclude any furt
several organic and inorganic reagents have been te
to stabilize Np(V) in nitric acid solutions due to
character. All reagents used were in good correspon
principle which proposes to employ only those mater
of nuclear waste that are completely incinerable in
increase in secondary waste. Substances meeting thi
therefore contain only carbon, hydrogen, nitrogen a
chemical structure.

The experiments started with an initial Np(V)-perce
The molarity of the nitric acid was varied from 1 t
addition of the reducing reagent the composition of
state equilibrium in the solution was determined af
time. The promising results for two reagents that h
tested (urea and hydrazine) are shown in Table 111,
Table Il

As expected they reveal an obvious increase in the
(99,7% in the maximum) due to the reduction of Np(V
formation of Np(IV) could not be observed. Possible
reactions of urea and hydrazine with Np(VI) are pre
Eqg. 12.

CO(NH2)2 + 6 NpO22+ + H20  CO2 + N2 + 6 NpO2+ +

N2H4 + 4 NpO22+ 4 NpO2+ + N
Evidence for these mechanisms has been given by the
observation: According to Eqg. 11 and Eqg. 12 the red
yields a plain decrease in pH. Thus, on the other h
rate should decrease with rising acidity. By compar
rates obtained at different concentrations of nitri
Table Ill, this correlation seems to be proved.
CONCLUSION

With respect to our studies on the behavior of nept
dissolution of spent nuclear fuel, the major part o
present as Np(V) in the feed solution of the PUREX-
complete conversion of the element to its unextract
state seems to be possible by taking advantage of t
between the neptunium valence state equilibrium and
formed in the aqueous solution. The conversion rate
preliminary tests attained a maximum Np(V)-percenta
general feasibility of a neptunium comproportionati
clear dependence of the valence state conversion on
kinetic influences makes us believe that an optimiz
can be achieved in the future. Even if a quantitati

has not been achievable yet due to the ambivalent c

to a higher acidity.

g. 3) and the

4), predominantly
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acid, this might be realized by the application of

which exhibit stabilizing as well as enhancing feat

nitric acid. The most promising results have been o
urea or hydrazine as a reductant yielding a Np(V)-p
100%.

Although a complete comproportionation of neptunium
of the PUREX-Process seems to be possible, some fur
still required as several questions have not yet be

the most important aspects in this context will be

and plutonium in the real feed. According to our th
experimental studies on the dissolution process, th
initially cause a larger amount of Np(V). But it ha

that any manipulation of the neptunium valence stat
also effect the redox chemistry of these two elemen

of strongly reducing reagents could lead to a disad

of Pu(IV) to the unextractable Pu(lll) as it is kno

Thus the coextraction of uranium and plutonium in t
decontamination cycle of the liquid-liquid extracti
Furthermore the possibility of a later separation o

HLW has to be investigated with respect to the fina
Therefore an oxidation of the actinide is proposed,
conversion to the extractable species Np(V1).
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ABSTRACT

As a result of former reprocessing operations, two
radioactive waste (HLW) were generated at the Weste

Service Center (WNYNSC) located in West Valley, NY.

uranium extraction (PUREX) waste and thorium extrac
In 1980, the West Valley Demonstration Project (WVD
authorizing the Department of Energy (DOE) to condu
project at the WNYNSC. As part of the Act, the appr
liters of HLW generated are to be processed and sol
vitrification.

As a result of vitrification operations, residual a
described above and cesium (Cs)-loaded zeolite, a h
exchange waste stream generated from vitrification
operations, will be present in underground carbon s
an on-site Tank Farm. Research is currently being c
Pacific Northwest National Laboratory (PNNL) on the
which has been proposed to facilitate the removal o
these high-level and high-activity wastes.*
Laboratory-scale tests performed by PNNL have been
optimum conditions in terms of acid-to-waste ratio,
temperature of acid. In addition, the effects of mu
term contacts, the presence of corrosion products,
and the temperature of tank contents were evaluated
this research are to maximize the removal of the re
carbon steel tanks, minimize the dissolution of iro

and provide a feed that is compatible with the curr
waste form specification.

INTRODUCTION

Approximately two million liters of HLW were genera
at a commercial nuclear fuel reprocessing plant loc
West Valley, NY. The waste, which consisted of alka
supernate, and acidic liquid, was placed into two t
site for storage.

The largest volume fraction of waste was generated
spent uranium fuel using the PUREX process. Waste f
was neutralized with sodiumhydroxide (NaOH) for sto
tank designated 8D-2. Neutralization resulted in a
sludge that settled to the bottom of the tank and a
solution. The acidic liquid originated from the pro

(Th) fuel from the Indian Point | reactor using the
waste was stored in a stainless steel tank designat
Cs-loaded zeolite, a high-activity waste, was gener
pretreatment operations, which used zeolite in an i

types of high-level

rn New York Nuclear
These were plutonium
tion (THOREX) waste.
P) Act was passed

ct a HLW management
oximate two million
idified by

mounts of the HLW
igh-activity ion
pretreatment

teel tanks located in
onducted at the

use of oxalic acid,

f residual amounts of

used to determine the
contact time, and the
Itiple contacts, long-
the lack of agitation,

. The objectives of
sidual wastes from the
n, minimize corrosion,
ent vitrification

ted during 1966 - 1972
ated at the WNYNSC in
line sludge, alkaline
anks located on the

during reprocessing of
rom the PUREX process
rage in a carbon steel
precipitated hydroxide
supernatant salt
cessing of thorium
THOREX process. This
ed 8D-4. Additionally,
ated from the WVDP
on-exchange process



designed to remove radioactive cesium from liquid H
columns and the spent zeolite are stored in a carbo
designated 8D-1.

In preparation for vitrification operations, the sp
removed from Tank 8D-1 and transferred to Tank 8D-2
zeolite, however, will be left behind. As a result
operations, a residual mixture of PUREX waste, THOR
Cs-loaded zeolite will remain in Tank 8D-2. The dec
removal of residual wastes by eluting the radioacti
dissolving the sludge, which will result in a trans
radionuclides to the Vitrification Plant and a decr
radioactivity remaining in the tank, is being evalu
stabilization objectives for these tanks.

Oxalic acid has been studied as a decontamination r
reactors and equipment. It may also be used to elut
to dissolve sludge. Previous laboratory studies sho

be used to elute Cs from zeolite at a level of 88-9
days when 0.8 molar (M) oxalic acid is added to zeo
acid/kilogram (kg) zeolite.** These studies have al
maximum of 66 weight % (wt%) of washed sludge can b
moles of oxalic acid per unit of washed sludge (equ
PUREX sludge and supernate plus THOREX precipitated
it has been reported that over 95% of the sludge fr
Plant's Tank 16H was dissolved using 8 wit% oxalic a
agitation in a two-step dissolution process (50 hou
initial reagent-to-sludge volume of 20:1.

The purpose of this paper is to discuss the researc
conducted at PNNL. The results from a series of exp
strength of oxalic acid, the number of contacts, an
contacts will be discussed in terms of the followin
maximize the removal of HLW from the carbon steel t
dissolution of iron, minimize tank corrosion, and p
compatible with the current vitrification waste for
CESIUM ELUTION EXPERIMENTS

These Cs elution experiments were performed in 500
reaction vessels, with ports for thermocouples, sti
sampling, as shown in Fig. 1. Nonradioactive Cs-loa
in the bottom of the reaction vessel and covered wi
simulate the basic environment in Tank 8D-1. The 8
then added. The vessel was sealed using vacuum grea
heating mantle with a temperature controller progra
temperature at 50C (unless otherwise noted), which
temperature of the material in Tank 8D-1 . A stirri
each vessel and the contents of the vessel were agi
test period (unless otherwise noted) to simulate th
mobilization pumps. Tests were run for 50 hours (un
and sampling was performed at 2, 4, 20, 28, and 50
(unless otherwise noted). When sampling was being p
the material in the vessel was stopped and the mate
to settle for five minutes. After five minutes, a 5

from the supernate and analyzed by Inductively Coup
Spectroscopy (ICP-MS) for Cs content.

Fig. 1
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Some of the Cs elution experiments performed includ
of optimum process conditions, 2) multiple contact
determine the effects of additional conditions such
corrosion products and carbon steel coupons, no agi
temperature of tank contents.

The determination of the optimum process conditions
zeolite involved six tests. The variables in this e

ratio of oxalic acid to zeolite, the temperature of
contact time.

The multiple contact experiment involved four tests
process conditions previously determined, Cs-loaded
with fresh oxalic acid three times for two hours. T
were chosen because previous experiments indicated
the Cs was eluted after two hours. After each conta
approximately 5 ml of supernate was drawn from each
analysis and the rest of the supernate was removed
types of tests were performed for this experiment,
rinse of the zeolite after each contact and one wit
The effects of several additional conditions on Cs

at the optimum process conditions were also evaluat
corrosion products in Tank 8D-1 and their effect on
examined by adding iron oxide (Fe203) as a simulant
equivalent to 2400 kg of rust at the bottom of the
vessel.

The effect of carbon steel coupons on Cs elution wa
steel coupons were pre-weighed and suspended inside
so that they were completely submerged in the oxali
coupons used for this test were prepared from large
earlier West Valley Nuclear Services (WVNS) corrosi
coupons, after being measured and weighed, was left
rusted layer on the surface. The other coupon was ¢
acid cleaning solution to remove the rust layer. On

coupon was measured and weighed. When the test was

were removed from the vessel, rinsed in deionized w
temperature, and then re-weighed to determine weigh
corrosion rates.

The effect of no agitation was examined using a ves
usual manner, but without a stir shaft. The effect
temperature over 50 hours, rather than the 50C bath
examined. The 25C bath temperature reflects conditi
tank contents are at ambient temperature; while the
reflects the effects of both radiolytic decay heat
pumps used to agitate the tank contents. The final
experiments was a control run at optimum process co
to ICP-MS analysis for Cs concentration, the sample
were also analyzed for iron (Fe) and aluminum (Al),
oxide components of the zeolite.

SLUDGE DISSOLUTION EXPERIMENTS

As with Cs elution, the sludge dissolution experime
Pyrex reaction vessels, with ports for thermocouple
sampling, as shown in Fig. 1. An appropriate amount
was added to the reaction vessel, followed by an ap
wit% oxalic acid. The vessel was then sealed using v
placed in a heating mantle with a temperature contr

ed: 1) determination
tests, and 3) tests to
as the presence of

tation, and the

for Cs elution from
xperiment were the
the acid, and the
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hold the temperature at 50C (unless otherwise noted
expected temperature of the material in Tank 8D-2.
placed in each vessel and the contents of the vesse
throughout the test period (unless otherwise noted)
effects of pumps in Tank 8D-2. Tests were run for 5
otherwise noted) and sampling was performed at 2, 4
of contact time (unless otherwise noted). When samp
performed, agitation of the material in the vessel
material was first allowed to settle for five minut
minutes, approximately 5 ml were drawn from the sup
ICP-MS. In some of the experiments, the supernate w
lon Chromatography (IC) for oxalate concentration.
most of the experiments, the solids were separated
vacuum filtration then dried and weighed to determi
dissolved during the experiment.

The determination of the optimum process conditions
dissolution involved six tests. The variables in th

ratio of oxalic acid to sludge, the temperature of
contact time.

The multiple contact experiment involved two tests.
process conditions previously determined, sludge si
with fresh oxalic acid three times for two hours. A

ml sample of supernate was drawn from each reaction
analysis. Two types of tests were performed: in the
acid in the vessel from each contact was removed af
fresh oxalic acid was added; in the second test the
removed after each contact.

The effects of several additional conditions on slu
optimum process conditions were also evaluated. The
presence of corrosion products in Tank 8D-2 was exa
as a simulant. An amount of Fe203 equivalent to 240
bottom of the tank was added to the vessel.

The effect of the presence of carbon steel coupons
steel coupons were pre-weighed and suspended inside
so that they were completely submerged in the oxali
coupons used for this test were prepared from large
earlier WVNS corrosion tests. One of the coupons, a
and weighed, was left "as received" with a rusted |
The other coupon was cleaned in an inhibited acid ¢
remove the rust layer. Once cleaned the "clean” cou
weighed. When the test was complete, the coupons we
vessel, rinsed in deionized water, dried at room te
re-weighed to determine weight loss and estimate co
The effect of no agitation was examined using a ves
usual manner, but without a stir shaft. The effect
temperature over 50 hours, rather than the 50C bath
examined. The final test for this set of experiment
was run using the optimum process conditions.

In addition to the experiments described above, at
third, fourth, and fifth experiments, a determinati
remaining was made. At the completion of each of th
of the supernate was drained off and collected. The
was poured through a vacuum filtration apparatus an
collected on a piece of filter paper of known weigh
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dried at room temperature for 24 hours and then wei
dissolved during the experiment could then be calcu
weight of simulant used in the experiment and an in
of 21.24% solids, which includes solids that were d
supernate as well as undissolved solids.

CESIUM ELUTION RESULTS

The experiments performed show that for Cs elution
parameters tested resulted in a distinguishably hig
however, a multiple contact process appears to prov
of elution compared to a single contact. Addition o
the presence of carbon steel coupons, and the lack
produced approximately the same level of Cs elution
different from the control, after 50 hours of conta

Cs elution was decreased slightly, however, when a
instead of the 50C bath used in most of the tests.

of Fe203 did not appear to have a significant effec
Cs, almost all of the Fe203 added to the system was
results suggest that rust present in the tank may b
oxalic acid. Other tests in which carbon steel coup
suggest that oxalic acid may be corrosive to carbon
amounts of Fe appeared in solution than would be ex
zeolite.

Determination of the optimum process conditions for
zeolite involved six tests. The variables examined
acid (20, 40, or 80 L of 8 wt% oxalic acid per kg o

2) the initial temperature of the added oxalic acid
the total contact time (2, 4, 20, 28, or 50 hours).

The results of this set of tests are summarized in
shows, no one set of conditions consistently produc
level at each contact time. Cs elution ranged from
40 L acid/kg zeolite, 25C acid addition, 2 hour con
(at 20 L acid/kg zeolite, 80C acid addition, 50 hou
the interest of keeping plant operations simple (i.
acid to 80C would add difficulty to the process and
improve the Cs elution) and minimizing waste, 40 L
at 25C were chosen as the optimum process condition
Cs elution appears to occur during the first two ho
~60% of the Cs eluted in this time, therefore a two
chosen as optimum for the laboratory-scale tests. A
short, however, may not be feasible in full scale o
Fig. 2

In the multiple contact experiment Cs-loaded zeolit
fresh oxalic acid three times using the conditions
acid/kg zeolite, 25C acid addition, and three two-h
hour contacts were used because it was previously i
the Cs was eluted after two hours contact time. Two
performed; one involving a water rinse after each c
no water rinse.

The results of the multiple contact tests show that
elution was observed using two or three consecutive
with oxalic acid. A water rinse did not appear to s

or hamper Cs elution.

The effects of several additional conditions on Cs
process conditions of 40 L 8 wt% oxalic acid/kg zeo
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also evaluated. The additional conditions were: 1)
simulate corrosion products (rust) in the tank 2) a
steel coupons (one pre-corroded, one clean) to simu
tank and to obtain preliminary carbon steel corrosi
agitation and 4) a 25C bath temperature instead of
samples obtained from these tests were analyzed for
well as concentration of Fe and Al.

After 50 hours contact time, all conditions except

in approximately the same amount of Cs eluted, an a
a standard deviation of 2.5%. As would be expected,
condition resulted in lower levels of Cs elution at
however, the difference is within experimental erro
condition showed relatively low levels of Cs eluted
times, but by 20 hours contact time, the Cs elution
29.1% to 78.2%, and by 50 hours it was at 88.4%. Ne
Fe203 nor the presence of carbon steel coupons appe
effect on Cs elution at contact times greater than
The addition of Fe203 to simulate corrosion product
appear to have a significant effect on the elution

on the dissolution of Al in zeolite. It does, howev

the amount of Fe present in solution. In Fig. 3, wh

of Fe dissolved, 100% Fe dissolved means 100% of th
For the test in which Fe203 was added, this include
the Fe203. Hence, although this test and the contro
dissolved the same percentage of Fe, the total amou
is much higher for this test. This additional Fe ma

of glass logs produced by vitrification. The data i

the Fe in the system--including loose rust at the b

in solution after 50 hours contact time.

It is interesting to note that it appears to take s
concentration in solution to rise. At 20 hours cont

5% of the Fe in the system is in solution (correspo
amount one would expect to come from the dissolutio
zeolite). By 28 hours, this amount had risen to 63%
The presence of carbon steel coupons in the oxalic
significant effect on either the elution of Cs from
dissolution of aluminum oxide (Al203) in zeolite. F

of Fe greater than 100% in solution at longer conta
test, 100% Fe is based on the amount of Fe in the z
amounts greater than 100% would have to be attribut
from the carbon steel coupons. The control test ind
hours contact time, about 91% of the Fe from the ze
this suggests that amounts of Fe above the 91% in t
probably coming from the dissolution of the coupons
Fig. 3

A lack of agitation in the reaction vessel contents
affect Cs elution at short contact times. At 2 and
29.1% of the Cs was eluted, respectively, but after

of Cs eluted increased to 78.2% and by 50 hours had
level as the control. Similar effects were observed

Fe and Al from the zeolite. These results suggest t
are long (i.e., greater than 28 hours), a lack of a
detrimental to Cs elution. Cs elution, however, may
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diffusion if the zeolite is in a pile and thus has
exposed to the oxalic acid.

The 25C bath temperature resulted in lower levels o
contact times. This suggests that the temperature o
have an impact on the efficiency of Cs elution oper
temperatures fall below the 50C used in these tests
to extend the duration of contact times and/or impl
treatments.

SLUDGE DISSOLUTION RESULTS

The experiments performed show that for sludge diss
parameters tested resulted in a distinguishably hig
however, multiple contacts were not found to be adv
addition, contact time did not appear to be a facto
dissolution. Significant changes in the percentage
were not observed after 4 hours. As with Cs elution
corrosion products, presence of carbon steel coupon
agitation did not have a significant effect on slud
Although the addition of Fe203 did not appear to ha
effect on the dissolution of sludge, almost all of
system ended up in solution. These results suggest
the tank may be extremely soluble in oxalic acid. O
carbon steel coupons were present suggest that oxal
corrosive to carbon steel, since higher amounts of
solution than would be expected from the sludge.
Determination of the optimum process conditions for
dissolution in 8 wt%oxalic acid consisted of six te
studied were: 1) the ratio of oxalic acid to sludge

80 L acid/kg sludge simulant) 2) the temperature of
added (25C or 80C) and 3) the contact time (2, 4, 2
The concentration of soluble oxalate was measured b
(IC) after each contact time in each of the six tes
experiment, changes in the oxalate concentration we
than the analytical error of 10%. These results sug
experimental error, no precipitation of oxalate was
The concentration of each ion in solution was measu
each contact time in each of the six tests. Figure
dissolution for each ion. In Fig. 4a each dark circ
point and each data point for a given ion represent
conditions (i.e., L acid/kg, temperature of acid ad
The analytical error associated with each data poin
ions, a number of data points lie within the experi
maximum dissolution, making it difficult to state w
one particular set of conditions was the most effec
However, it was possible to observe trends in the d
of the results obtained, it becomes apparent that 2
25C acid addition seem to lead to lower dissolution
acid/kg sludge and 80C acid addition seem, in gener
dissolutions. Contact time did not appear to play a
dissolution of most of the ions; significant change
after 4 hours contact time and, in most cases, at |
had dissolved after 2 hours contact time.

For most of the ions analyzed (zirconium (Zr) and ¢
only exceptions), maximum dissolutions were found t
high data points for Ce dissolution occur at 40 L a
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acid addition, at 28 and 50 hours contact time. Sin
surrogate for the radionuclides uranium (U) and tho
dissolution of Ce from the simulant is a cause for
MS measurements of the initial simulant failed to d
the amount added to the simulant. Therefore, it is
these low percentages are due to the inability of t
under these conditions. It is also possible that Ce
dissolve, or if it does dissolve, it may form a cer
compound and thus not be found in solution. Itis d
on these results, whether or not Ce was a good choi
surrogate. These results may suggest that U and Th
under the conditions tested or they may simply be a
does not dissolve well under the conditions tested.
Optimum process conditions for sludge dissolution w
the results of these six tests and on the ease of u
operation. The optimum process conditions chosen we
acid/kg sludge added at 25C. Forty L 8 wt% acid/kg
80 L 8 wt% acid/kg sludge in the interest of waste
because 80 L acid/kg sludge was not significantly b
five degrees Celsius acid addition was chosen becau
did not uniformly increase dissolution and in cases
dissolution, the increase was on the order of a few
heating the acid would present additional operation
full scale operations.

In the multiple contact experiment, sludge simulant
oxalic acid three times using the conditions of 40
sludge, 25C acid addition, and a two hour contact t
were chosen because the first experiment indicated
the ions had dissolved after two hours. Two tests w
the oxalic acid from each contact was removed from
before the next contact, and the other in which the
added to the acid from previous contacts.

In the test where the oxalic acid was removed after
the dissolution occurred during the first two hour
contacts increased the total dissolution of ions by

In the test where the "used" oxalic acid was left i
ions, after the initial contact, total dissolution

with subsequent contacts. The data indicate that mu
oxalic acid are not advantageous to the sludge diss
amounts of ions in solution remain constant within
over the three contacts for both the case where the
each contact and the case where fresh acid is added
already present.

The effects of several additional conditions on slu
optimum process conditions of 40 L 8 wt% oxalic aci
25C were also evaluated. These additional condition
Fe203 to simulate the presence of corrosion product
2) addition of carbon steel coupons (one pre-corrod
simulate the sides of the tank and to yield prelimi

no agitation and 4) a 25C bath temperature instead
the initial description of the sludge dissolution e

The conditions in this experiment seemed to affect
strontium (Sr), nickel (Ni), and Fe the most. In th
shows that the 25C bath decreases the Sr dissolutio
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control level after 50 hours contact time. Nickel d
dramatically decreased by the presence of steel cou
somewhat lesser extent, the dissolution of Ni is lo

at 50 hours under both the no-stir and the 25C bath
conditions.

Fig. 4a

Fig. 4b

The addition of Fe203 to simulate corrosion product
appear to have a significant effect on the dissolut
analyzed. However, it did have an effect on the amo
In Fig. 4b, 100% Fe dissolved means 100% of the Fe
For the test in which Fe203 was added, this include
Although this test and the control both appear to h
percentage of Fe, the total amount of Fe in the sys
the test in which Fe203 was added. The data indicat
in the system, including loose rust at the bottom o
solution at 50 hours contact time.

The data show that the presence of carbon steel cou
acid solution had an effect on the dissolution of b
sludge dissolution experiments, but did not have a
the dissolution of any of the other ions present in
The results from the tests in which carbon steel co
that the dissolution of Ni decreases dramatically w
after 4 hours contact to 30% after 50 hours contact
present. A possible explanation for this is that Ni
surface of the coupons. Analysis of the coupon surf
solution might confirm whether this is the cause of

in Ni in solution when carbon steel coupons are pre
case, it is possible that once the oxalic acid clea
tank wall other metals will also be reduced and pla
surfaces. These other metals might include radionuc
be a desirable situation.

Figure 4b shows that amounts of Fe greater than 100
all contact times except 4 hours. In this test, 100
amount of Fe in the sludge simulant alone; therefor
than 100% would have to be attributed to Fe dissolv
steel coupons. The control test indicates that at 5

96 wt% of the Fe from the simulant is in solution.
amounts of Fe above 96% 10% in the coupon tests are
dissolution of the coupons themselves.

A lack of agitation of the reaction vessel contents
have a significant effect on the dissolution of any

in these tests except for Ni, which exhibited sligh
than the control at longer contact times. A 25C bat
to affect the dissolution of both Sr and Ni. Both o
somewhat lower dissolution than the control in a 25
The solids remaining at the end of most of the expe
and weighed to determine the amount of solids that
treatment. An average of 74% (with a standard devia
solids were dissolved in the tests where the determ
remaining solid material from one of the tests was
diffraction. The material was found to be a complex
The main phases identified are listed in Table | al
gquantitative wt %. Additional phases are likely to

issolution is
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not identifiable, and the semi-quantitative analysi

of additional unidentified phases. The presence of
(Baddeleyite) is not surprising since these are bot
to dissolve. Also, the large percentage of C6H20Ce2
hydroxide) present agrees with the ICP-MS analysis
supernatant, which indicated that very little of th

in the sludge had been dissolved.

Table |

CONCLUSIONS

The original objectives of Cs elution and sludge di
the experiments discussed above were conducted incl
elution and sludge dissolution, and investigating t
corrosion products. In addition to these objectives
of oxalic acid wt % was set at 8 wt%. After reviewi
obtained, however, a modified set of objectives was
minimizing the dissolution of iron, minimizing tank
providing a feed compatible with the current vitrif
specification to the objectives already defined. Wi
objectives, additional Cs elution tests that used 4
solutions and corrosion tests were performed.

The following conclusions are based on results of w
report as well as some of the follow-up testing ind

The data show that lower percentages of Cs may be
of oxalic acid is lowered (i.e., from 8 wt% to 4 or
oxalic acid, as described above, a maximum of 99.9%
oxalic acid-to-zeolite ratio of 40 L/kg, a temperat
2-hour contacts. Approximately 60-70 % Cs was elute
and 1 wt% oxalic acid. (Note: A higher oxalic acid-
used for the 4 and 1 wt% tests.)

The data show that by using 8 wt% oxalic acid, an
ratio of 40 L/kg, an acid temperature of 25C, and a
wt% of the solids present in the sludge can be diss
of the radionuclides may be considerably lower, <10
dissolution of Ce that was used as a surrogate for

The data show that larger amounts of Fe203, which
products present in the tank, are solubilized when
solutions are used. By using 8 wt% oxalic acid with
specified in the first bullet, ~ 90% of the Fe203 w
compared to ~ 15-20 % solubilized for 4 and 1 wt%.
acid-to-zeolite ratio was used for the 4 and 1 wt%

Oxalic acid corrosive tests were performed using
steel test specimens, which has essentially the sam
and microstructure as the type of steel used in fab
These tests showed that even at relatively modest t
short exposures to 4 and 8 wt% oxalic acid solution
corrosion rate is quite high. The corrosion appeare
and crevice corrosion for submerged test specimens;
corrosion was negligible at the conditions tested.

The experiments performed and the results obtained
for declaring that oxalic acid can elute Cs from ze
sludge. Questions and issues still exist, however,
resolved before oxalic acid can be identified as be
carbon steel HLW tanks. Some of the questions and i
briefly mentioned in the conclusions stated above,

s ignores the presence
SiO2 (quartz) and ZrO2
h difficult compounds
022 (cerium oxalate
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ssolution for which
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he effect of tank
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Iron present at too high a level is detrimental t
can the amount of iron dissolved be minimized?

The goal in maximizing sludge dissolution relates
radionuclides present enabling them to be transferr
If Ce is an accurate surrogate for U and Th, what i
precipitated U and Th oxalate compounds have on thi
still be mobilized and transferred?

As stated above, the data show that oxalic acid i
mild steel test specimens. For purposes of safety,
the tanks be minimized?

In support of the WVDP's effort to evaluate options
objectives for the HLW tanks on site, the investiga
feasibility of using oxalic acid will continue. The
obtained to date will be reviewed and used to deter
that will enable the determination of feasibility t
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DISPOSITION OF PUREX CONTAMINATED NITRIC ACID THE R

INVOLVEMENT

W. G. Jasen

R. A. Duncan

Westinghouse Hanford Company

Richland, Washington 99352

ABSTRACT

What does the United States space shuttle and the H
facility's contaminated nitric acid have in common.
The PUREX Transition Project has achieved success a
expenses and waste generation by looking at excess
but as reusable substitutes for commercially availa
This philosophy has helped PUREX personnel to reuse
2.5 million pounds of excess chemicals, a portion o
slightly contaminated nitric acid. After extensive

first shipment of contaminated acid was made in May
acid was completed on November 6, 1995 when the fif
the Hanford site. This activity, which avoided disp
contaminated acid as a waste, generated significant
and concern than was expected. One of the lessons |
process is to not underestimate public perceptions
contaminated materials.

The quantity of radioactivity in the contaminated a
shipment) met the criteria for a low specific activ
Department of Transportation regulations. In the to
there was less than 0.3 grams (0.01 ounces) of plut
kilograms (16,300 pounds) of uranium, of which appr
(158 pounds) was U-235 (i.e. fissile material). Low
shipments are routinely shipped across the country.
(including transportation) of hazardous liquid chem
the continental United States. In 1993 alone, appro
liters (1.4 billion gallons) of nitric acid was pro
internationally; without substantial incident. Howe
disposition of the PUREX contaminated acid generate
comments than was expected for an activity of this
spent fuel shipments from PUREX generated little in
PUREX DEACTIVATION
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In December 1992, DOE directed that the PUREX Plant
deactivated because it was no longer needed to supp
weapons-grade plutonium production. The scope of th
involves many activities necessary to place the PUR
environmentally safe and stable state for long-term
maintenance. Removing major hazards from the PUREX
chemicals, spent fuel, and residual plutonium are m
deactivation project. This will reduce the risk of

onsite workers and members of the general public. S
has played a major role in the formation of deactiv
implementation of selected strategies and accomplis
goals.

BACKGROUND INFORMATION

Historically, nitric acid was used at the Hanford S
dissolve irradiated fuel elements, and for the sepa
purification of uranium, plutonium, and neptunium i
operations. The nitric acid was recovered and reuse
specific result of cessation of PUREX Plant operati
chemicals are available, including approximately 69
gallons) of slightly radioactively contaminatednitr
DEACTIVATION PLANNING

The original project baseline for disposition of th

nitric acid was to sugar denitrate the material to

acid in the PUREX canyon. This process would genera
metric tons of nitrogen oxides or NOx as gaseous ef
would reduce the liquid volume to be transferred fo
farms by about 33 percent. This action eliminates t
no beneficial use for the material, while having po
future environmental impacts.

Westinghouse sought ways to beneficially use the ma
processing the acid as waste. Brainstorming session
innovative ways to use the material. With no use fo
identified within the DOE complex, private sector i

An expression of interest was received from British
limited company (BNF plc), the sole respondent to t
Daily advertisement.

Abandoning the treatment option to sugar denitrate
the beneficial reuse of the material, along with ot
project, resulted in saving $37 million and shorten
Deactivation project by 10 months. Beneficial reuse
most economical and cost effective solution for dis
DOCUMENTATION

The concept of shipping the acid to England for use
to PUREX was previously addressed under the Nationa
Act (NEPA) as a Categorical Exclusion or (CX). Nucl
became a potential concern with interest groups. La
that the action would meet conditions of the regula
additional NEPA review. Therefore an Environmental
prepared to provide a quantitative analysis of pote
environmental impacts associated with the proposed
alternatives, in the continental U.S. and on intern
allow a determination of whether or not an Environm
is required.
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Preparation, review, and approval of the Environmen
many months. An Ad Hoc stakeholder committee, consi
representatives from three local interest groups, D

was formed to facilitate document preparation and r
stakeholder committee was used to improve the nitri
Assessment and address many different opinions prio
document for comment. Subsequently, the draft docum
than 200 individuals, states, Indian Nations, inter
affected public for public comment. Public meetings
coast at the three proposed shipping ports; Portsmo
Baltimore, Maryland and Newark, New Jersey. Figures
posters used at the public meetings. During the pub
more than 50 inquiries for information, clarificati

made. All comments were addressed in the final Envi
Comments included a wide range of topics and issues
specific to the activity and some comments were unr
Comments ranged from concerns about potential sprea
proliferation issues. Comments on proliferation wer
"Environmental Assessment, Disposition and Transpor
Radioactive Low Specific Activity Acid, Hanford Sit
Washington,” DOE/EA-1005, as follows:

In evaluating the nonproliferation policy aspects
shipment, DOE considered the facts that BNF plc has
supply of nitric acid, which could be procured from
other commercial sources, and that interested parti
U.S.Environmental Protection Agency (Region 10), Ya
and the Confederated Tribes of the Umatilla Indian
object to the shipments. In addition, the proposed
be a case-specific solution to a material dispositi
waste minimization and reducing potential emissions
The export would not make a material contribution t
weapons of mass destruction and would be consistent
12114, Environmental Effects Abroad of Major Federa
appeared to support the position that the transfer
the PUREX Plant was a policy-neutral decision, and
precedent from either a technical or policy standpo
Many comments were associated with the transport of
United States. Some states requested advance notice
Department of Energy instituted weekly conference ¢
and other interested individuals informed on the st
A Finding of No Significant Impact or (FONSI) was a
Site Manager in May 1995. Shortly there after the f

shipments to England were made. Figure 3 shows PURE

acid into the shipping container. The last shipment
on November 6, 1996. A total of 707,000 liters (187
were shipped.

LESSONS LEARNED

The PUREX Transition Project team developed a good
with state/federal regulators/stakeholders. Early a
with interest groups is key to project success. Fle
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slightly contaminated acid generated significantly
transfer of spent fuel. The lesson here is one of p
case the greater risk was not the biggest concern.
situations such as the disposition of PUREX contami
essential that "normal procedures” not be totally r
frequent interaction with the regulators and stakeh
project goals were accomplished without delay to fi
Fig. la

Fig. 1b

Fig. 1c

Fig. 2a

Fig. 2b

Fig. 2¢

Fig. 3
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ABSTRACT

In the conditional no-migration determination (NMD)
the Waste Isolation Pilot Plant (WIPP), the U.S. En
Agency (EPA) imposed certain conditions on the U.S.
(DOE) regarding gas phase volatile organic compound
in the void space of transuranic (TRU) waste contai
the EPA required the DOE to ensure that each waste
of confinement that contains flammable mixtures of
gases that could become flammable when mixed with a
required that sampling of the headspace of waste co
layers of confinement be representative of the enti
container. The EPA stated that all layers of confin
would have to be sampled until DOE can demonstrate
sampling of all layers is either unnecessary or can

A test program was conducted at the Idaho National
(INEL) to demonstrate that the gas phase VOC concen
space of each layer of confinement in vented drums
measured drum headspace using a theoretical transpo
sampling of each layer of confinement is unnecessar
summarizes the studies performed in the INEL test p
them for the purpose of developing a methodology fo
phase VOC concentrations in both vented and unvente
containers. The methodology specifies conditions un
headspace gases can be said to be representative of
and describes a method for predicting drum concentr

for the test phase of
vironmental Protection
Department of Energy
(VOC) concentrations
ners. Specifically,
container has no layer
gases or mixtures of
ir. The EPA also
ntainers outside inner
re void space of the
ement in a container
to the EPA that

be safely reduced.
Engineering Laboratory
tration in the void

can be estimated from
rt model and that

y. This report
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r determining gas

d TRU waste

der which waste drum
drum gases as a whole
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where the headspace concentration is not representa
addresses the approach for determining the drum VOC
purposes: operational period drum handling and oper
migration calculations.

INTRODUCTION

Characterization of transuranic (TRU) wastes destin
Isolation Pilot Plant (WIPP) will include sampling
headspaces of waste drums for volatile organic comp
headspace gas VOC concentrations will be used to de
flammability of gases and VOC concentrations in dru
and Resource Conservation and Recovery Act (RCRA) ¢
(DOE 1995). in the conditional no-migration determi
test phase of the WIPP facility (55 FR 47700), the
Protection Agency (EPA) required that the U.S. Depa
must ensure that each waste container emplaced unde
has no layer of confinement that contains flammable
mixtures of gases that could become flammable when
purposes of a no-migration demonstration, DOE must
nonflammable volatile hazardous constituents in TRU
EPA stated that all layers of confinement in a cont
sampled until DOE can demonstrate to the EPA, based
collected, that sampling of all layers is either un

safely reduced. This position paper summarizes a me
been proposed in Connolly et al. (1995) that addres
and alleviates the requirement of sampling all laye

A test program was conducted at the Idaho National
(INEL) to demonstrate that the VOC concentration in
each layer of confinement in vented drums can be es
drum headspace and a model incorporating theoretica
permeation transport principles and that sampling o
confinement is unnecessary. The model and model val
provide information that are used to address the he
concentration representativeness issue raised by th
containers.

This report presents the methodology for determinin

in both vented and unvented drums for existing wast
configurations. The methodology specifies condition
headspace gases can be said to be representative of
and describes a method for predicting drum concentr
where the headspace concentration is not representa
of predictions of gas phase VOC concentrations, inn
confinement are the polymer bag layers closest to t
layers of confinement, such as polymer bottles, are
methodology presented in this paper addresses the a
determining the drum VOC gas content for two purpos
drum handling and operational period no-migration ¢
VOC TRANSPORT STUDIES

The INEL test program was developed to predict inne

VOC concentrations from the headspace gas VOC conce

transport models and data obtained from waste drum
consisted of three stages.

In the first stage of the test program, a transient

was developed to estimate the VOC concentration wit
waste drums as a function of time (Liekhus et al. 1

tive. The methodology
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demonstrated that transient gas phase VOC concentra
based on theoretical transport mechanisms. Model eq
three primary mechanisms for VOC transport from a v
mechanisms were VOC permeation across a polymer con
diffusion across an opening in a layer of confineme

in a polymer confinement layer.

In the second stage of the INEL program, a steady-s
was developed to predict concentrations in laborato
drums containing simulated waste sludge based on kn
headspace VOC concentration and waste drum configur
1994b). Experiments were performed to measure the V
laboratory-scale vented waste drums containing two
waste sludge with differing compositions (Liekhus e
Experimental results were expressed as a ratio betw
concentration and the VOC concentration inside the
bag. Model equations were used to determine the eff
parameters on the estimated concentration differenc
boundary, such as the rigid drum liner or polymer b

as the transport mechanism.

In the third stage of the INEL experimental program

in the second stage was used to estimate VOC concen
waste drums from INEL and the Rocky Flats Environme
(Rocky Flats). The effectiveness of the model in es
concentration was examined for vented waste drums c
waste types and packaging configurations. The model
that maximum VOC concentrations within actual waste
estimated from drum headspace gas sampling data. De
sampling and analysis, equipment used, procedures e
control procedures are provided in Liekhus (1995).

The VOC transport model was said to be unbiased if
confidence limits on the mean logarithm of the rati
concentration in the innermost layer of confinement
concentration in the headspace is zero. Otherwise,
have a positive or negative bias. Transport model p
unbiased or positively biased (i.e., over estimated
measured concentrations of 11VOCs within vented was
are carbon tetrachloride, chloroform, 1,1-dichloroe
dichloroethylene, methanol, methylene chloride, tet
1,1,1-trichloroethane, trichloroethylene, 1,1,2-tri
trifluoroethane, and toluene. The model exhibited a
VOCs (p-xylene and acetone). The model was unbiased
total VOC concentration within the innermost layer
waste drums containing a maximum of four layers of

all sampled within one day and exhibiting detectabl
inner bags. The model exhibited a positive bias in

VOC concentration within the innermost layer of con
drums containing a maximum of two or five layers of
Model precision was characterized for 13 VOCs and t
configurations by the lower 90/90 tolerance limit (

of the ratio described earlier. Based on the tolera
transport model predicts an innermost bag VOC conce
90-percent confidence, will not be less than 50 per
measured VOC concentration in at least 90 percent o

8 VOCs and two of the waste drum configurations. Th

tions can be predicted
uations accounted for
oid volume. These
finement layer, VOC
nt, and VOC solubility

tate transport model
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1,1-dichloroethane, 1,1-dichloroethylene, methylene
1,1,1-trichloroethane, trichloroethylene, and 1,1,2
trifluoroethane. The VOC transport model predicts t
concentration will not be less than 33 percent of t

VOC concentration in at least 90 percent of the was
and waste drums with a maximum of four layers of po
VOCs are chloroform, tetrachloroethylene, and p-xyl
tetrachloride and methanol, model estimates will no
percent of the maximum measured VOC concentration i
of the waste drums.

DRUM AGE CRITERION FOR HEADSPACE GAS SAMPLING

There is a certain age criterion that must be met b

in order for headspace gas samples to be either rep
in the drum or appropriate to use in predicting inn
phase concentration. The drum age criterion (DAC) d
drum necessary to reach 90-percent of steady-state
all of the bags and the rigid drum liner. The DAC e
after waste packaging necessary to wait prior to dr

to help ensure that the headspace sample analyses a
intended use.

DACs for two packaging configurations have been det
transient VOC transport models and indicator VOCs s
of health risks and magnitude of concentration. The
Table I. For drums of Waste Types | and 1V, the DAC
drums of Waste Types Il and Ill, the DAC is 142 day
Table |

Indicator VOCs were selected by using two separate
and having the screened VOCs comprise the set of in
screening techniques are consistent with the purpos
phase VOC concentrations in drums; one of the scree
focused on flammability issues related to operation
handling and the second focused on human health ris
the operational period. To screen for operational p
the magnitude of VOC concentration in headspace gas
and Rocky Flats drums was examined.

The screening resulted in 11 distinct indicator VOC
n-butanol, methyl ethyl ketone, methyl isobutyl ket
screened for inclusion in the indicator set. For op
health risk, 1,1-dichloroethylene, carbon tetrachlo
chloroform, methylene chloride, methyl ethyl ketone
tetrachloroethane, trichloroethylene, and toluene w
included as indicator VOCs.A computer program was u
required drum age or vent time for each indicator V
categories and two drum packaging configurations. T
categories are:

Drum Category 1, Existing Vented Drums: The exis
those that were stored as unvented drums and subseq
rigid drum liners punctured, and stored again for a
in this category must have been unvented for a suff
equilibrium concentrations existed within all confi
time of venting.

Drum Category 2, Newly Packaged Vented Drums: The
drums consist of drums and associated rigid drum li

chloride, toluene,
-trichloro-1,2,2-

hat the VOC

he maximum measured
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ene. For carbon

t be less than 20
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at the time of packaging. In this category, steady-
do not exist within all confinement layers at the t
Drum Category 3, Existing Unvented Drums: The exi
are those drums that have been stored as unvented d
time. The drums are to be vented (i.e., the drum li
carbon composite filters installed in the drum lids
samples taken from inside the rigid drum liners at
Two packaging drum configurations were considered i
from the calculated drum ages and vent times. For d
sludges (Waste Types | and IV), there are two large
drum liner providing two inner layers of confinemen
(Waste Types Il and Il), it is conservatively assu
are within the rigid drum liner. The drum filter ty
NFT-020 for both packaging configurations; this ass
conservative since NFT-020 filters are the most res
release of compounds of filter types being used in
(Liekhus 1995). The longer of the following, for ea
over all indicator VOCs, are taken as the DACSs:
Calculated vent time for newly packaged vented dr
The sum of calculated vent time for existing vent
calculated drum age for existing unvented drums
The DACs that result are given in Table I. Potentia
configurations (e.g., those using filtered bags) we
will require additional analyses to determine the a
DISCUSSION OF TRANSPORT MODELING
The INEL test program and its associated transport
that VOC transport can be modeled based on mathemat
diffusion and permeation processes. This demonstrat
three stages: transient VOC transport from vented |
steady-state VOC transport in laboratory-scale vent
containing simulated waste sludge and the applicati
model to actual waste drums. Based on comparing mod
waste drum concentrations, the steady-state VOC tra
demonstrated that innermost bag gas phase VOC conce
predicted from headspace gas concentration data. Be
predictions can be made, sampling and analysis of i
confinement will not be necessary.
The predictions can be made using prediction factor
approximate the steady-state model predictions. The
are derived by solving the steady-state model in te
between the innermost layer gas phase VOC concentra
gas VOC concentration. The prediction factors have
VOC:s for the two packaging configurations used for
prediction factors will be conservative for cases w
package has fewer layers than that assumed for the
prediction factors are also based on conservative a
diffusivities. The prediction factors are given in
from 1.1 to 9.5 for Waste Types | and IV and from 1
Types Il and Ill. To predict the innermost bag gas
concentration, the headspace gas VOC concentration
prediction factor should be multiplied.
Table Il
The steady-state VOC transport model and the predic
when the DAC has been met. The DAC establishes the

state concentrations
ime of packaging.
sting unvented drums
rums for a period of
ners punctured and

) and headspace gas
the time of venting.

n determining the DACs
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the DOE complex
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packaging necessary to wait prior to drum headspace
able to accurately predict the innermost layer gas
concentration within a drum. The innermost layer ga
concentration prediction will be the maximum predic
also establishes the waiting time that will ensure

rates between layers of confinement are equal and h
concentrations can be used in calculations for emis
filter.

If the drum is unvented (Drum Category 3) and the D
modeling shows that the headspace gas within the ri
representative of the drum gases within all layers
confinement, because equilibrium has been reached.
(Drum Categories 1 and 2) and the DAC has been met,
concentration can be predicted from the headspace g
the prediction factors in Table Il. The predicted i
concentration is concluded to conservatively repres
concentration within a drum. In addition, if the DA
headspace concentration for Drum Categories 1 and 2
represent headspace concentrations that control the
through the drum filter over time.

PROPOSED APPROACH

The proposed approach provides prescriptions for de
phase VOC concentrations for operational period dru
operational period no-migration calculations for ea
categories. The prescriptions are based on the DAC
headspace sampling and involve methodologies outlin
headspace gas measurements or predictions of innerm
concentrations, as appropriate, will be used.
Operational Period Drum Handling

Gas phase VOC concentrations in drums will be deter
of assessing flammability. The maximum gas phase VO
concentration of interest for this assessment. The
predicted concentrations for the maximum in cases w
concentration is not representative of the maximum.
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
a. For existing vented drums (Drum Category 1), de
value using the factors in Table II. The predicted

the drum concentration.

b. For newly packaged vented drums (Drum Category
value will be used as for existing vented drums (se

c. For existing unvented drums (Drum Category 3),
concentrations within the rigid drum liner will be
ensures representativeness.

The selected flammable VOCs concentration values wi
drum.

Operational Period No-Migration Calculations

Gas phase VOC concentrations in drums will be deter
of calculating VOC emissions through drum filters.
conditions are required, the VOC emission rate from
function of the drum headspace VOC concentration an

gas sampling to be
phase VOC

s phase VOC

ted value. The DAC
that the transport
eadspace

sions through the drum

AC has been met,
gid liner is

of polymer

If the drum is vented
the innermost gas
as concentration using
nnermost bag

ent the maximum

C has been met, the
can be said to

rate of emissions

termining drum gas
m handling and

ch of the three drum
being met prior to
ed below. Either

ost bag

mined for the purpose
C concentration is the
approach is to use
here the headspace
The basic steps to

rations as follows:
termine the predicted
value will be used for

2), the predicted

ea..

headspace

used, because the DAC

Il be summed for each

mined for the purpose
Because steady-state
a vented drum is a
d the VOC diffusion



characteristic across the drum filter. VOC concentr

of confinement are not used, and thus are not selec
concentration; rather, the approach is to use heads

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
a. For existing vented drums (Drum Category 1), th
concentration will be used.

b. For newly packaged vented drums (Drum Category
concentration will be used as for existing vented d

c. For existing unvented drums (Drum Category 3),
concentrations within the rigid drum liner will be
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ABSTRACT

This paper addresses: 1) the selection of borosilic
reference waste matrix for solidifying high-level r
the Savannah River and West Valley Sites using the
2) controlling the composition of the feed at the m

ate glass as the
adioactive wastes at
vitrification process;
elter to ensure



achieving a quality glass product and meeting proce
3) the historical development of glass-former compo
Most countries throughout the world, including the
have produced HLW from the reprocessing of nuclear
are evaluating borosilicate glass as a final waste
reasons for the international focus on the producti
particularly on borosilicate waste glasses, are the
and the relative insensitivity of glass properties
waste composition. The chemical durability of boros
been an important consideration in its choice as a
Borosilicate waste glass incorporates the constitue
waste, which includes Cs-137, Pu-238, and Sr-90, di
molecular structure. It can accommodate many differ
variations in waste composition. However, the compo
feed has to be controlled to achieve a satisfactory
processing constraints. The selection of the glass
composition for a given waste composition is made b
loading, the composition of the high-level radioact
processing considerations. The goal of tailoring th

is to obtain the optimum balance of all the importa
including viscosity of the glass melt, glass liquid
glass durability.

Following a "system approach", the Savannah River S
glass-former compositions that balances glass durab
reliability. The primary processing properties are
waste solubility. In the approach taken by SRS, an
defined as one which maximizes waste solubility (by
temperature) and which yields waste glasses which |
material as possible in the standard leach test and
proper range of viscosities.

BOROSILICATE GLASS SELECTION AS FINAL WASTE FORM

Glass has been recognized by a number of countries
for the immobilization of high-level radioactive wa

the commonly perceived durability of silicate glass
the glass to incorporate many different elements --
radioactive waste immobilization. The projected hig
over long periods of time is indicated by the survi
occurring glasses for millions of years and synthet
thousands of years. The technology of glass fabrica
history. Glass has been made and used since ancient
borosilicate glasses have been made and used since
In 1978, an independent panel organized by the Amer
(2) concluded that an emplacement of vitrified wast
repository was likely to provide an adequate soluti
HLW management. Subsequently, DOE's National High L
Program conducted a review of all options for immob
with assessments of the technology required at the
Research was conducted on 17 candidate waste forms
laboratories, universities, industrial laboratories

An independent review of this research, conducted b
Waste Form Peer Review Panel (4), reduced the list
candidates form 15 to 8. Finally, the Panel ranked
waste forms on the basis of a weighted evaluation u
waste loading, mechanical strength, radiation stabi

ssing constraints, and
sitions at DWPF.
United States, that
fuel have selected or
form. The principal

on of waste glass,
ease of processing
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HLW form.
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stability as criteria, with leach resistance from s
receiving the highest weighting factor. In the fina
borosilicate glass was ranked first.

INTERNATIONAL FOCUS ON BOROSILICATE WASTE GLASSES

The first production facility to convert HLW into b

using the vitrification process was the AVM facilit

in 1978. This facility continues to run today. Curr

most mature vitrification technologies are the Fren

a rotary calciner and metallic melter, and several
liquid- or slurry-fed ceramic lined melter (LFCM).

been adopted in the Windscale Vitrification Plant f

in Great Britain. Three countries have committed to
LFCM technology: Germany, the U.S. and Japan. In 19
began initial vitrification operation at Mol, Belgi
radioactive in 1986. In the U.S., the Savannah Rive
Processing Facility (DWPF) and the West Valley Demo
(WVDP) will begin radioactive operation in 1996. Ja
Vitrification Facility (TVF) will begin operations

facility is operating now. All these processes prod

as a final waste form.

Best Demonstrated Available Technology

In 1990, vitrification of HLW was designated by the
Protection Agency (EPA) as the Best Demonstrated Av
(BDAT) (5) for high-level waste. The Agency provide
proposed rule (54 FR 48492) that DOE was providing,
vitrification treatment data and that these data we

the comment period for notice and public comment. T
after analyzing the data, reviewing comments, and p
visit, that vitrification will provide effective im

inorganic constituents in high-level waste.

GLASS PROCESS AND PRODUCT PROPERTIES
Vitrification of Waste

Vitrification of high-level radioactive waste at th
accomplished in slurry-fed joule-heated, ceramic-li
melters will be fed and poured continuously. A full
enough glass to fill 4-5 canisters or about 7500 kg
residence time of the molten glass in the DWPF melt
The glass batch will be melted by Joule heating usi
parallel, Inconel electrodes immersed in the melt.
poured by a vacuum process. An advantage of a ceram
that ceramic refractories are more temperature and
than typical metal liners thus yielding higher melt
Development of the slurry feeding concept was an im
for the vitrification of nuclear waste. Slurry feed
reduces capital costs and greatly simplifies the op

the need to either dry or calcine the slurry prior

Slurry feeding eliminates the capital cost of calci
homogeneous feed.

Waste Acceptance Product Specifications

From a production perspective, the main determinant
borosilicate waste glass form is satisfying the req
Office of Environmental Management's (EM) Waste Acc
Specifications for Vitrified High-Level Waste Forms
specifications define the criteria that the waste g
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satisfy before they will be accepted by the U.S. DO
Radioactive Waste Management (OCRWM) for disposal.
into five sections, dealing with the waste form (bo
canister, the canistered waste form, quality assura
documentation. The underlying rationale for most of

the EM WAPS can be traced to the DOE Office of Civi

Management's Waste Acceptance System Requirements D

The waste form is specified to be borosilicate wast
composition, crystalline phase projections, radionu
Product Consistency Test result or projection, and
must be reported for the glass. The canister must b
austenitic stainless steel to specific dimensions a
The canistered waste form must be sealed closed, be
materials, meet heat generation and dose limits, be

a specific drop test, and meet other requirements.
Melter Feed Composition Effects

Just as the expression "high-level waste" does not
composition, the expression "borosilicate glass" do
glass composition, but instead to the family of com
primary glass-forming ingredients are boron and sil
waste glass is a vitreous material which incorporat
the high-level waste directly into its molecular st
accommodate many different elements and wide variat
composition. However, the composition of the melter
controlled to achieve an acceptable product and to
constraints.

The chemical composition of the melter feed is the
the chemical durability of the waste glass product
important melt processing properties (e.g., viscosi
composition of the melter feed is the most importan
controlled. Since an incorrectly formulated glass ¢
remediated once it has been poured into a canister,
must be correct. The selection of the frit composit
composition is based on the desired waste loading,
the high-level radioactive waste, and processing co
The compositions of nuclear waste glasses vary base
balance of physical, chemical, and thermal properti
the types of equipment being used for processing, a
being processed. The viscosity of the glass melt mu
carefully defined range to assure that the glass wi

be properly homogenized via viscous flow within the
from the melter. If the viscosity is too low, exces
refractories in the melter will result. The tempera
begin to form in the glass if the temperature is ma
minimum temperature, termed the glass liquidus temp
determined by the glass composition. Components tha
glass more durable also tend to raise its viscosity
temperature. Higher viscosities make processing mor
higher melting temperatures required to overcome hi
temperatures and lower viscosities can result in in
volatilization. The goal of tailoring the glass com

the optimum balance of all the important glass prop
High-level radioactive waste is added at selected w
borosilicate glass frit or to components which when

E Office of Civilian
The WAPS are divided
rosilicate glass), the
nce, and

the specifications of
lian Radioactive Waste
ocument (WA-SRD) (7).
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form the desired borosilicate glass matrix. The pri
the borosilicate glass frit are silicon dioxide (Si
(B203), and alkali metal oxides (Na20, K20, and Li2
are added to obtain a balance of glass properties.
chemical constituents of high-level radioactive was
(AI203), iron oxide (Fe203), and manganese dioxide
high-level radioactive waste to borosilicate glass
(short-term) durability of the product. When waste
more are reached, the glass structure is so perturb
of atoms into more stable crystalline structures wi
changes to the chemical composition of the remainin
favored. For this reason, lower limits on waste loa
employed. Effects of waste constituents on importan
product properties are shown in Table I.

EVOLUTION OF WASTE GLASS FORMULATION AT DWPF

The primary objective of the DWPF is to convert the
to a stable borosilicate waste glass. By itself, th

a glass when heated to 1150C. Thus, frit* will be a
the DWPF in order to achieve a mixture which will f
oxide weight basis, DWPF glass will consist of appr
frit and 36% waste feed of which 28% is sludge and
stream containing much of the Cs-137 radioactive sp
also called precipitate hydrolysis aqueous (PHA). T
PHA together make up what is called the glass-forme
The glass-former composition* for the DWPF has been
DWPF waste glasses will have similar properties to
glasses based on "Frit 165", which is a frit develo

processing (early DWPF flowsheets were based on imm

sludge fraction in the waste tanks). This sludge-on

to immobilize the full range of sludges contained i
and be tolerant of variations in waste compaosition.

In general, the SRS has followed a "system approach
glass compositions. This approach balances glass du
process reliability. Thus, an optimal composition i
combines desirable product properties with process
to uninterrupted processing. The primary product pr
the durability (stability of the glass toward react
primary processing properties are the viscosity, li

and waste solubility. Both the viscosity and waste
product implications: glass viscosity affects the a
canister and waste solubility affects the thermal s

In the approach taken at the SRS (8), an optimum fr
which maximizes waste solubility (by minimizing lig
yields minimal leaching based on a standard leach t
a glass viscosity within the desired range for the
poise at 1150C).

For the frit selected for sludge-only processing, a
optimization procedure was used to reach a "best" ¢
series of twelve frits was selected. Since the glas
accommodate the entire range of waste compositions,
by preparing melts containing the test frit and the
composition which is most likely to cause the frit
criteria above (PUREX waste for durability and wast
Metal (HM) waste for viscosity). The melting temper

mary ingredients of
02), boron oxide

O). Other ingredients
Since the primary

te are alumina
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waste concentrations were held fixed at values used
the Environmental Assessment (EA) glass.

Data was collected on waste glasses made from the f
frits were then ranked by using a desirability coef
objectively weighted each of the criteria. The four
were replaced with four new compositions. The four
treated in the same way as the previous twelve, and
then developed . While the methodology works by exa
frits, the end result is reached by examining the b
concluded once it became clear that the region of b
not changing significantly. This occurred after the
time twenty frits had been studied.

The data representing these frits served as the bas
the proposal of an "optimum" frit. The compositions
examined to determine the effects of each component
amounts of silica and zirconia improved durability,
viscosity. The higher viscosity is best compensated
relative to soda since lithia is a more effective f
deleterious effect on the leach rate. Lanthanum oxi
benefits to recommend its inclusion, and significan
liquidus temperature. Boric oxide, magnesia and tit
smaller effects on the measured properties.

These trends were used to produce five candidates f
These frits were tested in the same manner as was d
statistically-designed portion of the experiments.
better than the best of the frits from the statisti

These three were so similar in desirability coeffic
individual properties that an additional test to ch
needed. The test used was a simple side-by-side com
resistance to devitrification.

Each of the final candidate frits were used to prep
using a simulated waste composition similar to that
Environmental Assessment (9). The EA glass composit
After melting at 1150C, all of the glasses were coo
simulated the behavior in the center of a DWPF cani
with glass. Glass in this location sees the slowest
spends the longest time between the liquidus temper
transition temperature. It represents the worst cas
formation. The results of this experiment showed th
contained the most crystalline material. For Frit 1
compositions, only a few small well-separated cryst

a result of this test, Frit 165 was selected as the
sludge-only processing.

This composition (Frit 165) has successfully been u
actual waste simulating natural environments, and i
in granite, salt, and clay. In all cases, this glas

than any of the other high-level waste glasses test
that were melted at higher temperatures). For this
precipitation process for decontamination of high-I
adopted at SRS, the glass-former composition was mo
family of glasses as similar to 165-based glasses a
called Frit 200. This was achieved by removing some
alkali from the glass frit composition to take into
these chemicals from the precipitation process. Sim

for development of

irst 12 frits and the
ficient which

worst compositions
new compositions were
a new ranking was
mining the worst

est. This process was
est composition was
third round. By this

is for the final step,
and properties were
. In general, higher
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apparent that additional sodium hydroxide and nitri
the waste as inhibitors to reduce waste tank corros
reductions in the amount of alkali in the frit were
evolution in glass frit composition from that used

that which will be used initially in the DWPF (Frit
Table II.

Table |

Table Il

CONCLUSION

Borosilicate glass is not just one glass compositio
family of compositions whose primary glass-forming
and silicon. The design and selection of the optimu
determined by the desired waste loading, then compo
level radioactive waste, and processing considerati
Whenever major changes are made to the vitrificatio
composition of the waste stream undergoes a signifi
other valid reason; the borosilicate glass composit
maintain the optimum balance of all important glass
viscosity of the glass melt, glass liquidus tempera
durability.

REFERENCES

1. Commercial Glasses, Advances in Ceramics Vol. 18
Society, p. 134, (1984).

2. Report to the American Physical Society for Wast
Mod. Phys. 50, p. S1 (1978).

3. U.S. Department of Energy, The Evaluation and Re
Waste Forms for Immobilization of High-Level Radioa
Alternative Waste Form Peer Review Panel, U.S. DOE
(1979).

4. U.S. Department of Energy, The Evaluation and Re
Waste Forms for Immobilization of High-Level Radioa
No. 2, Alternative Waste Form Peer Review Panel Rep
(1981).

5. Federal Register, P22700, June 1, 1980.

6. U.S. Department of Energy, Office of Waste Manag
Acceptance Product Specifications for Vitrified Hig
Rev. 01, May, 1995.

7. U.S. Department of Energy, Office of Civilian Ra

Management, Waste Acceptance System Requirements Do
Document number DOE/RW-0351P Rev. 01, March 1994.

8. P.D. Soper, D.D. Walker, M.J. Plodinec, G.L. Rob
"Optimization of Glass Composition for the Vitrific

at the Savannah River Plant," Bull. Am. Cer. Soc.,

9. Environmental Assessment, Waste Form Selection f
Waste, U.S. DOE DOR/EA- 0179 (1982).

7-18
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utilities that will be used to solidify (vitrify) h

waste into stable glass logs contained within stain
Due to the unique nature of the WVDP and the vitrif
construction of the necessary facilities presented

the areas of new facility construction and existing

This paper will focus on construction of the vitrif

which includes a shielded trench and piping to tran
(HLW) to a shielded cell where it will be vitrified
remove nitrous oxide from the waste gas (Ex-cell Of
facilities were constructed using unique techniques
pretreatment of the low-level waste and the vitrifi
programs to continue uninterrupted.

Construction of the vitrification facilities was co
phases over six years. The first phase was civil/st
completed in 1990. This construction included the C
(CMR) for maintaining the process cranes, a tunnel
canisters from the cell to the interim storage area
Secondary Filter Room (SFR) housing the secondary f
main exhaust fans, a Diesel Generator Room (DGR), t
Building to mix radiologically cold chemicals, and
Shielded Vitrification Cell. The second phase was a
construction and that was completed in 1991. This e
HLW Transfer Trench and completion of the 1.2 meter
shielding walls for the cell called Wall Modules. |
existing steel building was modified to include mor
additional floors. The third phase, completed in 19
mechanical construction, instrumentation and contro
electrical installation. This work consisted of ins
equipment, instrumentation, and electrical wiring a
facility, as well as installation of the final two

fourth phase included construction of the Ex-cell O
was completed June 1995. This construction phase in
portion of an existing building to treat process me
INTRODUCTION

The WVDRP is the site of a former commercial nuclear
facility that operated from 1966 through 1972. In 1
Demonstration Project Act was signed by the preside
States to become Public Law 96-368. The Act directs
Energy (DOE) to, among other things, solidify the h

at the site into a durable, solid form suitable for
repository; to clean and close the facilities used;
low-level and transuranic wastes collected during P
DOE began managing the WVDP in 1982 with West Valle
(WVNS) Co. Inc. selected as the management and oper
Approximately 2,270 cubic meters of high-level nucl
the underground steel tank within a concrete vault
Project. The waste, the result of nuclear fuel repr

was composed of two layers; a bottom sludge and upp
liquid has been processed into cement-filled drums
leaving the sludge to be processed and poured into
canisters.

The Vitrification Facility was constructed between

the waste is stored, and the existing nuclear fuel

Thus incorporating the area being used for developm

igh-level radioactive
less steel canisters.
ication process,
distinct challenges in
facility renovation.
ication facilities,
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portions of the

Iso civil/structural
ffort consisted of the
-thick concrete

n addition, the

e square footage and
94, included

Is (1 & C), and
tallation of all

nd cabling for the
wall modules. The
ff-gas Facility that
volved converting a
lter off-gases.

fuel reprocessing
980, the West Valley
nt of the United

the Department of
igh-level waste stored
shipment to a federal
and to dispose of the
roject operations. The
y Nuclear Services
ating contractor.

ear waste remained in
at the start of the
ocessing operations,
er liquid layer. The
and is stored on site,
stainless steel

the Tank Farm, where
reprocessing building.
ent testing called the



Component Test Stand (CTS) in the process. Figure 1
rendering of the Vitrification Facility. It was in

the major construction took place.

Fig. 1

PHASE 1 - CIVIL/STRUCTURAL INSTALLATION CONTRACT

The civil/structural construction contract focused

first area was located between the CTS and the exis
building. This area contained portions of the Vitri
Transfer Tunnel, Secondary Filter Room, HVAC Contro
Maintenance Room. All of these areas are shielded a
a seismic event; thus the bulk of the construction

of heavily reinforced concrete floors, walls, and c
contend with included: 1) working around contaminat
near the existing process building 2) avoiding guy
exhaust stack 3) working around scheduled transfers
to the Cement Solidification System (CSS) through t
the area 4) inclement weather and 5) providing cont
test facility.

The conversion of the CTS to what is now known as t
was accomplished in phases in order to: minimize co
interferences, permit some concurrent development/o
construction work, and fit the delivery dates of go
equipment. Near the end of Phase 1, testing was com
dismantled. The test melter, associated piping, ele
equipment were removed. This effort required close
subcontractors and WVNS personnel. Some of the equi
be installed in the new facility.

One of the unique construction features of the Vitr
wall modules. These special walls were fabricated o
continued testing and were installed between the co
columns that had been installed before testing star
CTS was dismantled, five of the seven wall modules
large stainless steel modules (averaging 4.7 meters
high by 1.2 meters thick) were prefabricated in a v
with all shielded piping and electrical penetration
manipulator and shield plug ports. The installation
reinforcing bar (or rebar), which was tied to the e
threaded rebar screwed into embedded couplings in t
installation of these prefabricated modules was suc
planned and saved a considerable amount of time.
Eight radiation shielding doors were installed as t
proceeded. The largest of these shield doors, a 105
required using a 350-ton mobile crane. This was pro
small working area: the crane had to be positioned

of the Vitrification Building, the stack's guy wire
Chemical Building excavation.

The second major focus of Phase | construction incl
CTS, where the Cold Chemical Building was built. Th
tanks, pumps, and grinders used to mix the chemical
before they are pumped to the Vitrification Cell to
radioactive sludge. It is a structural steel buildi

The bottom floor is concrete with curbs and sumps t
chemical spills. The second floor is steel with gra

of vessels. Completion of the structural steel port
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was delayed until the dismantling of the temporary
because the existing tanks were to be used for the
tanks were installed as the building was erected.

PHASE 2 - CIVIL/ISTRUCTURAL MODIFICATION CONTRACT

This civil/structural construction contract modifie
bring it to its final configuration and allow for i
process equipment. Specifically, it modified the st
building, added more floor space, and installed und
sprinkler mains and floor drains. This portion of t
straightforward in that the WVNS Construction Depar
area and no operational facilities were adjacent to
The wall modules, installed by the first contract,

face on the radioactive or "hot" side of the cell w
interior form work for placing concrete. The unique
was placing concrete in these wall modules. See the
Fig. 2

WVNS and the DOE consulted with the US Nuclear Regu
(NRC) on the issues involved in forming the wall mo
were interested in developing a method of concrete
ensure no voids within the concrete interior of the
decided to construct a prototype wall to demonstrat
specially developed concrete mix. The concrete was
prototype wall, with the procedures and techniques
being carefully watched and critiqued. The wall was
destructive examination and this indicated that the
around the numerous wall penetrations. The actual p
in the modules progressed well as a result of the |
the prototype.

The other major portion of this contract installed
extends from the Waste Tank Farm to the Vitrificati
consisted of a 0.31 meter-thick concrete floor, 0.5
walls, and 0.61 meter-thick removable concrete cove
walls were cast-in-place using conventional form wo
were four concrete valve and jumper pits constructe
trench.

The concrete covers were fabricated off site at a p
contractor's shop. There were several different siz
were cast in custom steel forms. The quality of the
acceptable, with tight dimensional accuracy. The co
place concrete trench with only minor grinding.

PHASE 3 - MECHANICAL, | & C, ELECTRICAL INSTALLATIO

This mechanical, | & C, and electrical construction
all of the In-cell process equipment including vess
the Off-gas system, the ventilation system, and the
The contract also installed all the controls, elect
utilities, and equipment located outside the cell t
the In-cell processes. See Fig. 3.

Fig. 3

The layout of In-cell process equipment provided so
innovative installation methods. One method require
60 stainless steel pipes and conduits from the hot
to the stub wall. The hot face of the cell wall and
perpendicular to each other and the space allocated
was 1.0 meter from the hot face by 3.3 meters from

cold chemical system,
final system. The

d the CTS Building to
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ructural steel
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photograph in Fig. 2.
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meters high. Approximately 120 field welds were mad
sequence of installation was critical: one pipe ins
sequence could make it difficult to install additio
date.

Many areas of the Facility had been modeled three-d
computer to check for interferences. It was decided
to create the isometric drawings and provide them t
Using this approach saved several weeks in the plan
cycles, and allowed the cell equipment to be instal
scheduled.

The HLW transfer pipe was also installed in the HLW
this contract. The trench is 152 meters long and fr
wide. There are 762 meters of Schedule 40 stainless
encased by a Schedule 40 stainless steel guard pipe
in the trench on multiple layers of pipe supports w
and critical slopes for drainage. This work require
ensure that 100 percent of the transfer pipe joints
radiographed. The installation and field radiograph
physically tight area that required confined space
personnel.

The final seismic evaluation caused some redesign o
in the HLW transfer trench. This was done before th
shop fabrication of the transfer pipe, thus minimiz
overall schedule.

After all of the piping was installed and inspected
were placed on the trench, the joints caulked, and
side of the trench insulated.

PHASE 4 - EX-CELL OFF-GAS FACILITY CONTRACT

The Ex-cell Off-gas Facility construction contract

the existing 01-14 Building to create a NOx Abateme
existing building was made of reinforced concrete a
ventilation room equipment, controls, and on-going
waste. The contract additionally included modificat
trench to accommodate the Off-gas pipe. This trench
shielding the liquid transfer line. See Fig. 4.

Fig. 4

Building construction was one of the most challengi
Project. The challenge arose because one half of th
used by Operations to process liquid, waste and the
being used for transferring liquid waste. The utili
located on both sides of the building and careful s
coordination were necessary to allow production to
construction included the challenge of sequencing t
various systems during operations and relocating op
only short duration shut downs. Also, the building

in the winter and construction areas had to be wint
heat and additional shelters erected. Maintaining a
and it became necessary to install more stairs, wal
systems, and lighting.

Most of the construction in this phase was performe
buffer area. Other hazards associated with this pha
included asbestos abatement of insulation around ve
penetrations, excavations in radiologically contami
installing fasteners in contaminated concrete, perf
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hot taps, and performing the majority of work in co
required by DOE Orders, consistent with the Occupat
Health Administration (OSHA) requirements. Furtherm
had to be sequenced carefully to accommodate limite
areas which that populated by workers.

Safety

Personnel safety has always been of prime importanc
Construction of the Facility, the Construction Safe
continually strove to improve the safety of all per
1995, during the peak building period, construction
had one of the lowest Total Recordable Case Rates (
site; finishing 1994 with a TRC of 3.34 and 1995 wi

is significantly less than the construction industr

the DOE construction average of 7.5. The overall TR
on this Project, including subcontractors, is 4.9.

11 years and 2.5 million person-hours.

Many factors have led to the outstanding safety rec
the WVDP. Listed below are some of the specific fac
to enhance the safety performance at the WVDP:

All parties on site, from DOE to the smallest su
involved in site programs to achieve a total safety

Construction safety has developed a subcontractor
checklist that identifies the prerequisite safety t
subcontractor must complete before working on site.
records are reviewed monthly using this checklist.

Construction and subcontractor safety personnel p
of construction areas to identify safety hazards. S
each subcontractor are performed weekly to a pre-ex
monitor each subcontractor's program.

WVNS Construction Department, WVNS Industrial Hyg
Department, and subcontractor safety professionals
discuss relevant safety issues. These meeting have
in identifying and correcting safety issues and con

All WVNS construction personnel have been trained
recognition and instructed to look for hazards duri
daily duties. They have been instructed to correct
or to report hazards to the appropriate safety prof
management.

WVNS encourages construction subcontractors to gi
safety. To reinforce this, WVNS requires direct dai
the subcontractors' safety persons on safety issues
written records of corrective actions on surveillan
critiques for any event that is defined to be repor
CONCLUSION
Construction of all vitrification-related buildings
unique and sometimes difficult project due to the P
requiring the conversion of existing facilities, an
concurrent vitrification process development, testi
that were occurring during construction. The Constr
developed unigue methods to complete projects and m
significant focus on safety as a culture yielded ex
all parties having a safe work ethic and clearly co
safe work environment.
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The actual cost of the vitrification facilities con
paralleled the Total Estimated Cost (TEC) for the P
1988. The TEC was $122M and the final cost was $127
four percent escalation in cost.

Work continues to tie-in radioactive lines from the
nonradioactive piping in the Vitrification Facility
structures. Radioactive operations are scheduled to
1996.
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ABSTRACT

The Department of Energy (DOE) currently stores rem
transuranic (TRU) wastes at seven sites across the
ship this waste to the Waste Isolation Pilot Plant

New Mexico for disposal. This requires the waste to
characterized to meet the WIPP Waste Acceptance Cri
applicable transportation requirements. This study
assess both existing and future capabilities for ch
TRU waste at the seven DOE sites that store these w
characterization methodologies assessed included pr
radioassay, radiography, visual examination, and ch
study concluded that the current infrastructure for
characterization will not support certification to

the WIPP-WAC for RH TRU waste is not finalized and
requirements are not completely known, it is reason
the final requirements will be at least as rigorous
handled TRU waste. Therefore, considerable progress
improve current capabilities for RH TRU waste chara
particularly for nondestructive assay and nondestru
where there is limited capability.

INTRODUCTION

The Department of Energy (DOE) currently stores rem
transuranic (TRU) wastes at seven sites across the
include the Argonne National Laboratory-East (ANL-E
Laboratory-West (ANL-W), the Hanford Site (HANF), t
Engineering Laboratory (INEL), Los Alamos National
Oak Ridge National Laboratory (ORNL). The current i
TRU waste is approximately 1,600m3, with over 60% o
at ORNL (1). An additional 3,480m3 of RH TRU waste
be generated at the above sites over the next sever
from remedial activities. Recently, HANF alone has
approximately 3,000m3 of RH TRU waste, about 85% of
TRU waste is defined by DOE Order 5820.2A as all ra
contains greater than 100 nanocuries of alpha-emitt
atomic numbers greater than 92 and half lives great
gram of waste (100 nCi/g). RH TRU waste is any TRU
dose rate measured at the surface of the waste cont

ote-handled (RH)
complex. It plans to
(WIPP) in Carlsbad,
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teria (WIPP-WAC) and
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mrem/hr. DOE currently plans to ship all RH TRU was
Isolation Pilot Plant (WIPP) in Carlsbad, New Mexic
required to repackage, characterize, and perhaps tr
in order to meet WIPP Waste Acceptance Criteria (WI
transportation requirements.
RH TRU waste exists in solid, liquid, and sludge fo
will require repackaging and further characterizati
shipped to WIPP for disposal. The RH TRU wastes tha
are either stored in containers not suitable for ei
for handling at WIPP (i.e., concrete casks and larg
also may require visual inspection and sampling for
process knowledge. Some wastes such as sludges are
that may require treatment to meet the WIPP-WAC or
requirements to achieve more stable waste forms.
Due to the high radioactivity and its impacts on op
characterization of RH TRU waste is particularly ch
Characterization methods used to sample and analyze
developed to ensure the quality standards are accep
Environmental Protection Agency (EPA). Following ev
acceptance of these methods, WIPP documentation inc
Assurance Program Plan (QAPP), Sampling and Analysi
the Performance Demonstration Program must be revis
requirements at each DOE generator/storage facility
Characterization of RH TRU waste likely will requir
portion of the resource commitment by DOE to prepar
disposal at WIPP. This study was conducted to asses
future capabilities for characterization of RH TRU
sites that store these wastes. By comparing this st
waste characterization requirements currently under
be able to assess needs and generate plans for syst
support adequate characterization of all stored and
wastes.
CHARACTERIZATION REQUIREMENTS
Adequate waste characterization data for RH TRU was
from the DOE sites so WIPP can demonstrate complian
regulations for the total disposed inventory. Any s
provide sufficient waste characterization informati
eligible to send its waste to WIPP for final dispos
TRU categorization, TRU waste should be correlated
Codes established by DOE as acceptable to the WIPP
along with other tasks, should be accomplished thro
the DOE TRU Waste QAPP. The characterization progra
data needs associated with regulatory compliance pr

Performance Assessment - Evaluation of long-term
containment (40 CFR191).

Land Disposal Restrictions (40 CFR 268.6) - Conta
constituents.

General Waste Analysis - Verification of waste ch
[40 CFR 270.14(b)(2) and 270.23(c)].

Transportation of Radioactive Waste - Approval of
Report for Packaging of the RH TRU shipping cask (1

Compliance Criteria (40 CFR 194).
CHARACTERIZATION METHODS
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RH TRU waste characterization refers to the examina
analysis of the waste and to the inspection of wast

as a means to demonstrate compliance with the requi
regulations.

Process Knowledge: Process knowledge is the ability
to use their understanding of an operation to chara
components that make up a given waste stream. Proce
least costly method of waste characterization and d
facility personnel to radiological or other operati

the particularly high contact radiation levels and

risks associated with RH TRU waste, process knowled
important role in the overall characterization proc
Radioassay: The Nuclear Regulatory Commission has i
as an acceptable technique for the identification o
contents of a RH TRU waste container. Numerous radi
available to determine the TRU content of bulk wast
may include both nondestructive and destructive tec
Nondestructive radioassay capability needs to be de
waste.

Radiography: Radiography is a nondestructive qualit
quantitative” (i.e., used to estimate the volume of
might be present in within the waste matrix) techni

ray scanning of waste containers to identify and ve
contents. Real-time radiography (RTR) has been deve
specifically to aid in the examination and identifi
containerized waste. There is no equivalent or asso
EPA sampling and analysis guidance documents.
Visual Characterization: The visual examination of
waste container is designed to provide data on the
material in each of the waste containers. Visual ex
analytical process that does not involve sampling p
technigue provides a compliance assessment of the w
respect to the WIPP-WAC. It also verifies process k
waste form and determines whether detectable free |
the waste contents. Also, the results of radiograph
through visual examination of a statistically selec
containers from each waste stream.

Chemical Analysis: About 45% of the RH TRU waste vo
containing both radioactive and hazardous constitue
under the Resource Conservation and Recovery Act (R
mixed waste are radionuclide-contaminated spent sol
materials contaminated with both solvents and radio
scintillation fluids, and discarded contaminated le
determination of the analysis requirements for RH T
the appropriate methodologies that are required for
characterization (process knowledge, sample and ana
RH TRU WASTE INVENTORY

RH TRU inventory data in this report were taken fro
Waste Baseline Inventory Report (WTWBIR), which est
for grouping wastes of similar physical and chemica
wastes are grouped into a series of "waste profiles
disseminated to regulatory agencies and other stake
also used as the basis for radiological source term
Performance Assessment and for hazardous waste sour
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the WIPP RCRA Part B Permit and No Migration Petiti
the stored and projected inventory of RH TRU waste
sites assessed.

Table |

SITE ASSESSMENTS

Facilities required for the characterization of RH
capable of activities such as removing, sorting, tr
visually characterizing, certifying, nondestructive
examining containers of either solid or liquid/slud
study compiled data provided by the DOE sites that
storage and are projecting future generation.

Argonne National Laboratory - East: ANL-E occupies
DuPage County, lllinois, located southwest of Chica
energy research and development laboratory that con
of energy related sciences and serves as an importa
study of nuclear and non-nuclear energy sources (2)
generated at ANL-E from fuel examination activities
Hot Cell Facility (AGHCF) and is placed in metal ca
heat-sealed, and packaged in Department of Transpor
7A 30-gallon drums. ANL-E has an RH TRU waste certi
shipment to WIPP but a revision to the current WIPP
needed (3) . ANL-E has no planned or current facili
waste in canisters (for approved WIPP casks). They,
continue to ship RH TRU waste to the INEL for inter
no plans for facility modifications, new facilities

for characterization of RH TRU waste.

ANL-E does have two facilities that may be used for
of RH TRU waste: the AGHCF and the Building 200 Hot
10,000-ft3 AGHCF complex is designed for metallurgi
consists of a multicurie hot cell, the Electron Bea
machine shop, and a decontamination/repair area (4)
contain a total of ten work stations fitted with vi
equipped with master-slave manipulators. Primary au
the AGHCF could be used in the examination of RH-TR
previously to examine and repackage 30-gal drums of
Building 200 Hot Cell Facility consists of 2 floors
isolated hot laboratories, and a shielded corridor
radioactive materials between cells. A cell on the
previously used for the packaging of RH TRU waste a
50,000 Ci of 1-MeV gamma radiation. Two mobile and
remotely-controlled polar manipulators are also ava
areas not accessible to the master-slave manipulato
Argonne National Laboratory - West: ANL-W is situat
southeastern portion of the INEL and has had a prim
the Integral Fast Reactor concept (2). ANL-W is an

at the INEL and has developed a RH TRU waste certif
document the activities necessary to characterize a
waste for disposal at WIPP (5). ANL-W has also comp
Data and Process Knowledge Assessment to determine
INEL's RH TRU waste that can be certified for WIPP
additional characterization activities.

Two facilities at ANL-W could be used for the chara
waste: the Hot Fuel Examination Facility (HFEF) and
Facility (FCF). HFEF is comprised of two adjacent,
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that include a decontamination cell and a main cell
high purity argon gas designed for containment of p
and is arranged for vertical handling, examination,
experiments up to 30 feet in length. The cell is de
permanent, remote operations that do not require pe
decontamination cell is air-filled and used for the
irradiated experiments, the decontamination of hot
the loading and shipping of radioactive waste gener
Much of the in-cell examination equipment for fuel

or semi-automated. The FCF also has two adjacent ce
argon cell and an air cell. The 16-sided FCF argon
support the new remote reprocessing and refabricati
for the former DOE Integral Fast Reactor Program. T
been discontinued by DOE, effectively ending the cu
ANL-W is currently developing nondestructive assay
fast and low-cost assay of nuclear materials. These
techniques are based on specific signatures of elem
materials contained in certain waste streams and sp
techniques will be suitable for waste streams exhib
that contain nuclear poisons, (a,n)-sources, and lu
material in a heterogeneous matrix. The currently d
equipped with a 14 MeV, source providing 1011 neutr
the active phase.

Hanford Reservation: HANF is located in the southea
Washington State, approximately 50 miles north of t
is located in a structural and topographic depressi
Plateau called the Columbia Basin. HANF covers an a
square miles of semiarid land. The mission is to cl
scientific and technological excellence to meet glo
partner in the economic diversification of the regi

and characterization of the existing RH TRU wastes
before the year 2000, the earliest expected startup

Receiving and Packaging Plant (WRAP) Module 2B. Unt

supplied will be based on available engineering jud
knowledge.

HANF does not have existing facilities capable of ¢
TRU waste currently stored at the site. Capabilitie
examination (NDE) and nondestructive assay (NDA) fo
TRU waste characterization are available, but they

adaptable for RH TRU. The planned WRAP Module 2B is

construction project at HANF that will enable chara
processing RH TRU waste for shipment to WIPP (7). W
a largely remotely-operated hot cell facility with
requirements for RH wastes having contact radiation
R/h. The facility will process the retrievably-stor

the projected RH TRU wastes that will be generated
programs.

The current concept for the WRAP Module 2B consists
hot cell used for the disassembly and size reductio
Adjacent to this cell are several small cells to pr
treatment, and packaging of the waste into containe
engineering study to determine the size of the main

of processing cells, and other conceptual functiona
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with the facility. WRAP Module 2B will have capabil
examination, direct sampling, and NDE and NDA of RH
Idaho National Engineering Laboratory: The INEL cov
square miles and is located near Idaho Falls, Idaho

in 1949 to conduct, test, and operate nuclear facil

of RH TRU waste was initiated at the INEL in 1976 w
of the Intermediate-Level Transuranic Storage Facil

at the Radioactive Waste Management Complex (RWMC).

established for retrievable storage of RH TRU waste
greater than 200 mR/hr and less than 4,500 R/hr. Th
developed a test plan for headspace gas sampling of
cooperative venture with ANL-E. Although no gas sam
been initiated, the methodologies have been establi
associated operating and design documentation devel
The INEL does not have facilities that are currentl
characterizing RH TRU waste. The Stored Waste Exami
which is located at the RWMC, could be adapted for
addition of shielding, and remote-handling equipmen
modification to the NDA measurement system and comp
cell facilities at the INEL are located at the Test
Reactor Area. These facilities may have potential a
characterization and direct sampling of RH TRU wast
information of these facilities and their current c

could be obtained from the INEL.

The INEL is currently developing systems that will
headspace gas sampling of TRU waste drums. Included
installed monitoring system at the INEL Drum Ventin
and the development of a portable system that can b
offsite for at-line sampling. The INEL is also prep
request funding to support completion of a mobile g
installation station for RH TRU waste drums.

Los Alamos National Laboratory: LANL is located in
Mexico, north-northeast of Albuquerque. Since its i
primary mission of LANL has been the research and d
weapons. Programs include weapons development, nucl
research, nuclear safeguards and security, and veri
(8). All of LANL RH TRU waste is generated by the d
of experimental fuel elements from the Experimental
including segments of fuel discarded after metallur
Over the past year and a half, LANL has been charac
RH TRU waste for ultimate disposal at WIPP. To date
canisters have been characterized, packaged, and pl
storage. LANL has pioneered much of the radioassay
currently in use at many DOE sites, and it continue
develop additional technologies. LANL currently has
in the DOE complex that is capable of assaying RH T
designed to specifically measure waste cans having
and a height of 30-cm, with an overall waste volume
gal. The RH assay system chamber size could be incr
sizes up to 55-gal.

The LANL Chemical and Metallurgy Hot Cell Facility
cells comprised of 2 banks of 8 hot cells (10). Eac
cells has a central corridor and hydraulic-actuated
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cell from the corridor. The corridor has enough spa
gal drums, shielded waste casks, or larger overpack

A major LANL research and development project for T
characterization is the Combined Thermal/Epithermal
Interrogation radioassay device. According to LANL
device is highly suitable for determining the fissi

RH TRU waste derived from irradiated breeder reacto
gamma radiation levels of up to 1,000 R/h (11). LAN
progress towards development of a CTEN interrogatio
full-scale operational applications. A fully-operat

that is capable of assaying both 55- and 83-gal dru
constructed.

Oak Ridge National Laboratory: The 8,771 acre ORNL
Ridge Reservation and is situated almost entirely w
mile White Oak Creek drainage basin. ORNL's mission
research and development activities for DOE and oth
agencies, as well as for private institutions (12).

DOE RH TRU waste inventory is stored at ORNL.

In the late 1980s, ORNL developed a strategy to pro
stored RH TRU waste that included the proposed TRU
(TPF), a major line-item project at ORNL that was o
the Waste Handling and Packaging Plant (13). To ass
of the TPF, ORNL has completed a study of existing
characterize much of the stored RH TRU waste throug
(14). An alternative to TPF is the feasibility of u
facilities to process TRU wastes. A report describe
facilities and technologies considered, the busines
evaluated for cost effectiveness, processing schedu
estimates, and final recommendations.

A real-time NDA and NDE system for compliance verif
requirements (e.g., fissile material limits and fre
particulates) is essential to the TPF. After review
techniques applicable to CH TRU wastes, ORNL has co
accelerator- (LINAC) based system is likely to succ
WIPP-WAC requirements. Development of NDE by LINAC-
complete, whereas a LINAC system to perform radioas
stages of development.

Building 3517 (the Fission Product Development Labo
structure constructed of masonry block, structural
concrete, with a metal-sided high bay area over the
building structure serves as a secondary confinemen
receiving and shipping for the cells is performed i
airlock at the west end of the building. A 10-ton d
where it can be lifted by a 20-ton bridge crane loc
bank. The cell roof has removable plugs for access
bank consists of two rows of cells with the north r

into nine separate rooms, but all are interconnecte
along the full height of the cell. The south row ce

by one or two windows and one or two sets of master
arms. The interiors of the hot cells are highly con
operations. Although the north bank of cells is cur
decontamination, the south cell bank is still used
radioisotope sources. The soil surrounding this str

ce to accommodate 55-
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contaminated with fission products as a result of p
leaks and spills and requires remediation.

Building 3525 (the High-Radiation-Level Examination
story brick building with a partial basement that h
equipment. Building 3525 is divided into two functi
front section is a single-story office and laborato

story structure in the rear houses the cell complex
and other support functions. The primary cell struc
straight-line banks that are arranged in the form o
purposes. The cells on this level are served by 15
pair of master-slave manipulators at each window. T
the cell banks are lined with stainless steel sheet
containment of particulate matter. Special penetrat
sealed entry of services, such as instrument lines,
Within each cell bank, heavy objects are moved by e
manipulators and a companion 3-ton bridge crane. Sp
the cell wall accommodate some basic experimental e
and sealed transfer mechanisms. These penetrations
ports for the periscopes, the stereo-microscope, an
the gamma spectrometer. They also include openings
samples to shielded transfer stations provided at t
charging cell (No.7). Items up to 446 ft in size an

tons may also be transferred through a shielded air
Building 7860 (the Hydrofracture Facility) is a sin
constructed of reinforced concrete, masonry block,
The building is L-shaped with overall dimensions of
two-story masonry block portion for an equipment ro
steel-sided portion for the well pipe storage tower
consists of equipment rooms, an office, a control r
There are three cells in the facility: one cell con

a second cell containing two well injection pumps,
containing the mixing equipment. Access into the ce
through the cell roofs and a bridge crane in the we
There is no secondary containment arou nd the cells
used to mix and inject liquid waste and grout into
shale formations located 700- to 1,000-ft below the
Tennessee Department of Health and Environment will
further use of this disposal technique; therefore,
longer in use.

Building 7930 (the Thorium-Uranium Recycle Facility
structure with a partial basement. It is constructe
reinforced concrete, and masonry. The building has
and the structure serves as a secondary confinement
floor provides space for technical personnel office
cells and maintenance, a glove-box maintenance room
fuel storage basin, change rooms, a compressor, CO2
machinery rooms. The second floor provides space fo
sampling of radioactive materials, a development la
handling slightly contaminated material, a maintena
mechanical and electrical-equipment rooms. Located
a high bay that includes the cell roof area and pro
entry of cell services and cell access. The third f
50-ton bridge crane that has a 5-ton auxiliary hois

revious waste-line

Laboratory) is a two-
ouses ventilation
onal sections: the
ry area, and the two-
, the operating areas,
ture consists of three
fa "U" for functional
viewing windows and a
he inside surfaces of
to provide
ions provide for the
water, and gas.
lectro-mechanical
ecial penetrations in
qguipment and shielded
include the sleeve
d the collimator for
for the transfer of
he rear face of the
d weighing up to 10
lock door system.
gle-story structure
and structural steel.
5679.5 ft. There is a
om and a three-story
. The first floor
oom, and change rooms.
taining the well head,
and a third cell
lIs is provided
Il pipe storage tower.
. Building 7860 was
highly impermeable
surface. The

not permit any
Building 7860 is no

) is a three-story

d of structural steel,
an irregular shape,
enclosure. The first
S, operating space for
, areceiving area, a
storage, and elevator
r chemical makeup,
boratory, a shop for
nce area, and

on the third floor is
vides facilities for

loor is serviced by a
t. Heavy equipment and



casks can be brought into the facility and transpor
crane to various locations over the cell complex.

The principal cell structure is in the shape of a "
straight section that contains 4 cells and another

right angle to the first section. In addition, a li
equipment storage cell is located adjacent to and b
cell structure. A glove maintenance room is connect
cell system. The glove-maintenance room is accessed
airlock. The bulk of the shielding is normal concre

the second floor level around the cells and 4.5-ft

floor. Decontamination cell shielding is 4-ft thick

or equivalent up to the second floor level around t
thick above the second floor; shielding around the

is 2-ft thick normal concrete. Window and master-s|
openings and cell services are installed at 8-ft mo

cell face.

CONCLUSIONS

This study provides an assessment of the existing a
capabilities to characterize RH TRU waste at major
the preliminary assessment, there are limited chara
capabilities at the sites that have RH TRU waste. T
existing and planned DOE capabilities to characteri
summarized below and presented in Table II.
Nondestructive examination capabilities of RH TRU w
essentially nonexistent. RTR systems located at HAN
capable of examining CH TRU wastes only. Applicatio
require the installation of shielding and remote-ha
sites posses other systems such as neutron radiogra
modifications to examine RH TRU waste containers.
Visual characterization capabilities may exist at h
ANL-E, ANL-W, INEL, LANL, and ORNL. The ANL-E, ANL-
are relatively modern facilities that would be capa
TRU wastes, but the INEL facilities are outdated an
upgrades prior to use.

Gas sampling and analysis capabilities exist at ANL
wastes. Application of these systems to RH TRU wast
installation of additional shielding. The INEL may
sampling and vent station for RH TRU waste drums th
and fabricated. Some preliminary testing been perfo
system.

Table Il

Currently available NDA capabilities for characteri
limited.The only system capable of neutron assay of
small passive-active neutron device located at the
presently capable of successfully assaying only cer
generated at LANL. Application to other offsite RH
would require extensive system modifications. Altho
neutron interrogation assay system technologies for
development at LANL and the ORNL, these systems are
probably years from potential use in an operating e
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ABSTRACT

In March 1994, the Department of Energy Carlsbad Ar
implemented a performance-based planning method to
prioritization within the Waste Isolation Pilot Pla
Probabilistic performance calculations were require
Prioritization Method (SPM) and roughly 46,700 comb
were analyzed, generating a large volume of informa

ea Office (DOE/CAQO)
assist in

nt (WIPP).

d for the Systems
inations of activities
tion to be documented,



analyzed, and communicated. A self-contained inform
system consisting of a relational database on a 600
built to meet this need. The CD-ROM was used to sto
assessment results, data analysis and visualization
about the activities, electronic copies of 40 CFR 1
technical reference papers, and the final SPM repor
ROM were distributed to interested members of the p
participants, and the Environmental Protection Agen
INTRODUCTION

In March 1994, DOE/CAOQO implemented a performance-ba

assist in prioritization within the WIPP project wi
applicable EPA long-term performance requirements i
40 CFR 268.6 (1-5). SPM was designed to define the
combinations of scientific investigations, engineer
waste acceptance criteria to support the WIPP compl
application. Probabilistic performance calculations
roughly 46,700 combinations of activities were anal
phase of SPM (SPM-2). A self-contained information
consisting of a relational database on a 600-megaby
meet this need.

THE SPM CD-ROM INFORMATION SYSTEM

In order to make this very large volume of data ava
to a wide audience, SPM-2 results were published on
of a self-contained information system. The CD-ROM
platforms. To minimize incremental costs of its use

WINDOWSTM) is contained on the CD-ROM in a form tha

without violating copyright protection. A relationa

megabyte CD-ROM is used to store performance assess

analysis and visualization tools, information about
electronic copies of 40 CFR 191 and 40 CFR 268, tec
papers, and the final SPM report (Fig. 1). Informat
CD-ROM would, if printed out, create a stack of pap
feet tall.

Fig. 1

Copies of the CD-ROM were distributed to interested
public, WIPP participants, and the EPA. To make the
friendly as possible, the database uses a point-and
all software needed to run the database is containe
addition, all files are hyperlinked so that a user
requirementssuch as human intrusionfrom a point of
Regulations through their treatment in technical re
online help panels provide introductory material on
WIPP mission, transuranic waste, performance assess
step explanation of the SPM calculations. The CD-RO
online software manual and hard copy reports can be
activity.

One of the objectives of the CD-ROM information sys
efficiency (and quality) by providing as much relev

to support users' understanding of the SPM-2 data,
calculations. To that end, a graphical interface is

the user and help navigate through the relational d
addition to providing a contextual background for u
meaning of data displayed on any panel, four levels
information are provided.

ation management
-megabyte CD-ROM was
re performance
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The Data Visualizer

The heart of the SPM-2 information system is a data
performance measures (cost, duration, and probabili
compliance (PDC)) for roughly 46,700 programmatic o
sets). The data visualizer is implemented using a ¢
off-the-shelf database management system for data s
computations, data display, and graphical user inte
The database management system provides interactive
selecting groups of activity sets for analysis and
performance measure ranges, presence or absence of
activities in the activity sets of interest, or bot

system provides six views of selected activity set
dimensional scatter charts with three-axis pairs (c
cost-duration); a three dimensional view plotting m
activity sets whose cost and duration values fall w
ranges; and a sorted list display showing activity
cost, and duration for each selected activity set.
interactively displays details of activities compos

and the complementary cumulative distribution funct
corresponding to the selected activity set outcome.
component of the system is built of more than 200 d
tables, queries, reports, and macros.

In a database, numbers standing alone without annot
are without meaning to many, if not most, users. Ye
uses of databases provide nothing more than numbers
that the user may have to expend significant effort
documentation for the numbers provided in a databas
adequately understand their meaning. To the extent
on finding explanations for the meaning of numbers
effort that could be directed to using the numbers

of explanation conveniently at hand while using the
an element of inefficiency.

Metadata

Within the visualizer display panel, titles, table

row labels, and graph legends are supported with me
that defines, explains, and relates each of these d

to the SPM-2 process, and to the scientific and eng
whose consideration produced the SPM-2 results. As
provides brief definitions and explanations. These
linked to a detailed online overview, which is inte
pop-up definitions, to related topics, and to a glo

the system. Annotations are linked to the online el
library where detailed technical references for the
provided.

In addition to the passive metadata, items of parti
supported by active-interactive panels. For example
principal display panels in the visualizer, the "Ac
Panel," is an interactive table. Its rows correspon
activity sets. It has two sets of columns. The firs
correspond to technical program areas and the secon
the performance measures: PDC, cost, and duration.
heading activates a pop-up panel that displays a "p
definition of the technical program area associated
this definition is hyper-linked to an appropriate d

visualizer containing
ty of demonstrating
ptions (activity
ommercially available
torage and retrieval,
rface.

functions for
visualization based on
particular subsets of
h. The visualization
groups: two-
ost-PDC, duration-PDC,
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electronic document library. But if the activity se
row is clicked, an interactive panel is activated.
corresponding row of the "Activity Set Composition
detailed information about every activity in the se

and displays the PDC for any combination of outcome

component activities the user selects and upon the

access the necessary data and generate the CCDF cha

outcome combination. This interactive functionality
exercise one of the most conceptually elusive compu
analytical process to gain a concrete grasp of the
operation, providing an invaluable complement to th
of the computation contained in the overview.

Both passive annotations and interactive panels are
the database structure along with the SPM-2 results
column, every cell has an integrated information co
used for the appropriate level and detail of defini
demonstration.

The Navigator

The navigator (Fig. 2), which acts as the user's po
provides point-and-click access to all of the other
system. The navigator is implemented using an off-t
text/full text search system. Navigation to pre-def
textual portions of the system is accomplished by H
navigation is supported by a sophisticated full tex
provides virtually instantaneous shift of focus to
interest in the text defined by the user. Topical i
formulated as words, phrases, and character strings
include fixed or variable length "wild cards" used
variations in textual expression of an idea of inte
topical recognition cues can be combined with both
and proximity (e.g., these two words within so many
words of each other) operators to express complex a
specification. The query formulation dialog is desi
and easy to use.

Fig. 2

Search time is invariant with respect to query comp
by several orders with respect to the magnitude of
aspect of system performance is of importance quite
of mechanical efficiency. When pursuing an inquiry
of a particular data set, the more rapidly the syst
more questions can be resolved within a unit of tim
The system provides a complete history of the user'
text (whether by hyperjump or by topical search), d
all locations visited. The user can click on any it
automatically return to that point in the text. Ab
allows the user to retrace the trail one step at a

are an invaluable aide to understanding by allowing
particular context to follow explanations and relat
then return with little effort to the original cont
additional relevant information to augment understa
context.

Online Context-Sensitive HELP

With over eighty hyper-linked topics, online contex
contains explanations of how to use the system, des
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display control (buttons, check boxes, etc.), and d
displayed data items. Brief definitions of SPM-2 te
provided in the software HELP subsystem.

Many of the help panels are graphical and interacti
multi-level hyperlinked user structure diagram show
among the user interface panels. Clicking on a bloc
diagram that represents a particular user interface
an image of the panel itself. The panel image, in t
explanations of the meaning of data displayed on th
instructions on how to use it.

Overview

Definitions of SPM-2 terminology as well as detaile
and the SPM-2 project and its objectives, methods,
procedures are contained in the SPM-2 Overview. Thi
is internally hyper-linked, and hyper-linked to the
system and to the electronic document library descr
Overview is also full text content searchable.
Electronic Document Library

The fourth level of explanatory data, the electroni
(EDL), is also internally hyper-linked and can be ¢
full text search. The EDL contains the SPM-2 Final
Final Report, the technical position papers which |

of the data contained in the database/visualizer, a
references, and the full text for 40 CFR 191 and 40
general references, which consist of SPM-2 charter
key instructions establishing the scope and directi
included as electronic page images (containing sign
electronic text documents that can be full text sea
EVOLUTION AND USES OF THE SPM-2 CD-ROM
The magnitude of the data and results suggested usi
organize the results in a manageable form. A visual
enhance the value and utility of the data. The esti
database suggested that a high capacity, high densi
would be needed. At about the same time as the stor
consideration, DOE direction to make the SPM-2 data
to the public and the consequent need for distribut
introduced the requirement for a low cost storage m
the obvious choice. Release to the public also led
navigator, metadata, and all of the other supportin
tools that resulted in self-contained form of the f
Copies of the CD-ROM have been distributed to inter
public, WIPP participants, and the EPA. The system
to understand parts of the project on which they ha
The supporting explanatory material in the system m
wider audience than the results and data and may co
well after the original purpose of the system has b
CONCLUSIONS

The SPM performance-based decision methodology prov

structuring a large, complex decision and focusing
portions of the problem.

A self-contained information system to support a sp
possible in part by the availability of information
form and by contemporary information system tools;
computer, large capacity data storage media, fast p

efinitions of
rminology are also

ve. For example, a
s the relationships

k in the structure
panel hyperlinks to
urn is hyperlinked to
e panel and

d descriptions of WIPP
and computational

s electronic document
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memory, low cost database management systems, HYPER
engines, etc. The CD-ROM is a key element for distr
contained information systems. The SPM-2 self-conta
system could not have been economically feasible as

years ago. Just since the SPM-2 CD-ROM was released
substantial improvements in all of the software and

used in its creation. Later this year CD-ROMSs with
gigabytes will be commercially available. A technol

100 gigabyte CD-ROMs is nearing maturity and is exp

into manufacture within the next year or two. Multi

recording and reading optical data are expected to

with even higher capacities within the next five to

ROM's cost performance is superior to any paper for
microform. When large numbers of copies are require

of the CD-ROM is small. The economies of distributi
compelling that there should be a conversion of man

record keeping requirements to this medium.
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ABSTRACT

The cost and benefit of continuous improvement: usi
Alternatives at the Waste Isolation Pilot Plant.

The Waste Isolation Pilot Plant (WIPP) faces many ¢
to open as the nation's first Transuranic (TRU) nuc
One of these challenges is to satisfy stakeholder's
concerns that the repository will perform as predic
uncertainty associated with the long-term predictio
performance using a complex system of computer mode
Energy (DOE) is committed to providing a safe and e
disposal for these TRU wastes. To provide assurance
the WIPP facility, the DOE has developed an Enginee
program.

An Engineered Alternative may take the form of a fa
process modification, or waste form modification so
uncertainty which may be associated with important
parameters (i.e. transport of radionuclides, increa
strength of disposed wastes, the quantity of waste

to the accessible environment in the event of a dri

aid in the evaluation of Engineered Alternatives, t
Engineered Alternatives Cost/Benefit Study in late
examined potential alternatives and systematically
practical and technically feasible set. The study t

of engineered alternatives for their benefits in ad
WIPP performance-related uncertainty. Examples of t
alternatives that were examined include engineered
processing of wastes, supercompaction of wastes, re
modifications, and combinations of these technologi
addressed the application of engineered alternative
currently generated wastes, and wastes to be genera
This report details the methodology employed to ass
each of these alternatives upon the entire DOE comp
impacts on WIPP operations, and long-term repositor
In general, the DOE found that risks to workers and
are greater for complex treatment options than for
such as engineered backfills. Every EA provides per
associated risks. The DOE must weigh these benefits
a final decision relative to EAs at the WIPP facili

used as a means to make this decision.
INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is a United
Energy (DOE) pilot operation designed to demonstrat
Transuranic (TRU) waste in deep, bedded salt. The W
southeastern New Mexico. By law (U.S. Congress, 199
been withdrawn from public use to demonstrate the s
waste. Also by law, disposal of TRU waste must comp
regulations promulgated by the U.S. Environmental P
(EPA). The disposal system design consists of multi
natural and man-made, located in a geologic salt de
below ground. These barriers were selected because
permanently isolate the waste from the accessible e
same time, comply with performance and assurance re
B of Title 40 Code of Federal Regulations Part 191

ng Engineered

hallenges in its bid
lear waste repository.
and regulator's

ted, given the

ns of repository

Is. The Department of
ffective means of

in the performance of
red Alternatives
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WIPP performance
ses in the mechanical
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States Department of
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regulation contains; 1) repository radionuclide con
that must be demonstrated using a performance asses
assurance requirements used to provide additional ¢
containment predictions. Engineered Alternatives (E
provide additional assurance measures beyond those
existing containment and assurance requirements. Th
EA to represent engineered barriers that are techni
processes, technologies, methods, repository design
modifications which make a significant positive imp
system in terms of reducing uncertainty in performa
improving long-term performance.
The DOE conducted a cost/benefit study to evaluate
as assurance measures. The purpose of this study is
with cost, benefit, and risk information for use in
rejection of EAs. This study includes an assessment
potential risks, benefits, and relative repository
from the implementation of EAs, and where appropria
entire waste management complex (as a system) was ¢
is entitled the Engineered Alternatives Cost/Benefi
The EACBS evaluated EAs using the following assumpt
The present baseline design of the WIPP repositor
performance meet the containment requirements of 40
additional EAs. The baseline does not include waste
required by the WIPP Waste Acceptance Criteria (WAC
The results of the EACBS analysis are qualitative
qualitative and quantitative methods were used to g
information.
The EA analysis used a multi-factor approach to e
risk, both incidental and accidental; the benefit a
that could be expected from the implementation of e
factors were not ranked or weighted. The output of
results of the EA analysis with the baseline and no
The approach used in the EACBS was to screen potent
previous studies, proposed regulations, and input e
stakeholders. The screening process used a working
technical professionals from various fields to comp
to an EA definition and then to determine if those
definition also meet regulatory and technological f
The output of the screening process was a list of E
the definition and/or screening criteria along with
their rejection from further study, and a list of E
of retained EAs was then optimized to determine whi
analyzed further.
The screening processes evaluated 111 proposed EAs
field of 54. The 54 EAs retained were optimized by
feasibility and effectiveness criteria to provide t
used in the EACBS. The 18 EAs remaining for evaluat
basic alternatives and nine variations. The 18 fina
are briefly described below. (Numbers refer to thei
EACBS; they do not represent rankings or ratings.)
Baseline For EA comparison, the baseline is conside
WIPP disposal system design. Waste meeting the WIPP
rooms that are approximately 4 meters high, 10 mete
long and access drifts in waste stacks of seven-pac
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and Standard Waste Boxes (three high). No backfilli
disposal area is included in the baseline case.
#1Supercompact Organics and Inorganics Solid organi
are sorted to remove items that cannot be compacted
compacted in 132.6 liters (35-gallon) drums and the
Usually, the contents of four supercompacted drums
liter (55-gallon) drum. Sludges are not processed.
#6Shred and Compact Organics and Inorganics Solid o
are shredded and compacted in 208-liter (55-gallon)
mechanical shredder and a low pressure compactor. S
processed.

#10Plasma Processing of All Wastes All wastes are p
mechanical shredder and the input waste stream is ¢
suitable metal to non-metal ratio. The waste is pro
Plasma Arc Centrifugal Treatment System and placed
gallon) drums.

#33Sand Plus Clay Backfill A mixture of medium grai
granulated clay is used as backfill. The mixture is
waste stack and between the drums filling the void

and unmined host salt in waste emplacement panels.
space is assumed.

#35aSalt Aggregate (Grout) Backfill A salt aggregat
used as backfill to fill the void spaces between dr

salt in waste emplacement panels. This backfill con
cementitious-based salt aggregate grout with crushe

is pumped around the waste stack and between the dr
spaces. A 20 percent void space is assumed.
#35bCementitious Grout Backfill A cementitious grou
of ordinary Portland cement, sand and fresh water i
waste stack and between the drums filling the void
void space is assumed.

#77aSupercompact Organics and Inorganics, Salt Aggr
Monolayer of 2000 drums in a room that is 1.83 mete
10.06 meters (33 feet) wide, and 91.44 meters (300
Alternatives #1 and #35a are combined. The room hei
3.96 meters to 1.83 meters (13 feet to 6 feet) and
drums is emplaced in the room.

#77bSupercompact Organics and Inorganics, Clay-Base
of 2000 drums in a room that is 1.83 meters (6 feet
(33 feet) wide, and 91.44 meters (300 feet) long Al

are combined. The room height is lowered from 3.96
(13 feet to 6 feet) and only one layer of drums is
#77cSupercompact Organics and Inorganics, Sand/Clay
of 2000 drums in a room that is 1.83 meters (6 feet
(33 feet) wide, and 91.44 meters (300 feet) long Al

are combined. The room height is lowered from 3.96
(13 feet to 6 feet) and only one layer of drums is
#77dSupercompact Organics and Inorganics, CaO Backf
drums in a room that is 1.83 meters (6 feet) high,
wide, and 91.44 meters (300 feet) long Alternatives
combined. The room height is lowered from 3.96 mete
feet to 6 feet) and only one layer of drums is empl
#83Salt Backfill with CaO A backfill of commerciall
lime (also called quick lime which consists of CaO)
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placed around the waste stacks and between the drum
space. A 50 percent void space is assumed.
#94aEnhanced Cement Sludges, Shred and Add Clay-Bas
Organics and Inorganics, No Backfill EA 94a include
treat the TRU waste. The first is an enhanced cemen
previously solidified and "as generated” sludge. Ex

into a mechanical crusher/shredder. The crushed was
enhanced cement and the product is poured into 208-
drums. Newly generated sludges are solidified with

The second process shreds solid organic and inorgan
clay to the shredded waste. This waste product is p
(55-gallon) drums.

#94bEnhanced Cement Sludges, Shred, and Add Clay-Ba
Organics and Inorganics, Sand/Clay Backfill Alterna
combined.

#94cEnhanced Cement Sludges, Shred and Add Clay-Bas
Organics and Inorganics, Cementitious Grout Backfil
#35b are combined.

#94dEnhanced Cement Sludges, Shred and Add Clay-Bas
Organics and Inorganics, Salt Aggregate Grout Backf
and #35a are combined.

#94eEnhanced Cement Sludges, Shred and Add Clay-Bas
Organics and Inorganics, Clay-Based Backfill Altern

are combined.

#94fEnhanced Cement Sludges, Shred, and Add Clay-Ba
Organics and Inorganics, CaO/Salt Backfill Alternat
combined.

#111Clay-Based Backfill Backfill consisting of comm
pelletized clay is placed around the waste stack an

filling the void space. A 50 percent void space is

EACBS ANALYSIS FACTORS

The 18 EAs were analyzed with respect to the factor
below:

1. The effects of EAs on long-term performance of t

This factor analyzes the EA's ability to limit wate
movement to the accessible environment and the pote
human-initiated processes or events.

2. The increased or reduced uncertainty in complian

3. The impact on public and worker exposure to radi
off-site) both during and after the incorporation o

4. The increased ease or difficulty in future remov

the WIPP disposal system.

5. The increased or reduced risk (physical accident
accidental chemical and radiation exposures) of tra

the WIPP.

6. The increased or reduced public confidence in th
disposal system.

7. The increased or reduced total DOE waste managem
schedule impacts.

8. The impact on other waste disposal programs.

The following discussions outlines the analysis and

with respect to the eight factors.

Factor 1Effects of EAs on Long-Term Performance of
Factor 1 dealt with the impacts that an EA is predi
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long-term performance (not specific to the regulato
the disposal system. Impacts were predicted using t
Model (DAM), a computer model which considered the
brine inflow, creep closure, gas generation, and ra
under undisturbed conditions. The consequences of t
scenarios were also considered. The three human int
postulated the existence of future boreholes that i
penetrated the waste rooms and panels (waste horizo
scenarios were referred to in the EACBS as E1, E2,
scenario involved a borehole that intersects the re
hypothetical pressurized brine pocket below the rep
scenario involved a borehole that only intersects t
E1E2 scenario involved one E1 and one E2 borehole t
repository at different locations and times. This f
considering the impacts of each EA on the following

Relative changes in the cumulative 10,000-year re
based purely on the quantity of cuttings released t
each of the three human intrusion scenarios

Relative changes in the cumulative 10,000-year r
radionuclides into the overlying Rustler Formation
human intrusion scenarios.
The impacts of each EA are expressed as changes in
described above relative to the baseline, which is
waste emplaced in disposal panels.
Although both disturbed and undisturbed conditions
greatest consequences of releases are expected to o
human intrusion. Therefore, the study placed emphas
EAs on mitigating releases from the human intrusion
Factor 2The Increased or Reduced Uncertainty in Com
Factor 2 estimated the EAs ability to treat uncerta
quantity of radioactive materials that are expected
the accessible environment as a direct result of hu
scenarios. This factor estimated the uncertainties
manipulating the DAM input parameters from the Fact
Monte Carlo simulation for each EA analyzed. The re
then used in conjunction with those of Factor 1 to
potential for an EA to provide additional assurance
the disposal system.
The treatment of uncertainty in compliance assessme
reducing both the magnitude of radioactive material
accessible environment and characterizing the poten
that quantity. Factor 1 addressed the magnitude of
a Measure of Relative Effectiveness (MRE) for cultti
surface and groundwater transport to the Culebra Do
borehole, given scenarios E1, E2, or ELE2 occur. A
factor that expresses the change in the magnitude o
respect to the baseline disposal system design. Fac
ability of the EAs to treat the uncertainty about t
release quantity by treating the uncertainty about
quantities of radioactive material that might be re
the intrusion scenarios.
Factor 3The Impact on Public and Worker Exposure to
and After the Incorporation of an EA This factor ch
health risks (incidental and accidental exposure) a
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implementation of an EA, including those impacts re
site and generator or disposal facilities that hand
waste. Potential impacts include radiation effects
exposures and the release of material resulting fro
accident scenario), effects from the release of haz
in the case of individuals within the facilities, o
hazards. Impacts were considered for the following
individuals at the WIPP and at the generator/dispos

Workers directly involved with handling, processi
waste (generally referred to as "workers")

Other workers in the facility who are not directl
TRU waste (referred to as "co-located workers")

The co-located worker who receives the highest ex
hazardous material from TRU waste activities

Members of the public who live within 80.5 kilome
facility where the TRU waste is being handled, proc
(generally referred to as "public”)

The member of the public located off-site who rec
exposure from activities associated with TRU handli
disposal (often called the Maximum Off-Site Individ
Factor 4The Increased Ease or Difficulty in Future
from the WIPP Disposal System For the purpose of th
removal is defined as the activity involving recove
repository closure. In assessing the waste removal
inventory and physical properties for each EA deter
panel geometry that would in turn determine the tim
underground removal (mining of the waste). Undergro
considered the compressive strength and density of
as the consolidation of the backfill expected to oc
period of time (if applicable). The occupational ha
accidents include the conventional hazards due to u
accidents, hazardous waste exposure, and radioactiv
Factor 5The Increased or Reduced Risk of Transporti
WIPP The transportation risk factor consisted of th
due to radiation- and hazardous-material exposures
result from transporting CH- or RH-TRU waste. The r
in terms of the radiological, chemical, and non-rad
impacts of either normal, incident-free transportat
accidents. Because transportation does not impact a
alternatives were not analyzed using this factor. T
the total number of shipments from each storage/gen
present the exposures to the public and workers. Wh
reported transportation risks and exposures are in
Factor 3.

Factor 6The Increased or Reduced Public Confidence
the Disposal System This study was conducted in two
both historic and current public concerns about WIP
performance. During Phase 1, existing public commen
identify concerns about post-closure WIPP. These co
were further analyzed to determine the relative fre
and the persistence of concerns over time. Data sou

The WIPP FSEIS (DOE, 1990b)
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Response to Comments for Amendments to 40 CFR Par

Standards for the Management and Disposal of Spent
Level and TRU Radioactive Wastes (EPA, 1993)

Public Hearings on EPA's Proposed Rule 40 CFR Par
the Certification and Determination of the WIPP's C
Environmental Standards for the Management and Disp
Fuel, High-Level, and TRU Radioactive Wastes, March
1995)

During Phase 2, comments were collected during a se
discussions and interviews in which participants we
their concerns.

The combined findings from Phase 1 and Phase 2 anal
considerations for selecting engineered alternative
expressed public concerns. A gqualitative assessment
comment categories (comments were segregated based
of the concern) and determining which EAs address t
these categories.

Factor 7The Increased or Reduced Total DOE Waste Ma

and Schedule Impacts Factor 7 analyzed increased or
schedule impacts from implementation of EAs on the
management system. The cost consists of summarized
transportation, backfill, and emplacement handling
alternatives. The analyzed costs include a comparat
incremental change in cost of the alternatives rela
baseline. This analysis estimated the level of fund
implement an EA, the estimated manpower for the act
conceptual schedule that provides start and stop da
analyzed. Cost was analyzed by developing process f
segment the alternative into conceptual elements. T
alternatives were developed on the basis of waste g
throughput rates to meet the schedule constraints.
provides a measure of the time required to implemen
the baseline. The schedule included the incremental
implementing an alternative on the baseline.

Factor 8The Impact on Other Waste Disposal Programs
an assessment of the impacts that the EAs will have
processing and disposal programs, including program
level mixed waste (LLMW). Major impacts were assess
additional volumes of waste that were projected to
waste processing with respect to each EA.

Each EA can be classified in three categories, proc
combination alternatives. Processing alternatives m
different chemical or physical matrix, backfill alt

placing engineered materials around the unprocessed
repository, and combination EAs which include combi
backfill, and repository design modifications.

The analysis considered three processing scenarios
where the processing was accomplished. Each process
for regionalized, centralized, and decentralized pr
Regionalized processing, involved processed all of

the major generator sites, centralized processing i

of the waste at WIPP, and the decentralized process
waste at the 10 major generator sites with all mino
waste to the nearest major site.
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OVERALL CONCLUSION OF THE EACBS

After a decision is made concerning the use of EAs
assurance purposes, any subsequent selection of EAs
total disposal system knowledge of the impacts rela
implementation of an EA. The EACBS report provides
information concerning cost, schedule, worker and p
radiological/chemical and accidental/incidental ris
performance impacts, public perception, waste remov
impact on other waste disposal systems. The process
rejection of EAs will use this and other related in
relative importance and to determine which EAs will
information in this report will not be used as the
selection/rejection of any individual EA.

The 18 alternatives were evaluated in the eight fac
both qualitative and quantitative results. The anal
resulted in a large amount of data that necessitate
more logical presentation of the results. The analy
compiled in a tabular summary and converted into qu
measures. Some factors were reported with one measu
factors could not be adequately expressed with a si

summarizes the performance measures and units prese

A simplistic qualitative representation of the resu
performance measures comparing each alternatives pe
to the baseline repository design performance. Figu
output information. As is the case for any analysis
only as good as the models, data, and assumptions u
These models, data, and assumptions are based on th
current information. Technological understanding of
considered in this analysis is advancing rapidly, h
be noted that changes in the modeling system or the
possible changes in our understanding of the future
specific EAs, could lead to somewhat different resu
observations are listed below.
The EAs can be separated into three general categor
Backfill, and Combinations of these alternatives. T
observations were noted from the results of this an
Waste Processing alternatives (EA # 1,6 & 10) wer
three processing scenarios (centralized, regionaliz
decentralized). Each scenario has inherent benefits
general, processing alternatives impact the entire
involving the generator/storage sites, waste transp
disposal systems, and the WIPP waste handling syste
alternatives have higher cost, increased risks, and
schedule delays in comparison to baseline or backfi
general, processing EAs have a marginal performance
repository except for plasma processing (EA# 10) wh
significant increase in repository impact, however,
highest potential risk for all of the EAs analyzed.
Centralized ProcessingSince the centralized scenari
at one facility, the construction and operational ¢
the three waste processing scenarios. Operational a
incidents and fatalities and public and worker chem
exposure risks are higher than the baseline. Transp
similar to the baseline. The centralized scenario h

at WIPP for additional
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ted to the
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ublic

ks, disposal system
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potential to impact system wide disposal operations
processes all waste, this facility becomes a potent
the entire system.
Regionalized ProcessingThe regionalized scenario pr
generator/storage sites. The cost to implement regi
are significantly higher than the centralized and s
decentralized scenarios. In general, the worker and
radiological/chemical exposure risks are slightly h
centralized and lower than the decentralized scenar
chemical exposure risks are slightly lower than the
waste is processed into a more inert matrix prior t
Accident and radiation risks are similar to the bas
Decentralized ProcessingFor this scenario, processi
ten major generator/storage sites. The scenario has
the three processing scenarios (as much as $1 billi
the centralized and decentralized for EA# 77a-d). T
operation/construction incidents and fatality rates
than both the centralized and regionalized (baselin
Backfill alternatives (EA# 33, 35a, 35b, 83 and 1
impact on the entire waste disposal system. The WIP
system is impacted; waste transportation, generator
other waste disposal systems are not affected. Cost
and chemical exposure are similar to the baseline e
alternatives improve long-term disposal system perf
Combination alternatives contain both multiple pr
and/or backfill alternatives. These alternatives (E
94a through 94f) have benefits and detriments assoc
individual alternative type. The overall cost and s
the highest of the EAs. Transportation, worker and
(radiological, chemical accidental and incidental)
of all EAs. The overall impact of combination EAs o
system performance are comparable to that associate
and processing only alternatives.
Table |
Fig. 1

7-22

. Since one facility
ial choke point for

ocesses waste at five
onalized EA scenarios
lightly lower than the
public

igher than the

ios. Transportation
baseline since the

o shipment to WIPP.
eline.

ng is performed at the
the highest cost of
on difference between
he

are generally higher
e included).

11) have the least

P waste handling
[/storage sites, and

, schedule radiation
stimates. Backfill
ormance.

ocessing alternatives
A# 77a through 77d and
iated with each
chedule impacts are
public risks

are also the highest

n long-term disposal
d with the backfill

PROJECTED TRANSURANIC WASTE LOADS REQUIRING TREATME, STORAGE, AND

DISPOSAL*

K. Hong

T. Kotek

Argonne National Laboratory
Argonne, lllinois
ABSTRACT

Argonne National Laboratory's WASTE_MGMT computatio

calculate the volume of transuranic (TRU) waste loa
treatment, storage, and disposal at facilities loca
Department of Energy (DOE) sites. Inventory and gen
taken from DOE's Waste Isolation Pilot Plant Transu
Inventory Report published in February 1995. Result
design capacity is sufficient for disposal of the ¢

TRU waste located throughout the DOE Complex. Argon

estimated waste loads with estimates from a previou
inventory and generation data published in 1992 and

nal model was used to
ds requiring

ted at various U.S.
eration data were

ranic Waste Baseline

s indicate that WIPP's
ontact-handled (CH)
ne compared the newly
s study that used

1993. The differences



between the old and new estimates, expressed as a p
estimated waste loads, range from a few percent to

treatment of CH TRU waste and from about 10% to 30%

disposal.

INTRODUCTION

Data on TRU waste loads are important input for val
capacities and determining the size and cost of new
waste treatment, storage, and disposal (TSD) for va
configurations. Such data are used to assess transp
and health risks to workers and the general public.
parameters for calculating TRU waste loads are the
estimated generation of TRU waste. A study by Hong
waste loads estimated on the basis of inventory and
published in 1992 and 1993. Recently, updated inven
data have been made available (2,3). This paper com
information calculated from the updated data with t
presented in the earlier study.

Before TRU can be disposed of at WIPP, it needs to
to meet various requirements. This study considers
waste treatment. The minimum level simply processes
waste; it fulfills current WIPP waste acceptance cr
requirements. The intermediate level reduces the ga
TRU waste after it has been disposed of in WIPP; it
requirements of the performance assessment study in
WIPP WAC. The most extensive level of treatment fur
stabilizes all hazardous constituents in TRU waste;
disposal restrictions (LDRs).

This study considers three siting configurations fo

In the regional configuration, TRU waste from indiv
sent to regional centers for treatment; in the dece
configuration, it would be treated on the site wher

the centralized configuration, it would be sent fro

a centralized center for treatment. All treated TRU
stored in an interim storage facility before being
disposal.

UPDATED INVENTORY AND GENERATION DATA
The updated inventory and generation data are from
Waste Isolation Pilot Plant Transuranic Waste Basel
(WIPP-BIR) published in 1995 (2). These WIPP-BIR da
same as those provided in the Integrated Data Base
general, these newly published data are more comple
accurate than the data found in a previous study, w
the IDB for 1992 and from the interim mixed-waste i
published in 1993. The updated data were recently ¢
each TRU waste generation or storage site. The late
inventory volume of contact-handled (CH) TRU waste
DOE Complex is 73,000 m3; it was previously reporte
latest generation volume is 51,000 m3; the previous
33,000 m3. Prediction of TRU waste volumes varies a
site.

The WIPP-BIR also provides detailed information on
the TRU waste in each waste stream. On the basis of
waste streams were grouped into categories to facil
treatment. The categories are aqueous liquid (1000)
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(2000), solid process residues (3000), soils (4000)
special (6000), inherently hazardous (7000), and un
numbers in parentheses are abbreviated designations
accompanying tables and figure. TRU waste in each ¢
treated in a specif